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Preface 
 
 
Oral Cancer is a neoplasm with a fairly large male to female ration in most populations. 

Moreover, it develops in older age in females in comparison with males, and the ration of 
non-smokers, non-drinkers among elderly female oral cnacer cases if suprisingly high. The 
conspicuously lower incidence of this tumor among women than men is suggestive of certain 
endocrine involvement in its development. There are no available literary data as yet which 
would give an explantion to this gender specific incidence of oral cancer.  

Oral cancer is a multicasual disease and there are thorough interrelationships among the 
etiologic factors. Till now, exogenous harmful noxae (tobacco, alcohol comsumption and 
energy rich diet) were overemphasized in its epidemology. However, these exogenous factors 
have not only local carcinogenic effect in the oral cavity, but also induce systemtic changes 
by means of metabolic and hormonal pathways. With full knowledge of these correlations, 
isolated investigations of exogenous risk factors may be misleading. This book containing the 
author's results on oral cancer raises a new concept concerning tumor initiation. Not estrogen, 
but its deficiency may provoke malignant transformation. This new theory may explain many 
controversial literary data concerning the associations of female sexual steroids and 
maliginancies. 

 
 
 
 
 
 
 
 
 
 
 
 
 





 

 
 
 
 
 
 
 

Chapter 1 
 
 

Global Trends in Oral Cancer 
Epidemiology in the XXth Century 

 
 

Dethronement of Tobacco 
 
In recent years epidemiology has played an increasingly important role in the 

determination of factors that influence the development of cancer in man. The ultimate goal 
of these studies is to establish routes by means of which a given disease can be avoided. In 
searching for etiological factors one should study all possible genetic and environmental 
factors in order to determine the relationship of any of these players to the disease process. 
The incidence pattern of cancers and the trends of their morbidity and mortality over time 
may serve as pivotal clues to find defensive measures.  

Nowadays, oral cancer is the 6th leading cause of cancer related mortality in the 
economically developed countries [37]. The significance of oral squamous cell cancer as a 
public health problem is great as it has a very high mortality rate in spite of the modern 
therapeutic possibilities [11]. Prevention and early diagnosis of oral cancer are extremely 
important to reduce the death rate. 

 
 

Traditional Risk Factors for Oral Cancer 
 
Smoking and alcohol are at the forefront on the traditional list of etiologic factors for oral 

cancer [4,15,33,35,37,46]. The majority of the literary data states categorically that tobacco 
has been well established as a leading risk factor for oral cancer [23,26,37,69,80]. 
Epidemiological studies have shown strong correlations between intensity and period of 
tobacco exposure and oral cancer risk [32]. Approximately two thirds of oral cancer cases 
have been attributed to traditional risk factors such as tobacco and alcohol 
[15,33,35,37,46,68]. Earlier, oral cancer was typically associated with men aged 60 years and 
older with regular tobacco and alcohol consumption, but nowadays the demography of the 
patients is changing [49].  

Recently, controversial epidemiological data have emerged in some populations. In 
Greece excessive tobacco use of the male population is associated with conspicuously low 
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morbidity and mortality of oral cancer [16]. The well-known Greek paradoxon suggests that 
favorable lifestyle and dietary habits may compensate the carcinogenic potential of tobacco.  

Ethanol in itself has no carcinogenic potential, however oral microorganisms in the 
neglected mouth may metabolize it [67]. Metabolic products, such as acetaldehyde, may have 
strong toxic and carcinogenic impact [29]. 

The role of alcohol consumption alone in the development of oral cancer may be hardly 
assessed as it overlaps with other possible etiological agents, especially with tobacco. 
Tobacco and alcohol have a strong synergism in their cancer provoking effect as together 
they increase the mucosal permeability for carcinogenic compounds [37]. Many authors 
concluded that the combined risk for oral cancer is greater than the additive effect and seems 
to be multiplicative [20,22,49]. In the United States case-control studies justified that alcohol 
and tobacco potentiate each other and this common effect results in multiplication of the 
cancer risk [32].  

Dietary habits have important role in the maintenance of oral health. A Mediterranean 
diet predominantly implying vegetables, fruits, olive oil and unsaturated fats, is regarded as a 
low risk factor for oral and pharyngeal cancers [21,22,27,44,54,72,88,91]. On the contrary, 
diets with excessive intake of saturated fatty acids or sweets with high glycemic index are 
strongly associated with cancer risk at several sites. Correlations between diet, metabolic 
state and oral cancer are discussed in detailed in Chapter 2.  

Clinical and epidemiological studies justified that neglected oral hygiene, defective or 
lost teeth, periodontal inflammation, as well as low frequency of dental check-ups emerged as 
strong risk factors for oral cancer [48]. However, regular dental check-ups were associated 
with decreased oral cancer risk [71]. Nowadays, plaque induced chronic periodontitis is also 
regarded as risk for oral cancer [82]. 

Recently, the role of viruses in the development of oral cancer has received great interest, 
and particular attention has been paid to the human papilloma virus [13]. Some subtypes of 
this virus may be found in oropharyngeal tumors and they increase the incidence of oral 
cancer [25,58]. However, the incidence of HPV-related oral cancer is relatively low, making 
the association between HPV and oral malignancies unclear as yet.  

Genetic factors may have important role in oral cancer inclination [87]. Deletion of 
tumor suppressor genes at certain chromosomal regions is closely associated to squamous cell 
cancers of the head and neck [18,52]. Polymorphisms in nucleotide excision repair genes may 
contribute to genetic susceptibility to oral leukoplakia and may contribute to the development 
of oral cancer [86]. It is a very great problem to discern whether raised risk for oral cancer 
may be determined by an interaction between inherent genetic susceptibility and exposure to 
carcinogens, or by unhealthy habits alone [50,51].  

Studies on non-smoker oral cancer cases clarified that there are differences in the 
chromosomal changes between smoker and non-smoker oral cancer patients [38]. These data 
suggest that individual genetic inclination may also have a decisive role in the carcinogenic 
effect of tobacco and alcohol [29].  

Immune deficiency is a well-known risk factor for all cancer types. Increased incidence of 
malignancies has been documented in chronic immunodeficiency states disregarding their 
origin [76]. Oral cancer has been reported in patients undergoing immunosuppressive therapy 
following organ transplantation [85]. Cell mediated immunity is also unfavorably affected by 
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betel quid chewing, which is a high risk factor for oral cancer in India [9]. Otherwise, 
individuals with increased immunoreactivity and allergic diseases have decreased risk for 
cancers of the oral cavity and several other sites [57].  

 
 

Other Factors Affecting the Epidemiology of Oral Cancer 
 
There are striking differences in the incidence and prevalence of oral cancer among 

inhabitants of different geographic regions.  
In some parts of India oral cancer accounts for approximately 35% of all cancers. In 

Asian populations betel-quid chewing with or without the inclusion of tobacco has long been 
identified as a major risk factor for oral cancer [49]. Fifty percent of oral cancers in India 
occur in the buccal mucosa in contrast to a less than 5% in many western countries [73]. This 
high-risk location is associated with the harmful effect of tobacco and betel-quid chewing [4]. 

On the contrary, in the United States oral cancer incidence is much lower. The estimated 
newly diagnosed oral cancer cases account for 3% of all malignancies in men and 2% in 
women [11,66].  

In Europe the Mediterranean countries (Greece, Albania, Jugoslavia) show 
conspicuously lower oral cancer morbidity as compared with the countries in a continental 
position (Hungary, Slovakia, Czech Republic), which seems to be independent of their 
socioeconomic development. This may be partially explained by the different dietary habits 
and lifestyle of the inhabitants [16]. 

A gender related high oral cancer risk for female cases was observed in the northern 
countries already in the 50s of the past century. In Swedish women a consistently higher 
prevalence of oral cancer was registered as compared with that of women in America and in 
other southern countries [90]. In recent studies a separate analysis of the data of male and 
female patients in Europe revealed also an increased all cancer morbidity and mortality 
among women as compared with men in the northern countries (Denmark, Iceland, Norway 
and Sweden) but not among men [64]. These observations suggest a gender related 
carcinogenic capacity of the long lasting darkness in northern countries. On the contrary, in 
the southern Mediterranean regions longer summer and daylight exposition may at least 
partially explain the lower cancer morbidity and mortality rates. 

There are contradictory data concerning the correlations of long lasting darkness and 
cancer. As all cancer incidence favors for women in the northern countries, a gender related 
unfavorable hormonal and metabolic effect of darkness may be supposed.  

The pineal hormone melatonin is the mediator of light to the physiological adaptation to 
day and night rhythm of humans and animals [70]. Shortage of light and sunshine in the long 
winter of northern regions may provoke excessive melatonin synthesis in the pineal gland, 
which has thorough effects by means of metabolic and hormonal pathways. There are literary 
data to support that in female night shift workers an increased breast cancer risk can be 
observed [5]. As the artificial light used at night is scarcely comparable with daylight and 
night shift workers sleep daytime, these female workers may have a severe lack of light 
exposure and increased melatonin level. In animal experiments melatonin promoted the 
growth of B16 melanoma [60]. 



 

Table 1.1. Cancer mortality data between 1975 and 2001 in Hungary 
 

Lung Colorect. Stomach Oral cavity Breast Testis Melanoma All 
Year 

Male Female Male Female Male Female Male Female Female Male Male Female Male Female Together 

1975 3414 755 1477 1548 2558 1740 383 79 1674 58 86 82 13738 11776 25514 

1977 3676 809 1553 1676 2526 1680 424 90 1704 85 72 90 14126 11822 25948 

1979 4158 878 1655 1723 2422 1579 487 106 1802 59 91 103 14954 11991 26945 

1981 4397 963 1817 1857 2277 1483 615 108 1872 56 142 108 15467 12422 27889 

1983 4600 1089 1837 1896 2069 1391 668 112 1840 67 113 116 15773 12644 28417 

1985 4721 1115 1889 1967 1854 1275 719 135 1999 76 117 105 15857 12671 28528 

1987 5224 1302 2200 2047 1767 1210 819 166 2119 73 152 152 16626 13206 29832 

1989 5145 1397 2163 2024 1745 1204 935 163 2112 76 142 131 17123 13323 30446 

1991 5487 1520 2191 2272 1703 1141 1064 166 2178 73 177 143 17872 13535 31407 

1993 5703 1733 2239 2182 1596 1119 1200 221 2310 49 156 137 18072 14129 32201 

1995 5728 1823 2350 2254 1486 1102 1223 196 2239 53 162 145 18525 14416 32941 

1997 5816 1947 2554 2229 1344 1030 1314 215 2323 40 157 156 18986 14472 33458 

1999 5797 2086 2598 2314 1354 952 1361 257 2356 49 157 158 19030 14791 33821 

2001 5741 2161 2594 2258 1316 850 1432 305 2304 47 188 137 18807 14511 33318 
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A further interesting association is the formation of estrogenic products from 
environmental phthalate esters under light exposure, which may also be involved in estrogen 
receptor mediated impacts of daylight [63]. Associations of darkness and preferential cancer 
risk among women seem to be possible but require further thorough investigations.  

In the USA oral cancer prevalence was fairly determined by the racial differences of the 
patients. Decreasing death rates due to oral cancer were registered among pooled white 
males; however, rising trends in the incidence and mortality of tongue cancer among young 
black males have been reported [10,14]. The distribution of oral squamous cell carcinoma 
between black and white South Africans was also examined [19]. It was reported that the 
disease was more prevalent among black patients under the age of 50 when compared with 
whites in the same age group.  

The correlation between socioeconomic status and cancer mortality is well known [6,39]. 
The example of two neighboring countries, Austria and Hungary justifies well this 
association [16]. Historically and geographically these countries have a lot in common and 
are similar in many aspects. However, since the 2nd World War they have been situated in 
opposite political blocks. Until the late 1960s the overall cancer mortality was quite similar in 
these countries, but by the early 1970s cancer mortality rates markedly declined in Austria, 
whereas showed a steadily increasing rate in Hungary.  

In the United States the mortality rate from oral cancer varies with the socioeconomic 
differences of patients. Unfortunately, African-Americans tend to present with more 
advanced oral cancer and more ominously, their survival is lower at each stage as compared 
with Caucasian cases [11]. These racial differences are closely associated with the 
disadvantageous socioeconomic status. 

In Hungary a stomato-oncological screening study among homeless people justified that 
precancerous lesions and oral cancer are more frequent in this group as compared with the 
general population [81]. 

 
 

Controversial Changes in Oral Cancer Epidemiology 
 
There are temporary changes in the morbidity and mortality of oral cancer. In most 

European countries oral cancer mortality for men had been rising appreciably till the late 
1980s, and also for women whose rates were markedly lower though some steady upward 
trend was observed [43]. In oral cancer mortality until the early 1990s upward trends were 
registered also in the USA and India [28,74]. 

A favorable decrease in alcohol and tobacco consumption in the developed European 
countries resulted in a declining trend in oral cancer morbidity and mortality from the 90s 
[45]. However, persisting rises of oral cancer morbidity and mortality were registered for 
most central and eastern European countries till the early 2000s, reaching exceedingly high 
rates in Hungary, Slovakia, Slovenia and the Russian Federation [16,43]. Prominent 
Hungarian demographers talked about a “health crisis east of the river Elbe” [36].  

Steeply increasing ratios of oral cancer mortality both among male and female cases in 
the majority of central European countries and especially in Hungary are usually attributed to 
the excessive smoking and alcohol consumption habits [32,43]. However, the rates of these 
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bad habits show a 15-16% difference between the Hungarian male and female population, 
which could hardly justify a four- to six-fold excess of male patients among oral cancer cases 
[78].  

After some years of decline both the incidence and mortality of oral cancer in the 
developed countries have been raising again at the end of the century just ended, despite the 
fairly decreased ratio of smokers and drinkers [49]. 

Recently, a continuously increasing prevalence of non-smoker non-drinker patients is 
also conspicuous among oral cancer cases, especially among women [49,74,75]. This trend 
suggests that the decreasing incidence of smoking and drinking contributes to the appearance 
of earlier unknown, hidden risk factors for oral cancer.  

Changes in alcohol and tobacco use in the examined populations are crucial as these bad 
habits are regarded as the major risk factors for oral and pharyngeal cancers [2]. However, a 
long period may elapse between the onset of exposure to a carcinogenic agent and the clinical 
manifestation of cancer. Development of smoking associated cancer can take upwards of 15-
20 years. The prevailing smoking habits of 15-20 years ago are dominantly influencing the 
current mortality rate [16].  

In the United States the high male to female ratio of oral cancer occurrence has declined 
continuously; from 10:1 in 1930 to 6:1 in 1950 to almost 2:1 today [11]. Similar observations 
have been reported in European countries. The Hungarian epidemiological data also support 
a declining tendency of the male to female ratio of oral cancer incidence in the past two 
decades from 5.8:1 to 3.7:1 [78]. These data suggested more increased tobacco and alcohol 
consumption among women as compared with men but such data concerning the tumor free 
control population were not justified. 

Geographic and temporary changes in the prevalent sites of oral cancer also supply 
important clues to study the effect of tumor provoking factors. In most populations the 
prevalence of lower lip cancer is decreasing and that of sublingual cancer is increasing [11]. 
The first observation may be at least partially explained by the wide spread use of filtered 
cigarettes and the decreased exposition to ultraviolet irradiation as occupational injury. 
Spread of information concerning the dangers of excessive sunbathing and solarium use is 
also benevolent. In the United States lip cancer was more common in the southern states with 
a longer exposure to sunlight, whereas other intraoral cancer locations occurred in a fairly 
uniform pattern [90]. The increasing prevalence of sublingual cancers suggests an enhanced 
exposition to exogenous harmful chemicals, as these are dissolved in the saliva and 
accumulated in the horseshoe of the floor of the mouth to exert a direct carcinogenic effect.  

The oral cancer incidence among younger adults is also increasing in many European 
and high incidence countries [49]. Studies from the UK and Scotland have reported rising 
trends of oral cancer particularly for the tongue among young cases [31,53]. Statistical 
analysis in the USA provided evidence for an increased prevalence of tongue cancer cases 
that occurred in adults younger than 40 years, from 3% in 1973 to approximately 6% in 1993 
[59]. This rising oral cancer incidence in the population under 40 is also reflected in India, 
where 16-28% of all oral cancer patients seen at various institutions were young [65].  

Surprisingly, the epidemiological features of oral cancer in young age (under 40 yrs) are 
quite different as compared with older cases. The younger the mean age of the examined 
group of oral cancer patients the lower the excess of male patients [30,50]. A case control 
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study on oral cancer cases less than 45 years of age in south England established near equal 
incidence of male and female patients [51]. Even a higher frequency of oral cancer in young 
women than young men was reported in contrast with the sex distribution observed in older 
patients [41].  

In a study from Japan the male to female ratio of oral cancer is considered to increase 
continuously with age, leading to a much higher incidence rate overall in males than in 
females [83]. In Hungary, our case control study resulted in somewhat different data. Above 
60 years of age an increasing prevalence of female cases was demonstrated among oral 
cancer patients. This trend resulted in a continuous decline of the male to female ratio in this 
elderly population with oral cancer (see Chapter 5).  

The substantial number of young cases without any known risk factors, particularly 
among females, reveals that factors other than tobacco and alcohol exposure may be 
implicated in the development of oral cancer in this age group [49]. Moreover, exposure to 
carcinogens such as alcohol and tobacco might be of too short duration for malignant 
transformation to occur in young patients [7,34]. In a high proportion of young female oral 
cancer cases no apparent risk factors could be found [8,55,83]. Similarly, none of the usual 
risk factors such as smoking, excessive drinking or poor oral hygiene were found in patients 
under 30 with carcinoma of the tongue [7,62].  

The predominant location of oral cancer is also different in younger and older patient 
groups. While in unselected patient groups the floor of mouth is the prevailing tumor 
location, tongue cancer has a primacy among the young cases, either males or females 
[30,49].  

Considering the literary data there is no consensus as to whether oral cancer in the young 
is a distinct entity from that of older cases [1,12,41] or whether the risk factors are similar as 
for older patients [8,47]. This work will support the latter opinion as our recent studies have 
revealed that systemic, hormonal and metabolic alterations strongly affect the incidence rate 
of oral cancer (see Chapters 3, 5 and 8). Moreover, it is to be underlined that effects of many 
risk factors, included tobacco and alcohol may converge to a common pathway to promote 
malignant transformation.  

 
 

Oral Cancer: Morbus Hungaricus in the XXIst Century 
 
Epidemiological studies on cancer mortality justify that Europe is divided into two parts 

by the rate of cancer deaths. Overall cancer mortality in Europe shows a decreasing trend 
since the early 1990s due to the widespread preventive measures. However, in the central and 
eastern European countries all cancer mortality has actually continued to increase [16]. These 
severe differences may be explained by variable lifestyle and environmental exposure, which 
are inevitably linked to political, social and economic inequalities.  

Patterns of cancer mortality for all tumor types are very different in the European 
countries. Hungary is marching at the head and other post-communistic countries, like 
Croatia, Czech Republic, Slovakia and Poland, are close by, especially regarding the male 
cases. However, in the southern Mediterranean countries, such as; Bulgaria and Albania the 
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mortality for several cancer types is conspicuously low, whereas their socioeconomic 
situation is quite similar or even worse as compared with the central European countries.  

Hungary is the leader both in oral cancer morbidity and mortality among the European 
countries [64] and their steeply increasing trends are also shocking. In 1948 mortality rate for 
oral cancer was 2.7/100 000 persons, whereas in 2004 it was 16.7/100 000, which reflects a 
6-fold increase [17]. Oral cancer mortality increased also dramatically in Hungary between 
1975 and 2002, to near fourfold both among the male and female populations (374% and 
386%, respectively) [24]. These disastrous epidemiological findings in Hungary are also 
debated among epidemiologists of the western countries and are essentially interpreted as 
severe exposure to tobacco and alcohol [43,45].  

 
 

Epidemiological Changes of Oral Cancer Incidence over a 20-Year 
Calendar Period in Hungary 

 
During a given period temporary changes in male to female oral cancer ratio, in gender 

related intraoral tumor sites and in exposure to the major risk factors among men and women 
are crucial informations.  

Over a period between 1 January 1985 and 31 December 2005, oral cancer cases and 
tumor-free controls were studied in two phases in the Department of Oral and Maxillofacial 
Surgery of the Semmelweis University [78]. Patients with squamous cell oral cancer were 
diagnosed and treated in the Department. Control cases were complaint-free adults who 
volunteered to participate in a stomato-oncological screening in the same period. The mean 
age of the control male and female patients was chosen so as to be within one year of the 
mean age of the male and female oral cancer cases.  

In the 1st phase of the study, between 1 January 1985 and 31 December 1986, 460 cases 
with histologically confirmed oral squamous cell cancer and 350 tumor-free control cases 
were included. In the 2nd phase of the study, between 1 January 2004 and 31 December 2005, 
the data of 550 oral cancer cases and 450 tumor-free controls were examined. 

Male to female ratios of oral cancer cases were established in both phases of the study. 
During the 20-year period the excess of male patients among oral cancer cases decreased 
significantly from 5.8:1 in the 1st phase to 3.7:1 in the 2nd phase.  

Age distribution of the male and female patients was also examined in the two phases. 
During the examined period the mean age of female oral cancer cases increased from 62.2 
years in the 1st phase to 63.5 years in the 2nd phase. The mean age of male oral cancer patients 
was significantly lower in the 1st phase (55.6 years) and showed further non-significant 
decrease in the second phase (54.1 years). These data justify an increasing difference of mean 
ages between male and female oral cancer cases. Young women (<40 yrs) among the oral 
cancer cases occurred rarely, they construed 4.5% of patients in the 1st phase and 3.9% in the 
2nd phase. The ratio of similarly young male cases with oral cancer was significantly higher 
both in the 1st and 2nd phase and showed a slightly increasing trend (8.1% and 8.6%, 
respectively).  

Intraoral location of cancers among men and women were separately evaluated in the two 
phases. In the 1st phase among male oral cancer cases the vermilion border and mucosa of the 
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lower lip were the most common sites of involvement (35.0%). This was followed in 
decreasing order by the sublingual cancers (25.8%) tongue cancers (17.9%) and gingival 
cancers (11.3%). Other rare cancer locations (buccal mucosa, palate, upper lip, uvula) shared 
on the remaining 10%. In the 2nd phase among male oral cancer cases primacy of sublingual 
cancer (41.6%) was a conspicuous change. This was followed in decreasing order by the 
tongue cancers (24.6%) and the strongly decreased ratio of lower lip cancers (15.8%). The 
ratio of gingival cancers was relatively low (13.0%), showing however, a moderately 
increasing tendency (Figure 1.1). 

In the 1st phase, among female oral cancer patients, gingival tumor location was the most 
frequent (23.9%). This was followed in order by lower lip cancer (18.5%), tongue cancer 
(18.3%) and sublingual cancer (14.1%). In the 2nd phase gingival cancers were in the leading 
position again, with their fairly increasing ratio (28.3%). They were closely followed by the 
sublingual (26.7%) and tongue cancers (23.9%). At the same time the ratio of lower lip 
cancer fairly diminished (8.9%) (Figure 1.2). 

Smoking habits were registered in the groups of male and female patients with oral 
cancer and their controls in both phases. Patients were regarded as smokers if they actively 
used tobacco or had been smokers and abandoned it within 10 years.  

 

 

Figure 1.1. Distribution of oral cancer location among men in the two phases of the study. 

 

 

Figure 1.2. Distribution of oral cancer location among women in the two phases of the study. 
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In the group of tumor-free male control cases the ratio of smokers decreased from 57.5% 
in the 1st phase to 50.7% in the 2nd phase. Among the male cases with oral cancer the ratio of 
smokers was significantly higher as compared with their controls, though showed a 
decreasing tendency: 77.5% in the 1st phase and 73.5% in the 2nd phase. 

Among the female tumor-free control cases the ratio of smokers also showed a 
decreasing tendency during the 20 years; being 44.4% in the 1st phase and 36.3% in the 2nd 
phase. Similarly, in the groups of women with oral cancer the ratio of smokers diminished 
from 58.2% in the 1st phase to 52.1% in the 2nd phase.  

Alcohol consumption habits were evaluated in the groups of male and female patients in 
both phases. Abstinent cases and regular drinkers were discerned both among the oral cancer 
and control cases. Patients who confessed occasional alcohol consumption were regarded as 
non-drinkers.  

Among the male tumor-free control cases the ratio of regular drinkers significantly 
decreased during the examination period; from 36.6% to 16.3%. Among the male patients 
with oral cancer the ratio of regular drinking was significantly higher as compared with their 
controls. However, during the 20 years a significant decrease in the ratio of regular drinkers 
could be observed among male cases with oral cancer; from 61.7% to 46.7%.  

Among the female tumor-free controls the ratio of alcohol consumers was similarly low 
in both phases (4.0% and 3.9%, respectively). In the female oral cancer groups the alcohol 
consumption ratio was significantly higher as compared with the controls both in the first and 
second phase of the study; 10.5% and 11.5%. However, there was no significant change in 
the ratio of regular drinkers regarding either the oral cancer cases or controls during the 
twenty years. 

 
 

Evaluation of the Epidemiological Changes in Oral Cancer Incidence in 
Hungary 

 
The conspicuously high male to female ratio of the Hungarian oral cancer cases 

significantly decreased over the 20-year period. This decline of male to female ratio over 
decades is a global trend in the epidemiology of oral cancer; however, there are no rational 
explanations for this trend till now [11].  

The mean age of female oral cancer patients was significantly higher as compared with 
males and this age difference became slightly more marked after a 20-year period. This 
gender related age difference of oral cancer cases has been a classical observation in many 
studies for a long time, but its reason could not be revealed so far [40,69]. 

Arteriosclerosis has well known associations with sexual steroids as the reproductive life 
of women seems to be protective, whereas postmenopausal loss of hormones is a risk for 
vascular diseases (see Chapter 4). Gender and age predilection of oral cancer cases is similar 
to that of cardiovascular diseases and these similarities suggest some hormonal influences on 
the development of this tumor. Among middle-aged cases with oral cancer a significantly 
higher prevalence of male patients as compared with females can be observed. However, after 
the mean age of female menopause (50 yrs) the risk for oral cancer slowly increases among 
women (see Chapter 5).  
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Researchers in Italy established that a low risk diet for cardiovascular diseases containing 
high rates of fish, vegetables and fruits shares in several aspects with a favorable diet against 
cancer [42]. This protective effect of the so-called Mediterranean diet was observed both 
against cancers of the upper digestive tract and other non-digestive epithelial neoplasms. 
Supposedly, these advantageous effects of a healthy diet may be explained not only by the 
intraoral local effects but also by the systemic increase in insulin sensitivity and in 
antioxidant capacity (see Chapter 2).  

Postmenopausal women have strong progressive inclination to disorders of the glucose 
metabolism, which are common risk factors both for cardiovascular diseases and 
malignancies [89]. Recently, these hormonal and metabolic changes proved to be risk factors 
for oral cancer among Hungarian patients [78].  

The distribution of intraoral cancer sites and its temporary changes may supply valuable 
data concerning the etiological factors of oral tumors.  

Trends of changes in tumor site predilection among oral cancer cases showed a 
significantly decreasing prevalence of lower lip cancer both in the male and female patient 
groups. This is a well-known global trend and may be associated with the decrease of outdoor 
occupations. Windy weather and the ultraviolet spectrum of excessive sunshine may cause 
dryness and atrophy of the vermilion (chronic solar cheilitis), which is regarded as a 
precancerous state.  

A further important finding is the progressive increase of sublingual cancer incidence 
both in male and female groups of oral cancer cases, which is also a global trend. This 
intraoral tumor location has the closest association with exogenous carcinogenic noxae. 
These harmful compounds may be others than tobacco and alcohol derivatives, such as 
environmental pollution, food additives, pesticides and so on. Carcinogenic compounds are 
concentrated in the saliva and along the salivary flow in the sublingual region and on the 
ventral surface of the tongue they may exert a contact toxic effect [61].  

Separate analysis of the frequency of tumor sites in the male and female groups revealed 
gender related differences. Among the male oral cancer patients the lower lip location had a 
primacy in the first phase of the study, overtaken in the second phase by sublingual cancer. 
Among female oral cancer cases gingival cancer was a consequently leading site in both 
phases of the study. 

Gingival cancer prevalence exhibited the most conspicuous difference between the male 
and female patient groups. It was the most frequent tumor location in women both in the first 
and second phase of the investigation and showed an increasing trend. On the contrary, in the 
male oral cancer groups of the two phases the gingival cancer ratio was conspicuously lower 
than the female cases and showed a moderate increase.  

Gingival and periodontal tissues are fairly hormone sensitive [56]. Both postmenopausal 
state and type-2 diabetes are frequently associated with gingivitis and periodontitis. The 
gender related differences in gingival cancer incidence suggest that in older women these 
chronic inflammatory processes may have a role in cancer development.  

In the two phases of our study, comparison of the smoking habits of the oral cancer cases 
and the tumor free controls may supply important information. The aim was to explore 
whether the permanently increasing morbidity and mortality of oral cancer in Hungary may 
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be closely associated with the smoking habits of the general population or involvement of 
other factors might be assumed.  

The present results established that the ratio of smokers showed a decreasing tendency 
during the studied 20 years both among the oral cancer cases and their tumor-free controls. 
However, the ratio of smokers in the oral cancer groups of both the male and female cases 
was significantly higher as compared with the control patients.  

A markedly decreasing trend of alcohol consumer ratio was observed during the 20 years 
both in the tumor-free control and oral cancer groups of male cases. However, the ratio of 
regular alcohol consumers in the oral cancer groups of male cases was significantly higher as 
compared with the controls in both phases. These results suggest that alcohol consumption 
remained a risk factor for oral cancer among the male cases; however, the increasing trend of 
oral cancer incidence in Hungary has no associations with changes in the rate of alcohol 
abusers. 

Among the female tumor-free control cases the rather low ratio of regular alcohol 
consumers did not show marked changes during the 20 years. In the group of women with 
oral cancer a significantly higher rate of drinkers was found as compared with their tumor-
free controls. However, comparison of rates of alcohol consumers in the female oral cancer 
groups of the two phases did not show marked change after 20 years.  

These data suggest that the extraordinarily rapid increase in oral cancer morbidity and 
mortality in Hungary is not reasonable simply on the basis of the Hungarian tobacco and 
alcohol consumption habits. 

The Hungarian population is afflicted by multiple disadvantageous factors, which mean 
high risks for the development of cancers. The unfavorable socioeconomic circumstances 
after the 2nd World War became more severe following the thorough political and economical 
changes in 1989.  

Economical troubles may result in increased cancer risk by several pathways. The 
continental position of Hungary and the long winters result in the extreme expensiveness of 
fruits and vegetables. Cheap, unhealthy diets rich in carbohydrates and saturated fats are high 
risk factors for oral cancer. Moreover, the insurance-based dental care was cancelled in the 
early 90s in Hungary and lack of regular dentistry check-ups and neglected teeth are all 
proven risk factors for oral malignancies.  

Low income, large-scale impoverishment, fear of unemployment and homelessness 
became everyday reasons for anxiety and stress for the majority of Hungarian people, which 
all have indirect effect on cancer development as well. Considering all these factors they 
fairly contribute to the increased morbidity and mortality of oral cancer in Hungary in spite of 
the decreasing trend of smoking and drinking. 

Changes in the male to female ratio of oral cancer after 20 years, the consequently older 
age of female patients as compared with males and the gender related difference of the 
prevalent tumor sites suggest some role of gender specific, systemic risk factors for oral 
cancer. 
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Necessity to Search for Further Cancer Risk Factors 
 
Oral cancer is a multicausal disease and there are thorough interrelationships among the 

etiologic factors. Till now the exogenous harmful noxae (tobacco, alcohol consumption and 
energy rich diet) were overemphasized in oral cancer epidemiology [3,37,43,61,69]. 

Nevertheless, exogenous dietary factors, tobacco and alcohol consumption have not only 
local carcinogenic effect in the oral cavity, but also induce systemic changes by means of 
metabolic and hormonal pathways (see Chapters 2 and 8). Inflammation, atrophy and 
hyperplastic processes on the epithelial surface of the oral mucosa caused by external, 
internal factors or both, may enhance the vulnerability of the squamous epithelial cells and 
may provoke disturbances in their regeneration [56]. 

With full knowledge of these correlations, isolated investigations of exogenous risk 
factors may be misleading, without yielding correct results. The controversial associations 
and trends in oral cancer epidemiology focused the attention to search for further possible 
risk factors.  

Recently, our working group established in case control studies that insulin resistance, 
such as metabolic syndrome, type-2 diabetes and estrogen deficiency seem also to be high 
risk factors for oral tumors [77,79,84]. These newly recognized cancer risk factors and their 
correlations with further regulatory mechanisms will be discussed in the following chapters.  
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Chapter 2 
 
 

Insulin Resistance, Hyperinsulinemia 
and Cancer Risk 

 
 

How innocent is a Bystander? (Zimmet) 
 
Insulin resistance is a defect of the insulin-mediated cellular glucose uptake, which may 

elicit many disorders in gene regulation of cell metabolism, growth, differentiation and 
mitotic activity [16,60]. 

The discovery of insulin resistance as a complex metabolic disturbance was a milestone 
in understanding human illnesses [103]. Insulin resistance is a worldwide risk factor for the 
two most dangerous disease groups; namely for cardiovascular lesions and malignancies 

[15,16]. 
In the first, compensated phase of insulin resistance the serum glucose level is 

maintained within the normal range at the expense of a reactive hyperinsulinemia. Elevated 
insulin level in itself is an increased cancer risk [52] and it may enhance the production and 
mitogenic activity of other, insulin-like growth factors, such as IGF-I and IGF-II, which have 
important role in cell proliferation and tumor induction at several sites [136]. In the second, 
uncompensated phase of insulin resistance the secretor capacity of insular β-cells is 
exhausted and with increasing plasma glucose level, metabolic syndrome and type-2 diabetes 
develop. Elevated fasting glucose level has also tumor provoking effects by several pathways 
[89].  

All phases of insulin resistance (hyperinsulinemia, hyperglycemia, metabolic syndrome 
and type-2 diabetes) are proven risk factors for pancreas, liver, colon, kidney urinary bladder, 
prostate, salivary gland and oral cavity cancers and even for malignancies of the highly 
estrogen dependent tissues (breast, ovary, endometrium) [1,7,27,63,77,84,89,118,120,129, 
135]. These associations are to be systematically explored for further cancer types.  
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Correlation of Metabolic Syndrome (Insulin Resistance Syndrome) with 
Cancer Risk 

 
A famous hypothesis of Reaven notified in 1988 established a causal association between 

insulin resistance and hyperinsulinaemia, which are basic disorders for many human diseases 
[103]. Earlier, cardiovascular illnesses were regarded as complications of type-2 diabetes. 
However, the new theory revealed that many divergent symptoms and findings, such as 
hypertension, dyslipidemia, elevated fasting glucose and hyperuricemia all have a common 
soil; the insulin resistance [28]. This new clinical entity was named as metabolic X syndrome 
[104], obesity was later associated to the basic features. The metabolic syndrome is a 
complex systemic disorder with continuous progression and proved to be a high risk factor 
for type-2 diabetes, cardiovascular diseases and malignancies [15]. 

