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Abstract

Although numerous, human subject studies evaluating the relationship between circulating ghrelin
levels and polycystic ovary syndrome (PCOS) risk have yielded inconsistent findings. We aimed to
quantitatively assess the association by summarizing all available evidence from human subject
studies. The PubMed and Web of Science databases were searched up to February 2015 for
eligible studies. Studies were eligible if they reported circulating ghrelin levels in women with
PCOS and healthy women controls. A fixed or random-effects model was used to pool risk
estimations. Twenty studies including 894 PCOS patients and 574 controls were included in the
meta-analysis. The studies had fair methodological quality. The pooling analysis of all available
studies revealed that ghrelin levels were significantly lower in PCOS patients than in controls, with
standardized mean difference of —0.40 (95% CI: —0.73, —0.08). The significant association
persisted in many subgroup strata. However, the heterogeneity across studies was considerable and
not eliminated in subgroup analyses. Meta-regression analysis further suggested that the
heterogeneity might be relevant to variability in study location, PCOS relevant factors like
HOMA-IR ratio, as well as other factors not assessed. In conclusion, our meta-analysis suggested
that ghrelin levels were significantly lower in PCOS patients than in controls. Further studies with
large sample sizes are warranted to replicate our findings.
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Introduction

Polycystic ovary syndrome (PCOS) remains one of the most common endocrinopathies(1).
In the United States, approximately 4 million women were affected with PCOS(2), with
symptoms starting from adolescence to postmenopause(3). Insulin resistance, dyslipidaemia,
impaired glucose tolerance and diabetes are frequently occurred in PCOS women.
Additionally, both young and elder PCOS patients have high risks of developing
cardiovascular diseases(4, 5)]. Aligning with the public health burden, PCOS leads to a
heavily economic burden. It is estimated that annually there is up to $4.36 billion expense
relevant to PCOS for the US health-care system(2). To better clarify the etiology of PCOS is
thus critical for decreasing burden from this disease. However, up to date, the exact etiology
of PCOS has not been fully understood.

Ghrelin is a peptide hormone that plays a critical role in energy balance, food intake and
weight regulation(6, 7). Research has shown a central and peripheral effect of ghrelin on
insulin level(8, 9) and blood glucose homeostasis(10). Ghrelin is demonstrated to be able to
reverse the down-regulating effect of insulin on phosphoenolpyruvate carboxykinase, which
is the rate-limiting enzyme of gluconeogenesis(8). Considering a tight link between insulin,
blood glucose and PCOS, ghrelin is hypothesized to be involved in the development of
PCOS, which is evaluated in numerous human studies.

The first report for assessing the association between fasting ghrelin level and PCOS risk
was by Schofl et al(11) in which the fasting serum ghrelin levels were examined in a group
of otherwise healthy women with PCOS and a group of healthy control subjects. They found
that the circulating ghrelin level was lower in patients with PCOS. After that, Orio et al(12)
reported that no difference of plasma ghrelin level was detected in PCOS patients compared
with weight matched controls. Such inconsistencies persisted in further studies evaluating
the research question of interest. Although several reviews(13-16) have tried to summarize
the topic, none of them was conducted systematically and none provided a quantitative
evaluation. We thus conducted this meta-analysis to clarify the relationship between
circulating ghrelin levels and PCOS risk by quantitatively pooling all findings from relevant
studies.

Materials and Methods

Literature search

A comprehensive literature search of PubMed and Web of Science databases was conducted
from the inception to February 19, 2015 for human studies published in English. The
following MeSH terms and keywords were used: ghrelin AND ((polycystic ovary syndrome)
OR PCOQOS). The references of involved articles were manually searched as well.

Study selection criteria

Studies were eligible if they (i) reported circulating ghrelin levels in women with PCOS and
healthy women controls; (ii) provided ghrelin means (M) and standard deviation (SD) or
sufficient information to calculate them. Papers with no relevance to our research question,
such as reviews, letters, editorials, animal or cell line studies, studies without healthy
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controls, as well as studies regarding genetic variation in ghrelin-related genes were
excluded. Additionally, studies in which patients were with a disease other than PCOS, as
well as studies involving pregnant patients or patients with medication treatments were also
excluded.

Data extraction

The following information was extracted from each included study: (i) characteristics of
participants including body mass index (BMI), age, ethnicity and diagnosis methods etc; (ii)
the type of blood sample (serum or plasma); (iii) methods of measuring ghrelin levels
(radioimmunoassay (RIA) or enzyme-linked immunosorbent assay (EIA)).

