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Recent studies have suggested that a low concentration of follicle-stimulating hormone (FSH) is associated with a higher prevalence
of metabolic disturbances in postmenopausal women. In this study, we aim to evaluate the association between FSH, luteinizing
hormone (LH), and LH/FSH ratio values and the risk of insulin resistance (HOMA-IR >2.0), prediabetes (IFG), and type 2
diabetes in a 5-year prospective study in postmenopausal women. 114 postmenopausal women were divided into 4 groups:
group 1 (baseline and follow-up normoglycemic women), group 2 (normoglycemic women at baseline progressing to IFG),
group 3 (women with baseline and follow-up IFG), and group 4 (women with baseline IFG progressing to diabetes). Baseline and
follow-up anthropometric measurements and blood collections were performed. Serum/plasma was assayed for glucose, HDL-C,
TG, C-reactive protein (CRP), 17beta-estradiol, estrone, insulin, thyroid-stimulating hormone (TSH), FSH, and LH. Homeostatic
model assessment of insulin resistance (HOMA-IR) and LH/FSH ratios were calculated. The baseline concentrations of FSH and
LH statistically decreased across all four groups (the highest concentrations in group 1 and the lowest in group 4; p < 0 001). A
logistic regression analysis showed that a 1 SD decrease in the z-score of FSH concentration is associated with a threefold
increased risk of IFG and a fivefold increased risk of HOMA-IR of >2.0 and diabetes. The LH concentration had odds ratio (OR)
values about two times lower than the FSH concentration. The ORs of the LH/FSH ratio were only significant for IFG. In
conclusion, FSH concentration is strongly associated with insulin resistance, prediabetes, and diabetes in postmenopausal women
with normal or impaired fasting glucose. LH and the LH/FSH ratio are also related to metabolic disturbances after menopause, yet
to a lesser extent.

1. Introduction

Dysregulation of gonadotropin (LH and FSH) secretion is
related to abnormalities at the hypothalamic-pituitary axis,
infertility, and metabolic disturbances in premenopausal
women and men. It was observed that an elevated LH/FSH
ratio is associated with obesity, insulin resistance, and an
increased risk of type 2 diabetes in women with polycystic
ovary syndrome (PCOS) [1, 2]. A recent study from the
Study of Women’s Health Across the Nation (SWAN) has
shown that a higher risk of developing diabetes was associated
with a slower rate of FSH increase during early perimeno-
pause [3]. The data on the relationship of gonadotropins to
metabolic disturbances and diabetes in postmenopausal

women are scarce andmostly focused on FSH [4–7]. Recently,
two prospective studies have shown an inverse association
between FSH concentration and the risk of diabetes [8, 9].
Yet, there are no prospective studies estimating the associa-
tion of FSH, LH, and LH/FSH with metabolic disturbances
in postmenopausal women. For this reason, we aim to evalu-
ate the association between FSH, LH, and LH/FSH ratio values
and insulin resistance, prediabetes, and diabetes in a 5-year
prospective study in Polish postmenopausal women.

2. Materials and Methods

2.1. Participants. At baseline, women were recruited from the
total group of 270 postmenopausal middle-aged women
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without diabetes who participated in the Menopause and
Metabolic Syndrome Study in the Department of Laboratory
Medicine of theNicolaus Copernicus University in Bydgoszcz
between 2007 and 2010. Between 2012 and 2015, all the
women were contacted by phone and/or mail and invited to
participate in the follow-up evaluation. Finally, 122 women
agreed and signed written informed consent forms (the
Bioethics Committee at the Nicolaus Copernicus University
in Torun, Collegium Medicum, in Bydgoszcz). Reasons for
nonparticipation among those who were lost to follow-up
were as follows: distance from the study center, loss of inter-
est, loss of contact, change of residence, and other health
problems. The baseline characteristics of the women who
did not participate in the follow-up are shown in Table 1.

Eight women with IFG at baseline were excluded because
they reverted to normoglycemia.

At baseline, the women were selected according to inclu-
sion and exclusion criteria. The inclusion criteria were as fol-
lows: at least 1 year after the final menstrual period (FMP)
and aged between 45 and 60 years, while the exclusion cri-
teria covered clinical evidence of diabetes mellitus type 1
and/or 2; liver and/or thyroid disorders; acute inflammation;
surgical menopause; premature menopause; a history of
PCOS; a serum CRP > 10 mg/L; a TSH concentration below
0.35 or above 4.94 μIU/mL; and the taking of medications
such as insulin, oral antidiabetic agents, hormonal replace-
ment agents, and thyroid and/or antithyroid agents.

