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ABSTRACT

It is well known that female sex hormones exert pronounced effects on endocrine pancreas
function, insulin sensitivity and glucoregulation. The aim of the present study was to examine the
predictors of circulating insulin in regularly menstruating premenopausal women with anovulato-
ry menstrual cycles in comparison with age-matched women with ovulatory cycles. A total of 37
regularly menstruating women participated in the study, 16 classified as non-ovulating and 21 as
ovulating on the basis of 3 months monitoring of basal body temperature and subsequent ova-
rian hormone determination in plasma between day 5-8 and again between 19-22 of the men-
strual cycle. In ovulating subjects in the follicular phase circulating insulin was significantly rela-
ted to plasma glucose and progesterone levels (partial r=0.462 and 0.469 for glucose and proge-
sterone, respectively, model adjusted R?=0.292, p<0.017). In the luteal phase of normal men-
strual cycle plasma insulin levels were correlated with plasma glucose and glucagon concentra-
tions (partial r=0.691 and r=0.431 for glucose and glucagon, respectively, model adjusted R?=
0.439, p<0.0021). In non-ovulating women in the follicular phase of the cycle circulating insulin
was correlated with plasma levels of cortisol and testosterone (partial r=0.622 and r=-0.518 for
cortisol and testosterone, respectively, model adjusted R? = 0.348, p<0.024). In contrast, in the
luteal phase of anovulatory menstrual cycle circulating insulin was not related to any of the varia-
bles included into the model (glucose, glucagon, cortisol, testosterone). Anovulatory menstrual
cycles irrespective to slight and insignificant effect on plasma insulin levels, markedly affect the
predictors of circulating insulin and probably induce the lack of contribution of glucose, progeste-
rone and glucagon to the regulation of plasma insulin levels.
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Introduction

There is growing evidence that anovu-
lation in premenopausal females has beco-
me a worldwide problem (19). It is well
established that ovarian hormone secretion
is affected by many factors including we-
ight loss, eating disorders and excessive
physical activity, leading to luteal deficien-
cy, hypoestrogenism, anovulation and even
to amenorrhea (8). During the last years
exercise-related menstrual irregularities
(ERMI) have focused much attention ma-
inly with respect to increased risk of deve-
loping bone demineralization in female ath-
letes (2, 25). However, data concerning the
relationship between circulating insulin,
insulin action and ovarian hormones in re-
gularly menstruating pre-menopausal wo-
men are scarce and inconclusive. Dia-
mond et al. (12) have demonstrated that
neither counterregulatory response of ad-
renaline, noradrenaline, cortisol and glu-
cagon to hypoglycemia, nor the rate of
hepatic glucose production and rates of the
whole-body glucose appearance and uti-
lization differ in the follicular and luteal
phases of the menstrual cycle. In addition,
Thorton et al. (52) have reported that the
administration of micronized estradiol and
progesterone to regularly menstruating re-
productive-age women did not affect pla-
sma glucose utilization, hepatic glucose
production and insulin sensitivity. In con-
trast, Valdes et al. (53) and Escalante Pu-
lido and Alpizar Salazar (16) have reve-
aled that in regularly menstruating fema-
les insulin sensitivity is higher in the fol-
licular than in the luteal phase of the men-
strual cycle.

Numerous studies have indicated that
disturbances in female hormone secretion
in polycystic ovary syndrome, gonadal
dysgenesis, hypogonadotrophic hypogona-
dism and menopause cause insulin resistan-
ce, and subsequent glucose intolerance (10,
36, 55). On the other hand, in the rat hype-

rinsulinemia has been found to depress the
development of gonads and to disturb nor-
mal reproductive cycling (11, 41). Recen-
tly it has been suggested that in rats the
absence of female steroid hormones gives
rise to a decreased insulin sensitivity (34).
In addition, insulin gene expression in rat
pancreas during the estrous cycle has been
significantly correlated with circulating
progesterone and 178-estradiol (38). In
obese women hyperinsulinemia has been
noted to affect ovary function and to induce
anovulation (37). Moreover, in cultured hu-
man ovarian cells insulin has stimulated pro-
gesterone production in a dose-dependent
manner (43). The association between fe-
male reproductive system and insulin action
is further supported by the studies which
have demonstrated that hormonal replace-
ment therapy improves insulin sensitivity
and glucose tolerance in postmenopausal
women (48, 51). Furthermore, insulin-sen-
sitizing agents (metformin, rosiglitazone)
have restored ovulation in women with po-
lycystic ovary syndrome (7, 29).

