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A meta-analysis of serum lipid profiles in
premature ovarian insufficiency
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KEY MESSAGE

This meta-analysis reveals that unfavourable lipids, such as serum total cholesterol, low-density lipoprotein
cholesterol and triglyceride levels are significantly higher in patients with premature ovarian insufficiency, which
may further contribute to the high risk of cardiovascular diseases.
ABSTRACT

Premature ovarian insufficiency (POI), defined as loss of normal ovarian functions before the age of 40 years, occurs
in at least 1% of all women. It affects the reproductive system and causes many health problems and psychological
stress. Abnormal serum lipid profile leads to cardiovascular diseases, which are strongly associated with high mortality
in patients with POI. To date, several studies have examined the levels of different serum lipids in patients with POI.
The results, however, are either inconclusive or inconsistent. Therefore, the aim of this meta-analysis was to measure
whether serum levels of total cholesterol, high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein
cholesterol (LDL-C) and triglyceride are varied in patients with POI. Ten studies in total were included in this metaanalysis involving 1009 individuals: 458 patients with POI and 551 controls. Our analysis results showed that serum
total cholesterol (P < 0.00001), LDL-C (P < 0.0001), and triglyceride (P = 0.01) levels were significantly higher in
patients with POI compared with healthy controls. Serum HDL-C levels, however, did not vary significantly between
controls and patients with POI. These results suggest that elevations in unfavourable lipids may contribute to the high
risk of cardiovascular diseases that are observed in patients with POI.
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INTRODUCTION

P

remature ovarian insufficiency
(POI), also known as premature
ovarian failure (POF), is a cause
of infertility that affects about 1%
of women. According to the European
Society of Human Reproduction and
Embryology guideline (ESHRE, 2016),
POI is defined by oligomenorrhoea and
amenorrhoea for at least 4 months, and
elevated FSH level (>25 IU/l) on two
occasions more than 4 weeks apart in
women younger than 40 years of age.
Premature ovarian insufficiency can have
significant physiological, psychological,
social and economic effects and is
associated with earlier mortality (Taylor,
2001; Rocca et al., 2006). Although
several factors have been reported to be
involved in the pathogenesis of POI, the
underlying cause is not identified in most
cases (Goswami and Conway, 2005).
Cardiovascular diseases are the leading
causes of death in women. An increased
risk of cardiovascular diseases is observed
in women undergoing prophylactic
bilateral oophorectomy before
menopause (Rivera et al., 2009). Women
with POI have been reported to be at
higher risk of cardiovascular diseases
than healthy controls (Roeters van
Lennep et al., 2016). These observations
may be attributed to the loss of ovarian
functions and subsequent deficiency of
endogenous oestrogen. Abnormal lipid
profiles are strongly associated with
the risk of cardiovascular diseases. It is
known that lower levels of high-density
lipoprotein cholesterol (HDL-C) and
higher levels of total cholesterol, lowdensity lipoprotein cholesterol (LDL-C)
and triglyceride are associated with an
increased risk of cardiovascular diseases
(Lemieux et al., 2001). To date, several
studies have examined the lipid profiles
in women with POI, with contradictory
results. Therefore, in the present study,
a meta-analysis was conducted to clarify
whether serum lipid profiles, including
total cholesterol, HDL-C, LDL-C and
triglyceride levels, are varied in patients
with POI.

MATERIALS AND METHODS
Guideline selection and data sources
The scientific community has
established different guidelines to
ensure the transparency and accuracy
of reporting medical research (Johansen
and Thomsen, 2016). The PRISMA

