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ABSTRACT

Background and purpose: Hyperinsulinism and hypoestrogenism in the menopause are triggering factors for many dis-
eases. The aim of this study was to ascertain out the most useful and acceptable test for interpreting insulin sensitivity in
women receiving menopause hormone therapy (MHT).

Methods: Menopausal women, with normal BMI, were divided into three groups, according to the route of administration
of MHT (oral, transdermal, intramuscular). Blood samples for measurement of follicle-stimulating hormone (FSH), luteinizing
hormone (LH), estradiol, progesterone, prolactin, testosterone, dehydroepiandrosterone sulphate (DHEAS), sex hormone
binding globulin (SHBG) and thyroid-stimulating hormone (TSH) were taken at 8 a.m. Oral glucose tolerance test (OGTT)
was performed with 75 gr of glucose. Glucose and insulin were measured at 0,30,60,90 and 120 minutes after glucose
ingestion. All tests were performed before initiating MHT, after six months and after 2 years. Serum concentrations of hor-
mones were measured by radioimmunoassay. In order to identify the most valuable test for detecting insulin secretion, the
HOMA-IR index, Matsuda index and area under the curve (AUC) for glucose and insulin were calculated at all three time-
points and for all routes of administration of MHT.

Results: In all three groups, FSH, LH and DHEAS decreased significantly, whilst estradiol and SHBG increased. The insulin
AUC decreased significantly in all groups, most markedly in the oral administration group, compared with pretreatment,
(4236.2+1726.6 vs 6842.1+3720.7, p<0.01). The HOMA-IR index also decreased significantly. No changes in the Matsuda
index of the glucose AUC were observed.

Conclusions: This study suggests that the OGTT can be recommended test, before initiating MHT, in order to detect hy-
perinsulinism with its unfavourable proinflammatory, proatherogenic and prothrombotic effects on blood vessels, that the
insulin AUC represents the most accurate means of calculating insulin secretion level and that MHT alone, or with metform-
in, after individual optimalization, can prevent diseases, providing asymptomatic transition from the reproductive period to
the menopause and improving quality of life.
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Hypoestrogenism and hyperinsulinism are independent
risk factors for metabolic syndrome, dyslipidemia, endotheli-
al dysfunction, inflammation, autonomic system disturbances,
cardiovascular diseases, etc . Insulin resistance is defined as
decreased sensitivity and/or responsiveness to the metabolic
action of insulin, responsible for promoting glucose disposal.
The etiology of insulin resistance can be: genetic (mutations in
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the insulin receptor gene, presence of anti-receptor antibodies,
impaired beta cell secretory capacity); acquired (eating habits,
physical activity, smoking); aging (decreased of beta cell func-
tional capacity, increased of body fat, decreased uptake of glu-
cose into muscles, decreased response of insulin to glucose).
The metabolic and immune pathway have evolved to be close-
ly linked. Hyperinsulinisms in the menopause induces weight
gain, promoting autoimmune diseases by increasing production
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of T helper lymphocytes, interleukin-1{ (IL-1f), interleukin-18
(IL-18), beta cells antibodies production etc. Primary signaling
pathways includes the insulin/IGF, TOR and sirtuin networks;
alterations in signaling pathways which alter their mitochondri-
al function and metabolic activity via genome proteostasis 1.
Hyperinsulinism decreases the number of insulin receptors, in-
sulin-like growth factor (IGF) receptors, insulin like growth fac-
tor binding globulin protein (IGFBP-1) and sex hormone bind-
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ing globulin (SHBG). Insulin resistance elevates blood pressure
B3I, Adipose tissue distribution changes to the central type in the
menopause due to decreases in lipolysis inhibition, uptake of
glucose into muscles and response of insulin to glucose, and to
increased hepatic gluconeogenesis . Visceral fat is reported to
be associated with a high lipolysis rate, i.e., breakdown of tria-
cylglycerol into glycerol and free fatty acid (FFA), which results
in increased flux of FFA to the liver and enhances hepatic insu-
lin resistance ©'. Different sleep-wake cycle patterns are genetic
and sex dependent. A set of “clock genes” (PER1 and BMALL),
as well as estradiol receptors present in the suprachiasmatic nu-
cleus in the hypothalamus, are influenced by photic information
from photosensitive retinal ganglion cells and affect sleep habits
in women [*/. Menopausal sleeping disorders exert unfavourable
effects on insulin sensitivity. The typical menopause symptom-
atology (sleeping disturbances, insomnia, anxiety, depression,
lack of concentration, etc.) makes the female body more vul-
nerable to stressors, further increasing insulin resistance, levels
of cortisol, cytokines, and oxidative stress and influencing tel-
omerase length 7. Oxidative stress causes damages to the cellu-
lar components such as proteins, lipids, and DNA, and increases
tumor necrosis factor and IL-1f ®I. Estradiol therapy modulates
the expression of antioxidant enzymes. A US National Health
and Nutrition Examination Survey showed that postmenopausal
status increases risk of metabolic syndrome by 60% '. A study
by Ren Y et al. " in 8191 menopausal women, 56 years of age,
showed that risk factors (increased body mass index (BMI), in-
creased waist circumference, increased triglycerides, hyperten-
sion) induced diabetes mellitus as a fourth cause of all mortality
in women in the USA. Menopause hormone replacement thera-
py. initiated in a timely fashion and individualized, can decrease
or delay all unfavourable risk factors and improves quality of
life. This study was performed in order to establish out the route
of estro-progestagen menopause hormone therapy (MHT) ad-
ministration most effective on insulin secretion and sensitivity.

