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AbstrAct
Whether men and women are fundamentally different or similar has been debated for many years. The inci-
dence, age of onset and symptomatology of many diseases shows the differences between men and women. 
In health, more than in other social sectors, sex and gender variables are useful parameters for research 
and action because biological differences between the sexes determine male-specific and female-specific 
diseases and because behavioral differences between the genders assign a critical role to women in relation 
to family health. This article highlights some of the more intriguing recent opinion and their consequences 
in the subject of gender-related diseases.
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IntroductIon
Both sex and gender are interactive components 

in health. The term sex is used to describe differences 
between men and women that are primarily biological in 
origin and that may be genetic or phenotypic. The concept 
of gender aims to describe differences that are primarily 
a result of social conditions or cultural and religious atti-
tudes as well as norms regarding the sexes. Structural gen-
der inequalities placing women in a subordinate position 
to men contribute to gender differentials in disease [1]. 
The corresponding approach to the role of gender should 
address the differences between men’s health and wom-
en’s health that result from the different positions in the 
respective society. Sex and gender can act alone, inde-
pendently, or interactively in determining differentials in 
the burden of disease [2].

Additionally, in health, more than in other social 
sectors, sex and gender variables are useful parameters 
for research and action because biological differences 
between the sexes determine male-specific and female- 
specific diseases and because behavioral differences bet-
ween the genders assign a critical role to women in rela-
tion to family health.

bAsAl bIologIcAl Aspects
Even though the brain size is greater in men than in 

women, the ratio of brain mass to body mass is higher 
in female people, according to 1 : 46 (22 g per 1 kg) in 
women vs. 1 : 50 (20 g per 1 kg) in men. Irrespective of 
this fact, size of the brain does not really say anything 
about its performance. Interestingly, the sex differenc-
es of the average size are already present in newborns. 
They persist until the adult age. The “intrinsic blue-
print” of brain is female, but early in the embryonic 
stage an X- and Y-chromosome-dependent respec-
tively hormone-dependent differentiation is occuring.  
The actually active hormone is estradiol which is con-
verted within the brain into testosterone. This reaction 
does not happen in female brains due to the presence 
of a special α-fetoprotein. Even in the adult brains there 
are morphological differences between men and women. 
Circumscribed damages of special cortical or subcortical 
areas can sex-dependently result in different functional 
impairments [3, 4]. This applies e.g. to aspects of aphasia 
and apraxia. The dexterity is regularly less pronounced 
in females which could be an advantage for women in 
learning languages.
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The maturation of cognitive capabilities of the brain 
depends on the interaction with the environment and 
is eventually based on learning processes during the 
individual development. Thus, there are differences in 
problem-solving strategies between the two sexes. This 
concerns inter alia spatial imagination, mathematical 
deductions and speed of perception. These functions 
seem to be dependent on testosterone.

For instance, females with higher testosterone levels 
show a better performance in spatial imagination than 
those with lower levels, however there is a reverse effect 
in males [3].

Regarding pathological conditions it is known that 
hormonal influences can promote or mitigate the man-
ifestation of a disease. With women, for example, high 
levels of estrogen seem to protect against schizophre-
nia or at least are reducing the symptoms [5]. On the 
other hand, it was proposed that reduced hippocampal 
volume and impaired hypothalamus-pituitary-adrenal 
axis demonstrated by an attenuated cortisol awakening 
response are related markers of increased stress vul-
nerability in male psychosis patients and contribute to 
the unfavorable clinical picture [6]. Apart from that, the 
prevalence of schizophrenia amounts to 0.5-1.0 per 100 
inhabitants. There are no significant differences between 
the sexes. But with so-called disorganized schizophrenia 
(synonym: hebephrenia) the manifestation occurs earlier 
in male than in female patients, 90% before the age 30 
in males versus 66% in females. Yet the prevalence of 
this subtype of schizophrenia is significantly higher in 
females. Sex-related rather than gender-related factors 
may play a role in this case [7].