114 women were divided into 4 groups, according to the
diagnostic criteria of prediabetes and diabetes:

Group 1. NFG to NFG: normoglycemic women at baseline
and after 5 years of follow-up

Group 2. NFG to IFG: normoglycemic women at baseline
progressing to prediabetes

Group 3. IFG to IFG: women with baseline and follow-up
prediabetes

Group 4. IFG to diabetes: women with baseline prediabetes
progressing to diabetes

86 women with baseline homeostatic model assessment
of insulin resistance (HOMA-IR) of <2.0 (selected from the
group of 114 women) were additionally divided into 2 groups
according to values of HOMA-IR after 5 years of follow-up:

Group 1: women with baseline and follow-up HOMA-
IR < 2 0 (n = 48; 91% women from the group NFG to NFG
and 9% from the group NFG to IFG)

Group 2: women with baseline HOMA-IR < 2 0 progres-
sing to HOMA-IR > 2 0 (n = 38; 53% of women from the
group IFG to IFG and IFG to diabetes, 37% from the group
NFG to IFG, and 10% from the group NFG to NFG)

This division aims to estimate the association between
the baseline concentration of gonadotropins and insulin
resistance defined according to the HOMA-IR values.

2.2. Diagnostic Criteria. Type 2 diabetes was diagnosed
according to a fasting glucose level in plasma ≥7.0
(≥126mg/dL) repeated on two consecutive days or self-
reported, physician-diagnosed diabetes and the use of
glucose-lowering medications for diabetes. Impaired fasting
glucose (IFG; prediabetes) was indicated by a fasting glucose
level in plasma of 5.6-6.9mmol/L (100–125mg/dL) and a
normal fasting glucose (NFG) of <5.6mmo/L (100mg/d)
[10]. An insulin-resistant state was diagnosed in women with
HOMA-IR > 2 0 [11].

2.3. Baseline and Follow-Up Measurements. Height, weight,
waist circumference (WC), and systolic and diastolic
blood pressure were measured using standard methods.

Table 1: Baseline characteristics of women lost to follow-up and participating in the follow-up.

Women lost to follow-up (n = 148) Women participating in follow-up (n = 122) p

Age (years)a 54 3 ± 4 5 54 1 ± 4 1 0.69

BMIa 29 3 ± 5 8 28 2 ± 4 5 0.009

WC (cm)a 92 3 ± 13 4 90 4 ± 11 9 0.20

Years after menopausea 5 5 ± 4 0 5 6 ± 4 2 0.80

Glucose (mmol/L)a 5 42 ± 0 56 5 39 ± 0 67 0.68

HOMA-IRb 1 52 1 0 – 2 4 1 48 1 0 – 2 3 0.8

HOMA-IR > 2 0 (%) 32 35 0.65

Prevalence of IFG (%) 36 35 0.8

HDL (mmol/L)b 1 53 1 32 – 1 73 1 6 1 34 – 1 84 0.07

TG (mmol/L)b 1 22 0 98 − 1 67 1 28 0 97 – 1 74 0.40

CRP (mg/L)b 1 46 0 66 – 3 36 1 22 0 57 – 2 34 0.06

FSH (mIU/mL)b 68 7 54 9 – 94 8 74 8 56 3 – 98 6 0.20

LH (mIU/mL)b 30 9 23 1 – 40 2 32 9 24 4 – 42 8 0.31

Systolic blood pressure (mmHg)b 128 0 116 0 – 138 0 130 0 114 0 – 140 0 0.40

Diastolic blood pressure (mmHg)b 80 0 76 0 – 87 0 81 0 78 0 – 89 0 0.80
aData expressed as means (±SD); bData expressed as medians (25th and 75th percentiles).
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Occurrences of disease, physical activity, current smoking
habits, and medication use were determined by a ques-
tionnaire developed during a visit at the Department of
Laboratory Medicine. 10 women with self-reported diabe-
tes were treated with glucose-lowering agents (metformin
and sulfonylureas).