Insulin is produced by the β-cells of pancreatic islands and transported by the blood 
stream and may exert its activities in remote tissues. Insulin receptors are expressed on all 
cell types, even on tumor cells. The most important function of insulin is the facilitation of 
the anabolic processes [61]. It activates many transport systems being associated with the 
metabolism of carbohydrates, lipids and proteins, and at the same time hampers the catabolic 
processes, which are regulated by antagonistic hormone systems. 

Insulin resistance results in divergent pathologic processes, which produce disturbances 
not only in the cellular glucose uptake but also in the lipid and protein metabolism, in 
hemostasis and in cation-transport. As insulin is at the same time a growth factor, alterations 
of the late postreceptor processes in insulin resistance may disturb both cell growth and cell 
proliferation [62].  

Nowadays, metabolic syndrome has great impact as it shows an epidemic spread in the 
developed countries. “Western lifestyle” (obesity, lack of physical activity and carbohydrate-
lipid rich diet) favors for the development of insulin resistance and for its severe 
consequences [42]. There is a worldwide reasonable effort to reveal the mechanisms, which 
lead to insulin resistance and to find the possibilities for preventive measures. 

Today, basic criteria of the metabolic syndrome are hyperglycemia, visceral obesity, 
hypertension, elevated triglyceride level, and low HDL-cholesterol level [105]. Each 
component of the metabolic syndrome has individually been linked in some way to the 
development of cancer. Together, they may all represent a multiple cancer risk beyond that of 
the individual components alone [27]. Nowadays, we are on the way to regard malignancies 
as complications of insulin resistance. The metabolic syndrome is a high-risk state not only 
for cardiovascular diseases but also for cancers.  

 
 

Hyperinsulinemia and Cancer Risk 
 
In the first, partially compensated phase of insulin resistance increased activity of the β-

cells of pancreas islands endeavours to maintain the physiologic serum glucose level at the 
expense of hyperinsulinemia. However, this compensatory mechanism has a great risk [62]. 

Some mutations of insulin receptors result in loss of the stimulative effect on glucose 
transport and glycogen synthesis, however the mitogenic and antiapoptotic effect is preserved 
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[61]. This reveals that insulin mediated cellular processes are fairly divergent and do not have 
parallel vulnerability [65]. When insulin resistance affects the insulin mediated glucose 
uptake selectively and the growth factor activity remains unaltered, a reactive 
hyperinsulinemia may provoke pathologic cell proliferation [94].  

There are contradictory data on the tumor provoking effect of hyperinsulinemia, as 
insulin besides metabolic and growth factor activities may increase the production and 
mitogenic activity of other insulin-like growth factors (IGFs) and epidermal growth factor 
[65,92,95]. As insulin shares in the activation of cell proliferation with IGFs, one can hardly 
establish whether it is a sinner, an assassin or an innocent bystander on the pathway of the 
pathologic processes [137]. 

Mediators leading to malignant transformation may include activation of tyrosine kinase 
and mitogen-activated protein kinase (MAPK) pathways by insulin binding to its receptor 
[30]. As insulin stimulates the cell cycle, overexpression of insulin receptors and malignant 
transformation may be closely associated. Besides enhanced mitotic activity, increased DNA-
synthesis, antiapoptotic effect and disturbance of the sexual steroid equilibrium may also 
contribute to the insulin mediated tumor-provoking effect. Close mutual associations of 
insulin effects and sexual steroids are discussed in Chapter 7.  

Literary data support that obesity and type-2 diabetes associated with hyperinsulinemia 
are high risks for incidence of breast and colorectal cancers [29,57,66].  

An elevated insulin level increases local tumor invasion, metastatic spread and mortality. 
Literary data justify the fatal progression of glandular epithelial cancers, such as liver, 
pancreas and prostate tumors caused by high serum insulin level, however, similar 
correlations were not found in pharyngeal and laryngeal tumor cases [7]. The prognosis of 
malignant tumors in patients with type-2 diabetes is generally worse as compared with non-
diabetic cases, though the insulin levels might be fairly different. In type-2 diabetes cases 
colon and breast cancers emerged 8-10 years after diagnosis of the metabolic disorder. This 
finding suggests that earlier, long lasting hyperinsulinaemia may result in malignant 
processes [84,89]. Prognostic expectations of patients with prostate cancer and associated 
hyperinsulinemia proved to be unfavourable; the ratio of both metastatic spread and mortality 
were significantly high as compared with non-diabetic cancer cases [53]. 

There are several methods to decrease the serum insulin level. Enhanced physical 
activity, weight loss and Mediterranean diet lower both insulin level and cancer risk [85,90]. 
Insulin sensitivity may be increased by drug administration as well, resulting in lower insulin 
level. These methods are also promising in regard to tumor prevention and therapy. 

 
 

Insulin-Like Growth Factors and Cancer Risk 
 
Insulin resistance and hyperinsulinemia mean concomitantly elevated serum levels of 

IGFs. The crucial role of these growth factors is the regulation of pre- and postnatal 
development and the aging process. They regulate the growth, proliferation, differentiation 
and even malignant transformation of cells [23,92,132]. Epidemiological observations 
suggest that serum levels of IGFs and IGF-binding globulins are closely associated with 
cancer promotion [52,76,90,136]. The level of bioavailable IGF-1 without protein binding 
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determines the carcinogenic capacity. High IGF-1 and low IGF-l-binding protein levels mean 
a high risk for breast, prostate and colon cancers [110].  

The IGF-1 level in the circulation depends on the mutual interrelationship of genetic and 
environmental influences. The IGF-1 level is thoroughly modified by diet and lifestyle. 
Exclusively plant containing vega diet and a completely meat-free vegetarian diet markedly 
decrease the IGF-1 level in the circulation, which means a lower cancer risk [3]. An energy 
rich diet enhances the bioavailable IGF-1 level and at the same time increases the risk of 
cancers [50]. Excessive consumption of sweets with high glycemic index is also an increased 
cancer risk at several sites, supposedly by means of mobilization of insulin and IGF-1 
together [5,6,124].  

Lifestyle is also a determinant factor for IGF-1 level. Western lifestyle and lack of 
physical activity increase, whereas active sport decreases the concentration of bioavailable 
IGFs. Epidemiological studies revealed that physical activity decreases the risk for breast 
colon and prostate cancers and might even improve the prognosis of advanced tumors 
[85,90]. This effect can be attributed at least partially to the decreased level of circulatory 
IGFs. 

The IGF system and insulin are in close interrelationship. The chemical structure of IGF-
1 is similar to that of insulin and both have mitogenic and antiapoptotic effects [22]. IGF-1 
can bind to the insulin receptor with a lower affinity and decreased effect. There are also 
hybrid receptors with binding capacity for both signals. Recently, new therapeutic 
possibilities emerged against malignant tumors by means of IGF-1-receptor blocking [112].  

 
 

Hyperglycemia and Cancer Risk 
 
Elevated fasting glucose level in the uncompensated stage of insulin resistance is a high 

risk for cancer by means of several pathways (see Chapter 3). Similarly, excessive intake of 
carbohydrates with high glycemic index may also promote carcinogenesis. Excessive glucose 
supply has direct influence on pathological cell proliferations and may indirectly provoke 
tumor initiation and growth by increased production of glucose transporters, reactive oxygen 
species, advanced glycation end products (AGEs), cytokines, IGFs and other mediators. 
Correlations between high fasting glucose level, type-2 diabetes and cancer risk are discussed 
in Chapter 3. 

 
 

Visceral Obesity and Cancer Risk 
 
Obesity is a well-known component of the metabolic syndrome and has close 

correlations with dyslipidemia hypertension and type-2 diabetes [81]. Central or visceral type 
obesity has close associations with metabolic alterations and is regarded as promoting factor 
for insulin resistance. Recently, obesity is regarded as high risk for both cardiovascular 
diseases and malignancies [59].  

The mass of visceral fat tissue has decreased insulin sensitivity and the reactive 
hyperinsulinemia provokes excessive lipolysis [39]. The elevated free fatty acid (FFA) level 
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primarily defines the correlations between obesity and insulin resistance. A great amount of 
FFA and lipoprotein may deliberate from the excessive visceral fatty tissue and enter into the 
portal circulation. High levels of FFA and lipoprotein do contribute to the development of 
dyslipidemia and result in glucose intolerance in the liver and peripheral muscles.  

High lipid levels in the portal circulation decrease hepatic glucose uptake and storage 
and further increase insulin resistance [116]. Lower insulin sensitivity of the liver results in 
elevated glucose and insulin levels in the systemic circulation. These processes may be 
associated with the increased risk of type-2 diabetes and of atherogenic cardiovascular 
lesions. As the elevated serum levels of glucose, insulin and IGFs have crucial role in cancer 
promotion too, visceral obesity means a high tumor risk.  

Correlations among visceral obesity, insulin resistance and tumor risk are strongly 
affected by the newly recognized endocrine function of the fatty tissue [83]. Excessive 
accumulation of the fatty tissue leads to an increased adipocytokine production (TNF-α, 
leptin, resistin, adiponectin, interleukin-6, etc.). These mediators thoroughly influence the 
insulin sensitivity and glucose metabolism as a base for the association between obesity and 
insulin resistance. Moreover, cytokines may maintain long lasting inflammatory processes. 
Some of them, e.g. TNF-α have a pivotal role in the promotion of insulin resistance in the 
peripheral tissues, and at the same time are players in the initiation and spread of some 
tumors [2,128]. 

Obesity also affects hormonal changes including estrogens, androgens, IGFs and insulin 
[24]. As obesity is in close correlation with insulin resistance, elevated insulin IFG and 
androgen levels are frequently observed both in male and female patients with high body 
mass index (BMI).  

Recently, attention has been reasonably focused on estrogen as a potential mediator of 
obesity influenced cancer [63]. However, literary data on the associations between obesity 
induced cancer and estrogen level are fairly controversial. While postmenopausal obesity is 
strongly associated with increased breast cancer risk, particularly among women never using 
hormone replacement, obese premenopausal women may have decreased risk for breast 
cancer [16,89]. Moreover, a recent report found obesity to be most strongly related to 
mortality in women with estrogen receptor-negative breast cancers [36]. These data suggest 
that factors other than estrogen may mediate the correlations between obesity and breast 
cancer.  

Obesity is often the predecessor of type-2 diabetes, cardiovascular diseases and several 
cancers. Weight loss may prevent the development of severe insulin resistance by favorable 
changes in lipid levels, decreased insulin, IGF and glucose levels and lower production of 
inflammatory cytokines. Caloric restriction decreases the incidence of breast cancer [87].  

Epidemiological studies in Canada justified the causal role of obesity in 7.7% of all 
malignancies. Lymphoma, leukemia and cancers of the gastrointestinal tract, kidney, breast, 
pancreas, ovary and prostate were registered among the obesity-associated tumors [97].  

Obesity thoroughly affects tumor progression as well. Obese patients are more likely to 
have lower physical activity and higher caloric and fat intakes when compared with non-
obese cases. Advantageous effects of physical activity and weight loss were observed among 
obese patients with breast and colon cancers with decreased risk of local recurrences and 
metastatic spread of tumors and improved life expectancies [12,24,25]. 
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Dyslipidemia and Cancer Risk 
 
Insulin resistance and hyperinsulinemia are associated with a complex disturbance of the 

lipid metabolism and lead to dyslipidemia [104]. Nevertheless, fat administration in both in 
vivo and in vitro systems has been reported to induce insulin resistance [60]. 

Increased fatty acid levels stimulate fatty acid oxidation (both mitochondrial and 
peroxisomal), inhibit the cellular glucose uptake and promote gluconeogenesis. This may be 
the basis for fatty acid induced insulin resistance in the muscle and liver [60,97]. Dietary fat 
composition alters cell membrane phospholipid composition, insulin binding and glucose 
metabolism in the adipocytes of control and diabetic animals [41]. Moreover, dyslipidemia 
may interfere with changes in hormone signaling from the plasma membrane and cellular 
growth rate by alterations of the cell membrane composition [26].  

Insulin resistance is associated with disturbances in lipolytic processes. This correlation 
results in a decreased lipoprotein lipase and increased hepatic lipase activity. In the metabolic 
syndrome, increased plasma level of very low-density lipoprotein (VLDL), low-density 
lipoprotein (LDL) and triglyceride, and decreased level of high-density lipoprotein (HDL) are 
characteristic findings [121] 

The physiological insulin level hampers the deliberation of FFAs and decreases the 
fasting serum glucose level, which results in a favorable decrease in hepatic VLDL secretion. 
Insulin resistance is associated with elevated circulatory FFA and glucose levels, and VLDL 
production is also increased. A harmful decrease in HDL-cholesterol level is also associated 
with disturbance of the VLDL metabolism [116] 

In the metabolic syndrome and in type-2 diabetes the triglyceride content of the 
lipoproteins is elevated. Serum level of triglycerides shows parallelism with insulin 
resistance, serum insulin level and BMI, whereas being inversely correlated with the HDL 
level. These data support that an elevated triglyceride level is the most reliable indicator of 
insulin resistance [104]. The causal factors of hypertriglyceridemia are the excessive 
substrate supply and the decreased activity of lipoprotein lipase. Lipid load in insulin 
resistant patients provokes high, long lasting hypertriglyceridemia and increased hepatic 
VLDL synthesis. 

There are several pathways for correlations between lipid metabolism disorders and 
malignancies. Peroxisome proliferator activated receptors (PPARs) are regulated by lipid- 
associated signals, and they have pivotal roles in the development of insulin resistance, 
alterations of lipoprotein metabolism and their pathological consequences. Activated PPAR 
and a nuclear receptor retinoid-X (RXR) participate together in the regulation of transcription 
[80]. Increased activity of peroxisomes in lipid-oxidation processes may result in DNA-
derangement leading to malignant transformation.  

Lipid peroxidation may be involved in cancer development, and essential nutritients such 
as vitamins E and C have protective effect, as they are scavengers of free radicals. 
Significantly lower salivary levels of antioxidant vitamins were observed in oral cancer 
patients as compared with their controls [101]. Consequently, antioxidant nutrients may 
counteract free radical-mediated disturbances of cell proliferation.  

Correlations of dyslipidemia and malignant tumors were thoroughly studied in colorectal 
and breast cancer cases [84,131]. Results of epidemiological and clinical examinations 
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justified the close association between hypertriglyceridemia and tumor risk [84,89]. 
Excessive saturated fat ingestion, consecutive hypertriglyceridemia and insulin resistance 
proved to be risk factors for cancers at several sites.  
Hypertension, Insulin Resistance and Cancer Risk 

 
The pathophysiology of hypertension is not uniform; there may be many different 

mechanisms in the background. Hypertension usually shows close correlation with insulin 
resistance and hyperinsulinemia [51,71]. In patients with hypertension risk factors for 
cardiovascular diseases, such as insulin resistance, elevated insulin, fasting glucose, 
triglyceride and LDL levels, as well as low HDL level are characteristic findings [28]. There 
are crossroads between obesity and hypertension by means of hormonal regulation. A 
positive correlation between body mass index and angiotensinogen expression was reported 
in the subcutaneous adipose tissue of obese men [127]. 

Insulin has not only metabolic but also direct vasoactive effects, so the serum insulin 
level is in close positive correlation with the blood pressure [81,103]. In hyperinsulinemia 
vasopressor activities of insulin are more intensive than its vasodilatative impacts [34]. 
Insulin resistance and reactive hyperinsulinemia are closely associated with increased activity 
of the sympathetic nervous system, which results in vasoconstriction. Decreased blood flow 
in the skeletal muscles may further increase insulin resistance as a vicious circle. At the same 
time, decreased prostaglandin synthesis and nitrogen-oxide deliberation reduce 
vasodilatation. Insulin resistance increases the activity of the renin-angiotensin system and 
the more intense natrium reabsorption in the kidney tubules augment the plasma volume.  

Excessive salt intake may negatively affect the insulin signal, which promotes insulin 
resistance [93] and also has great impact on the blood pressure. In the meantime, salt load 
also provokes cell growth by affecting the insulin signal system.  

There are few literary data on the associations of hypertension and cancer promotion. 
However, results of some studies support that the prevalence of both cardiovascular diseases 
and malignant tumors is increased among patients with hypertension. Recently, 
epidemiological correlation between salivary gland tumors and hypertension was observed 
[119]. In postmenopausal women hypertension proved to be a strong risk factor for hormone-
dependent tumors, separately from obesity [115]. Based on these data hypertension and 
cancer may be multifaceted tips on the deeply hidden iceberg of insulin resistance [28] 

 
 

Dietary Habits, Insulin Resistance and Cancer Risk 
 
Diet plays a definitive role in processes affecting the energy balance and metabolism. 

Dietary habits thoroughly influence not only oral health but also insulin sensitivity and 
cancer risk at several sites [72].  

A low risk diet for cancer in the Mediterranean region implies increased consumption of 
fruit, vegetables and fish as well as avoiding excessive intakes of meat and refined 
carbohydrates [64,73]. Further, olive oil and other unsaturated fats are preferred to saturated 
ones. La Vecchia and coworkers studied the correlations between Mediterranean diet and 
cancers of the upper aerodigestive tract [18,45].  
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Mediterranean diet has benevolent anticancer effects not only on the gastrointestinal tract 
but also on other organs. Dietary protective effect of such a diet was also observed for breast, 
female genital tract, ovary, urinary tract and some other non-digestive epithelial neoplasms 
[17,72,73].  

Healthy diet is associated with reduced IFG-I level and improvement of insulin 
sensitivity which also strengthens its anticancer capacity [130]. A favorable diet has an 
antioxidant potential and reduces the risk of both cardiovascular diseases and cancers of the 
oral, pharyngeal and laryngeal region [18,72].  

Mediterranean diet may have favorable anticancer capacity even in strong smoker and 
drinker cases. Correlations of diet and risk of oral and pharyngeal cancer were studied in an 
Italian case-control study. The results provided further support to the beneficial effect of high 
intake of vegetables and fruits, particularly in heavy smokers and drinkers [123]. Data from a 
series of case-control studies conducted in 9 countries worldwide also revealed the 
advantageous modulation of the carcinogenic potential of tobacco and alcohol by the 
Mediterranean diet [67].  

Many epidemiological data suggest that meals containing antioxidant vitamins (A, C, E) 
have benevolent systemic effects by decreasing the level of reactive free radicals [18]. 
Significantly lower levels of antioxidant vitamins E and C in the saliva were observed in oral 
cancer patients as compared with controls [101]. Recently, a direct link between salivary free 
radicals and oral squamous cell cancer has been demonstrated [10]. Age-related changes in 
salivary antioxidant profile and higher viscosity of the saliva in aged patients may also be 
associated with a higher oral cancer risk [55].  

Whole grain food intake was consistently related to reduced cancer risk of several types 
of the upper digestive tract neoplasms. Epidemiological evidence of the relation between 
fiber-rich diet and colorectal cancer justified a protective effect [64,72,113]. In contrast, 
refined grain intake was associated with increased risk of cancers at different sites, 
suggesting a potential role of elevated IGF-1 level [72].  

Recently, excessive consumption of sweet foods also emerged as a cancer risk factor. 
Load of foods with high glycemic index was found to be high risk for cancers of the oral 
cavity, stomach, breast, prostate and ovary [4,5,6,18,124]. The associations were similar for 
various cancer sites of the upper aerodigestive and colorectal tract [4,56]. The correlation 
between sweet food intake and cancer risk was stronger in women as compared with men, 
especially in those with high BMI. This latter observation suggests that obesity and the 
associated insulin resistance have closer correlation with glycemic load induced cancer in 
women as compared with men. 

Dietary fat is an essential macronutritient, providing energy source and hydrophobic 
components for biomolecule synthesis. Fatty acids are also used for the synthesis of signaling 
molecules like steroid hormones [60]. Dietary fat has the potential to affect gene expression 
through multiple pathways leading to changes in carbohydrate and lipid metabolism as well 
as cancer initiation [109] Depending on the gene examined, polyunsaturated fatty acids 
(PUFAs) might augment or abrogate gene transcription, which leads to specific phenotypic 
changes altering cellular functions.  

Low fat ingestion diets or diets that are disproportionately enriched in PUFAs have 
advantageous effect on gene expression leading to beneficial regulation of cellular 
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metabolism, growth and differentiation [60]. Excessive saturated dietary fat intake may 
increase the levels of FFAs, triglycerides and low-density lipoprotein (LDL) cholesterol in 
the plasma. These changes provoke the onset and progression of insulin resistance and 
consequently elevate insulin and IGF levels. All these alterations are risk factors for both 
atherosclerotic diseases and malignancies [15,40,50,60,79,116].  

 
 

Physical Activity, Insulin Resistance and Cancer Risk 
 
Nowadays sport and physical activity are highly appreciated as important factors in both 

prevention and improvement of chronic diseases.  
Diabetes mellitus has been regarded as a punishment of the civilized societies [20]. In the 

background of the metabolic syndrome and type-2 diabetes not only genetic determinants but 
also environmental factors have decisive role. Increased prevalence of obesity in the 
developed countries is regarded rather as a result of decreased physical activity than of 
excessive caloric intake.  

Glucose uptake of the skeletal muscles depends on the glucose metabolism, the plasma 
glucose level and the membrane receptors of the sarcolemma. Physical activity and 
contraction of the muscle cells enhance the cellular glucose uptake even in case of a 
decreased insulin level [68]. Contraction of skeletal muscle fibers activates the GLUT-4 
glucose transporter system. Glut-4 protein molecules are mobilized from the intracellular 
pools and show an increased expression on the membrane surfaces [107,111]. All these 
events support the close correlation between physical activity and insulin sensitivity.  

In clinical studies, regular, moderate physical activity resulted in significantly increased 
glucose tolerance and decreased plasma insulin level in patients with type-2 diabetes [107]. 
Regular physical load results in loss of abdominal fat, decreased triglyceride and increased 
HDL level, as well as decrease of blood pressure [75]. Regular, daily walking may improve 
the insulin sensitivity, lipase activity, and fasting serum lipid and glucose levels. Changes in 
lifestyle were more effective on insulin sensitization as compared with metformin treatment 
[32]. 

As cancer prevalence is thoroughly associated with insulin resistance, physical activity 
has favorable impact both on prevention and treatment of malignancies [90]. Recreational 
physical activity decreased the breast cancer risk in postmenopausal women [25,86]. 

 
 

Darkness, Melatonin, Insulin Resistance and Cancer Risk 
 
Darkness increases melatonin production, which is a pineal hormone. Controversial 

results concerning associations of melatonin and insulin resistance have been published 
[108]. In postmenopausal women application of melatonin reduced glucose tolerance and 
insulin sensitivity [21], which may be a route leading to increased tumor risk. Moreover, 
melatonin administration in perimenopausal women did produce changes in LH, FSH and 
thyroid hormone levels. In animal experiment some cancers started to grow after melatonin 
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treatment [11]. Correlations of low exposure to light and increased cancer incidence in 
women may be at least partially mediated by reduced glucose tolerance.  

 
Tobacco Use, Insulin Resistance and Cancer Risk 

 
Smoking is a well-known etiological factor of both cardiovascular diseases and 

malignancies. Tobacco and its burn products are the most important exogenous carcinogenic 
factors and affect directly the upper aerodigestive tract such as the oral cavity, pharynx, 
larynx and bronchus [43,88].  

Nicotine is a toxic component of cigarette smoke and inhibits nitrogen-oxide-induced 
apoptosis in the oral epithelial cells. Inhibition of NO-induced apoptosis may be an important 
participant of oral carcinogenesis [8]. Nicotine exposure might have a negative impact on the 
apoptotic potential of anticancer drugs resulting in a poor prognosis of oral cancer cases 
[134]. 

Smoking has not only local, carcinogenic capacities but also exerts thorough effect on 
metabolic processes and has strong correlations with cancers at sites other than the upper 
aerodigestive system. Moreover, it is the most important exogenous factor, which decreases 
the peripheral glucose uptake and provokes oxidative stress [37]. Nicotine and CO may 
provoke vasoconstriction and decrease deliberation of nitrogenoxyde as well as decreasing 
the peripheral blood flow in the skeletal muscles. These changes result in peripheral insulin 
resistance and hypertension.  

In clinical studies current smokers exhibited an increased prevalence of metabolic 
syndrome and type-2 diabetes as compared with never smokers [35,49,58]. Smoking habits in 
middle-aged men strictly correlated with the degree of insulin resistance including increased 
levels of insulin, LDL-cholesterol, as well as triglycerides [35]. Insulin resistance may be an 
important contributor to the risk for age-related cardiovascular diseases and cancer among 
middle-aged, smoker men [37].  

Smoking is a double-edged sword for the oropharyngeal mucosa by means of its local 
toxic and systemic, harmful metabolic and hormonal impacts. The carcinogenic capacity of 
tobacco prevails first as a local noxa in the oral cavity, and later the smoking-related 
unfavourable metabolic effects return by means of the circulation. However, advantageous 
Mediterranean dietary habits, such as high fruit, vegetable, fish and desaturated oil 
consumption cause a decreased cancer risk for the upper aerodigestive tract even in heavy 
smokers [82,123].  

 
 

Alcohol Consumption, Insulin Resistance and Cancer Risk 
 
Alcohol consumption is associated with contradictory, Janus-faced metabolic effects. 

Results of epidemiological studies suggest that mild to moderate alcohol intake is associated 
with advantageous metabolic effects, such as lower prevalence of insulin resistance, 
metabolic syndrome, type-2 diabetes and their cardiovascular complications [46]. In contrast, 
the two extremes namely complete abstinence and excessive drinking are risks for insulin 
resistant states [114]. 
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Alcohol consumption has thorough influence on the metabolic processes, especially on 
lipids [106]. Moderate alcohol intake (<20 g/die) improves lipid profile, increases insulin 
sensitivity and decreases both waist circumference and serum insulin level. HDL-cholesterol 
level of the serum shows a parallel increase with moderate doses of alcohol intake. Serum 
triglyceride level shows a favorable decrease in moderate drinkers, whereas an increased 
level can be found in excessive drinkers. Moderate alcohol consumption has a well-known 
cardio-protective effect, resulting from decreased coagulation activity, improvement of 
dyslipidemia and antioxidant capacity with decreased lipid oxidation. 

Clinical studies on middle-aged male patients justified an increased adiponectin and 
decreased TNF-α level in moderate drinkers, which means a decreased risk for insulin 
resistance [114]. Adiponectin, an adipocyte derived plasma protein has been negatively 
associated with adiposity and insulin resistance [39]. It seems to be an important endogenous 
factor, which increases the effect of insulin. 

In older women, lifetime alcohol consumption was associated with type-2 diabetes in a 
U-shape fashion. Moderate alcohol consumption was the lowest risk for insulin resistance as 
compared with both excessive drinking and abstinence [13]. In postmenopausal women, with 
a constant body weight, moderate alcohol consumption reduces the bioavailable IGF-I level 
in the serum [74]. These data suggest that moderate alcohol intake may reduce the cancer risk 
in postmenopausal women either by the reduction of bioavailable IGF-I level or by an 
increased insulin sensitivity. 

Regular alcohol consumption exhibits close correlation with the female sexual steroid 
metabolism in a dose related manner. Estrogen levels may be higher in women who regularly 
consume alcoholic beverages especially in postmenopausal cases [96] Alcohol mediated 
increase of estrogen synthesis may be attributed to an enhanced aromatase activity in the 
peripheral fatty tissue or to an effect on the adrenal gland [47,100]. Another supposed 
possibility is the decreased catabolism of sex steroids in the liver caused by a concomitant 
alcohol metabolism.  

In clinical studies the effect of regular, moderate alcohol intake was examined on the 
mortality of aged women (above 55 yrs). Alcohol consumption was inversely associated with 
cardiovascular mortality and total mortality both in the never smoker and former smoker 
groups, but was not among current smokers [33]. Studies on middle-aged and elderly women 
indicated that moderate alcohol consumption might be associated with decreased risk of renal 
cell carcinoma [102]. Both increased insulin sensitivity and elevated estrogen level may 
explain these advantageous effects of moderate ethanol intake in postmenopausal women.  

Drinking has fairly contradictory effects on the tumor genesis as well. Though moderate 
alcohol consumption has beneficial effect on the metabolism, some authors could not identify 
a threshold level of drinking below which there is no increased risk for cancer [9].  

Ethanol itself has no direct carcinogenic capacity, but its metabolism leads to generation 
of acetaldehyde, which is mutagenic and carcinogenic through binding directly to DNA and 
transcription factor proteins [99]. Acetaldehyde may also be produced locally in the mouth 
from ethanol through bacterial oxidative metabolism [70]. This mechanism may play major 
role in oropharyngeal cancer initiation, especially in case of neglected oral hygiene.  

Alcohol consumption is a well-known strong risk factor for oral and upper alimentary 
tract cancers [9,19,44] particularly if it is combined with smoking. Concentrated drinks have 



Zsuzsanna Suba 30 

chronic irritant impact on the oral and pharyngeal mucosa, which results in chronic 
inflammation, increased regenerative processes and deliberation of free radicals and 
cytokines. All these changes mean risks for malignancies [128]. Excessive alcohol intake 
enhances the risk for cancers not only in the upper aerodigestive tract but also in the stomach, 
colon, rectum, liver and breast [9].  

However, recent studies proved that moderate alcohol intake is not a risk factor for many 
of the gastrointestinal diseases, which are associated with excessive alcohol consumption 
[125]. Furthermore, no positive correlation was observed between alcohol consumption and 
cancer risk at several sites. Clinical studies did not support an association between moderate 
alcohol intake and cancers of the ovary, pancreas and lungs [19,48,91].  

There is a wide spread conception that even light to moderate alcohol consumption has 
carcinogenic effect on the female breast [9,117,126]. As ethanol intake increases the 
endogenous sex hormone production an elevated estrogen level may be accused at least 
partially of its carcinogenic potential [31]. 

However, moderate alcohol consumption in women is strongly associated with low risk 
for insulin resistance and the associated cardiovascular complications [78]. A well known 
fact that moderate alcohol intake improves the insulin resistance, which is a high risk factor 
for breast cancer. Considering these correlations, tumor inducing capacity of moderate 
drinking would be a striking contradiction.  

In France and Italy, the effect of moderate drinking and different alcoholic beverages was 
studied in relation to oral diseases. Moderate drinking and especially red wine showed 
protective effect against oral leukoplakia and oral cancer [14,98]. This favorable effect of red 
wine may be explained by the resveratrol content, which may contribute to the anticancer 
capacity at several sites. Resveratrol inhibits the metabolic activation of carcinogenic agents, 
has antioxidant and anti-inflammatory properties, decreases cell proliferation and induces 
apoptosis. 

Considering the thorough metabolic effects of alcohol, excessive alcohol consumption 
may be a tumor risk factor by promotion of dyslipidemia, oxidative stress and insulin 
resistance. Currently, the correlations between moderate alcohol consumption and cancer risk 
are controversial and require further investigations.  

 
 

Aging, Insulin Resistance and Cancer Risk 
 
Aging is a physiological process associated with gradually decreasing insulin sensitivity. 

Aging thoroughly alters the mechanism of cellular metabolism growth and proliferation 
[122].  

With age oxidative stress and non-enzymatic glycation of protein structures are 
enhanced, which disadvantageously alter the function, growth and proliferation of cells [54]. 
In aged people the genome is much more vulnerable and there are also many defects in the 
repair mechanisms.  

Age is a predictor of a variety of diseases related to insulin resistance. Prevalence of age-
related diseases increases continuously in aged patients. In a prospective study, the effect of 
insulin resistance was evaluated on the clinical events [38]. Type-2 diabetes, hypertension, 
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coronary heart disease, stroke and cancer developed significantly more frequently in the most 
insulin resistant tertile of the cases, whereas no such events were registered in the most 
insulin sensitive tertile. These literary data suggest that grade of insulin resistance is a more 
important risk factor for age-related diseases than age among old people.  

The prevalence of age-related diseases shows steep increase after menopause in women. 
In aged women who have not undergone HRT, every year after menopause confers a negative 
influence on glucose tolerance and increases the risk of insulin resistance [133]. 
Consequently, in women the years after menopause have stronger impact on insulin 
resistance and associated diseases than chronological age. Associations of sexual hormone 
equilibrium and insulin sensitivity are discussed in Chapter 7. 

 
 

Importance of Associations between Insulin Resistance and Cancer Risk 
 
Close correlations between insulin resistance and cancer risk supply widespread 

possibilities in the field of prevention and treatment of cancers. 
Way of life and a healthy diet have increasingly great role in the prevention of chronic 

diseases and cancers. Physical activity and loss of weight may increase insulin sensitivity and 
at the same time decrease the risk for both cardiovascular diseases and malignancies.  

Considering the correlations between insulin resistance and progression of tumors, 
increase in insulin sensitivity is a promising possibility for cancer treatment. Local and 
metastatic spread of cancers at several sites, such as breast, colon and prostate may also be 
beneficially influenced by a healthy lifestyle.  

There are insulin-sensitizing drugs, which may arrest cancer spread by maintenance of 
euglycemia [69]. Decrease of oxidative stress is also beneficial to hamper tumor spread by 
abandonment of smoking and consumption of antioxidant vitamins.  

Recently, moderate alcohol consumption seems to be more advantageous in contrast to 
complete abstinence as it increases insulin sensitivity, which in turn improves the life 
expectancy of cancer patients. Overlooked insulin resistance should be revealed and treated 
in patients suffering of cancer. 
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Chapter 3 
 
 

Hyperglycemia, Type-2 Diabetes and 
Cancer Risk 

 
 

Delicacy for Cancer Cells 
 
In the uncompensated phase of insulin resistance the secretor capacity of the insular β-

cells becomes exhausted and the serum insulin level is not enough to maintain euglycemia. 
The increased plasma glucose level results in type-2 diabetes, which is a complex metabolic 
disorder with alterations of glucose, lipid, protein and nucleic acid metabolism and leads to 
increased cancer risk (see Chapter 2). 

Type-2 diabetes is characterized mainly by disrupted glucose homeostasis with 
deleterious consequences to many organs and, when untreated, is associated with highly 
increased mortality. The etiologic factors of type-2 diabetes are combined environmental and 
genetic ones [3].  

Prevalence of diabetes is widespread and increases continuously in the economically 
developed countries [86]. Obesity, population aging and urbanization are among the main 
causes of this increase. Nowadays, it is the seventh leading cause of death in the United 
States, and is a major contributor to hypertension, stroke, cardiovascular disease, blindness, 
kidney failure, and limb amputations, even malignancies. Unfortunately, the development of 
this illness is insidious, 40 to 50% of individuals with diabetes are unaware of their disease 
and it remains undiagnosed for a long time.  

Type-2 diabetes has thorough influences on oral structures with widely varying clinical 
presentations and degrees of the effects [52]. As diabetes is associated with oral cancer and 
the expected prevalence of it is over 9% by 2025, the impact of diabetes on oral health will 
further increase in the future [4].  

 
 

Hyperglycemia and cancer risk 
 
Hyperglycemia promotes the neoplastic cell proliferation by several pathways. Elevated 

serum glucose level may play a direct role in the development of cancer by favoring the 
selection of malignant clones [85]. Neoplastic cells have been shown to extensively use 
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glucose for their proliferation. Excessive glucose supply may play a pivotal role in the 
pentose phosphate metabolic pathway, which is characteristic for malignant cells and helps 
their unrestrained DNA synthesis [22]. 

