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replacement therapy in Japanese women during the menopausal
transition
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Abstract : Background and aim: The associations between follicle-stimulating hormone (FSH) levels and lipid
profiles have been controversial. The aim of this study was to examine the associations between FSH levels
and lipid profiles before and during hormone replacement therapy (HRT) in Japanese women. Subjects and
methods : We recruited 117 women who were receiving HRT and examined serum levels of FSH, LH, estradiol,
triglycerides (TG), LDL-C and HDL-C. In addition, the associations of reduction rate of FSH and increase in es-
tradiol level with changes in lipid parameters before and during HRT were examined. Results: FSH showed a
significant negative correlation with TG and LDL-C and a significant positive correlation with LH and HDL-C.
In women receiving oral estrogen, the rate of increase in HDL-C and TG was significantly greater in the group
with a large decrease in FSH. In women receiving oral estrogen, LDL-C was significantly decreased and TG was
significantly increased in the group with a large increase in estradiol. Conclusion : We demonstrated associations
between FSH level and favorable lipid profiles in this study. During HRT, the action of reduction of FSH on lipid

parameters did not exceed the direct action of estrogen. J. Med. Invest. 72:290-297, August, 2025
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INTRODUCTION

It has been demonstrated that postmenopausal women have
higher levels of total cholesterol (TC) and low-density lipoprotein
cholesterol (LDL-C) than those in premenopausal women (1, 2).
Elevated plasma LDL-C has been found through a decrease in
estrogen level in postmenopausal women and oophorectomized
women (3). Plasma LDL-C level showed a significant nega-
tive correlation with plasma estradiol level (4). However, only
estrogen deficiency cannot fully explain menopausal and post-
menopausal dyslipidemia. It has been reported that unfavorable
lipid profiles were found before estrogen levels decrease at the
premenopausal stage (1, 5) and that some women can develop
dyslipidemia despite using conventional doses of estrogen during
HRT (6, 7).

Follicle-stimulating hormone (FSH) receptor is expressed in
the liver (8), adipose tissue (9), osteoclasts (10) and renal jux-
taglomerular cells (11) as well as in reproductive organs. Thus,
FSH action beyond reproduction has been highlighted. Recently,
it was reported that FSH was associated with the incidence of
metabolic syndrome (12), risks of renal dysfunction (13) and
rheumatoid arthritis (14), and pathogenesis of Alzheimer’s dis-
ease in mice (15). It has been suggested that circulating FSH
levels may be more highly associated than estrogen levels with
bone loss in postmenopausal women (16). From the results of
those previous studies, relationships between a high FSH level
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and occurrence of some diseases have been shown. The associ-
ations of FSH levels with adiposity and lipid metabolism have
also been controversial. Although it has been reported that FSH
was positively associated with HDL-C and was negatively asso-
ciated with triglycerides (TG) (17, 18) and LDL-C (17), Song et al.
reported that LDL-C was significantly higher in the higher FSH
group (8). Serviente er al. reported that FSH showed a positive
association with LDL-C (19). The reason for the different results
regarding the associations between FSH and lipid profiles is not
clear. To date, there has been no report in Japan.

On the other hand, among women who received HRT with
a combination of estradiol valerate (1 mg) and dydrogesterone,
postmenopausal women with a higher FSH level had higher
serum levels of TC and LDL-C than those in women with a lower
FSH level. In addition, women with a large decrease in FSH (de-
crease by =30%) had significantly improved serum levels of TC
and LDL-C (8). The impact of lipid profiles in women with oral
estrogen administration was greater than that in women with
transdermal estrogen administration because of the presence
of a first pass effect in the liver (20). The associations of FSH
with lipid profiles may be different for oral administration and
transdermal administration. To the best of our knowledge, there
has been no report on associations of FSH with lipid profiles
according to the administration route.

We previously reported that serum FSH level varied widely
in Japanese postmenopausal women (21). The difference in FSH
levels may be involved in metabolism in postmenopausal women
in Japan. In addition, there have been few reports on the asso-
ciations of luteinizing hormone (LLH) with lipid parameters. The
aim of this study was to determine the associations of levels of
FSH and LH with lipid parameters in Japanese perimenopaus-
al and postmenopausal women and the associations between
changes in levels of FSH and LH and changes in lipid profiles
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before and during HRT with oral administration and transder-
mal administration.

