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Metabolic Disorders in Menopause and their Correction
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Abstract: Menopause represents a complex period in the women'’s life. Several disorders of nutrition and metabolism
are accompanying it. The information on this topic is increasing.

The carbohydrate disturbances include impaired glucose tolerance (IGT) and type 2 diabetes mellitus (T2DM), but not
only. The estrogen deficiency could be an essential contributor to the process of diabetogenesis. Other significant factors
for the risk of T2DM are: ageing, obesity (with increasing incidence after menopause), lowering of physical activity,
smoking, drinking, some drugs a.s.o.

Unfortunately, there are in the scientific literature a number of controversies regarding the relation menopause —
diabetes. For instance, an important American study (Diabetes Prevention Program) pointed out that natural menopause
did not associate with an increased risk of diabetes and did not influence the answer to the preventive strategy. On the
other hand, a large European trial (EPIC — InterAct Study) concluded that early menopause has produced a higher risk
for T2DM.

Referring to the control of diabetes in the menopause period, many studies emphasize on diet and improving lifestyle,
with a major role of physical activity. It is interesting that metformin use in postmenopausal women with diabetes was
associated with a lower incidence of invasive breast cancer.

Hormone Replacement Therapy (HRT), proposed for the correction of menopause, seems not to be adequate for the
women with T2DM.

The increase in abdominal and, more particularly, visceral fat accumulation, is associated in menopause with a higher
risk of developing an atherogenic lipid profile and an insulin-resistant state.

Elevation of total cholesterol, LDL-cholesterol, triglycerides and lipoprotein (a) levels and lowering of HDL-cholesterol

levels are observed in the menopause.

There is an association between postmenopausal status and a substantial risk of the metabolic syndrome.

The cardiovascular risk is also significantly modified.

These disorders have a major impact on the quality and duration of life. Their control is in increasing attention of the

medical staff.

Keywords: Dietary management, lipid disorders, metabolic syndrome, obesity, physical exercise, postmenopause,

type 2 diabetes mellitus.

Motto: Menopause is associated with
accelerated progression of vascular
diseases. Ten to 15 vyears after
menopause, women lose most or all of a
lower risk for developing cardiovascular
diseases compared with men [1,2].

1. INTRODUCTION

Step by step, the scientific literature collected
various aspects regarding the metabolic modifications
in menopause. We try now to synthetize the most
interesting data and to add more information.

The term “menopause” has a Greek origin, coming
from the words “meno(month)” and “pause (to end)” [3].
The best definition of the menopause is the absence of
menses for 12 consecutive months [4]. The menstrual
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history seems to be the most adequate indicator of the
menopausal state, as specific hormonal measures vary
widely in that period [5].

The age of natural menopause goes from late
thirties to late fifties with the range for most women
being between 48 and 55 years. The most frequent
symptom is hot flashes or flushes, reported by 60% of
the subjects. Night sweats are reported by about 40% |,
and 41% of the women present trouble sleeping [3].

The so-called “perimenopause” is characterized as
an interval of menstrual irregularity and hormonal
variability starting when menstrual cycle length
changes from an established pattern into more variable
cycles, with an average duration of 4 years, ending 1
year after the final menstrual period. This means that
women can expect to present menstrual disturbances
for approximately 4 years before their final menses [4].

Therefore, the menopause represents a complex
period in the women'’s life. Several disorders of nutrition
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and metabolism are accompanying it (Table 1). For the
beginning, we will discuss in detail the situation of type
2 diabetes (T2DM) in the context of menopause,
including some controversial issues. Then we will
comment the essential problems of obesity, of
metabolic syndrome, of lipids and other metabolic
disorders. The role of diet and physical activity will be
presented in the final part of the article.