Elevated serum glucose level has also indirect carcinogenic capacities. In diabetes 
mellitus the oxidation equilibrium breaks down. The elevated serum glucose concentration 
provokes glucose auto-oxidation and excessive formation of free radicals and glycated 
proteins. Decreased activities of the antioxidant scavengers and enzymes result in oxidative 
stress [2,69,84], which cause derangement both of DNA and the enzymes playing important 
role in repair mechanisms [2,11]. These noxious processes may cause severe damages in the 
biological structures even at a molecular level [11] and may promote gene regulation 
disorders leading to carcinogenesis [6,36,53]. Moreover, the oxidative stress may deteriorate 
the insulin resistance of diabetic patients at the receptor level [79].  

Antioxidant nutrients may be utilized to prevent oral cancer as they counteract free 
radical-mediated cell proliferation disturbances [63]. New insights into the correlations 
between oxidative stress and diabetic complications may lead to a causal antioxidant therapy.  

 
 

Expression of Glucose Transporters (GLUTs) and Oral Cancer Risk 
 
Hyperglycemia leads to uncontrolled glucose transport into the cells. Insulin 

overproduction in insulin resistance stimulates cellular glucose uptake by inducing the 
overexpression of a protein family called glucose transporters [17]. These proteins are 
integrant components of the cell membrane and their function is the active transport of the 
glucose molecule through the double lipid layer [44].  

GLUT4 is the only isoform of these proteins that responds adequately to insulin and 
constitutes the rate limitation of insulin-induced glucose uptake. In hyperglycemia GLUT1, 
which is another member of this glucose transporter family, shows enhanced expression and 
activity, which results in uncontrolled glucose transport through the cell membrane [29]. 

High expression of GLUT1 and its excessive glucose transporter activity is an important 
contributing factor to tissue injury in patients with diabetes. Recent literary results support 
that increased GLUT1 expression has crucial correlation with human malignancies. Higher 
GLUT-1 expression leads to higher intracellular glucose concentration, which favors for 
growth and proliferation of cancer cells [46].  

Increased GLUT1 expression and progression of oral cancer show close correlations 
[46,59]  

 
 

Non-enzymatic Glycation of Different Structures in type-2 Diabetes and 
Oral Cancer Risk 

 
Sustained hyperglycemia is in correlation not only with glucose metabolism but also with 

alterations in lipid metabolism as well as non-enzymatic glycation of proteins, such as 
collagens [65]. These changes affect the function of the cell membranes and their receptor 
proteins and cause thorough changes in cell-cell and cell-matrix interactions [52]. Glycated 
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products alter the vessel walls and basement membranes, which will disturb the normal 
oxygen and metabolite exchange [71,84].  

Non-enzymatic glycation of proteins, lipids and nucleic acids in diabetic patients causes 
serious complications [15]. Glycated proteins, known as advanced glycation end-products 
(AGEs) may be formed both in diabetic and non-diabetic cases, however, their accumulation 
is greatly increased in diabetic patients with sustained hyperglycemia [71]. 

AGEs in patients with hyperglycemia have major effects at cellular level. A receptor for 
AGEs known as RAGE (receptor for AGE) has been identified on the surface of many cell 
types (endothelial cells, smooth muscle cells, monocytes/macrophages etc.), which have 
important role in oral and periodontal health and disease [72].  

Vascular complications are classically associated both with type-2 diabetes and the 
earlier phases of glucose metabolism disorders. AGE deposition increases the capillary 
basement membrane thickness resulting in a serious narrowing of the lumen and impairs the 
exchange of oxygen and metabolic waste products through the capillary wall [49].  

AGEs provoke also macrovascular complications. They increase the cross-link of 
collagen and the highly stable collagen macromolecules are resistant to normal enzymatic 
degradation and tissue turnover [56]. AGE-modified collagen deposits thicken the vessel wall 
and covalently cross-link with circulating low-density lipoprotein, contributing to 
development of atherosclerosis. The cumulative effects of these vascular alterations increase 
progressive narrowing of the vessel lumen and thrombotic obliteration and decrease the 
perfusion of the affected tissue. Hypoxia is advantageous for tumor cell multiplication as 
non-oxidative steps in the anabolic pathways characterize their metabolism.  

The highly stable collagen accumulates also in the basement membrane of the squamous 
epithelial layer, altering the normal homeostatic transport. Defective transport of oxygen and 
other metabolites is advantageous also for malignant transformation of the epithelial layer. 

 
 

Overexpression of Matrix Metalloproteinases and Oral Cancer Risk 
 
Matrix metalloproteinases (MMPs) or collagenases are involved in remodeling of the 

extracellular matrix by means of their digesting capacity. This function is integrated into 
normal tissue growth and regeneration. Collagenase production is regulated at gene 
transcription level, and its expression is differentially affected by several growth factors [21]. 

It is a well-known fact that matrix collagenase production is increased in diabetes 
mellitus, which is harmful for periodontal integrity and wound healing [66]. Tetracyclines 
and their chemically modified variants without antibacterial effect have been shown to 
significantly decrease collagenase production [31]. These modified tetracyclines have 
potential benefits in inhibition of onset and progression of periodontal inflammation in 
patients with type-2 diabetes [7,28].  

Excessive tissular collagenase activity in diabetes results in loosening and disintegration 
of the extracellular matrix, increased degradation of instable newly formed collagen and 
disintegration of the basement membrane. Leakages in the basement membrane promote 
tumor cell invasion of the underlying connective tissue, which is recognized as a fundamental 
step in the development of invasive epithelial cancers [25].  
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MMP-1 is a potent interstitial collagenase with frequently increased activity in the 
majority of oral dysplasias as well as in oral squamous cell cancers. Increased MMP-1 
mRNA expression has been shown not only in the epithelial tumor cells but also in the 
fibrous connective tissue adjacent to the tumor [62]. Proteolytic enzymes released by the 
tumor cells catalyse breakdown of the collagen rich connective tissue barriers, which results 
in an aggressive local tumor invasion and metastatic spread [16]. Recent data support that 
overexpression of MMP-9 mRNA may be markers of malignant transformation of oral 
epithelial dysplasia to oral cancer [40].  

 
 

Altered Inflammatory Reactions in Type-2 Diabetes and Oral Cancer Risk 
 
Altered inflammatory reactions and immunologic responses in type-2 diabetes enhance 

the inclination to severe infections and malignancies at several sites. Type-2 diabetes has 
long been considered to have thorough influence on intraoral structures. It may seriously alter 
saliva secretion, mucosal health, integrity of periodontal tissues, wound healing and bone 
turnover rate [26,52].  

Poor glycemic control is usually associated with xerostomia and sialoadenosis of the 
salivary glands, which includes enlargement of glandular volume and defective saliva 
secretion [26,74]. Decreased salivary flow may result in retrograde bacterial infection 
through the duct system. In patients with diabetes, an increased prevalence of salivary gland 
tumors may also be observed [76].  

The altered host inflammatory response to bacterial challenge in patients with diabetes 
may be one of the possible explanations for the increased prevalence and severity of plaque 
induced gingivitis and periodontitis. Though periodontitis in diabetic patients is regarded 
mainly as inflammation caused by bacteria, the metabolic and hormonal alterations in type-2 
diabetes are also promoting factors [52].  

Chronic intraoral infections in type-2 diabetes may play either direct or indirect role in 
cancer initiation [37,48]. Microorganisms in the dental plaque and their endotoxins have 
toxic effects on the neighbouring cells and may directly induce mutations in the tumor 
suppressor genes and protooncogenes. Furthermore, plaque bacteria may also alter the 
signaling pathways that affect increased proliferation and survival of the epithelial cells [78].  

Destructive gingivitis and periodontitis in patients with diabetes provoke a chronic 
release of inflammatory cytokines, chemokines, prostaglandins, growth factors and enzymes. 
Chronic infections induce deliberation of reactive oxygen species, nitrogen species, lipids 
and further metabolites, which may act as endogenous mutagens. All of these inflammatory 
products are associated with disturbance of epithelial turnover [37,41]. Nowadays, chronic 
inflammations have been regarded as tumor promoters in the process of cancer induction 
[9,61]. Recent studies confirmed the suspicion that plaque induced chronic periodontitis 
might in fact be associated with oral cancer risk independent of smoking [78]. These 
correlations justify the clinical observations that plaque retention and poor oral hygiene are 
risk factors for oral cancer [8,68].  

Type-2 diabetes is a crucial risk factor for fungal infections. First of all candidiasis may 
show an increased incidence on the vulnerable, dry mucosal surfaces. Multivariate regression 



Hyperglycemia, Type-2 Diabetes and Cancer Risk 45

analysis revealed the presence of Candida albicans hyphae to be significantly related to poor 
glycemic control [32]. Candida infections are especially frequent in aged, edentulous 
patients. Denture stomatitis, angular cheilitis and palatal papillomatosis are the most frequent 
manifestations. Literary data support the role of Candida albicans infection in the 
malignization of oral precancerous lesions, especially in case of chronic hypertrophic types in 
the forward position of the buccal mucosa [20].  

Recent evidences suggest that viruses; such as human papilloma virus (HPV) also have a 
synergistic role in oral carcinogenesis [27]. Chronic inflammatory proliferation and 
ulceration of the pocket epithelium in bacterial periodontitis of patients with type-2 diabetes 
may be advantageous for entrance, persistence and proliferation of HPV [78].  

 
 

Altered Immunologic Reactions in type-2 Diabetes 
 
Uncontrolled hyperglycemia increases the expression of receptors for AGEs and 

promotes AGE-RAGE interactions. Such interactions provoke thorough changes on 
monocyte/macrophage membranes, induce enhanced cellular oxidative stress and activate 
transcription factors [83]. These signals alter the monocyte/macrophage phenotype and result 
in increased production of inflammatory cytokines and growth factors [43,72]. These 
mediators may contribute not only to the chronic inflammatory processes but also to the 
development of malignancies [78,80]. 

RAGE expression and AGE-RAGE interaction are newly recognized factors regulating 
cancer cell invasion. RAGE expression appears to be closely associated with the invasiveness 
and metastatic capacity of oral carcinoma [12,70].  

The polymorphonuclear leukocytes of the dentogingival sulcus also play a major role in 
the maintenance of periodontal health. Numerous studies related to diabetes mellitus have 
shown a reduction in leukocyte function, including chemotactic responses, adherence and 
phagocytosis [50]. Diminished polymorphonuclear leukocyte function and persistence of 
bacterial challenge might then be met an elevated monocyte/macrophage response, resulting 
in increased tissue destruction [51]. 

In patients with diabetes, T-cell functions as well as cellular immune response are also 
impaired [73]. This diminished immune reactivity may also facilitate malignant 
transformation.  

Considering the well-known oral manifestations of type-2 diabetes, both chronic 
inflammatory processes (gingivitis, periodontitis, mucositis) and atrophic epithelial lesions 
(cheilitis, glossitis) may be possible precursors of the malignant transformation. 

 
 

Type-2 Diabetes and Risk for Oral Precancerous Lesions 
 
The healthy oral epithelial layer is regarded as a protective barrier against toxic and 

carcinogenic compounds. In diabetic cases, the atrophied oral mucosa, decreased rate of 
salivary secretion and low salivary pH increase the development of oral lesions [26]. 
Atrophy, inflammation and regenerative processes may increase the permeability of the oral 
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mucosa to carcinogens [5] and at the same time may disturb the regulation of cell 
proliferation as well. 

Recent epidemiological studies conducted in Hungary [81] and in India [24] showed an 
increased prevalence of oral premalignant lesions among patients with type-2 diabetes. 
Earlier investigations have shown an increased prevalence of leukoplakia and lichen planus 
among insulin dependent (type-1) diabetic patients [1]. However, recent studies have 
strengthened that both precancerous and malignant oral lesions are preferentially associated 
with type-2 diabetes [5,81]. However, correlations between diabetes and malignization of 
leukoplakia were not supported by histological diagnosis till now, so informations about 
dysplastic features of premalignant lesions in diabetes are completely missing.  

There is a gender-related difference in all cause and cardiovascular mortality related to 
hyperglycemia [35]. Preferential risk of women for oral premalignant lesions was also 
observed among patients with type-2 diabetes in several studies. Associations of 
premalignant oral lesions, such as oral leukoplakia, erythroplakia and submucous fibrosis 
with diabetes mellitus have been studied in a case control study in India [24]. Separate 
examinations on male and female cases resulted in striking gender related differences. A 
close correlation between diabetes and incidence of premalignant oral lesions among women 
was observed. However, no statistically significant association between diabetes mellitus and 
oral precancerous lesions was found in men. These differences suggest some hormonal 
involvement in the risk for oral precancerous lesions in women. 

Clinical risk factors for oral leukoplakia have been studied in a representative sample of 
US population [23]. Tobacco smoking was found as the strongest, independent risk factor for 
oral premalignancies. Furthermore, diabetes, age and socio-economic status were also found 
as independent predictors of oral leukoplakia. Alcohol consumption, ethnicity, education and 
body mass index (BMI) showed no independent association with leukoplakia. In female cases 
with a history of postmenopausal estrogen replacement therapy a significantly decreased 
prevalence of oral leukoplakia was observed. In conclusion, this representative study justified 
that diabetes has a direct, and estrogen treatment an inverse association with the pathogenesis 
of this oral premalignancy.  

Oral erythroplakia is a rare, potentially malignant lesion of the oral mucosa. A range of 
prevalences between 0.02% and 0.83% from different geographical areas has been 
documented [67]. Our working group revealed an epidemiological correlation between type-2 
diabetes and increased prevalence of oral erythroplakia [81]. 

 
 

Type-2 Diabetes and Cancer Risk 
 
Nowadays, type-2 diabetes is considered as a high-risk state for cancers at several sites, 

and this relationship should be systematically explored across further types of cancers (see 
Chapter 2).  

Associations between diabetes and cancer risk for all and specific sites were studied 
among Japanese men and women [47]. Diabetes was strongly associated with cancer risk at 
several sites both among men and women and the authors established that diabetes might be 
correlated with the etiology of cancer development. Elevated fasting blood glucose and 
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cancer risk was studied in Austria [64] and in Korea among men and women [38]. High 
fasting serum glucose levels and diabetes were independent risk factors for several major 
cancers, and the risk tended to be increased parallel with elevated fasting glucose level.  

A prospective study on associations between hyperglycemia and cancer risk was 
performed in Sweden [75]. The association of elevated fasting glucose with total cancer risk 
was stronger in women as compared with men, and provided further evidence for a gender 
related association between abnormal glucose metabolism and cancer. Our working group in 
Hungary also revealed a significant correlation between elevated fasting glucose level and 
oral cancer risk among women but not among men (see Chapter 5). 

Associations between diabetes and cancer risk were also observed in animal experiments. 
An accelerated tumor formation was registered in fatless mouse with type-2 diabetes and 
inflammation [58]. Increased risk for oral cancer in diabetic rats was attributed to the altered 
insulin receptor substrate-1 and focal adhesion kinase pathways [30].  

 
 

Epidemiological Associations of Diabetes Mellitus and Risk for Oral Cancer 
in Hungary 

 
Our working group examined the correlations between diabetes mellitus (DM) and oral 

premalignancies and cancers in a clinical case-control study on a pooled population of male 
and female cases [77,81].  

The first part of the study was a stomato-oncological screening on 200 diabetic patients 
in the Medical Departments of the Semmelweis University in Budapest. The control group 
included 280 adult dentistry outpatients. Both inpatients and outpatients were involved into 
the study: 82 patients had type-1 diabetes (DM1), and 118 had type-2 diabetes (DM2). A total 
of 131 cases were women, and 69 were men. The average age of the patients was 45.8 years. 
The mean age of the patients was 36.3 years in the DM1 group, and 55.3 years in the DM2 
group. The control group comprised 280 adult, otherwise healthy dentistry outpatients (109 
men, 171 women) with a mean age of 47.2 years. 

Two physicians performed the examinations and the data were recorded on a specially 
prepared questionnaire. Besides the relevant personal data, recorded information on 
laboratory values related to previous treatment of DM, possible complications, as well as 
smoking habits were also included.  

Clinical examination was performed, including a thorough examination of the oral cavity 
and bimanual palpation of the cervical region. The examiners were not aware of the patients’ 
diabetic state. 

The results of the stomato-oncological screening of DM patients are presented in Table 
1. The lesions found were classified into three groups: 1) inflammatory lesions, such as 
cheilitis and glossitis, 2) benign tissue accumulations, and 3) precancerous lesions, such as 
leukoplakia and erythroplakia. Malignant lesions were found neither among the 200 diabetic 
patients nor in the control group. 

Oral cavity lesions were found in 51.5% of the DM patients. In both types of DM cases, 
inflammations occurred most frequently, which were followed by benign tumors, and then by 
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precancerous lesions. In the control group, the frequency of all kinds of lesions was 
significantly lower (p<0.01). 

The proportion of inflammatory lesions, benign tissue proliferations and precancerous 
lesions was higher among patients with DM2 than among those with DM1 (Table 3.1). The 
11% incidence of leukoplakia in the DM2 group was noteworthy. The proportion of active 
smokers and of those who had given up smoking in this group were 38% and 32%, 
respectively, i.e., a total of 70% of the patients still were or had been smokers. 

The second part of the study was a retrospective DM screening of cases with oral cancer 
(OC). The study comprised 610 inpatients with histologically confirmed squamous cell OC in 
the Department of Oral and Maxillofacial Surgery of Semmelweis University. The control 
group included 574 complaint- and tumor-free adults. Ratio of smokers and fasting blood 
glucose levels were determined in both groups, and the tumor location was registered in the 
cancer patients. Fasting blood glucose levels were determined repeatedly within 4 days, 
regarded as elevated only if it was found repeatedly high. Based on the findings, the patients 
were classified into three groups: 1) patients with a normal fasting blood glucose level (<6.0 
mmol/1), 2) patients with an elevated fasting blood glucose (EFG) level (6.0-6.9 mmol/1), 
and 3) patients with DM (>6.9 mmol/1). Smoking habits in both cancer and control groups, 
and tumor locations in the OC group were also registered.  

Diabetes screening of patients with OC and their controls resulted in conspicuous 
differences. Of patients with oral cancer, 14,6% had DM, whereas 9.7% displayed an 
elevated fasting blood glucose level, i.e., overall, 24.3% of the patients had abnormal glucose 
metabolism. Seventy-two of the DM patients were known cases, whereas 17 (2.8%) of them 
were newly diagnosed. 

In the control group there were significantly fewer DM and elevated fasting glucose level 
cases, 5.6 and 5.5%, respectively (p<0.01). The distribution of malignant tumors in the oral 
cavity according to location for all of the patients and for the DM group is shown in Table 
3.2. The most frequent OC locations among non-DM patients were the sublingual region 
(29%) followed by the tongue (24%). However, there were significantly more gingival and 
lip cancers in the DM group than in the control group (p<0.01). 

 
 

Correlations between Diabetes and Risk of Oral Premalignant and 
Malignant Lesions 

 
Our stomato-oncological screening study clarified a higher incidence of benign tumors 

and precancerous lesions in DM patients as compared with their controls. Our examinations 
revealed a higher incidence of benign tumors than reported by other authors. Bánóczy et al. 
found a frequency of 3,7% for the most common benign oral lesions in DM patients [10]. 
This was substantially lower than the 14,5% among our DM patients (10,9% for DM1, and 
16,9% for DM2 patients). 

Albrecht et al. found leukoplakia in 6,2% of their DM patients [1], whereas in our study, 
an incidence rate of 6% for leukoplakia in DM patients was observed. Of the 16 newly 
detected precancerous lesions that were screened out, 4 proved to be erythroplakia, i.e. 2% of 
the 200 diabetes patients. This is markedly higher than the literature value of 0,1% [24].



 

Table 3.1. Distribution of oral lesions by type and sex in the groups of the type-1 and type-2 DM 
 

  
Number of 
cases 

Control group Type 1 DM group Type 2 DM group 

  Men Women Total % Men Women Total % Men Women Total % 

All     280 100     82 100     118 100 
Cheilitis, 
glossitis 

11 15 26   9.2 6 15 21 25.6 12 25 37 31.3 

Benign tumor 8 10 18   6.4 2 7 9 10.9 6 14 20 16.3 
Precancerous 
lesions 

4 5 9   3.2 2 1 3 3.6 4 9 13 11.0 

Total 23 30 53 18.8 10 23 33 40.2 48 48 70 59.2 
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Table 3.2. Occurrence of oral cavity cancers among DM and non-DM patients 
 

Location of oral cavity cancers Group of 
patients Labial Lingual Sublingual Gingival Buccal Other Total 

Non-DM 
patients 

73 (14%) 100 (19%) 146 (28%) 83 (16%) 21 (4%) 98 (19%) 521 (100%) 

DM patients 
21 (24%)   16 (18%)   13 (15%) 26 (29%)   3 (3%) 10 (11%)   89 (100%) 

Total 94 116 159 109 24 108 610 

Date are n (%) 

 
The incidence of both precancerous lesions (leukoplakia and erythroplakia) was 8% in 

our DM patients: 3,6% in the DM1 and 11% in the DM2 group. This value is essentially 
higher than the data of other Hungarian authors, who screened the general population for 
premalignant lesions [10]. A remarkable finding is the significantly higher incidence of 
leukoplakia among patients with DM2 as compared with DM1 cases. 

Our study confirmed the well-known fact that smoking is a deciding risk factor for 
precancerous oral lesions [23,39,57]. Seventy percent of our DM patients with leukoplakia 
were or had been smokers. The incidence of 16,6% for premalignant lesions (leukoplakia and 
erythroplakia) in the smoker OC group was extraordinarily high as compared with the data of 
Albrecht et al. They reported an incidence of 11,5% for leukoplakia among smoking DM 
patients [1]. It may be stated that smoking and DM together are high-risks from the aspect of 
oral premalignancies. 

The other aspect of our study was the DM screening of 610 inpatients with oral 
squamous cell carcinoma. There were significantly more patients with an abnormal glucose 
metabolism (DM+EFG) in the tumor group (24,3%) than in the control group (11,1%) (p< 
0.01). Among the 89 OC patients with manifest diabetes, DM2 was predominant (97%). 

The incidence of oral premalignancies and malignant tumors is higher in persons of 
disadvantageous social status, as these persons are also more likely to have undiagnosed or 
insufficiently treated DM [34]. Inadequate dental state, poor oral hygiene and certain dietary 
factors are also independent risk factors for OC [68], which may be fairly deteriorated by 
DM. 

As concerns the location of oral malignancies, in the non-DM group, sublingual and 
lingual tumors were predominant. In the DM group, the most frequent cancer locations were 
the gingiva and the lower lip, which are preferentially affected by atrophic and inflammatory 
lesions in DM patients. 

Oral precancerous lesions and tumors were more frequent among DM2 cases as 
compared with DM1 patients. A possible etiological factor may be the insulin resistance, the 
decreased sensitivity of peripheral tissues to insulin [13]. DM2 may be associated not only 
with hyperglycemia but also with hyperinsulinemia and elevated IGF levels, which are also 
regarded as high risk factors for cancer (see Chapter 2). Another important fact is that DM2 
cases are generally diagnosed and treated after a longer delay, as the complaint-free latency 
period can take several years [26]. This period of subclinical diabetes may be advantageous 
for the insidious development of oral lesions. 
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Insulin resistance is a proven risk factor for cancers at many sites (see Chapter 2) and our 
findings revealed that it has a predictive role in the development of oral cavity cancers as 
well. 

 
 

Correlations of Type-2 Diabetes and Progression of Oral Cancer 
 
Poor prognosis of prostate, breast and colorectal cancer cases has been associated with 

type-2 diabetes from the late 90th [18,33,54]. Recently, impact of insulin resistance and 
diabetes on the outcome of all cancer has been investigated in several populations.  

A Korean study justified that smoking, alcohol consumption, obesity and insulin 
resistance had a statistically significant, unfavorable effect on survival among male cancer 
patients [60]. In the United States the impact of diabetes mellitus on outcome in patients with 
colon cancer was examined. Diabetic patients with high risk-stage colon cancer experienced a 
significantly higher rate of overall mortality and cancer recurrence, even after adjustment for 
other predictors of colon cancer outcome [54].  

Antidiabetic therapy may also influence cancer-related mortality. Patients with type-2 
diabetes exposed to sulfonylureas and exogenous insulin had a significantly increased risk of 
cancer related mortality as compared with patients treated with insulin sensitizing Metformin 
[14].  

Although type-2 diabetes and oral cancer are major health problems affecting the adult 
population in western countries, few studies have directly addressed the relationship between 
the two diseases or the impact of type-2 diabetes on oral cancer outcome [23,24]. The 
question arose as to what extent could the metabolic disturbance of diabetes influence the 
progression of oral cancer.  

Our study was a prospective comparative examination involving a homogeneous control 
group, to determine the rate of progression of gingival cancers in patients with type-2 
diabetes and in patients with normal glucose metabolism [82]. Gingival tumors were chosen, 
as our earlier investigations revealed the primacy of this location of oral cancers among 
diabetic patients. 

A prospective follow-up study involved patients with gingival squamous cell carcinomas 
in stage T2-3N0M0. Their treatment comprised surgical tumor extirpation, block resection of 
the mandible, functional cervical dissection and 60 Gy of adjuvant irradiation. The patients 
were divided into a group with type-2 diabetes and a non-diabetic, control group. Cancer 
progression data were recorded after a 2-year period of clinical follow-up. Surgical samples 
were assessed histopathologically from the aspect of local and metastatic tumor spread [87]. 

The randomized prospective study included 100 cancer patients: 48 were allocated to the 
type-2 diabetes group, and 52 to the non diabetic control group. The mean age of the patients 
in the type-2 diabetes group was 55,8 years, while that in the control group was 57,0 years. 
The male:female ratio was 24:24 in the type-2 diabetes group, and 27:25 in the control group.  

A total of 33% of the type-2 diabetes group and 69% of the control group were active 
smokers; 21% of the type-2 diabetes group and 1% of the control group had smoked 
previously. 
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Table 3.3. Distribution of progression events in the DM2  
group and the control group after a 2-year follow-up period 

 
Progression DM2 group (n=48) Control group (n=52) 
Rate of tumor progression 30 (62,5%) 24 (46,1%) 
Local recurrence 6 (12.5%) 14 (26.9%) 
Local recurrence + regional 
metastases 24 (50%) 6 (11.5%) 

Local recurrence + regional 
metastases + lung metastases - 2 (3.8%) 

Regional metastases - 2 (3.8%) 
Rate of death 24 (50%) 6 (11.5%) 

 
Table 3.4. Histological degree of tumor invasion in the DM2 and control groups 
 

Degree of tumor invasion DM2 group (n=48) Control group (n=52) 
1. 4 (8.3%) 10 (19.2%) 
2. 10 (20.8%) 27 (51.9%) 
3. 14 (29.2%) 9 (17.3%) 
4. 20 (41.7%) 6 (11.5%) 

 
The distribution of tumor progression events in the diabetic and control groups of 

gingival cancer cases is summarized in Table 3.3.  
In the type-2 diabetes group, progression was observed in 30 of the 48 cases (62,5%); 6 

cases involved local recurrence (12.5%) 24 cases both local recurrence and cervical lymph 
node metastases (50.0%). By the end of the 2-year follow-up period, 24 of the 48 patients 
(50%) had died. 

In the control group, 24 of the 52 patients displayed cancer progression (46,1%). 
Fourteen cases of them suffered of local recurrences alone (26.9%), 6 exhibited the combined 
occurrence of local recurrence and regional lymph node metastases, whereas in 2 cases only 
regional lymph node metastases were diagnosed. In 2 cases there was a combination of local 
recurrence, cervical and pulmonary metastases. During the 2-year follow-up period, 6 of the 
52 patients (11%) had died. 

Though the rate of local recurrences was higher in the control group, there were 
significantly more metastatic cases (p<0.05) and deaths (p<0.001) in the type-2 diabetes 
group during the 2-year follow-up period.  

The histological results revealed a more aggressive tumor invasion in the type-2 diabetes 
group as compared with the control group (Table 4); the difference between the two groups 
was significant (p<.01). 

Among the gingival cancer cases with type-2 diabetes grade-3 and grade-4 tumor 
invasion occurred more frequently; in 34 of the 48 cases (70.1%), whereas grade-1 and grade-
2 invasions were characteristic in the control group; in 37 of the 52 cases (71.2%).  
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Type-2 Diabetes and Prognosis of Oral Cancer 
 
Oral cancer has a poor prognosis, with a 5-year survival rate of 50% to 55% [20,57]. 

Local recurrence typically occurs relatively early, most often within 1 to 2 years. As tumor 
progression is considerably influenced by TNM stage, our cases were homogenized, and only 
cases with T2-T3 stages were included.  

Presumably, the more rapid tumor progression in type-2 diabetes may be caused by 
different factors [60]. Elevated matrix metalloproteinase level and increased RAGE 
expression in type-2 diabetes may play an important role in both direct and metastatic spread 
of oral cancers [12,16]. In clinical studies increased expression of matrix metalloproteinase-2 
predicted poor prognosis in squamous cell carcinoma of the tongue [88].  

In diabetes mellitus the excessive glucose supply in the serum provokes an increased 
Glut-1 expression and glucose transport activity as compared with physiologic glucose 
concentrations [55]. Glut-1 has an important correlation with human malignancies. In oral 
cancer cases, a significant relationship between disease-related death and Glut-1 expression 
was observed; a high Glut-1 level predicted shorter survival [46,59].  

Smoking has well-known harmful effects in terms of both oral cancer and type-2 diabetes 
[39,42]. In our study, the percentage of smokers was lower in the group of patients with 
diabetes than in the control group. This suggests that in our gingival cancer cases diabetic 
tissue derangement seemed to be a stronger risk factor than smoking for the progression of 
oral cancer. 

The literary data and our results on gingival cancer cases supported the strong association 
of type-2 diabetes with increased spread of cancer. Patients with gingival cancer and type-2 
diabetes exhibited a higher rate of metastatic lesions and of overall mortality as compared 
with their controls. These results permit an assumption that type-2 diabetes may be 
considered as a prognostic factor in cases of gingival cancer, suggesting an unfavorable 
course. 

In patients with breast cancer the tumor progression could be hampered by physical 
activity, weight loss and maintenance of euglycemia [18,19]. Literary data support that a 
strict control of hyperglycemia may be regarded as an adjunct to cancer therapy [45]. The 
associations between type-2 diabetes and invasiveness of oral malignancies reveal new 
possibilities in the treatment and follow up of oral cancer cases. Clearing up the undiagnosed 
disorders of glucose metabolism in patients with oral cancer, control and correction of the 
metabolic parameters may improve the poor results, which have been achieved in this field 
till now.  
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Chapter 4 
 
 

The Role of Estrogen 
in Health and Disease 

 
 
Is Estrogen Good Girl or Bed Girl? (Reckelhoff) 
 
For many years, female sexual steroids were considered simply the most important 

hormones involved in female physiology and reproduction. Nowadays it has become familiar 
that their actions are much wider than previously thought. Female sexual steroids have 
crucial roles in many biologic processes [11,16]. Estrogen receptors are fairly involved in 
gene regulation, cell differentiation and proliferation and have an important role both in male 
and female physiology. However, our current knowledge probably covers only a small part of 
their capacities. 

Both male and female sexual steroids play an important role in mediating or protecting 
against cardiovascular diseases and hypertension [47,137]. It is a well-known fact that a 
physiological estrogen milieu in healthy premenopausal women supplies protection against 
hypertension and cardiovascular diseases as compared with men of the same age. This has 
been attributed to the protective effects of estrogens [126]. However, after menopause a 
rapidly increasing prevalence of ischemic stroke, myocardial infarction and pulmonary 
emboli among women could be observed.  

At the same time, there are many contradictions concerning the associations of female 
sexual steroids and cancer. Many authors emphasized advantageous impacts of estrogen on 
metabolic processes [11], gene regulation [16] and longevity [6], whereas others published 
that estrogen has genotoxic, mutagenic and carcinogenic activities [18,106].  

The aim of this chapter is to discuss the fairly contradictory theories concerning the 
capacities of estrogen based on experimental and clinical investigations.  

 
 

Biological Effects of Sexual Steroids 
 
In both males and females, the hypothalamus secretes gonadotropin-releasing hormone, 

which stimulates the anterior pituitary release of both luteinizing and follicular-stimulating 
hormones. Luteinizing hormone binds to receptors on the ovarian thecal cells in females and 
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on Leydig cells in the testes of males. Follicular-stimulating hormone binds to receptors on 
ovarian granulosa cells in females or Sertoli cells in males and stimulates the synthesis of 
aromatase, which converts testosterone to estradiol. A fine-tuned equilibrium of male and 
female sexual steroids has crucial role in health maintenance.  

Both estrogen and androgen receptors are transcriptional factors that bind to the promoter 
regions of genes. In addition to genomic effects sexual steroids also have nongenomic actions 
[47,126].  

 
 

Advantageous Biological Effects of Estrogen 
 
Estradiol has an antihypertensive effect through downregulation of some components of 

the renin-angiotensin system (RAS). Results of animal experiments support that estradiol 
decreases the expression of angiotensin-1 (AT1) receptors in the kidney vessels [70,121], 
moreover, it reduces the expression and activity of angiotensin I-converting enzyme [47,56].  

Estrogen should be cardiovascular protective as it has been shown to inhibit 
vasoconstrictor activity of endothelin, which is an important regulator of vessel capacities. In 
healthy premenopausal women, vasodilatator effect of endothelin was predominant [49]. In 
male-to-female transsexuals estradiol treatment caused a significant reduction in serum 
endothelin level [160]. In animal experiments estradiol treatment [35] or its metabolites [45] 
have been shown to inhibit endothelin synthesis and to improve endothelial dysfunction in 
ovarectomized spontaneously hypertensive rats [166].  

Estradiol should also be protective by means of its antimitogenic effects. In animal 
experiments it was protective against neointimal proliferation in female rats [116]. Estradiol 
and some of its metabolites proved to be antimitogenic in human smooth muscle cells [9], 
mesangial cells [171] and cardiac fibroblasts [46].  

Estradiol has also antioxidant activities and protects against oxidative stress [34,163], 
which has causative role in endothelial dysfunction associated with hypertension [67] and in 
DNA injuries leading to malignization. In eumenorrhoic women cyclic variation in the 
antioxidant parameters of the plasma were observed, which could be attributed to cyclic 
changes in estradiol levels [113]. In clinical studies on essential hypertension, women had 
lower levels of plasma hydrogen peroxide than did men [93]. Premenopausal women have 
also been shown to have lower levels of oxidative stress than do men or postmenopausal 
women [149]. Antioxidant activity of estrogen is protective against atherosclerotic vessel 
injuries and cancer initiation.  

Estradiol decreases the serum level of bioavailable IGF-I. Estradiol administration in 
clinical studies lowered concentrations of total and ultrafiltrably free IGF-I and elevated the 
level of IGF-I binding protein, which mean a limitation of IGF-I bioavailability. However, 
testosterone treatment caused elevation of the bioavailable IGF-1 level [162]. Elevated level 
of free IGF-I is characteristic of hyperinsulinemia and insulin resistance, which are well-
known etiologic factors for both cardiovascular diseases and malignancies [17]. Estrogen 
induced lower bioavailability of IGF-1 seems to be equivocally advantageous against these 
severe diseases.  
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Nowadays, estrogen and its receptors have been shown to be advantageous regulators of 
glucose homeostasis, insulin sensitivity and cellular glucose uptake by modulation of the 
expression of several genes [11]. Recently, glucose metabolism disorders have been regarded 
as crucial risk factors for both cardiovascular diseases and cancer [17]. These correlations 
support that estrogen induced increase in insulin sensitivity is an important protective factor. 
Associations of estrogen and insulin signals are discussed in details in the Chapter 7. 