MATERIALS AND METHODS
Subjects

One hundred and seventeen women (37 premenopausal
women and 80 postmenopausal women) who underwent HRT
for improvement of menopausal symptoms and who agreed
to participate were included in this study. We did not include
women who had undergone bilateral oophorectomy. The median
age of the women was 50.0 (43.0-59.0) years and median body
mass index (BMI) was 22.4 (18.1-26.1). Women with a history
of any cardiovascular disease, hormone-dependent malignancy
or breast cancer, venous thromboembolic disease, diabetes mel-
litus, renal dysfunction, liver disease, hypertension, and use of
lipid-lowering drugs were excluded. As the HRT regimen, oral
estrogen administration (conjugated equine estrogen : CEE and
estradiol : E2) and transdermal estradiol administration were
included. The proportion of women who received oral CEE was
67.1% and the proportion of women who received oral E2 was
32.9%.

Measurements

Fasting morning (9:00-12:00 h) blood samples were collected
during the morning fasting period (9:00-12:00), centrifuged, and
measured promptly. Serum levels of FSH and LH were exam-
ined before HRT and at 6 months and 1 year after the commence-
ment of HRT. Serum levels of estradiol and lipids were examined
before HRT and 1 year after the commencement of HRT. Lipids
were analyzed by the cholesterol oxidase method for serum TC,
by the enzymatic method using glycerol triphosphate oxidase for
TG, and by the direct method for HDL-C levels using an auto-
mated chemical analyzer (Modular DPP ; Roche Diagnostics,
Tokyo, Japan) with the use of Roche Diagnostics’ Reagent kits
for analysis. The intra-assay and inter-assay coefficients of vari-
ation were 0.40% and 0.80-1.00%, respectively, for TC, 0.50%
and 0.80-0.90%, respectively, for HDL-C, and 0.30-0.60% and
1.60-1.70%, respectively, for TG. Estradiol was analyzed using
an analyzer (cobas6000 ; Roche Diagnostics, Tokyo, Japan)
with the electrochemiluminescence immunoassay. FSH and LH
were analyzed by the chemiluminescent enzyme immunoassay
(Alinity 1 system ; Abbott Japan, Tokyo, Japan). The intra-assay
and inter-assay coefficients of variation were 1.18-2.82% and
1.42-2.04%, respectively, for estradiol, 1.31-2.00% and 2.19-
2.39%, respectively, for FSH and 1.94-2.82% and 1.99-2.92%,
respectively, for LH.

Statistical analysis

FSH and LH before and at 6 months and 1 year after the start
of HRT were compared by using the Kruskal-Wallis rank test,
and Bonferroni adjustment was used for a multiple comparison
test. The relationships between gonadotropic hormones and
circulating lipids were analyzed by using multivariate analysis.
Spearman’s rank correlation analysis was used for determining
correlations of FSH and LH with lipid parameters. The rate of
change in FSH during HRT was divided into two groups ac-
cording to the median value, and changes in lipid parameters
and basal lipid parameters, hormonal data, age and BMI were
compared between the two groups by using the Mann—Whitney
U test. SPSS version 20.0 for Windows was used for statistical
analysis. P<0.05 was considered statistically significant.

Ethical consideration

This study was approved by the Tokushima University
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Hospital Research Ethics Committee for Life Sciences and Medi-
cine (No. 4528), and permission for implementation was obtained
from the respective institution’s authorities. Informed consent
was obtained from all participants in the study by checking the
informed consent box in the questionnaire.

RESULTS

Associations of FSH and LH with lipid profiles in women before
HRT

Multivariate analysis showed that FSH levels were not signifi-
cantly associated with the confounding factors of lipids, age, and
BMI, and LH levels were not significantly associated with lipids,
age, or BMI. Therefore, we examined the correlation between
gonadotropic hormones and lipid levels.

There were significant correlations between FSH and TG
(p<0.001, r=-0.312) and between FSH and LDL-C (p=0.049,
r=-0.184) but not between FSH and HDL-C (Figure 1A). There
was a significant positive association between LH and HDL-C
(p=0.005, r=0.267) (Figure 1B).

