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ABSTRACT

In the last 20years, the prevalence of type 2 diabetes mellitus (T2DM) has tripled in adults aged 20-
79years, affecting more than 25% of people over 50years of age and especially women during meno-
pause. After the menopause transition, women gain weight, increasing abdominal fat and decreasing
lean body mass, with a significant reduction in energy expenditure. Increased insulin resistance and
hyperinsulinism characterize this period, aggravated by an increase in plasma proinflammatory cyto-
kines and free fatty acids, and a state of relative hyperandrogenism. Previous recommendations sys-
tematically excluded women with T2DM from menopause hormone therapy (MHT); new evidence
confirms that MHT significantly reduces the diagnosis of new-onset T2DM and may be beneficial in
terms of glycemic control when used for menopause symptom management in patients with pre-
existing T2DM. A comprehensive and individualized approach is considered the first line of manage-
ment for women during this period, especially in T2DM patients or in women at risk of developing
the disease. The objectives of this presentation are to review the etiopathogenic factors involved in
the increased incidence of new cases of T2DM during menopause, the impact of menopause on
T2DM and the role of MHT.
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This review was presented as a paper at the 18th IMS World Congress, Lisbon, Portugal in October 2022.

Introduction

Over the past few decades, the topic of ‘menopause and dia-
betes’ has been the subject of great controversy, especially
in relation to the use of menopause hormone therapy (MHT).

The prevalence of type 2 diabetes mellitus (T2DM) is
increasing in western countries, indeed reaching epidemic
proportions. The global diabetes prevalence in 20-79year
olds in 2021 was estimated to be 10.5% (536.6 million peo-
ple), rising to 12.2% (783.2 million) in 2045. The prevalence
of the disease increases with age, affecting one in four adults
older than 65 years. Other important aspects are that one in
two diabetic patients ignore their condition and one in six
births come from a mother with gestational diabetes, with
numerous consequences for the future generations. In add-
ition, more than 5million deaths are recorded per year,
which represents one death every 65s. Global diabetes-related
health expenditures were estimated at USD 966 billion in
2021 and are projected to reach USD 1054 billion by 2045,
which negatively impacts all health systems around the
world [1].

Any medical intervention that implies a potential reduc-
tion in the incidence of T2DM or in the morbidity and mor-
tality of this disease will be of enormous value. Therefore, it
is important to review the existing scientific evidence not
only for the etiopathogenesis of metabolic disorders present

in middle-aged women, but also for the role of MHT on nat-
ural history of these disorders.

Metabolic changes during menopause transition
and postmenopause

Numerous medical conditions become more prevalent as
women age from the menopausal transition, with a higher
incidence of metabolic syndrome, T2DM and cardiovascular
risk (CVR). Most of these changes, although not all, are
closely related to menopause or to changes that occur dur-
ing this period of life [2,3]. Surgical menopause has been
associated with a higher metabolic syndrome incidence,
compared with natural menopause [4].

Various phenotypical and metabolic changes occur during
women in mid-life, involving an increase in body weight,
with central abdominal predominance, deterioration of insu-
lin secretion and sensitivity, reduction of energy expenditure
and a progressive reduction of lean mass [5,6]. Visceral adi-
posity augments the production of proinflammatory cyto-
kines, increases circulating free fatty acids and promotes the
generation of reactive oxygen species, contributing to the
development of insulin resistance. Reduced energy expend-
iture and increased inflammation are early events in the
development of ovariectomy-induced obesity [7].
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Menopause is also considered a relative androgen excess
state with high androgen bioavailability, due to the decrease
of estrogen and sex hormone binging globulin circulation.
These factors predispose women to the development of
metabolic syndrome, T2DM and increased CVR since the
menopause transition [8,9].