HeAltH-relAted consIderAtIons
In the past, medical research often wrongly assumed 

that women were biologically weaker (male bias) and 
extrapolated findings from trials with male subjects only 
(male norm) to both sexes, whereas female biology can 
affect the onset and progression of disease, and wom-
en’s lower position in many societies can affect their 
health-seeking behaviors. Of special interest is using 
global burden-of-disease data and gender differentials 
in mortality and morbidity that result in excess disease 
burdens for women. The focus on women’s excess dis-
ease burden is justified to fill gaps in knowledge regard-
ing women’s health that are in part a  product of male 
bias and male norms in clinical studies [1, 8]. Thus, 
the burden of disease (BOD) is a useful instrument for 
assessing differences in health condition between men 
and women. It is based on disability-adjusted life years 
(DALYs).

As mentioned above, in most cases sex and gender 
interact to determine women’s disease burdens. A salient 
example is the depression. Women are twice as likely as 
men to become depressed, and genetics and hormones 
influence the risk of depression.

However, genes and sex hormones cannot entirely 
explain women’s excess burdens, and gender factors may 
play an important role. Existing knowledge about the 
interplay between sex and gender in determining disease 
is imperfect but growing [2, 8]. There are several possi-
bilities to categorize women’s excess health burdens from 
diseases as follows:
•	 diseases specific to women (biology plays a  major 

role in the disease) e.g. complications of eclampsia or 
breast cancer,

•	 diseases related to women’s average greater longevity 
(where both sex and gender tend to play important 
roles) e.g. Parkinson’s disease or stroke,

•	 diseases that result from the interaction of sex and 
gender, e.g. unipolar depression,

•	 diseases which are predominantly gender based 
(resulting from specific behavioral, social, and cul-
tural factors associated with women’s condition), e.g. 
sexual mutilations in many countries.

Sex and gender have a  much wider influence on dis-
ease than is usually acknowledged. They influence the 
etiology, diagnosis, progression, prevention, treatment, 
and health outcomes of disease as well as health-seek-
ing behaviors and exposure to risk. Whereas sex plays 
a bigger role in the etiology, onset, and progression of 
disease, gender and its consequences influence differ-
ential risks, symptom recognition, severity of disease, 
access to and quality of care, and compliance with 
care. Again, factors that influence gender differentials 
in relation to the risk of disease include (a) biological 
differences between the sexes; (b) women’s longer life 
expectancy; (c) women’s labor force participation com-
pared with men’s participation; (d) women’s access to 
social protection mechanisms; (e) cultural norms, reli-
gious beliefs, and gender hierarchy in family and soci-
ety; (f) gender differences in educational attainment; 
(g) income differences between the genders. Women’s 
overall underutilization of health services has been 
documented for many countries [9, 10]. In the devel-
oped countries, the number of women age 80 and older 
is more than double the number of men in the same age 
group. Among other factors, this female advantage in 
longevity results is a bias in gender ratio (on the base of 
DALY) and BOD as shown in Table 1.

The main groups of diseases with excess burdens for 
women associated with women’s greater longevity are 
Alzheimer’s disease, musculoskeletal disorders, such as 
osteoarthritis, rheumatoid arthritis, and osteoporosis, 
and cardiovascular diseases, which together account for 
12% of total DALY losses for women worldwide [12]. 
Alzheimer’s disease and other dementias account for 
1.5% of total female DALYs, and this burden is almost 
twice as high as that for men. Osteoarthritis impairs 
9.6% of men and 18.0% of women age 60 or older world-
wide and accounts for 1.5% of total female DALYs. 
Osteoarthritis is related to aging and is most common 
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in overweight women over the age of 45. Cardiovascular 
and cerebrovascular diseases account for about 8.2% of 
total female DALYs, more than half of which is caused 
by cerebrovascular diseases. In addition to age, smoking, 
and obesity, another risk factor that exposes women to 
a  greater burden of cardiovascular diseases is depres-
sion, which is associated with increased morbidity and 
mortality from heart diseases and is highly prevalent in 
women [13].

Unipolar depressive disorders have the most significant 
gender ratio and most unequal global BOD. They account 
for 4.2% of women’s BOD. Even though the DALYs lost 
per capita are similar in low and moderate income coun-
tries (LMICs) and high income countries (HICs), these 
disorders represent a higher share of women’s total BOD 
of disease in HICs (7.3%) than in LMICs (3.9%).

burden of dIseAse In tHe most frequent 
neurologIcAl dIseAses

According to World Health Organization (WHO), 
neurological and psychiatric disorders are a  growing 
cause of morbidity. Mental, neurological, and behavioral 
disorders affect more than 450 million people globally. 
Taking the Global Burden of Disease Report of WHO, 
33% of years lived with disability and 13% of DALYs 
are due to neurological and psychiatric disorders [14]. 
Patients who are suffering from these conditions are 
often victims of stigmatization and discrimination, 
which limits patient’s access to therapy.

