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Abstract

BACKGROUND

Unexplained infertility (UI) is usually used for any heterosexual couple who
failed to have a successful clinical pregnancy without identifying clear causes
after they undergo all standard fertility tests. Evidence shows that leptin is one of
the most accurate biomarkers for Ul Nevertheless, conflicting results regarding
leptin levels in women with UI have been reported.

AIM
To find the serum leptin levels in women with UI.

METHODS

All studies written in English and conducted before April 30, 2021 from
PubMed/MEDLINE, Embase, Cochrane Central Register of Controlled Trials,
ClinicalTrials.gov, Google Scholar, OpenGrey, OATD, and the infertility
conference abstract were included. Studies were found eligible if they provided
the mean and standard deviation of leptin for the case group and control group.
The quality assessment of individual studies was evaluated using the Joanna
Briggs Institute Quality Assessment Tool. Data synthesis and statistical analysis
were done using STATA software version 16.

RESULTS
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A total of 378 studies were reviewed, and just six studies that fulfilled the eligibility criteria were
included in this meta-analysis. The pooled result showed that leptin levels were significantly
higher in women with UI compared to fertile women, with a standardized mean difference of 0.97
(95% confidence interval: -0.49-2.43). However, heterogeneity across studies was highly significant
(P <0.00001; I = 98.8%).

CONCLUSION

The results of this study suggest that leptin levels are elevated in women with Ul compared with
fertile women; hence, leptin could be a potential biomarker for Ul in women, and it may be useful
for identifying women with a high risk of infertility.

Key Words: Leptin; Meta-analysis; Serum level; Unexplained infertility; Women

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: A comprehensive systematic review and meta-analysis was conducted to find the serum leptin
levels in women with unexplained infertility. Six studies were included in this meta-analysis, after passing
all quality checkups. The pooled result showed that leptin levels were significantly higher in women with
unexplained infertility compared to fertile women, with a standardized mean difference of 0.97. Leptin
could be a potential biomarker for unexplained infertility in women, and it may be useful for identifying
women with a high risk of infertility.

Citation: Abdullah AA, Ahmed M, Oladokun A. Leptin levels in women with unexplained infertility: A systematic
review and meta-analysis. World J Meta-Anal 2022; 10(1): 37-45

URL: https://www.wjgnet.com/2308-3840/full/v10/i1/37.htm

DOI: https://dx.doi.org/10.13105/wjma.v10.i1.37

INTRODUCTION

Reproductive medicine has made many breakthroughs in the field of infertility diagnosis and treatment.
Following this breakthrough, many untreated infertility cases now can be treated using one of the
advanced reproduction methods such as assisted reproductive technologies[1]. Despite this, some
infertility cases cannot still be diagnosed or treated using the current methods, especially in developing
countries[2]. This type of infertility is widely known as unexplained infertility (UI)[3].

Ul is usually used for any heterosexual couple who failed to have a successful clinical pregnancy
without clear causes after they undergo all standard fertility tests[4]. Worldwide, the prevalence of Ul
ranges from 10% to 37%[2,5-7], and females are found to be responsible for at least 50%. The complexity
of the reproductive process especially in females[8], makes it very hard to identify the source of UL
Despite this, many studies have been done to find the pathophysiologic basis and the possible
relationship between obesity, endocrinological imbalance, genetic factors, immunological factors, and
UI[7,9,10], but unfortunately, till now, the pathophysiology and exact role of these factors and how they
contribute to Ul have not been fully understood. To overcome this diagnostic issue, many serum
biomarkers have been used as predictive markers for Ul in females. Out of these biomarkers, leptin was
found to be one of the most accurate biomarkers[10,11].