Baseline and follow-up blood were collected in the early
morning (7.00–9.00 am) after an overnight fast (12 h). Serum
was assayed for HDL-C, TG, and TSH, and plasma was
measured for glucose on an ARCHITECT ci8200 (Abbott
Diagnostics). Serum FSH and LH levels were measured on
an AxSYM (Abbott Diagnostics) and the serum 17beta-
estradiol level (E2) was measured on an Elecsys 1010/2010
(Roche Diagnostics). CRP was measured using a BN II
System nephelometer (Siemens Healthcare Diagnostics, IL,
USA). Serum estrone levels and insulin concentrations were
determined using the sandwich ELISA method (Estrone
DRG MEDTEK, intra-assay precision 6.7%-9.1%, inter-
assay precision 6.9%-11.7%; insulin: DRG MEDTEK, intra-
assay precision 2.8%-4.0%, inter-assay precision 2.6%-3.6%).
HOMA-IR value was calculated by dividing the fasting
insulin concentration (mU/L) and the glucose concentra-
tion (mmol/L) by 22.5 [11]. Follow-up EDTA blood sam-
ples were analyzed for glycated hemoglobin (HbA1c) using
a Bio-Rad VARIANT II turbo (HPLC).

2.4. Statistical Analysis. The data were expressed as means
(± standard deviation SD) or medians (25th and 75th
percentile), respectively, for the Gaussian and non-Gaussian
distribution. The Shapiro-Wilk test was applied to test the
Gaussianity. The two independent groups were compared
using the Student or Mann–WhitneyU tests. The two depen-
dent groups were compared using the T test or Wilcoxon
rank sum test. The comparison of more than two groups
was made using ANOVA or Kruskal-Wallis tests. To
perform an analysis of covariance and multiple regression,
variables with non-Gaussian distribution were natural log-
transformed. Partial correlation coefficients were calculated
for baseline values of the parameters with adjustment for
WC. Pearson’s chi-squared test was used for categorical
variables. To estimate prediabetes, diabetes, and the insulin-
resistant state odds model, a multivariate logistic regression,
based on variables transformed to z-scores, was performed.
Standardized values (per 1 SD increase/decrease) were used
for comparability between the odds ratios for FSH and LH
and LH/FSH ratio. We assessed the standardized values by
calculating z-scores (according to mean and standard devia-
tion of the study population). The significance of coefficients
in the logistics models was tested using Wald chi-squared
statistics. In all logistics models, FSH, LH, and LH/FSH
ratio were included (base model 1). Additional models
were adjusted for age, WC, BMI, CRP, TG, HDL, systolic
blood pressure, and 17beta-estradiol. All covariates were
related to the occurrence of prediabetes and diabetes.
The quality of fit for each logistics model was assessed
by the Hosmer-Lemeshow chi-squared test. Statistical
significance in all analyses was accepted at the level of
0.05 or below (STATISTICA 13, StatSoft).

3. Results

The baseline characteristics of women lost to follow-up and
of those participating is presented in Table 1. We observed
that women who did not participate in the follow-up had
significantly higher BMI but a similar baseline prevalence of
IFG and HOMA-IR > 2 0.

The baseline and follow-up characteristics of the women
is shown in Table 2. All baseline groups were matched for age
and years after menopause. Baseline groups had similar con-
centrations of TSH and estrone. Statistically different values
of BMI, WC, glucose, insulin, HOMA-IR, HDL-C, TG, and
CRP were observed. The baseline concentrations of FSH
and LH statistically decreased across all four groups, even
after adjusting for WC (the highest concentrations in group
1a and the lowest in group 4a; p < 0 001). We observed statis-
tically significant lower concentrations of FSH and LH in
normoglycemic women who progressed to prediabetes and
women with prediabetes who developed diabetes, in compar-
ison to women who remained normoglycemic or prediabetic
(FSH; p < 0 001, and LH; p < 0 01). The values of the LH/FSH
ratio slightly increased, but this trend was not statistically sig-
nificant (p = 0 09). All women had baseline values of LH/FSH
below 1.0. The lowest concentrations of 17beta-estradiol
were observed in group 1a, and the highest in group 4a
(p = 0 04), but we did not find statistically significant differ-
ences between groups 1a and 2a (p = 0 89) or 3a and 4a
(p = 0 96). FSH and LH concentrations suffered a statistically
significant decrease in all groups after 5 years of follow-up
(1a versus 1b: FSH, p < 0 01, LH, p < 0 001; 2a versus
2b, p < 0 05; 3a versus 3b, p < 0 001; 4a versus 4b: FSH,
p < 0 05, LH, p < 0 01). The values of LH/FSH also decreased
after 5 years of follow-up, yet to a lesser extent (Table 2).
Women with follow-up HOMA-IR < 2 0 (group a) had
significantly higher baseline FSH and LH concentrations in
comparison to women with follow-up HOMA-IR > 2 0
(group b) [94.6 (71.9-115.9) versus 61.0 (51.6-78.5),
p < 0 001, for FSH and 35.0 (32.4-47.8) versus 26.9
(23.2-34.6), p < 0 001, for LH]. The median values of the
LH/FSH ratio were higher in women with follow-up
HOMA-IR > 2 0 (group b) [0.41 (0.33-0.49) versus 0.43
(0.37-0.59), p = 0 04] (data not shown).