(Preferred reporting items for systematic
reviews and meta-analyses) guideline
was developed for the reporting of
meta-analysis and is widely accepted
and followed (Moher et al., 2009).
Therefore, the PRISMA guideline
was followed in the present study.
PubMed, the Web of Science and
Embase databases were used to search
for published studies. The following
keywords and strategies were used:
(lipids OR triglyceride OR TG OR total
cholesterol OR TC OR high-density
lipoprotein cholesterol OR HDL-C OR
low-density lipoprotein cholesterol
OR LDL-C) AND (POI OR premature
ovarian insufficiency OR POF OR
premature ovarian failure). Potentially
relevant studies published before March
2021 were identified by two authors (ZW
and LF). In addition, the references cited
in the relevant studies were screened to
ensure that no related study was missed.
Inclusion and exclusion criteria
The inclusion criteria were as follows:
lipid serum levels provided for
patients with POI and controls; and
participants had no metabolic-related
diseases and did not receive hormone
therapy. The exclusion criteria were as
follows: participants with chromosomal
abnormalities, as it can cause variation
in serum lipid levels (Pirruccello and
Kathiresan, 2010); levels of serum lipids
measured in patients aged 40 years or
older; animal study; and abstracts, letters
and conference presentations.
Data extraction and quality
assessment
Two investigators (ZW and LF) conducted
data extraction and quality assessment
independently. The following data were
extracted from all included studies:
name of the first author; the year of
publication; and the number, age and
body mass index (BMI) of patients with
POI and controls. The Newcastle–Ottawa
Quality Assessment Scale (NOS) (Deeks
et al., 2003; Stang, 2010) was used to
estimate the methodological quality of
the selected studies. Scores ranging
from 0 (the worst) to 9 (the best) were
assigned based on the quality of the
studies. The study with NOS scores
lower than 6 was considered to be low
quality and excluded.
Statistical analysis
The odds ratio, relative risk or risk
difference are commonly used effect
sizes when the outcome of interest

is a dichotomous variable. When the
outcome is a continuous variable, the
effect size can be represented as either
the mean difference or the standardized
mean difference (SMD) (Higgins et al.,
2008). In the meta-analysis, the SMD has
been shown to be more generalizable
than the mean difference (Takeshima
et al., 2014). The SMD represents
the group difference relative to the
pooled variability observed among
groups. Because of the heterogeneity
in assays used for measurements from
different laboratories, to assess the
changes of serum lipid levels between
controls and patients with POI, an
SMD with the 95% confidence interval
was calculated. Statistically, the SMD
magnitudes of 0.2, 0.5 and 0.8 can be
interpreted as small, medium and large
effect sizes, respectively (Cohen, 1988).
The heterogeneity among the included
studies was estimated by the Q-test
and the I2 test statistic. P < 0.05 and
I2 > 50% were considered to indicate
significant heterogeneity (Higgins et al.,
2002). The random-effects model was
applied if significant heterogeneity was
detected; otherwise, the fixed-effects
model was used. A sensitivity analysis,
which removed one study at a time and
recalculated the stability of the results,
was conducted to test for the robustness
of the summary effect. A Begg's funnel
plot was used to analyse publication bias
(Begg and Mazumdar, 1994). STATA
(version 15.0) and Review Manager
(version 5.3) software were used for
statistical analyses.

RESULTS
Characteristics of included studies
A total of 113 studies were initially
identified by searching three different
databases (FIGURE 1). After the duplication
check, 20 studies were omitted. After
the title and abstract screening of the
remaining 93 studies, 81 were further
excluded for not conforming to our
inclusion criteria. Full-text of the
remaining 12 studies were then evaluated
for their eligibility. Two studies were
excluded because the levels of serum
lipids were measured in patients older
than 40 years (Gunning et al., 2019;
2020). Finally, 10 selected articles,
including 1009 individuals with 458
patients with POI and 551 controls,
were processed for the meta-analyses
(Senoz et al., 1996; Kalantaridou et al.,
2004; Knauff et al., 2008; Gulhan
et al., 2012; Kebapcilar et al., 2013;
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FIGURE 1 The study selection process.

Kulaksizoglu et al., 2013; Ates et al.,
2014; Agacayak et al., 2016; Podfigurna
et al., 2018; Bozkaya et al., 2020). The
quality assessments of individual studies
following the NOS are presented in
TABLE 1 . The specific lipid profiles of all the
studies are presented in TABLES 2–5.