Quality assessment of included studies

Quality evaluation of included studies was conducted with the Newcastle-Ottawa Scale
(NOS) (17). The quality assessment criteria used in the current study were: 1.whether the
diagnosis of the PCOS was with independent validation; 2.whether the involved cases were
representative; 3.whether the controls enrolled were from the same community; 4.whether
the controls were described to have no history of PCOS; 5.whether the cases and controls
were matched or adjusted for age or BMI ; 6.Whether at least one additional factor, such as
drinking or smoking status were matched or adjusted for cases and controls; 7.whether the
ascertainment of exposure was under blind measurement; 8.whether the test methods were
same for cases and controls; 9.whether the response rates for cases and controls were same.
For each criterion a score of 0 or 1 was assigned according to whether the criterion was
satisfactorily fulfilled. The maximum possible score for an individual study is 9. Studies
with scores of 7 or above are categorized as high quality studies. Others are categorized as
low quality studies.

Statistical Methods

The summary standardized mean difference (SMD) with 95% confidence intervals (Cls) was
determined for circulating ghrelin levels in PCOS cases versus controls. 12 was used to
assess the heterogeneity across studies, where a 12>50% suggests considerable
heterogeneity(18, 19). We pooled the estimates using the fixed-effects model(20) when there
was no considerable heterogeneity. Otherwise, we used the random-effects model(21) when
there was high heterogeneity.

Subgroup analyses were conducted based on subject age (=20 years or <20 years), blood
sample type (plasma or serum), methods of measuring ghrelin levels (RIA or EIA), BMI
(<25, =25 or unknown), Homeostasis model assessment of insulin resistance (HOMA-IR)
ratio (<1.36, 1.36-1.7, 1.71-2.12, >2.12, not reported), total testosterone ratio (T-ratio)
(<1.68, 1.68-2.49, >2.5 or not reported), study quality (high or low) and geographic location
(America, Europe, Asia, Australia or Turkey). Furthermore, we performed meta-regression
analyses incorporating relevant factors to assess potential sources of heterogeneity. We also
evaluated heterogeneities when focusing only on PCOS cases or controls across studies.
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Publication bias was evaluated via Egger’s test(22) and Begg’s test(23). A P-value of 0.05
was used as the threshold to determine significant publication bias. All statistical analyses
were performed with Stata (version 13; StataCorp, College Station, TX).

Results

Literature Search and Study Characteristics

The detailed steps of the literature search were demonstrated in Figure 1. A total of 20
reports met the inclusion criteria and were included in this study(11, 24-41). Since several
studies reported the estimates separately according to different categories of BMI (<25 or
>25), we treated them as from separate studies and incorporated all in the pooling
analysis(25, 26, 30, 32, 35, 41). The detailed characteristics of the included studies were
demonstrated in Table 1. In total, all studies evaluated the circulating ghrelin levels in PCOS
cases versus controls. In all studies samples were collected after overnight fast. In 14 studies
serum samples were used to measure ghrelin levels and in other 6 studies plasma samples
were used. Ghrelin levels were measured by RIA in 13 studies and by EIA assay in 7
studies. Eleven studies reported the HOMA-IR information and 15 studies reported the T-
ratio information. Overall, 8 studies were conducted in Europe, 1 in America, 4 in Asia, 2 in
Australia and 5 in Turkey. The involved studies enrolled 894 PCOS patients and 574
controls. The detailed quality ratings for each study were listed in Table 2. Overall, the
studies had fair methodological quality. Eleven studies had score of 7 or above and were
categorized as high quality studies; 9 studies were categorized as with low quality.

For 16 included studies(12, 24-29, 31-34, 36-39, 41), the diagnosis of PCOS was based on
the revised 2003 consensus on diagnostic criteria of PCOS by Rotterdam ESHRE/ASRM-
Sponsored PCOS Consensus Workshop Group (42). In these studies all PCOS patients met
at least 2 of the required 3 criteria as: 1). oligo- or anovulation; 2). clinical and/or
biochemical signs of hyperandrogenism; 3). polycystic ovaries and exclusion of other
etiologies (congenital adrenal hyperplasia, androgen-secreting tumors, Cushing’s syndrome)
(42). For 3 other included studies(11, 35, 40), the diagnosis of PCOS was confirmed by
relevant clinical symptoms and laboratory findings. For example, for Wasko et al(42), the
presence of oligomenorrhea or secondary amenorrhea, hyperandrogenemia or clinical
evidence of hyperandrogenism was evaluated. For Schofl et al(11), the diagnosis criteria
included clinical symptoms like oligomenorrhea and hirsutism as well as laboratory findings
of elevated serum androgen levels and/or elevated LH/FSH ratio. For Ozgen et al(35),
adolescents were diagnosed as PCOS if any four of the five criteria were met:
oligomenorrhea or amenorrhea existence after two years of menarche; clinical
hyperandrogenism; biologic hyperandrogenism; insulin resistance, hyperinsulinism; and
microcysts in ovaries or increased ovarian size. The diagnosis criteria in Shi et al were not
specified(30).