FSH and LH concentrations were strongly and negatively
correlated with BMI (r = −0 61 and r = −0 47; p < 0 001,
respectively) and WC (r = −0 66 and r = −0 53; p < 0 001,
respectively). For that reason, all correlations with biochem-
ical parameters and blood pressure were adjusted for WC.
FSH is significantly and negatively correlated with values
of glucose (r = −0 29, p < 0 001), HOMA-IR (r = −0 21,
p < 0 05), TG (r = −0 18, p < 0 05), and CRP (r = −0 29,
p < 0 001). LH is negatively correlated with values of insulin
(r = −0 19, p < 0 05) and HOMA-IR (r = −0 20, p < 0 05).
LH/FSH did not correlate significantly with the parameters
of carbohydrate and lipid metabolism. LH/FSH ratio only
correlated with CRP (r = −0 33, p < 0 001) (data not shown).

The logistic regression analysis showed significant associ-
ations of FSH with the 5-year odds of developing IFG, diabe-
tes, and HOMA-IR > 2 0 in the crude model as well as in
models adjusted for all covariates (Table 3). A 1 SD decrease
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in the z-score of FSH concentration was associated with a
threefold increased risk of IFG, a fivefold increased risk of
HOMA-IR > 2 0 and diabetes in models adjusted for WC
(p < 0 01). The relationship of LH with the 5-year odds of
developing prediabetes was not significant. However, LH
was significantly associated with the 5-year odds of develop-
ing diabetes (p < 0 05; except in the models adjusted for WC
and BMI) and an insulin-resistant state (HOMA-IR > 2 0;
p < 0 05). The increase in the 5-year odds of developing
diabetes and an insulin-resistant state, when the value of
the marker concentration decreased by 1 SD, was about
two times higher for the models based on FSH than for
the models including LH. A 1 SD increase in the z-score
of LH/FSH was only associated with prediabetes (p < 0 05;
except in the model adjusted for CRP), but this association
was weaker in comparison to the models based on FSH
(Table 3).

4. Discussion

Prediabetes and type 2 diabetes are major public health prob-
lems, especially in postmenopausal women. Several studies
indicate that about 25%-35% of the white population with
IFG develop diabetes over a follow-up period of 5 to 6 years,
and this percentage increases in subsequent years [12, 13]. It
seems that a need exists to identify additional potential bio-
markers that may be helpful in assessing the risk of develop-
ing IFG and diabetes.

4.1. The Association of FSH with Metabolic Disturbances after
Menopause. Recently, several studies have demonstrated a
negative association between FSH concentration and obe-
sity, features of metabolic syndrome, an increased risk of
diabetes, and atherosclerotic burden in postmenopausal
women [4–7, 14].

In this study, we evaluated the association between values
of FSH, LH, LH/FSH ratio and insulin resistance, predia-
betes, and diabetes in a 5-year prospective study in post-
menopausal women. To our knowledge, this is the first
prospective study comparing concentrations of the two
principal gonadotropins and gonadotropin ratios in meta-
bolic disturbances after menopause. The results of our logis-
tic regression analysis suggest that FSH concentration is most
strongly associated with insulin resistance, prediabetes, and
diabetes in comparison to values of LH and LH/FSH ratio.
In 2001, Malacara et al. observed lower FSH concentrations
in postmenopausal obese women; they concluded that lower
FSH is related to higher estrogen exposure through a mecha-
nism unrelated to insulin resistance [15]. Numerous studies
have confirmed a strong negative relationship between
obesity and FSH concentrations, which was also observed
in this study [4–7, 14]. It was also found that weight loss
leads to a slight increase in FSH among overweight post-
menopausal women [16].