These observations were confirmed by the Study of
Women’s Health Across the Nation (SWAN), a multicenter,
multiethnic longitudinal study designed to characterize the
physiological and psychosocial changes that occur from
the transition to menopause and the effect of age, in a
total of 3302 women. Among the relevant findings of this
study, they observed significant differences related to the
ethnicity of participants, with higher incidence of new
cases of metabolic syndrome and T2DM especially in
Hispanic women. This cohort concluded that weight gain is
mainly related to age, but there appears to be a contribu-
tion of menopausal endocrine disturbances in addition to
aging per se, in the development of metabolic
changes [10].

The key factors influencing weight gain during mid-life
have been a matter of debate. Studies have suggested that
mid-life weight gain is simply a function of aging and cannot
be attributed to hormonal changes of the menopause.
Despite the fact that estrogen depletion at menopause may
favor central abdominal fat accumulation, several other fac-
tors can contribute to these metabolic changes and weight
gain [11], including dietary factors, sedentarism [12], parity
[13], low level of education, family history of obesity [14]
sleep disturbances [15] and use of concomitant medication
[16] (Figure 1).

Key message

Metabolic changes occur in women during mid-life related
to aging, hormonal changes and concomitant factors.

CLIMACTERIC . 217

Risk of developing diabetes during the menopause

Numerous publications, although not all [17], report an
increased risk of developing T2DM after menopause. Some
of those results are detailed in the following. Multiple studies
suggest that impaired glucose metabolism after menopause
was not related to decreased estrogen concentration but
was the result of aging [18]; however, later analysis of data
from the SWAN concluded that lower estradiol concentra-
tions are related to higher risk for T2DM development [19].

Risk for T2DM and reduced lifetime exposure to
endogenous estrogens

Numerous studies have associated an increased risk of devel-
oping T2DM with reduced lifetime exposure to endogenous
estrogens, as occurs in women with primary ovarian insuffi-
ciency (POI) or early menopause. The European Prospective
Investigation into Cancer (EPIC) InterAct study showed that
POI in women younger than 40years old is associated with a
32% higher risk for T2DM, after following up women pro-
spectively for 11years [20]. A systematic review and meta-
analysis of 13 studies, with 191,762 women in total, demon-
strated that women with early menopause or POl present
increased risk for T2DM (odds ratio 1.12, 95% confidence
interval [Cl] 1.01-1.20, p=0.02 and p=0.001; and odds ratio
1.53, 95% CI 1.03-2.27, p=0.035 and p=0.001, respect-
ively) [21].

An observational study with 16,299 women reported the
association of early menopause at age <45years with a 20%
higher risk for T2DM [22]. Studies in women with surgical
menopause including data from the National Health and
Nutrition Examination Survey (NHANES) showed similar
results [23].

The analysis of 124,379 postmenopausal women from the
Women'’s Health Initiative (WHI) study showed that women
with short reproductive lifetimes (30years between the age
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Figure 1. Potential factors influencing central abdominal fat accumulation and weight gain during women'’s mid-life. BMI, body mass index.
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of menarche and the age of the final period) had a 37%
greater risk for T2DM compared with those 36-40years
between the age of menarche and the age of the final
period [24]. Recently, similar results were reported in a large
prospective study of 300,000 middle-aged women from 10
diverse regions in China [25].

Diabetes mellitus and age at menopause

Some cohorts suggested that women with type 1 diabetes
mellitus experienced menopause at a younger age [26,27];
but other reports failed to find a significant age difference
compared with non-type 1 diabetes mellitus women [28-30],
probably in relation to better general health and glucose
control than metabolic golds and diabetic complications
observed in earlier studies [31]. In T2DM patients, the EPIC
study [27] did not find an association of diabetes with age of
menopause, contrary to other reports [17,32].

Key message

Risk for T2DM is increased after ovarian function cessation,
both in women with natural or surgical menopause as well
as in women with POI or early menopause.