Meta-analysis

The pooling analysis of all available studies revealed that ghrelin levels were significantly
lower in PCOS patients than in controls, with SMD of —-0.40 (95% CI: -0.73, —0.08) (Table
3). This relationship was also detected when focusing only on studies with adult participants
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(at least 20 years old) (Table 3). Considerable heterogeneity across studies was detected
(12=86.7%) (Table 3; Figure 2). Begg’s test and Egger’s test did not suggest significant
publication bias (p for bias: 0.402 and 0.193, respectively). Subgroup analyses demonstrated
that the finding of lower ghrelin levels in PCOS patients was also detected in many strata.
For example, the finding was identified in studies with high quality, studies conducted in
Europe, studies in which the measuring method was RIA, as well as studies with HOMA-IR
ratio of larger than 2.12 and T-ratio of smaller than 1.68 (Table 3). Based on the meta-
regression analysis, factors of study location (Asia and Australia) and HOMA-IR ratio
contributed to the heterogeneities. However, a large proportion of the heterogeneities could
not be explained by the assessed variables. When focusing only on PCOS cases across
studies, significant heterogeneity also existed (12=99.8%). The situation for only controls
was the same (12=99.9%).

Discussion

We performed a systematic review and meta-analysis to assess the relationship between
ghrelin level and PCOS. After summarizing all available evidence, we detected that ghrelin
levels were significantly lower in PCOS patients than in controls. No publication bias was
detected. Additionally, the finding was detected in many strata of subgroup analysis. These
suggested that ghrelin might play a role in the pathogenesis of PCOS.

The association between ghrelin and PCOS risk is plausible. Besides the understanding of
the relationship between ghrelin with insulin and blood glucose homeostasis as mentioned
above, research has demonstrated a more direct linkage between ghrelin and ovarian
function. For example, ghrelin has a negative effect on the hypothalamic—pituitary—ovarian
axis(43) and is related to ovarian biosynthesis and/or action(33, 37). Furthermore, ghrelin
potentially regulate the secretion of androgens by ovary. It was suggested that the abnormal
activity of corpus luteum in PCOS patients was also relevant to ghrelin(44). Besides, ghrelin
potentially affects proliferation, apoptosis and differentiation of granulosa and theca cells,
which further triggers the hyperandrogenism in PCOS(44). Alignling with these
understanding, our meta-analysis summarizes evidence from human subject level studies and
suggested the role of ghrelin in risk of PCOS. However, whether it is ghrelin that contributes
to the risk of PCOS remains to be elucidated by further studies. For example, to avoid
potential issues from reverse causality, further mendelian randomization studies assessing
the association between ghrelin related genetic variants and PCOS risk are warranted to
better characterize the relationship of interest.

To the best of our knowledge, this is the first comprehensive quantitative meta-analysis
summarizing available evidence to determine the association between ghrelin level and
PCOS. We conducted numerous subgroup analyses and meta-regression analysis based on
several relevant factors to clarify the relationship. Our findings seemed suggest that ghrelin
might be associated with risk of PCOS. However, we should acknowledge that in subgroup
analysis, not all strata suggested a significant association between ghrelin level and PCOS.
Based on analysis of study location, only studies conducted in Europe revealed a significant
association, while studies in other areas did not demonstrate such a relationship. Similarly,
studies in which the measuring method is EIA did not suggest such a relationship.
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Additionally, studies in which HOMA-IR ratio is less than 2.12 and studies in which T-ratio
is larger than 1.68 also demonstrated null associations. The meta-regression analysis
suggests that study location (Asia and Australia) and HOMA-IR ratio contributed to part of
the detected heterogeneities, suggesting that the inconsistent findings may be due to
geographical differences, variability of PCOS relevant factors, as well as other factors in
cases versus controls.

We noted considerable heterogeneity across studies for the overall pooled analysis. The high
heterogeneity was not eliminated by the numerous subgroup analyses (Table 3). We think
the heterogeneity may be relevant to variability in ethnicity of study participants, PCOS
relevant factors like HOMA-IR ratio, as well as other factors not assessed in the current
analysis, as suggested by the meta-regression analysis. We also should acknowledge that
except for limited studies, in the majority of included studies there were limited numbers of
involved participants. The pooled analysis in the current study was merely based on
unadjusted results. Future large-scale studies evaluating the relationship between ghrelin
level and PCOS after considering potential confounders are warranted to better characterize
this issue. Furthermore, even though our analyses suggested an association between ghrelin
level and PCOS risk, the clinical usage of this parameter in PCOS risk assessment and
prediction may be limited, considering the significant variation of ghrelin level as detected.