Table 1: The Main Metabolic Disorders Present During
Menopause

Impaired Glucose Tolerance (IGT)
Type 2 Diabetes Mellitus (T2DM)
Obesity

Metabolic Syndrome

Lipid Disorders

Other Metabolic Disturbances

2. MENOPAUSE AND TYPE 2 DIABETES

The carbohydrate disturbances include impaired
glucose tolerance (IGT) and type 2 diabetes mellitus
(T2DM), but not only. Postmenopausal women are at
high risk for developing type 2 diabetes mellitus due to
many factors [6]. The estrogen deficiency could be an
essential contributor to the process of diabetogenesis.
Other significant factors for the risk of T2DM are:
ageing, obesity (with increasing incidence after
menopause), lowering of physical activity, smoking,
drinking a.s.o.

However, there are in the scientific literature a

number of controversies regarding the relation
menopause-diabetes. For instance, an important
American study (Diabetes Prevention Program)

demonstrated that, among women at high-risk for
diabetes, natural menopause was not associated with
diabetes risk and did not influence the response to
diabetes prevention strategy. In the lifestyle
interventions, the authors noticed that bilateral
oophorectomy was associated with reduced diabetes
risk [7]. On the other hand, data obtained from the
InterAct Study, a prospective case-cohort study nested
within The European Prospective Investigation into
Cancer and Nutrition (EPIC), concluded that early
menopause has determined a higher risk for T2DM [8].
In 2015 Brand and his colleagues suggested that early-
onset diabetes may accelerate menopause [9].

We mention that women with an early severe
vasomotor menopausal symptoms (VMS) profile
(including hot flushes and night sweats), are more likely

to have diabetes across a period of 15 years. This
association is not explained by body mass index (BMI)
or other potential confounders [10].

In a study of a large number of female and male
Japanese individuals (TOPICS 17), the
postmenopausal status in women was significantly
associated with the presence of type 2 diabetes and
prediabetes, although the increased probability did not
equal that in men. The postmenopausal status was
also associated with prediabetic hyperglycemia
independently of age and demographic and metabolic
factors among women without diabetes. Menopause
and older age might additionally influence the elevated
probability of dysglycemia in Japanese women [11].

We know that low-grade chronic inflammation, as
reflected by increased circulating levels of inflammatory
cytokines, may promote insulin resistance in liver,
skeletal muscle, and endothelium, ultimately leading to
the clinical expression of T2DM and cardiovascular
disease. The data published by Liu et al. in 2007
showed that high levels of interleukin (IL-6) and high-
sensitivity C-reactive protein (hsCRP) were significantly
associated with an increased risk of T2DM in
postmenopausal women [12].

On the other hand, Chao ef al. (2010) demonstrated
in a multiethnic cohort of postmenopausal women (The
Women’s Health Initiative Observational Study) that
evaluation of plasma markers for systemic
inflammation and endothelial dysfunction contribute
relatively little additional value in clinical T2DM risk
prediction [13].

Several studies indicated that lifestyle interventions
of weight loss and increased physical activity coupled
with a low-fat dietary pattern reduced the risk of T2DM
in subjects with IGT. But a study published by Tinker et
al. in 2008 (The Women'’s Health Initiative Randomized
Controled Dietary Modification Trial) showed that a low-
fat dietary pattern among generally healthy
postmenopausal women didn't find a reduction of
T2DM risk after 8.1 years. Trends towards lower
incidence were greater with greater reduction in total
fat intake and weight loss. So, the weight loss, rather
than macronutrient composition, may to be the main
predictor of reduced risk of diabetes [14].

A moderate alcohol intake has been shown to be
cardioprotective. Hyperinsulinemia and reduced insulin
sensitivity (considered as risk factors for cardiovascular
disease and T2DM) seem to be influenced by alcohol
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intake. In a randomized controlled trial, Davies et al.
demonstrated that a consumption of 30g/day of alcohol
(2 drinks per day) had a beneficial effect on insulin and
triglyceride concentrations and insulin sensitivity in
nondiabetic  postmenopausal women. As a
consequence the risk of T2DM and cardiovascular
disease is lower in this group of women. Unfortunately,
there are in the same time modifications of the steroid
hormones representing risk factors for breast cancer
[15].