Circulating insulin and hormone availa-
bility to the skeletal muscle and adipose
tissue have a pronounced contribution to
the regulation of carbohydrate and lipid
metabolism (for review see ref. 33). Peri-
pheral tissue resistance to insulin and/or
deficient insulin secretion lead to severe
metabolic disturbances as for example type
2 diabetes (40).

However, there is a paucity of data con-
cerning the effects of the reproductive sys-
tem dysfunction in regularly menstruating
premenopausal females on the predictors
of circulating insulin.

Therefore, the aim of this work was to
compare the contribution of ovarian hor-
mones as well as glucose, glucagon, corti-
sol and testosterone to variability in pla-
sma insulin concentrations in regularly
menstruating women with ovulatory and
anovulatory menstrual cycles.
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Material and Methods
Subjects

All the women participating in the stu-
dy were regularly menstruating, healthy
non-smokers, not taking any medication on
a regular basis. All the subjects were phy-
sical education students not engaged in any
specific sport. However, their physical ac-
tivity was high (11 h/week) due to study’s
program, which included swimming, track
and field, volley ball, gymnastics and mar-
tial arts. The participants were recommen-
ded to follow their habitual diet and life-
style throughout the study. The procedu-
res of this study were approved by the
Ethics Commission of the Academy of
Physical Education and all the subjects
gave their written consent prior to partici-
pation. The prospective subjects monito-
red their basal body temperature (BBT) for
3 months prior to the study (26). The sub-
jects with incomplete BBT records were
excluded from the study. Plasma 173-es-
tradiol and progesterone concentrations
were determined twice per cycle - betwe-
en the 5™ and 8™ day of the cycle and again
between the 19™ and 22" day of the cycle.
In 21 women with bi-phasic BBT pattern
plasma progesterone concentration betwe-
en the 19" and 22" of the cycle exceeded
19 nmoleL"'. These women were classified
as ovulating (4). In 16 women a lack of
increase in BBT was observed and plasma
progesterone concentration between the
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19" and 22" of the cycle did not differ from
that determined between the 5" and 8" of
the cycle. Those women were classified as
non-ovulating. Subject characteristics are
given in Table 1.

Blood samples

The subjects were instructed to consu-
me their last meal or snack not later than
10:00-10:30 P.M. on the day preceding blo-
od sampling. Fasting venous blood was
drawn between 8:30-9:00 a.m. using dispo-
sable syringes and needles under aseptic
conditions into lithium heparin tubes on the
same cycle days as for ovarian hormone
determination. The erythrocytes and pla-
sma fractions were separated by centrifu-
gation (15 min/4000 rpm) and plasma was
stored at - 70°C until analyzed. All analy-
ses in plasma obtained from one subject
were performed on the same day.

Plasma glucose and hormone assay
Plasma glucose was measured at 500
nm by means of the glucose oxidase me-
thod using Randox commercial kits (Ran-
dox Laboratories Ltd., United Kingdom)
with intra-and inter- coefficients of varia-
tion of 4.3 % and 5.8%, respectively. Pla-
sma 17p-estradiol, progesterone, insulin,
testosterone and cortisol concentrations
were assayed by standard radioimmunoas-
say techniques using commercial Kkits
(OBRI-ORION, Poland). Intra- and inter-

Table 1. Characteristics of ovulating and non-ovulating women

Ovulating women Non-ovulating women
(n=21) (n=16)
Age (years) 205+1.2 203+1.0
Body mass (kg) 63.3+7.8 62.1 +8.2
Body height (cm) 172.4 + 6.7 169.8 +7.0
BMI (kg/m?) 21.0x2.1 20.8 £2.1
Cycle length (days) 27.8+1.9 30.2 £ 3.5%

Data are means = SD
Significantly different vs ovulating women, p<0.01
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assay coefficients of variation for 17-3-es-
tradiol were 3.8% and 7.9%, for progeste-
rone - 4.3% and 5.0%, for insulin - 6.8%
and 9.3%, for testosterone - 5.3% and 5.4%
and for cortisol - 3.6% and 6.8%, respecti-
vely. Plasma glucagon was determined by
a standard radioimmunoassay method
using commercial kits (BioChem Immuno-
System, Italy) with intra- and inter-assay
coefficients of variation (CV) 8.8% and
8.7%, respectively. All assays were run in
duplicate. The detection limits of plasma
hormone determination were 0.1 nmoleL!,
4 nmoleL", 0.2 nmoleL" and 20 pmoleL!
for testosterone, cortisol, progesterone and
17p3-estradiol, respectively.