Subjects

Group I: 86 menopausal women, 51.3+2.1 years old age,
amenorrheic period 2.1+2.1 years, BMI 25.2+2.5 kg/m?, waist
circumference 83.5+9.9 cm, treated with 28 triphasic tablets
(oral estradiol hemihydrate 2 mg for 12 days in the first phase;
followed by 2 mg estradiol hemihydrate and norethisterone ac-
etate 1 mg for 10 days in the second phase; estradiol hemihy-
drate 1 mg for 6 days in the third phase) (Trisequens® tbl.)®;

Group II: 72 menopausal women, 49.8+2.3 years of age,
amenorrheic period 2.5+2.5 years, BMI 24.1+2.9 kg/m?, waist
circumference 82.5+9.2 cm, treated with transdermal patches
in two phases: Estracomb patches /4 Estraderm TTS 50 patch-
es, each containing 5 pg of estradiol/day, twice weekly and 4
patches of Estragest TTS each containing 10 ug estradiol/day
and 30 mg norethisterone acetate, twice weekly;

Group III: 80 menopausal women, 52.4+2 4 years of age,
amenorrheic period 2.4+2.0 years, BMI 24.9+2 4 kg/m?, waist
circumference 83.0+9.0 cm, received 17 estradiol valerate
4 mg and prasterone enanthate 200 mg once monthly intramus-
cular (Gynodian depot amp.).
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Methods

We performed a retrospective clinical interventional study of
parallel groups in Clinic for endocrinology, diabetes and diseas-
es of metabolism, Clinical center of Serbia. Inclusion criteria:
menopausal women, amenorrheic period over 12 months, folli-
cle-stimulating hormone (FSH) level >40 IU/L, estradiol level
<50 pmol/L. Exclusion criteria: uterine bleeding of unknown
origin, breast carcinoma, any kind of malignancy, endometrial
thickness over 5 mm, liver and kidney insufficiency, throm-
bophlebitis, porphyria, MHT in the previous 12 months, BMI
over 30 kg/m?, low motivation rate. Blood samples were taken
at 8 a.m. to measure levels of FSH, luteinizing hormone (LH),
estradiol, thyroid-stimulating hormone (TSH), prolactin, sex
hormone binding globulin (SHBG), progesterone, testosterone,
and dehydroepiandrosterone sulphate (DHEAS). Oral glucose
tolerance test (OGTT) was performed at 8 a.m. with 75 g of oral
glucose ingestion after a 12-hours fasting period. Glucose and
insulin were measured every 30 minutes for 2 hours (5 meas-
urements). All the analyses were carried out before MHT, after
6 months of therapy, and after 2 years of therapy. The serum
concentration of hormones was measured by radioimmunoassay
using commercial kits (Sigma-Aldrich, St. Louis, MO, USA).