Leptin is an adipokinetic hormone that plays a key role in energy homeostasis and body weight
regulation, and acts as a neuroendocrine mediator in different body systems, including the reproductive
system[12-15]. Leptin is secreted mainly from adipocyte cells in the white adipose tissues, and altered
with obesity[16]. Also, it can be produced from other cells related to the reproductive system in both
males and females, such as placental syncytiotrophoblast cells, hypothalamus cells, and pituitary cells
[12]. Evidence shows that leptin receptors can be found along the hypothalamic-pituitary-ovarian
(HPO) axis of females. Therefore, leptin has direct regulatory effects, both inhibitory and stimulatory
depending on its concentration, on all parts of the HPO axis, and all stages of the reproductive process
starting from puberty, menstrual cycle, pregnancy, early embryo development, and lactations[13,17].

In the context of reproduction, several scholars have tried to find a relationship between adipose
tissue hormones (adipokines) and the female reproductive system in general, and especially between
leptin and ovarian functions. Findings have shown that high leptin concentration inhibited ovarian
steroidogenesis, folliculogenesis, and oogenesis. The high level of leptin is associated with low levels of
ovarian hormones, estradiol, and progesterone, and the poor quality of produced ova[18-20]. Therefore,
it may be considered that the concentration of leptin is related to female infertility, and it could explain
some cases of female Ul. Meanwhile, studies on the association between leptin and UI reported
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conflicting results. Some studies showed that serum leptin levels were higher in women with UI
compared with the fertile women[11,19-21], whereas other studies showed that there was no significant
difference in leptin in women with Ul compared to fertile women[22,23]. Thus, this study was aimed to
find serum leptin levels in women with Ul by conducting a systematic review and meta-analysis in
order to quantitatively pool all findings from the relevant studies.

MATERIALS AND METHODS

Inclusion and exclusion criteria

All studies that defined UI based on the World Health Organization standard definition and reported
the plasma level of leptin in women with Ul and fertile women were eligible for this study. Studies were
not eligible for this study if: (1) They were reviews, letters, editorials, or studies using animals or cell
lines; (2) No healthy control group was included; or (3) The study enrolled participants who had
diseases other than Ul, and/or were on any kind of medication.

Information sources

The current study was performed according to PRISMA guidelines (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses)[24]. The information was retrieved from electronic and non-
electronic database sources. Electronic sources included: PubMed/MEDLINE, Embase, Cochrane
Central Register of Controlled Trials, and ClinicalTrials.gov. Non-electronic sources included: Direct
Google search, Google Scholar, OpenGrey, OATD, WorldCat.org, American Society for Reproductive
Medicine and Canadian Fertility and Andrology Society (ASRM/CFAS) Conjoint Annual Meeting,
Abstracts of the Scientific Oral and Poster Sessions, and European Society of Human Reproduction and
Embryology (ESHRE) Annual Meeting, Abstracts of the Scientific Oral and Poster Sessions. All those
databases were searched from their inception to April 30, 2021, for human studies published in English.

Search strategy

The terms AND, OR, and NOT were used as Boolean search terms to develop the research strategy, and
the final search strategy included the use of Title/ Abstract related to (Women with Unexplained
Infertility) AND (Leptin) taken from the study questions. Non-electronic sources were used combined
with direct Google search, Google Scholar, OpenGrey, OATD, and WorldCat.org, American Society for
Reproductive Medicine and Canadian Fertility and Andrology Society (ASRM/CFAS) Conjoint Annual
Meeting, Abstracts of the Scientific Oral and Poster Sessions, and ESHRE Annual Meeting, Abstracts of
the Scientific Oral and Poster Sessions. In addition, a manual search by the investigators was done for
the grey literature and unpublished thesis/papers.

Selection process

The selection of the studies was done following these steps: (1) All retrieved studies were exported to
the EndNote X9 citation manager, to check for duplication, and then the duplicated articles were
removed; (2) Three authors (AA, MA, and SO) screened and evaluated the remaining studies
independently by carefully reading the title and abstract, and all studies that mentioned the outcomes of
the review [(Women with Unexplained Infertility)/Leptin] in their titles and abstracts were considered
for further evaluation based on the objectives, methods, participants, and the key findings, serum levels
of leptin in women with UI; (3) Two authors (AA and MA) independently evaluated the quality of the
relevant studies against the checklist; and (4) Any discrepancy was resolved by discussion between the
two authors (AA and MA), or by asking a third reviewer if consensus could not be reached. The
selection process of the studies is presented using PRISMA statement flow diagram (Figure 1).