Our two earlier studies showed that postmenopausal FSH
concentration is associated with metabolic syndrome in
Polish women [4, 5]. Wang et al. observed that postmeno-
pausal women with a concentration of FSH in the lowest
quartile had threefold higher odds of developing diabetes in

comparison to women with FSH levels in the highest quartile
[7]. Bertone-Johnson et al. established the cutoff point of
50 IU/L as the point above which postmenopausal women
aged 53-73 had a lower prevalence of diabetes [9]. A Finnish
study found that high postmenopausal FSH levels were asso-
ciated with a lower atherosclerotic burden, independent of
estradiol, adiposity, and other factors [14].

In this study, we also found that FSH concentration is
most strongly associated with insulin resistance and predia-
betes in postmenopausal women. Similarly, Wang et al.
observed that the risk of prediabetes occurrence decreases
across FSH quartiles [7].

4.2. The Potential Mechanisms Responsible for the
Relationship between FSH and Metabolic Disturbances.
Higher estrogen synthesis in obese postmenopausal women
may be associated with the aromatization of androgens to
estrogens in the adipose tissue, which results in the inhibition
of FSH secretion in negative feedback. In our study, similar to
other studies, it was shown that an inverse relation between
diabetes and FSH concentration is independent of obesity
[7, 8]. Moreover, previous research suggests that a negative
correlation between FSH and metabolic features and diabetes
persisted after adjustment for E2 [5, 7]. In the present study,
we found that E2 and estrone concentrations did not differ
statistically between groups 1a and 2a and 3a and 4a, while
FSH concentrations were markedly different in these
comparisons. These results may suggest that a negative
association between FSH concentration and metabolic dis-
turbances is not completely accounted for by obesity and
estrogen exposure, and other mechanisms must be taken into
account to explain this relation. One of the mechanisms may
be associated with the regulation of FSH concentration by
activins and follistatin. Activins stimulate FSH secretion
from the pituitary gland, and follistatin is a protein that sup-
presses this secretion by the neutralization of activins. Reame
et al. observed that a menopausal increase in FSH concentra-
tions is regulated by the sustained presence of activin A with
age-dependent reductions in follistatin [17]. Follistatin and
activins may be involved in the regulation of insulin sensitiv-
ity and inflammation status (activin A protects against hyper-
glycemia, hyperinsulinemia, and inflammation) [18–20]. It
was also suggested that follistatin may be one of the adipo-
kines produced by white adipose tissue [21]. Thus, this evi-
dence may lead to the hypothesis that the follistatin-activin
axis may play a role in the regulation of insulin sensitivity
or inflammation after menopause, when hypothalamic-
pituitary-gonadal negative feedback is limited. Another
mechanism may be related to the more sialylated and less
sulfonated structure of FSH after menopause. This change
in structure is associated with FSH having a longer half-life,
which may be negatively associated with obesity [22]. In an
animal study, Renault et al. observed that the simultaneous
administration of FSH and LH enhances the insulin response
to glucose load in female dogs [23]. Krysiak et al. evaluated
the effect of metformin on serum gonadotropin levels in
postmenopausal women; they observed that high-dose met-
formin treatment reduced the concentration of FSH, and
these effects correlated with an improvement in insulin
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sensitivity in diabetic women [24]. Other authors showed a
positive relation between FSH concentration and sex hor-
mone binding globulin expression (low SHGB is a well-
known risk factor for diabetes) in postmenopausal women
[25]. The nongonadal function of FSH is possible due to
the presence of extragonadal FSH receptors, e.g., in adipose
tissue, bones, hepatocytes, and blood vessels [26]. It was
found that FSH has an angiogenesis effect in some tumors
and promotes lipid biosynthesis in the adipose tissue [27, 28].

