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Abstract

Objective: This review aimed to investigate the metabolic profile of women with premature ovarian insufficiency
(POI) compared relative to women with normal ovarian functioning.

Methods: A systematic search of PubMed, EMBASE, and the Web of Science for observational studies published
up until the 6™ of July 2021 that compared the metabolic profile of POl women with a healthy control group were
assessed. Mean differences (MD) and 95% confidence interval (Cl) were pooled using the fixed or random effect
models.

Results: A total of 21 studies involving 1573 women with POl and 1762 control women were included. POl patients
presented significantly higher waist circumference, total cholesterol, low-density lipoprotein, high-density lipoprotein,
triglycerides, and fasting glucose. Additionally, POI patients had marginally higher insulin level. However, the differ-
ences in systolic, and diastolic blood pressure were non-significant relative to the control group.

Conclusions: POl is associated with alterations in certain metabolic parameters compared to control women. This
finding highlights the importance of early screening and the lifelong management of metabolic health for women

with POI.
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Background

Premature ovarian insufficiency (POI) is described as
amenorrhea due to loss of ovarian function before the age
of 40 [1, 2]. Additionally, it is characterized by abnormally
increased levels of gonadotrophins and decreased levels
of estrogen [3]. Although the cause of POI is unclear, it
is hypothesized that hormonal and metabolic abnor-
malities, infections, environmental exposures, medical
treatments, endocrinology disorders, and autoimmune
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diseases may all contribute to this condition [4]. Most
women with POI develop symptoms of estrogen defi-
ciency, including vasomotor flushes, vaginal dryness,
sexual dysfunction, osteoporosis, and long-term cardio-
vascular disease [5, 6]. POI is also associated with lower
health-related quality of life compared to normal ovarian
controls. Further, these patients require additional emo-
tional support from clinicians [7, 8].

It has been suggested that natural and surgical meno-
pause are associated with a higher incidence of a com-
posite of cardiovascular disease (CVD) [9]. Previous
systematic reviews have also revealed that women with
premature or early menopause exhibit an increased risk
of developing and dying from ischaemic heart disease
and total CVD [10]. Accumulating studies have shown
that women with POI may also be at increased risk of
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cardiovascular disease, and the risk may be explained in
part by metabolic and endothelial changes facilitated by
estrogen deprivation [6]. However, the underlying mech-
anism between the elevated risk of CVD and women with
POI still needs answers.

Thus far, some case—control studies have reported
differences in certain metabolic parameters between
women with POI and healthy controls; however, no com-
prehensive review exists on this topic. Within this con-
text, this review aims to provide comprehensive guidance
and assessment practices for POI through a systematic
review and meta-analysis of the metabolic profiles of POI
patients relative to healthy controls. Further, we also aim
to discuss the metabolic functioning and its potential
contribution to POL

Methods

Search strategy

This systematic review was constructed according to
the Preferred Reporting Items for Systematic Reviews
and Meta-analyses (PRISMA) [11] (Supplemen-
tary table 1). A protocol was registered on INPLASY
(INPLASY2021100091). Using the combination of key-
words provided in Supplementary Table 2, major elec-
tronic databases including PubMed, Embase, and Web of
Science were used to source relevant literature published
up until the 6™ of July 2021. Key search terms included:
“premature ovarian insufficiency’; “metabolic’, and “case—
control” References from all included studies were also
assessed to identify relevant articles not captured by the
electronic searches.

Inclusion and exclusion criteria

Observational studies that compared at least one of the
metabolic outcomes of interest in patients with POI
to control women with normal ovarian function were
included. Metabolic parameters included waist circum-
ference (WC), systolic blood pressure (SBP), diastolic
blood pressure (DBP), fasting glucose (FG), insulin (INS),
total cholesterol (TC), high-density lipoprotein (HDL),
low-density lipoprotein (LDL), and triglycerides (TG).
Review articles, opinions, book chapters, letters, pub-
lished abstracts, animal studies, case reports and studies
with no suitable control group were excluded. Only arti-
cles with English language were included.

Study selection

Two authors (WYC and XL) independently scrutinized
the titles and abstracts of all studies to identify relevant
studies according to the inclusion and exclusion criteria.
Full manuscripts of the relevant studies considered for
inclusion were then carefully reviewed to include eligible
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studies. Any disagreement between the two authors was
resolved by a third author (JX).