Statistical analysis

The results were expressed as mean =+
standard deviation (SD). The variable di-
stribution was evaluated using Shapiro-
Wilk test. Mann Whitney U test and Wil-
coxon matched pairs test were used for
comparison of variables with non-Gaus-
sian distribution (glucagon, insulin, testo-
sterone, progesterone and 17-f-estradiol
concentrations in the plasma). The means
of normally distributed variables (anthro-
pometric data, cycle length, plasma glu-
cose and cortisol) were compared using
the Student t-test for paired and unpaired

data. Data with non-Gausian distribution
were logarithmically transformed (In) be-
fore they were introduced into regression
analysis. Pearson product-moment correla-
tions were calculated between plasma insu-
lin levels and all other variables. These va-
riables were then used in multivariate ana-
lysis by use of forward stepwise regression,
to determine the model which best predicts
plasma insulin concentrations in ovulating
and non-ovulating subjects. All calculations
were performed using STATISTICA 6.0
(StatSoft, Inc. USA). Differences were con-
sidered significant at p<0.05.

Results

Ovulating and non-ovulating women
did not differ in respect to mean values of
anthropometric data (table 1). However, in
non-ovulating women the mean menstrual
cycle was significantly longer (p<0.01)
than in their ovulating counterparts.

In ovulating women the mean plasma pro-
gesterone concentration between day 19-22
increased 17.5 times (p<0.001) in compari-
son with day 5-8 of the menstrual cycle. On
the contrary, in non-ovulating women the
mean plasma progesterone level between day
19-22, though significantly higher than be-
tween day 5-8 (p<0.02), was much lower
(p<0.001) than in ovulating ones.

Table 2. Plasma glucose and hormone concentrations in ovulating and non-ovulating women

Ovulating women (n=21) Non-ovulating women (n=16)

Day 5 - 8 Day 19 - 22 Day 5-8 Day 19 - 22
17B-estradiol (pmoleL!)| 206.5 = 103.9 | 525.8 £ 122.3* | 94.9 + 22.0° |395.5 + 172.0*¢
Progesterone (nmoleL.") 2.2+0.6 38.5 £ 13.1* 2.1+£0.6 5.1 £3.8%
Glucose (mmoleL") 4.6 +0.6 4.6 £0.6 42 +0.3° 44+0.3
Insulin (pmoleL‘") 51.6 £21.6 557224 434 +21.7 45.2 +20.7
Glucagon (pmoleL.") 249 +93 32.8 +11.6 332+ 13.5 341+ 17.2
Cortisol (nmolsL") 4394 +£106.3 | 416.5+143.3 |472.9 + 152.8 | 415.5 £ 102.6
Testosterone (nmoleL™") 2.71 £0.77 2.70 £ 1.10 2.68 +1.14 278 £ 1.12

Data are means + SD
Significantly different vs day 5-8, *p<0.001, ® p<0.02

Significantly different vs respective values in ovulating women, € p<0.001, ¢p<0.05, °p<0.01
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Table 3. Pearson product-moment correlations between logarithmically transformed (natural logarithm)
plasma insulin level and other variables in ovulating and non-ovulating women in the follicular and luteal

phases of the menstrual cycle

Ovulating subjects (n=21) Non-ovulating subjects (n=16)
Day 5 -8 Day 19 - 22 Day 5 -8 Day 19 - 22
Glucose (mmoleL") 0,430° 0,617° -0,160 0,005
17[B-estradiol (pmoleL") -0,100 0,098 0,120 0,134
Progesterone (nmoleL.") 0,436? 0,080 0,420 -0,030
Glucagon (pmoleL") 0,004 0,187 0,216 -0,120
Cortisol (nmoleL") -0,08 0,365 0,477 -0,110
Testosterone (nmoleL™") 0,147 0,272 -0,280 -0,240

Except for cortisol and glucose data were logarithmically transformed (natural logarithm) before calculation

“p<0.05, *p<0.003

The mean plasma 17p-estradiol con-
centration between day 5-8 was signifi-
cantly (p<0.001) higher than between day
19-22 of the menstrual cycle both in non-
ovulating and ovulating women (Table 2).
However, in non-ovulating women in
both cycle phases it was markedly lower
than in ovulating ones (p<0.001 and
p<0.01 between day 5-8 and 19-22, re-
spectively).