4.3. The Association of LH/FSH Ratio with Metabolic
Disturbances after Menopause. An elevated LH/FSH ratio is
considered to be an indicator of metabolic disturbances in
premenopausal women with PCOS, although not all authors
confirm this hypothesis [29]. In this study, the results of the
logistic analysis do not indicate a significant association
between the values of LH/FSH ratio and the occurrence of
diabetes and insulin resistance in postmenopausal women.
We found only a weak association between LH/FSH ratio
and prediabetes. The correlation analysis only showed a sig-
nificant relation between LH/FSH ratio and CRP. So far,
two cross-sectional studies have evaluated the association
between LH/FSH ratio and metabolic disturbances in
postmenopausal women, outside the context of the PCOS
diagnosis. Beydoun et al. observed that obesity, insulin resis-
tance, blood pressure, triglycerides, and metabolic syndrome
were not associated with LH/FSH ratio. They observed that
CRP concentration is positively associated with an LH/FSH
of >1.0, and an LH/FSH of >2.0 negatively correlates with
glucose levels in postmenopausal women aged 35-60 [30].
In contrast, Zhao et al. showed that LH/FSH ratio was signif-
icantly associated with visceral obesity and lipid accumula-
tion product. However, they did not observe significant
differences in glucose and HOMA-IR values across quartiles
of the LH/FSH ratio in Chinese women over 55 years old
[31]. Thus, the results are contradictory and do not indicate
the diagnostic usefulness of LH/FSH ratio in predicting
diabetes in postmenopausal women. These differences in
results may be partially caused by the decrease in the values
of LH/FSH ratio with advancing age. Beydoun et al. were able
to analyze the values of LH/FSH ratio above the designated
cutoff points of 1 and 2 because the women in their study
were younger [30]. In this study, all women had values
of LH/FSH ratio below 1.0. For such low values, there
are no fixed cutoff points with a documented diagnostic
significance.

4.4. The Present Study Has Certain Limitations. The most
important limitation is the small size of the study groups,
which may reduce the potential of this study. For that reason,
we could not perform multifactor adjustments of our analy-
ses. The results of this study should be verified on a larger
sample size. In this study, the response rate to a follow-up
survey was 45% (270/122). The low response rate decreased
the statistical power of this study. However, women who
were lost to follow-up had a similar baseline prevalence of
IFG and HOMA-IR > 2 0 in comparison to respondents,
which may reduce the impact of this loss. Another limitation

of our study is the fact that diabetes was only diagnosed by
FPG, without HbA1C and 2-hour plasma glucose.

5. Conclusion

This prospective study suggests that FSH concentration is
significantly associated with insulin resistance, prediabetes,
and diabetes in postmenopausal women with normal or
impaired fasting glucose. LH and the LH/FSH ratio are also
related to metabolic disturbances after menopause, yet to a
lesser extent.

Data Availability

No data were used to support this study.

Conflicts of Interest

The authors declare that there is no conflict of interest
regarding the publication of this paper.

Acknowledgments

We would like to express our gratitude to B. Kierul who was
involved in the preparation of blood samples for laboratory
analysis. This work was provided by the Collegium Medi-
cum, Nicolaus Copernicus University, Bydgoszcz, Poland.

References

[1] P. Dandona and S. Dhindsa, “Update: hypogonadotropic
hypogonadism in type 2 diabetes and obesity,” The Journal of
Clinical Endocrinology and Metabolism, vol. 96, no. 9,
pp. 2643–2651, 2011.

[2] C. Castelo-Branco, F. Steinvarcel, A. Osorio, C. Ros, and
J. Balasch, “Atherogenic metabolic profile in PCOS patients:
role of obesity and hyperandrogenism,” Gynecological Endo-
crinology, vol. 26, no. 10, pp. 736–742, 2010.

[3] S. K. Park, S. D. Harlow, H. Zheng et al., “Association between
changes in oestradiol and follicle-stimulating hormone levels
during the menopausal transition and risk of diabetes,” Dia-
betic Medicine, vol. 34, no. 4, pp. 531–538, 2017.

[4] A. Stefanska, G. Sypniewska, I. Ponikowska, and
M. Cwiklinska-Jurkowska, “Association of follicle-
stimulating hormone and sex hormone binding globulin with
the metabolic syndrome in postmenopausal women,” Clinical
Biochemistry, vol. 45, no. 9, pp. 703–706, 2012.