Data extraction

Two authors (WYC and XL) independently extracted
data using the following form: the first author, year of
publication, geographic region, sample size, study design,
age of case and control, body mass index (BMI) of case
and control, follicle-stimulating hormone (FSH) level,
estradiol (E2) level, outcome measures and confounding
factors controlled for (including but not limited to hor-
mone therapy) were recorded. Where a study with two or
more publications was identified, only the most compre-
hensive or the most recent version was included. For con-
tinuous measures, mean and standard deviation was first
recorded, for publications that only reported median and
interquartile range, the mean and standard deviation was
estimated [12].

Quality assessment

The quality of eligible observational studies was assessed
using the Newcastle—Ottawa scale (NOS) [13]. The NOS
assesses studies by scoring three aspects: viz selection,
comparability, and exposure, The NOS total is scored out
of 9 (the higher the score, the better). Each article was
awarded a score out of four for selection bias (adequate
definition of case, representativeness of the case, selec-
tion of control, definition of control), two for comparabil-
ity (comparability between case and control), and four for
bias in the exposure (ascertainment of exposure, consist-
ency of the method of ascertainment for case and con-
trol, and non-response rate). The quality of studies was
defined as high with NOS scores>6, medium 4-6, and
low < 4.

Statistical analyses

Review Manager version 5.4.1 and Stata version 8.0 were
used to analyze the extracted data. Mean difference (MD)
with 95% confidence interval (CI) was pooled to measure
effect size. The heterogeneity of studies was measured
using the I* index: below 40% indicated no heterogene-
ity; more than 40% indicated heterogeneity existed. The
fixed-effects model was used when no heterogeneity was
observed, and the random-effects model was used when
heterogeneity existed. Publication bias was assessed
using funnel plot asymmetry and Egger’s line regression
test. To measure the effect of confounders on the effect
size of potential moderators, subgroup analysis and
meta-regression were performed. To confirm the robust-
ness of the results, sensitivity analysis was performed by
excluding each one included study. A P-value less than
0.05 was considered statistically significant.
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Results

According to the inclusion and exclusion criteria, a total
of 21 studies including 1573 women with POI and 1762
control women were utilized in this review (Fig. 1). Fol-
lowing title and abstract screening of the literature search
results, 11,483 total studies were assessed of which 653
were duplicates and 10,737 were considered irrelevant.
Of the remaining 93 records, 73 records were excluded
due to abstract (n=16), no control group (n=14), no
metabolic parameters (7=236), the presence of review
articles (n=4), replicates (n=1), not in the English lan-
guage (n=2) (Fig. 1). An additional study was identified
through the assessment of the article references. There-
fore, a total of 21 studies were eligible for data extraction
and were included in the present meta-analysis [14—34].

Characteristics of included studies

The characteristics of the reviewed studies are presented
in Table 1. Among the studies assessed, 8 were con-
ducted in the Middle East, 8 in Europe, 3 in East Asia,
one in Africa, and one in Latin America. All studies had
a case—control design. The participant’s mean age ranged
from 26.4 to 49.9 years. Thirteen studies diagnosed POI
by a cutoff of 40 IU/L for FSH [15-17, 19-22, 24, 25,
28, 29, 31, 32], four studies used a cutoff of 25 IU/L [23,
27, 30, 33] and 4 studies didn’t report [14, 18, 26, 34].
Nine studies reported that the POI women had normal
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chromosomal constitutions [16, 21, 23, 24, 27, 30-33].
WC, SBP and DBP were assessed in 5 [16, 20, 21, 25,
28], 6 [16, 17, 20, 24, 29, 34], and 6 [16, 17, 20, 24, 29,
34] of the studies, respectively. TC, HDL, LDL, TG, FG
and INS were measured in 17 [14-26, 29, 32-34], 14 [14,
16-26, 29, 34], 14 [14, 16-26, 29, 34], 15 [14-19, 21-26,
29, 32, 34], 14 [15-19, 21, 23, 24, 26, 29-32, 34], and 7
[16, 19, 26, 27, 29-31] of the studies, respectively. Qual-
ity assessment data of the reviewed studies are presented
in Table 2, and all included studies had medium to high
quality.

Waist circumference

WC was measured in 5 of the studies which included
449 POI patients and 779 healthy controls (Fig. 2). Meta-
analysis showed higher levels of WC among POI women
compared to the control group (MD =1.78 [0.74 to 2.83],
P=0.0008; I*=31%). The funnel plot showed no obvious
asymmetry, with no evidence of publication bias (Supple-
mentary Fig. 1). The Egger’s line regression test did not
indicate publication bias (t=-0.87, P=0.447). Addition-
ally, sensitivity analysis did not identify any single study
which altered the effect size.