Levels of FSH and LH before HRT and at 6 months and 1 year after
the commencement of HRT

Levels of FSH and LH before HRT and at 6 months and 1
year after the commencement of HRT are shown in Table 1. FSH
level was decreased significantly (p<0.001) at 6 months and 1
year after the commencement of HRT. In both women with oral
estrogen administration and women with transdermal estrogen
administration, FSH levels were decreased significantly at 6
months and 1 year (p<0.001). There was no significant differ-
ence in the mean reduction rate of FSH between women with
oral estrogen administration (-44.8%) and women with transder-
mal estrogen administration (-37.9%) (p=0.162). On the other
hand, LH level was decreased significantly (p=0.004) at 1 year
after the commencement of HRT. LH level in women with oral
estrogen administration was decreased significantly at 1 year
after the commencement of HRT (p<0.001), but there were no
significant differences in LH levels in women with transdermal
estrogen administration.

Associations of changes in FSH and LH with changes in lipid pro-
files before and during HRT

We used levels of FSH and LH at 1 year after the commence-
ment of HRT and examined the associations of FSH and LH
with lipid profiles. In women with oral estrogen administration,
the mean rate of change in LDL-C was -7.0%, a decrease from
119.8 + 29.0 (mean + SD) mg/dl to 111.9 + 29.9 mg/dl, the mean
rate of change in TG was +2.4%, an increase from 96.6 + 35.6
mg/dl to 99.0 + 46.3 mg/dl, and the mean rate of change in
HDL-C was +3.4%, an increase from 72.2 + 26.9 mg/dl to 74.8
+ 17.5 mg/dl. In women with transdermal estrogen administra-
tion, the mean rate of change in LDL-C was -2.0%, a decrease
from 138.2 + 29.5 mg/dl to 135.5 + 35.0 mg/dl, the mean rate of
change in TG was -4.6%, a decrease from 104.9 + 32.9 mg/dl to
100.2 + 47.8 mg/dl, and the mean rate of change in HDL-C was
+0.3%, an increase from 72.0 + 39.8 mg/dl to 72.2 + 17.8 mg/dl.

In addition, we divided the reduction rate of FSH by HRT
into two groups according to the median reduction rate of FSH
and compared various parameters in the two groups. As shown
in Table 2, there was no significant difference in BMI. There
was a significant difference between the two groups in the age
of women with oral estrogen administration. There was no sig-
nificant difference in baseline E2 levels between the two groups.
However, estradiol levels during HRT in the group with a large
reduction rate of FSH were significantly higher than those in
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Figure 1A. Associations of FSH with lipid parameters before HRT.
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The correlation between FSH and lipids before HRT administration was studied. Significant negative correlations were found

in triglycerides and LDL cholesterol.
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Figure 1B. Associations of LH with lipid parameters before HRT.
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The correlation between LH and lipids before HRT administration was examined ; a significant positive correlation was found

for HDL cholesterol.
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Table 1. FSH and LH levels before and after commencement of HRT

FSH levels before and after commencement of HRT

mlIU/ml before 6 months 1 year

Total 88.5 (11.9-207.3) 49.0 (1.1-124.8) * 45.2 (1.3-197.5) *

Oral 88.4 (11.9-207.3) 48.4(1.1-124.8) * 44.4 (1.3-197.5) *

Transdermal 87.7 (13.9-187.5) 52.6 (1.1-85.3) * 48.2 (16.5-83.1) *
LH levels before and after commencement of HRT

mlIU/ml before 6 months 1 year

Total 29.2 (4.0-64.3) 20.9 (0.5-51.2) 19.5 (0.5-58.3) *

Oral 29.2 (6.3-64.3) 22.0 (5.5-51.2) 19.2 (0.5-58.3) *

Transdermal 30.9 (4.0-59.1) 20.6 (0.5-28.5) 19.8 (4.4-50.8)

HRT was divided into overall, oral estrogen, and transdermal estrogen groups, and changes in

FSH and LH over time were checked before HRT, 6 months after HRT, and 1 year after HRT.
Values are indicated as medians (10-90 %tiles).

*P<0.001

Table 2. Baseline levels of lipid parameters and hormonal levels, and estradiol level during HRT