Serum total cholesterol, highdensity lipoprotein cholesterol and
low-density lipoprotein cholesterol
levels in controls and patients with
premature ovarian insufficiency
A meta-analysis was initially conducted
using a fixed-effects model. Significant

heterogeneity among the results of
serum total cholesterol levels from 10
included studies was observed (I2 > 50%,
P < 0.0001). Therefore, a sensitivity
analysis was conducted to identify the
study that contributed to the significant
heterogeneity (FIGURE 2A). After a

TABLE 1 QUALITY ASSESSMENT OF INCLUDED STUDIES
Study (year)

Adequate Represent- Selection Definition
definition ativeness
of controls of controls
of case
of the
cases

CompaExposure
rability of assessment
cases and
controls

Same
method of
ascertainment for
cases and
controls

Non-response Total
rate
score

Ates et al. (2014)

*

*

*

*

*

*

6

Ağaçayak et al. (2016)

*

*

*

*

*

*

6

Bozkaya et al. (2020)

*

*

*

*

*

*

8

Gulhan et al. (2012)

*

*

*

*

*

*

6

Kalantaridou et al. (2004)

*

*

*

*

*

*

*

7

Kebapcilar et al. (2013)

*

*

*

*

*

*

*

*

8

Knauff et al. (2008)

*

*

*

*

*

*

*

*

8

Kulaksizoglu et al. (2013)

*

*

*

*

**

*

*

*

9

*

**

*

*

*

7

*

*

*

**

*

*

*

9

*

*

Podfigurna-Stopa et al. (2018) *
Senoz et al. (1996)

*
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TABLE 2 CHARACTERISTICS OF INCLUDED STUDIES FOR TOTAL CHOLESTEROL
Study (year)

Premature ovarian insufficiency
Age, years

BMI (kg/m2)

(mean ± SD)

(mean ± SD)

Ates et al. (2014)

35.2 ± 4.6

25.8 ± 4.1

Ağaçayak et al. (2016)

28.9 ± 6.8

Bozkaya et al. (2020)

30.9 ± 5.6

Gulhan et al. (2012)

Control

Total cholesterol, Age, years
mg/dl

BMI, kg/m2

(mean ± SD)

(mean ± SD)

(mean ± SD)

56

191.7 ± 33.3

35.4 ± 4.5

26.0 ± 3.8

59

174.9 ± 37.2

24.1 ± 4.2

30

184.5 ± 25.4

29.2 ± 5.0

23.2 ± 3.3

30

170.5 ± 46.9

25.9 ± 4.2

34

182.9 ± 39.0

28.5 ± 5.1

24.5 ± 3.9

35

167.0 ± 37.5

36.8 ± 1.8

25.9 ± 4.9

47

200.5 ± 41.8

36.0 ± 2.3

24.8 ± 4.6

60

179.3 ± 32.9

Kalantaridou et al. (2004)

35.4 ± 5.5

24.2 ± 3.1

18

218.0 ± 44.0

35.0 ± 3.6

23.0 ± 2.6

20

202.0 ± 38.0

Kebapcilar et al. (2013)

36.8 ± 2.7

30.3 ± 5.5

43

193.3 ± 38.2

37.1 ± 1.8

29.6 ± 3.4

33

172.1 ± 37.1

Knauff et al. (2008)

33.8 ± 5.6

24.9 ± 4.3

90

185.3 ± 36.7

30.3 ± 2.9

24.3 ± 4.8

198

181.5 ± 33.2

Kulaksizoglu et al. (2013)

36.8 ± 2.7

30.3 ± 5.6

43

189.3 ± 33.1

37.2 ± 1.9

29.6 ± 3.5

33

168.6 ± 31.6

Podfigurna-Stopa et al. (2018)

30.7 ± 6.9

23.5 ± 4.6

56

203.0 ± 32.4

27.3 ± 4.5

28.6 ± 5.3

68

163.7 ± 17.0

Senoz et al. (1996)

32.8 ± 7.8

26.9 ± 4.8

41

201.0 ± 41.6

27.2 ± 2.0

20.3 ± 2.0

15

177.0 ± 16.7

n

n

Total cholesterol,
mg/dl
(mean ± SD)

BMI, body mass index.

case-by-case evaluation, one study was
identified and removed (Podfigurna et al.,
2018). Re-analysis of results showed that
no significant heterogeneity was observed
(I2 = 0%, P = 0.43). Therefore, a fixedeffects model was applied to evaluate
the association between serum total
cholesterol levels and POI (nine studies:
402 patients with POI; 483 controls).
As shown in FIGURE 2B, the results of
the meta-analysis showed that serum
total cholesterol levels were significantly
elevated in patients with POI compared
with controls (SMD = 0.39, 95% CI 0.25
to 0.52, Z = 5.50, P < 0.00001). Among
10 included studies, one study did not
examine the levels of serum HDL-C and
LDL-C in patients with POI. Therefore,
nine included studies were processed
for the meta-analysis to evaluate the