Data were analyzed using standard descriptive methods
(minimum, maximum, mean, + standard error of the mean
(SEM), modal, and median values) and analytical statisti-
cal methods (Student’s t-test, Chi-squared test, Fisher test,
Mann-Whitney test, Kruskal-Wallis test, and Friedman test).
All data are presented as mean + SEM. In order to identify
the most sensitive method for detection of insulin sensitivity
and secretion special indexes were calculated. The homeostat-
ic model assessment-IR index (HOMA- IR) was calculated
as [fasting plasma glucose (mmol/L) x fasting plasma insulin
(mIU/L)/22.5] ", The area under the curve (AUC) >4 both
for glucose and for insulin, was calculated as total AUC minus
the AUC basal release. The Matsuda index was also calculated
also. Single-factor and multi-factor analysis of variance was
used for repeated measurements, whilst the Wilcoxon regres-
sion analysis approach was applied for categorical variables.
To investigate the relationships between the tracked parameters
Spearman’s and Pearson’s correlation coefficients were used. A
p value less than 0.05 was considered statistically significant.
All statistical analyses were performed using SPSS version
18.0 (SPSS Inc, Chicago, IL, USA). The study was approved
by the local ethics committee (No 2650/X1I-9), and complied
with the Helsinki Declaration on Human Rights.

Results

No weight gain was observed with any route of MHT ad-
ministration over the period of 2 years. Significant hormonal
changes are shown in Table 1. Estradiol continuously increased
in all groups, while FSH and LH decreased, as expected. FSH
was significantly lower in women on oral and parenteral MHT,
as opposed to those treated using the transdermal route of ad-
ministration. LH was significantly lower after 6 months of par-
enteral therapy compared with the other routes on the same time.
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SHBG shown the highest levels after two years of oral MHT.
DHEAS continuously decreased on all routes of administra-
tion, but the least decrease was observed on parenteral route.
No significant changes were found for prolactin, progesterone,
or TSH. Table 2 shows the values recorded on insulin sensitiv-
ity tests. Significant decreases were found in the HOMA-IR
index and insulin AUC with all routes of administration. Nei-
ther glucose AUC nor the Matsuda index showed significant
changes. The insulin AUC correlated negatively with estradiol
and SHBG. A positive correlation was observed between the
Matsuda index and estradiol.

Discussion

Evidence has accumulated on the use of MHT in the primary
prevention of coronary heart disease is accumulated. Estradiol

Table 1 Significant hormonal changes by route of MHT administration.

therapy decreases adipocyte proliferation, and transcription of
plasminogen activator inhibitor type 1 (PAI-1), C-reactive pro-
tein, interleukin -6, lipoprotein-a, and lipoprotein lipase tran-
scription, increases hepatic excretion of apolipoprotein A and
regulates PPAR gamma expression ', The metabolism of in-
sulin plays an important role at the very beginning of the men-
opause because decreasing estradiol levels induces hyperinsu-
linism, enhancing proatherogenic and prothrombotic states.

The MHT doses administered menopause hormone therapy
are very important in order to obtain the protective effect. The
route of administration is important for bioavailability of estra-
diol and progesterone.

The oral route of administration is characterized by first
pass transport through the liver, lower bioavailability, 4-5 times
higher portal vein (compared with systemic) concentration with
estradiol, higher levels of triglycerides (TG), high-density lipo-
proteins, and apolipoprotein A, and lower levels of low-den-