Oral estrogen administration

Change in reduction rate of FSH P value
>48.26% (n=37) =48.26% (n=39)
Baseline LDL (mg/dl) 121.8 (89.2-164.8) 107.6 (81.0-147.7) 0.144
Baseline HDL (mg/dl) 65.0 (52.0-75.0) 69.0 (54.0-94.0) 0.065
Baseline TG (mg/dl) 84.0 (52.2-157.6) 100.0 (66.0-194.0) 0.4
Baseline TC (mg/dl) 218.0 (159.0-260.0) 210.0 (155.0-283.0) 0.491
Baseline FSH (mIU/ml) 90.6 (56.4-127.1) 75.4 (41.0-117.0) 0.187
Baseline E2 (pg/ml) 3.8 (2.0-13.8) 2.4 (2.0-22.3) 0.413
E2 during HRT (pg/ml) 34.4 (15.0-64.0) 17.0 (5.1-42.1) <0.001
Age (years) 50.0 (41.0-52.0) 48.0 (37-53) 0.032
BMI 21.2 (20.3-26.7) 22.0 (18.9-25.1) 0.895
Transdermal estrogen administration
Change in reduction rate of FSH P value
>46.94% (n=20) =46.94% (n=21)

Baseline LDL (mg/dl) 134.0 (105.0-167.0) 133.8 (60.0-174.2) 0.917
Baseline HDL (mg/dl) 69.0 (44.1-96.4) 75.2 (55.8-109.0) 0.738
Baseline TG (mg/dl) 101.0 (71.7-199.5) 107.0 (74.0-170.0) 0.602
BaselineTC (mg/dl) 231.0 (187.0-283.0) 219.0 (176.0-254.0) 0.076
Baseline FSH (mIU/ml) 82.5 (48.3-134.4) 66.6 (47.2-97.6) 0.042
Baseline E2 (pg/ml) 10.6 (5.0-35.9) 7.5 (5.0-83.5) 0.078
E2 during HRT (pg/ml) 79.0 (44.0-129.0) 44.0 (13.1-108.3) 0.005
Age (years) 49.0 (37.2-52.4) 48.0 (43.1-54.8) 0.559
BMI 19.1 (18.1-25.1) 20.6 (16.5-25.2) 0.935

In the oral estrogen and transdermal estrogen groups of HRT, we divided the decrease in FSH into
two groups and examined whether there was a difference in lipid values when the decrease in FSH
was greater or less. We also examined whether there was a difference in estradiol levels.
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the group with a small reduction rate of FSH in both women
with oral estrogen administration and women with transdermal
estrogen administration. There were no significant diffences in
baseline levels of LDL-C, HDL-C, or TG in the two groups.

As shown in Figure 2, in women with oral estrogen adminis-
tration, the rate of increase in HDL-C in the group with a large
reduction rate of FSH was significantly higher than that in the
group with a small reduction rate of FSH (p=0.021). In addition,
the rate of increase in TG in the group with a large reduction
rate of FSH was significantly higher than that in the group with
a small reduction rate of FSH (p=0.001). The rate of decrease
in LDL-C in the group with a large reduction rate of FSH was

Oral estrogen administration
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larger than that in the group with a small reduction rate of FSH,
but the difference was not significant (p=0.054). In women with
transdermal estrogen administration, there were no significant
differences in the rates of changes in LDL-C, HDL-C and TG
between the two groups.

With regard to the associations of estradiol level during HRT
with lipid parameters, we divided the changes in lipid param-
eters into two groups according to the median estradiol level
during HRT (Figure 3). In women with oral estrogen admin-
istration, the group with a large increase in estradiol showed
a significant decrease in LDL-C (p<0.001) and a significant
increase in TG (p=0.003) compared to those in the group with a

Transdermal estrogen administration

LDL-C HDL-C TG TC

B I

Mlarge reduction rate of FSH [small reduction rate of FSH

Figure 2. Changes in lipid parameters according to change in FSH during HRT.

In the oral estrogen and transdermal estrogen groups, the decrease in FSH was divided into two groups, large and small, to
determine if there was a difference in lipid values between the two groups. The decrease in FSH was divided into large and
small groups based on median values, and the percent change in lipids was expressed as a percentage. Closed bar : large
change in FSH, Open bar : small change in FSH. *P<0.05 ** P<0.001
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Figure 3. Changes in lipid parameters according to estradiol level during HRT.

In the oral estrogen and transdermal estrogen groups, the rate of increase in estradiol was divided into two groups, large
and small, to determine if there was a difference in lipid values between the two groups. The median rate of increase in
estradiol was used to divide the patients into large and small groups, and the percentage change in lipids was expressed as a
percentage. Closed bar : large increase in estradiol, Open bar : small increase in estradiol. *P<0.05 ** P<0.001



The Journal of Medical Investigation Vol. 72 August 2025

small increase in estradiol. In women with transdermal estrogen
administration, there were no significant differences in the rates
of changes in lipid parameters between the two groups.