changes of serum HDL-C and LDL-C
levels between controls and patients
with POI. Significant heterogeneity was
detected in the HDL-C data (I2 > 50%,
P < 0.00001). Unfortunately, after a caseby-case evaluation, sensitivity analyses
were unable to identify any study that
was the cause of the heterogeneity.
Therefore, a random-effects model
was applied to examine the association
between serum HDL-C levels and POI
(nine studies: 428 patients with POI;
521 controls). As shown in FIGURE 3A, the
meta-analysis results revealed that serum
HDL-C levels were not significantly varied
between controls and patients with POI
(SMD = 0.23, 95% CI –0.13 to 0.59, Z
=1.26, P = 0.21). Similarly, significant
heterogeneity was observed in the LDL-C
data (I2 > 50%, P = 0.02). After a case-

by-case evaluation, sensitivity analysis
results identified that one study was the
cause of the heterogeneity (Podfigurna
et al., 2018). After removing that study,
the results of the meta-analysis with a
fixed-effects model (eight studies: 372
POI patients; 453 controls) showed that
serum LDL-C levels were significantly
increased in patients with POI compared
with control patients (SMD = 0.30, 95%
CI 0.16 to 0.45, Z = 4.16, P < 0.0001)
(FIGURE 3B). Begg's funnel plot test was
applied to assess the publication bias. No
significant publication bias was detected.
Serum triglyceride levels in controls
and patients with premature ovarian
insufficiency
Because no significant heterogeneity
(I2 = 33%, P = 0.15) was detected in

TABLE 3 CHARACTERISTICS OF INCLUDED STUDIES FOR HIGH-DENSITY LIPOPROTEIN CHOLESTEROL
Study (year)

Premature ovarian insufficiency
Age, year

BMI, kg/m2

(mean ± SD)

(mean ± SD)

Ates et al. (2014)

35.2 ± 4.6

25.8 ± 4.1

Bozkaya et al (2020)

30.9 ± 5.6

25.9 ± 4.2

Gulhan et al. (2012)

36.8 ± 1.8

Kalantaridou et al. (2004)
Kebapcilar et al. (2013)

Control

HDL-C, mg/dl

Age, years

BMI, kg/m2

(mean ± SD)

(mean ± SD)

(mean ± SD)

56

60.9 ± 16.4

35.4 ± 4.5

26.0 ± 3.8

59

53.9 ± 12.0

34

56.1 ± 10.3

28.5 ± 5.1

24.5 ± 3.9

35

58.4 ± 14.7

25.9 ± 4.9

47

55.5 ± 14.1

36.0 ± 2.3

24.8 ± 4.6

60

51.6 ± 12.1

35.4 ± 5.5

24.2 ± 3.1

18

57.0 ± 17.0

35.0 ± 3.6

23.0 ± 2.6

20

55.0 ± 10.0

36.8 ± 2.7

30.3 ± 5.5

43

53.7 ± 11.0

37.1 ± 1.8

29.6 ± 3.4

33

47.5 ± 7.3

Knauff et al. (2008)

33.8 ± 5.6

24.9 ± 4.3

90

57.1 ± 18.5

30.3 ± 2.9

24.3 ± 4.8

198

57.5 ± 12.0

Kulaksizoglu et al. (2013)

36.8 ± 2.7

30.3 ± 5.6

43

53.8 ± 11.1

37.2 ± 1.9

29.6 ± 3.5

33

47.5 ± 7.3

Podfigurna-Stopa et al. (2018)

30.7 ± 6.9

23.5 ± 4.6

56

74.0 ± 18.7

27.3 ± 4.5

28.6 ± 5.3

68

57 ± 14.2

Senoz et al. (1996)

32.8 ± 7.8

26.9 ± 4.8

41

51.9 ± 13.0

27.2 ± 2.0

20.3 ± 2.0

15

66.6 ± 7.0

BMI, body mass index; HDL-C, high-density lipoprotein cholesterol.

n

n

HDL-C, mg/dl
(mean ± SD)
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TABLE 4 CHARACTERISTICS OF INCLUDED STUDIES FOR LOW-DENSITY LIPOPROTEIN CHOLESTEROL
Study (year)

Premature ovarian insufficiency
Age, years

BMI, kg/m2

(mean ± SD)