Data collection process

After the selection of all appropriate articles for this study, the relevant data were extracted by two
investigators independently (AA and MA) using a data extraction template and presented using
Microsoft Word 2016. The investigators contacted the authors of any study who did not report the
aforementioned data (via email) to obtain the original data and after the expiration of the 2-wk timeline,
the studies with the missing data that could not be obtained were removed. The extraction template
contained author name, year of publication, study design, method of serum leptin measurement, body
mass index (BMI), age, sample size, leptin concentration, and the LH/FSH ratio (Table 1). The data
extraction accuracy was verified by comparing the data extraction results from the two investigators
(AA and MA), who independently extracted the data in a randomly selected subset of papers (30% of
the total).

Data items
The main outcome of this study was the serum leptin levels in women with Ul, and it was measured by
the direct report from the individual studies. To quantify the outcome “serum leptin levels in women
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Table 1 Main characteristics of studies included in the meta-analysis

Leptin (mean +

) Stud BMI (kg/m?) Age, years Sample size LH/FSH
Ref. Region oy Method SD), ng/mL X
design ratio
ul Controls Ul Controls Ul Controls Ul Controls
Tafvizi and Iran Case-control ~ EIA 23.6+ 23.66+ 293+ 31.03% 40 30 3120+ 2489+ 0.85
Masomi[20], 2016 0.27 0.33 42 3.76 2.83 294
Al-Fartosy et al Iraq RCT EIA 223+ 21.7+14 2945+ 3092+ 63 33 284+ 272+23 061
[21], 2019 3 6.38 5.90 1.3
Kamyabi and Iran Case-control ~ EIA 2484 2226 30 29 30 30 2783+ 3127+ NR
Gholamalizad 2529  11.02
[22], 2015
Kumari et al[11]', Indian Case-control ~ EIA 241+ 2431+ 29.53+ 29.58 + 120 109 689+ 375+184 0.85
2017 3.9 3.19 4.43 4.01 2.46
Baig et al[23], Pakistan Case-control =~ RIA NR NR NR NR 235 205 3532+ 3711+ 2.16
2019 0.9 1.19
Demir et al[19], Turkey  PCS RIA 25 245 29.3 289 27 30 7x1 341 117
2007

The serum leptin level in the original study was measured in pg, and converted to ng using the standard method.

BMI: Body mass index; EIA: Enzyme-linked immunosorbent assay; FSH: Follicle-stimulating hormone; LH: Luteinizing hormone; NR: Not reported; PCS:
Prospective comparable controlled study; RIA: Radioimmunoassay; RCT: Randomized control trial; SD: Standard deviation; UI: Unexplained infertility.

Identification

Screening

Eligbility

o
@
°
=
[*]
=
=

Records identified through database Additional records identified through
searching (n = 370) other sources (n = 8)

Records after duplicates removed (n = 323)

Records screened (n = 323) Records excluded (n = 308)

Full-text articles excluded, with reasons (n = 9)
-Insufficient data (1)

-Multiple publications from the same population (2)
-Language (3)

-No control group (3)

Full-text articles assessed for eligibility (n = 15) >

Y

Studies included in qualitative synthesis (n = 6)

Y

Studies included in quantitative synthesis
(meta-analysis) (n = 6)

DOI: 10.13105/wjma.v10.i1.37 Copyright © The Author(s) 2022.

Figure 1 Flow diagram of the studies included in this meta-analysis.

JBaishideng®

with UI”, the investigators considered studies that reported serum leptin levels in their results. The
result is expressed as the mean and standard deviation (SD).