Blood pressure
SBP and DBP were measured in 6 of the included studies
which included 273 POI patients and 480 healthy women.

Records identified from:
Pubmed (n =4712)
Embase (n = 4494)

Web of science (n =2277)

A4

Duplicate records (n = 653)

Records screened
(n=10830)

| Records excluded after abstract
screening (n = 10737)

Reports assessed for
eligibility (n = 93)

Reports excluded:
abstract (n = 16)
no control group (n = 14)
no metabolic parameters (n = 36)
v review (n =4)
replicate (n=1)
no English (n=2)

1 study identified through
article reference

Studies included in review
(n=21)

Fig. 1 Flowchart for selecting studies
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POI Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight |V, Fixed, 95% Cl 1V, Fixed, 95% CI

Ates 2014 86.87 11.43 56 86.86 10.39 59 6.8% 0.01[-3.99, 4.01]

Daan 2016 90.5 9.9 83 87 12 267 16.5% 3.50[0.93, 6.07] -

Goldmeier 2014 92 1 17 91 74 15 2.7% 1.00[-5.32,7.32)

Knauff 2008 826 10.2 53 837 12 198 10.5% -1.10[-4.31, 2.11] =

Luo 2018 7149 7.16 240 6945 7.47 240 63.5% 2.04[0.73, 3.35] =

Total (95% CI) 449 779 100.0% 1.78 [0.74, 2.83] >

Heterogeneity: Chi = 5.77, df = 4 (P = 0.22); I* = 31% 4 2 : 2 j‘

Test for overall effect: Z = 3.35 (P = 0.0008) Favours POl Favours control

Fig. 2 Forest plot for the meta-analysis for waist circumference between premature ovarian insufficiency and control group

SBP (MD=-0.06 [-2.76 to 2.64], P=0.96; I*=49%) and
DBP (MD =-0.43 [-3.13 to 2.27], P=0.76; I*=67%) were
not statistically different between POI women and con-
trol women (Fig. 3). The funnel plots showed no obvious
asymmetry, with no evidence of publication bias (Sup-
plementary Figs. 2 and 3). The Egger’s line regression
test did not indicate publication bias for SBP and DBP
(t=2.44, P=0.092; t=-0.87, P=0.446). Additionally,
sensitivity analysis did not identify any single study which
altered the effect size.

Glucose and insulin

Meta-analysis of 14 studies revealed a signifi-
cantly higher level of FG (MD=4.09 [2.13 to 6.04],
P=<0.0001; I*=73%) in patients with POI (n=932)

compared to the controls (n=807) (Fig. 4). INS
(MD=1.80 [-0.06 to 3.67], P=0.06; I>*=89%) was
measured in 7 of the studies and was marginally higher
among patients with POI (#=506) than controls
(n=2348) (Fig. 4). The funnel plots showed no obvious
asymmetry, with no evidence of publication bias (Sup-
plementary Figs. 4 and 5). The Egger’s line regression
test did not indicate publication bias for FG and INS
(t=2.44, P=0.092; t=1.85, P=0.138). Furthermore,
sensitivity analysis did not identify any single study
which altered the effect size.

Serum lipid
Meta-analysis of 17 studies revealed a significantly
higher level of TC (MD=17.60 [10.83 to 24.38],

A

Heterogeneity: Tau®= 5.30; Chi*= 9.75, df= 5 (P = 0.08); F= 49%
Test for overall efiect Z = 0.05 (P = 0.96)

Test for overall effect: Z=0.31 (P = 0.76)

and control group

POI Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Ates 2014 111.67 13.14 568 11316 1325 59 16.7%  -1.49[6.31,3.33] SN
Bozkaya 2020 10588 8.92 34 10618 652 35 21.4%  -0.30[-4.00, 3.40] I A
Daan 2016 1268 151 83 12689 194 267 201% 0.00[-4.00, 4.00) S TR
Kalantaridou 2004 122 11 18 115 11 20 105% 7.00[-0.00,14.00] .
Podfigurna 2018 113 11 56 117 ] 68 21.9% -4.00[-7.59,-041] T
Yorgun 2012 1286 126 26 1244 166 3 93% 4.20[-3.39,11.79 = ==
Total (95% CI) 273 480 100.0% -0.06[-2.76, 2.64] ’

