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Abstract

It is often assumed that there is little or no sex bias
within either Type I (insulin-dependent) or Type II
(non-insulin-dependent) diabetes mellitus. This re-
view considers evidence that sex effects of interest
and importance are present in both forms of the dis-
ease. Type I diabetes is the only major organ-specific
autoimmune disorder not to show a strong female
bias. The overall sex ratio is roughly equal in children
diagnosed under the age of 15 but while populations
with the highest incidence all show male excess, the
lowest risk populations studied, mostly of non-Euro-
pean origin, characteristically show a female bias. In
contrast, male excess is a consistent finding in popula-
tions of European origin aged 15-40 years, with an
approximate 3:2 male:female ratio. This ratio has re-
mained constant in young adults over two or three
generations in some populations. Further, fathers
with Type 1 diabetes are more likely than affected

mothers to transmit the condition to their offspring.
Women of childbearing age are therefore less likely
to develop Type I diabetes, and — should this occur —
are less likely to transmit it to their offspring. Type
IT diabetes showed a pronounced female excess in
the first half of the last century but is now equally
prevalent among men and women in most popula-
tions, with some evidence of male preponderance in
early middle age. Men seem more susceptible than
women to the consequences of indolence and obesity,
possibly due to differences in insulin sensitivity and
regional fat deposition. Women are, however, more
likely to transmit Type II diabetes to their offspring.
Understanding these experiments of nature might
suggest ways of influencing the early course of both
forms of the disease. [Diabetologia (2001) 44: 3-15]
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Autoimmune diabetes and sex

Sex bias is characteristic of autoimmune disease. It
has been estimated that 6.7 million women are affect-
ed by autoimmune diseases in the United States, as
against 1.8 million men. The six most prevalent con-
ditions (vitiligo excepted), accounting for 93 % of
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Abbreviations: NOD, Non-obese diabetic; LADA, latent au-
toimmune diabetes of adults; Th, T helper; RA, rheumatoid ar-
thritis; MS, multiple sclerosis; TRD, transmission ratio distor-
tion.

the total, are hyperthyroidism, rheumatoid arthritis,
thyroiditis, Type I (insulin-dependent) diabetes mel-
litus, pernicious anaemia and multiple sclerosis [1].
The estimated percentage of females affected by
each condition is given in Table 1 [2]. Type I diabetes
stands apart from the other conditions listed by virtue
of its early age of onset and lack of female predomi-
nance, but it should be noted that the data in Table 1
were derived only from studies in children.

Most reviews have concluded that male sex bias in
Type I diabetes is absent [3] or minor [2]. We will pre-
sent evidence that some populations show male sex
bias from birth, and that all populations studied
show male excess in early adult life. We examine the
older literature to explore the hypothesis that males
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Table 1. The sex distribution of common autoimmune diseases

Condition Peak onset (year) % females
Type I diabetes 2-15 45 %
Multiple sclerosis 20-35 60 %
Rheumatoid arthritis 20-40 65 %
Hashimoto’s thyroiditis 30-50 85 %
Thyrotoxicosis 30-50 85 %
Pernicious anaemia 40-80 60 %

Note that data for diabetes were drawn from studies with onset
in childhood. Modified from Beeson [2]

are preferentially targeted by environmental factors
associated with the rising incidence of the disease.
We review the effects of the hormonal changes of pu-
berty and pregnancy upon diabetes progression in
other autoimmune diseases and in diabetes, and dis-
cuss sex differences in transmission of the disease
from affected parents. Finally, we review possible ge-
netic mechanisms for a sex bias in autoimmune diabe-
tes. These findings in humans contrast with findings
in the non-obese diabetic (NOD) mouse, our prime
model of diabetes autoimmunity, in which diabetes
progression is almost twice as common in females [4].

The phenotype of autoimmune diabetes changes
with age

Type I diabetes is mediated by autoimmune processes
that result in insulin deficiency. There is increasing
recognition that the rate of beta-cell destruction can
be highly variable, typically rapid in young children
but slower in adults [S]. The epidemiology of child-
hood diabetes is relatively simple to study, because
children with diabetes have a distinctive phenotype,
are highly visible within the health care system and
in western societies almost always have the autoim-
mune form of the disease. Such children have a char-
acteristic pattern of HLLA susceptibility (with impor-
tant qualitative differences between populations)
and of circulating islet autoantibodies.

The phenotype of autoimmune diabetes in later
life is much less distinctive. The disease presents
along a spectrum of insulin deficiency, HLA type
and islet autoantibodies. All these features are less
pronounced in adults who present with classic Type |
diabetes than in children [6] and can sometimes be
absent [7]. In older age groups the disease seems to
blur almost imperceptibly into the larger mass of mid-
dle-aged and elderly patients with non-immune dia-
betes. Older patients with glutamic acid decarboxy-
lase (GAD) autoantibodies exceeding 5 RU have an
earlier requirement for insulin and differ in pheno-
type from Type II (non-insulin-dependent) diabetes
mellitus, with fewer features of the metabolic syn-
drome. A spectrum is however apparent even within
the subgroup of patients with GAD antibodies, such

E. A.M. Gale and K. M. Gillespie: Diabetes and sex

that those with higher titres are more likely to carry
markers of HLA susceptibility [8]. The term “latent
autoimmune diabetes of adults” (LADA) has been
coined for this group [9] but lack of clear phenotypic
characterization remains a major obstacle to epide-
miological analysis. Relatively little is therefore
known concerning the true incidence and natural his-
tory of autoimmune diabetes in later life, although a
Danish study has suggested that 44 % of all cases of
clinically defined Type I diabetes present over the
age of 40 years and that lifetime risk is as high as
1.5% in their population [10]. Statements about the
sex incidence of Type I diabetes can therefore be
made with considerable confidence in childhood dia-
betes, with rather less confidence in young adults,
and no firm conclusions are possible over the age of
50 years. In the following sections we will consider
evidence of a sex bias in each of these age groups.