(mean ± SD)

Ates et al. (2014)

35.2 ± 4.6

25.8 ± 4.1

Bozkaya et al. (2020)

30.9 ± 5.6

25.9 ± 4.2

Gulhan et al. (2012)

36.8 ± 1.8

Kalantaridou et al. (2004)

35.4 ± 5.5

Kebapcilar et al. (2013)

Control

LDL-C, mg/dl

Age, years

BMI, kg/m2

(mean ± SD)

(mean ± SD)

(mean ± SD)

56

115.4 ± 30.4

35.4 ± 4.5

26.0 ± 3.8

59

109.3 ± 28.5

34

104.6 ± 37.1

28.5 ± 5.1

24.5 ± 3.9

35

88.7 ± 31.3

25.9 ± 4.9

47

118.2 ± 33.2

36.0 ± 2.3

24.8 ± 4.6

60

106.2 ± 26.2

24.2 ± 3.1

18

146.0 ± 33.0

35.0 ± 3.6

23.0 ± 2.6

20

128.0 ± 34.0

36.8 ± 2.7

30.3 ± 5.5

43

114.3 ± 33.6

37.1 ± 1.8

29.6 ± 3.4

33

99.4 ± 26.6

Knauff et al. (2008)

33.8 ± 5.6

24.9 ± 4.3

90

110.4 ± 33.2

30.3 ± 2.9

24.3 ± 4.8

198

108.5 ± 31.3

Kulaksizoglu et al. (2013)

36.8 ± 2.7

30.3 ± 5.6

43

114.3 ± 33.7

37.2 ± 1.9

29.6 ± 3.5

33

99.5 ± 26.6

Podfigurna-Stopa et al. (2018)

30.7 ± 6.9

23.5 ± 4.6

56

114.7 ± 31.2

27.3 ± 4.5

28.6 ± 5.3

68

91.7 ± 15.2

Senoz et al. (1996)

32.8 ± 7.8

26.9 ± 4.8

41

113.0 ± 47.4

27.2 ± 2.0

20.3 ± 2.0

15

80.0 ± 40.1

n

n

LDL-C, mg/dl
(mean ± SD)

LDL-C, low-density lipoprotein cholesterol.

serum triclyceride data obtained from all
included studies, a fixed-effects model
was applied to evaluate the serum
triglyceride levels in controls and patients
with POI (10 studies: 458 POI patients;
551 controls). Our meta-analysis results
showed that serum triglyceride levels
in patients with POI were significantly
higher than that in control patients
(SMD = 0.16, 95% CI 0.03 to 0.29,
Z = 2.44, P = 0.01) (FIGURE 4). No
significant publication bias was detected
by Begg's funnel plot test.

DISCUSSION

analyses to examine the changes of
serum triglyceride, HDL-C and LDL-C
levels between controls and patients with
POI. Our results showed that serum total
cholesterol, triglyceride and LDL-C levels
were significantly elevated in patients
with POI compared with those in healthy
controls. The serum levels of HDL-C,
however, were not significantly varied
between patients with POI and controls.
To the best of our knowledge, this is the
first meta-analysis study to evaluate and
summarize the changes in serum lipid
profiles between healthy women and
women with POI.

Previous studies comparing the serum
lipid profiles in patients with and without
POI yielded contradictory results. In the
present study, we conducted meta-

Premature ovarian insufficiency is not
only a gynaecological problem but is
also associated with other cardiovascular
diseases. Women with POI have

been reported to have shortened life
expectancy that is mainly attributed to
the high susceptibility of cardiovascular
diseases (Podfigurna-Stopa et al., 2016).
The risk of mortality from ischaemic
heart disease is significantly increased
in women with POI compared with
women going through menopause at
age of 49–55 years (Jacobsen et al.,
1999). It is well characterized that the
abnormal lipid profile is the major
risk factor for different cardiovascular
diseases and is associated with the
development and progression of those
diseases. In addition to abnormal serum
lipid profile, several risk factors, such
as endothelial dysfunction, insulin
resistance, cardiovascular autonomic
dysfunction and metabolic disorders
are observed in patients with POI and

TABLE 5 CHARACTERISTICS OF INCLUDED STUDIES FOR TRIGLYCERIDE
Study (year)

Premature ovarian insufficiency
Age, years

BMI, kg/m2

n

(mean ± SD) (mean ± SD)