40 -5 0 & 10
Favours POl Favours control

B

POI Control Mean Difference Mean Difference
Study or Subgrou, Mean SD_Total Mean SD Total Weight [V, Random, 95% CI IV, Random, 95% CI
Ates 2014 7278 1235 56 7351 11.26 59 16.1% -0.73[-5.06, 3.60] |
Bozkaya 2020 66.47 7.74 34 6529 507 35 201% 1.18[1.92,4.28) — Iy
Daan 2016 834 105 83 817 113 267 21.7% 1.70 [-0.93, 4.33] S
Kalantaridou 2004 76 1 18 76 7 20 11.8% 0.00 [-5.94,5.94] ——
Podfigurna 2018 70 8 56 75 7 68 21.5% -5.00[-7.68,-2.32) —
Yorgun 2012 80.2 144 26 784 142 N 8.9% 1.80 [-5.66, 9.26)
Total (95% CI) 273 480 100.0% -0.43[-3.13,2.27] ’
Heterogeneity: Tau*= 6.95; Chi*= 15.01, df= 5 (P = 0.01); F= 67% FF t 3 : 16

Fig. 3 Forest plots for the meta-analysis for (A) systolic blood pressure and (B) diastolic blood pressure between premature ovarian insufficiency

Favours POl Favours control
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A POI

Test for overall effect: Z= 4.09 (P < 0.0001)

Heterogeneity: Tau®= 5.18; Chi*=53.99, df= 6 (P < 0.00001); F= 89%
Test for overall effect: Z=1.89 (P = 0.06)

Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% CI
Adagayak 2016 96 174 30 898 1789 30 35% 6.20[2.73,1513] S [T
Ates 2014 91.48 13.01 56 9119 7.22 59  8.3% 0.29[-3.58, 4.16) R
Bozkaya 2020 93.64 851 34 9082 80 35 8.3% 2.82[1.08,6.72) =
Cekici 2021 90 8.7 66 88.2 7.3 73 10.7% 1.80 [-0.37, 3.97) o=
Czyzyk 2017 9313 108 23 8718 6.8 18 6.3% 5.95([0.50,11.40] e <
Goldmeier 2014 85 g 17 87 ) 15 6.6% -2.00[7.20, 3.20] SENE S
Huang 2021 9351 783 ‘303 8775 703 303 11.8% 5.76 [4.57, 6.95) i
Kalantaridou 2004 86 9 18 86 11 20 54% 0.00 [-6.37, 6.37) S T
Kulaksizoglu 2013 103.04 1342 43 90.24 11 33 6.3% 1280([7.31,18.29] A
Podfigurna 2018 91.87 8.4 56 884 2298 68  5.8% 3.47 [2.42,9.36) O
Podfigurna 2020 90.45 9897 132 71.32 17.72 17 3.7% 19.13[10.54,27.72)
Szlendak-Sauer 2016 86.51 7.81 98 84.55 6.8 75 10.7% 1.96 [-0.22, 4.14) =
Tunc 2017 96.3: 175 30 898 18 30 34% 6.50[-2.48,1548] =
Yorgun 2012 80.2 7.6 26 763 44 3 91% 3.80[0.59,7.21) o
Total (95% CI) 932 807 100.0% 4.09[2.13,6.04] L 4

s =_  Chiz= - 2= + + t }
Heterogeneity: Tau®= 8.08; Chi*= 48.80, df=13 (P < 0.00001); F=73% 20 10 0 10 20

B
POI Control
Study or Subgroup Mean SD Total Mean SD Total Weight [V, Random, 95% ClI
Ates 2014 948 518 56 1057 48 58 15.0%
Czyzyk 2017 942 492 23 499 27 18 13.7%
Kulaksizoglu 2013 30 13.82 43 16.35 524 33 87%
Kunicki 2018 6.77 367 98 558 256 78 16.8%
Podfigurna 2018 928 645 56 11.62 552 68 142%
Podfigurna 2020 89 464 132 743 36 17 149%
Szlendak-Sauer 2016 6.54 368 98 6 287 75 16.7%
Total (95% CI) 506 348 100.0%

Fig. 4 Forest plots for the meta-analysis for (A) fasting glucose and (B) insulin between premature ovarian insufficiency and control group

Favours POl Favours control

Mean Difference
IV, Random, 95% CI

Mean Difference

-1.09 [-2.92, 0.74)
4.43[2.06, 6.80]
132.65(9.15,18.15)
119(0.27, 2.11]
-2.34 [-4.48,-0.20]
1.47 -0.42, 3.36) .
0.54 [-0.44,1.52) 3

1.80 [-0.06, 3.67]