The under-15s. A careful review of sex differences in
children presenting under the age of 15 identified a
minor male excess in Europe and populations of Eu-
ropean origin, with a female excess in populations of
African or Asian origin [11]. European countries
with a male excess include Sardinia, mainland Italy,
the United Kingdom, Norway, Sweden and Finland.
Denmark, France and the Netherlands have approxi-
mately equal rates and the Baltic and Slav countries
generally show a female preponderance. There is a
weak association between male sex and high frequen-
cy of diabetes. More striking is the observation
that all populations with an incidence higher than
23/100000 had a male excess, whereas all those with
arate below 4.5/100000 had a female excess. The rea-
son for these differences is not known.

Early adult life. Although the incidence of childhood
diabetes has been extensively studied, relatively little
information is available concerning the incidence of
autoimmune diabetes in adult life. We have noted
that with increasing age the phenotype becomes in-
creasingly hard to distinguish from the syndrome of
Type II diabetes. A number of studies are however
available in which the definition of Type I diabetes
in early adult life is based on requirement for insulin
[12-22] (Table 2). These are remarkably consistent
in showing a male preponderance for new cases diag-
nosed over the age of 14 years, with a male:female ra-
tio ranging from 1.3-2.15. This can be seen in coun-
tries characterised by male preponderance from
birth, such as Sweden and Norway, but is also promi-
nent in countries such as Belgium, in which the
male:female ratio approximates to 1.1 up to age 14,
but rises to 1.7 above that age [16]. Swedish data also
show a striking divergence in the sex ratio over the
age of puberty (Fig.1) [18]. The one published study
which seems to run counter to this trend comes from
Kuwait, which shows a female preponderance in
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Table 2. Sex distribution in adult onset Type I diabetes

Country/town [ref] Period Age range n (male) male/female
Belgium [16] 1989-1995 15-39 885 (552) 1.66
Denmark [17] 1970-1976 15-30 not stated 1.50
Denmark [12] 1973 15-30 273 (160) 1.32
Minnesota [20] 1945-1969 0-29 not stated 1.30
Norway [22] 1956-1964 15-19 not stated 1.55
20-24 not stated 1.30
25-29 not stated 215
Norway [21] 1978-1982 15-29 784 (446) 1.32
Sweden [13] 1983-1987 15-34 1934 (1214) 1.69
Turin [14] 1984-1988 15-29 160 (97) 1.83
Wisconsin [19] 1970-1979 15-29 102 (60) 1.43
Zagreb [15] 1988-1992 15-44 145 (82) 1.30
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Fig.1. Cumulative incidence/100000 of Type I diabetes over
the age range 0-34 years in Sweden 1983-1987. Males are

more commonly affected than females after the age of puberty.
From Nystrom et al. [18], with permission

young adult life, but closer analysis of this paper
shows that many cases were not insulin-treated and
that women with gestational diabetes were also in-
cluded [23].

Population-based family studies also show evi-
dence of male excess in early adult life. In the Pitts-
burgh Study of siblings of children diagnosed under
the age of 17 years, secondary attack rates were equal
up to the age of 15 but males were more commonly
affected after that age. By the age of 30 overall sec-
ondary attack rates were 7.0 % for males and 5.5 %
for females, although this difference did not reach
statistical significance [24]. A similar phenomenon
has been observed in the Bart’s-Oxford Family Study
(unpublished data). Therefore to date, and on the ba-
sis of limited data, Type I diabetes seems to show a

clear male preponderance in all populations of Euro-
pean origin studied in early adult life. This excess per-
sists up to age 40 in some populations; over this age
phenotypic characterisation of diabetes becomes
more of a problem. No difference in sex emerges
from a Danish study of insulin prescriptions for indi-
viduals with diabetes onset over the age of 50 years
[12].

Other groups of patients deserve brief consider-
ation at this point. A group of “polyendocrine” pa-
tients has been described in whom islet cell antibod-
ies (ICA) are associated with clinical or subclinical
thyroid or other autoimmune conditions. This group
shows a preponderance of middle-aged females [25].
This could however be because patients were identi-
fied by a large clinic specialising in thyroid autoim-
munity, a condition with a heavy female bias.