The prevalence of dementia has generally been found 
to double with every five-year increase in age, from 3/100 
at age 70 to 20-30/100 at age 85. The genes APP, PS1, and 
PS2 are connected with early-onset familial Alzheimer’s 
dementia. Apolipoprotein E4 plays a role for the mani-
festation of non-familial cases. Risk factors are increas-
ing age, positive family history of dementia, female gen-
der, lower level of education, several medical conditions, 
and exposure to organic solvents and aluminum. Fac-
tors assumed as protective are higher level of education, 
intake of anti-oxidants, and use of some anti-inflamma-
tory medications [15]. Estrogen supplements for women 
could be a protective factor for Alzheimer’s dementia but 
the studies to this subject are dissenting [16, 17]. Bur-
den of disease estimates of Alzheimer’s dementia and 
other dementias include vascular dementia, unspecified 
dementias, and other unclassified degenerative diseas-
es of the nervous system. Mathers et al. [14] calculated 
DALYs for all dementias with the result of 17,108,000, 
with the burden being almost twice as much for females 
(11,016,000) as for males (6,092,000).

Epilepsy is a  common brain disorder characterized 
by two or more unprovoked seizures. The prevalence of 
active epilepsy globally is in the range of 5 to 8 per 1,000 
inhabitants [18]. A  reported risk factor for idiopathic 
(presumed genetic) epilepsy is family history of epilepsy. 
Reported risk factors for symptomatic epilepsy include 
prenatal or perinatal causes, traumatic brain injuries 
(TBI), central nervous system infections, cerebrovas-

table 1. Gender ratio and women’s excess burden of disease for top priority conditions, 2001 [11]

condition world lMic Hic

GR bod (%) GR bod (%) GR bod (%)

Alzheimer’s disease and other dementias 1.81 1.48 n.a. n.a. 2.13 7.02

Osteoarthritis 1.64 1.46 1.63 1.26 1.73 3.30

Unipolar depressive disorders 1.53 4.22 1.51 3.89 1.69 7.30

Age-related vision disorders (Europe) 1.63 2.10 n.a. n.a. n.a. n.a.

Migraine (Latin America) 2.81 1.14 n.a. n.a. n.a. n.a.

Cerebrovascular diseases (sub-saharan Africa) 1.47 1.80 n.a. n.a. n.a. n.a.

Source: WHO 2001 (see [11]). n.a. – not applicable; BOD – burden of disease; GR – gender ratio which is ratio of female to male DALYs;  
LMIC – low and moderate income countries; HIC – high income countries (methodology used in this study: the gender ratio was equal to  
or higher than the mean plus one SD of the distribution of gender ratio scores, the BOD was equal to or higher than the mean plus one SD  
of the distribution of female DALY scores)

table 2. Disability-adjusted life years (DALY) in thousands (restricted to global data, 2001) [11]

condition both sexes Females Males

Alzheimer’s disease and other dementias 17,108 11,016 6,092

Epilepsy 6,223 2,922 3,301

Parkinson’s disease 2,325 1,202 1,124

Cerebrovascular diseases 72,024 36,542 35,482
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cular disease, brain tumors, and neurodegenerative dis-
eases [19, 20]. Mathers et al. [14] estimate the DALYs 
for epilepsy as 6,223,000, with slightly higher rates for 
males (3,301,000) than for females (2,922,000). Since the 
incidence of TBI is much higher in men (86%) than in 
women (16%) it is not surprising that DALY is slightly 
predominating in males.