[5] A. Stefanska, I. Ponikowska, M. Cwiklinska-Jurkowska, and
G. Sypniewska, “Association of FSH with metabolic syndrome
in postmenopausal women: a comparison with CRP, adipo-
nectin and leptin,” Biomarkers in Medicine, vol. 8, no. 7,
pp. 921–930, 2014.

[6] N. Wang, H. Shao, Y. Chen et al., “Follicle-stimulating hor-
mone, its association with cardiometabolic risk factors, and
10-year risk of cardiovascular disease in postmenopausal
women,” Journal of the American Heart Association, vol. 6,
no. 9, article e00591, 2017.

[7] N. Wang, L. Kuang, B. Han et al., “Follicle-stimulating
hormone associates with prediabetes and diabetes in post-
menopausal women,” Acta Diabetologica, vol. 53, no. 2,
pp. 227–236, 2016.

7Disease Markers



[8] C. L. Cheung, A. W. C. Kung, and K. C. B. Tan, “Serum follicle
stimulating hormone is associated with reduced risk of diabe-
tes in postmenopausal women: the Hong Kong osteoporosis
study,” Maturitas, vol. 114, pp. 41–45, 2018.

[9] E. R. Bertone-Johnson, J. K. Virtanen, L. Niskanen et al.,
“Association of follicle-stimulating hormone levels and risk
of type 2 diabetes in older postmenopausal women,” Meno-
pause, vol. 24, no. 7, pp. 796–802, 2017.

[10] American Diabetes Association, “2. Classification and Diagno-
sis of Diabetes: Standards of Medical Care in Diabetes—2018,”
Diabetes Care, vol. 41, Supplement 1, pp. S13–S27, 2018.

[11] T. Wongwananuruk, M. Rattanachaiyanont, P. Leerasiri et al.,
“The usefulness of homeostatic measurement assessment-
insulin resistance (HOMA-IR) for detection of glucose intoler-
ance in Thai women of reproductive age with polycystic ovary
syndrome,” International Journal of Endocrinology, vol. 2012,
Article ID 571035, 6 pages, 2012.

[12] F. de Vegt, J. M. Dekker, A. Jager et al., “Relation of impaired
fasting and postload glucose with incident type 2 diabetes in
a Dutch population: the Hoorn study,” JAMA, vol. 285,
no. 16, pp. 2109–2113, 2001.

[13] M. M. Gabir, R. L. Hanson, D. Dabelea et al., “The 1997
American Diabetes Association and 1999 World Health
Organization criteria for hyperglycemia in the diagnosis
and prediction of diabetes,” Diabetes Care, vol. 23, no. 8,
pp. 1108–1112, 2000.

[14] E. R. Bertone-Johnson, J. K. Virtanen, T. Nurmi et al., “Folli-
cle-stimulating hormone levels and subclinical atherosclerosis
in older postmenopausal women,” American Journal of Epide-
miology, vol. 187, no. 1, pp. 16–26, 2018.

[15] J. M. Malacara, M. E. Fajardo, and L. E. Nava, “Gonadotropins
at menopause: the influence of obesity, insulin resistance, and
estrogens,” Steroids, vol. 66, no. 7, pp. 559–567, 2001.

[16] C. Kim, J. F. Randolph, S. H. Golden et al., “Weight loss
increases follicle stimulating hormone in overweight postmen-
opausal women [corrected],” Obesity, vol. 23, no. 1, pp. 228–
233, 2015.

[17] N. E. Reame, J. L. Lukacs, P. Olton, R. Ansbacher, and
V. Padmanabhan, “Differential effects of aging on activin A
and its binding protein, follistatin, across the menopause tran-
sition,” Fertility and Sterility, vol. 88, no. 4, pp. 1003–1005,
2007.

[18] M. J. Chen, H. F. Chen, S. U. Chen, H. N. Ho, Y. S. Yang, and
W. S. Yang, “The relationship between follistatin and chronic
low-grade inflammation in women with polycystic ovary syn-
drome,” Fertility and Sterility, vol. 92, no. 6, pp. 2041–2044,
2009.

[19] J. Hansen, A. Rinnov, R. Krogh-Madsen et al., “Plasma follista-
tin is elevated in patients with type 2 diabetes: relationship to
hyperglycemia, hyperinsulinemia, and systemic low-grade
inflammation,” Diabetes/Metabolism Research and Reviews,
vol. 29, no. 6, pp. 463–472, 2013.