A second group of interest contains patients pre-
senting in early to middle life without markers of au-
toimmune diabetes. An early study of patients with
newly diagnosed diabetes aged 18-50 years from the
United Kingdom classified 87 out of 254 as having
Type I diabetes on clinical grounds but found an over-
all male sex bias (151 male vs 103 female) across both
groups [26]. Equally, a Danish study of 1240 patients
diagnosed over the age of 30 years and with a short
or long-term requirement for insulin shows that about
twice as many males as females were diagnosed in the
age range 40-60 years but makes no comment on this
observation [10]. Immunogenetic characterisation of
newly diagnosed patients referred to the Belgian Dia-
betes Registry identified a subgroup of 408 (25.9 %)
in the 15 to 40-year age group who tested negative
for islet autoantibodies. In this group the male:female
ratio was 1.8, as against 1.5 in those with detectable
antibodies [27]. This unexpected finding is consistent
with a report from Sweden in which immune markers
were examined in 203 consecutively diagnosed pa-
tients aged 40-54 years. A striking male preponder-
ance (2.2:1) was noted in this group in which only 19



Table 3. Secular change in the sex ratio of patients attending a
clinic in the United Kingdom 1930 to 1963

Year Age at diagnosis (years)
20-34 35-49 50-64 65-79

1930-1934 1.07 0.59 0.51 0.5
1935-1939 1.60 0.69 0.31 0.54
1940-1944 1.57 0.72 0.46 0.69
1945-1949 1.54 0.65 0.44 0.38
1950-1954 1.80 0.96 0.59 0.59
1955-1959 1.75 1.47 0.86 0.74
1960-1963 1.13 1.78 0.96 0.78

Data from Malins et al. [31]

(9.4 %) were judged to have Type I diabetes [28]. In a
later section we will see that there has been an histor-
ical shift from female to male predominance in pa-
tients in this age group and a possible explanation
will be suggested in the discussion.

Is male preponderance in young adults with diabetes
a new phenomenon?

The incidence of childhood diabetes has risen steadi-
ly in Europe and other parts of the world over the
past 30-50 years [29] and the highest rates of child-
hood onset disease are found in countries with an ex-
cess of affected males [11]. This raises the possibility
of a preferential interaction between the environ-
ment and male sex. We therefore examined the older
literature for clues as to whether male predominance
is a recent or longstanding characteristic of Type I di-
abetes.

The United States Public Health Survey of
1935-1936 found no evidence of a sex bias in children
and mild female preponderance in young adults.
Since ascertainment of diabetes was based on direct
questioning and did not distinguish the form of treat-
ment offered, it is possible that sex differences in the
younger adult age groups were biased by gestational
diabetes. United States data are therefore limited by
lack of information concerning insulin treatment but
on face value suggest a moderate female excess in
young adults in the 1930s [30].

In contrast, clinic-based data from the United
Kingdom suggest that male excess has been a con-
stant feature of diabetes in early adult life (Table 3).
Here again, treatment is not specified and the figures
should be viewed with caution but this study does
suggest a relatively constant male excess for the age
group 20-34 years over the period from 1935-1960
[31].

The best data, however, come from Norway, a
country that currently shows a clear male excess in di-
abetes in childhood and early adult life. A study pub-
lished in 1927 examined mortality statistics for the
years before the introduction of insulin and found
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Fig.2. Incidence/100000 and sex in Norway. Males are shown
in black. The panel on the left shows data from Westlund [33]
for the period 1925-1954, compared with data from Joner and
Sovik [21] for the period 1978-1982. Ascertainment could
have been incomplete in the earlier study. Male sex bias can
be shown over a 50-year time period in Norway

that more males than females were recorded as dying
from diabetes for all ages up to 50 years [32]. Hospital
admissions data for Oslo for the period 1925-1954
showed a consistent male bias in children and young
adults [33] virtually identical to that found in more re-
cent studies [21] (Fig.2). We can conclude that male
excess in early onset diabetes is an inherent charac-
teristic of some populations at least and that in Nor-
way the ratio between the sexes has not changed
over a period in which the recorded incidence of the
disease has risen rapidly.

Immune factors, sex and autoimmunity

We have presented evidence that in western societies
there is a male bias in autoimmune (and possibly also
in non-autoimmune) diabetes diagnosed over the age
range corresponding to female childbearing life. This
observation runs counter to experience in all other
major cell-mediated autoimmune disorders. We will
therefore pause to consider the influence of sex-relat-
ed factors upon the immune system and the progres-
sion of autoimmune disease in general.

It has long been recognised that sex influences the
behaviour of the immune system. Studies in mice
demonstrate that immune responses tend to be more
vigorous in females [34], an observation that might ex-
plain the increased incidence of autoimmune disease
in females in animal models of autoimmunity [35].
The evidence for sex differences in the human im-
mune response is less convincing but circulating IgM
(but not IgG) concentrations are higher in women
[36], whereas men have lower CD4* counts and there-
fore a lower CD4/CD8 T-cell ratio than women [37].

It not always appreciated that our knowledge of
autoimmunity in animal models is derived almost ex-
clusively from studies in female mice. Mouse models
of autoimmune diseases such as rheumatoid arthritis,
multiple sclerosis and autoimmune diabetes all show
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a strong sex bias. For example, in the inbred parental
strain of the NOD mouse 90 % of females are affect-
ed as against 50 % of males [4]. Sex bias in these mod-
els is still largely unexplained but there is consider-
able evidence that oestrogens enhance and andro-
gens protect against autoimmune disease.