A number of large prospective studies have
reported an inverse association between coffee
consumption and risk of T2DM. A recent systematic
review on this topic concluded that this association
between the coffee intake and the risk of T2DM is
consistent across age, obesity, and study location
(U.S.A and Europe). Possible explanations for this
association could include effects on insulin sensitivity
and/or insulin secretion from a variety of minerals,
antioxidants, and phytochemical compounds found in
coffee.

Pereira et al. (2006) observed an inverse
association between coffee consumption, especially
decaffeinated coffee consumption, and the risk of
T2DM over an 11-year period in 28812
postmenopausal women from the state of lowa [16].

A group of studies evaluated the effect of
phytooestrogens on the postmenopausal diabetes.
Some of them suggested that a combination of
soybean protein and isoflavones could have a positive
influence on diabetes control, although isoflavones
alone may not be efficient and not all studies are
positive. It is not clear which component is active, and
indeed it may be the soluble fibre alone that is useful
[17,18].

Diabetes mellitus represents a common condition
that has been associated with increased incidence of
breast cancer [19]. Metformin is a well-known
biguanide, used for the treatment of T2DM, that
increases insulin sensitivity and improves glycemic
control. On the basis of these properties and preclinical
evidence of its inhibition of breast cancer development,
metformin is under investigation for its anticancer
effects. Metformin use in postmenopausal women with
diabetes mellitus was associated with reduced
incidence of invasive breast cancer. These good
results can inform future research regarding the role of
metformin in cancer management and prevention [19].

In 1997 Andersson et al. reported an improvement
of glucose metabolism and plasma lipids in
postmenopausal women with T2DM after replacement
therapy with estradiol. These diabetic women were
hyperandrogenic in comparison with nondiabetic
women, confirming previous observations. After
estradiol substitution, the level of sex hormone-binding
globuline (SHBG) increased 4-fold, whereas free
testosterone decreased [20].

Arterial hypertension and diabetes mellitus alone or
together commonly result in renal microvascular
damage. This is characterised by the development and
evolution of proteinuria and the decrease of the
glomerular filtration rate, usually measured by
creatinine clearance. Proteinuria is not only an
important indicator of nephropathy, but may also
contribute to its progression [2,21]. An interesting paper
published by Szekacs ef al. in 2000 shows that
hormone replacement therapy (HRT) may reduce
proteinuria, and even improve creatinine clearance, in
diabetic and hypertensive postmenopausal women.
These benefits are additive to the nephroprotective
treatment, and the mechanisms appear unrelated to
conventional risk factors for vascular involvement, such
as high blood pressure, high plasma glucose or serum
cholesterol [2].

The utilization of  statin medication in
postmenopausal women is associated with an
increased risk of diabetes mellitus, as demonstrated by
Culver et al. in 2012 [22]. This may be a medication
class effect. Further study by statin type and dose may
reveal varying risk levels for new-onset diabetes in this
population.

Cigarette smoking is associated with an increased
risk of T2DM. However, smoking cessation is often
accompanied by weight gain, which may explain the
increased risk of diabetes that has been observed in
several studies. A prospective analysis over 8 %2 years
of following showed that the increased risk of diabetes
associated with quitting is confined to a subgroup that
gains at least 5 kg [23]. The data obtained from former
smokers suggest that diabetes risk is likely to return to
that in never smokers after 10 years, independent of
more recent weight gain. Since weight gain after
smoking cessation can be prevented by dietary
modification and regular moderate physical activity,
smokers should not be deterred from quitting by
concerns about elevation in the risk of diabetes [23].

Smoking cessation was associated with a lower risk
of coronary heart disease (CHD) among
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postmenopausal women with and without diabetes.
Weight gain following smoking cessation aweakened
this relation, especially for women with diabetes who
gained 5 kg or more [24].