Control

Triglyceride, mg/dl Age, year

BMI, kg/m2

(mean ± SD)

(mean ± SD) (mean ± SD)

n

Triglyceride, mg/dl
(mean ± SD)

Ates et al. (2014)

35.2 ± 4.6

25.8 ± 4.1

56

84.5 ± 42.4

35.4 ± 4.5

26.0 ± 3.8

59

94.1 ± 95.3

Ağaçayak et al. (2016)

28.9 ± 6.8

24.1 ± 4.2

30

124.4 ± 25.6

29.2 ± 5.0

23.2 ± 3.3

30

110.8 ± 37.0

Bozkaya et al. (2020)

30.9 ± 5.6

25.9 ± 4.2

34

130.1 ± 123.4

28.5 ± 5.1

24.5 ± 3.9

35

97.8 ± 36.5

Gulhan et al. (2012)

36.8 ± 1.8

25.9 ± 4.9

47

128.5 ± 81.2

36.0 ± 2.3

24.8 ± 4.6

60

102.4 ± 54.1

Kalantaridou et al. (2004)

35.4 ± 5.5

24.2 ± 3.1

18

73.0 ± 27.0

35.0 ± 3.6

23.0 ± 2.6

20

95.0 ± 36.0

Kebapcilar et al. (2013)

36.8 ± 2.7

30.3 ± 5.5

43

157.9 ± 97.1

37.1 ± 1.8

29.6 ± 3.4

33

142.5 ± 76.4

Knauff et al. (2008)

33.8 ± 5.6

24.9 ± 4.3

90

91.2 ± 38.1

30.3 ± 2.9

24.3 ± 4.8

198

81.4 ± 43.4

Kulaksizoglu et al. (2013)

36.8 ± 2.7

30.3 ± 5.6

43

137.9 ± 59.8

37.2 ± 1.9

29.6 ± 3.5

33

119.1 ± 40.6

Podfigurna-Stopa et al. (2018) 30.7 ± 6.9

23.5 ± 4.6

56

77.3 ± 48.5

27.3 ± 4.5

28.6 ± 5.3

68

76.1 ± 26.9

Senoz et al. (1996)

26.9 ± 4.8

41

141.7 ± 80.7

27.2 ± 2.0

20.3 ± 2.0

15

143.2 ± 133.4

BMI, body mass index.

32.8 ± 7.8
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FIGURE 2 (A) Sensitivity analysis of serum total cholesterol levels; (B) overall meta-analysis result of serum total cholesterol levels in patients with

premature ovarian insufficiency (POI) and controls.

have been reported to contribute to the
pathogenesis of cardiovascular diseases
(Podfigurna-Stopa et al., 2016).
Most cardiovascular diseases are
attributable to the raised serum total
cholesterol levels. A previous metaanalysis study shows that serum
total cholesterol is a risk factor for
cardiovascular diseases in women and
men (Peters et al., 2016). Although
serum total cholesterol levels play an
important role in the risk assessment
of cardiovascular diseases, individual
components such as HDL-C and
LDL-C have been shown to play a
more integral role in the development
and progression of cardiovascular
diseases. HDL-C is considered to be
good cholesterol because high HDL-C
levels are strongly associated with a
low risk of cardiovascular diseases.

In contrast, LDL-C is known as bad
cholesterol because it carries cholesterol
to tissues and plays a major role in
the pathophysiology of atherosclerotic
cardiovascular diseases. Compared
with age-matched men, women of
reproductive age have higher serum
HDL-C and lower LDL-C levels. After
the menopause, however, serum HDL-C
levels decline and LDL-C levels rise
(Campos et al., 1988; Stevenson et al.,
1993). It has been reported that oral
administration of oestrogen reduces
serum total cholesterol and LDL-C
levels and increases HDL-C levels in
postmenopausal women (Fahraeus, 1988;
Lobo, 1991; Walsh et al., 1991). Because
of the protective effects of oestrogen
during a woman's reproductive years,
cardiovascular diseases occur at a much
lower rate in women of reproductive age
compared with men of the same age