Oestrogens influence the growth and differentia-
tion of many tissues and act upon the maternal im-
mune system to prevent rejection of the fetus during
pregnancy. The effects of these hormones could be
mediated by the hypothalmo-pituitary axis [38] but
oestrogen receptors are present on antigen present-
ing cells including macrophages [39] and receptors
for both androgens and oestrogens are present on on
CD4" [40] and CD8" T cells [41]. This suggests that
sex hormones interact directly with immunocompe-
tent cells to modulate the immune response [42].
Studies in the mouse show that enhanced expression
of T helper 1 (Th1) cytokines (IFNy, TNFa) is associ-
ated with cell-mediated immune responses, whereas
enhanced expression of T helper 2 (Th2) cytokines
(IL4, ILS, IL10) promotes humoral immune repon-
ses. In these models oestrogens seem to modify the
Th1/Th2 equipoise in a dose-dependent fashion,
such that low concentrations can stimulate whereas
high ones inhibit specific immune responses. These
observations might help to explain why women are
more prone to develop a number of autoimmune dis-
eases between menarche and menopause, some of
which show striking clinical remission in the course
of pregnancy [43].

Conversely, there is strong evidence from mouse
models that androgens are protective against autoim-
mune disease. Castration of males increases the inci-
dence of diabetes and of experimental allergic en-
cephalomyelitis in the corresponding models [44—46],
and testosterone treatment of NOD females can pre-
vent islet destruction [47]. The protective effect of
testosterone is mediated by the induction of a Th2
bias in autoantigen-specific T lymphocytes [48]. Ex-
trapolation from mouse to man should however be
cautious because the Th1/Th2 paradigm might have
limited relevance in humans, in whom immune re-
sponses are much less polarised than in the mouse
[49].

Effects of pregnancy and hormone substitution
in other autoimmune conditions

In pregnancy the cellular immune responses of the
mother are down-regulated to prevent immunity di-
rected against the fetus [5S0] and the effect of preg-
nancy upon autoimmune diseases has therefore at-
tracted considerable interest. The maternal immune
system recognises fetal histocompatibility antigens
derived from the father and mounts an immune re-
ponse against them [51]. The B cell response is sig-
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nalled by the appearance of circulating antibodies
and maternal sera played a major role in early investi-
gation of the HLA system in humans [52]. T-cell rec-
ognition of paternal alloantigens has also been shown
in a transgenic mouse model and a transient state of
T-cell tolerance specific for paternal alloantigens has
been found [53]. One clinical report has suggested
that remissions are more likely to occur in patients
with rheumatoid arthritis when there is disparity be-
tween maternal HLA class II alleles and the paternal
alleles carried by the fetus, especially when the dis-
parity exists at the DQ locus [54].

Sex issues have attracted particular attention in
two human autoimmune diseases, rheumatoid arthri-
tis (RA) and multiple sclerosis (MS). A task force re-
port on sex, multiple sclerosis and immunity ([43],
www.sciencemag.org/feature/data/983519.shl) offers
a useful review of these areas. Both conditions will
be considered briefly before we go on to examine au-
toimmune diabetes. In RA the sex ratio is 3—4:1 dur-
ing childbearing years, but disease incidence rises
sharply in both sexes after the age of 50 and the sex
ratio tends to narrow in later life. In MS the sex ratio
is 2-3:1 and female preponderance is also more pro-
nounced in childbearing years. Women tend to devel-
op MS earlier, but in a milder form; disease progres-
sion is typically more aggressive in men.

In 1938 Philip Hench reported that rheumatoid ar-
thritis showed remission in pregnancy [55], an obser-
vation that stimulated his search for an endogenous
substance — which he termed “substance X — that
could relieve the symptoms of arthritis [56]. This
quest led to the finding that arthritis could be relieved
by cortisone and the award of a Nobel prize, although
ironically endogenous cortisol is no longer consid-
ered responsible for remission of RA in pregnancy.
Later studies confirmed that some 75% of patients
report relief of symptoms during pregnancy, whereas
almost all relapse in the immediate post-partum peri-
od [57]. Multiple sclerosis also remits in pregnancy,
with a 70 % reduction in the frequency of relapse in
the third trimester, and a corresponding rebound to
70% above baseline in the 3 months post-partum
[58]. In contrast, systemic lupus erythematosus, a
condition in which humoral rather than cellular im-
mune responses predominate, frequently shows flares
in the course of pregnancy [59].

Oral contraceptives appear to protect against the
development of rheumatoid arthritis [60], and one
case-control study found that a nulliparous woman
not using the oral contraceptive pill before the age
of 35 had a fourfold increase in the subsequent risk
of rheumatoid arthritis [61]. These findings remain
somewhat controversial [62].

Many therapies have been tried in an attempt to
reproduce the benefits of pregnancy in patients with
rheumatoid arthritis, but with very limited success
[63]. We have seen that oestrogens and androgens
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Fig.3. Risk of Type I diabetes in offspring of affected fathers
(—#-), affected mothers (-l}-), and in the general population
of Finland (---A---). From Tuomilehto et al. [72], with permis-
sion.

modulate disease progression in animal models of au-
toimmunity but sex hormones have proved relatively
ineffective in human disease and have found no es-
tablished place in prevention or therapy of RA and
MS.