Estrogens have also beneficial impact on serum lipid level, lipid composition and lipid 
metabolism [164], which affects advantageously the insulin sensitivity. As dyslipidemia is a 
strong risk factor for both cardiovascular diseases and cancers, regulation of the lipid 
composition in the serum and the different tissues by estrogen means an antiatherogenic and 
anticancer capacity.  

Anti-inflammatory effects of estradiol are well known based on both clinical and 
experimental studies [6,137]. There are gender related differences in the inflammatory 
response and survival following hemorrhage and subsequent sepsis [42,172]. The inhibitory 
action of estrogen in the process of inflammation may rely on the prevention of chemokines 
to recruit effector immune cells [59]. Estrogen suppresses lung inflammatory reactions in 
mice through an effect on vascular cell adhesion molecules and proinflammatory mediator 
substances [146]. 

There are studies on the anti-inflammatory actions of both types of estrogen receptors 
(ERs). ERβ. In vitro experiments revealed a blocking effect of estradiol on the induction of 
CD40 and CD40L expression and prevention of neutrophil adhesion by means of a pathway 
mediated by Erα [61]. ER-β selective agonists in several animal models of human diseases 
showed also an unexpected anti-inflammatory impact [69]. In vitro studies suggested that 
anti-inflammatory effects of ER-β selective estrogens may be attributed to transcriptional 
reproduction of proinflammatory genes [33].  

These inhibitory effects on inflammatory reactions should be advantageous against 
intimal lesions and atheromatous plaque formation in the arterial walls [148]. Moreover, 
quenching effect of estrogen on chronic inflammations is a segment of its anticancer capacity 
as long lasting inflammatory processes are proven predecessors of malignancies at several 
sites [152,155]. 

Estradiol increases the activity of the immunologic system. However, high immune 
reactivity among females creates a delusive favor. Though it is advantageous against 
infectious diseases, and even malignancies, it is detrimental in terms of increased 
development of allergic and autoimmune diseases [92].  

Cytokines interfere with steroidgenesis at the level of adrenals, testes and ovaries [20]. In 
undifferentiated ovarian cells TNF-alpha and IL-1 inhibit the synthesis of steroid hormones, 
whereas in differentiated ovaries inflammatory cytokines may stimulate it. As cytokines and 
corticosteroid hormones have mainly antagonistic roles in the immunologic processes their 
regulation is a great power in the immunologic reactivity. Increased immunoreactivity may 
also have an important role in anticancer capacity.  

Anticancer effect of estrogen has been justified in animal experiments. Testosterone 
treatment or ovarectomy increased the incidence of carcinogen induced renal cell carcinoma 
in female rats, whereas estradiol treatment or castration decreased the tumor incidence in 
male animals [37]. An endogenous metabolite of estradiol (2-methoxyestradiol) showed 
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antitumor effects on human melanoma cell lines as well as in male mice after intrasplenic 
injection of human melanoma cells [43].  

 
 

Cardiovascular Complications in Premenopausal Women with Type-2 
Diabetes and in Postmenopausal Cases 

 
Failures of beneficial antiatherogenic effect of estrogen were reported in premenopausal 

women with type-2 diabetes, and in postmenopausal cases.  
Premenopausal women with type-2 diabetes had a greater incidence of aortic stiffening 

[36] and left ventricular hypertrophy [25] and similar or higher risk for cardiovascular 
mortality as compared with men [77,86].  

It is not clear why premenopausal, hormonally active women are not protected from 
vascular complications of diabetes. However, studies to evaluate serum estradiol levels in 
premenopausal diabetic women, especially those who do not have strict glycemic control, 
have not been performed [137]. A plausible explanation of the high incidence of 
cardiovascular events among premenopausal women with type-2 diabetes may be the 
compromised biosynthesis of estradiol in chronic metabolic diseases. 

In postmenopausal women, failure of estrogen therapy to defend atherosclerotic 
processes is not rare [137]. In these cases unsuccessful treatment may be attributed to the 
earlier developed definite vascular lesions. It is possible that earlier starting of hormone 
therapy during perimenopause, before onset of vascular injuries, may prove more beneficial 
against cardiovascular diseases.  

In postmenopausal cases, increase in blood pressure does not occur at once as a woman 
passes menopause but after at least a 5-year interval [26]. This suggests that though loss of 
estrogen may be the primary mediator of postmenopausal hypertension, other age-related 
secondary factors, such as insulin resistance may have a role in the risk for cardiovascular 
diseases.  

Epidemiological studies supported that coronary disease showed the same or even poorer 
outcome in postmenopausal women as compared with men, though in most of the studies 
women were considerably older than men [62,119]. In postmenopausal cases decreased 
estrogen level is in close association with decreased insulin sensitivity [169] and this double 
harmful effect may be the clue to the increased vulnerability of the cardiovascular system. 
Close correlations of estrogen deficiency and insulin resistance will be discussed in the 
Chapter 7. 

 
 

Androgens, Cardiovascular Diseases and Cancer Risk 
 
Androgen hormones have some quite opposite effects as compared with estrogens 

causing hypertension, anabolic, cell proliferating activity, inhibition of apoptosis and 
stimulation of oxidative stress [137]. These data justify that the risk for cardiovascular 
diseases, hypertension and cancer may be higher among middle-aged men as compared with 
women. 
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Men have higher blood pressure than women throughout most of their lives, and 
cardiovascular disease (CVD) develops at an earlier age in men than in women [26]. Results 
of animal experiments support that CVD may be mediated by androgens in males [54,127] 
but the exact mechanisms by which androgens may mediate CVD and hypertension have not 
been clarified.  

Recently testosterone was reported to be able to induce a direct stimulation of sodium 
resorption through the proximal tubules of the kidney [133]. Androgen receptors were 
localized to the proximal tubules [90], and androgens could affect the synthesis of the RAS 
components [29]. These effects of androgens may influence blood pressure by means of 
different mechanisms.  

Vasoconstrictor production is a further mechanism by which androgens may provoke 
CVD and hypertension. Renin activity in the plasma is regularly higher in men than in 
premenopausal women [85]. Castration decreases and testosterone treatment increases the 
expression of messenger RNA for angiotensinogen and renin in kidneys of hypertensive rats 
[29]. Female to male transsexuals receiving testosterone treatment have an elevated serum 
endothelin level as compared with untreated females [160]. Thus, androgens may cause 
increased blood pressure and endothelial dysfunction by means of increased vasoconstriction. 

Male sexual steroids may stimulate oxidative stress, which promotes the development of 
CVD and hypertension [136]. Androgens increase superoxide production, which could 
quench the bioactivity of nitric oxide and may cause vasoconstriction by several routes. 
Increased oxidative stress caused by androgens may play a pivotal role in cardiovascular risk 
in men. Nevertheless, excessive free radical deliberation may have a role in cancer risk in 
man especially for tumors showing very high male to female ratio.  

Young sportsmen treated with anabolic steroids show insulin resistance and its early 
cardiovascular complications [32]. Low or high doses of androgen treatment resulted in 
increased blood pressure both in young and older men [63]. Excessive androgen production 
and estrogen deficiency in women is associated with increased prevalence of metabolic 
syndrome and type-2 diabetes [120], which are risk factors for both cardiovascular events and 
cancer. 

 
 

Female Longevity and its Sources 
 
Female longevity is an evergreen subject of both medicine and biology. Historically 

women live longer than men almost all over the world. Everybody knows the differences 
between the two sexes in the development and manifestations of cardiovascular disease. 
However, for all main causes of death, including heart disease, cerebrovascular lesions, 
cancer, chronic pulmonary diseases and accidents males die at a higher rate as compared with 
women [6].  

In a review study, several hypotheses were analyzed, which were proposed for gender 
differences in longevity [6]. One hypothesis is that estrogen hormone at cellular level 
somehow protects females and this is the clue to their longer life. A second hypothesis is that 
females live longer because of their more active immune system [4]. According to the third 
hypothesis the heterogametic sex is in association with gender related longevity. As males 
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have a single copy of genes they can express the X genes only from their single X 
chromosome. However, females could have an advantage by selecting the better X 
chromosome while inactivating the deleterious one. The fourth hypothesis supposes that 
reduction of the activity of growth hormone and IGF-I signaling cascade result in smaller 
body and longer life span [23]. The 5th hypothesis attributes the longer life to a decreased 
oxidative stress. Defense mechanisms against oxidative damages are stronger in women 
[34,163], which favorably influence both aging and a wide variety of diseases. 

The majority of factors presumed to be advantageous for longevity are in close 
correlation with estrogen and ER signaling. Estrogen mediates advantageous immune 
reactions following trauma and hemorrhage [4,172]. Moreover, estrogens have pivotal roles 
in the favorable up-regulation of genes of the antioxidant enzymes, and that of the 
participants of insulin sensitivity, such as IGF-I [19,34,132,149,162,163]. Moreover, 
estrogens play important positive role in regulating the growth hormone-IGF-I axis as 
attenuate the growth hormone action by suppressing growth hormone receptors [99]. 
Furthermore, normal ovarian female steroid hormone synthesis is associated with two, 
functioning X-chromosomes [141].  

Considering the theories and the results of investigations concerning female longevity, 
the most important factors affecting the longer life of females may be the gender specific 
ones. Both the double X chromosomes and the excess of female sexual steroid hormones 
against androgenic ones are unique, physiologic features in women and these may have 
decisive role in female longevity. Carcinogenic capacity of estrogen would be a disadvantage 
for life span of females both among animals and humans.  

 
 

Hormonal Influences on Longevity and Cancer Risk 
 
The endocrine system may be a key determinant in the evolutionarily well-conserved 

mechanisms of life span [23]. The endocrine system is highly integrated in mammals and 
regulates metabolism, growth, reproduction and response to stress among other functions. 
Changes in one part of the system causing longer or shorter life certainly result in secondary 
endocrine effects on other functions. 

Growth hormone, insulin-like growth factor-I and insulin seem to be at the forefront of 
hormonal control of aging and disease. 

Growth hormone (GH) is a pituitary derived hormone that has functions both in somatic 
development and metabolic processes. Ames and Snell dwarf mutant mice with GH, prolactin 
and thyreotropin deficiency exhibit significant extension in life span but small body size and 
defective fertility [24]. GH deficiency in dwarf mice delayed aging and extended the life span 
via enhanced antioxidative defense, enhanced stress resistance, increased insulin sensitivity 
and reduced tumor prevalence [12,15,135].  

On the contrary, GH transgenic mice with high GH levels live half as long as wild type 
siblings [147]. Diabetogenic effect and increased oxidative stress caused by excessive GH 
production may strongly shorten the life span [7]. In GH transgenic mice high levels of GH 
and IGF-1 are also associated with accelerated aging and tumor promotion [27].  
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Insulin and IGF-I have great impact on the level of oxidative stress. Chronic 
hyperglycemia and hyperinsulinism in insulin resistance are known pro-oxidant factors [112]. 
Studies have also shown that insulin mediated glucose uptake may be improved by vitamin E 
administration along with lower plasma free radical concentrations [128]. Metabolic and 
carcinogenic effects of elevated insulin and IGF levels are discussed in Chapter 2.  

Thyroid hormones may also play important but fairly controversial role in longevity and 
cancer initiation. Thyroid hormones are prime regulators of intermediary metabolism in 
virtually every tissue, and their action is mediated by binding and activation of the nuclear 
receptors [154]. They can up-regulate enzymes and cytochromes involved in mitochondrial 
function [167]. 

Thyroid hormones have important role in longevity regulation [125]. In thyroid hormone 
deficient, dwarf mice the reduced metabolism and decreased oxidative damage may 
contribute to their longer life span [139].  

Longevity studies on very old patients (>85) revealed that decreased levels of free 
thyroxin were strongly associated with longer life span [66,130]. A plausible explanation for 
these data may be that necessity for thyroid hormones may gradually decrease during the life 
span. In young adults higher physical and mental activity, reproductive capacity and anabolic 
processes require accelerated fuel oxidation and higher rate of metabolism. Low thyroid 
hormone levels in elderly patients may be the characteristics of the aging process, which 
cannot justify that lifelong hypothyroidism would be advantageous.  

A study on middle-aged males with subclinical hypothyroidism showed a higher rate of 
mortality from all causes [83]. Hypothyroidism also shows close associations with 
dyslipidemia, insulin resistance and cardiovascular diseases [159]. Recently, our working 
group revealed significant correlation between hypothyroidism and oral cancer risk among 
non smoker, non drinker women. Possible correlations between hypothyroidism and cancer 
risk will be discussed in the Chapter 8.  

Sexual steroid hormones have a finical equilibrium both in males and females. In males 
androgens, in females estrogens exhibit a great predominance. Though overproduction or 
deficiency of near all hormones cause characteristic diseases, in case of sexual steroids 
mainly their relation may be altered [23]. These disorders may cause feminization in males 
and virilization in females.  

Pathological overproduction of estrogen hormone is extremely rare, such as in case of 
tumors with hormone production. However, recent results revealed that asymptomatic, 
lifelong, moderate estrogen deficiency is relatively frequent in women and may have an onset 
in young girls. Its pathologic base is generally the polycystic ovary [142]. These estrogen 
deficiency states affect not only the fertility, but may also cause serious metabolic and gene 
regulation disorders leading to increased risk for cardiovascular diseases.  

Changes in sexual steroid equilibrium are closely associated with alterations in insulin 
sensitivity [120]. Excess of androgens and the concomitant estrogen deficiency are in close 
correlation with insulin resistance in both genders, though the ideal ratio of the male and 
female sexual steroids is fairly different in men and women. Associations of insulin 
resistance, estrogen deficiency and cancer will be discussed in the Chapter 7. 
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Summary of Associations among Hormones, Longevity and Cancer Risk 
 
Considering the associations between the endocrine system and longevity it may be 

established that health and longevity require a stable equilibrium and harmony among the 
hormonal signals. Complexity of the endocrine system determines that both high and low 
levels of any hormone result in further changes in the whole hormonal system and lead to 
severe diseases. Like in an orchestra, in the endocrine system one dissonant instrument will 
completely spoil the concordance of the whole performance. 

The associations between hormonal disorders and cancer risk are much more 
controversial. Overproduction of peptide hormones such as growth hormone, insulin and 
IGFs, which trigger biochemical signals upon interacting with their cell membrane receptors, 
have proven tumor-inducing capacity.  

Another group of hormones including estrogens and thyroids have genomic, intranuclear 
and non-genomic receptor signals, thus both of them initiate transcriptional activity by 
several pathways. Estrogen deficiency emerged as cancer risk factor for oral cancer cases 
[150]. In a recent Hungarian study thyroid hormone deficiency also showed close correlations 
with oral cancer risk among non smoker, non drinker women (Chapter 8).  

 
 

Literary Data Supporting the Carcinogenic Capacity of Estrogen 
 
Nowadays, a prevailing concept is the positive correlation between female sexual steroid 

hormones and risk for cancers at several sites [38,50,53,78,106]. Theoretically, the 
assumption concerning carcinogenicity of excessive estrogen would be plausible but 
fortunately, the ER signal pathways are strictly protected because of their pivotal importance 
[16]. Nevertheless, review of the literary data concerning the carcinogenic capacity of 
estrogen reveals more and more confusion and contradiction in this field.  

 
 

Assumed Carcinogenic Capacity of Estrogen Based on Animal Experiments 
 
Tumor induction capacity of natural estrogen was first reported based on animal 

experiments in the early 1940s [107]. Since that time more reports on tumor induction by 
estrogen on rodent models have been published [91,122,165].  

In these animal models, tumors were developed using high, pharmacological estrogen 
doses with the aim to examine the carcinogenic activity of the hormone in a relatively short 
period of time. Increased cancer incidence was observed at several sites both in highly and 
moderately estrogen dependent organs, as ERs are widespread all over the body of mammals.  

In mice, high estrogen level increased the incidence of mammary, pituitary, endometrial, 
cervical, vaginal, testicular, lymphoid and bone tumors [75,81,117]. In rats, estrogen 
administration increased the incidence of mammary and pituitary tumors [84,122,143]. In 
hamsters, a high incidence of malignant kidney tumors occurred in intact and castrated males 
after estrogen administration [91,100,103].  
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However, there were no animal models in which physiological doses of estrogen could 
induce tumors. Nevertheless, predicting value of carcinogenicity testing at such high doses of 
estrogen has been fairly questionable [1].  

 
 

Epidemiological Data Suggesting Carcinogenic Capacity of Estrogen in 
Humans 

 
Potential carcinogenic activity of estrogen in humans had not been published for many 

years till the early 1980s. This long lasting silence concerning the carcinogenic effect of 
estrogen in humans may be explained by the fact that diseases with excessive estrogen 
production are extremely rare. This may explain that possible carcinogenic capacity of 
estrogen was of no interest to human medicine.  

Widespread use of contraceptives and hormone replacement therapy among 
postmenopausal women brought a breakthrough at the end of the last century. From the early 
1980s epidemiological and clinical studies have increasingly pointed to an elevated breast, 
endometrial and ovarian cancer risk associated with estrogens [13,14,31,38,52,60,88,97,144]. 

Even a slightly elevated serum level of endogenous estrogen was regarded as risk for 
breast cancer [13,52,89,153]. However, other clinical studies failed to identify any 
association between elevated serum hormone levels and breast cancer [60,170].  

Exogenous estrogens alone or in combination with progestin were found to be also risk 
factors for breast cancer [31,74,79,88,131] summarized the results of population based 
epidemiological studies that had been published supporting the relative breast cancer risk 
from use of hormone replacement therapy. However, from the 10 studies reviewed only 5 
showed statistically significant positive association between hormone treatment and breast 
cancer risk, whereas the other 5 could not justify this. Moreover, in the Women’s Health 
Initiative randomised trial on postmenopausal women with hysterectomy estrogen treatment 
was associated with a possible reduction in breast cancer risk [3]  

Although no randomised, controlled double blind studies have been conducted, the 
available literary data suggested that use of estrogen replacement therapy for more than 5-10 
years means an increased relative risk for breast cancer [106]. 

Many epidemiologists accepted exogenous estrogen administration as a risk factor for 
human endometrial carcinoma [64,108,144]. An increased risk was established with 
increasing doses of estrogen and with the length of treatment [88]. However, an increased 
risk for endometrial cancer in association with HRT has not been justified either by the 
Women’s Health Initiative (WHI) randomised trial [2] or by the Heart and Estrogen/Progestin 
Replacement Study (HERS) [80]. 

Carcinogenic activity of steroidal estrogens has been summarized by the IARC, which 
classified the evidences for these effects in humans [82].  
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Assumptions for the Mechanism of Estrogen Carcinogenicity 
 
There is a widespread agreement among scientists that carcinogenesis in hormone 

sensitive tissues is not possible without a contribution by receptor-mediated hormonal effects 
[106]. Recently, it has become well known that estradiol and its receptors regulate in 
conjunction with other hormones and mediators the development, differentiation and later the 
proper function and metabolism of all organs [11,16]. Discriminative separation of some 
“hormone sensitive” organs from other hormone responsive organs regarding differences in 
their carcinogenic processes is fairly questionable. 

The principle of hormonal contribution of estrogen to carcinogenesis is based on its 
physiologic functions in gene regulation by means of nuclear and plasma membrane receptors 
[40]. In vitro inhibition of estrogen-induced proliferation of human tumor cell line by 
hormone antagonists was evaluated as a crucial role of estrogen receptors in hormone 
dependent tumor growth [87]. In Syrian hamsters renal carcinogenesis induced by excessive 
estrogen doses was also inhibited by hormone antagonists [105]. An alternatively proposed 
carcinogenic mechanism was the binding of estrogen to a regulatory plasma protein and 
cancelling its inhibitory effect on cell proliferation [145]. All these data suggested that 
estrogen-regulated proliferation of highly hormone sensitive cells might fix spontaneous or 
induced DNA damage and thus establish a potentially malignant tumor [106].  

A series of bacterial and mammalian gene mutation assays failed to justify any mutagenic 
activity of estrogens [101,118]. For instance, estrogens do not display any mutagenic activity 
in the Ames (Salmonella typhimurium) assay with or without an extrinsic metabolising 
system [95]. Estrogens also failed to induce mutations in V79 Chinese hamster cells when 
tested in high concentrations [44,134]. Moreover, estradiol did not induce sister chromatid 
exchanges in human lymphocytes, whereas the synthetic diethylstilbestrol did generate such 
alterations [76].  

This failure of justifying mutagenic capacity of estrogen led several researchers to 
propose various epigenetic pathways of tumor induction. 

Epigenetic, estrogen-induced carcinogenesis by uncontrolled stimulation of mammary 
epithelial cell proliferation was proposed in the early 80s [55]. A modification of this 
proposal was the ER-mediated proliferation of mammary epithelial cells carrying 
spontaneous replication errors [52]. However, the absence of ERs in proliferating human 
mammary epithelial cells [30,140] provided evidence against this proposed carcinogenic 
pathway.  

A receptor-mediated stimulation of growth factors by estrogen in neighbouring cells 
emerged as indirect stimulation of mammary epithelial cell proliferation [40]. However, 
synthetic estrogens with well-maintained hormonal potency showed fairly low 
carcinogenicity in animal models [104]. These latter results indicated that errors of 
spontaneous replication of normal cells may not be sufficient for tumor development solely in 
response to proliferative stimuli. 

Carcinogenesis by covalent modification of estrogen receptors was also a proposed 
mechanism [21]. This hypothesis assumed that an estradiol metabolite, the 16α-
hydroxyestrone covalently binds to the amino groups of estrogen receptor protein. Through 
this route the metabolite permanently stimulates the receptor and induces gene expression 
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and cell proliferation in an uncontrolled manner [151]. Covalent binding of estrogens 
including catecholestrogen metabolites to DNA was first reported by Liehr and co-workers 
[5]. However, other scientists could not justify the mechanism of estrogen-induced 
carcinogenesis by covalent modification of estrogen receptors [158]. 

Estrogen induced chromosomal abnormalities emerged also as plausible explanation of 
carcinogenicity. However, estrogen induced neoplastic transformation of Syrian hamster 
embryo cells was reported without detectable concomitant gene mutations [10,156]. Neither 
synthetic nor natural estrogens caused detectable gene mutations, whereas concomitant 
aneuploidity occurred with cell transformation [157]. Syrian hamster embryo cells with 
spontaneous chromosomal mutations were not capable to induce tumors in nude mice [48]. 
These results suggested that in addition to spontaneous chromosomal abnormalities other 
genetic changes (mutations) are necessary for cells to acquire carcinogenic capacity. 

Li and co-workers proposed an epigenotoxic, multistage scheme for estrogen induced 
carcinogenesis in the hamster kidney [102] as they detected only very low rates of metabolic 
conversion of estradiol to catechol metabolites. Epigenotoxic carcinogen was defined as an 
agent that is not involved in direct (covalent) or indirect interactions with the genetic material 
but is able to elicit heritable changes by alternative mechanisms. This new hypothesis was 
also based on the failure to confirm the formation of estrogen induced DNA adducts [39].  

However, Li and associates questioned the ability of estrogens and their metabolites to 
induce DNA damage in the carcinogenesis process [101]. They found insufficient 
concentration of estradiol in the target tissues for hormone-induced cancer and the rate of its 
conversion to catecholestrogen was too low to result in significant amounts of genotoxic 
metabolites.  

This critique was based upon the measurement of low plasma estrogen levels. However, 
the ratio of mammary tissue to plasma estrogen levels approximates 1:1 in premenopausal 
women, whereas in postmenopausal cases this ratio may be elevated as high as 10-50:1 [161]. 
Local concentrations of estrogen in mammary tissue and breast tumor were regarded to 
depend more likely on the aromatase activity of the mammary cells than on the ovarian 
hormone supply [114]. In situ aromatase activity was found to be associated with both breast 
tumor estradiol levels and rate of cellular proliferation [173]. 

Differences in the ratio of breast tissue: serum estrogen concentrations in pre-menopausal 
and postmenopausal women raise striking questions. A plausible assumption would be that 
decreased ovarian hormone production after menopause induces local aromatase activity in 
the breast tissue to compensate the low serum estrogen level. Like in case of short-circuit, the 
missing electricity may be substituted by a current-generator so as to save the indispensable 
functions. In this safety mechanism for maintenance of breast tissue health, estrogen level 
may rather be defensive than offensive to promote of cancer initiation.  

Free radical mediated DNA damage also emerged as an indirect mechanism of estrogen-
induced carcinogenesis. DNA single-strand breaks were induced in MCF-7 human breast 
cancer cells in culture by 3,4-estrone quinone [123]. Similar DNA damage was also induced 
in vivo in the kidney of Syrian hamsters treated with either estradiol or 4-hydroxyestradiol 
many months before tumor development [68]. Concentrations of 8-hydroxyguanine DNA 
bases, formed by hydroxy radical reaction, were increased in DNA incubated with 
catecholestrogens [115]. 
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However, continuously increasing number of literary data has established that estrogens 
have definite antioxidant activity and protective effect against oxidative stress especially in 
premenopausal women [113,137,163]. These protective estrogen effects were discussed 
earlier. 

Estrogen-induced chromosomal aberrations affecting growth controlling genes and 
resulting in tumor development were also reported. Numerical chromosomal changes or 
genome mutations might be induced by estradiol and other estrogens in cell cultures [157] 
and in laboratory animals [8]. Both synthetic and natural estrogens also induced structural 
chromosomal aberrations in addition to numerical changes. Treatment of Syrian hamsters 
with estradiol resulted in variable structural aberrations such as deletions, inversions and 
translocations in kidney cells long before tumor development. 

However, these types of estrogen-induced chromosomal aberrations may not be sufficient 
by themselves for tumor development [48]. They may probably contribute to carcinogenesis 
by compromising the integrity of the genetic material [98]. 

 
 

Controversial Associations of Hormone Replacement Therapy and Cancer 
Risk 

 
Hormone replacement therapy (HRT) in postmenopausal women has been fairly 

widespread in the economically developed countries in the past two decades. These cases 
supply excellent possibilities to study the associations between female sexual steroid 
hormones and tumor incidence. Till now, the prevailing concept is that HRT is associated 
with an increased prevalence of gynecological cancers [38,53,97]. 

However, recent clinical studies on HRT use in postmenopausal women yielded 
unexpected and fairly controversial associations with malignancies [51,65]. Unexplained, 
beneficial anticancer effects of HRT use were reported against oral, esophageal, gastric, 
colorectal, cervical, liver and lung cancers [53,57,97,124,129,138] and there are also 
contradictory results concerning the associations of HRT and highly hormone dependent 
cancers [2,3,41]. Controversial associations of endocrine disturbances to cancer development 
in the hormone dependent organs are discussed in Chapter 6. 

Most of the controversies concerning the correlations between estrogen effect and tumors 
may be found on smoking associated cancers, which exhibit well-known gender-related 
differences, such as unexplained excess in male cases. 

Urinary bladder cancer is a typically smoking associated tumor and its risk is three to 
four times as great in men than in women [71]. The gender specific high incidence rate of 
bladder cancer persisted even in the absence of exposure to cigarettes, occupational hazards, 
or urinary tract infections. 

Striking contradictions have been published concerning the associations between HRT 
and urinary bladder cancer. Among HRT user women an excess risk was found for bladder 
cancer in a case-control study [53] Other authors could not justify any association of 
hormone related factors with bladder cancer incidence in women [28]. However, in a follow 
up study, estrogen deficiency such as postmenopausal status and young age at menopause did 
unfavorably affect the risk for bladder cancer in women [110]. Similarly, late menopause and 
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longer duration of fertile life correlated with a reduced risk for gastric cancer [96]. In our 
Hungarian case control study late menopause showed a negative, whereas menopausal state a 
positive association with oral cancer risk in women [150]. 

Just as urinary bladder cancer, upper aerodigestive tract tumors are strongly smoking 
associated too, and their incidence also shows a high male to female ratio. Cancer incidence 
at these sites exhibits controversial associations with HRT use as well. Laryngeal cancer is 
the neoplasm with the largest male to female sex ratio in most populations. In a case-control 
study on women with laryngeal cancer, menstrual and hormonal factors did not appear to 
have a consistent role in laryngeal carcinogenesis [58].  

However, prospective clinical studies justified a protective role of long term HRT (48 
months) against smoking associated tumors, such as oral, laryngeal and pharyngeal cancers 
among current smokers, but did not affect the tumor incidence among non-smokers [124]. 
The authors supposed that HRT rather postpones than prevents the smoking associated 
cancers by a transitory maintenance of epithelial thickness and integrity in the upper aero-
digestive tract, which may counteract exogenous carcinogenic agents. Unfortunately, the age 
of the patients and the length of their postmenopausal period were not analyzed in this study. 
Considering the results of our Hungarian studies on oral cancer cases hormonal effects of 
HRT use may both prevent and postpone the risk for oral cancer (see Chapter 5). 

Lung cancer is also highly smoking-associated tumor and its incidence exhibits high 
male to female ratio. Studies on correlations between HRT and lung cancer risk in women 
have reported controversial associations. Recently, HRT use in postmenopausal women was 
found to be associated with reduced risk for lung cancer independent of smoking status, 
however, this association was strongest among never smokers [138]. 

HRT has also anticancer capacities at other tumor sites out of the upper aero-digestive 
tract such as in stomach, colon, liver and cervix [53,96,129], which can hardly be explained 
by a local defense mechanism against tobacco products and exogenous carcinogenic agents. 
HRT probably exerts this advantageous effect by means of its systemic metabolic and 
hormonal pathways.  

Dietel and coworkers revised the current concept of tumor growth dynamics and its 
controversial associations with HRT [41]. It seemed to be rather questionable whether female 
hormones may induce malignancies de novo even in hormone sensitive tissues. There was a 
much more likely assumption that hormones may merely promote the proliferation of already 
existing, hormone sensitive tumors. The long developmental process of tumors from cancer 
initiation is also an apparent contradiction to an increased cancer risk in HRT users within a 
1-5 years period. Critique of the correlations between HRT use and cancer risk is discussed in 
Chapter 6. 

 
 

Revision of Results Concerning Carcinogenic Capacity of Estrogen 
 
In case of estrogen, which has complex roles in gene regulation affecting cell growth, 

proliferation and differentiation, use of excessive hormone doses may evidently cause many 
disturbances. All experimental results, which successfully supported the carcinogenic 
capacity of estrogen, were assessed under fairly unnatural circumstances. These experimental 
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data justified that estrogen is a great power of Nature but in wrong hands it becomes a risky 
weapon.  

In experimental animals excessive overdosage of estrogen could initiate tumors in 
several organs disregarding their hormone sensitivity, however, these results were not 
consequently equivocal and reproducible. Moreover, rodents included into these studies are 
short-lived and with aging an increased prevalence of spontaneous tumors may also be 
deceiving.  

In vitro experiments trying to clarify the carcinogenic mechanism of estrogen effect, 
were fairly simplified models disregarding the cross talks and feed back mechanisms of 
mediators under biological circumstances. Nevertheless, all failures to justify the 
carcinogenic capacity of estrogen were evaluated as a result of shortcomings of the methods 
employed. Finally, estrogen proved to be a “weak” carcinogen based on the controversial 
experimental results concerning its mutagenic and genotoxic activity.  

In humans even physiological levels of endogenous or therapeutic estrogens have been 
regarded as carcinogenic agents but preferentially for the highly estrogen sensitive organs. 
Cancers may be induced either by weak or strong carcinogens depending on the inherited 
inclination, presence of other risk factors, as well as further circumstances. However, 
widespread HRT use justified an inverse, anticancer effect of estrogen at several sites, even 
in highly hormone sensitive organs, which cannot be reconciled with the carcinogenic 
capacity of estrogen.  

Summarizing the literary data concerning the carcinogenic capacity of estrogen, there are 
many contradictions and shortcomings both in the experimental and clinical results. Failures 
in forced justification of the carcinogenic effects of estrogen served as proofs for high safety 
of its gene regulatory mechanisms.  

 
 

Physiologically Elevated Level of Female Sexual Steroids in Humans 
 
A common physiological state is pregnancy when the serum levels of female sexual 

steroids, growth hormones and growth factors are highly elevated. Nevertheless, till now 
there are no literary data suggesting that pregnancy and delivery mean an increased cancer 
risk either in the highly or moderately estrogen sensitive organs. In contrast, literary data 
support the protective effect of parity and breast-feeding against breast cancer [22].  

It is a well-known fact that in case of abortion the highly elevated estrogen level is 
followed by an abrupt decrease. However, there are fairly controversial data concerning the 
correlations between abortion, miscarriage and breast cancer incidence [168].  

Some authors reported on a declining breast cancer risk as the number of induced 
abortions increased [109] Further epidemiological evidences were presented that induced 
abortions do not affect women’s risk of having breast cancer [111]. Other authors established 
an increased breast cancer risk in connection with abortions [94], especially in cases of long 
gestation period [72]. Among women with late terminations, such as fifth months or later, 
there were twice as many breast cancers as expected. As late abortion and abrupt decrease of 
highly elevated estrogen level is a drastic shock to the breast tissue, the latter results seem to 
be well established.  
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Female sexual steroids have a unique role in commanding the abrupt tissue proliferation 
processes both in the female genital tract during pregnancy and in all tissues of embryonic 
development. Estrogen receptors (ERα and ERβ) are widely distributed in different tissues, 
with the predominance of one or the other isoform [16]. In murine mammary epithelial cell 
lines selective agonists for ERα caused dominantly cell proliferation whereas agonists for 
ERβ inhibited the cell growth and mitotic activity [73]. Equilibrium of the activity of 
estrogen receptors may be a crucial moderator of growth, development, differentiation and 
metabolism in all tissues. Carcinogenic potential of estrogen in physiological doses would be 
a failure of Nature. 
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Chapter 5 
 
 

Estrogen Deficiency  
as Cancer Risk Factor 

 
 

A Heretical Idea 
 
The majority of cancers at different sites have a fairly large male to female sex ratio. 

Moreover, the mean age of female cases with cancer is conspicuously higher as compared 
with males. These gender-related differences are especially striking concerning the so-called 
highly smoking associated malignancies such as cancers of the upper aerodigestive tract and 
the urinary bladder [27]. 

Oral cancer is a typically smoking-related cancer with fairly high male to female 
incidence ratio (see Chapter 1). Besides the conspicuously lower incidence of women among 
oral cancer patients, female cases are significantly older as compared with males. For a long 
time, the high prevalence of male cases among oral cancer patients had been attributed to the 
excessive smoking and alcohol consumption and to their synergistic carcinogenic effect. 
However, the differences in the smoking habits and alcohol consumption between the tumor-
free male and female populations are not high enough to justify this concept. Further, the 
accumulation of oral cancer cases among non smoker, non drinker elderly females remained a 
further mystery to be answered.  

The gender specific risk for oral cancer suggests some endocrine involvement in the 
epidemiology of this tumor and raises two different assumptions. First, there might be 
noxious factors affecting predominantly the male patients. Second, though common risk 
factors affect both sexes, women have some defense mechanisms in their generative period 
owing to special hormonal and metabolic features.  