Similarly, we divided the rate of change in LH into two groups
according to the median rate of change in LH and compared the
lipid profiles. There were no significant changes in lipid profiles
between the groups oral and transdermal estrogen administra-
tion (data not shown).

DISCUSSION

In Japanese women during the menopausal transition, we
showed that a high FSH level was associated with low levels of
LDL-C and TG. In addition, we showed that increases in HDL-C
and TG were large in the group with a large reduction rate of
FSH for women who received oral estrogen administration.

Xu et al. reported that FSH level was negatively associated
with TG and LDL-C (18). Wang et al. also reported that there
was a negative association between FSH and TG (17). Negative
associations of FSH level with LDL-C level and TG level shown
in our study were similar to the results of those previous stud-
ies. On the other hand, a positive association between FSH and
LDL-C has also been reported (8, 19). Although the reason for
the inconsistent results regarding associations between FSH
levels and circulating lipid profiles in postmenopausal women is
not clear, age and race of the subjects may be related.

On the other hand, during HRT with oral estradiol valerate,
women with a large decrease in FSH (decrease by = 30%) had
significantly improved serum levels of TC and LDL-C (8). In
the present study, we also showed that there was a significant
increase in HDL-C and a tendency for a decrease in LDL-C in
the group with a large reduction rate of FSH for women with
oral estrogen administration. In addition, a significant increase
in TG was found in the group with a large reduction rate of FSH.
Wakatsuki et al. reported that the conventional dose of CEE
(0.625 mg/day) significantly increased plasma TG but that a low
dose of CEE (0.3125 mg) did not affect plasma TG (22). We also
demonstrated that the effects on lipid parameters were weak in
women with a low estrogen level in the present study (Figure 3).
Considering the results shown in Figure 2 and Figure 3, chang-
es in lipid parameters according to the reduction rate of FSH are
similar to changes in lipid parameters according to the increase
in E2 level. The effects on lipid profiles during HRT may basi-
cally reflect the action of oral E2 on lipid parameters. In women
with transdermal estrogen administration, we showed that the
effects of estrogen on lipid profiles were weak since there was no
hepatic first-pass effect.

In the present study, a significant increase in HDL-C was
found in the group with a large reduction rate of FSH, although
the increase in HDL-C in the group with a large increase in
E2 was not significant in women with oral administration. The
action of FSH together the action of estrogen may be involved in
the increase in HDL-C during HRT. El Khoudary ez al. reported
that associations of higher FSH with greater total HDL-P and
smaller HDL size were only evident at/after menopause, sug-
gesting that FSH is related to HDL subclasses, lipid content and
function of HDL-C in midlife women (23).

There was no significant difference in the reduction rates of
FSH (44.9% in the oral group and 37.9% in the transdermal
group, p=0.162), although the increases in estradiol level were
different (17-34 pg/ml in the oral group and 44-79 pg/ml in the
transdermal group). We previously reported that mean estradiol
level in women with CEE (0.625 mg) administration was 21.3
pg/ml (22). It has been reported that estradiol level in women
with transdermal administration of estrogen ranged from 40 to
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60 pg/ml (24, 25). In the female reproductive system, it has been
suggested that a low circulating estrogen level fine-tunes GnRH
pulses via the negative feedback action of estrogen and that a
high circulating estrogen level induces a GnRH/LH surge via
the positive feedback mechanism (26). A large increase in the es-
tradiol level may be associated with a large reduction of FSH in
both women with oral estrogen administration and women with
transdermal estrogen administration.

Oral CEE stimulates the synthesis of LDL-C receptors and
also contributes to the reduction of plasma LDL-C synthesis (27,
28). Elevated FSH levels may increase serum LDL-C levels by
inhibiting the expression of LDL receptors in liver tissue (8). In
the present study, unfortunately, there was no significant differ-
ence in the association between decrease in FSH and decrease
in LDL-C, but the reduction of LDL-C (-15.4%) in women with
a large decrease in FSH tended to be larger than that (-6.1%) in
women with a small decrease in FSH (p=0.054).