Puberty, pregnancy and contraception in diabetes

Type 1 diabetes typically reaches peak incidence
around the time of puberty but it is not clear whether
diabetes is precipitated directly by the hormonal
changes associated with this transition or is due to
the considerable increase in insulin resistance that
occurs at the same time [64]. Insulin resistance would
however provide sufficient explanation. Islet autoim-
munity is a chronic smouldering process initiated
very early in life and the endocrine and metabolic
changes of puberty might well be expected to uncov-
er pre-existing islet insufficiency and hence precipi-
tate the disease. Type I diabetes is also more likely
to present in pregnancy than in the non-pregnant
state but here again it is difficult to distinguish be-
tween the effects of the immunological and metabol-
ic adaptation to pregnancy. As in puberty, the meta-
bolic challenge of pregnancy could well be sufficient
to precipitate diabetes in people with subclinical
beta-cell loss. A longitudinal study of insulin-requir-
ing diabetes acquired in pregnancy found that the
rate of Type I diabetes in pregnancy was 70 % higher
than in non-pregnant women of that age in the back-
ground population [65]. Of the 46 women in this
group, 92% had HLA-DR3 or DR4 or both com-
pared with 57 % of a control group. Consistent with
the explanation that diabetes was precipitated by
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the metabolic stress of pregnancy, 37 of the women
went into prolonged non-insulin requiring remission
after delivery [66].

It is therefore not possible at present to draw use-
ful conclusions as to the influence of pregnancy, the
prime test of a sex-related autoimmune condition,
upon progression of autoimmune diabetes. Equally,
the effect of contraceptive use and parity upon pro-
gression to an autoimmune form of diabetes is not
known, although it can be noted that the relative risk
of progression to any form of diabetes is slightly re-
duced — although not significantly so — in women tak-
ing the contraceptive pill [67].

Transmission of Type | diabetes

Further evidence of sex-related effects come from
studies of transmission of diabetes from one genera-
tion to the next. Studies from the United States
[68-71], Finland [72] and Denmark [73] have shown
that fathers with Type I diabetes are more likely
than affected mothers to transmit diabetes to their
offspring (Fig.3). The studies are consistent in show-
ing that the risk of childhood-onset diabetes in the
offspring of an affected father is two to three times
greater than that of the offspring of an affected moth-
er. Equally, islet autoantibodies are more commonly
found in the offspring of diabetic fathers than diabet-
ic mothers [74].

The Finnish study, which was considerably larger
than the others, suggests that the incidence of diabetes
isrising more rapidly in the offspring of people with di-
abetes than in the general population. It also shows
that fathers are more likely to transmit diabetes to
their daughters and mothers to their sons [72]. This ob-
servation was confirmed by the EURODIAB group
for father/daughter transmission but not for increased
transmission from mothers to sons [75]. Preferential
cross-sex transmission could therefore be a reality but
the effect is relatively weak and further confirmation
is needed. Conflicting results are reported from this
and other studies of parents with diabetes concerning
the effect of birth order and parental age at delivery,
but early onset diabetes in the parent does appear to
increase risk of diabetes in the child [71, 73].

The key point at issue is not however in doubt; dia-
betic fathers transmit greater risk to their children
than do diabetic mothers. Why should this be? There
is no evidence to support selective loss of fetuses
bearing diabetes susceptibility genes [69]. Because
the risk conferred by an affected father is of the
same order as that conferred by having an affected
sibling, maternal diabetes might in some way be pro-
tective and three broad lines of explanation therefore
remain open.

The first possibility is that fetal beta-cell develop-
ment is accelerated by the hyperglycaemic environ-
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ment of a diabetic pregnancy, as shown in post-mor-
tem studies of infants of diabetic mothers [76] and
that this reduces subsequent liability to autoimmune
damage. Consistent with this, glucose infusion plus
treatment with glucagon or arginine for the first
6 days after birth considerably reduces the risk of dia-
betes in neonatal BB rats [77]. The experiment of na-
ture that could confirm this in human diabetes would
be that children born to mothers who develop Type 1
diabetes after pregnancy have a higher risk of diabe-
tes than those born to mothers who already have dia-
betes. The Danish group found that the protective ef-
fect of maternal diabetes was apparently lost in chil-
dren born to mothers before the diagnosis of diabe-
tes, but their observation was based on only 14 dia-
betic offspring [73]. This issue therefore is still unre-
solved.

A second possible explanation is that protection is
in some way due to maternal effects upon ontogeny
of the immune system in the fetus, resulting in toler-
ance induction [69]. It is not clear what mechanism
might be responsible for this postulated effect but
the risk of diabetes in the offspring of non-diabetic
mothers is modulated by maternal age; a mother giv-
ing birth over the age of 40 is up to 3 times more like-
ly to have a child who develops diabetes than a moth-
er in her twenties [78]. This observation suggests that
the intrauterine environment exerts a major influ-
ence upon subsequent risk of diabetes in the child in
the absence of maternal hyperglycaemia. Type I dia-
betes, like Type II diabetes [79], therefore shows evi-
dence of fetal origins.

A third possibility is that affected fathers transmit
an excess of susceptibility genes to their offspring.
The Mendelian expectation is that each of the two al-
leles present in a parent would have an equal chance
of being transmitted to the offspring. There is howev-
er evidence that in some situations the expected 50:50
transmission ratio does not apply, a phenomenon re-
ferred to as transmission ratio distortion (TRD). Evi-
dence for this has proved controversial in humans but
there is evidence of TRD at the INS-IGF2 VNTR
such that class I alleles have an approximate 55 %
probability of transmission [80]. The class I allele is
associated with suceptibility to Type I diabetes and
the class III allele with protection. Complex effects
have been reported. For example, a certain class I al-
lele does not predispose to diabetes if transmitted by
a father with an untransmitted class III allele [81].
The effect of this gene upon diabetes susceptibility is
however relatively weak, and on present evidence it
might contribute to, but not explain, the differential
risk conferred by fathers and mothers. Transmission
ratio distortion within the HLLA region might be ex-
pected to have a more powerful influence and it has
been suggested that differential parental transmission
of an HLA-DR4-linked diabetes susceptibility allele
might be responsible for the differential risk in off-

9

spring [82]. It was subsequently pointed out that se-
lection for families with an affected child will inevita-
bly bias the sample in the direction of apparent TRD
[83] and appropriately controlled studies have yet to
show evidence of TRD for HLA class II alleles con-
ferring susceptibility to Type I diabetes [84].