Though oral cancer is a multicausal disease, till now the exogenous harmful noxae 
(tobacco, excessive alcohol intake and dietary factors) were overemphasized in its 
epidemiology (see Chapter 1). Recently, the decreasing frequency of tobacco use and alcohol 
intake in many populations could not effectively eradicate the occurrence of oral cancer and 
the gender related differences remained conspicuous among oral cancer cases. 

Our working group was the first in clearing up that a systemic disorder; type-2 diabetes is 
also a strong risk factor for both oral precancerous lesions and cancers. These results were 
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obtained on pooled male-female populations of oral cancer patients and tumor-free controls. 
Since than, further studies followed, which strengthened this correlation between type-2 
diabetes and oral cancer risk (see Chapter 3). 

 
 

Gender Related Risk Factors for Oral Cancer: Estrogen Deficiency and 
Elevated Fasting Glucose (Hungarian Case-Control Study) 

 
The aim of the presented case-control study was to examine the role of some systemic 

risk factors in oral cancer epidemiology separately on male and female cases and to answer 
the following questions: 

 
1. What is the explanation for the conspicuous excess of male oral cancer cases? 
2. Why are the female cases significantly older than males among oral cancer cases? 
3. Is there any correlation between the reproductive factors of women and their oral 

cancer risk? 
4. Could there be any gender related association between elevated fasting glucose level 

and oral cancer risk? 
 
A total of 2660 inpatients (530 females and 2130 males) at the Department of Oral and 

Maxillofacial Surgery with histologically confirmed squamous cell oral carcinoma (OC) were 
included in a case-control study between l January 1997 and 30 June 2006. The controls were 
complaint-free adults (530 females and 2450 males) who volunteered to participate in a 
stomato-oncological screening in the same period. The age of female patients was especially 
important in this study. For each interviewed OC woman controls were chosen who matched 
the patient’s age (within 5 months) at the time of cancer diagnosis. The mean age of control 
male patients was chosen so as to be similar to OC males within 1 year. 

Data of the OC patients and their controls were collected through questionnaires and case 
reports of the inpatients.  

Male-female ratio of oral cancer cases. The ratio of male to female OC cases was 
3.7:1established on their pooled populations. Male-female ratios were also separately 
evaluated in different age groups of OC cases; below 30 and above 60 years of age.  

The age below 30 means a too short time for exogenous carcinogen exposition to induce 
clinically diagnosable cancers. The male to female ratio in the small group of patients below 
30 years of age showed lower excess of male cases: 1.5:1, with 12 male (0.5%) and 8 female 
cases (1.5%) in this young age group.  

The age above 60 was an appropriate borderline based on the average age of menopause 
among Hungarian women (or about 50 yrs) to which 10 years were added, as clinical 
manifestation of tumors requires at least this period from their initiation. Evaluation of the 
ratio of patients above 60 years of age revealed that 30.2% (643 cases) of male and on the 
contrary 58.5% (310 cases) of female oral OC cases belonged to this age group. The male to 
female ratio of this elderly group of patients was 2.1:1, which was significantly lower as 
compared with that of all patients.  
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Table 5.1. Mean age of oral cancer (OC) patients and ratio of young and elderly cases 
 

  Males Females p 
Mean age of all OC cases 
(yrs) 

55.1±10.8 (range:33-85) 63.5±10.9 (range:36-91) p<0.001 

Mean age of gingival 
cancer cases (yrs) 

56.9±11.1 66.9±11.4 p<0.01 

Mean age of Sublingual 
cancer cases (yrs) 

54.7±10.9 56.5±10.1 p>0.05 

Rate of OC cases <30 yrs 0.5% 1.5% p<0.05 
  Rate of OC cases >60 yrs 30.2% 58.5% p<0.05 

 
Table 5.2. Prevalence of smoking in OC and control cases 

 
  Males Females 

  Ratio of 
smokers 

p OR Ratio of 
smokers 

p OR 

Controls 53.0%     38.3%     
All OC 75.1% <0.01 3.67 57.2% <0.01 2.15 
Sublingual cancer 84.5% <0.01 4.80 75.9% <0.01 5.04 

Gingival cancer 68.2% <0.05 1.89 45.4% >0.05 1.33 
 

Table 5.3. Correlations between alcohol consumption habits and oral cancer incidence 
 
  All alcohol consumer 

OC cases 
Moderate alcohol 
consumer OC cases 

Excessive alcohol 
consumer OC cases 

Male OC cases 47.7%   6.6%   41.1%   

Male control 
cases 

21.0%   3.4%   17.6%   

  p<0.01 OR=3.26 p<0.05 OR=2.02 p<0.01 OR=3.44 
Female OC 
cases 

12.0%   2.8%   9.2%   

Female control 
cases 

5.5%   2.7%   2.8%   

p>0.05   
p<0.05 OR=2.36 

NS 
OR=1.00 p<0.01 OR=3.72 

 
Age of patients. (Table 5.1). The mean ages of OC patients were separately evaluated in 

the male and female groups concerning all patients. The mean age of female OC patients 
upon admission was significantly higher as compared with the male OC patients. Mean ages 
of male and female OC cases in the groups of the prevailing tumor locations were also 
established. The highest mean age was registered among the female gingival cancer cases. In 
the male gingival cancer group the mean age was moderately elevated as compared with all 
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male OC cases. The lowest mean ages were observed in the sublingual cancer groups both 
among male and female cases.  

Tumor locations. Frequencies of the different tumor locations among the male and 
female OC cases were compared. Among male OC patients the most common tumor site was 
the floor of the mouth (41.6%). This was followed in decreasing order by the tongue (24.6%), 
lower lip (15.3%), gingiva (12.9%), palate (2.5%), bucca (2.1%) and other rare locations 
(1.0%). In respect to the female patients, the site prevalence was quite different. The most 
common OC location was the gingiva (28.3%), followed in decreasing order by the floor of 
the mouth (26.4%), the tongue (18.3%), lower lip (8.4%), bucca (7.1%) palate (6.1%), and 
other rare locations (0.6%).  

Smoking habits. (Table 5.2). Smoking habits and the rate of smokers among the male and 
female patients with OC and their controls were separately evaluated. In the male OC group 
the ratio of active smokers and earlier smokers was significantly higher as compared with the 
male control patients. Among the female oral cancer patients the ratio of smokers was also 
significantly higher, as compared with the smoking histories of the female control cases.  

Mean ages of smokers and non-smokers among the male and female patients at the time 
of OC diagnosis were evaluated (Table 5.3). Among male OC patients, smokers had a 
significantly lower mean age as compared with the non-smoker cases. Among female OC 
cases, smokers exhibited also significantly lower mean age when compared with the female 
non-smoker OC group.  

The rates of smokers were established in the groups with the prevailing OC locations 
both for the male and female OC cases (Table 5.4). The rate of smokers was the highest in the 
sublingual cancer subgroups both among the male and female OC cases. Accordingly, 
tobacco exhibited a high cancer risk to the sublingual mucosa in both genders. The rate of 
smokers was relatively lower in the gingival cancer groups both among males and females. 

Alcohol consumption. (Table 5.5) Regular alcohol consumption among OC and control 
male patients and among OC and control women was registered within which moderate and 
excessive drinking was separately evaluated. Regular <25 g/die alcohol intake was regarded 
as moderate, >25 g/die was regarded as excessive alcohol consumption. 

 
Table 5.4. Prevalence of alcohol consumption in OC and control cases 

 
  Males Females 
  Ratio of 

alcohol 
consumers 

p OR Ratio of 
alcohol 
consumers 

p OR 

Controls 21.0%     5.5%     
All OC 47.7% <0.01 3.26 12.0% <0.05 2.36 
Sublingual 
cancer 

58.1% <0.01 5.22 20.4% <0.001 4.46 

Gingival 
cancer 

46.7% <0.01 3.30 11.3% >0.05 0.93 

 



Estrogen Deficiency as Cancer Risk Factor 89

Table 5.5. Prevalence of elevated fasting glucose (EFG) in oral cancer cases 
 

  Males Females 
  Ratio of 

EFG 
p OR Ratio of 

EFG 
p OR 

Controls 52.5%     43.5%     
All OC 51.9% >0.05 0.97 55.4% <0.05 1.61 
Sublingual cancer 51.6% >0.05 0.96 53.7% <0.05 1.51 
Gingival cancer 56.8% >0.05 19-Jan 56.9% <0.05 1.69 

 
Table 5.6. History of menopause in the groups of OC and control females 

 

  
Sublingua
l cancer 

Gingival 
cancer 

ALL OC 
females 

Control 
females 

p value 

Postmenopausal cases 97.80% 100.00% 98.00% 74.00% p<0.001 

Mean age at menopause 44.50% 47.30% 45,3 yrs 50,9 yrs p<0.01 
Early menopause cases 
(<45yrs) 

29.10% 31.90% 31.40% 16.00% 
p<0.05 
OR=2.36 

Late menopause cases 
(>45yrs) 

13.10% 14.60% 14.30% 23.10% 
p<0.05 
OR=0.78 

Hysterectomy and/or 
ovarectomy cases 

35.20% 33.80% 35.10% 18.40% 
p<0.05 
OR=1.69 

 
Table 5.7. History of menopause of OC females and controls 

 

  
Sublingual 
cancer 

Gingival 
cancer 

ALL OC 
females 

Control 
females 

p value 

Postmenopausal cases 97.80% 100.00% 98.00% 74.00% p<0.001 

Mean age at menopause 44.50% 47.30% 45,3 yrs 50,9 yrs p<0.01 

Early menopause cases 
(<45yrs) 29.10% 31.90% 31.40% 16.00% p<0.05 

OR=2.36 

Late menopause cases 
(>45yrs) 13.10% 14.60% 14.30% 23.10% p<0.05 

OR=0.78 

Hysterectomy and/or 
ovarectomy cases 35.20% 33.80% 35.10% 18.40% p<0.05 

OR=1.69 

 
In the male OC group near half the cases were regular alcohol consumers; with only a 

small part being moderate drinkers, whereas the majority were excessive drinkers. A 
significantly lower regular alcohol consumption rate was registered in the male control group 
with the great majority being excessive drinkers. In men alcohol consumption proved to be a 
high risk factor for OC, though the risk was lowered among moderate drinkers. 

In the female OC group, the rate of regular alcohol consumption was significantly lower 
as compared with the male OC group. Among the female drinker OC patients the excessive 
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drinkers predominated. Regarding the female control cases, the regular alcohol consumption 
rate was significantly lower as compared with the female OC cases. Regular excessive 
alcohol consumption proved also to be a high risk factor for OC among women; however, 
regular moderate alcohol consumption was not an OC risk for them.  

Correlations between drinking and tumor locations were also evaluated in both the male 
and female OC groups (Table 5.6). Alcohol consumption proved to be a higher risk for 
sublingual cancer when compared with all OC cases in both genders. Among males with 
gingival cancer the rate of regular drinkers was similar as compared with all male OC cases. 
However, among female gingival cancer cases, drinking proved to be a slightly lower risk 
factor, as compared with all OC women.  

Elevated fasting glucose (EFG). (Table 5.7) Ratios of EFG cases among male and female 
OC and control cases were established. Fasting blood glucose levels were determined 
repeatedly within 4 days. The level was regarded as elevated only if it was repeatedly >5.5 
mmol/l. These EFG groups comprised symptom-free insulin resistant cases, newly diagnosed 
and known, treated or untreated type-2 diabetes cases.  

In the male OC group the EFG rate was quite similar to that of control men. However, 
among female OC cases EFG proved to be a risk factor as its rate in OC women was 
significantly higher as compared with that of female controls.  

Correlations between EFG rate and tumor location were also studied in the male and 
female groups. EFG rates of patients in the sublingual and gingival cancer groups were 
examined separately in both genders because of the primacy of these locations among the 
male and female OC patients. 

The EFG rate in the group of male sublingual cancer cases was similar both among the 
male controls and all male OC cases. EFG proved to be no risk factor for sublingual cancer in 
men. In contrast, regarding the female sublingual cancer cases, the EFG rate was 
significantly higher as compared with the female controls. EFG was a demonstrable risk 
factor for sublingual cancer in women.  

The EFG rate was found slightly higher in the male gingival cancer group as compared 
with the rate found in controls and with all the male OC patients. EFG proved to be no risk 
factor for gingival cancer in males. In the female gingival cancer group the EFG rate was 
significantly elevated as compared with the controls and moderately elevated in comparison 
with all female OC cases. EFG proved to be an even higher risk for gingival cancer in women 
when compared with all female OC cases.  

Menopausal history of the female patients (Table 5.8). The rate of postmenopausal cases 
and the mean age at menopause in the oral cancer and control groups were established. 
Female OC patients were near all postmenopausal, whereas a quarter of the control women in 
the same age group were premenopausal. Mean age at menopause was significantly lower 
among the female OC patients as compared with the female controls.  

Rates of early menopause (<45 yrs) and late menopause (>51 yrs) were also registered 
both in the oral cancer and control female groups. Rate of early menopause (<45 yrs) due to 
unidentified ovarian failure or hysterectomy and/or ovarectomy was significantly higher 
among OC women, as compared with the control patients. Rate of late menopause was 
significantly lower in the OC group of women as compared with their controls.  
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Hysterectomy and/or ovarectomy occurred significantly more frequently in the history of 
female OC cases as compared with the controls.  

Mean time-intervals between menopause and oral cancer diagnosis (M-OC) were 
established for all OC cases and for the early, normal, and late menopausal case groups. The 
mean M-OC interval among all female OC patients was 16.9 years (range: 3-35 years). The 
mean M-OC interval in the female OC group with early menopause was significantly lower 
(13.4 yrs) and in the female OC group with late menopause significantly longer (23.5 yrs) as 
compared with all OC women (p<0.05, and p<0.05, respectively). 

M-OC intervals of all OC females and separately in the smoker and non-smoker oral 
cancer patients were established. Mean M-OC intervals related to smoker and non-smoker 
OC females resulted in significant differences: 11.9 years for smokers and 19.2 years for non-
smokers (p<0.01).  

The rate and length of postmenopausal hormone replacement therapy were also 
registered. Postmenopausal hormone replacement therapy was relatively rare both in the OC 
group (8.4 %) and in the control group (10.5%), and showed no significant difference 
(p>0.05). The hormone therapy was relatively short; the mean length was 1.6 yrs in the OC 
group, and 1.9 yrs in the control group. 

 
 

Systemic Risk Factors for Oral Cancer 
 
Today the role of insulin resistance in the initiation and progression of cancers is 

undoubtedly justified (see Chapter 3). However, the role of estrogen deficiency in the 
development of malignancies is completely obscure. Separated analysis of the well known 
exogenous and the newly established endogenous OC risk factors in male and female patients 
yielded striking differences. Apart from the well-known risk of tobacco and alcohol, elevated 
fasting glucose and postmenopausal sex hormone deficiency in women proved to be strong 
risk factors affecting OC incidence [62,63]. 

In our study the male to female ratio of all oral cancer cases was as high as 3.7:1. The 
male to female ratio of very young cases below 30 years of age and of the elderly patients 
above 60 years of age exhibited significantly lower values: 1.5 and 2.1, respectively. The 
latter value revealed an increased accumulation of elderly female cases among oral cancer 
patients. The highest male to female ratio (4.9:1) was observed among the oral cancer cases 
between 40 and 60 years of age. Summarizing the gender-related distribution of oral cancer 
cases, the male to female ratio is low among young cases below 30 years of age, high 
between 40-60 years of age and exhibits a decline again among elderly cases >60 years of 
age. 

These findings support the assumption that a postmenopausal period longer than 10 years 
may be associated with an increased risk of clinical manifestation of oral cancer among 
women. Specific features of the lower male to female ratio among very young and elderly OC 
cases and the possible explanations will be discussed in Chapter 6. 

In the present study, significantly lower incidence of OC among women and higher mean 
age of female OC patients as compared with males were established. Moreover, the majority 
of women with OC were older than 60 years, whereas less than one third of OC men 
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belonged to this age group. These results may allow the assumption that women are defended 
against OC initiation in their reproductive period. The almost exclusively postmenopausal 
state of the female OC patients and the long mean interval (near 17 yrs) between their 
menopause and tumor diagnosis also suggested an important role of estrogen deprivation in 
OC epidemiology. Significantly younger mean age at menopause and considerably higher 
rate of hysterectomy and/or ovarectomy among the female OC patients in comparison with 
the control women were also established. These observations suggest that a shorter 
hormonally active period may be a risk factor for oral cancer among women. 

Similarly to our observations, a statistically significant increase of bladder cancer was 
associated with postmenopausal state and early menopause in female cases [39]. An increased 
risk for renal cell carcinoma was also reported among women who were subjected to 
hysterectomy with or without oophorectomy [8]. These observations also support the 
correlations between estrogen deficiency and cancer risk. 

Elevated fasting glucose is an easily accessible mirror to reflect the different stages of the 
glucose metabolism disorder with the exception of the early hyperinsulinemic phases. The 
results of the present study underline that EFG is a strong risk factor for OC in estrogen 
deficient postmenopausal women, especially in cases with gingival cancer. In contrast, 
among male OC patients EFG is not a marked risk factor. 

This gender related difference was also observed in a prospective study, which resulted 
in a close association between hyperglycemia and increased total cancer risk in women, but 
not in men [60]. Unfortunately the menopausal history of these women was not available. 

Oral mucosa and especially the gingiva are thoroughly affected by hormonal influences 
[40]. Type-2 diabetes is associated with increased prevalence of gingivitis and periodontitis 
in both genders. Moreover, in postmenopausal women reduced estrogen level results in 
atrophic, desquamative gingivitis. 

In the present study the conspicuous difference of the prevailing OC locations between 
male and female patients supplied a further key to reveal the gender specific risks. 

Among the female OC patients the gingiva was the most prominent tumor location 
(28.3%), however in the male OC group gingival cancer incidence was significantly lower 
(13.0%). In the female gingival cancer group, EFG proved to be a stronger risk factor as 
compared with all OC women. Exogenous carcinogenic noxae (alcohol and tobacco) could 
not be demonstrated in near one third of the male and in more than half of the female gingival 
cancer group! These results suggest that a combined estrogen deficiency and insulin 
resistance may play etiologic role in gingival cancer development among postmenopausal 
women, even in the absence of traditional exogenous cancer risk factors. 

Primacy of sublingual cancers among male OC patients may be explained by the higher 
rate of smoking and alcohol consumption as compared with the OC women. These well-
known carcinogenic noxae are dissolved and concentrated in the saliva of the floor of the 
mouth resulting in strong, local carcinogenic effect. However, smoking and excessive alcohol 
consumption means double cancer risks for the oral mucosa by means of their local toxic 
derivatives and systemic metabolic effects. 

Alcohol consumption is a well-known, strong risk factor for OC. However, mild to 
moderate alcohol consumption is associated with improved insulin sensitivity and 
advantageous metabolic impact, while the two extremes: complete abstinence and excessive 
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drinking are risks for insulin resistance in both genders. In postmenopausal women, regular 
moderate alcohol consumption mediates the increase of insulin sensitivity and estrogen 
synthesis in the peripheral adipose tissue (see Chapter 2). 

In our study, excessive alcohol consumption proved to be a high risk for OC both in the 
male and female cases. Among male patients moderate alcohol intake was a lower OC risk as 
compared with heavy drinkers. Presumably, the local effects of toxic metabolites on the oral 
mucosa may be antagonized by the advantageous systemic, metabolic impact. However, in 
postmenopausal women moderate drinking was not an OC risk factor at all, which may be 
attributed to both increased insulin sensitivity and elevated estrogen level. 

In this study smoking was a high risk for oral cancer both among men and women in 
concordance with the results of earlier studies (see Chapter 1). On the other hand, smoking 
seemed to be an anticipating factor for OC initiation in the groups of both male and female 
OC patients as the mean age of smokers was significantly lower as compared with the non-
smoker cases. 

The highest rates of non-smoker cases were found in the gingival cancer groups both 
among male and female OC patients. Near one third (29.4%) of the male group and more 
than half (54.5%) of the female group with gingival cancers were registered as non-smoker 
cases. These findings suggest that strongly gender-related factors may have a role in gingival 
cancer risk among non-smoker OC patients. Correlations among smoking, insulin resistance 
and changes in the sexual hormone levels are discussed in Chapter 2 and 8. 

Summarizing the presented results, early menopause, postmenopausal state and fairly 
long interval between menopause and tumor onset proved to be significantly high cancer risk 
factors among female oral cancer cases. These results strongly suggest a role of estrogen 
deficiency in oral cancer incidence [62,63]. 

 
 

Estrogen Deficiency as Cancer Risk 
 
The new theory of estrogen deficiency as cancer risk factor is not a simple negation of 

the traditional concept concerning the carcinogenic capacity of estrogen, but means a 
complete conversion. It is a fairly heretical idea that no estrogen but its deficiency may 
provoke cancer initiation. 

This new hypothesis may explain the conspicuously lower oral cancer incidence among 
middle aged female cases as they have a hormonal defense during their reproductive period. 
The significantly older age of women with oral cancer as compared with men may be 
attributed to the postmenopausal estrogen deficiency, which may initiate mutations in the 
perimenopausal years or later. Development of clinically observable tumors requires many 
years after menopause resulting in an accumulation of cancers among elderly women. 

This new theory supplies some explanation to the mystery of oral cancer incidence 
among non-smoker, non-drinker elderly women and the unique characteristics of oral cancer 
epidemiology among young cases (see Chapter 8). The decreasing trend of the earlier very 
high male to female ratio of oral cancer may be at least partially attributed to the globally 
increased prevalence of type-2 diabetes (see Chapter 2) and its greater impact on oral cancer 
risk among women as compared with men. The causal correlation between estrogen 
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deficiency and cancer initiation may also clarify many controversial associations of female 
sexual steroids and malignancies and justifies the role of estrogen in female longevity. 

This novel hypothesis of estrogen deficiency and elevated fasting glucose as systemic 
risk factors for OC may provide new insights into the etiology of oral malignancies. 
Moreover, it may reveal new possibilities in prevention and treatment of oral cancer and open 
a pathway to new strategies for cancer research. 

 
 

Molecular Mechanisms of Estrogen Action 
 
The most potent and dominant estrogen hormone in humans is estradiol, but other 

hormones with estrogen effect are estrone and estriol exhibited in lower concentrations. Both 
theories on cancer provoking effect and anticancer capacity of estrogen require justifications 
at cellular level. 

The roles of estrogen and its receptors in gene regulation are thoroughly studied 
[2,3,6,54]. However, many of the researches reflect bias to estrogen carcinogenicity in spite 
of their valuable results. A review of unbiased literary data on molecular mechanism of 
estrogen action suggests that estrogen orchestrates the gene regulation of cell proliferation 
with high safety. Cross talk of estrogen receptors with other hormonal and growth factor 
signals, their agonistic and antagonistic interplay with other gene regulators suggest an 
indispensable role of estrogen in cell biology. However, estrogen deficiency may elicit a 
breakdown of the exquisite surveillance of gene regulation and results in cancer initiation 
beyond retrieval. 

Gene regulation mechanisms affected by estrogen have a fairly wide range during 
embryonic growth, development and differentiation, and have a crucial role in the hormonal 
and metabolic processes both in males and females throughout life. Estrogen, based on its 
pivotal role in gene regulation, has been accused of its carcinogenicity. However, as estrogen 
is a proven commander in chief in the regulation of the endocrine system, metabolism, and 
cell proliferation an extreme safeguarding is necessary to have domination over these highly 
responsible mechanisms. 

 
 

Estrogen Receptors and Their Actions 
 
In 1962 an estrogen binding receptor protein had been identified from rat uterus, which 

was supposed to mediate all actions of estrogen [16]. More than three decades later, in 1996 
another isoform of estrogen receptor (ER) was discovered and named as ER-β [26], whereas 
the former ER was renamed as ER-α. These ER isoforms are the products of two distinct 
genes located on distinct chromosomes [7]. 

ERs belong to the steroid-thyroid hormone nuclear receptor superfamily [43]. The 
classic, genomic mechanism of ER action is that estrogen binding activates ERs in the 
nucleus and they act as transcriptional modulators by binding to specific sequences in the 
promoter region of target genes [3,10]. However, other signaling pathways that deviate from 
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the classical model have been discovered, and recently it has been accepted that ERs regulate 
gene expression by a number of distinct mechanisms [3] (Figure 5.1).  

ERs can also regulate gene expression without direct binding to DNA, which occurs 
through interactions between receptor protein and other DNA-binding transcription factor 
proteins in the nucleus [3]. This interaction between ERs and transcription factors may result 
in either stimulation or inhibition in gene transcription processes [43]. Moreover, by means of 
some not clearly identified mechanisms, ERs may regulate the expression of genes that do 
not contain estrogen responsive elements (EREs).  

Evidences are accumulating that estrogen action have also non-genomic, membrane 
associated signaling cascades [54]. Non-genomic actions may influence both protein 
functions as cytoplasmic network of coordination and regulation of gene expression in the 
nucleus. Non-genomic actions are exerted by membrane associated ERs. Controversial 
concepts have been published concerning the nature of ERs located at the plasma membrane. 
Some authors have suggested that the non-genomic estrogen effects are mediated through a 
subpopulation of the classical two ER isoforms [49]. 

 

 
Source: Björnström L and Sjöberg M, Molecular Endocrinology 19:833-842, 2005 

Figure 5.1 Schematic Illustration of ER Signaling Mechanisms 1. Classical mechanism of ER action. 
Nuclear E2-ERs bind directly to EREs in target gene promoters. 2. ERE-independent genomic actions. 
Nuclear E2-ER complexes are tethered through protein-protein interactions to a transcription factor 
complex (TF) that contacts the target gene promoter. 3. Ligand-independent genomic actions. Growth 
factors (GF) activate protein-kinase cascades, leading to phosphorylation (P) and activation of nuclear 
ERs at EREs. 4. Nongenomic actions. Membrane E2-ER complexes activate protein-kinase cascades, 
leading to altered functions of proteins in the cytoplasm, e.g. activation of eNOS, or to regulation of 
gene expression through phosphorylation (P) and activation of a TF. 
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Finally, genomic and non-genomic pathways of estrogen receptor signaling converge on 
the target genes [3]. Several signal transduction pathways may connect the non-genomic 
estrogen actions to genomic responses. Many nuclear transcription factors are regulated 
through non-genomic protein kinase mediated phosphorylation, and these transcription 
factors may thus become targets for non-genomic estrogen actions. This complex signaling 
system provides exquisitely safety control and plasticity of tissue responses to estrogen and 
also contributes to the divergence of tissue-specific actions [54]. 

ER-α is widely expressed throughout the female genital organs, such uterus, vagina, 
ovaries and mammary glands, whereas it is also highly exhibited in the brain, bone, liver and 
cardiovascular system [20].  

ER-β is also widely distributed throughout the body. It has been shown to be the 
dominant isoform in the prostate, testis, salivary glands, ovary, vascular endothelium, smooth 
muscle, certain neurons and cells of the immune system [23]. Estrogen receptors in the 
immune competent cells enable estrogen to regulate defense mechanisms against 
inflammatory processes, infections, shock and even malignant transformation.  

Some tissues, such as mammary glands, uterus, brain, bone and cardiovascular system 
express both ER isoforms, with the predominance of one or the other [23,43]. Surprisingly, 
all these sites are especially endangered in estrogen deficient, postmenopausal women. 
Incidence of ischemic attacks in the central nervous system, osteoporosis and dyslipidemic 
cardiovascular diseases is conspicuously increased in estrogen deficient female cases after 
menopause. In these diseases estrogen therapy has more or less beneficial effects, especially 
in the initial phases. Dangers of estrogen loss related to the breast and endometrium are 
discussed in Chapters 6 and 7. 

The presence of both alpha and beta ER isoforms was confirmed in adipocytes deriving 
from the subcutaneous and intra-abdominal fat with evident predominance of ER-α [5]. Fatty 
tissue accumulation is fairly dependent on the balance of sexual steroid levels. Estrogen tends 
to promote the gluteofemoral fat deposition [25], whereas loss of estrogen and androgen 
excess is associated with abdominal obesity and strongly increases the risk of insulin 
resistance [48].  

Postmenopausal aromatase activity and estrogen production in the adipose tissue have 
important role in many biological processes [17]. Recently, adipocytes have been regarded as 
endocrine cells. Fatty tissue is hormone dependent and in animal models hormones and 
cytokines produced by adipocytes have actions in remote organs, such as liver, muscle, bone, 
central nervous system and others [38]. Human adipose tissue and its secreted products have 
important role in the hormonal and metabolic processes. Hormonal regulation of human 
adipocytes may serve as a cross road among obesity, hypertension and insulin resistance [64].  

Different actions of ER-α and ER-β were observed on neuroblastoma cells transfected 
with either ER-α or ER-β. Activation of ER-α caused an increase in length and number of 
neurites, whereas ER-β activation resulted only in neurite elongation [44].  

Discovery of selective agonists for ER-α and ER-β brought new possibilities to research 
the specificity of estrogen receptors. In an epithelial cell line obtained from pregnant mouse 
mammary glands both ER-α and ER-β were expressed. It was observed that selective agonists 
for ER-α provoke cell proliferation and agonists for ER-β inhibit cell growth on this in vitro 
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model [12]. These findings suggest that functional equilibrium of the two receptor isoforms 
may supply excellent surveillance for cell growth and differentiation.  

Development of the three knockout mouse lines: estrogen receptor-α and β knockout 
(ER-αKO, ER-βKO) [24] and aromatase enzyme knockout (ARKO) mice provided new 
opportunities for understanding the individual actions of the two estrogen receptors and of 
estrogen itself. In vivo studies on these knockout mice have demonstrated that ER-α and ER-
β may have distinct, even opposite effects. Development of distinct autoimmune diseases in 
different knockout mice revealed that ER-α and ER-β have specific functions in the 
maintenance of the normal immune system [2,55,56].  

In addition to the specific function of each receptor, interplay between these two receptor 
isoforms has been reported when they are coexpressed. ER-β may oppose ER-α-mediated 
activity in many systems, moreover, ER-α and ER-β together may elicit completely opposite 
responses in the presence of estradiol [10,35]. In ER-βKO mice, ER-α-mediated gene 
expression was increased by 85% as compared with animals expressing both receptors. This 
observation suggested that ER-β in normal mice reduces ER-α-regulated gene transcription, 
supporting the idea of a “ying yang” relationship between the two receptors [29].  

However, considering the magnitude, complexity and safety of estrogen receptor signals, 
actions of ER-α and ER-β can be hardly imagined as a mechanical equilibrium of a seesaw. 
Though there are multiple cross talks and interplays between the two ER isoforms, they don’t 
keep each other on leash rather, both of them may have their autoregulation with 
simultaneous feed back control of the actions of each other. ER knockout mice are artificially 
disabled animals and similar disorders may occur extremely rarely as spontaneous mutations. 
Unexpected, increased gene expression elicited by the singly remaining ER-α may probably 
be attributed to an emergency substitution of the action of the missing ER-β isoform. 

ERs display similar DNA- and ligand binding properties in vitro, however, ER-β shows 
lower transcriptional activity than ER-α. Experimental results revealed that in the absence of 
estradiol both type of ERs interacted with estrogen responsive elements (EREs) of the 
nucleus similarly. However, estradiol application enhanced the ERE binding of ER-α but not 
that of ER-β. Thus, the interaction between ER-β and ERE seemed to be independent of 
estradiol and could be impaired by its amino terminus [15]. These findings provided 
additional explanation for differences between ER-α and ER-β actions. Moreover, these data 
also reveal that estrogen loss may yield thorough changes in gene expression mechanisms.  

Summarizing the literary data, estradiol action depends on the ratio of receptor isoforms 
expressed in the given tissue. Moreover, in case of coexpression of the two receptors 
interactions of their signaling pathways will variably modulate the transcription of target 
genes [2]. The great variations in tissular distribution and isoform predominance of ERs have 
been a source of intense debate among researchers. However, a widely accepted concept is 
that though ER-α and ER-β have distinct biological functions supposedly they act in a close 
interplay. 

These overwhelming routes of estrogen effects and ER actions support that estrogen may 
use many different signaling pathways and will evoke distinct gene responses depending on 
the types of target cells and on the nature of temporary intra- and extracellular stimuli [3]. 
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Actions of Estrogen and ERs on Nonclassical Target Tissues 
 
Hormonal effects on the classical endocrine target organs of the female reproductive 

system have been thoroughly studied both on cell cultures and experimental animal models. 
However, estrogens have widespread, beneficial actions in nonclassical target tissues as well.  

Results of clinical and epidemiological findings suggest that estrogens and their receptors 
have pivotal role in health maintenance of the cardiovascular, immune competent and 
neuroendocrine system, as well as in the gastrointestinal tract and liver [41]. Estrogen signal 
maintains the equilibrium of glucose and lipid metabolism by several pathways [2,67], 
reduces the oxidative stress [66] and regulates the maintenance of fluid and electrolyte 
homeostasis [59]. In aged male rats estrogen exhibited an anti-aging effect by means of a 
decreased lipid peroxidation and improvement of the parameters of liver dysfunction [11]. 

Estrogen has not only preventive but also curing effects on diseases of the vasculature. 
Estradiol may contribute to the vascular healing process and prevention of restenosis by 
interplay of both ERs. Through ERα activation estradiol may induce reendothelization and 
through ERβ stimulation inhibits migration and proliferation of smooth muscle cells in the 
vessel wall [9].  

 
 

Cross Talk between Receptor Signals of Estrogen and Growth Factors 
 
Non-genomic actions of estrogen are too rapid to be attributed to activation of RNA and 

protein synthesis. These actions are common properties of steroid hormones and are 
frequently associated with activation of various protein-kinase cascades [30]. By these ways 
ERs have thorough surveillance on cell proliferation, which is their basic function during 
growth, differentiation and whole cell life. 

Membrane associated ERs may activate membrane tyrosine kinase receptors in various 
cell types. ER-α activated by estradiol interacts directly with the IGF-I receptor, leading to its 
activation [65], and hence activation of the mitogen associated protein kinase (MAPK) 
signaling pathway [18]. These data demonstrate that estradiol activated ER-α is required for 
rapid activation of the IGF-IR signaling cascade.  

Estradiol liganded ERs in the plasma membrane can rapidly stimulate signal 
transductions that are G-protein coupled. This was reported to occur through the 
transactivation of the epidermal growth factor receptor (EGFR) or insulin-like growth factor-I 
receptor (IGF-IR) [50]. Estrogen can over regulate the IGF-I gene transcription by involving 
an AP-I enhancer [65]. 

Estrogen signaling is coupled to growth factor signaling with a feedback mechanism 
directly impacting function of growth factor receptors [6]. ER signaling pathways involving 
specific complexes of cytoplasmic proteins might quench or augment the growth factor 
activities! On the other hand, the mitogen activated protein kinase system (MAPK) is capable 
of phosphorylation of human estrogen receptor in vitro, and in cells treated with epidermal 
growth factor (EGF) and insulin like growth factor (IGF) in vivo. Thus activity of the amino-
terminal AF-l of ER may be modulated by the phosphorylation of Ser118 via the Ras-MAPK 
cascade of the growth factor signaling pathways [19].  
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Studies in rodents have shown that EGF is able to mimic the uterotropic effects of 
estrogen suggesting a physiological coupling of growth factor and steroid receptor signaling 
pathways. These results supplied a “cross-talk” model in which EGF receptor signaling 
resulted in activation of nuclear ERs [42]. However, in ER knockout mice epidermal growth 
factor could not elicit an estrogen-like response, which revealed that intact ERs are necessary 
for the activation of ER target genes by growth factors [4]. 