The results regarding associations of F'SH levels with lipid
profiles in our cross-sectional study and our study during HRT
were different. Although a high FSH level was associated with
favorable changes in lipid parameters such as decreases in
LDL-C and TG in the cross-sectional study, a large reduction
of FSH during HRT was associated with a decrease in LDL-C.
The different study designs may be involved in the contradic-
tory results. Basically, there is a difference in the time course
between our two studies. During the menopause transition,
estradiol levels eventually decline significantly and remain low,
whereas FSH levels increase and remain high. The timing and
magnitude of increase in FSH varies among individuals. Tepper
et al. found low-, medium- and high-rising trajectories of FSH
over the menopausal transition, suggesting that these different
trajectories were strongly related to BMI and ethnicity (29). Lee
et al. suggested that FSH has stimulatory effects on lipid synthe-
sis and that FSH production may be inhibited by excessive body
fat via an unknown mechanism (12). Although associations be-
tween reduction of FSH and changes in lipid profiles were found
during HRT, the action of F'SH is not superior to the action of
estrogen on lipid profiles except for HDL-C.

In the present study, a significant positive correlation be-
tween LH level and HDL-C was found in women before HRT
treatment. However, there were no significant changes in lipid
profiles according to change in LH during HRT. To date, associa-
tions between LH level and lipid profiles have not been reported.
Although both LH and FSH are gonadotrophins, the associa-
tions of LH and FSH with reproductive hormones were shown
to be different depending on the stage of menopausal transition
(30). We showed the time difference in hormonal changes in
which FSH reached a plateau later than LH. The associations
between FSH levels and lipid profiles may be formed during the
menopausal transition.

This study has several limitations. The number of subjects
was relatively small. The number of subjects in the transdermal
HRT group was particularly small. For HRT, we used progesto-
gen with estrogen in women with a uterus. It has been shown
that a progestin such as medroxyprogesterone acetate affects
lipid profiles (31). Therefore, the associations between change in
FSH and changes in lipid profiles in an estrogen alone group and
an estrogen and progestogen group may need to be compared.
Also, women with oral CEE and women with oral estradiol were
mixed in the same oral group since we focused on the difference
between oral administration and transdermal administration.
As we did not investigate lifestyle such as diet and exercise hab-
its in peri- and postmenopausal women, the effects of confound-
ing factors such as diet and exercise on associations of FSH and
lipids are not clarified.

In conclusion, we demonstrated associations between FSH
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level and favorable lipid profiles in a cross-sectional study in
Japanese women. During HRT, the action of reduction of FSH
on lipid parameters did not exceed the direct action of estrogen.

CONFLICT OF INTEREST

The authors declare that they have no competing interest.

FINANCIAL SUPPORTS

This research received no external funding.

REFERENCES

1.

10.

Derby CA, Crawford SL, Pasternak RC, Sowers M,
Sternfeld B, Matthews KA : Lipid changes during the meno-
pause transition in relation to age and weight : The Study
of Women’s Health Across the Nation. Am J Epidemiol
169(11) : 1352-136, 2009 doi : 10.1093/aje/kwp043. Epub
2009 Apr 8.

Zhou JL, Lin SQ, Shen Y, Chen Y, Zhang Y, Chen FL:
Serum lipid profile changes during the menopausal tran-
sition in Chinese women : A community-based cohort
study. Menopause 17(5) : 997-1003, 2010 doi : 10.1097/
gme.0b013e3181dbdc30.

Lobo RA : Clinical review 27 : Effects of hormonal replace-
ment on lipids and lipoproteins in postmenopausal women.
dJ Clin Endocrinol Metab 73(5) : 925-30, 1991 doi : 10.1210/
jeem-73-5-925.

Wakatsuki A, Sagara Y : Lipoprotein metabolism in post-
menopausal and oophorectomized women. Obstet Gynecol
85(4) : 523-8, 1995 doi : 10.1016/0029-7844(94)00452-d.
Agrinier N, Cournot M, Dallongeville J, Arveiler D,
Ducimetiere P, Ruidavets JB, Ferrieres J : Menopause and
modifiable coronary heart disease risk factors : A population
based study. Maturitas 65(3) : 237-243, 2010 doi : 10.1016/j.
maturitas.2009.11.023. Epub 2009 Dec 23.

Fenkci S, Fenkei V, Yilmazer M, Serteser M, Koken T : Ef-
fects of short-term transdermal hormone replacement
therapy on glycaemic control, lipid metabolism, C-reactive
protein and proteinuria in postmenopausal women with
type 2 diabetes or hypertension. Hum Reprod 18(4) : 866-
870, 2003 doi : 10.1093/humrep/deg146.