HORMONE ROUTE BEFORE 6 MONTHS 2 YEARS P
Oral 84.6+26.0 33.1+16.4 20.4+11.4 <0.01
FSH (IU/L) Transdermal 78.5+20.4 38.3+8.6 33.9+14.6 <0.01
Parenteral 72.2+17.1 27.1+131 27.4+10.5 <0.01
Oral 37.6+18.6 18.1x11.8 12.9+6.9 <0.01
LH (IU/L) Transdermal 33.7+24.8 24.8+12.1 18.4+10.3 <0.01
Parenteral 30.3+13.3 15.7£9.4 16.8+13.0 <0.01
Oral 13.5+6.7 94.8+8.5 120.1+71.2 <0.01
Estradiol (pmol/L) Transdermal 11.6+6.2 70.1x20.9 93.2+42.7 <0.01
Parenteral 11.1+6.5 71.5+30.8 93.2+33.5 <0.01
Oral 3.0+£1.6 2.5+1.4 1.7+1.0 <0.01
DHEAS (umol/L) Transdermal 2.8+1.7 2.2+1.0 1.9+11 <0.05
Parenteral 2.4+1.0 2.0+0.9 1.8+0.9 NS
Oral 39.7+16.3 71.6+24.1 99.0+33.6 <0.01
SHBG (nmol/L) Transdermal 46.7+19.3 52.9+13.2 53.3+20.0 NS
Parenteral 46.0+17.6 59.0+22.4 62.9+22.8 NS
Table 2 Insulin secretion by route of MHT administration.
ROUTE BEFORE 6 MONTHS 2 YEARS P
Oral 3.9+19 3.3+1.6 2.3+0.8 <0.01
HOMA-IR Transdermal 2.6+1.3 2.4+1.2 1.9+0.6 <0.01
Parenteral 42+25 3.0+1.4 2.3+0.7 <0.01
Oral 6.2+7.0 6.3+4.3 6.7+2.8 NS
Matsuda Transdermal 5.6+2.2 6.8+2.9 7.9+3.0 NS
Parenteral 3.7£15 51+2.6 5.9+2.0 NS
Oral 767.4+147.3 733.0+111.6 721.2+107.5 NS
Glucose AUC Transdermal 735.6+156.0 710.5+133.4 705.4+174.4 NS
Parenteral 797.8+134.0 730.6+163.0 720.6+162.3 NS
Oral 6842.1+4236.2 5012.0+2936.1 3720.7+1726.6 <0.01
Insulin AUC Transdermal 5002.7+3468.0 3806.8+1914.0 2998.7+1092.0 <0.01
Parenteral 6570.0+2777.2 5346.8+2257.0 4323.4+1914.3 <0.01
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sity lipoproteins (LDL), and apolipoprotein B, and improved
glucose level, stimulated renin and coagulation factors. It was
reported in 24 meta-analysis that MHT significantly decreases
lipoprotein a, the oral route of administration more than the
transdermal onel6. The transdermal route excludes liver trans-
port, and estradiol concentrations are lower. Also, TG, choles-
terol, and LDL are lower and glucose metabolism is improved,
whilst insulin resistance is decreased. No stimulation of renin
was reported "8, The parenteral route shows slow absorption
from oil, maximal serum concentration of estradiol 3-5 days
later, 37% bound in plasma to SHBG and 61% to albumin, es-
trogens in physiological relation and no changes in antithrom-
bin III. In the present study, estradiol continuously increased
during the administration time. We founded significantly lower
FSH levels with the oral and parenteral routes compared with
the transdermal one, and the latter showed the lowest estradiol
absorption rate. Menopausal symptoms in all subjects disap-
peared. Prolactin, as a stress hormone, was not changed signif-
icantly. No changes in thyroid metabolism were found in this
study, confirming that estradiol improve the immune response.

It is well known that lower SHBG levels increases met-
abolic risk. In this study oral therapy significantly increased
SHBG levels, most significantly after 2 years. In agreement
with results from others '), the levels were higher on oral com-
pared with transdermal and parenteral therapy. DHEA serves
as a precursor for estrogens and androgens and acts in its own
right through dedicated receptors. In the brain, DHEA is a neu-
rosteroid that acts as a modulator of neurotransmitter receptors
(gamma aminobutyric acid type A, N-methyl-D-aspartate and
sigma 1 receptors) involved in neuroprotection, apoptosis, neu-
rogenesis, catecholamine synthesis, anti-oxidation, and anti-in-
flammatory and anti-glucocorticoid effects. In human vessels
binding of the DHEA to the cell membrane is associated with
recruitment of Go 12 and Gal3 that modulate intrasignalling
cascades. DHEAS reaches maximum levels at the age of 30
years and decreases by about 60% at the time of menopause.
This study confirmed a further decrease in DHEAS over a pe-
riod of 2 years in women in the menopause. As regards the
routes of administration, the parenteral route delayed DHEAS
decrease, compared with the other two routes. Lower DHEAS
has been linked to higher mortality from cardiovascular dis-
eases and increased risk of ischemic stroke. Genazzani AR et
al. adviced that DHEA replacement must be individualized in
women who could benefit from this treatment %

The average weight gain, due to hyperinsulinism, in wom-
en at the beginning of the menopause is 3-5 kg. In this study,
no significant differences in BMI after two years were found in
any of the groups, indicating favourable effects of MHT. Kritz
Silverstein D studying 671 women followed up for 15 years,
also found no differences in BMI and waist circumference de-
pending on route of MHT administration . These findings
confirmed that timely initiation of MHT protects against weight
gain and all endocrine and metabolic processes in adipose tis-
sue. We found that all routes of MHT administration improved
the glucose AUC, in line with what was previously reported by
Mauvais Jarvis F et al. 2,