Favours POl Favours control

P= <0.00001; I*=80%) in patients with POI (# = 1005)
compared to the controls (n=1352) (Fig. 5). Meta-anal-
ysis of 14 studies revealed a significantly higher level
of HDL (MD=5.95 [1.19 to 10.71], P=0.01; I*=92%)
in patients with POI (n=912) compared to the con-
trols (n=1230) (Fig. 5). Meta-analysis of 14 studies
revealed a significantly higher level of LDL (MD =9.32
[3.60 to 15.03], P=0.001; I>=81%) in patients with POI
(n=912) compared to the controls (n=1230) (Fig. 5).
Meta-analysis of 15 studies revealed a significantly
higher level of TG (MD =11.82 [2.67 to 20.96], P=0.01;
12=77%) in patients with POI (n=2889) compared to
the controls (n=1013) (Fig. 5). The funnel plots showed
no obvious asymmetry, with no evidence of publication
bias, except for HDL (Supplementary Figs. 6, 7, 8 and
9). The Egger’s line regression test did not indicate pub-
lication bias for TC, LDL and TG (t=1.58, P=0.134;
t=0.64, P=0.537; t=0.01, P=0.991); however, a
potential publication bias for HDL (t=3.48, P=0.005)
was noted. Sensitivity analysis did not identify any sin-
gle study which altered the effect size.

Subgroup analysis and meta-regression

Subgroup analyses were performed in studies with POI
women of normal mean BMI (20= <BMI<25). Meta-
analysis of 2 studies revealed WC in patients with POI
(n=293) were not different compared to the controls
(n=438) (MD=0.83 [-2.17 to 3.82], P=0.59; I>=68%).
Meta-analysis of 7 studies revealed a significantly higher
level of TC in patients with POI (n=586) compared
to the controls (#=710) (MD=17.81 [6.59 to 29.04],
P=0.002; I*=89%). Meta-analysis of 6 studies revealed
a significantly altered level of LDL in patients with POI
(n=556) compared to the controls (n=680) (MD =9.65
[0.64 to 18.65], P=0.04; I*=88%). Meta-analysis showed
HDL (MD =4.06 [-2.63 to 10.74], P=0.23; I*=91%) and
TG (MD=5.66 [-2.80 to 14.12], P=0.19; I*=66%) were
not different in women with POI compared to control
women. Meta-analysis of 8 studies revealed a significantly
altered level of FG in patients with POI compared to the
controls (MD =4.42 [1.91 to 6.93], P=0.0005; I2="76%).
INS was measured in 5 of the studies and was not differ-
ent among patients with POI than controls (MD=0.99
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(-0.43 to 2.41], P=0.17; *=79%). These suggested that
metabolic differences were significant independent of
overweight or obesity.

Univariate meta-regression suggested that estradiol
level was associated with the effect size of HDL (coeffi-
cient: 0.42 (0.20 to 0.65), P=0.001) and TG (coefficient:
0.60 (0.09 to 1.12), P=0.026), and FSH was associated
with the effect size of TG (coefficient: -0.68 (-1.23 to
-0.12), P=0.021) (Supplementary Table 3). These sug-
gested that hormone levels had significant impact on the
effect size.

Discussion
Together, the meta-analysis data described in this review
highlights the unfavorable metabolic profile observed in
POI patients relative to healthy control women including
higher WC, FG, TC, LDL, and TG. Since these param-
eters are closely related to the long-term CVD risk, it is
necessary to have early screening and management of
metabolic health of women with POL