3. MENOPAUSE AND OBESITY

The increase in overweight and obesity in
postmenopausal period represents an important public
health problem, but the reasons for this increase are
not totally clear. Some researcher arguments that the
absence of estrogens may be a strong obesity-
triggering factor. Estrogens deficiency enhances
metabolic dysfunction predisposing to T2DM, metabolic
syndrome, and cardiovascular diseases [25].

The hypothalamus is an important region of the
brain for the coordination of food consumption, body
weight homeostasis and energy expenditure. Some
areas of the hypothalamus, including the ventromedial
(VNM), arcuate (ARC), and paraventricular (PVR)
nuclei, regulate physiological control of the weight. The
process by which estrogens influence the activity of the
hypothalamic structures is complex [25].

Additionally, some chemicals and plant-derived
compounds that regulate the activity of estrogen
receptors are potential obesogens. Reffering to the
hormone  replacement therapy (HRT) during
menopause, this will always be a mixture of benefits
and risks [25].

The increase in abdominal, and more particularly,
visceral fat accumulation that occurs at menopause is
associated with a higher risk of developing an athero-
genic lipid profile and/or an insulin-resistant state [26].

The data published by Mauriege et al. in 2000
showed that regional variation in subcutaneous
adipose tissue metabolism is not observed in early
phase of menopause. Additionally, once the
concomitent variation in body fatness, body fat
distribution, and adipose cell size is taken into
consideration, the sample of pre- and postmenopausal
women displays similar subcutaneous adipose tissue
lipolysis and LPL activity. These observations suggest
that regional fat distribution is an important factor for
the evaluation of the age-related effects on adipose
tissue metabolism in women [27].

Estrogen and HRT may improve fat distribution in
postmenopausal women by preventing the increase in
central body fat. However, the evidence concerning the
effects of HRT on glucose homeostasis is contro-

versial. A study of Ryan et al. (2002) demonstrated that
overweight and obese women taking oral estrogen and
those who combine estrogen plus progesterone are
more insulin-resistant than non-hormone users, even
when women are of comparable total body fat,
abdominal obesity, intramuscular fat and physical
fitness [28].

Excess body weight is connected with several
health risks, including: insulin resistance, T2DM,
dyslipidemia, hypertension, cholelithiasis, some forms
of cancer, hepatic steatosis, gastroesophageal reflux,
obstructive sleep apneea, gout, polycystic ovary
syndrome (PCOS) etc. The main objective of obesity
therapy is to low body weight, to reduce the risk of
associate disorders and to prevent regaining the
excess weight [29,30]. Some details referring to the
obesity treatment will be offered at the end of this
chapter.

Hot flushes are among the most frequent troubles
during menopause and persist for five or more years
after menopause in as many as one-third of women.
These common symptoms can negatively affect
women’s quality of life by disrupting sleep, interfering
with work and leisure activities, and exacerbating
anxiety and depression. The mechanisms of hot
flushes are poorly understood, although modifications
in hypothalamic thermoregulation or endothelial
function could play a role [31]. Among women who are
obese and have bothersome hot flushes, an intensive
behavioral weight loss intervention can improve the
situation [31].

Van Gemert ef al. showed that a modest weight loss
of 6-7% resulted in a positive change in self-perceived
health status in a population of healthy overweight and
obese, inactive, postmenopausal women. This change
was significantly larger when weight loss was produced
mainly by exercise compared with diet alone [32].

4. MENOPAUSE AND METABOLIC SYNDROME

Amongst pre- and postmenopausal women the
metabolic syndrome (MetS) ranges from 13.8% to
more than 60.0% [33,34]. Weight gain has a strong
influence on the increased prevalence of MetS in
postmenopausal status and an increased risk of the
metabolic syndrome was independent of normal aging,
as demonstrated by Kim et al. [36].

Hyperinsulinemia, insulin resistance and visceral
obesity are the main features of the metabolic
syndrome, found in many postmenopausal women [34].
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As testosterone progressively dominates the
hormonal milieu in the menopause period, the
prevalence of MetS increases, independent of aging
and other important covariates. This may be a pathway
by which cardiovascular risk increases during
menopause [37].