Genetic factors and sex in Type | diabetes

We have observed in this review that some popula-
tions show a male preponderance of childhood diabe-
tes from birth but others do not. In Norway the sex
ratio has remained constant over 50 years, although
the incidence of diabetes has risen rapidly over the
same time. The children of fathers with Type I diabe-
tes are more likely to develop diabetes than those of
mothers with Type I diabetes and fathers are rather
more likely to transmit diabetes to their daughters.
All these observations would be consistent with a ge-
netic explanation. How then could genes influence
the sex in which diabetes is expressed?

As in other autoimmune disorders, the HLA re-
gion plays the major part in determining genetic sus-
ceptibility to Type I diabetes and in most populations
of European extraction over 90 % of affected people
carry HLA DRB1#03 or HLA DRB1*#04. There are
similar and overlapping HLA associations in most
forms of autoimmune disease and the common disor-
ders are polygenic, with a major contribution from
the HLA region. Type I diabetes shows linkage to
the HLA region (IDDM]I) and the insulin gene re-
gion (IDDM?2) as well as to a number of other less
well characterised loci. Candidate non-HLA loci for
diabetes and other autoimmune disease co-localize,
suggesting a shared common underlying susceptibili-
ty to autoaggression. On this hypothesis, some genes
are common to autoimmune disorders and other
genes are responsible for vectoring the immune sys-
tem towards specific target tissues [85].

The strong association of thyroid autoimmunity
with female sex has suggested a role for genes on the
X chromosome and linkage between Graves’ disease
and a locus on chromosome Xq21.33-22 has been
found [86]. Multiple sclerosis and rheumatoid arthri-
tis have also been linked to the X chromosome, in
this case locus Xp11 [87, 88]. Genetic analysis of ex-
perimental autoimmune encephalomyelitis, an ani-
mal model of multiple sclerosis, also provided evi-
dence for a locus on mouse chromosome X, homolo-
gous to human Xql13-q22 [89]. There is therefore
mounting evidence that genes on the short arm of
the X chromosome contribute to susceptibility to
some autoimmune conditions.

The products of genes on different chromosomes
possibly interact to increase disease susceptibility in
the absence of any physical link between transmis-
sion of these genes. In Type I diabetes a survey of pa-
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Sex and diabetes
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Fig.4. Prevalence of diabetes by sex and age of onset in a US
clinic in 1933. The female excess in late onset diabetes charac-
teristic of the first half of the last century is shown ([l males,
H females). Drawn from data in Pincus et al. [92].

tients from the United States, United Kingdom and
Sardinia found that there was a pronounced overall
male sex bias in patients with DR3/X (where X was
not DR4). In patients with DR3/X the sex incidence
was 1.7, as against 1.0 in DR4/X (where X was not
DR3) or 1.2 in DR3/4. The effect was mostly strongly
evident in the Sardinian population [90]. Further,
there was evidence of linkage to the candidate locus
Xpl13-pll, in a region already implicated in multiple
sclerosis and rheumatoid arthritis. A reported devia-
tion from the expected Mendelian 1:1 ratio of grand-
paternal/grandmaternal alleles at Xp11.4-p21.1 sug-
gested the presence of a TRD locus in this region
[91]. Further analysis established that the TRD locus
does not influence linkage of Type I diabetes at
Xpl1.4-p21.1 [92]. Being male and DR3 positive is
therefore a high risk phenotype, at least in Sardinia
[90]. The findings of the Sardinian group could not
however be reproduced by analysis of the Belgian
Registry, in which the male:female ratio is 1.5 after
age 15, and in which there was no evidence of interac-
tion between DR3 and an X-linked factor [27]. The
X-linked susceptibility might contribute to risk in
some populations but not in others.

Type Il diabetes

Type 1I diabetes is now considered to show no major
overall sex bias [93] but few recent investigators
have commented on the fact that a major sex shift oc-
curred within late-onset diabetes in the course of the
twentieth century. A pronounced female preponder-
ance was noted in a cohort from an American clinic
(Fig.4) [94] and confirmed in the United States Na-
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tional Health Survey of 1935-1936 [30]. This select-
ed a sample of 2.5million people living in
700000 households in 83 cities and found that almost
twice as many women as men were affected from
ages 45 to 64. The authors comment that “Under age
25, the rates for the two sexes are not much different;
at ages 25 to 34 years, the females are higher by 20 %,
at ages 35-44 by almost 60 %, and at ages from 45 to
64, their rates are almost double those for males”.
Of the estimated total number of 500000 cases in the
United States, 38.5 % were predicted to be male and
61.5% female [30]. A similar ratio emerged from a
survey of hospital admissions in Oslo from
1925-1954 [33] and indeed almost all studies pub-
lished before that mid-century show a clear female
bias [95]. The males/female ratio rose considerably
in all age groups over the age of 35 attending one clin-
ic in the United Kingdom between 1930 and 1960
(Table 3). The greatest change was seen in the 35-49
age group, in which the ratio changed from 0.65 in
1945-1949 to 1.78 in 1960-1963 [31]. African Ameri-
cans showed a clear female preponderance in diabe-
tes prevalence over the years 1963-1985 but the prev-
alence in black males increased rapidly relative to the
rate in females over this period [96].