Estrogen has a crucial role in regulation of growth hormone receptor (GHR) activities as 
well [28]. Estrogen attenuates growth hormone (GH) action by means of inhibition of its 
secretion and suppression of cellular GHR functions. Estrogen and GH concentrations are 
strongly correlated during puberty and later, in adult life GH levels are regularly higher in 
women than in men. In man the stimulatory effect of androgens on GH secretion depends on 
the ratio of their prior aromatisation to estrogens. All these observations suggest that 
estrogens play a major and positive role in the regulation of GH-IGF-I axis in both genders 
[28], which may be in close correlation with their antidiabetogenic and anticancer capacities.  

 
 

Estrogen Receptors and Human Cancers 
 
There are literary data on the supposed roles of estrogen and membrane-associated ER 

signaling pathways in human cancer induction [13,47], particularly in breast cancer cases 
[22,33,45]. 

Interactions of estrogen and growth factor receptors have been recently revealed in 
breast, lung and cholangial cancers [1,46]. In the majority of in vitro experiments on different 
tumor cell lines a close synergism of expressed estrogen and growth factor receptors was 
supposed in the modulation of cell growth and proliferation.  

Estrogen treatment could inhibit lung carcinogenesis by reducing levels of IGF-I [34], 
which is a potent mitogenic agent for several malignancies, including lung cancer. These 
results suggest an alternative role of estrogen and growth factor actions on tumor cell 
proliferation. 

A role of estrogens in the development of lung cancer has been suggested as ERs were 
demonstrated in non-small cell lung cancers. In recent studies a favorable prognosis for 
patients with non-small cell lung cancer was established, when tumor cells exhibited 
increased expression of Erβ [58,68]. Similarly, the absence of Erβ nuclear staining correlated 
with poor survival in both men and women with lung cancer [21]. Associations of increased 
ERβ expression with better prognosis of non-small cell lung cancer suggest an anticancer 
capacity of estrogen signal and raise the idea of beneficial effect of estrogen administration. 
This assumption seems to be justified by a recent study, which established a significant 
correlation between hormone replacement therapy and reduced lung cancer risk in 
postmenopausal women [51].  

Highly expressed epidermal growth factor receptors were demonstrated in a variety of 
solid tumors, including oral cancer, and their activity enhanced the tumor growth and 
invasive capacity [14]. However, estrogen receptor expression in oral cancers showed no 
correlation either with tumor progression or with mortality of patients [31]. These results 
suggest an alternative role of estrogen and growth factor activities in oral cancers. 
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Inhibition of vascular endothelial growth factor expression by ER-α was exhibited in 
HEClA endometrial cancer cell line [61]. This finding suggests that inhibition of capillary 
proliferation in tumors may also be an important part of the anticancer capacity of ERs.  

Aromatase inhibitors, which lower the estrogen ligand for ER and pure ER antagonists, 
which destroy the receptor, are used to cure breast cancer. Recently, recognition of a 
dynamic, inverse relationship between the expression of ERs and growth factor receptors has 
brought more excitement. Potential restoring of ER expression in apparently ER-negative 
breast cancer cells emerged by inhibition of growth factor signaling to overcome resistance to 
endocrine therapy [36,37]. Abandonment of estrogen deprivation and antiestrogen therapy in 
breast cancer cases should be more advantageous instead of the idea of combined 
antiestrogen and anti-growth factor therapy. 

The estrogen receptor signal is thoroughly defended from changes of serum estrogen 
levels by compensatory feedback mechanisms even in tumors. This suggests that elevated 
estrogen level may hardly produce gene alterations. Excessive estradiol treatment decreased 
the ER protein quantity in MCF-7 human breast cancer cell line within a few hours [52]. 
Similarly, estrogen administration evoked a decrease in ER-α protein and estrogen 
responsiveness in rat pituitaries [53]. However, in experimental animals the low serum 
estrogen levels increased the mRNA level of ERs [57].  

This strict feedback regulation suggests that overexpression of ERs in highly 
differentiated tumor cells means an increased estrogen demand induced by estrogen 
deficiency rather than defense against excessive hormone supply. Considering that actions of 
the ER signal are not dangerous but represent the highest control on gene regulation, estrogen 
administration may improve the disturbances of cell growth and proliferation in receptor-
positive tumor cells.  

Estrogen and growth factors are potent mitogenic stimuli that share important, 
competitive capacities in the control of cell proliferation. Cross talk between ER and growth 
factor signals assures a finical equilibrium and may result in either synergistic or antagonistic 
effects on gene regulation. Exquisitely organized genomic and non-genomic actions of ERs 
and their convergence on the target genes rather serve as defense of gene regulation with 
safety surveillance of multitude players of cell biology than as risk for malignancy. 

In the absence of estrogens, the biological equilibrium of gene regulation is endangered. 
There is no estrogen to exert its indispensable, beneficial cellular actions and to oppose 
overwhelming growth factor activities. Accumulation of non-liganded ERs in an estrogen 
deficient milieu may also result in accidental coupling of ER and GF signals. Moreover, IGF-
I and EGF signaling pathways can modulate the functions of exposed, non-liganded ERs 
through phosphorylation of the receptors on certain residues [6]. These might be dangerous 
processes as unopposed growth factor activities and altered phosphorylation of non-liganded 
ERs may provoke a blunder in gene regulation of cell proliferation. Breakdown in the main 
regulatory signals may result in cancer initiation. Discovery of estrogen deficiency as a 
tumor-inducing factor is knocking at the door.  
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Chapter 6 
 
 

Re-evaluation of the Epidemiological 
Associations of Female Sexual Steroids 

and Cancer Risk 
 
 

Acquittal for the Accused Estrogen 
 
Mild or moderate estrogen deficiency is a relatively frequent, pathologic state of 

premenopausal women, whereas at menopause ovarian estrogen production definitely 
declines and serum estrogen levels show further decrease during the postmenopausal life. 
However, pathologic, excessive estrogen production is extremely rare in women.  

Distinction between cancers of moderately and highly estrogen sensitive tumors is 
necessary, based on their different epidemiological features. Oral cancer is a typical example 
of the moderately estrogen sensitive tumors and its initiation seems to be associated with a 
profound estrogen loss [70]. The vast majority of malignancies of the moderately estrogen 
sensitive organs occur in the late postmenopausal life of women when the ovarian estrogen 
production is fairly decreased [34].  

However, cancers of the highly estrogen sensitive organs such as breast, usually exhibit 
both premenopausal and postmenopausal occurrence [34,45,66]. In premenopausal cases 
marked cancer prevalence in organs with high estrogen sensitivity suggests that higher 
hormone demand of the affected organs results in gene regulation disorders even in mildly or 
moderately estrogen deficient milieu. 

In spite of the different epidemiological data of these two groups of cancers the 
mechanism of gene regulation disorder in the background of tumor initiation cannot act 
through quite opposite pathways. Many literary data justify that insulin resistance, obesity 
and type-2 diabetes are in similarly close association with cancer risk of both highly and 
moderately estrogen sensitive organs (see Chapter 2). However, the newly revealed 
association between estrogen deficiency and oral cancer risk means a contradiction of the 
traditional concept of estrogen induced breast cancer. This contradiction may raise the 
plausible question, whether increased or decreased serum estrogen levels might be the 
common risk factors for cancers of highly and moderately estrogen dependent organs?  
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Risk Factors for Highly Hormone Related Cancers 
 
Cancers of the highly estrogen sensitive organs are in the forefront of tumors as they are 

regarded as hormone associated ones. They have multicausal origin, however, in the past 
decades female sexual steroids, especially estrogen was presumed to be an important 
etiologic factor. The incidence of the so called hormone sensitive tumors such as breast, 
endometrial and ovarian cancers is highest in the industrialized countries and much lower in 
the developing countries, with a highest to lowest ratio of 20:1 [2]. 

Breast tumors are important subjects of cancer research as they are the most frequent 
cancers in women of the Western world. Marked geographic differences in breast cancer 
morbidity and mortality seem to be environmental rather than genetic in origin [34]. Migrants 
from low-incidence to high incidence areas tend to acquire the inclination to cancers 
characteristic of their adoptive country. Breast cancer risk is significantly higher in North 
America and northern Europe than in Asia and Africa. As higher economic development is in 
close correlation with higher prevalence of insulin resistance and obesity, differences in 
breast cancer incidence may be partially associated with the epidemiological features of 
metabolic diseases. 

The traditional concept of the carcinogenic capacity of the female sex steroid hormones 
had been based on breast cancer cases [6,32,33,37]. Breast cancer is a tumor of a fairly 
hormone sensitive tissue, exhibiting both premenopausal and postmenopausal manifestations 
even without exogenous estrogen treatment [46]. These epidemiological observations can 
hardly be explained by the carcinogenic capacity of elevated level of female sexual steroids. 
Moreover, as the majority of malignancies, breast cancer is also a multicausal tumor with 
strong genetic associations. 

Risk factors established or suspected as being associated with breast cancer are numerous 
[9]. Family history and genetic disposition, lifestyle including diet, physical exercise, 
smoking, excessive alcohol consumption and individual hormonal and reproductive factors 
all markedly influence the incidence of this tumor. Recently, insulin resistant states such as 
obesity, metabolic syndrome and type-2 diabetes are also regarded as strong risk factors for 
breast cancer (see Chapter 2). Thus hormone replacement therapy (HRT) is only one of a 
broad range of factors for which an inconsistent association with breast cancer of 
postmenopausal cases has been found.  

Endometrial cancer is the most common invasive malignancy of the female genital tract 
[27]. The known risk factors associated with an increased risk for endometrial cancer are also 
numerous. Among others old age, type-2 diabetes, obesity, nulliparity, alcohol use, oral 
contraception and HRT are regarded as risks for endometrial malignancies [30,74]. However, 
there are studies, which failed to justify the tumor promoting effect of HRT in the 
endometrium, even a decreased risk could be observed [3]. Recently, drugs, which have been 
used for treatment of type-2 diabetes, are important candidates for prevention and possible 
treatment of endometrial carcinoma [31].  

A dualistic model of endometrial carcinogenesis has been proposed earlier [39], which 
may be important in evaluating the associations of HRT with endometrial cancer. According 
to this concept, there are two main types of endometrial carcinomas. The first type is a slowly 
spreading, indolent form, which is supposed to develop in association with excessive 
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estrogen stimulation (type I). The second type is a more aggressive variant considered to arise 
in a relatively estrogen-deficient milieu of elderly women (type II)! The type I form of 
endometrial cancer, which may be potentially associated with HRT use, is less aggressive, 
with a 5-year survival rate of 70-80% [76]. The type II, poorly differentiated endometrial 
carcinoma affects older women and the 5-year survival rate is shorter, or about 60%.  

Recently, a third type of mucinous endometrial carcinoma has been associated with the 
use of tamoxifen, which is an estrogen antagonist drug used against estrogen receptor 
positive breast cancers [30,72].  

Hyperestrogenism is regarded as a causal factor for endometrial hyperplasia and later to 
epithelial atypia, which may be the predecessor of endometrial adenocarcinoma [14]. 
However, hormone treatment of postmenopausal women should not be considered extreme 
but rather an endeavor to achieve a physiological estrogen level. Approximately 2-3% of the 
women under continuous combined HRT show proliferative endometrial activity, but almost 
all without any signs of atypical hyperplasia [30,47,64]. 

An important parallelism between breast and endometrial cancers is that only the 
estrogen receptor positive, highly differentiated, slow growing forms have been assumed to 
have associations with HRT use [18,30].  

Ovarian cancer represents about 30% of all malignancies of the female genital tract. The 
age adjusted incidence rates vary from <2/100 000 women in most of Southest Asia and 
Africa to >15/100 000 cases in Northern and Eastern Europe [2]. The economically advanced 
countries of North America and Europe show the highest rates.  

The incidence of ovarian cancer shows a steady increase with age. Reduced risk of the 
disease is consistently associated with high parity and oral contraceptive use [76]. Energy 
rich diet and insulin resistance have also been related to ovarian cancer [8]. Literary data 
suggest that treatments used against insulin resistance emerge as effective tools in prevention 
and cure of endometrial cancers [31].  

Associations between HRT and ovarian cancer are fairly controversial. A review of 20 
studies on ovarian cancer reached no satisfactory conclusion concerning HRT risk for this 
tumor [52]. Five studies described a slightly elevated ovarian cancer risk in HRT users 
[25,35,48,58,75], whereas the other 15 studies did not. Recently, further doubts concerning 
associations between HRT use and ovarian cancer risk have emerged [62]. 

 
 

Shortcomings of Studies on Correlations of HRT Use and Cancer Risk 
 
The postmenopausal period in women is a physiological model for studies on the 

hormonal, metabolic and gene regulation changes associated with estrogen deficiency. In 
healthy postmenopausal women there are physiological mechanisms to adapt to the gradual 
loss of estrogen signals. However, this new equilibrium comprises many risks and traps for 
slipping out of the regular metabolic and hormonal pathways.  

An abrupt decrease in estrogen hormone levels either after a natural or an artificial 
menopause may cause gene regulation disturbances not only in the female reproductive 
system but also in many other organs. Radical or subtotal hysterectomy in premenopausal 
women results in a sudden, definite loss of ovarian estrogen synthesis and may cause severe 



Zsuzsanna Suba 110 

consequences, especially without HRT use. Spontaneous or induced abortion also causes a 
transitory but shocking fall in the hormone levels.  

In clinical practice about 40% of women have severe menopausal complaints, which 
usually require medical help [26]. Menopausal complaints are not only unpleasant, bothering 
symptoms but suggest thorough disorders of adaptation to estrogen loss and a possibility for 
altered gene regulation. The alterations may affect the general health of the women, as they 
are risks for both cardiovascular diseases and malignancies. If estrogen deficiency is regarded 
as a risk for cancers these patients have a greater cancer risk in their later life as compared 
with women who have gradually, asymptomatically lost their estrogen signals and have no 
need for HRT use. These considerations suggest that cancer risk in aged women, among other 
factors, may depend on their endogenous hormonal characteristics, their menopausal process 
and on HRT use in their history.  

Correct evaluation of correlations between HRT use and cancer risk requires strict 
selection of the patients included, proper length of the observational period and awareness of 
estrogen receptor positivity of tumors.  

 
 

Selection of Patients for HRT Studies 
 
Cancers are multicausal diseases, and the carcinogenic capacity of the physiological 

levels of female sexual steroids is hardly, if at all justifiable. Investigation of HRT use, as a 
supposed cancer risk factor on pooled, unselected population of women is misleading.  

Supposedly, neither the hormone treated nor the untreated groups of women involved in 
the HRT studies are homogenous. The marked differences in menopausal processes in 
women and their various effects on gene regulation may partially explain the controversies 
concerning the associations of HRT and cancer.  

Correlations between HRT use and breast cancer risk are usually examined in two groups 
of involved women; with and without hormone treatment, disregarding their individual 
hormonal and reproductive differences and other known or suspected risk factors. In these 
studies the majority of HRT user women may be assumed to have severe postmenopausal 
complaints in connection with a failure of the adaptation mechanisms. However, women 
without hormone treatment may have predominantly uneventful perimenopausal period due 
to their good adaptation. Consequently, the epidemiological studies on breast cancer risk of 
HRT users reflect an additive effect of the endogenous hormonal features of the HRT user 
population and of their hormone treatment. 

A collaborative re-analysis was performed on data from 51 epidemiological studies 
dealing mainly with single estrogen substitution [15]. The overall relative risk for breast 
cancer was as low as 1.14 when HRT users were compared with never users. The increase in 
the risk was small but significant because of the great number of examined cases [18]. 
However, a WHI publication could find no risk for breast cancer among women who used 
estrogen alone, even unopposed estrogen treatment was associated with a possible reduction 
in breast cancer risk (HR: 0.77) [5]. The WHI authors suggested that this reduction in breast 
cancer risk associated to HRT requires further investigation. This valuable study seems to be 
a stretching force against the old frame of carcinogenicity of estrogen.  
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The small differences in breast cancer risk between HRT user and untreated populations 
of women - even advantageously decreased breast cancer risk as a result of one-armed 
estrogen treatment - raise the possibility of bias and improper patient selection in the majority 
of studies [18]. 

How can we explain the results of the widespread epidemiological studies, which support 
the slightly but consequently higher breast cancer risk in postmenopausal women with HRT 
use as compared with untreated cases?  

Estrogen deficiency seems to be a cancer risk factor, especially for highly estrogen 
sensitive organs. Women belonging to the group of HRT users supposedly have severe 
postmenopausal complaints based on failure of their adaptation. Consequently, HRT users 
have a higher risk for breast cancer initiation as compared with complaint-free women 
without treatment. 

Presumably, the beneficial effect of HRT use may decrease the rate of new cancer 
initiation in postmenopausal women. However, the pre-existing subclinical cancers induced 
by the pre- or perimenopausal hormonal disorders cannot be completely destroyed. 
Consequently, an elevated breast cancer incidence may remain in the group of endangered 
women with severe endogenous hormone deficiency and/or defective adaptation mechanism 
in spite of HRT use. These considerations may explain the slightly but consequently elevated 
breast cancer risk among HRT users as compared with untreated women with physiological 
adaptation.  

Furthermore, the estrogen deficiency theory justifies that in a methodologically stronger 
WHI study an unexpected, beneficial effect of HRT use against breast cancer was observed 
[5]. One-armed HRT was applied on 10 793 women with prior hysterectomy by conjugated 
estrogen and it was found to be associated with reduction of breast cancer risk. This result 
justifies the importance of selection of homogenously endangered patients for 
epidemiological studies and supports the protective role of estrogen against breast cancer. 

The effects of adaptation disorders on breast cancer risk should be prospectively studied 
via comparison of untreated patients with and without postmenopausal complaints. 
Moreover, associations of HRT use and breast cancer risk might be correctly examined if the 
cases and controls have similar menopausal histories.  

 
 

Dynamics of Cancer Growth and Length of the Observational Period 
 
Dynamics of breast cancer initiation and promotion is still poorly understood 

[1,9,29,40,50,77]. Thus, firm causal conclusions cannot be established from the associations 
between hormone treatment and breast cancer found on inhomogeneous female populations.  

Studies on HRT user women failed to clarify whether hormone treatment apparently 
stimulates induction of cancers de novo by initiating mutations, or facilitates the growth of 
pre-existing, small tumors [18].  

The tumor doubling time (TDT) concept is useful for assessment of the duration of 
prediagnostic stage of cancers. It is defined as the time for a tumor volume or cell number to 
double once [68]. TDT depends on many variables such as rate of cell division, proportion of 
actively dividing cells, rate of apoptoses, angiogenetic potential, intermitotic interval, 



Zsuzsanna Suba 112 

shedding of tumor cells, ratio of tumor and stromal cells and so on. These numerous factors 
explain the wide range of estimations of TDT in breast cancer [63,67]. Current data show that 
a median TDT for human cancers may be 50-100 days [68]. 

A size of 1 cm in diameter is more or less the smallest tumor to be diagnosed clinically. 
This corresponds to rough and ready 109 cells but this number depends strongly on the tumor 
cell size [67]. This means that on average at least 1750-3500 days (5-10 years) are necessary 
from the initial mutation to a clinically and/or mammographically detectable tumor mass 
[28]. However, this calculation is true for a tumor only in case of ideal circumstances and 
does not consider the cell loss by apoptosis, death and shedding [68]. Further, there are no 
data concerning the time demand of the transition from an intraepithelial, non-invasive cancer 
to an invasive one, which will further prolong the period from tumor initiation to clinical 
cancer diagnosis [18]. In reality, the estimated time from initiation to a diagnosable cancer 
might be much longer than 5-10 years.  

Considering the theories on tumor growth dynamics, the presumable time between 
supposed initiation of breast tumors by HRT and clinical detection seems to be at least 10 
years or even longer [18]. All the studies showing associations between HRT and breast 
cancer are based on far shorter observational periods.  

 
 

Awareness of Estrogen Receptor Positivity of Cancers 
 
The mechanisms of initiation versus promotion of hormone sensitive cancers, particularly 

breast cancer, are only scarcely understood. A widespread theory is that hormonal influence 
of breast cancer is necessary from the primordial mutation to clinical cancer diagnosis after 
many years [4,17].  

The pathophysiological prerequisite for the initiation and progression of hormone 
induced cancer in postmenopausal women and its association with HRT use is the presence 
of active estrogen receptors in the target tissues [18]. However, it is a well-known fact that 
estrogen receptor expression is fairly different in breast cancers and there are also receptor-
negative tumors. Unfortunately, the studies, which formed the current view on the HRT-
induced cancer risk did not incorporate biochemical or immunohistochemical data to clarify 
levels of estrogen receptor expression of breast cancers [18]. These shortcomings may also 
explain the controversial associations of HRT and breast cancer risk and the results become 
questionable.  

Doubts concerning HRT induced cancer initiation. Majority of breast cancers detected in 
association with HRT use are histologically well differentiated and have a relatively good 
prognosis [18]. These are usually slowly growing cancers and do not metastasize early. 
Generally, the low-grade breast cancers with low malignancy are estrogen receptor positive. 
As hormone receptors are the prerequisites for the theoretical impact of HRT use on breast 
cancer initiation, only the differentiated, receptor positive cancers with slow progression may 
be associated with hormonal influences. 

However, initiation of both ER-positive and ER-negative breast cancers may be equally 
possible based on the estrogen deficiency theory. Gene regulation disturbance caused by 
estrogen loss does not require normal ER signals, in contrast, overwhelming growth factor 
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activities become predominant versus non-liganded, altered ERs. By this way estrogen 
deficiency may induce either highly differentiated, receptor-positive or poorly differentiated 
receptor-negative cancers.  

ER-positive breast cancers are predominantly slow growing tumors requiring longer 
period between presumed HRT-induced initiation and clinical cancer diagnosis as compared 
with undifferentiated, receptor negative ones. Consequently, for hormone receptor positive, 
highly differentiated cancers an even much longer observational period would be necessary 
to establish the correlation between HRT use and breast cancer risk.  

In contrast, estrogen deficiency induced breast cancer may be initiated in the pre- or 
perimenopausal period by moderate estrogen loss previous to the beginning of HRT. At 
menopause a further, abrupt decrease of estrogen level may provoke postmenopausal 
complaints and at the same time, faster growth of the pre-existing cancer. However, HRT use 
will alleviate the complaints and diminish the aggressivity of the early cancer. This 
explanation illuminates both the possibility of clinical cancer diagnosis after 4-5 years of 
HRT use and the lower aggressivity of cancers associated with hormone treatment. 

Doubts concerning HRT induced cancer promotion. Dietel et al. proposed that as the 
observation time of women with HRT use is not long enough, hormones may not initiate but 
perhaps may accelerate the tumor growth leading to an earlier clinical discovery. A 
contradictory result with HRT associated promotion of breast cancer is the slower growth, 
reduced aggressivity of tumors and longer survival among HRT user women as compared 
with those who did not take HRT [18]. Nevertheless, as only hormone sensitive tumors may 
be affected by HRT and hormone receptor expression means a higher differentiation of breast 
cancers, it is not probable that hormone treatment induces dedifferentiation and more rapid 
progression of tumors. 

Cancer initiation and promotion are generally not contradictory processes. There are 
many factors, including hormonal signals, which may induce both cancer initiation and 
promotion. Increased rates of tumor initiation and progression have been observed in 
compensatory hyperinsulinemia associated with insulin resistance. Elevated insulin and 
concomitantly elevated IGF levels are proven risk factors for both breast cancer initiation and 
progression (see Chapter 2). In case of another hormone, such as estrogen, an inverse effect 
on tumor initiation as compared to tumor promotion is hardly justifiable. 

 
 

Anticancer Capacity of HRT Use in Several Organs 
 
Decisive proofs against HRT-induced cancer initiation are the recently published 

beneficial anticancer effects of hormone treatment against moderately and highly hormone 
dependent tumors at several sites. Favorable effects of HRT use have been published in 
relation to oral, esophageal, gastric, colorectal, lung, cervical, liver and urinary bladder 
cancers [13,21,22,24,36,51,52,58]. Recently, similar protective effect of HRT has been 
observed against the highly estrogen sensitive breast and endometrial cancers [3,5]. 
Explanation to these widespread epidemiological data is quite impossible based on the theory 
of estrogen-induced carcinogenesis. 
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Recently, there have been studies on the different activities of estrogen and ERs on 
various cell groups (see Chapter 5). However, the carcinogenic and anticancer capacity of 
such an important hormone may not be reconciled even on cells with fairly different structure 
and function. 

 
 

Estrogen Deficiency and Cancer Risk in Postmenopausal Women 
 
Cancer development requires many years from initiation to clinical appearance, and this 

is valid also for estrogen deficient postmenopausal women, especially if the main exogenous 
cancer risk factors are missing (see Chapter 8). The majority of postmenopausal cancers may 
be initiated at the perimenopausal or postmenopausal estrogen deficient period and the 
clinical manifestation occurs much later. As the average age at menopause is about 50 years 
in Hungary, the age above 60 may be especially dangerous for clinical appearance of 
malignancies at moderately estrogen sensitive sites in women. 

Smoking associated tumors can be regarded as typically moderately estrogen sensitive 
malignancies such as cancers of the oral cavity, pharynx, larynx, lung and urinary bladder. 
Their incidence exhibits very high male to female ratios and has controversial correlations 
with HRT use. Recent literary data support that postmenopausal hormone therapy seems to 
have advantageous anticancer impact on these types of cancers (see Chapter 4). These 
observations suggest that estrogen loss in postmenopausal women may have crucial role in 
development of smoking-related cancers, which seems to be independent of smoking habits 
[59,70].  

Oral cancer is a typically smoking-associated tumor with high male to female ratio and is 
regarded as moderately hormone sensitive type. Almost exclusively postmenopausal state of 
the female oral cancer patients suggested that estrogen deficiency has crucial role in the 
development of this tumor. The length of interval between their menopause and tumor onset 
proved also to be decisive factor in the clinical appearance of oral cancer. Fairly long mean 
interval between menopause of oral cancer cases and tumor diagnosis (near 17 years) 
suggested an important role of estrogen deprivation in oral cancer initiation [70,71]. The 
longer the postmenopausal period of estrogen deficiency the higher the possibility of clinical 
manifestation of tumors initiated by estrogen loss. 

An early menopause, such as premature ovarian failure under 40 years or premenopausal 
hysterectomy with or without ovarectomy mean a shorter hormonally active reproductive 
period and may have thorough consequences affecting gene regulation. A significantly higher 
ratio of young age (<45 yrs) at menopause among the female oral cancer cases as compared 
with the age-matched tumor-free controls was demonstrated.  

Moreover, a sudden loss of the estrogen signal may be an especially dangerous shock for 
the regulatory mechanisms both in the highly and moderately estrogen sensitive organs. 
Hysterectomy with or without ovarectomy proved to be a high risk factor for oral cancer 
among women in our epidemiological study.  

Cancers of the highly estrogen sensitive organs such as breast cancer may also occur in 
older postmenopausal cases. In these women a good hormonal equilibrium may be presumed 
during their reproductive period, which defends the highly hormone sensitive organs from 
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cancer initiation. The first shock of estrogen loss arises in the perimenopausal period, which 
may serve as cancer initiator. However, the continuously decreasing ovarian estrogen 
synthesis during postmenopausal life may be a sword of Damocles for all organs.  

 
 

Moderate Estrogen Deficiency and Cancer Risk in Premenopausal Women  
 
The carcinogenic effects of marked estrogen deficiency may easily be studied in women, 

since their life is clearly separated into premenopausal and postmenopausal periods. 
However, the long-term systemic effects of mildly or moderately decreased estrogen levels in 
premenopausal women maybe hardly clarified. 

In premenopausal women there are many pathological states predisposing to mild or 
moderate estrogen deficiency. Ovarian insufficiency may result in long or irregular menstrual 
cycles and unexplained infertility. Chronic anovulation and ovulatory dysfunction were 
found also to be associated with increased prevalence of endometrial cancer [16,66]. 
Spontaneous and induced abortions provoke sudden decrease of the highly elevated estrogen 
level and may be regarded as transitory periods with increased inclination to disorders of 
gene regulation. Literary data are controversial concerning the associations of abortion and 
breast cancer risk; however, late termination of pregnancy at abortion seems to be a high risk 
for breast cancer (see Chapter 4). 

Immunosuppressive therapy against autoimmune diseases, cancer or rejection reaction in 
organ transplantation cases may also induce ovarian insufficiency and risk for development 
of malignancies.  

Polycystic ovarian syndrome (PCOS) is a complex disorder that is presumably caused by 
a large number of different genetic abnormalities. PCOS is the most common endocrinopathy 
of women in reproductive age [23,54,61]. PCOS seems to be a pathological model of 
hormonal and metabolic alterations of postmenopausal status in premenopausal women. It 
may usually be manifested by menstrual disorders, anovulation, infertility, hirsutism and 
obesity and means a conspicuously increased risk for cancers at highly estrogen sensitive 
sites [23,54,69].  

Some authors suppose that unopposed estrogen levels continuously stimulate ERs in 
women with PCOS, which maybe a risk for endometrial and breast cancers [23]. However, 
insulin resistance and hyperinsulinemia in patients with PCOS are associated with high 
ovarian androgen synthesis and estrogen deficiency [49]. 

Infertility is the most sensitive indicator of hormonal disorders in symptom-free women. 
PCOS cases diagnosed among adolescents suggest that the disease may develop insidiously 
during puberty rather than at a later time of presentation of infertility [61]. Consequently, the 
hormonal insufficiency may be long lasting enough to promote cancer development in young 
adulthood of affected women. 

PCOS has a great significance as latent, undiagnosed cases are relatively numerous 
among the female population [12,56]. If the diagnosis is based on the morphological findings 
of ovarian pathology at either surgery or ultrasonography, then up to 20% of unselected 
women have been reported to be affected [19,56]. Or about 25% of these women have no 
clinical symptoms although many do have laboratory findings suggesting endocrinologic and 
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metabolic disturbances associated with PCOS such as hyperandrogenism and 
hyperinsulinemia [7].  

As PCOS-associated endocrine alterations mean risk factors for breast and gynecological 
cancers. In otherwise healthy, young premenopausal patients with unexpected malignancies a 
thorough endocrinologic examination should be performed. 

 
 

Bewildering Differences between Cancer Epidemiology of Highly and 
Moderately Estrogen Sensitive Organs 

 
Epidemiological studies on the incidence rate of moderately estrogen sensitive cancers 

provide the possibility to compare the data of the two genders, whereas in case of highly 
hormone sensitive cancers of women this advantage is excluded.  

The most important source of misunderstandings and misinterpretations in the 
epidemiology of highly estrogen sensitive breast cancer may be that its exhibition is almost 
exclusively restricted to one gender. On the contrary, in case of the moderately hormone 
sensitive oral cancer, gender-related epidemiological differences and their trends have raised 
many questions to be answered (see Chapter 1). Moreover, the gender-related differences in 
oral cancer epidemiology served as leaders on the route from smoking associated cancers to 
the discovery of estrogen deficiency induced carcinogenesis.  

Recently estrogen and its receptors are regarded as pivotal gene regulators affecting cell 
growth, proliferation, differentiation and metabolism (see Chapter 5). Cells of all tissues and 
organs have estrogen receptors with variable expression levels and they are deeply influenced 
by estrogen receptor signal induced mechanisms even out of the female genital tract. 
Therefore, assumption of a strict distinction or even inverse mechanisms between 
carcinogenesis in highly and moderately estrogen sensitive organs is not reasonable.  

Cancers of the highly estrogen sensitive breast, endometrium and ovary have some 
special characteristics even without exogenous hormone treatment. They have no sharp 
distinction concerning the incidence rate between premenopausal and postmenopausal cases.  

Epidemiological data on cancers of the highly estrogen sensitive organs show a relatively 
wide range of ages among patients. Moreover, among breast cancer cases at least 25-30% of 
the affected women are premenopausal [34]. Recently, in a prospective study on breast 
cancer cases even more than 50% of the patients were premenopausal [46]. These data 
suggest that for the highly estrogen sensitive organs even a mild or moderate estrogen 
deficiency in young, premenopausal cases is enough to initiate gene regulation disorders.  

Breast cancer, which is a typical example of cancers of the highly hormone related 
tissues, is quite uncommon in women younger than 30 years of age. Thereafter, the breast 
cancer risk steadily increases throughout the life and after menopause the upward slope of the 
curve is much less steep [34]. Endometrial cancer may also occur in young women and up to 
30% of the cases may be premenopausal [66].  

These epidemiological data seem to support the carcinogenic capacity of moderate 
estrogen deficiency in young, premenopausal cases affecting both tumor initiation and 
promotion. Development of decreased or instable estrogen levels may be originated in 
adolescence and it may be completely symptom-free apart from the fertility problems. Organs 
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with high estrogen demand may be disturbed in their gene regulation at very young ages by 
hormonal disorders. Insidious, mild estrogen deficiency may result in development of 
diagnosable breast, endometrial or ovarian tumor in young adults.  

Later, the disorders of the hormonal equilibrium show a continuously increasing 
prevalence with age. Transitory or definite estrogen loss in the reproductive period caused by 
endogenous ovarian insufficiency, abortions, therapeutic measures or other causes may result 
in increasing prevalence of cancers in the highly hormone sensitive organs.  

Among premenopausal PCOS cases with hormonal disorders an increased prevalence of 
cancers could be observed preferentially in the breast, endometrium and ovary [54,55,61,69]. 
In a mortality study on patients with PCOS breast cancer proved to be the leading cause of 
death [54]. 

In the postmenopausal life further increase of breast cancer incidence can be observed. 
Initiation of breast tumors diagnosed in cases within 1-5 years after menopause may not be 
associated with either the exact date of the last menstruation or with HRT use. Tumor 
induction in these cases may be originated from a long lasting pre- or perimenopausal 
hormonal deficiency. Moreover, the postmenopausal abrupt decrease of estrogen levels may 
help the faster growth of a pre-existing, subclinical cancer.  

Cancers of the moderately estrogen sensitive organs occur typically in older cases among 
women [34] and they are supposedly postmenopausal suggestive of a profound estrogen loss 
in association with initiation of these tumors. Moderately estrogen sensitive cancers show 
striking differences in prevalence and age related distribution in the two genders. 

The male to female ratios of oral cancer showed a conspicuous dromedary-shape curve 
when they were studied in different age groups (Figure 6.1). Shockingly young oral cancer 
cases less than 30 years of age are extremely rare. Among them the effect of traditional, 
exogenous risk factors such as excessive alcohol intake or tobacco may be excluded, and a 
low male to female ratio or even predominance of female cases could be observed (see 
Chapter 1).  

 

 

Figure 6.1. Male to female ratio of oral cancer patients depending on their age shows a dromedary like 
curve and a steep decline begins at 51-55 years of age. 



Zsuzsanna Suba 118 

 

Figure 6.2. Percentage of male and female cases among oral cancer patients depending on their age. 
Between 40 and 60 years of age the male to female ratio is constantly high. At mean age of menopause 
(M) an increasing trend of cancer incidence among females but a decreasing trend among males can be 
observed. 

In young women oral cancer initiation requires more profound estrogen deficiency from 
their adolescence as compared with the highly estrogen sensitive cancers. As oral cancer has 
a multicausal origin, a further possibility is the coexistence of mild estrogen deficiency with 
other non-traditional cancer risk factors. Similar, estrogen deficient states are probably 
extremely rare in young boys; theoretically rather androgen excess may provoke their gene 
regulation disorders. These differences in hormonal disorders may explain the equalization of 
the male to female ratio of oral cancer among cases less than 30 years of age.  