According to Carr (2003), it is unclear whether the
transition to menopause increases cardiovascular risk
in all women or only in those who present features of
the metabolic syndrome [4].

The utilization of hormone therapy seems beneficial
for reducing many of the parameteres of the metabolic
syndrome. Transdermal therapy may be preferable to
oral therapy [34].

In 2016 Gurka et al. evaluated the progression of
metabolic syndrome severity during the menopausal
transition. They found that the progression of MetS is
rapid in this period but slows afterwards among black
women [35].

5. MENOPAUSE AND LIPID DISORDERS

Premenopausal women have a less proatherogenic
plasma lipid profile compared with the men [38,39].
They have higher HDL-cholesterol level and lower LDL-
cholesterol, VLDL-cholesterol and triglycerides levels
(in fasted and fed conditions) than age-matched men.
Both the concentration and average size of circulating
VLDL are smaller, whereas the concentration of LDL is
smaller but the average LDL is larger in women than in
men. The concentration of circulating HDL does not
differ, but women have larger HDL particles[39]. These
differences account for at least part of the cardiopro-
tective effect of female sex before menopause [40].

Postmenopausal women have higher total
cholesterol,  LDL-cholesterol, triglycerides, and
lipoprotein (a) levels and lower HDL-cholesterol levels
than premenopausal women [39,41] (Table 2). LDL
levels increase by 10-20% with menopause and LDL
composition also changes with menopause. The
prevalence of small, dense LDL is low in
premenopausal women (10-30%), but increases to 30-
49% in postmenopausal women. As we know, a
preponderence of small, dense LDL is associated with
an increased cardiovascular risk [42].

Increasing triglycerides with menopause may be
related to the fact that triglycerides values are strongly
correlated with increasing abdominal fat content and
insulin resistance [4].

Table 2: Effects of Menopause on Lipid Metabolism
(Modified after Carr, 2003)

Total Cholesterol 1

LDL Cholesterol 1
Triglycerides 1

HDL Cholesterol |

Lipoprotein (a) 1

Proteins of lipid metabolism

A more atherogenic lipid profile
Lipid lowering

Menopausal changes in HDL metabolism are more
complex than the total HDL shows, because the more
antiatherogenic HDL, levels decrease, whereas HDL3
levels increase [4,43].

The perimenopausal modifications in lipid
metabolism reveal a shift toward a more atherogenic
lipid profile with higher LDL and triglycerides values,
reduced HDL, concentration, and smaller, denser LDL
particles, similar to the metabolic syndrome [4].

In a large study published in 2016, Chang et al.
demonstrated that midlife women with high fasting
plasma triglycerides had a 2-to-2.5-fold increased risk
of non-traumatic fractures after controlling for other
potential confounders. If the results are confirmed, high
fasting plasma TG could be a modifiable risk factor and
help to identify midlife women at risk of incident non-
traumatic fracture [44].

6. OTHER METABOLIC ISSUES IN MENOPAUSE

Iron is stored in human body as a form of ferritin,
and thus ferritin can be considered as an accurate
indicator of the iron status. It has been suggested that
a high level of serum ferritin is a potent oxidant,
increasing oxidative stress and leading to various
diseases [45,46]. The elevation of ferritin level in
postmenopausal women has been involved in the
pathogenesis of many diseases, such as
cardiovascular diseases, diabetes mellitus and
metabolic syndrome [47].

Ju and Ha from Korea (2016) demonstrated that
age, obesity, drinking habit, and glucose were the most
important factors for the elevations of serum ferritin
values in postmenopausal women. To reduce the risk
of high ferritin in postmenopausal women, the intake of
plant based foods, especially whole grains and
vegetables, may be useful [47].
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Menopausal symptoms are common, but vary by
body mass index (BMI), ethnicity, smoking status, and
other lifestyle variables. The results of the Women'’s
Health Initiative (WHI) have altered the idea that
estrogen therapy could reduce cardiovascular risks that
appear after menopause [48]. With the decline in
prescription for estrogen, the potential role of
micronutrients and phytochemicals in controlling
menopausal troubles is of increasing interest. Vitamins
and phytoestrogens (eg. black cohosh, soy) can be
beneficial but studies have different results.
Collaborative decision making can help women with hot
flashes reduce such manifestations [48].