Possible explanations for the changing sex ratio in
late-onset diabetes include decreasing parity in wom-
en and a more sedentary lifestyle leading to increased
obesity in men. Kelly West reviewed this question in
detail and pointed out the cultural complexity of
male as against female obesity in different societies
[97]. To take a more recent example, the National
Health and Nutrition Examination Survey,
NHANES III, showed a similar prevalence of over-
weight men in the Non-Hispanic white and black
populations over the age range 20-74 years (32 % vs
31.8% ) whereas the equivalent rates were 32.3 % for
white as against 49.1 % in black women [98]. Obesity
has traditionally been more common in women in
western societies, but West cites evidence for increas-
ing obesity in men relative to women in the United
Kingdom. His conclusion is that changes in the sex
distribution of obesity are largely responsible for the
rise of male diabetes [97]. Later support for his view
comes from health surveys of all inhabitants of one
Norwegian county, conducted in 1984-1986 and
1995-1997. In the first survey, diabetes was signifi-
cantly more common in women over the age of 20
(3.20% vs 2.62% ) but only a decade later the preva-
lence in men had also risen to 3.20% whereas the
prevalence in women was unchanged. Over the same
period weight distribution in the background popula-
tion showed a systematic increase, equivalent to 4 kg
in men and 3.3 kg in women. The number of people
aged 20-40 years with a BMI of 30 or more doubled
and a sharp increase in the prevalence of diabetes
was seen under age 50 in women (balanced by a de-
crease in older age groups) and under age 60 in males.
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At the time of the first survey 50 % of those surveyed
who were known to have diabetes were overweight
and 30% had lean body mass; by the second survey
the balance had shifted to 65 % and 18 %, respective-
ly [99].

Discussion

A considerable literature has accrued around the top-
ics of sex hormones, sex and susceptibility to im-
mune-mediated disorders, especially multiple sclero-
sis and rheumatoid arthritis, yet these issues are rare-
ly considered by researchers in diabetes. This lack of
interest has been based — and not unreasonably — on
the observation that the overall sex balance is rela-
tively equal. Type I diabetes is however the only ma-
jor cell-mediated clinical or experimental autoim-
mune disorder which lacks a clear female bias, which
in itself is an anomaly of some possible significance.
Equally, the current balance between the sexes in
late-onset diabetes conceals the remarkable sex shift
that has occurred in the middle-aged population
over the course of the past century. The general as-
sumption that sex is not an issue for diabetes is to
some extent self-fulfilling because it leads to a situa-
tion in which certain types of question are not asked
and relevant studies are not undertaken. A further
consequence is that there is no recognised body of lit-
erature on the subject. This review represents an at-
tempt to bring together some of the elements needed
for such an overview.

Any statement concerning the sex distribution of
diabetes should be qualified by information concern-
ing the nature of the cohort(s), the calendar years
over which the observations were collected, the
age-band studied and the criteria used to define the
condition. These conditions have been adequately
fulfilled for childhood-onset diabetes, and a spec-
trum ranging from female to male predominance
has been defined. The two extremes are represented
by a number of low-incidence non-European popu-
lations at the female end of the spectrum and by
high-incidence populations from northern European
and Sardinia at the male end. The majority of popu-
lations studied lie, however, relatively close to unity
and show a weak but positive correlation between
incidence and male bias [11]. It is of obvious interest
to establish whether the pattern of sex distribution is
intrinsic to a population, and therefore possibly ge-
netic, or whether it can be attributed to cultural and
environmental differences between populations. No
clear answer is possible at this stage but we have not-
ed that the sex ratio in children and young adults
with diabetes in Norway has remained remarkably
constant over a 50 year period during which the inci-
dence of childhood diabetes has doubled. This would
favour a “genetic” explanation, due for example to
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the contribution of genes linked to the X chromo-
some.

The next age-band examined was the approximate
age-range 15-40 years. Consideration of the relative-
ly small number of studies based on early require-
ment for insulin (Table 3) suggests that an approxi-
mate 3:2 male bias is characteristic of this age range,
at least in the European-origin populations that
were studied. Populations with a childhood male ex-
cess tend to show an exaggeration of this bias in
young adult life but a similar sex effect can be seen
in populations in which the ratio is approximately
equal over the prepubertal period (Fig.1). This raises
the possibility that sex hormones influence the risk of
developing autoimmune diabetes. If so, the oral con-
traceptive pill might conceivably protect against on-
set of Type I diabetes, which could justify further in-
vestigation.