Bingol B, Gunenc Z, Yilmaz M, Biri A, Tiras B, Giiner
H : Effects of hormone replacement therapy on glucose and
lipid profiles and on cardiovascular risk parameters in post-
menopausal women. Arch Gynecol Obstet 281(5) : 857-864,
2010 doi : 10.1007/s00404-009-1169-y.

Song Y, Wang ES, Xing LL, Shi S, Qu F, Zhang D, Li JY,
Shu J, Meng Y, Sheng JZ, Zhou JH, Huang HF : Folli-
cle-stimulating hormone induces postmenopausal dyslip-
idemia through inhibiting hepatic cholesterol metabolism.
J Clin Endocrinol Metab 101 : 254-263, 2016 doi : .1210/
j¢.2015-2724. Epub 2015 Nov 19.

Cui H, Zhao G, Liu R, Zheng M, Chen J, Wen J : FSH
stimulates lipid biosynthesis in chicken adipose tissue by
upregulating the expression of its receptor FSHR. J Lipid
Res 53:909-917, 2012 doi : 10.1194/j1r.M025403. Epub
2012 Feb 16.

Sun L, Peng Y, Sharrow AC, Igbal J, Zhang Z, Papachristou
Dd, Zaidi S, Zhu LL, Yaroslavskiy BB, Zhou H, Zallone A,
Sairam MR, Kumar TR, Bo W, Braun J, Cardoso-Landa
L, Schaffler MB, Moonga BS, Blair HC, Zaidi M : FSH

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

T. Kawakita, et al. Differential association between FSH and lipid profile with HRT

directly regulates bone mass. Cell 125(2) : 247-260, 2006
doi : 10.1016/j.cell.2006.01.051.

Yu Z, Yang J, Huang WJ, Zhang T, Li XM, Zhao W, Li XY,
Lu YC: Follicle stimulating hormone promotes production
of renin through its receptor in juxtaglomerular cells of
kidney. Diabetology and Metabolic Syndrome 14 : 65, 2012
doi : 10.1186/s13098-022-00816-x.

Lee SW, Hwang IS, Jung G, Kang HJ, Chung YH : Rela-
tionship between metabolic syndrome and follicle-stimulat-
ing hormone in postmenopausal women. Medicine 101 : 18,
2022 doi : 10.1097/MD.0000000000029216.

Li Q, Zheng D, Lin H, Zhong F, Liu J, Wu Y, Wang Z,
Guan Q, Zhao M, Gao L, Zhao J : High circulating folli-
cle-stimulating hormone level is a potential risk factor for
renal dysfunction in post-menopausal women. Frontier in
Endocrinology 12, 2021 doi : 10.3389/fend0.2021.627903.
eCollection 2021.

Zhang X, Qiao P, Guo Q, Liang Z, Pan J, Wu F, Wang
X, Zhang L : High follicle-stimulating hormone level as-
sociated with risk of rheumatoid arthritis and disease
activity. Front Endocrinol 13 : 862849, 2022 doi : 10.3389/
fendo.2022.862849. eCollection 2022.

Xiong J, Kang SS, Wang Z, Liu X, Kuo TC, Korkmaz F,
Padilla A, Miyashita S, Chan P, Zhang Z, Katsel P, Burgess
J, Gumerova A, Ievleva K, Sant D, Yu SP, Muradova V,
Frolinger T, Lizneva D, Igbal J, Goosens KA, Gera S, Rosen
Cd, Haroutunian V, Ryu V, Yuen T, Zaidi M, Ye K: FSH
blockade improves cognition in mice with Alzheimer’s
disease. Nature 603(7901) : 470-476, 2022 doi : 10.1038/
$41586-022-04463-0. Epub 2022 Mar 2

Igbal J, Blair HC, Zallone A, Sun L, Zaidi M : Further
evidence that FSH causes bone loss independently of low es-
trogen. Endocrine 41(2) : 171-175, 2012 doi : 10.1007/s12020-
012-9626-y. Epub 2012 Feb 21.

Wang N, Shao H, Chen Y, Xia F, Chi C, Li Q, Han B, Teng
Y, Lu Y : Follicle-stimulating hormone, its association with
cardiometabolic risk factors, and 10-year risk of cardiovas-
cular disease in postmenopausal women. J Am Heart Assoc
6:e005918, 2017 doi : 10.1161/JAHA.117.005918.

Xu Z, Gu S, Wu X, Zhou Y, Li H, Tang X : Association of
follicle stimulating hormone and serum lipid profiles in
postmenopausal women. Medicine 101 : 39, 2022 (e30920)
doi : 10.1097/MD.0000000000030920.