Study risk of bias assessment

The inclusion criteria were appraised for all retrieved articles by using their title and abstract first, and
then, the full text was screened to check the quality of each study before the final selection. The
following was the quality assessment criteria for the studies in the current review: (1) The diagnosis of
female UT occurred after performing all available fertility tests; (2) The sample was representative for the
cases and controls; (3) The controls enrolled were taken from the same population; (4) The controls had
no any past history of UI; (5) The cases and controls were matched for age or BMI or the two of them
together; and (6) The methods which were used to check the serum level of leptin were the same for
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cases and controls for each individual study.

A comprehensive search (electronic/database search, manual search, grey literature search, and
unpublished studies search) was done to minimize the risk of bias. The risk of bias from the included
studies was individually appraised by three investigators (AA, MA, and SO) using a critical appraisal
tool (Joanna Briggs Institute Quality Assessment Tool)[25]. The publication bias for the included studies
was checked by visual inspection of the funnel plot and checking the statistical symmetry of the funnel
plot using Egger’s regression test.

Effect measures
In light of the study objectives, the mean difference was used to synthesize and present the results for
the analysis.

Synthesis methods

STATA software version 16 was used to synthesize and analyze the meta-analysis data. The
recommendations of the I statistic described by Higgins et al[26] (I of 75/100% and above suggesting
considerable heterogeneity) were used to perform this meta-analysis. The standardized mean difference
(SMD) and 95% confidence interval (CI) were calculated for each study, based on the sample size, study
mean, and SD of serum leptin levels in the case and control groups.

The potential publication bias was checked using a funnel plot and Egger’s regression test, and it was
assumed to be significant if P values were less than 0.10. To identify the sources of heterogeneity, meta-
regression was performed to evaluate the between-study heterogeneity and to assess the influence of
different study features, such as sample size, test method, BMI, and LH/FSH ratio.

The studies were excluded from the final review if: (1) They had missing data; and (2) They had a
high risk of bias. The study results were reported according to the PRISMA guidelines and the findings
of the included studies are first presented using a narrative synthesis, followed by a meta-analysis chart.

RESULTS

Study selection

As shown in Figure 1, a total of 378 articles were identified through the major electronic and non-
electronic databases, and other relevant sources. A total of 55 studies were removed due to duplication,
and the remaining 323 studies were kept for further critical screening. From the 323 studies which were
kept in the first phase, 308 were excluded after they went through a very careful screening according to
their titles and abstracts. From the remaining 15 articles, 9 studies were excluded due to inconsistency
with the study inclusion criteria. Finally, 6 studies that fulfilled the eligibility criteria, involving 515
women with UI and 437 controls, were included for the systematic review and meta-analysis.

Study characteristics

The circulating leptin levels in patients with Ul vs controls were evaluated in all 6 studies. In 4 studies,
serum leptin levels were measured by enzyme-linked immunosorbent assay and by radioimmunoassay
in the remaining two studies. Two studies were done in Iran, and one in each in Pakistan, Iraq, India,
and Turkey. All studies were matched using both BMI and age. However, one study did not report
them, but it stated that “the study was matched using BMI and age”. In all included studies, the mean
range was between 21.7 and 24.8 for BMI, and between 29 and 31 years for age. In addition, some
missing information in the original studies was retrieved from the corresponding authors. Table 1
shows the detailed characteristics of all included studies.

Results of synthesis

Figure 2 shows the result of this meta-analysis. The pooled estimate of the included studies showed that
leptin levels were significantly higher in UI cases than in controls, with an SMD of 0.97 (95%CI: -0.49 to
2.43). The heterogeneity across studies was highly significant (P < 0.00001; I = 98.8%), hence the random
effect model was employed for the analysis.