Oral cancer incidence in adult and middle aged female cases (between 40-60 yrs) is rare 
as healthy women in their reproductive period enjoy the protective effect of female sexual 
steroids against cancers. Moreover, moderately estrogen sensitive cancers are rarely 
associated with mild hormonal disorders. Consequently, oral cancer cases between the ages 
of 40 and 60 exhibit the highest male to female ratio because of the low incidence rate of 
women. As clinical cancer diagnosis from perimenopausal tumor initiation requires at least 
10 years or more, the male to female ratio of diagnosable oral cancer remains high till the age 
of early 60s.  

However, above the age of 60, or about 10 years after the mean age at menopause a 
steeply increasing ratio of female oral cancer cases as compared with males justifies the 
tumor inductive effect of a sudden estrogen decrease at menopause. Percentage of male and 
female cases among oral cancer patients depending on their age exhibits characteristic curves 
(Figure 6.2). These age-dependent, gender related differences in oral cancer prevalence might 
plausibly derive from the coarse hormonal changes between the reproductive and 
postmenopausal periods of women. 
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Extraovarian Estrogen Synthesis 
 
There are recently clarified possibilities for extraovarian estrogen synthesis in 

postmenopausal women. In premenopausal women and estrous animals, the principal source 
of estradiol is ovarian, however, during reproductive senescence a significant amount of 
estradiol is produced extragonadally.  

Female sexual steroids may be synthesized from precursor steroids by aromatase enzyme 
activity in many cell and tissue types included vascular endothelium, bone, brain, breast and 
endometrium [41,42,45,60,73]. Surprisingly, these are the very tissues evidently endangered 
by an estrogen deficient milieu and the severe consequences are cardiovascular disease, 
osteoporosis and ischemic injuries of the central nervous system. Similarly, aromatase 
activity and extragonadal estrogen synthesis in the highly estrogen sensitive breast and 
endometrium suggest important defensive roles in postmenopausal women against cancer 
initiation.  

Some authors regarded estrogen accumulation in the breast tissue of postmenopausal 
women as justification of hormone induced carcinogenesis in estrogen deficient cases (see 
Chapter 4). However, it is not probable that a biological process serves as facilitation of 
cancer development. Rather, it may be a defensive mechanism, as highly estrogen sensitive 
tissues have increased inclination to cancer initiation in a hormone deficient milieu.  

 
 

Risk of Antiestrogen Therapy for Postmenopausal Women with ER-positive 
Breast Cancer 

 
Estrogen is not simply a regulator of mitogenic activity but has surveillance upon 

metabolic processes and oxidation equilibrium (Chapters 4, 5 and 7). Antiestrogen treatment 
has severe side effects, however its therapeutic gain is also questionable.  

Antiestrogen treatment of ER-positive breast cancers is an everyday adjuvant therapy. 
The most important mechanisms of these agents are competitive antagonism on estrogen 
receptors or inhibition of aromatase enzyme to block estrogen synthesis. Adjuvant therapy 
with the estrogen antagonist tamoxifen was considered the gold-standard treatment against 
ER-positive breast cancers.  

Tamoxifen use was associated with elevated risks of endometrial cancer incidence and 
mortality and uterine sarcomas seemed also to be overrepresented among women using 
tamoxifen. [38]. Aromatase inhibitors had substantial benefit in terms of tolerability of side 
effects; however, accelerated bone resorption was exhibited in treated postmenopausal 
women [10]. 

Astroglial aromatase activity and extragonadal estrogen production in the brain is a key 
to endogenous neuroprotection in female cases. Aromatase inhibitor treatment in 
postmenopausal women could have detrimental impact on ischemic brain [41]. 

Tamoxifen is a powerful inhibitor of the mitochondrial electron transport chain. It causes 
significant rise in mitochondrial lipid peroxidation, protein carbonyl content and superoxide 
radical generation. Taurine treatment was suggested to ameliorate tamoxifen-induced 
mitochondrial toxicity and to increase free radical-scavenging activity [53]. 
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The ineffective or insufficient anticancer capacity of estrogen inhibitors in breast cancer 
cases was regarded as “resistance” against the therapy. Nowadays, there are plenty of 
experimental data on cross talks and interplays between receptors of estrogen and growth 
factors (Chapter 5). Some researchers correctly assumed that inhibition of estrogen effect 
may provoke overwhelming predominance of growth factors, which leads to failure of tumor 
therapy. However, they tried to solve this contradiction by parallel inhibition of both estrogen 
and growth factor receptors [43,44].  

Unfortunately, the principle of tumor treatment by antiestrogen compounds is completely 
deceptive. Ineffectivity and harmful side effects of these “drugs” may be eliminated by 
complete abandonment of their use.  

 
 

Estrogen Deficiency in Men 
 
In men, the metabolic importance of the estrogen milieu has been newly recognized, and 

today its role in male physiology seems to be also essential [20].  
Complete estrogen deficiency in males is extremely rare such as aromatase deficiency 

and estrogen resistance [11,65]. Examinations on these sporadic male cases resulted in 
striking findings concerning metabolic disorders, such as severe type-2 diabetes being 
resistant to usual therapy. In these totally estrogen deficient males type-2 diabetes may be 
treated by estrogen administration. Of course, these sporadic estrogen deficient male cases 
cannot supply any information concerning the long-term effects, even the carcinogenicity of 
their hormonal disorder. 

Currently, the pathophysiological effects of moderate estrogen deficiency in men and its 
consequences are quite obscure. Based on the findings found in female cases, disturbed 
equilibrium of sexual steroids and especially estrogen deficiency may also be important 
cancer risk factors in men. This will probably be a more difficult though exiting area for 
further investigations. 
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Chapter 7 
 
 

Insulin Resistance, Estrogen  
Deficiency and Cancer Risk 

 
 

The Diabolic Triad 
 
Insulin resistance and estrogen deficiency are well-known concordant disorders with 

mutual interrelationship. Moderate or severe estrogen deficiency proved to be a high risk 
factor for insulin resistance both in premenopausal and postmenopausal women as well as in 
rare male cases [9,31,59]. On the other hand insulin resistance and hyperinsulinemia provoke 
a severe imbalance in sexual steroid synthesis resulting in excessive androgen and low 
estrogen levels and interferes with estrogen effect even at receptor level [70].  

Our knowledge concerning consequences of insulin resistance is relatively young; its 
multifaceted complications were revealed at the end of the 20th century and at the same time 
it was regarded as a high risk for hypertension and arteriosclerotic lesions (see Chapter 2). 
Recognition of correlations between insulin resistance and malignancies suffered several 
years’ delay, but recently the role of insulin resistance in initiation and progression of cancer 
has been undoubtedly justified. On the contrary, estrogen deficiency had been a traditional 
etiologic factor for postmenopausal cardiovascular diseases for a long time. Now, after a long 
delay it is time for estrogen deficiency to join cancer risk factors (Figure 7.1). 

 

 

Figure 7.1. Correlations between insulin resistance, estrogen deficiency and their complications. 
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Clinical Associations between Estrogen Deficiency and Insulin Resistance 
 
A moderate or severe decrease of female steroid hormone levels enhances the prevalence 

of insulin resistant states both in premenopausal and postmenopausal cases. Clinical 
investigations suggest that in premenopausal women long or highly irregular menstrual 
cycles are predictors for risk of type-2 diabetes [85]. Consequently, estrogen deficiency 
affects not only the generative functions but also the general health of women. 

The polycystic ovarium syndrome (PCOS) in young, premenopausal women is an 
important pathologic example of the correlations between estrogen deficiency and insulin 
resistance [9]. The cardinal symptoms are anovulation, infertility, hirsutism and obesity. In 
the background insulin resistance, hyperinsulinism and hyperandrogenism are the main 
findings [70]. The luteinizing hormone may also be increased and in typical cases decreased 
levels of sex hormone binding and IGF-I binding proteins may be found.  

In PCOS cases insulin resistance and hyperinsulinemia overregulate ovarian androgen 
synthesis at the expense of reduction of estrogen production [71]. In young PCOS cases the 
deceiving presentation of normal serum glucose level and regular cycles may be insidiously 
associated with severe hyperinsulinemia and laboratory findings of hyperandrogenism [17].  

The use of insulin sensitizing drugs in PCOS cases has been shown to lower serum 
insulin level, which improves many of the troublesome manifestations of the syndrome. 
Metformin is the most commonly used insulin level lowering drug in PCOS cases and it can 
improve menstrual abnormalities, ovulatory dysfunction, infertility and hirsutism [71]. 
However, in the rare cases of estrogen deficient males the severe type-2 diabetes may be 
treated by estrogen administration [31].  

Women with PCOS have been shown to have consistently higher rates of metabolic 
syndrome [35,80,81]. Among women with PCOS diagnosis the prevalence of metabolic 
syndrome was evaluated to be 43%. This represents a twofold higher prevalence than that 
reported for age-matched women in the general population [1].  

In PCOS cases increased prevalence and predictors of risk for impaired glucose tolerance 
and type-2 diabetes were assessed in prospective controlled studies [53]. Impaired glucose 
tolerance was observed in 20 to 40% of women with PCOS, which was a significantly higher 
prevalence than among age and weight-matched premenopausal women. Type-2 diabetes 
proved to be three to seven times more likely to develop in women with PCOS as compared 
with control patients [53,28]. In young women PCOS may predict an increased risk of both 
metabolic syndrome and type-2 diabetes [28,29,35,53]. Similarly, among premenopausal 
women with type-2 diabetes, an increased prevalence of PCOS could be observed [73]. 

Adolescent girls with PCOS have profound metabolic derangement detected early in the 
course of the syndrome including insulin resistance and compensatory hyperinsulinemia. 
These observations predict an increased risk for type-2 diabetes of PCOS cases even in 
adolescence [54]. 

PCOS is not an infertility disease alone but is a systemic disorder with long-term 
consequences. PCOS associated insulin resistance means general health risks for the affected 
women. Increased prevalence of diabetes mellitus, hypertension and cardiac complications 
were observed in a follow up study of a Dutch population of women with PCOS [29]. Close 
associations between PCOS and premature coronary and aortic atherosclerosis were revealed 
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in middle-aged women [90,91]. A retrospective Swedish study found 7.4-fold risk of 
myocardial infarction among women suffering of PCOS [24]. Correlation between polycystic 
ovaries and extent of coronary artery disease was justified in women having cardiac 
catheterization [7]. However, another study on the general health of PCOS cases could not 
justify a significantly increased rate of cardiovascular mortality among women with PCOS as 
compared with that of the general female population [74].  

Elevated androgen levels in women are also associated with an increased risk of type-2 
diabetes [96]. Excessive androgen level may be due to the decreased conversion of 
testosterone to estrogen by aromatase cytochrome P450 resulting in decreased estrogen level 
[4]. When the ratio of androgen/estrogen level is increased in women, development of male 
physical characteristics of muscle mass and android type visceral adipose tissue 
accumulations are the most important symptoms. Such women have an increased risk of 
developing hypertension, type-2 diabetes and cardiovascular disease [8]. The mechanism may 
be muscular insulin resistance in women with relative androgen excess. 

In the climacteric and postmenopausal period, increased body weight and central body 
fat distribution are often observed in women and the prevalences of type-2 diabetes and 
impaired glucose tolerance increase dramatically with age [52]. Theories emerged that 
estrogen deficiency and increased androgen activity are responsible for the worsening of 
glucose homeostasis in genetically susceptible postmenopausal women [40,97]. Among 
postmenopausal women serum glucose and insulin levels have been found to be higher than 
among premenopausal patients, and increased prevalence of metabolic syndrome and type-2 
diabetes have also been observed after menopause [32,81,98]. 

Earlier literary data on the relationship between menopause and type-2 diabetes are more 
or less controversial. Several authors showed that there is no significant correlation between 
changes in fasting plasma glucose level and natural or surgical menopause [10,44,59]. 
Recently, postmenopausal estrogen deficiency appears to be associated with an increased risk 
for development of the metabolic syndrome [81]. Moreover, menopause appeared to be an 
important risk factor for diabetes in Japanese-American women as it was associated with 
accumulation of visceral fat and development of insulin resistance [33].  

A possible explanation for these conflicting observations is that researchers did not 
consider age at menopause and years following the onset of menopause in the examined cases 
[98]. Glucose and insulin levels as well as insulin sensitivity might not change immediately 
following menopause. However, a progressive increase was seen in insulin resistance and in 
serum insulin levels that relate to time since menopause rather than to chronological age of 
the patients [36,77]. This continuous progression of insulin resistance in postmenopausal 
women suggests a close correlation with the decreasing ovarian estrogen production.  

Comparison of pre- and postmenopausal women exhibited a 2.3-fold increase in impaired 
glucose tolerance and a 5.7-fold increase in type-2 diabetes in the latter group. Every year 
after menopause conferred a negative influence on insulin sensitivity and increased the risk of 
impaired glucose tolerance [98]. Glucose intolerance in postmenopausal women has been 
consistently reported as risk factor for cardiovascular diseases [38]. It is very important for 
clinical practitioners to take glucose intolerance into consideration in women with increasing 
number of years after menopause. 
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Molecular Mechanism of Estrogen Effect on Glucose Metabolism 
 
Estrogen has beneficial effects on the energy metabolism and glucose homeostasis by 

means of several possible pathways [5]. It regulates the insulin production capacity of the 
pancreatic islet cells [22]. In the liver, estrogen regulates insulin sensitivity by the activation 
of glycogen synthase and glycolytic enzymes [13]. Moreover, estrogen advantageously 
regulates the activity of glucose transporters in the peripheral target tissues [l4].  

Elevated plasma glucose level during the post-prandial phase is controlled by increased 
insulin secretion of the pancreatic β-cells. In animal experiments ovarectomy is associated 
with increased risk of diabetes, whereas estrogen administration improves the insulin 
response to glucose load [37]. Estrogen enhanced glucose-induced insulin secretion within 3-
5 minutes of perfusion into whole rat pancreas and in mouse islets [22,37]. The mechanism is 
not fully clarified, but estrogen appears to act synergistically with glucose resulting in a 
calcium-mediated stimulation of insulin secretion. This may explain the apparent suppression 
of glucose induced insulin secretion in estrogen deficiency. 

In aromatase knockout (ArKO) mice the enzyme for estrogen biosynthesis is inactivated, 
and these estrogen deficient animals have reduced glucose oxidation, increased adiposity and 
high insulin levels, which are the features of insulin resistance. Glucose intolerance of ArKO 
mice can be reversed by estrogen treatment both in females and males [47]!  

 

 
Source: Barros RPA, Machado UF and Gustafsson JA: Trends in Molecular Medicine 9:425-431, 2006. 

Figure 7.2. Model summarizing the interaction of insulin and glucose uptake in insulin-sensitive tissues. 
Insulin receptors are located on the cell membrane and their activation by the hormone causes the 
phosphorylation of the transmembrane subunit b. Once activated, several cytoplasmatic proteins are 
phosphorylated, including IRS-1 and PI3-K, which are essential for insulin signaling. The end result of 
this phosphorylation cascade is the translocation of vesicles that contain GLUT4 to the cell membrane, 
where the protein anchors and enables the uptake of glucose by facilitated diffusion. Any alteration in 
insulin signaling (1), GLUT4 expression (2), translocation or anchorage (3) causes insulin resistance. 
Abbreviations: GLUT4, glucose transporter 4; IRS-1, insulin receptor substrate 1; P, phosphate; PI3-K, 
phosphatidylinositol 3-kinase. 



Insulin Resistance, Estrogen Deficiency and Cancer Risk 131

In estrogen deficient states, such as menopause, increased prevalence of type-2 diabetes 
and obesity may be only partially reversed by restricted diet because it cannot improve 
pancreatic β-cell mass and function. However, in postmenopausal women regular physical 
activity or even estrogen replacement alone has more beneficial metabolic effect suggesting 
their direct impact on improving insulin secretion capacity and proliferation of β-cells [22]. 
Consequently, estrogen treatment in postmenopausal women may prevent the prevalence of 
type-2 diabetes and delay its progression.  

In the liver, glucose homeostasis is maintained by the equilibrium of glycogen synthesis 
and glycogenolysis. Insulin regulates the glucose uptake and glucose output of the liver in 
case of normal insulin sensitivity [5]. Abnormalities of the enzyme activities in the liver can 
lead to insulin resistance. In ER-α receptor knockout (ERKO) animals [56] hepatic insulin 
resistance is associated with decreased glucose uptake in skeletal muscles [13]. These 
findings reveal evidence that estrogen receptor-alpha plays an important role in the regulation 
of glucose homeostasis and of insulin sensitivity of the liver in mice.  

Peripheral glucose uptake requires an active transport through the double lipid layer of 
the cell membrane (Figure 7.2). Insulin binding to the insulin receptors on the cell surface is 
the first step to transport glucose molecules to the cytoplasm. Insulin receptors have two α-
subunits, which are located on the outer surface of the cell and contain the binding sites for 
insulin, whereas the two transmembrane β-subunits are responsible for signal transduction. 

 

 
Source: Barros RPA, Machado UF and Gustafsson JA: Trends in Molecular Medicine 9:425-431, 2006. 

Figure 7.3. Model representing mechanisms by which ERa and ERb might modulate expression of the 
gene that encodes GLUT4. E2 exerts its action through ERa and ERb, which interact with the promoter 
region of the gene through transcriptional factors SP1 and NF-kB. The activation of ERa increases 
protein expression through SP1, a stimulator of GLUT4 expression. ERa also inhibits the binding of 
NF-kB to its response element. NF-kB is a potent repressor of GLUT4 expression and this inhibition 
might lead to increased GLUT4 expression. In contrast, activation of ERb opposes ERa action and 
inhibits SP1-induced gene expression, reducing GLUT4 content. Abbreviations: ERa, estrogen receptor 
a; ERb, estrogen receptor b; GLUT4, glucose transporter 4; NF-kB, nuclear factor-kB; NF-kB -RE, 
nuclear factor kB response element; SP1, specificity protein 1; TATA box, initiation site of 
transcription. 
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When insulin interacts with the external α-subunits, autophosphorylation of the β-subunits 
occurs at multiple tyrosines, which results in activation of insulin signal transduction [50]. 
This phosphorylation cascade provokes translocation of glucose transporter (GLUT4) 
containing cytoplasmic vesicles to the cell membrane [99]. GLUT4 anchored to the cell 
membrane enables the facilitated diffusion of glucose from the extracellular space into the 
cell [39]. Any alteration in these mechanisms, such as insulin signal transduction, GLUT4 
expression and/or translocation may result in insulin resistance [5]. 

Estrogen receptors (ERs) are newly recognized important players in glucose metabolism 
[5]. They advantageously modulate insulin stimulated glucose uptake through regulation of 
the tyrosine phosphorylation of insulin receptor protein [64]. 

ERs have crucial roles in peripheral glucose uptake by regulation of glucose transporters 
(Figure 7.3). They participate both in GLUT4 expression and translocation. In ovarectomized 
rats, estradiol substitution increased the amount of GLUT1 protein in the blood-brain barrier 
[83]. In immature rat uterus estradiol treatment caused a fourfold increase in GLUT1 protein 
content and also increased glucose uptake [95]. In another study expression of GLUT1, 
GLUT3 and GLUT4 decreased in the frontal cortex of castrated female monkeys, however, 
estradiol treatment reversed the glucose transporter expression in the cortical tissue [19].  

In human adipocytes GLUT4 abundance is highly correlated with insulin responsiveness. 
In PCOS cases, in which ovarian overproduction of testosterone is characteristic, insulin 
stimulated glucose uptake was reduced due to decreased amounts of GLUT4 on adipocyte 
membrane [79].  

However, studies on ovarectomized rats revealed that high doses of estradiol alone or in 
combination with progesterone decreased GLUT4 expression in the adipose tissue [89]. 
Another study showed that physiological doses of estradiol and progesterone reduced GLUT4 
expression in the smooth muscle and white adipose tissue of ovarectomized rats [14]. 
However, this reduction might also be attributed to reduced physical activity of these animals 
and not only to the administered hormones [5].  

ER-α and ER-β seem to have opposite actions on glucose homeostasis and modulation of 
GLUT4 activities. Mice that lack ER-α are insulin resistant; exhibit impaired glucose 
tolerance and obesity, affecting both males and females. This highlights the importance of 
ER-α action for maintenance of normal glucose homeostasis in both sexes [42]. In contrast, 
the role of ER-β in this homeostasis has not been perfectly clarified. In mice that lack ER-α, 
estradiol retrieval by ovarectomy improved the glucose metabolism [66], suggesting that ER-
β activation might have a diabetogenic effect and opposes the action of ER-α [5]. In mice, 
GLUT4 regulation in the gastrocnemius muscle by both estrogen receptor isoforms is a 
further important proof for correlations between ERs and regulation of insulin sensitivity [5].  

A plausible hypothesis is that in cells with coexpression of both ER isoforms there is a 
continuously adjusted balance between ER-α and ER-β to maintain the ideal GLUT4 
expression and glucose homeostasis. 

Estradiol regulates the action of insulin at receptor level in a concentration-specific 
manner [67]. Higher concentrations of estradiol can inhibit insulin signaling by modulation of 
insulin receptor substrate-1 (IRS-l) phosphorylation in 3T3-Ll adipocytes. As insulin has not 
only metabolic but also mitogenic effects, inhibition of the excessive insulin receptor signal 
by estrogen may be a safety impact both against pathological glucose uptake and cell 
proliferation.  
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Summarizing the effects of estrogen and ER signals, they are important regulators of 
glucose uptake and insulin sensitivity and have mainly antidiabetogenic impacts. In vitro 
studies, animal experiments and clinical examinations justify that estrogen deficiency or 
disturbances in the ER signal result in insulin resistance, even type-2 diabetes. 

 
 

Effects of Estrogen on Lipid Metabolism 
 
Hypercholesterolemia, high level of low-density lipoprotein (LDL) and low level of 

high-density lipoprotein (HDL) cholesterol concentrations of the serum mean high risk 
factors for atherosclerosis and its complications (see Chapter 4). Postmenopausal women 
have higher total cholesterol, LDL cholesterol and triglyceride levels and lower HDL 
cholesterol levels compared with premenopausal women. These changes may be regarded as 
a shift toward a more atherogenic lipid profile in postmenopausal cases [46].  

Postmenopausal estrogen therapy may reduce the risk of cardiovascular disease and this 
beneficial effect may be mediated in part by favorable changes in plasma lipid levels. Oral 
estradiol treatment reduced the LDL cholesterol concentrations by its accelerated catabolism 
while minimalizing the potentially adverse effects on triglyceride levels [94].  

In animal experiments, estradiol administration lowered the level of lipid peroxidation 
and improved the dysfunction parameters of the liver in aged rats [41]. The LDL receptor 
(LDLR) gene is activated by estradiol in the liver, which suggests an important role of 
estrogen in hepatic lipid metabolism [55]. The non-genomic tyrosine kinase signaling system 
was also shown to have important impact on estrogen-induced LDL receptor gene expression 
in HepG2 cells [27]. Furthermore, an androgen receptor-mediated antagonism of estrogen-
dependent LDLR transcription was observed in cultured hepatocytes [23]. This observation 
may at least partially reveal the antagonistic associations of sexual steroids with lipid 
metabolism and vascular diseases.  

 
 

Effects of Insulin on Steroid Hormone Production and on their Signals at 
Receptor Level 

 
Among premenopausal, young women with type-2 diabetes 25-28% exhibited the 

clinical evidence of PCOS and the associated imbalance of the sexual hormone levels [73]. 
Moreover, in young women with type-2 diabetes the prevalence of polycystic ovaries proved 
to be as high as 80% after thorough investigations [21]. 

Insulin is a potent effector of human sexual steroid hormone production in the endocrine 
organs and modulates estrogen signals at receptor level. Insulin resistance may contribute to 
hyperandrogenism and anovulatory dysfunction through several pathways [80]. Furthermore, 
insulin and insulin-like growth factor receptors transfer potent mitogenic stimuli and share 
important functions with ERs in the control of cellular proliferation. Interplays among 
insulin, IGF and estrogen receptor signals are discussed in Chapter 5.  

Hyperinsulinemia in the first, compensated phase of insulin resistance stimulates ovarian 
androgen production at the expense of reduction of estrogen synthesis [70]. Elevated insulin 
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level stimulates testosterone biosynthesis of human ovarian thecal cells from women with 
PCOS. Thus hyperinsulinemia results in a serious imbalance of sexual steroid hormone 
levels, by causing an excess of androgens and estrogen deficiency. After therapeutic 
reduction of insulin secretion in PCOS cases a decrease in ovarian cytochrome P450c17 
alpha activity and serum free testosterone level could be observed [69]. Treatment by insulin 
sensitizing Metformin was shown to inhibit directly the androgen overproduction in human 
ovarian thecal cells [2].  

Insulin and insulin-like growth factor-I receptors may synergize with luteinizing 
hormone (LH) to promote androgen production by ovarian theca cells [15,16]. Further 
evidences supported that increased androgen production by ovarian theca cells in PCOS cases 
may be caused by an additional intrinsic alteration in their steroidogenic activity [68]. Insulin 
may also affect the pituitary to favor the secretion of LH and increases adrenal androgen 
production by means of an increased adrenal sensitivity to adrenocorticotropin [61]. Insulin, 
somatotropin and luteinizing hormone axes may also have gonadotropin augmenting effects 
both in lean and obese PCOS cases, resulting in endocrine and metabolic dysfunctions [63]. 
Hyperfunction of the hypothalamic-pituitary axis in women with PCOS was also justified as 
causal factor of altered neuroendocrine regulation of gonadotropin secretion [92,93].  

 
 

Increased Cancer Risk of Insulin Resistance among Women as Compared 
with Men 

 
Gender-related differences in all cause and cardiovascular mortality were observed 

related to hyperglycemia and newly diagnosed diabetes (45). Several literary data suggest 
that insulin resistance is a higher cancer risk for women than for men, especially after 
menopause (see Chapter 3). As insulin resistance is a proven risk for cancer initiation and 
progression, the associated estrogen deficiency may cause even higher cancer risk. Pre- or 
postmenopausal decrease of estrogen level, relative excess of androgens and 
hyperinsulinemia with the concomitantly elevated IGF-I level exert a cross fire at cellular 
level and may induce serious gene alterations, even malignant transformation.  

In Sweden type-2 diabetes and insulin resistance were established as cancer risks 
preferentially in women. The total cancer risk in women significantly increased with rising 
plasma levels of fasting and postload glucose, however in men this correlation was not 
observed [87].  

In a study in India, associations between diabetes mellitus and premalignant oral lesions, 
such as leukoplakia and erythroplakia were observed only in female cases, although the 
underlying mechanisms were not discussed [26]. In a representative sample of the US 
population diabetes was found as an independent predictor for oral leukoplakia. However, 
postmenopausal female cases with a history of estrogen use were less likely to have oral 
leukoplakia with an OR of 0.34 [25]. These data justify the defending effect of HRT use 
against oral premalignancies.  

Among Hungarian oral cancer cases, elevated fasting glucose proved to be a significantly 
high cancer risk among near exclusively postmenopausal women but not in men. These 
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results suggest that insulin resistance and estrogen deficiency are combined cancer risk 
factors in women [88]. 

Correlations between glycemic index and glycemic load as well as risk for upper 
aerodigestive tract neoplasms were also studied [3]. The risk was apparently stronger in 
women with high body mass index and insulin resistance as compared with men. Though 
exact data on the menopausal state of female cases were not published, cancers at these sites 
affect typically older women. Consequently, obese, insulin resistant postmenopausal women 
with lower estrogen levels exhibited increased inclination to oral and pharyngeal cancers 
associated with high glycemic load.  

Cancer of the gingival tissue has a unique position among cancers. Though gingiva 
shows well-known high estrogen sensitivity, its cancer occurs both in male and female 
patients. Nevertheless, gingival cancer exhibits a conspicuously higher prevalence among 
women as compared with men. In our Hungarian case control studies strikingly increased 
prevalence of gingival cancer among postmenopausal women was observed as compared with 
men [88]. High prevalence of gingival cancer among postmenopausal women with elevated 
fasting glucose also justified the carcinogenic capacity of combined estrogen deficiency and 
insulin resistance on highly hormone sensitive tissues in female cases.  

The squamous epithelial cell lining of the oral cavity and squamous oral cancer cells 
have more or less estrogen and progesterone receptors, which justifies that these tumors may 
be moderately hormone dependent [62]. Assessment of sexual hormone receptor status of 
oral, laryngeal and hypopharyngeal cancers revealed a predominance of ER alpha expression, 
however, sexual hormone receptor expressions did not affect the survival of patients [57]. 
Further similar studies would be necessary to compare the sexual hormone receptor 
expression of oral cancers between male and female patients, especially in gingival cancer 
cases. 

 
 

Increased Cancer Risk of Insulin Resistance among Postmenopausal as 
Compared with Premenopausal Cases 

 
There are many literary data to support that both pre- and postmenopausal estrogen 

deficiency are associated with insulin resistance [28,29,36,81,99]. Considering the cancer 
risk factors, different grades of estrogen deficiency and the associated insulin resistance have 
pivotal role in the development of malignancies in pre- and postmenopausal women.  

However, cancer epidemiology shows quite different features depending on the hormonal 
status of women. In premenopausal women marked prevalence of cancers in the highly 
hormone sensitive organs may be observed, whereas in postmenopausal cases the cancer 
incidence of both highly and moderately estrogen sensitive organs shows an increasing trend. 

The tumor incidence rate of the moderately estrogen sensitive organs is low in 
premenopausal cases, and increases slowly after menopause in middle-aged women and 
steeply in elderly women over 60 years of age (see in Chapter 6). As oral cancer is a typical 
example of the moderately estrogen sensitive tumors, its initiation usually requires a 
profound estrogen deficiency, especially in the absence of other, exogenous noxae.  
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Our Hungarian epidemiological study on oral cancer cases resulted in a disclosure of two 
systemic risk factors for oral cancer, namely, estrogen deficiency and elevated fasting glucose 
in postmenopausal women [88]. Smoking and excessive alcohol consumption proved to be 
strong but not exclusive risk factors for oral cancer among these women. These two risk 
factors have not only harmful local effects, but they may also induce complex mechanisms 
affecting disadvantageously the metabolic and hormonal system. Smoking and excessive 
alcohol consumption have close interrelations with insulin resistance, enhanced oxidative 
stress and increased ratio of male to female sexual steroid levels. These systemic changes 
may exert their carcinogenic capacity on the oral mucosa in a second phase via the 
circulatory system. 

Among young, premenopausal women even slight or moderate estrogen deficiency may 
induce gene regulation disorders preferentially in the highly estrogen sensitive organs. In 
premenopausal women PCOS with anovulation and insulin resistance means a common risk 
for cancers of the breast, endometrium and ovary [34]. Mortality data of women with PCOS 
were examined in a long-term follow up study in the UK and breast cancer was the most 
common cause of deaths [74].  

A strong association between PCOS and endometrial cancer was also observed and this 
was confined preferentially to premenopausal women [75]. In a further study nulliparity, 
irregular or long menstrual cycles, diabetes and hypertension were strongly associated with 
endometrial cancer and in addition a high incidence of synchronous primary ovarian cancers 
could be observed in premenopausal cases [84]. Primary ovarian cancers are also frequently 
associated with PCOS in young women [74,86].  

Insulin resistance seemed to be decisive risk factor for endometrial cancer, and this 
correlation proved to be independent of endogenous hormone levels of the patients [76]. In 
an Italian case-control study, correlations of diet with ovarian cancer were assessed [11]. A 
diet giving defence against insulin resistance, including fish, raw and cooked vegetables as 
well as pulses showed an inverse association with cancer risk of the ovary. Unfortunately, 
hormonal disorders and menopausal state of the women included in the study were not 
registered. 

Breast cancer may be regarded as a typical example of tumors of highly hormone 
sensitive organs. Recently, in a prospective study, correlations of fasting serum glucose level 
and breast cancer risk were examined separately in pre- and postmenopausal women [65]. 
This study allowed for distinction between patients with different estrogen levels. Elevated 
fasting glucose was a significant tumor predictor in both groups of breast cancer cases. 
Moreover, elevated serum levels of bioavailable free and protein bound IGF-I also showed 
correlation with breast cancer risk both in pre- and postmenopausal cases, especially among 
obese older women! Postmenopausal obesity was associated with a higher risk of breast 
cancer, particularly among women not using hormone replacement, whereas obese 
premenopausal women had a lower breast cancer risk [65].  

However, the authors did not discuss their striking but absolutely correct finding that a 
postmenopausal HRT proved to be beneficial against breast cancer risk. These results reflect 
in an exact manner that insulin resistance alone in hormonally active premenopausal women 
is not so high breast cancer risk as compared with combined insulin resistance and estrogen 
deficiency in postmenopausal cases without HRT use. 
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In a recent study, breast cancer incidence in women diagnosed at or after age of 65 years 
showed strong positive association with highly elevated fasting blood glucose (> or =7.0 
mmol/l) [78]. In these elderly women, at least 15 years after the average age of menopause, 
combination of severe estrogen deficiency and insulin resistance were strong, combined risk 
factors for breast cancer.  

Obesity and insulin resistance in postmenopausal women exhibit increased prevalence 
[81,98] and they are obviously associated with increased ratio of male to female sexual 
steroids and estrogen deficiency. Clinical studies support that type-2 diabetes also shows 
close correlations with an excessive androgen level in women [96]. Taken together, increased 
cancer risk due to insulin resistance and hyperinsulinemia among endangered 
postmenopausal women would require no further justification, however these disorders are 
associated with elevated androgen and decreased estrogen levels [40].  

Literary data on the hormonal and metabolic background of postmenopausal breast 
cancer cases present many controversial associations. Obesity, insulin resistance and type-2 
diabetes proved to be unquestionable risk factors for breast cancer among postmenopausal 
women [12,43,60], though these findings are associated typically with estrogen deficiency. 
Moreover, an abnormal androgen production was exhibited in women with breast cancers 
[82]. These correlations contradict to the coexistence of insulin resistance and excessive 
estrogen level, which are regarded as common risk factors for breast cancer.  

Though literary data on breast cancer risk struggle with the metabolic and hormonal 
contradictions the principle of estrogen carcinogenicity seems to be irrefutable. Many authors 
stand up for the carcinogenic capacity of estrogen in postmenopausal breast cancer cases 
[6,49,51,72]. Moreover, the main therapeutic measures include antiestrogen treatment against 
excessive, “harmful” estrogen effect in postmenopausal women. However, if the researcher 
insists on the premise that increased estrogen level is associated with breast cancer risk, the 
antagonism between insulin resistance and estrogen excess remains to be solved.  

Several authors tried to reconcile the contradictions between high serum androgen levels 
and breast cancer risk with preservation of the idea of estrogen carcinogenicity [30,51,58].  

In clinical studies, concomitantly elevated serum estradiol and testosterone 
concentrations were found to be associated with breast cancer risk [18,51], which seem to be 
controversial. Carcinogenic capacity of estrogen in postmenopausal women was also 
supported by the surprising assumption that adrenal androgens may stimulate the 
proliferation of breast cancer cells as direct activators of estrogen receptor-α [58]. Moreover, 
increased body mass index and fat deposition in insulin resistant, postmenopausal cases 
raised the idea of excessive conversion of testosterone to estrogen by aromatase activity of 
adipocytes [48]. All these ideas favoured to the evidence of estrogen induced breast cancer 
risk in postmenopausal women.  