In ovulating women the mean plasma
glucagon concentration between day 19-
22 was significantly higher than between
day 5-8 of the menstrual cycle (p<0.001).
No effect of the menstrual cycle phase on
the mean plasma glucagon level was no-
ted in non-ovulating women.

There were no statistical differences in
the mean plasma insulin concentration be-
tween ovulating and non-ovulating fema-
les (table 3). However, it should be stres-
sed that plasma insulin concentration in
ovulating females in both cycle phases ten-
ded to be higher than in non-ovulating co-
unterparts (by 18.9% and 23.2% between
day 5-8 and 19-22, respectively). Neither
in ovulating nor in non-ovulating females
insulin concentrations differ with respect
to the menstrual cycle phase.

In ovulating and non-ovulating women
plasma testosterone and cortisol levels were

similar and did not differ with respect to
the menstural cycle phases. However, in
non-ovulating ones plasma cortisol in the
follicular phase tended to be higher (by
14%) than in the luteal phase of the men-
strual cycle. Both in ovulating and non-
ovulating females the mean plasma testo-
sterone and cortisol levels were within
manufacturer’s physiological limits (0.3-
3.6 nmoleL! and 146-715 nmoleL" ) for
testosterone and cortisol, respectively).
Pearson product-moment correlation
revealed that in ovulating women both in
the follicular and luteal phases plasma insu-
lin was significantly and positively correla-
ted with plasma glucose concentrations (Ta-
ble 3). Additionally, in ovulating women
plasma insulin was significantly and positi-
vely correlated with plasma progesterone
levels, but such correlation was no noted in
the luteal phase of the menstrual cycle.
Multivariate regression analysis reve-
aled that in ovulating women the best mo-
del predicting plasma insulin levels diffe-
red with respect to the menstrual cycle pha-
ses. In the follicular phase of the menstru-
al cycle 29.2% of the variability in plasma
insulin concentration was explained by the
fluctuation in plasma glucose and proge-
sterone levels (Table 4). The contribution
of glucose in the variability of plasma in-
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Table 4. Partial and regression coefficients of the best models used to predict logarithmically transformed
(natural logarithm) plasma insulin concentration in ovulating and non-ovulating females in the follicular

and luteal phases of the menstrual cycle

Independent | Partial Regression Model
variable |coefficient coefficient adjusted
r B +SE R?
Ovulating females (n=21)
Day 5-8 Glucose 0.462 1.0166+0.4598 0.292°
Progesterone | 0.469 0.5611+0.2492
Day 19-22 Glucose 0.691 2.0494+0.5056 0.439°
Glucagon 0.431 0.3778 £ 0.1864
Non-ovulating females (n=16)
Day 5-8 Testosterone | -0.518 [-0.58200+ 0.2663 0.348¢
Cortisol 0.622 1.0809 + 0.3772
Day 19-22 - - - -

Independent variables - in order of introduction into the model
Except for cortisol and glucose data were logarithmically transformed (natural logarithm) before introduction into the

model
1p<0.017, *p<0.0021, ¢ p<0.024

sulin for a given progesterone level was
approx. 21.3%. For a given glucose level
progesterone contributed to 21.9% of the
variability in plasma insulin concentrations.
In the luteal phase of the menstrual cycle
43.9% of the variability in plasma insulin
was explained by the fluctuation in plasma
glucose and glucagon concentrations, but
the contribution glucose for a given gluca-
gon level (47.7%) was much more prono-
unced than that of glucagon (18.6%) for a
given glucose concentration.