[20] G. Ø. Andersen, T. Ueland, E. C. Knudsen et al., “Activin A
levels are associated with abnormal glucose regulation in
patients with myocardial infarction: potential counteracting
effects of activin a on inflammation,” Diabetes, vol. 60, no. 5,
pp. 1544–1551, 2011.

[21] J. N. Flanagan, K. Linder, N. Mejhert et al., “Role of follistatin
in promoting adipogenesis in women,” The Journal of Clinical
Endocrinology and Metabolism, vol. 94, no. 8, pp. 3003–3009,
2009.

[22] L. Wide, T. Naessén, I. Sundström-Poromaa, and K. Eriksson,
“Sulfonation and sialylation of gonadotropins in women dur-
ing the menstrual cycle, after menopause, and with polycystic
ovarian syndrome and in men,” The Journal of Clinical Endo-
crinology and Metabolism, vol. 92, no. 11, pp. 4410–4417,
2007.

[23] A. Renauld, N. V. Gómez, J. D. Scaramal, D. Garrido, and
M. M. Wanke, “Serum insulin, glucose and non-esterified fatty
acids after administration of follicle-stimulating and luteiniz-
ing hormones in bitches,” Medicina, vol. 63, no. 1, pp. 28–32,
2003.

[24] R. Krysiak, W. Szkróbka, and B. Okopień, “The effect of met-
formin on serum gonadotropin levels in postmenopausal
women with diabetes and prediabetes: a pilot study,” Experi-
mental and Clinical Endocrinology & Diabetes, vol. 126,
no. 10, pp. 645–650, 2018.

[25] N. Wang, K. Zhang, B. Han et al., “Follicle stimulating hor-
mone, its novel association with sex hormone binding globulin
in men and postmenopausal women,” Endocrine, vol. 56, no. 3,
pp. 649–657, 2017.

[26] T. R. Kumar, “Extragonadal actions of FSH: a critical need for
novel genetic models,” Endocrinology, vol. 159, no. 1, pp. 2–8,
2018.

[27] Y. Huang, K. Hua, X. Zhou et al., “Activation of the PI3K/AKT
pathway mediates FSH-stimulated VEGF expression in ovar-
ian serous cystadenocarcinoma,” Cell Research, vol. 18, no. 7,
pp. 780–791, 2008.

[28] H. Cui, G. Zhao, R. Liu, M. Zheng, J. Chen, and J. Wen, “FSH
stimulates lipid biosynthesis in chicken adipose tissue by
upregulating the expression of its receptor FSHR,” Journal of
Lipid Research, vol. 53, no. 5, pp. 909–917, 2012.

[29] E. Mor, A. Zograbyan, P. Saadat et al., “The insulin resistant
subphenotype of polycystic ovary syndrome: clinical parame-
ters and pathogenesis,” American Journal of Obstetrics and
Gynecology, vol. 190, no. 6, pp. 1654–1660, 2004.

[30] H. A. Beydoun, M. A. Beydoun, N. Wiggins, and
L. Stadtmauer, “Relationship of obesity-related disturbances
with LH/FSH ratio among post-menopausal women in the
United States,” Maturitas, vol. 71, no. 1, pp. 55–61, 2012.

[31] L. Zhao, C. Zhu, Y. Chen et al., “LH/FSH ratio is associated
with visceral adipose dysfunction in Chinese women older
than 55,” Frontiers in Endocrinology, vol. 9, p. 419, 2018.

8 Disease Markers


	Gonadotropins and Their Association with the Risk of Prediabetes and Type 2 Diabetes in Middle-Aged Postmenopausal Women
	1. Introduction
	2. Materials and Methods
	2.1. Participants
	2.2. Diagnostic Criteria
	2.3. Baseline and Follow-Up Measurements
	2.4. Statistical Analysis

	3. Results
	4. Discussion
	4.1. The Association of FSH with Metabolic Disturbances after Menopause
	4.2. The Potential Mechanisms Responsible for the Relationship between FSH and Metabolic Disturbances
	4.3. The Association of LH/FSH Ratio with Metabolic Disturbances after Menopause
	4.4. The Present Study Has Certain Limitations

	5. Conclusion
	Data Availability
	Conflicts of Interest
	Acknowledgments