Recently, postmenopausal estrogen production of cells in different organs with high 
estrogen demand, such as endothelium, glia, bone, breast and endometrium evoked many 
controversies and debates. This extraovarian estrogen accumulation may serve as a defence 
for organs, which exhibit enhanced vulnerability in estrogen deficient milieu rather than as a 
newly formed possibility to access chronic diseases, even cancers (see Chapter 5).  

Interestingly, the wide spread use of antiestrogen therapy against ER-positive breast 
cancers has severe side effects affecting the organs with high estrogen demand. Increased 



Zsuzsanna Suba 138 

prevalence of malignancies of the endometrium and ischemic injury of the central nervous 
system as complications of tamoxifen treatment have been published (see Chapter 6).  

A further important question is the definition of “elevated serum estrogen concentration” 
in postmenopausal women. Dangerously elevated estrogen level in postmenopausal patients 
seems to be an absurdity even in case of HRT use. Epidemiological studies on breast cancer 
cases include pooled populations of postmenopausal cases. However, during the 
postmenopausal period the estrogen level decreases continuously, steeply or mildly. The 
normal range of estrogen levels cannot be estimated without taking into consideration the 
years after menopause and age of the patient. Supposedly, the longer the postmenopausal 
period of a patient the lower her serum estrogen level. A more informative investigation 
would be to compare the estrogen levels of women with and without breast cancer 1-2 years 
and 10-15 years after menopause.  

 
 

Importance of Combined Insulin Resistance and Estrogen Deficiency as 
Cancer Risk 

 
Summarising the dangers of combined insulin resistance and estrogen deficiency as 

cancer risk, conspicuous differences can be found between male and female patients. 
Estrogen predominance against androgens in healthy women is a favour in their 

reproductive period, which means a strong defence against both cardiovascular lesions and 
malignant tumors. However, at the same time, high estrogen demand of all female tissues, 
especially breast and gynaecological organs, means an increased cancer risk in estrogen 
deficient states both in pathological premenopausal and physiological postmenopausal cases. 
This disadvantage of estrogen deficient women is evident when considering a population 
with insulin resistance or type-2 diabetes, they have a higher risk for precancerous lesions 
and cancers as compared with men.  

Complete estrogen lack in male cases is extraordinarily rare and is associated with severe 
form of type-2 diabetes [31]. Such men may be well treated by estrogen substitution. The 
rarity of these cases makes impossible to assess the risk for cardiovascular diseases or 
malignancies of complete estrogen deficiency in men.  

However, an increased ratio of the male to female sexual hormone levels can be induced 
by anabolic steroid treatment of young sportsmen and its association with insulin resistance 
could be justified [20]. Recently, occurrence of unexplained, sudden cardiac death among 
leading young sportsmen could be attributed mainly to artificially induced anabolic androgen 
excess and relative estrogen deficiency. As clinical cancer development from its initiation 
takes many years, assessment of cancer incidence among inactive sportsmen would be a 
possibility for disclosure of the late complications of androgen excess and estrogen 
deficiency in men.  

Cancer incidence in elderly cases is not unusual, however, unexpected cancer exhibition 
in young or middle-aged patients may supposedly be associated with combined hormonal and 
metabolic disorders even if they were not yet clinically diagnosed. Upon becoming familiar 
with the cancer risk of combined insulin resistance and estrogen deficiency even in 
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subclinical cases, there would be plenty of possibilities for prevention of malignant tumors in 
endangered patients. 
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Chapter 8 
 
 

Hormonal and Metabolic Risk Factors 
for Oral Cancer among Non-smoker, 

Non-drinker Women 
 
 
The Mystery of Smoking Associated Cancers 

without Smoking 
 
After incursions in the field of insulin resistance, estrogen deficiency and their 

combinations, let’s return to the mystery of non-smoker, non-drinker oral cancer cases.  
In the past century oral cancer was regarded as a typically tobacco and alcohol associated 

tumor of middle-aged and elderly male patients. The excessive smoking and drinking habits 
of men as compared with women were regarded as plausible explanations to the 
conspicuously high male to female incidence ratio of oral cancer (see Chapter 1). Krolls and 
coworkers in 1976 established a male to female ratio of 13.1 in their study on oral cancer 
cases [21], whereas, nowadays this ratio decreased to near 2:1 in the United States [8].  

Fifty years ago a comprehensive study on oral cancer patients in the United States 
established that 97% of the male patients were or had been smokers [50]. In the early 80s a 
decreasing ratio of smokers among male oral cancer cases resulted in a 76% prevalence of 
smokers [35]. In Hungary, the steeply increasing morbidity and mortality rates for oral cancer 
are associated with decreasing ratio of smokers (see Chapter 1).  

Strict restriction of smoking in some economically developed countries resulted in a 
transitory decrease in oral cancer incidence at the end of the past century. However, recently, 
yet unknown risk factors and a new wave of increased prevalence of oral cancer have arisen 
(see Chapter 1).  

Non-smoker oral cancer cases have always occurred in many populations, and it was a 
challenge to explain the origin of these malignancies. For a long time, an increased 
prevalence of elderly female patients among non-smoker, non-drinker oral cancer cases have 
been observed without rational explanation (see Chapter 1 and 5).  

A systemic risk factor for oral cancer independent of tobacco was first suggested about 
50 years ago. In anemic, middle aged and elderly women, atrophy of the oral and upper 
gastrointestinal mucosa was found to be associated with high risk for oral cancer [45,50]. 
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Joynson and coworkers demonstrated impairment of cell-mediated immunity in iron-deficient 
patients, which was regarded as player in the pathogenesis of chronic infections and 
malignant diseases [17]. Iron-deficiency anemia in animal experiments resulted in atrophy, 
reduced maturation and disturbed keratinisation in the oral epithelium suggesting increased 
susceptibility to chemical carcinogens [34].  

Clinical epidemiological studies also supported the correlation between sideropenia of 
elderly females and oral cancer risk [4,35], however, a direct, causal association between 
these two alterations was not justified. High incidence of oral cancer among non-smoker, 
non-drinker elderly females remained an unanswered question. 

Diet and nutritional factors also begin to emerge in the etiology of oral and pharyngeal 
cancers in the early 80s [49]. Recently, authors from Italy and Switzerland published data 
that a Mediterranean diet rich in fish, vegetables and fruits seems to be beneficial not only 
against oropharyngeal cancers but against tumors at other sites (see Chapter 2). These 
findings suggest that a healthy diet may exert its beneficial effects not only in the oral cavity 
but also by favorable modulation of the metabolic processes. Moreover, Mediterranean diet 
may moderate even the carcinogenic effects of tobacco and alcohol in the oral region (see 
Chapter 2). Unfortunately, these literary data do affect neither the gender-related differences 
of oral cancer prevalence nor the accumulation of non-smoker, elderly women among oral 
cancer cases.  

Controversies in global trends of oral cancer epidemiology in the last decades have raised 
many questions to be answered. Nowadays, the earlier markedly high male to female ratio of 
oral cancer incidence has shown a rapidly decreasing tendency in many countries. The 
increasing prevalence of women among oral cancer cases as compared with men has been 
regarded simply as a result of their similarly excessive smoking habits. However, a shocking 
feature of oral cancer epidemiology today is the increasing prevalence of non-smoker, non-
drinker cases, especially among older female patients (see Chapter 1).  

The increasing incidence rate of oral cancer among very young cases less than 30 years 
old of age is also alarming. Epidemiology of oral cancer in the young conspicuously differs 
from that of older patients concerning the near equal or even inverse male to female 
incidence ratio of the disease. Primacy of lingual location in young oral cancer cases is also 
contradictory to the high predominance of sublingual cancers among older patients. 
Nevertheless, smoking and excessive alcohol intake as risk factors may be completely 
excluded in oral cancer cases under 30 years of age as there is not enough time for 
carcinogen-induced cancer to develop from its initiation (see Chapter 1).  

The majority of contradictory epidemiological changes in oral cancer incidence are 
associated with gender-related differences. Moreover, smoking and drinking habits may 
usually not explain the increasing number of controversial changes in oral cancer 
epidemiology. Consequently, we are on the route to reject smoking and drinking as 
determinant risk factors for oral cancer. 

Our working group first published the significant epidemiological associations between 
type-2 diabetes and oral cancer on a pooled, male-female population of patients in Hungary 
(see Chapter 3). Since then these correlations have been strengthened by several studies. 
Later, separated investigations of male and female patients with oral cancer revealed 
conspicuous gender related epidemiological differences. A preferential risk of elevated 
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fasting glucose and long lasting estrogen deficiency for oral cancer was established among 
predominantly postmenopausal female patients (see Chapter 5).  

A new Hungarian case-control study was performed on non-smoker, non-drinker female 
oral cancer cases to answer the following questions: 

 
1. Which are the possible risk factors for oral cancer among non-smoker, non-drinker 

women? 
2. Why does oral cancer exhibit a decreasing trend of the earlier very high male to 

female ratio? 
3. What is the explanation to the continuously increasing prevalence of non-smoker, 

non-drinker cases among oral cancer patients? 
4. How can the equalization trend of male to female ratio of oral cancer cases in the 

young under 30 years of age be explained?  
 
 

Case-control Study of Non-smoker, Non-drinker Women with Oral Cancer 
in Hungary 

 
At the Department of Oral and Maxillofacial Surgery 250 female cases with oral cancer 

were admitted between 1 January 2003 and 31 December 2007. As controls, 250 tumor-free 
women were selected from our outpatient cases with dental diseases. For all cancer cases age-
matched controls within half year were selected. Data of oral cancer cases and their controls 
were collected via case reports and questionnaires. Smoker and non-smoker, non-drinker 
(NSND) patient groups were separately studied both among oral cancer cases and controls. In 
this study on female oral cancer patients 49.6% were smokers, whereas 50.4% were NSND 
cases. 

Age of patients. The mean age of women with oral cancer was 63.2 years and that of 
controls was 63.5 years. The mean age of smokers among women with oral cancer was 
significantly lower (59.4 yrs) as compared with that of NSND oral cancer cases (66.1 yrs). 
Age distribution among smoker and non-smoker women with oral cancer was quite different. 
Among smoker oral cancer patients, the vast majority of cases (68.2%) were between 46 and 
64 years of age, whereas among NSND oral cancer women a predominance of cases over 65 
years of age (64.6%) was observed. Consequently, among smoker women with oral cancer, 
not only the mean age was markedly lower as compared with non-smokers, but also a 
significant accumulation of middle-aged cases was conspicuous as compared with the 
predominantly elderly non-smoker oral cancer cases.  

Tumor locations. Among women with oral cancer, gingival cancer was the most common 
tumor location. Among smoker oral cancer cases sublingual region was the most common 
tumor site (41.8%) followed in decreasing order by the gingiva (24.5%), the tongue (19.4%) 
and other rare locations. However, among NSND women with oral cancer the most common 
tumor site was the gingiva (29.4%), followed by the tongue (17.6%), the sublingual region 
(14.1%) and other rare locations. Based on these data, a close association of exogenous noxae 
and sublingual tumor location may be justified. However, in NSND cases the primacy of 
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gingival cancer seems to be similar to the high rate of gingival tumors among all oral cancer 
cases. 

Metabolic factors. Rates of obesity and elevated fasting glucose level (EFG) were 
established among oral cancer cases and controls (Table 8.1). Obesity was registered at 
admission if the patient exhibited a body mass index (BMI) above 30kg/m2. Weight loss in 
the history of patients was disregarded, as these anamnestic data were not controllable. EFG 
was established if the fasting glucose level was repeatedly equal or above 5.5 mmol/l. 

The rate of obesity among all women with oral cancer was 25.5%, whereas in the tumor-
free control group it was moderately lower: 19.6%. Obesity rate among smoker oral cancer 
cases was slightly lower (15.9%) as compared with smoker control women (17.1%). 
However, among NSND oral cancer cases obesity rate was significantly higher (33.4%) than 
among non-smoker control cases (21.1%). These data reveal that obesity is a high risk factor 
for oral cancer among NSND women in contrast with smoker cases. 

The rate of elevated fasting glucose was significantly higher in the group of oral cancer 
cases (57.9%) as compared with the tumor-free controls (41.5). The elevated fasting glucose 
rate among smoker oral cancer cases was moderately higher (55.1%) as compared with their 
smoker controls (43.5%). However, among NDNA oral cancer cases the rate of elevated 
fasting glucose was significantly higher (60.4%) as compared with their NDNA controls 
(39.2%). Smoker control cases were markedly younger as compared with NSND controls as 
they were properly matched to the oral cancer group, however, they exhibited higher rate of 
EFG as compared with NSND controls. Elevated fasting glucose proved to be a much higher 
risk factor for oral cancer among NSND cases than among smoker cases. 

Reproductive factors (Table 8.2). The rate of pre- and postmenopausal cases among 
women with oral cancer was compared with that of their age matched controls. The rate of 
long or irregular menstrual cycles and infertility suggesting hormonal disorders and mean age 
at menopause were compared between smoker and NDNA oral cancer groups and their 
controls. Rates of early and late menopause as well as hysterectomy among patients with oral 
cancer and their controls were also registered. Mean time interval between menopause and 
oral cancer diagnosis (M-OC) were calculated in the smoker and NSND groups with oral 
cancer. 

The rate of postmenopausal cases was 94.9% among all patients with oral cancer, 
whereas among age-matched control females it was significantly lower (80.2%). Among 
smoker cases with oral cancer the rate of premenopausal state was as low as 2.6%, whereas 
7.8% of NSND patients with oral cancer were premenopausal. Among control women 16.5% 
of smokers were premenopausal, however in the NSND group the rate of premenopausal 
cases was significantly higher; 23.2%.  

 
Table 8.1. Rate of obesity and elevated fasting glucose (EFG) among patients with oral 

cancer and their controls 
 

Oral Cancer Control Metabolic 
disorders All Smoker NSND All Smoker NSND 
Obesity 25.5% 15.9% 33.4% 19.6% 17.1% 21.1% 
EFG 57.9% 55.1% 60.4% 41.5% 43.5% 39.2% 
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Table 8.2. History of reproductive data of females with oral cancer and their controls 
 

Oral Cancer Control Reproductive 
data All Smoker NSND All Smoker NSND 
Postmenopausal 
cases (%) 

94.9% 97.4% 92.2% 80.2% 83.5% 76.8% 

Hormonal 
disorders (%) 

15.2% 16.5% 14.0% 10.6% 13.5% 8.9% 

Mean age of 
menopause (yrs) 

46.7 45.1 48.4 50.6 48.1 51.9 

Early menopause 
(<45yrs) (%) 

24.6% 27.1% 21.7% 16.4% 19.8% 13.8% 

Late menopause 
(>50yrs) (%) 

13.0% 8.8% 17.1% 25.3% 21.9% 28.5% 

Hysterectomy 
cases (%) 

29.3% 30.8% 28.5% 17.6% 19.5% 15.1% 

Mean M-OC 
interval (yrs) 

17.5 14.2 21.4 - - - 

 
Rate of hormonal disorders in the patients’ history was not significantly higher in the 

oral cancer group as compared with the control cases (15.2% and 10.6%, respectively). 
Among smoker oral cancer cases the rate of hormonal disorders was moderately higher 
(16.5%) as compared with their non-smoker controls (13.5%). In the NSND group with oral 
cancer, the rate of hormonal disorders was significantly higher (14.0%) than that of their non-
smoker controls (8.9%).  

Mean age at menopause among the oral cancer cases was 46.7 years, whereas among the 
controls it was 50.6 years. Mean age at menopause was lower among smoker oral cancer 
cases (45.1 years) as compared with NSND cases (48.4). In the tumor-free control group 
mean age at menopause was also lower among smokers (48.1 years) as compared with non-
smokers (51.9 years).  

The rate of early menopause (before 45 yrs) among all oral cancer cases was 24.6%, 
whereas in the tumor-free control group it was significantly lower: 16.4%. Rate of early 
menopause in the smoker subgroup of oral cancer cases was 27.1%, whereas in their NSND 
subgroup it was 21.7%. In the control group this rate was significantly lower both in the 
smoker and non-smoker subgroups (19.8% and 13.8%, respectively).  

The rate of late menopause (after 50 yrs) was significantly lower in the oral cancer group 
(13%) as compared with the control group (25.3%). Among smoker women with oral cancer 
this rate was much lower (8,8%), whereas among NSND oral cancer cases 17.1%. Among 
controls the rate of late menopause was significantly higher: 28.5% in the NDNA control 
group and 21.9% in the smoker control group.  

Rates of hysterectomy among oral cancer cases and their controls showed significant 
differences (29.3% and 17.6% respectively). Among smoker oral cancer cases 30.8% had 
hysterectomy in their history, while among NSND cases with oral cancer the rate of 
hysterectomy was lower; 28.5%. Among the smoker control cases the rate of hysterectomy 
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was higher (19.5) than among non-smokers (15.1). In the control group of women the rate of 
hysterectomy was significantly lower both among smokers and non-smokers.  

Mean M-OC time interval was 17.5 years in the pooled oral cancer group of women. 
Among smoker oral cancer cases the M-OC interval was significantly shorter (14.2 yrs) as 
compared with that of NSND cases (21.4 yrs). Among the smoker women with oral cancer, 
the mean M-OC time interval was shorter in the majority of cases (69.1%) as compared with 
that of all female patients. In contrast, in the NSND group with oral cancer the rate of short 
M-OC time interval was significantly lower (35.5%).  

Hypothyroidism. Rates of earlier diagnosed and treated thyroid hormone deficiency 
caused by thyroiditis or strumectomy were registered in the oral cancer and control groups. 
Serum thyroid hormone and TSH levels were not available. 

In the pooled oral cancer group the rate of overt hypothyroidism was 5.6%, whereas 
among all control cases it was 2.4% (p<0.05). Separate analysis of the rate of hypothyroidism 
in the smoker and NSND groups of oral cancer cases revealed significant differences. The 
rate of hypothyroidism was 2.8% among the smoker oral cancer cases and significantly 
higher; 8.3% in the NSND group with oral cancer. Among the controls, the rate of 
hypothyroidism was within the normal range of population data; 2.9% in the group of 
smokers and 2.0% among NSND cases.  

Risk factors for oral cancer among premenopausal patients. In this study, only 8 
premenopausal cases were found in the group of women with oral cancer, 6 in the NSND and 
2 in the smoker group.  

Out of the 8 premenopausal NSND cases 2 women exhibited diagnosed polycystic 
ovarium syndrome. In 2 cases long lasting type-2 diabetes and in 2 cases infertility and test 
tube baby program was found in the history. In one case premenopausal hypothyroidism was 
diagnosed. In 1 of premenopausal, non-smoker oral cancer cases no clinically diagnosed 
systemic risk factor for oral cancer was found.  

Nevertheless, in this study, laboratory findings justifying subclinical hyperinsulinemia, 
estrogen deficiency or hypothyroidism were not available. Data of the patients were based on 
clinical case reports and questionnaires. Subclinical metabolic and hormonal disorders 
without exhibition of overt diseases could also occur among the oral cancer cases and 
controls. 

 
 

Risk Factors for Oral Cancer other than Tobacco and Alcohol 
 
The presented results related to non-smoker, non-drinker women revealed that the 

postmenopausal state and some disorders associated with estrogen loss might be regarded as 
risk factors for oral cancer. 

Obesity was not a cancer risk factor among pooled oral cancer cases; in contrast, among 
NSND women it proved to be significant risk for oral cancer. Elevated fasting glucose level, 
reflecting any stage of insulin resistance proved to be stronger risk for oral cancer in NSND 
women than in smoker cases. Furthermore, overt hypothyroidism in the history of NSND 
women showed significant correlation with their oral cancer risk.  
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These results do not oppose to the carcinogenic capacity of smoking and excessive 
alcohol use but rather prove that they do not have exclusive role in oral carcinogenesis.  

Till now, the local intraoral effects of tobacco and alcohol were regarded as the only 
aspects of their carcinogenic capacity. Justification of the causal role of insulin resistance and 
estrogen deficiency in oral cancer risk rather suggests that tobacco and alcohol are only two 
of many factors, which may disadvantageously influence the hormonal and metabolic 
equilibrium of the patients (see Chapters 2 and 5).  

These bad habits have primary local carcinogenic effects on the oral mucosa, which have 
been a deceiving feature of their carcinogenic capacity for a long time. This evident, contact 
impact of smoking and alcohol derivatives disguised the second, more effective step of their 
carcinogenicity, the long lasting metabolic and hormonal disorders, which return again to the 
oral cavity as a systemic factor.  

Newly recognized cancer risk factors, such as fat-rich diet, physical inactivity, obesity 
and inherited inclination to type-2 diabetes may primarily provoke insulin resistance. The 
associated estrogen deficiency in women will be a further step on the route leading to cancer 
initiation and promotion. Tobacco and excessive alcohol intake may work similarly as they 
have decreasing effect on insulin sensitivity and estrogen level (see Chapter 2). 

However, inherited or acquired pathologic states may induce primarily estrogen 
deficiency. This alteration may be caused by defect of aromatase activity, ovarian 
insufficiency, hysterectomy, repeated abortions and menopause with disturbed adaptation. 
These estrogen deficient states do induce parallel insulin resistance, which may also lead to 
cancer initiation (see Chapter 7). 

Moderate alcohol consumption is an important factor to preserve the metabolic and 
hormonal equilibrium in postmenopausal cases. Regular, moderate alcohol intake shows 
beneficial effect on cardiovascular and all cause mortality of elderly women, which may be 
attributed to the increased insulin sensitivity and elevated estrogen level (see Chapter 2). In 
the presented study, complete abstinence of middle aged or elderly women among NSND 
cases may have a role in their high ratio of obesity and elevated fasting glucose, which are 
proven risk factors for cancer initiation (see Chapter 2). 

Smoking has well known correlations with insulin resistance (see Chapter 2), however, 
associations of hypothyroidism with smoking habits seem to be controversial. Recently, 
lower prevalence of overt hypothyroidism was observed among current smokers as compared 
with non-smokers [3]. Nevertheless, exhibition of symptoms in hypothyroidism strongly 
depends on the age of patients, the younger the patient the stronger the complaints caused by 
hypothyroidism. On the contrary, among elderly cases hypothyroidism is frequently 
overlooked, as laboratory findings are not associated with diagnosable clinical symptoms 
[16]. Consequently, only strictly age-adjusted studies may authentically reflect the correlation 
between tobacco use and overt hypothyroidism. 

A novel hypothesis based on the results of this study is hypothyroidism as a risk factor 
for oral cancer. Nevertheless, among our patients with oral cancer, overt hypothyroidism is 
only a tip of the iceberg among many subclinical cases, as symptom-free mild 
hypothyroidism is especially frequent among middle aged and older women [14]. 
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Questions to be Answered in Oral Cancer Epidemiology 

 
The first question was the nature of possible risk factors for oral cancer in non-smoker, 

non-drinker cases.  
Summarizing the effects of different exogenous and systemic cancer risk factors, it can 

be established that recognition of the carcinogenic impact of insulin resistance, estrogen 
deficiency and hypothyroidism revealed a common pathway through which many harmful 
factors may exert their carcinogenic capacity.  

The second question to be answered was the cause of the global, increasing ratio of 
female cases among oral cancer patients and the continuous decrease of the earlier 
conspicuously high male to female ratio of oral cancer incidence.  

Glucose intolerance and type-2 diabetes have increasing prevalence all over the world, 
seeming to be an oral cancer risk preferentially among postmenopausal women. Insulin 
resistance combined with estrogen deficiency means a high risk factor for oral cancer among 
women but lower among men (see Chapter 5). Though prevalence of insulin resistance 
exhibits also an increasing trend among male populations, they are not so highly endangered 
by metabolic cancer initiation. 

The third question was the cause of the increasing prevalence of non-smoker, non-
drinker cases among oral cancer patients.  

Decreased population of smokers, especially in the economically developed countries 
helped to emerge further, earlier hidden systemic cancer risk factors, such as insulin 
resistance and estrogen deficiency (see Chapter 1). The present study justified that less than 
half of the women with oral cancer were never smokers or drinkers, and their vast majority 
exhibited chronic hormonal and metabolic disturbances, which may be regarded as risk 
factors for oral cancer. These epidemiological features supply additional data to the 
increasing rate of oral cancer morbidity without smoking.  

The fourth problem is the low, equalized or even inverse male to female ratio among 
very young oral cancer cases (<30 yrs), which highly differs from the high male to female 
ratio of middle aged or elderly patients.  

This may also be explained by the higher cancer risk of systemic hormonal disorders for 
women as compared with men. Ovarian insufficiency and glucose intolerance may develop 
insidiously in young girls even in puberty (see Chapter 6). Higher rate of estrogen deficiency 
and parallel insulin resistance in girls and higher sensitivity of their organs for hormonal 
disorders as compared with boys may result in excess of female oral cancer cases. 

The primacy of tongue location of intraoral cancers in both genders of the young may be 
hard to explain. In older patients with oral cancer the typical sublingual tumor location can be 
justified by some exogenous noxae, which are solved in the saliva in the horseshoe between 
the mandible and tongue (see Chapter 1). However, in oral cancer of the young perhaps the 
highest frequency of mechanical injuries on the lateral border of the tongue may complete the 
carcinogenic capacity of mild or moderate hormonal and metabolic disorders.  

Recently, correlations among smoking, alcohol consumption and the associated 
metabolic and hormonal disorders have been increasingly studied. Beneficial, anticancer 
effects of Mediterranean diet, red wine and hormone replacement therapy were reported and 



Hormonal and Metabolic Risk Factors for Oral Cancer… 155

these associations were independent of smoking status of the patients (see Chapter 2 and 4). 
The presented systemic cancer risk factors for non-smoker, non-drinker women might shed a 
beam of light on the mystery of smoking associated cancers without smoking. 

 
 

Metabolic and Hormonal Associations of Hypothyroidism 
 
Thyroid hormone deficiency causes hypothyroidism, which has an increased prevalence 

in women, especially in older age. Overt diseases are relatively rare, with a 2-3% incidence 
rate among women and 0.5-1.0% among men. In young adults, weakness, fatigue, peripheral 
myxedema, weight gain, cold intolerance and increased rate of cardiovascular events are the 
predominant features [38]. On the contrary, in elderly patients low thyroid hormone and 
elevated thyroid-stimulating hormone (TSH) levels are rarely associated with clinical 
symptoms.  

Subclinical hypothyroidism is characterized by normal serum free thyroxin and elevated 
serum TSH concentrations [38]. Subclinical hypothyroidism is a prevalent condition among 
the adult population, however it is frequently overlooked. Recently, subclinical, undiagnosed 
hypothyroidism and its correlations with other hormonal and metabolic alterations have been 
thoroughly studied.  

Thyroid hormones are crucial regulators of lipid metabolism [32]. Hypothyroidism even 
in subclinical forms has close associations with dyslipidemia [44]. Subclinical 
hypothyroidism is closely associated with low-grade inflammation, increased serum 
triglyceride, lipoprotein and cholesterol levels [15,20,22,29].  

Literary data support the beneficial effect of thyroid hormone administration on disturbed 
lipid metabolism and cardiovascular risk in patients with subclinical hypothyroidism [26,33]. 
L-thyroxine therapy regulates the decreased HDL cholesterol level in patients with 
hypothyroidism. Hormonal treatment of hypothyroidism is advantageous in cases of 
metabolic disorders and hyperinsulinemia [43]. 

There are close correlations between hypothyroidism and insulin resistance. Thyroid 
functions affect all parameters of the metabolic syndrome including HDL cholesterol level, 
triglycerides, blood pressure and plasma glucose level [18,19,42]. Increased prevalence of 
subclinical hypothyroidism could be observed among patients with metabolic syndrome, 
especially in females [42]. Rates of diabetes mellitus, glucose intolerance and obesity are also 
increased among patients with hypothyroidism [43]. These data support the important role of 
diagnosis and treatment of hypothyroidism in the metabolic control of insulin resistance.  

Hypothyroidism may worsen many risk factors for cardiovascular disease, including 
hypertension, abnormal endothelial function elevate low-density and decrease high-density 
lipoprotein cholesterol concentrations [6,11,12,30,44]. In epidemiological studies, subclinical 
hypothyroidism was associated with atherosclerosis [5] and with increased risk for ischemic 
heart disease [2,25] and negatively affected cardiovascular and all-cause mortality [16,31]. L-
thyroxin treatment has beneficial improvement on cardiovascular risk factors and quality of 
life in cases with subclinical hypothyroidism [33].  

Myxedema of overt hypothyroidism was associated with increased peripheral vascular 
resistance and hypercholesterolemia as well, which are risk factors for ischemic 
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cardiovascular disease [27]. Low triiodothyronin level was a significant predictor of l-year 
mortality among patients admitted for acute stroke [1].  

Infertility and ovulation disorders might also be associated with subclinical thyroid 
dysfunction [13]. Evaluation of thyroid gland function seems to be an indispensable part of 
investigation procedure in infertile women [28].  

Till now, epidemiological associations of hypothyroidism with oral cancer risk have not 
been investigated. However, close correlation of hypothyroidism with insulin resistant and 
estrogen deficient states may probably mean a connection between thyroid hormone 
deficiency and cancer. Confirmation of these findings requires further investigations. 

 
 

Similar Mechanisms of Genomic and Nongenomic Actions of Thyroid and 
Steroid Hormones 

 
Thyroid and steroid hormones, despite their distinct structures and biologic effects, have 

surprising similarities in their genomic and non-genomic actions [10,51]. They are thought 
primarily to act via binding to hormone-specific nuclear receptor superfamily members, and 
the nuclear ligand-receptor complexes then initiate transcriptional activity [36,41]. Moreover, 
both steroids and thyroid hormones have also non-genomic actions through their membrane-
associated receptor system [10].  

Thyroid hormones may exert their genomic actions via diffusion across the plasma 
membrane and interaction with intranuclear receptors. Liganded receptors exert their major 
action at the nuclear transcription level by regulating the level of mRNAs of specific genes 
[7]. Thyroid receptors have important action on gene activation and gene silencing [41]. They 
can bind to DNA even in the absence of ligand. Although in most cases they cannot activate 
target genes in such a way, they are not neutral in regulating target gene expression. In the 
absence of hormones, they frequently abrogate the basal promoter activity. These gene-
silencing mechanisms may have pivotal significance in the pathology of hypothyroidism.  

Thyroid receptors are regulators of the intermediary metabolism and can up-regulate 
enzymes and cytochromes involved in mitochondrial function [48] and have associations 
with lipid peroxidation [40]. Furthermore, they are involved in glucose transport and glucose 
metabolism [46] and have close correlations with gene regulatory activities of dietary fat, like 
polyunsaturated fatty acids (PUFAs) [18,39,47]. Thorough studies on correlations between 
lipid metabolism, thyroid hormone signals and gene regulation justify the metabolic and cell 
proliferation disorders in hypothyroidism.  

Similarly to steroid hormones, thyroid hormones may exert also non-genomic or 
extranuclear actions via membrane-associated receptors [10]. Thyroid hormones appear to 
interact with specific cell surface G protein coupled receptors and to activate signal-
transducing kinases such as those involved in the mitogen-activated protein kinase (MAPK) 
pathway [23,37]. In cultured cells thyroid hormone potentiates the action of epidermal 
growth factor [24]. These non-genomic mechanisms of thyroid hormone receptors may 
modulate the cellular activities of cytokines and growth factors and their action may be 
severely altered by thyroid hormone deficiency.  
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There are similar interfaces of non-genomic and genomic actions of thyroid hormones as 
compared with estrogens. Thyroid hormones are able to promote serine phosphorylation of 
the nuclear thyroid receptors also by non-genomic mechanism and by such phosphorylation 
the transcriptional activity of the nuclear receptor proteins may be altered [9,37].  

Similarities of genomic and non-genomic actions of thyroid and steroid hormones 
suggest that these hormones may have similar roles in the defense mechanisms against cancer 
initiation. Presumably these hormone families have thorough interplays, and decreased 
hormonal signal of each one may provoke contraregulatory effects of the other one. The 
above mentioned literary data suggest that estrogen and thyroid hormone deficiency together, 
even in subclinical form, may exert severe disturbances in the gene regulation level. This may 
be associated with increased risk for insulin resistance, type-2 diabetes and infertility in 
women as well as for cancer. 
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Epilogue 
 
 
Conclusions for Cancer Prevention, Cure and 

Research 
 
Based on the epidemiological experiences and literary data it can be established that 

smoking associated tumors are not induced only by smoking. Smoking may be regarded as 
one of many factors that may provoke substantial metabolic and hormonal changes leading to 
cancer initiation. On the other hand, hormone associated tumors are not induced by estrogen 
as had been assumed for several decades, rather estrogen loss and the associated insulin 
resistance are to be blamed for cancer initiation of the highly hormone sensitive organs.  

Though cancer initiation is multicausal, estrogen deficiency, either mild or severe, seems 
to be a crucial factor of carcinogenesis at all sites. Cancer epidemiology of each organ is 
thoroughly affected by its estrogen sensitivity and estrogen demand. The higher the estrogen 
demand of an organ the higher the danger of cancer development in an estrogen deficient 
milieu.  

Mild or severe estrogen deficiency is a widespread pathological state both among pre- 
and postmenopausal women and correction of these hormonal deficiencies supplies many 
possibilities for cancer prevention. Moreover, balance of the sexual steroid levels may also be 
crucial for the health of men, but the literary data in this field are relatively scarce.  

In otherwise healthy, symptom-free, premenopausal women, mild estrogen deficiency is 
not only a risk for infertility but also for cardiovascular diseases and cancers. After successful 
in vitro fertilization and delivery, further strict control of the hormone levels and building up 
of a regular cycle are advisable to prevent the severe, late complications and fatal outcome of 
estrogen loss in these women. 

In case of women with perimenopausal or postmenopausal complaints hormone therapy 
is advisable to achieve a symptom-free state and to prevent the late consequences of estrogen 
deficiency. In cases of unavoidable hysterectomy, at least a one-armed estrogen therapy is 
advantageous postoperatively even in postmenopausal women, so as to restore the previous 
individual hormone level of these patients. 

A plausible assumption is that cancer induced by estrogen deficiency may be treated by 
hormone. Estrogen treatment may interfere with local spread and metastatic capacity of 
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cancers both at highly and moderately estrogen sensitive sites. In case of unexpected cancers 
of young patients, either male or female, a disorder of the equilibrium in male-female sexual 
steroids and insulin resistance may be supposed. Correction of these hormonal defects may 
help to cure the malignant processes. 

Nowadays, all anticancer agents have severe, toxic effects, killing the hemopoetic cells 
and thoroughly suppressing the immune system of the patient. One of our old dreams may 
come true with recognition of the anticancer capacity of estrogen. This new panacea is ideal 
for cancer cure as it has regulatory effects on cell proliferation and opposes growth factor 
activities. Moreover, it has beneficial effects on the altered metabolic processes and at the 
same time is capable of strengthening the immune system. 

The theory, which reveals the anticancer capacity of estrogen, may cut a small pathway 
in the jungle of cancer research. Hopefully, within a few years it will be widened to a 
highway on which many clinicians and researchers will rush to reach higher levels in 
prevention and cure of cancer. 
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