Benefits of MHT on glucose homeostasis

Several benefits of MHT on glucose homeostasis and risk for
T2DM have been described in different clinical studies. The
Heart and Estrogen/Progestin Replacement Study (HERS) [33]
found no overall effect of 4.1years of therapy with estrogen
plus progestin for secondary prevention of coronary heart
disease in postmenopausal women, despite having observed
improvement in glucose control in the MHT arm.
Amelioration of other CVR factors was also described in

different populations of postmenopausal women (blood
pressure, low-density lipoprotein cholesterol, triglycerides,
lipoprotein(a), adhesion and coagulation molecules) [34,35].
A reduction in incidence of new cases of T2DM with MHT
was reported in different primary prevention studies such as
the WHI trials [36], in the observational Nurses’ Health Study
[37]1 and in the French Cohort E3N [38].

It is important to note that MHT reduces T2DM incidence
independent of the reduction in body weight and waist cir-
cumference [39,40].

Vasomotor symptoms have been associated with increased
risk of T2DM. In the WHI study, 150.007 women were prospect-
ively examined for the potential association of T2DM with cli-
macteric symptoms. Any vasomotor symptom was associated
with an 18% increase in the risk of T2DM (hazard ratio 1.18,
95% Cl 1.14-1.22). The more severe the symptoms and the lon-
ger their duration, the higher the risk for T2DM [41].

In non-diabetic women, the effect of MHT on the risk to
develop T2DM ranges between 20 and 65% and the reduc-
tion of A1C was reported around 2.5% [5].

In patients with T2DM, significant reduction of A1C, fast-
ing glucose levels, insulin resistance using euglycemic hyper-
insulinemic clamps and other different interventions
document reductions of 33% in homeostatic model assess-
ment for insulin resistance [34].

Regarding insulin sensitivity and resistance, the results are
non-homogeneous, but most of them showed a favorable
trend, probably in relation to the heterogenous methodology
of investigation [5] (Figure 2).

Key message

MHT use reduces the risk of new cases of T2DM in non-dia-
betic postmenopausal women and improves glucose control
and several CVR factors in T2DM patients.

MHT reduces
T2 DM
incidence

tissue
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Direct effect
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MHT increases
Insulin
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Figure 2. Proposed mechanisms of menopausal hormone therapy (MHT) effect on type 2 diabetes mellitus (T2DM) incidence reduction.



Clinical management of menopausal diabetic
women

Previous recommendations systematically excluded women
with T2DM from MHT, based on the concept that T2DM is
an equivalent of coronary artery disease. Regardless that cor-
onary artery disease is the principal complication of T2DM,
not all patients have the same CVR [42].

Major support for the concept that T2DM is an equivalent
of cardiovascular disease (CVD) came from Haffner et al.’s
study [43]. Subsequent publications confirm that CVD equiva-
lence in diabetics depends on the individual coronary artery
status of each patient and on the presence of concomitant
risk factors for coronary artery disease [44,45].

Around the world there are currently different positions in
relation to the use of MHT as an effective tool in the preven-
tion of chronic diseases [31,46,47], and specifically in the pre-
vention of new cases of T2DM and in the improvement of
metabolic glucose control in women with diabetes. Most
international societies oppose or do not even mention it
[48]. The International Menopause Society (IMS), in the 2016
recommendations document, proposes the use of MHT for
management of climacteric syndrome, as a strategy with
potential benefits to also improve the CVR risk profile,
through its beneficial effects on vascular function, lipid levels
and glucose metabolism and the reduction of new-onset dia-
betes mellitus cases. The IMS notes that consideration of
MHT should always be part of an overall strategy including
lifestyle recommendations since the menopause transition
[49]. Recently, the North American Menopause Society
(NAMS) introduces new concepts in relation to this topic,
pointing out that MHT significantly reduces the diagnosis of
new-onset T2DM (but it is not US government approved for
this indication); MHT is not contraindicated in otherwise
healthy women with pre-existing T2DM and may be benefi-
cial in terms of glycemic control when used for menopause
symptom management [50].