In non-ovulating women in the follicu-
lar phase of the menstrual cycle 34.8% of
the variability in plasma insulin concentra-
tions was explained by the fluctuation in
plasma testosterone and cortisol levels (Ta-
ble 4). For a given cortisol level, testoste-
rone explained 26.8% of the plasma insu-
lin concentration. The effect of cortisol
equalled 38.7% for given testosterone con-
centrations. It should be stressed that pla-
sma insulin was positively related to pla-
sma cortisol but inversly to plasma testo-
sterone level. In the luteal phase there was

no association between plasma insulin and
any of the tested variables.

Discussion

According to our best knowledge the
current study is the first which examined
the relationship between circulating insu-
lin, glucose, glucagon, cortisol and testo-
sterone in regularly menstruating females
with anovulatory and ovulatory menstrual
cycles. It is worthy to note that numerous
studies have focused on hormonal and
metabolic disturbances in amenorrheic fe-
males characterized by more pronounced
ovary dysfunction than our participants (35,
49, 54).

Our study revealed that there were only
minor differences in glucagon and glucose
plasma levels, the tendency to lower cir-
culating insulin and no differences in cir-
culating plasma testosterone and cortisol
in non-ovulating subjects in comparison
with ovulating ones. However, univariate
and multivariate correlation analysis de-
monstrated significant effect of the distur-
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bances in ovarian hormone secretion on the
predictors of circulating insulin.

Plasma insulin is subjected to precise
regulation by multiple factors including
secretion from beta-cells, hepatic extrac-
tion as well as the whole-body sensitivity
to insulin action (3, 15, 20, 46). Accordin-
gly, plasma insulin determination does not
identify the relative contribution of the abo-
ve mentioned factors to the fluctuation in
plasma hormone level. However, even wi-
thin these limitations, the overall differen-
ce in the predictors of plasma insulin level
between ovulating and non-ovulating wo-
men seems to shed more light on the asso-
ciation between ovarian hormones and en-
docrine pancreas.

Significant, positive correlation betwe-
en circulating insulin and plasma glucose
concentration in the follicular and luteal
phases of the normal menstural cycle re-
flects islets sensitivity to glucose as well
as the whole-body insulin sensitivity (for
review see 40). Surprisingly, such correla-
tion was not found in non-ovulating wo-
men. This may indicate that even subtle
disturbances in ovarian hormone secretion
accompanying anovulation alter islets re-
sponse to glucose and/or insulin sensitivi-
ty. This finding is in agreement with other
data concerning the association between
ovarian hormones, endocrine pancreas and
glucose disposal (6, 22, 47).

In regularly menstruating women with
ovulatory menstrual cycles hormonal pre-
dictors of plasma insulin concentration
markedly differed with respect to the men-
strual cycle phase.

In the follicular phase of the menstrual cyc-
le circulating insulin was significantly and
positively correlated with plasma progestero-
ne level. It could be postulated that this effect
was due to well-known progesterone action
depressing insulin sensitivity (34, 42, 50).

In contrast, in the luteal phase of the
normal menstrual cycle plasma insulin was
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not affected by circulating progesterone,
despite significant elevation in its plasma
concentration. It could be presumed that
the increase in plasma 173-estradiol level
in the luteal phase augmented insulin sen-
sitivity and counteracted progesterone ac-
tion noted in the follicular phase of the cyc-
le (23, 34, 51).

However, in the luteal phase plasma
insulin concentration in ovulating females
was significantly and positively correlated
with circulating glucagon. Furthermore,
plasma glucagon level in the luteal phase
was slightly, but significantly higher than
in the follicular phase of the normal men-
strual cycle. Peripheral glucagon level is
regulated by hormone’s secretion by the
islets and its extraction by the liver (31, 32,
45). Therefore, elevated plasma glucagon
may indicate either increased hormone se-
cretion and/or depressed hepatic extraction.
Under fasting conditions hormone extrac-
tion by the liver is elevated, since gluca-
gon-stimulated liver glycogenolysis and
gluconeogenesis are the major source of
peripheral glucose (9, 46). Therefore, sli-
ghlty but significanlty increased plasma
glucagon level in the luteal phase proba-
bly reflected increased hormone secretion.