In conclusion, after summarizing available evidence we identified that ghrelin levels were
significantly lower in PCOS patients than in controls, suggesting a potential role of ghrelin
in the development of PCOS. However, high heterogeneity was identified, besides
inconsistent findings were suggested in subgroup analyses. Further studies with large sample
size and consideration of relevant confounders are needed to better clarify the exact
association between ghrelin levels and PCOS.
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109 articles identified through literature search

Y N

| article from reference list 5

73 excluded based on duplication and screening of
titles and/or abstracts using general criteria

37 potentially relevant articles were identified for further review

17 Articles excluded:

4 did not report fasting circulating ghrelin level in healthy controls;
6 did not report fasting circulating ghrelin level in healthy controls

and PCOS patients;

7 did not report usable or enough data of risk estimates and
contacted authors did not provide necessary information;

v

20 studies included in analysis

Figure 1.
Flow chart for selection of eligible studies
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Zwirska—Korczala 2 (2008) —4—— : —4.15(=5.26,-3.04) 3.02
Bideci 1 (2008) | —— 0.64 (—0.10, 1.38) 3.72
Bideci 2 (2008) —r —0.75(—1.44,-0.06) 3.82
Mahde (2009) —t -0.63 (—1.08, -0.18) 4.23
Temel (2010) — : —2.05 (—2.68, -1.42) 393
Panidis (2010) —ft-— —0.24(-0.92,044) 383
Ozgen_1(2010) -1 0.21 (-0.62, 1.04) 3.55
Ozgen 2 (2010) —4—— —0.45(-1.29,038) 3.54
Shi_1(2011) :--0— 0.31(-0.26,0.88)  4.03
Shi_2 (2011) -:-OI— —0.07 (-0.65,0.51) 4.02
Daghestani (2011) -:-OI-— —0.09 (-0.60,0.42) 4.14
Houjeghani (2011) -+—— —0.08(-0.59,0.43) 4.14
Kale—Gurbuz (2013) —— 0.04 (-0.60,0.67) 391
Arusoglu (2013) —-0:—- —0.51(-1.18,0.15) 3.86
Cassar_1(2014) -:—0'— 0.00(-0.59,0.59)  4.00
Cassar_2(2014) -:—0— 0.13 (—0.49, 0.76) 3.94
Japur (2014) — —0.31(-0.86,0.23) 4.07
Overall (I-squared = 86.7%, p = 0.000) <> —0.40 (-0.73, -0.08) 100.00
I
NOTE: Weights are from random effects analysis :
1 |
=5.26 0 5.26

Figure 2.

Forest plot (random effects model) of circulating ghrelin levels and polycystic ovary

syndrome
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Table 3

Summary risk estimates of circulating ghrelin levels and polycystic ovary syndrome

No of reports | Random-effects SMD (95% CI) | 12 (%) | P for heterogeneity
Overall 26 -0.40 (-0.73, -0.08) 86.7 <0.001
Subgroup analysis
Age
Adult (=20y) 21 -0.49 (-0.87, -0.10) 88.8 <0.001
Adolescent (<20) 5 -0.07 (-0.55, 0.42) 53.8 0.070
BMI
<25 9 -0.25 (-0.78, 0.28) 815 <0.001
225 12 -0.42 (-0.87, 0.04) 83.7 <0.001
unknown 5 -0.66 (-1.64, 0.32) 94.9 <0.001
Study quality
High 14 —0.77 (-1.45, —0.08) 92.7 <0.001
Low 12 -0.12 (-0.36, 0.12) 54.4 0.008
Location
Europe 10 -0.84 (-1.56, -0.13) 92.8 <0.001
America 1 -0.31 (-0.86, 0.23) - -
Asia 5 -0.14 (-0.45, 0.17) 435 0.132
Australia 3 0.35 (-0.25, 0.95) 58.3 0.091
Turkey 7 -0.42 (-1.10, 0.25) 84.4 <0.001
Blood sample
Plasma 8 -0.51 (-1.08, 0.06) 87.7 <0.001
Serum 18 -0.35 (-0.78, 0.07) 87.1 <0.001
Method of measurement
RIA 17 -0.45 (-0.86, —0.04) 84.5 <0.001
EIA 9 -0.32 (-0.91, 0.27) 90.5 <0.001
HOMA-IR ratio
<1.36 5 -0.15 (~0.46, 0.16) 0.0 0.796
1.36-1.7 4 -1.09 (-2.45, 0.28) 95.1 <0.001
1.71-2.12 5 -0.66 (-1.42, 0.10) 86.6 <0.001
>2.12 1 -4.15 (-5.26, —3.04) - -
not reported 11 0.05 (-0.27, 0.38) 70.1 <0.001
T-ratio
<1.68 8 -0.85 (-1.59, -0.12) 90.5 <0.001
1.68-2.49 11 -0.43 (-0.91, 0.06) 86.2 <0.001
>2.5 1 -0.01 (-0.50, 0.47) - -
not reported 6 0.12 (-0.49, 0.73) 81.3 <0.001
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