We went on to consider sex effects in the transmis-
sion of Type I diabetes from affected parents. It has
repeatedly been shown that men with Type I diabetes
are two to three times more likely than affected wom-
en to transmit the disease to their offspring. Oddly,
this is the mirror image of transmission of Type II di-
abetes, which is more commonly transmitted from
an affected mother [100]. Although metabolic, immu-
nological and genetic explanations have been pro-
posed, the reason why the offspring of affected moth-
ers are less susceptible to autoimmune diabetes is still
not known. The metabolic hypothesis could however
be tested by comparison of large numbers of mothers
who developed diabetes before and after delivery.
Genetic mechanisms affecting transmission of sus-
ceptibility genes might also be a factor and the find-
ing of transmission ratio distortion in relation to a di-
abetes suceptibility gene is of considerable interest
[80]. Even so, we lack evidence of a genetic effect suf-
ficiently potent to explain a two- to threefold differ-
ence in risk. Finally, we have suggested that the ma-
ternal intrauterine environment has more influence
than is currently believed upon future development
of the fetal immune system. Indirect support for this
contention comes from observation of the effect of
maternal age at delivery upon subsequent risk of dia-
betes in the child, an effect that is possibly of the
same order of magnitude as the transmission differ-
ence between affected mothers and fathers [78].
Does fetal programming of the immune system exist?

Sex effects are also present in what might be
termed “grey zone” diabetes. Thus, although evi-
dence is more scanty, pronounced male preponder-
ance has been described in patients diagnosed with
diabetes from early adult life up to the age of around
50 years who lack antibody markers of autoimmune
diabetes. The temptation to label this group as having
Type II diabetes is best avoided, especially if the dis-
tinction is made on the basis of the cut-off point of a
GAD antibody assay applied to a single blood sam-
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ple. It might be more productive to concentrate on
careful phenotypic characterisation within an un-
doubtedly heterogeneous group of patients. Some of
these might fall within the spectrum of immune-me-
diated insulin-deficient diabetes, others could repre-
sent a genetic subtype of the syndrome of non-au-
toimmune diabetes [101] and others again are likely
to have the common obesity-related form of the dis-
ease.

Hyperglycaemia develops in any form of diabetes
when the secretory capacity of the pancreatic beta
cell is exceeded by the metabolic demands of the
rest of the body. Sex-related differences in insulin
sensitivity might therefore influence disease suscepti-
bility, regardless of aetiology. Women have a higher
percentage of fat than men, but similar whole body
insulin sensitivity [102]. A comparison of muscle glu-
cose uptake in 30-year-old men and women matched
for body mass and fitness showed that cardiac muscle
was equally responsive to insulin in either sex, but
that skeletal muscle glucose uptake was 50 % greater
in the women [103]. Equally, studies in a multi-racial
population of normoglycaemic men and women
aged 25-44 years showed that women secreted the
same amount of insulin as men in response to the
OGTT, despite a higher percentage of body fat. After
adjustment for body fat, women were significantly
more sensitive to insulin than men [104]. This “fe-
male insulin advantage” suggests that men are more
likely than women to develop diabetes in response
to increasing obesity. If so, the relation is not with
BMI because a linear association with diabetes is
shown in both sexes up to a BMI of 30 and rises
more steeply in females [105]. The explanation lies
rather in the predisposition of aging men to central
fat deposition, associated in men (but not in women)
with reduced oxidation of fat [106]. Intra-abdominal
fat could be more predictive of diabetes than BMI
and physical inactivity strongly influences this pattern
of fat deposition [107]. Social factors have played an
important part in the rise of male indolence and obe-
sity in that many jobs done by men required heavy
physical labour in the early part of the past century
and travel was by foot or bicycle. Automation and
the motor car could largely explain this historical
trend.

Autoimmune diabetes is commonly assumed to be
unrelated to obesity but this assumption might be un-
justified in adults because increasing insulin resis-
tance will unmask subclinical beta-cell deficiency re-
gardless of aetiology. Obesity could even promote au-
toimmunity based on the animal evidence that “stres-
sed” beta cells offer more of a target to the immune
system [108, 109]. This would be consistent with pre-
liminary evidence of an association between GAD
antibodies and raised BMI within healthy middle-
aged people [110, 27]. One consequence of the obesi-
ty epidemic is that autoimmune diabetes will develop
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more commonly in overweight people. This combina-
tion, whether coincidental or causal, will present the
clinician with yet another therapeutic challenge.

The distinction between autoimmune and non-au-
toimmune diabetes becomes increasingly blurred
over the age of 50 years and it is difficult to draw a
line between the two with any precision. The require-
ment for insulin in this age group does however seem
similar in either sex. Women live longer and this is a
potential cause of bias in studies of the prevalence of
Type 1I diabetes in older people. Once this has been
corrected for, no overall sex effect is apparent in later
life and sex differences within specific cohorts tend to
disappear when correction is made for obesity. It is
however worth noting that overweight men and wom-
en show an equal and modest decline in insulin sensi-
tivity with increasing age. In contrast, lean females
show a rapid decline in insulin sensitivity with age
and differ greatly from lean males in this respect
[111]. From this observation alone it might be pre-
dicted that diabetes would show a female preponder-
ance in later life in lean people, and that the sex ratio
would tend to equalise as these people as a whole be-
came more obese.

Our conclusion is that sex effects are present in
both Type I and Type II diabetes. These experiments
of nature might be telling us something of impor-
tance. In 1949 Philip Hench said of spontaneous re-
mission of RA in situations such as pregnancy that
“within the patient who has even the severest rheu-
matoid arthritis powerful corrective forces lie dor-
mant awaiting the proper stimulation” [56]. The chal-
lenge in both forms of diabetes is to identify and un-
lock these corrective forces before the disease has
had time to become established.
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