Serviente C, Tuomainen TP, Virtanen J, Witkowski S,
Niskanen L, Bertone-Johnson E : Follicle stimulating hor-
mone is associated with lipids in postmenopausal women.
Menopause 26 : 540-545, 2019 doi : 10.1097/GME.00000000
00001273.

Godsland IF : Effects of postmenopausal hormone re-
placement therapy on lipid, lipoprotein, and apolipopro-
tein (a) concentrations : analysis of studies publishes from
1974-2000. Fertil Steril 75 : 898-915, 2001 doi : 10.1016/
$0015-0282(01)01699-5.

Matsui S, Yasui T, Uemura H, Irahara M : Variation in
follicle-stimulating hormone level and different associations
of follicle-stimulating hormone level with body mass index
over the menopausal transition in Japanese women. Meno-
pause & Women’s Health Jpn 27 : 311-318, 2020
Wakatsuki A, Okatani Y, Ikenoue N, Shinohara K, Wata-
nabe K, Fukaya T : Effect of lower dose of oral conjugated
equine estrogen on size and oxidative susceptibility of
low-density lipoprotein particles in postmenopausal women.
Circulation 106 : 808-813, 2003 doi : 10.1161/01.CIR.00000
84552.54277.64.

El Khoudary SR, Nasr A, Billheimer J, Brooks MM,
McConnell D, Crawford S, Orchard TJ, Rader DJ, Matthews



24.

25.

26.

27.

The Journal of Medical Investigation Vol. 72 August 2025

KA : Associations of endogenous hormones with HDL novel
metrics across the menopause transition : The SWAN HDL
Study. JCEM 107 : e303-314, 2022 doi : 10.1210/clinem/
dgab595.

Scott RT, Ross B, Anderson C, Archer DF : Pharmacokinet-
ics of percutaneous estradiol : A crossover study using a gel
and a transdermal system in comparison with oral micron-
ized estradiol. Obstet Gynecol 77 :758-764, 1991
Mizunuma H, Taketani Y, Ohta H, Honjo H, Gorai I,
Itabashi A, Shiraki M : Dose effects of oral estradiol on bone
mineral density in Japanese women with osteoporosis. Cli-
macteric 13 : 72-83, 2010 doi : 10.3109/13697130902926910.
Uenoyama Y, Inoue N, Nakamura S, Tsukamura H : Kis-
speptin neurons and estrogen-estrogen receptor o sig-
naling : Unraveling the mystery of steroid feedback
system regulating mammalian reproduction. Int J Mol Sci
22:9229, 2021 doi : 10.3390/ijms22179229.

Ma PT, Yamamoto T, Goldstein JT, Brown MS : Increased
mRNA for low density lipoprotein receptor in livers of rab-
bits treated with 17 alpha ethinyl estradiol. Proc Natl Acad
Sci USA 83 :792-796, 1986 doi : 10.1073/pnas.83.3.792.

28.

29.

30.

31.

297

Basdevant A, Blache D, de Lignieres B, Ponsin G, Simon
P, Guy-Grand B : Hepatic lipase activity during oral and
parenteral 178-estradiol replacement therapy : high-density
lipoprotein increase may not be antiatherogenic. Fertil Ster-
i155:1112-1117, 1991 doi : 10.1016/s0015-0282(16)54361-1.
Tepper RG, Randolph JF, McConnell DS, Crawford SL, El
Khoudary SR, Joffe H, Gold EB, Zheng H, Bromberger JT,
Sutton-Tyrrell K : Trajectory clustering of estradiol and
follicle-stimulating hormone during the menopausal transi-
tion among women in the study of women’s health across the
nation (SWAN). J Clin Endocrinol Metab 97 : 2872-2880,
2012 doi : 10.1210/j¢.2012-1422. Epub 2012 Jun 1.
Kawakita T, Yasui T, Yoshida K, Matsui S, Iwasa T : Associ-
ations of LH and FSH with reproductive hormones depending
on each stage of the menopausal transition. BMC Women’s
Health 23 : 286, 2023 doi : 10.1186/s12905-023-02438-5.
Wakatsuki A, Sagara Y : Effects of continuous medroxypro-
gesterone acetate on lipoprotein metabolism in postmeno-
pausal women receiving estrogen. Maturitas 25 : 35-44,
1996 doi : 10.1016/0378-5122(96)01044-4.