Most of the clinical studies that have evaluated MHT in
diabetic patients have done so using conjugated estrogens
and medroxyprogesterone acetate, and only a few have eval-
uated other preparations [5].

The ability to suppress circulating levels of follicle stimu-
lating hormone has been used as a comparative parameter
of potency between the different types of estrogens used for
MHT, considering the following doses as equipotent:
0.625 mg conjugated estrogens = 1 mg micronized estradiol
= 50 ng transdermal estradiol = 5 pg ethinyl estradiol [51].
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The metabolic effects of MHT in patients with type 2 dia-
betes are not only influenced by the type of estrogen but
also by the route of administration used. Table 1 presents
some of the metabolic differences between the transdermal
and oral routes. MHT oral estrogen results in a stronger
beneficial metabolic effect, partly explained by the first hep-
atic metabolism, leading to better suppression of hepatic
insulin resistance and hepatic glucose production [5,52].
However, this route is also associated with an increase in tri-
glycerides, coagulation factors and inflammatory marker pro-
duction, with a potential increase in cardiovascular and
thrombotic risks [38,53].

There is now strong evidence to support MHT based on
an individualized CVD risk approach in T2DM menopausal
women [54]. MHT should not be indicated in women aged
>60years or with >10years in menopause. For obese T2DM
women or those with moderate CVD risk, MHT could be indi-
cated with preference for transdermal 17f-estradiol use. In
perimenopause or in T2DM menopausal women aged
<60years or with <10years in menopause, with low risk for
CVD, oral estrogens can be used, as they have the stronger
beneficial effects on glucose and lipid metabolism profiles.
In patients with a uterus, indication of MHT needs to com-
bine estrogens with progestins with neutral metabolic effect
as natural progesterone, norethisterone acetate and dydro-
gesterone [8].

A comprehensive and individualized approach to women's
health is necessary during the transition and postmenopause,
in all women, especially in women with T2DM or at risk of
developing the disease. Optimizing lifestyle (diet, exercise,
smoking cessation, safe levels of alcohol consumption and
stress management) and control of CVD factor risks are con-
sidered the first line of management [49]. For diabetic
patients it is necessary to evaluate and assess comorbidities,
and promote weight loss and the appropriate use of
pharmacotherapy following the international guidelines. In
this general approach, support of positive health behaviors
and providing appropriate psychosocial care to the patient
and their family members are extremely important [55].

Key message

The menopausal diabetic women approach includes, as a
first line of management, optimizing lifestyle and control of
metabolic and CVD factor risks. MHT indicated for climacteric
syndrome offers several benefits in women with low or mod-
erate CVD risk.

Table 1. Comparative metabolic effects between the administration of transdermal estradiol and oral conjugated estrogens.

Metabolic effect

Transdermal estradiol Oral conjugated estrogens

Hepatic tissue delivery

Non-hepatic tissue delivery (adipose and muscle tissues)
Suppression of hepatic glucose production

Plasma glucose reduction

Insulin resistance

Hepatic synthesis of triglycerides

Coagulation factors and inflammatory marker production
Plasma LDL and HDL cholesterol ratio

New-onset diabetes

1
1
)

-tt---

¥, lower effect; T, higher effect; «®, neutral effect. HDL, high-density lipoprotein; LDL, low-density lipoprotein.
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Conclusions

Aging and decrease in endogenous estrogen concentra-
tions during menopause transition and postmenopause
periods are associated with an adverse metabolic profile
and an increase in T2DM risk.

MHT has a favorable effect on glucose homeostasis in
women both with and without T2DM, improving glucose
homeostasis and reducing the risk of T2DM by enhancing
insulin secretion and sensitivity.

MHT has a favorable effect not only on glucose homeo-
stasis and CVD risk factors, but also on postmenopausal
osteoporosis prevention and diabetic bone fragility.
Women with T2DM would not be systematically excluded
from MHT. MHT is indicated in symptomatic T2DM post-
menopausal women, after evaluation of their comorbid-
ities and CVD risk stratification.
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