First explanation of the association between meta-
bolic abnormalities and POI was sex hormone. In agree-
ment with this explanation, our meta-regression results
indicated that hormone levels are associated with the
metabolic parameters. Hormonal changes during the
menopause transition may facilitate an unfavorable met-
abolic profile that is characterized by increased TC, LDL,
TG, and decreased HDL [35]. Estrogen tends to have a
protective role in insulin resistance and metabolic home-
ostasis [36, 37]. Prolonged estrogen deprivation is associ-
ated with an increased estimated risk of CVD in women
with POI [38]. Estrogen deficiency promotes metabolic
dysfunction predisposing patients to obesity, metabolic
syndrome, and type 2 diabetes [37]. Mouse studies also
demonstrated that ovariectomy impairs hepatic glucose
and lipid metabolism and alters the gut microbiota [39].
Additionally, FSH and its receptors have been reported to
have an association with metabolic health [40] and have
been implicated in the induction of metabolic diseases
through multiple pathways including adipose accumula-
tion, and contribute to obesity, diabetes, and non-alco-
holic fatty liver disease [41]. Together, POI may result in
a similarly altered metabolic profile compared to women
with normal ovarian function due to estrogen deficiency.
Therefore, these results support the clinical strategy
of prescribing additional hormone therapy to improve
metabolic parameters in women with POI and improve
health outcomes. However, analysis between POI women
using and not using hormone therapy was not available
because most included studies didn’t mention whether
the women used hormone therapy. Future studies should
focus on the effect of hormone therapy on metabolic
parameters of women with POL.
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Second, steroidogenesis may also contribute to the
metabolic abnormalities observed in women with POL
Steroidogenesis is a process in which ovary produces
estrogen from cholesterol. The oocyte relies on serum
lipids from the maternal circulation to provide choles-
teryl esters for granulosa cell steroidogenesis. Failure to
produce estrogen at a physiological level may result in
the accumulation of substrate lipids in circulation. Inter-
estingly, we found that women with POI had significantly
higher levels of HDL compared to control women, pos-
sibly because that HDL is the main transporter of cho-
lesterol to granulosa cells during steroidogenesis [42]. We
hypothesize that women with POI may have more lipid
accumulation in circulation due to the decreased synthe-
sis of estrogen.

There were also other confounders that might influence
our results. First, not all confounders were fully adjusted
in included studies. Previous studies reported that age
and BMI are strongly associated with lipid level [43, 44].
However, age and BMI were not all statistically insignifi-
cant between POI and control women among included
studies. Other confounders that may affect a person’s
metabolic profile, such as smoking [45], hormone therapy
[46], lifestyle [47] were not evaluated in most studies.
Future studies should focus on the effects of these
possible confounders on metabolic parameters in women
with POL

Besides gynecological symptoms of estrogen deficiency,
POI is also associated with CVD risk. Obesity is a major
risk factor for cardiometabolic abnormalities. The mech-
anism between obesity and cardiovascular health might
be explained by processes including chronic inflamma-
tion, insulin resistance, endothelial dysfunction, coro-
nary calcification and so on [48]. The results of our study
suggested that metabolic parameters including WC, FG,
TC, LDL and TG were altered in women with POI inde-
pendent of overweight and obesity, which are all risk
factors for CVD [49-54]. Although exogenous hormone
therapies including contraception pill and hormone
replacement therapy are usually associated with cardio-
vascular events [55], they have potential benefit on meta-
bolic parameters for women with POI [56].

In naturally postmenopausal women, hormone replace-
ment therapy has been hypothesized to have long-term
benefits on cardiovascular health [57]. Hormone replace-
ment therapy might improve endothelial dysfunction
[24], and reduce blood pressure, plasma angiotensin, and
serum creatinine in women with POI [58]. However, in
young women with POI undergoing hormone replace-
ment therapy, no long-term data are available to sub-
stantiate cardiovascular outcomes. In the current review,
we show that even young and lean women with POI
were associated with an altered metabolic profile. The
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screening and prevention of metabolic abnormalities may
provide health benefits for women with POIL. However,
more prospective research is needed to assess if interven-
tions to treat hyperglycemia, dyslipidemia, insulin resist-
ance can bring long-term benefits on cardiovascular for
women with POL

The infertility of POI patients is mainly caused by the
reduced quantity and quality of oocytes. Additionally, the
chance for spontaneous pregnancy is estimated in 4—-10%
of women with POI [59]. Currently, there is no treatment
for infertility in women with POL Previous studies have
suggested that metabolic abnormalities are associated
with female reproductive health and that altered lipids
may impair endometrial receptivity [60]. Furthermore,
dyslipidemia and metabolic syndrome were associated
with a lower live birth rate in infertile women undergo-
ing assisted reproduction [61, 62]. These lines of evidence
suggest that interventions designed for metabolic param-
eters might bring reproductive benefits for women with
POI who seek infertility treatment.

Our study has several limitations. The sample size on
some indices was relatively small. Most studies were
case—control studies and we are unable to fully access the
causality between metabolic parameters and POI Addi-
tionally, the quality of included studies were not very
high. Lastly, some covariates that may affect a person’s
metabolic profile, such as smoking, hormone therapy,
lifestyle, were not evaluated in most studies.

Conclusion

In conclusion, women with POI exhibited increased
waist circumference, higher serum lipids, and increased
glucose levels. Our study provides improved insight into
the understanding of the pathophysiology in women with
POL. Future studies are warranted to further explore the
underlying mechanism between metabolic abnormalities
and POL
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