Dong XC et al. ! confirmed that estradiol improves glu-
cose homeostasis through FOXO1 effects on gluconeogenesis,
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more than effects of re-uptake from muscles. Estradiol, influ-
encing beta oxidation of fatty acid in mitochondria, resulted
in recovered mRNA expression and increased activity of en-
zyme involved in fatty acid metabolism in an estrogen synthase
knockout mouse . Estradiol decreases production of hepatic
glucose by activating the estrogen receptor signal pathway, in-
dependently of insulin receptors 1 and 2. It regulates eating be-
havior, increases lipolytic adrenal effects and decreases orexi-
genic peptides, protects against hepatic steatosis, and improves
insulin sensitivity ), as also confirmed in the present study.
Bitolska I et al.*! showed that estradiol hormone therapy in-
creased insulin sensitivity, decreased proinflammatory signal-
ing way and protected against beta cell apoptosis.

Our study found that the HOMA-IR index decreased with
all routes of administration, most significantly with the par-
enteral route, confirming positive effects of MHT on insulin
sensitivity. Brown M et al., too, found, that MHT significant-
ly decreased insulin, compared with non-treated women 7).
Thurston RC et al. were reported that hot flashes, as the first
marker of ongoing cardiovascular diseases, correlated with in-
creasing HOMA index 81,

Considering the fact that HOMA is calculated only on basal
glucose and insulin, tests describing insulin secretion during
2 hours would be more sensitive. The normal HOMA index
is not sensitive enough to show hyperinsulinism. The area un-
der the insulin curve is a more suitable test for showing this.
A strength of the present study, and of the modern approach,
is that it highlights the very important relationship between
early detection of hyperinsulinism and favourable effects of
MHT on insulin sensitivity. MHT administered by the oral
route decreased AUC significantly, from 6842.1+4236.2 to
3720.7£1726.6; with MHT delivered by the parenteral route,
it fell from 6570.0+4323 .4 to 2777.2+1914.3. Transdermal ad-
ministration of MHT also led to a significant AUC decrease,
but less marked with the other two routes. This study suggest-
ed that MHT increases insulin sensitivity in early menopausal
women. Li C et al. showed that oral 17f estradiol and 0.5 mg
norethisterone acetate, compared with placebo, significantly
reduced glucose and insulin AUC !, confirmed in this study
with estradiol and 1 mg norethisterone acetate. Hyperinsulin-
ism requires treatment and lifestyle changes in order to prevent
insulin resistance and metabolic syndrome, also earlier in life,
i.e., in the reproductive period. In this study, women with nor-
mal BMI were tested. In overweight women with higher levels
of insulin, we suggest adding metformin to MHT.

Our recent study of estradiol and drospirenone therapy in
early menopausal women with grade I hypertension and hy-
perinsulinism showed significant decrease in insulin AUC and
blood pressure, indicating that this may be a suitable treatment
approach for early menopausal women B,

In their recent study, Mauvais Jarvis et al. showed that es-
tradiol therapy improved islet oxygenation, revascularization
and functional mass during pancreatic islet transplantation in
a mouse model where estrogens were repurposed to improve
pancreatic island transplantation BY. The same authors con-
firmed that MHT prevents type 2 diabetes. The KEEPS study 2
showed that insulin resistance tended to decrease in MHT users.

Non-initiation of MHT at the onset of the menopause, or
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in the climacterium, can induce many diseases. The risks of
the treatment have been grossly overstated and are hugely out-
weighted by many benefits. Recent studies have suggested a
role for MHT in primary protection against coronary heart dis-
ease. Stevenson J et al. confirmed that MHT is clearly a very
safe treatment, particularly in those women initiating therapy
before the age of 60 years P¥. A crucial advantage of includ-
ing OGTT in standard diagnostic work-up is linked to the fact
that elevation of plasma insulin creates a prothrombotic state,
inhibits fibrinolysis, irrespective of plasma glucose levels, and
was found to produce a ninefold increase in tissue factor pro-
coagulant activity, which was associated with an increase in
monocyte tissue factor protein and mRNA, increasing plasma
thrombin-antithrombin complexes, factor VII, coagulant activi-
ty and platelet CD40 ligand *¥. Due to lack of knowledge of this
cause, MHT is very often blamed for rare cases of thrombosis.
This study recommends OGTT, with insulin AUC calculation,
as a part of standard testing in the routine practice, for selecting
MHT dose and route of administration. Estro-progestagen in
MHT improves adaptive mechanisms and preserves blood ves-
sels by means of anti-atherogenic, and anti-diabetogenic effects.
MHT together with life style modifications can improve quality
of life, protect against diseases and decrease mortality rate.
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