Breast cancer, especially postmenopausal, is the
most frequent cancer in women worldwide. It
represents a major public health problem [49]. Van
Gemert et al. showed that one in four postmenopausal
breast cancer cases in the Netherlands ( a country with
one of the highest incidence of this disease) was
attributable to five strongly associated lifestyle-related
risk factors (Table 3).

Table 3: The Most Significant Lifestyle-Related Risk
Factors for Postmenopausal Breast Cancer in
the Netherlands (2010) — Adapted from van
Gemert et al. [49]

Excess body weight
An inactive lifestyle
Alcohol consumption
Smoking

Low dietary fibre intake

7. WHAT ABOUT DIET?

An adequately prepared diet should meet all
nutritional requirements in a suitable amount and
proportion [30].

Basically, the methodology to prepare a low energy
diet consists of the following stages:

1. Estimating energy requirement — calculating
basal metabolic rate (BMR)

2. Estimating protein requirement (0.8 — 1 g/kg of
adjusted ideal body weight [AIBW] or 20-25% of
daily energy requirement).

3. Estimating fat requirement (20-25% of daily
energy requirement).

4. Estimating carbohydrates requirements
(supplementation of energy requirement about
40-45% of daily energy requirements).

5. Determing food rations.
6. Dividing daily rations into meals.
7. Planning a menu (4-5 meals) daily.

The followed low energy diet should also be a high
fiber diet and eliminate high glycemic index foods
(GI<75) [30].

Interesting observations were recently published by
Luzia et al. [50]. They evaluated the effect of separate
or combined (with vitamin E) supplementation with fish
oil in dyslipidemic women of two ethnic groups
transitioning through menopause. They observed that:

. Supplementation with fish oil alone increased
thiobarbituric acid reactive substances (TBARS)
concentrations.

. Combined supplementation with fish oil and
vitamin E reduced total cholesterol, LDL

cholesterol and anti-LDL autoantibodies.

. The effects observed in the intervention groups
were independent of ethnic origin.

A cross-sectional study among Chinese
postmenopausal women, published in 2016, revealed
that dietary patterns featuring a low intake of processed
foods and/or high intake of whole plant foods
determined a low risk of depression and perceived
stress[51].

8. ROLE OF PHYSICAL ACTIVITY IN MENOPAUSE

As we already commented, obesity represents an
important health problem for menopausal women.
Sedentary lifestyle and low physical activity have a
major contribution to their weight gain. Blumel et al.
confirmed in 2016 that a sedentary lifestyle is highly
prevalent among middle-aged Hispanic Latin American
women. Sedentary women are more likely to present
severe menopausal manifestations and to be obese
[62].

Regular physical activity is known to bring mental
and physical benefits [53]. Dabrowska et al. (2015)
demonstrated that menopausal women can manage
their body mass and improve their health by changing
their lifestyle and performing moderate physical activity
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correlated with BMI in all domains. The study is going
to be continued with additional factors such as diet,
hormonal status and body composition [54].

There is a preferential loss of abdominal fat with
aerobic exercise, as visceral adipocytes respond more
quickly to exercise-induced weight loss than
subcutaneous adipocytes [55]. Regular endurance
exercise improves insulin sensitivity independent of
total weight reduction [4].

9. CONCLUSIONS

Starting from type 2 diabetes, a long and increasing
list of metabolic disorders can be described in
association with menopause. Part of them include still
controversial aspects and arise more questions for the
next years.

Diet and physical activity have an essential role in
treating and preventing such disturbances.

We are sure that the metabolic picture of the
menopause will be better characterized in a not so
distant future and this will be benefic for the women
population.
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