Sensitivity and meta-regression analysis

A sensitivity analysis was conducted by sequentially excluding studies from the meta-analysis to
further investigate the possible sources of the heterogeneity among the studies, and the results
suggested that the meta-analysis result was stable. In addition, multivariate meta-regression was
performed to evaluate the influence of several factors that may modify the association between serum
leptin levels and Ul, including test method, BMI, sample size, and LH/FSH ratio (adjusted P = 0.177,
0.208, 0.997, and 0.15, respectively). However, the results showed that these confounding factors did not
substantially affect the heterogeneity. For the test of publication bias, the funnel plots (Figure 3) were
visually symmetric and the Egger's test for publication bias yielded a P value of 0.279, hence these
results did not provide evidence of a significant effect.
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Treatment Control Hedges's g Weight
Study N Mean SD N Mean SD with 95%ClI (%)
Tafvizi & Masomi 40 312 283 30 2489 294 B 217[ 158, 2.76] 16.56
Al-Fartosy et al 63 284 13 33 272 23 . 3 0.70[ 0.27, 1.13] 16.77
Kamyabi & Gholamalizad 30 27.83 2529 30 31.27 11.02 S -0.17[ -0.67, 0.33] 16.68
Kumari et al 120 6.89 246 109 375 1.84 ] 143[ 1.14, 1.72] 16.90
Baig et al 235 35.321 9205 3711 119 -1.71[ -1.93, -1.49] 16.95
Demir et al 27 7 1 30 34 1 —l— 355[ 272, 438 16.13
Overall e 0.97[ -0.49, 2.43]

Heterogeneity: T° = 3.27, 2 = 98.81%, H’ = 83.76

Test of 6;

8;: Q(5) = 460.14, p = 0.00

Testof8=0:2=1.30,P=0.19

Random-effects REML model

DOI: 10.13105/wjma.v10.i1.37 Copyright © The Author(s) 2022.

Figure 2 Forest plot (random-effects model) for circulating leptin levels in women with unexplained infertility.
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DOI: 10.13105/wjma.v10.i1.37 Copyright © The Author(s) 2022.

Figure 3 Funnel plot for publication bias.
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DISCUSSION

The term UI emerged due to the fact that the current knowledge on assessment and treatment of the
reproductive system is still inadequate[3]. Many studies have been carried out to find the exact cause of
UI and the best diagnostic biomarker. However, leptin has been found as one of the best biomarkers.
Leptin displays biological activities by binding and activating specific leptin receptors, which are found
in many organs including the hypothalamus-pituitary-ovarian axis (HPO axis) in females. Leptin plays
a role in the function of the HPO axis by stimulating the release of gonadotrophin-releasing hormone,
gonadotrophins, and aromatase enzymes from the hypothalamus, pituitary gland, and ovaries,
respectively[13,15,17,27,28]. Also, the available evidence indicated that a high level of leptin has
negative effects on female reproduction due to its inhibitory effect on the HPO axis, ovarian physiology,
folliculogenesis, steroidogenesis, and the production and release of oxytocin and prostaglandin[29-32].

In line with available evidence, the current study showed that leptin level was significantly higher in
women with Ul compared with the control group. Similar results were found when leptin concen-
trations were pooled in endometriosis and polycystic ovary syndrome (PCOS) cases, pathological
conditions with a strong correlation with infertility. In these studies, leptin levels were higher in women
with endometriosis and PCOS groups compared with control groups[33,34].

Studies have suggested that factors like age and BMI have effects on leptin levels, and usually have a
positive correlation with female infertility[35,36]. However, in the present study, all the included studies
were matched by both age and BMI, and because of that, the effect of age and BMI on leptin level was
not examined.

This is the first comprehensive quantitative meta-analysis summarizing available evidence to
determine the serum leptin level in women with UL
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CONCLUSION

The results of this meta-analysis suggest the presence of elevated levels of leptin levels in women with
Ul compared with fertile women. Hence, leptin could be a potential biomarker for UI in women, and it
may be useful for identifying women at a high risk of infertility. However, further investigations need
to be carried out in order to clarify the exact association between leptin levels and UI.
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