Parkinson’s disease is characterized by bradykinesia, 
resting tremor, cogwheel rigidity, postural reflex impair-
ment, progressive course, and good response to dopami-
nergic therapy. Genetic forms are relatively rare (10-15%). 
Van den Eeden et al. reported the incidence rate of Par-
kinson’s disease in the United States as approximately 13 
per 100,000 person-years [21]. Men are affected more 
commonly than women [22]. Increasing age and male 
gender are risk factors worldwide [23]. The most con-
sistent association is an inverse association with caffeine 
consumption, suggesting a protective effect [24]. Mathers 
et al. [14] estimate the DALYs for Parkinson’s disease 
as 2,325,000, with the burden being slightly higher in 
females (1,202,000) than males (1,124,000). Even though 
male gender is a  risk factor for Parkinson’s disease, the 
higher burden in females may reflect their longer life span. 

Cerebrovascular accidents are in more than 75% isch-
emic strokes, caused by an occlusion of a cerebral blood 
vessel. The rupture of a cerebral blood vessel results in 
a hemorrhagic stroke (about 20% of all strokes). Accord-
ing to the DEGAM guideline [25] annual incidence 
of the stroke amounts in Germany to 1.82 per 1000 
inhabitants with predominance of the men (women 
1.7/1000, men 2.0/1000). Although stroke is more prev-
alent among men, stroke-related fatality rates are higher 
among women. Taken the global incidence and preva-
lence, there is a  predominance of females among the 
afflicted individuals, e.g. the male-to-female ratio was in 
India according Anand et al. (2001) one to seven [26]. 
Risk factors for stroke are increasing age, particularly 
after 55, smoking, arterial hypertension, dyslipidemia, 
atrial fibrillation, diabetes, generalized and abdomi-
nal obesity, physical inactivity, increased homocysteine 
levels, drug and alcohol abuse, hemostatic factors, and 
existing cerebrovascular disease. Preclinical studies indi-
cate that steroid hormones modulate the age-dependent 
differential stroke outcome. In addition, patterns of cell 
death pathways activated following cerebral ischemia are 
distinct between males and females [27].

The BOD estimates for stroke include subarachnoid 
hemorrhage, intracerebral hemorrhage, cerebral infarc-
tion, and sequelae of cerebrovascular disease [14]. They 
are almost similar for females (36,542,000) and males 
(35,482,000).

neurologIcAl dIsorders wItH dIfferent 
sex/gender dIstrIbutIon

The vast majority of hereditary diseases in neurol-
ogy does not show any differences in sex distribution 

unless the gene is located on the X- or Y-chromosome.  
The op posite is the case in conditions with hormonal influ-
ences. In both conditions the gender aspect does not play 
a special role in the first instance. As already mentioned 
above, in many other diseases the influence of biological 
factors (sex) and social factors (gender) is hard to untangle 
because the factors are mutually dependent. It is therefore 
essential to record the diseases with different sex distribu-
tion exploring the circumstances that may influence the 
evolving process. This is of therapeutic, prophylactic and 
epidemiological relevance and can be useful to recognize 
hidden pathogenic mechanisms. It is conceivable that soci-
ological laws are becoming obvious on this way.

In the following we are presenting a  compilation of 
neurological diseases with known differences of sex dis-
tribution which mainly derives from German disease net-
works and guidelines. Previously, in Table 3 there are shown 
the sex differences with patients visiting special out-patient 
clinics for dementia in Germany. One can recognize that 
the portion of men is higher than that of women. The sex 
distribution in Alzheimer’s disease shows a slightly higher 
rate for women which, however, is not reflecting the gen-
der rate with significant female predominance reported 
from many other countries. It can be assumed that costu-
mary and/or social restraining mechanisms are preventing 
some females to visit special out-patient clinics.

The compilation of Table 4 shows differences in the sex 
distribution for several neurological conditions. The rea-
sons for these inequalities are in the most cases not recog-
nizable at the first glance. Especially, there is often the role 
of biological (sex) and social (gender) aspects not to distin-
guish. In diseases with a neuroimmunological pathogene-
ses like myasthenia gravis, multiple sclerosis [28] or cranial 
arteriitis there is in the most cases a higher incidence with 
women. The social role in pathogenesis is at this undefined 
and there are deviations from the rule as shown with Guil-
lain-Barré syndrome and inclusion body myositis.