It is well recognized that glucagon se-
cretion by the islets is regulated by both
hormonal and neural factors with prono-
unced effect of insulin sensitively control-
ling alpha cells function (5, 14, 28, 30). It
was established that alpha cells insulin re-
sistance and reduced insulin-mediated sup-
pression of glucagon secretion contribute
to elevated glucagon secretion and plasma
levels during oral glucose tolerance test (1).
Unfortunately, data concerning insulin-glu-
cagon association under basal conditions
with respect to the fluctuation in ovarian
hormones plasma levels are not available.
However, it cannot be excluded that in the
luteal phase of normal menstrual cycle in-
sulin-induced inhibition of glucagon secre-
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tion is less pronounced than in the follicu-
lar phase resulting is slightly, but signifi-
cantly elevated glucagon secretion and pla-
sma level.

Positive correlation between circulating
glucagon and insulin in the luteal phase of
normal menstrual cycle suggests closer link
between alpha and beta cells function in
the presence of high ovarian hormone se-
cretion and plasma concentrations.

None of the variable contributing to the
regulation of circulating insulin in ovulating
subjects (glucose, progesterone, glucagon)
was operative in non-ovulating women.

In the follicular phase of anovulatory
menstrual cycle circulating insulin was
positively correlated with plasma cortisol
concentration, but inversely with plasma
testosterone level.

Testosterone receptors have been iden-
tified in normal and castrated female rat
pancreas suggesting testosterone contribu-
tion to the regulation of islets function (13,
44). Recently Morimoto et al. (39) demon-
strated that testosterone both in vitro and
in vivo has a direct effect upon pancreatic
islet function in female rat by favouring
insulin gene expression and hormone rele-
ase. In addition, serum testosterone con-
centration positively correlated with insu-
lin m-RNA levels and plasma insulin con-
centration. On the contrary, in euandroge-
nic premenopausal women glucose-stimu-
lated insulin release was negatively corre-
lated with serum testosterone level, howe-
ver, neither glucose uptake nor insulin-
mediated glucose disposal was affected by
physiological testosterone levels (24).

Data concerning the association betwe-
en fasting insulin and testosterone levels
in plasma in euandrogenic women are not
available. In the current study such a ne-
gative correlation was found in females
with depressed ovarian hormone secretion.

It is well established that elevated pla-
sma cortisol brings about insulin resistan-

ce and increases plasma insulin level (18,
27). In the present study plasma cortisol in
non-ovulating subjects was within normal
range, but significant and positive correla-
tion between circulating insulin and corti-
sol may indicate that even physiological
cortisol level in women with disturbed ova-
rian hormone secretion contributes to de-
pressed insulin sensitivity.

The reason for the association between
circulating insulin, testosterone and corti-
sol in the follicular phase of anovulatory
menstrual cycle could be only speculated.
However, it could be presumed that low
plasma 173-estradiol level unmasked cor-
tisol and testosterone action on insulin se-
cretion and/or sensitivity. It seems feasi-
ble, since insulin-sensitizing effect of 174-
estradiol and its derivatives was confirmed
by others (17, 21, 22).

In the luteal phase of anovulatory men-
strual cycle circulating insulin was not af-
fected by any of the tested variables (glu-
cose, ovarian hormones, testosterone, cor-
tisol). The reason for this finding remains
obscure, but it suggests that the lack of pro-
gesterone peak together with low 1783-es-
tradiol even further disturbed the mecha-
nisms responsible for the regulation of pla-
sma insulin level.

It could not be excluded that other me-
chanisms (hormonal and/or neural) were
mobilized to compensate for disturbed regu-
lation in plasma insulin level due to anoma-
lies in ovarian hormone secretion and subse-
quent anovulation. Consequently, in non-ovu-
lating women circulating insulin was only
slightly lower than in ovulating ones.

In conclusion, present study has revealed
that ovarian hormone disturbances and resul-
tant anovulatory menstrual cycle exert noti-
ceable influence on predictors of circulating
insulin in physically active premenopausal
females. In non-ovulating females low pla-
sma 17f-estradiol concentration in the folli-
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cular phase of the cycle hinders the associa-
tion between plasma insulin, glucose and pro-
gesterone. In the luteal phase, the lack of pro-
gesterone peak and low plasma 173-estradiol
level even further disturbs the regulation of
circulating insulin, and hormone level is cor-
related neither with glucose nor glucagon
plasma levels. In consequence, in non-ovu-
lating women the tendency to lower plasma
insulin level has been noted with unknown
at present delayed metabolic consequences
e.g. for lipid and carbohydrate metabolism
both at rest and during exercise.
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