(Guetta and Cannon, 1996). Attrition
in the number of ovarian follicles and
ensuing insufficiency in ovarian sex
hormone productions, particularly for the
oestrogen, are hallmarks of POI (Welt,
2008). Therefore, the elevated serum
levels of total cholesterol and LDL-C
in patients with POI reported by the
present study could be attributed to the
deficiency of oestrogen production. Our
meta-analysis results showed that serum
HDL-C levels were not significantly varied
between controls and patients with POI.
In postmenopausal women, however, the
decline of endogenous oestrogen does
not seem to affect serum HDL-C levels
(Fahraeus, 1988). In addition, the effect of
oestrogen supplements on serum HDL-C
levels remains controversial. Collectively,
these findings suggest that serum
HDL-C levels are not mainly regulated
by endogenous oestrogen, which could
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FIGURE 3 (A) Overall meta-analysis result of serum high-density lipoprotein cholesterol levels in patients with premature ovarian insufficicnty (POI)

and controls; (B) overall meta-analysis result of serum low-density lipoprotein cholesterol levels in patients with POI and controls.

explain the results that serum levels of
HDL-C were similar in patients with POI
and controls.
Studies on the effects of oestrogen
administration on serum lipid profile in
postmenopausal women have produced
contradictory results depending on the
route of administration (Guetta and
Cannon, 1996). Orally administered
oestrogen decreases serum LDL-C
levels and elevates serum HDL-C levels.
Transdermal oestrogen administration,
however, has statistically and clinically
non-significant effects on serum

lipoprotein levels but can improve
vascular endothelial function (Walsh
et al., 1991; Moreau et al., 2013).
Regardless of the negative results of
hormone replacement therapy (HRT)
for postmenopausal women (Cagnacci
and Venier, 2019), HRT is strongly
recommended by the European Society
of Human Reproduction and Embryology
for women with POI, although studies
investigating optimal HRT for POI remain
limited (ESHRE et al., 2016). Hormone
replacement therapy can relieve
vasomotor and genitourinary symptoms
in patients with POI. In addition, HRT

helps to maintain bone health, restore
endothelial dysfunction and decrease
the risk and mortality of cardiovascular
diseases (Webber et al., 2017). To date,
however, the effect of HRT on serum
lipid profile in patients with POI remains
undetermined and warrants further
investigations.
Although conflicting data have been
reported, insulin resistance commonly
occurs in patients with POI (Ishizuka,
2021). Triglyceride is directly lipolysed by
lipoprotein lipase. It is known that insulin
resistance decreases lipoprotein lipase

FIGURE 4 Overall meta-analysis result of serum triglyceride levels in patients with premature ovarian insufficiency (POI) and controls.
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activity, which results in elevated serum
triglyceride levels. Many studies have
demonstrated that serum triglyceride
levels are an independent risk factor
for cardiovascular diseases (Harchaoui,
et al., 2009). During menopause, serum
triglyceride levels are also increased
owing to the increase of the abdominal
fat amount and decrease in insulin
sensitivity (Derby et al., 2009). Our
meta-analysis results revealed that serum
triglyceride levels were significantly
higher in patients with POI than in
controls. Interestingly, orally administered
oestrogen increases serum triglyceride
levels in postmenopausal women
(Godsland, 2001). These results suggest
that elevated serum triglyceride levels in
patients with POI is not attributed to the
insufficiency of oestrogen. In addition,
why serum triglyceride levels are
increased in patients with POI is unclear
and needs further investigation.
We are aware that not all confounding
factors were adjusted in our study.
For example, smoking history is not
presented in all included studies but
has been shown to affect the serum
lipid profiles. In addition, although eight
studies showed no significant difference
in age and BMI between control and
patients with POI, two studies showed
that age and BMI were statistically
different between controls and patients
with POI (Senoz, et al., 1996; Podfigurna
et al., 2018). Moreover, we are aware
that the results of our meta-analysis were
derived from a limited sample size of
included published studies. Therefore,
future studies with a large sample size
and more included studies are required
to evaluate the association between lipid
profiles and the risk of POI.
In conclusion, the present meta-analysis
shows that serum total cholesterol,
LDL-C and triglyceride levels are
significantly increased in patients with
POI compared with healthy controls. The
elevations of these lipids may, in part, be
attributed to the ovarian insufficiency,
resulting from deficiency of oestrogen.
In addition, the abnormal lipid profile
contributes to the risk of cardiovascular
diseases that frequently occur and lead
to high mortality in patients with POI.
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