In the course of the diseases with neuroimmuno-
logical origin, social, occupational and costumary fac-
tors may modify symptoms and outcome. Influence of 
hormones and other biochemical circumstances seems 
to be evident with the majority of brain tumors [29]. 
Gender-related factors should be less effective than 
the biological ones. In diseases manifesting with pain, 
women display the higher incidence. Typical instances 
are migraine, trigeminal neuralgia, atypical facial pain, 
benign paroxysmal vertigo, and complex regional pain 
syndromes (CRPS). All of these conditions are organic in 
origin which is well defined, but social and environmen-
tal factors may unfold a  remarkable influence with the 
symptom development. Occupational influences may 
be stronger in conditions like carpal tunnel syndrome, 
ulnar neuropathy and amyotrophic lateral sclerosis 
(ALS). In spite of that, an anatomic proneness should not 
be overlooked in the entrapment syndromes. The male 
predominance in meningitis and traumatic brain injury 

http://www.ncbi.nlm.nih.gov/books/n/dcp2/A10619/def-item/A10632/
http://www.ncbi.nlm.nih.gov/books/n/dcp2/A10619/def-item/A10624/
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table 3. Sex distribution in an out-patient clinic for dementia in Munich, Germany [17]

Male patients (n) Female patients (n) total (n)

Alzheimer’s disease 82 97 179

Frontotemporal degeneration 21 15 36

Vascular dementia 12 3 15

Dementia by alcohol abuse 5 1 6

Dementia with other diseases 7 1 8

Unclear dementia 12 5 17

Total 139 122 261

table 4. Neurological diseases with unequal sex distribution

condition incidence rate Prevalence Femal-to-male ratio

Brain tumors (total) 7-10/100,000 1 : 1.35

Glioblastoma 2.9-3.5/100,000 1 : 2

Pinealoma 0.02-0.08/100,000 1 : 12

Pituitary tumors 6-8/100,000

Inactive adenomas 1/100,000 1 : 2.4

Prolactinoma 2-5/100,000 2.5 : 1

Migraine 6-8/100 2 : 1

Trigeminal neuralgia 3.9-5.9/100,000 1.5 : 1

Cluster headache 1-9/1000 1 : 3

Atypical facial pain 4.4/100,000 8.2 : 1

Benign paroxysmal vertigo 2.4/100 2 : 1

Complex regional pain syndrome (CRPS) 6-26/100,000 3 : 1

Carpal tunnel syndrome 3,5/1000 6 : 1

Ulnar neuropathy (SUS) 25/100,000 1 : 2

Guillain-Barré syndrome 1.2-2.3/100,000 1 : 1.5

Myasthenia gravis 4-9/10,000

Until age 20 6.7 : 1

Age > 60 1 : 1.7

Inclusion body myositis (spontaneous variant) 0.5/100,000 1 : 3

Amyotrophic lateral sclerosis (ALS) 1.5-2/100,000 1 : 1.5

Multiple sclerosis 5-6/100,000 2 : 1

Cranial arteriitis (age >50) 8.2-24.2/100,000 3 : 1

Spontaneous subarachnoid hemorrhage (SAH) 10.5/100,000 1.6 : 1

Multiple system atrophy (MSA) age > 50 3/100,000 1 : 1.4

Narcolepsy 0.74/100,000 1 : 1.2

Bacterial meningitis (Germany) 3/100,000 (Europe) 1 : 2

Traumatic brain injury (TBI) (Germany) 332/100,000 1 : 5.4

Sources: German networks and guidelines of the German Neurological Society (DGN).
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may be a consequence of higher exposition and reduced 
perception of jeopardy. This is a  typical gender-related 
feature. The higher incidence of subarachnoid hemor-
rhage (SAH) in females could probably been explained 
by relatively weaker connective tissue in women [30].

In summary it can be confirmed that in some dis-
eases biological and in others social factors play a great-
er role in shaping symptoms and course. That there are 
many additional factors deriving from environment, 
family, and occupation was mentioned above, not to 
forget the interactive mechanisms between patient and 
environment. Literature concerning with this subject 
contains comparatively little about which diseases affect 
men and women differently, why that difference might 
be the case, and how to structure prevention and treat-
ment in response to these differences. This situation is 
changing, however, and interest in measuring, under-
standing, and responding to sex and gender differentials 
in disease has been increasingly encouraged in the recent 
years. One can expect conclusive concepts for the future.
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