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Abstract
Objective To comprehensively evaluate the effect of low birth weight on premature ovarian insufficiency.

Methods We performed a systematic review of the literature by searching MEDLINE, EMBASE, Web of Science,
Scopus, Wanfang and CNKI up to August 2023. All cohort and case-control studies that included birth weight

as an exposure and premature ovarian insufficiency as an outcome were included in the analysis. Data were
combined using inverse-variance weighted meta-analysis with fixed and random effects models and between-study
heterogeneity evaluated. We evaluated risk of bias using the Newcastle Ottawa Scale and using Egger’s method to
test publication bias. All statistical analyses were performed with the use of R software.

Results Five articles were included in the review. A total of 2,248,594 women were included, including 21,813 (1%)
cases of premature ovarian insufficiency, 150,743 cases of low birth weight, and 220,703 cases of macrosomia. We
found strong evidence that changed the results of the previous review that low birth weight is associated with an
increased risk of premature ovarian insufficiency (OR=1.15, 95%Cl| 1.09-1.22) in adulthood compared with normal
birth weight. No effect of macrosomia on premature ovarian insufficiency was found.

Conclusions Our meta-analysis showed strong evidence of an association between low birth weight and premature
ovarian insufficiency. We should reduce the occurrence of low birth weight by various methods to avoid the
occurrence of premature ovarian insufficiency.

Keywords Low birth weight, Premature ovarian insufficiency, Birth weight

Introduce

According to the latest evidence, there are about 18 mil-
lion low birth weight infants (LBW, birth weight less
than 2500 g) worldwide [1]. The main causes of low birth

fChengyang Jiang and Tongging Gao contributed equally to this

work. weight are preterm birth and intrauterine growth restric-
*Correspondence: tion [2]. Low birth weight infants have higher early life
Xinghai Yang mortality than normal birth weight infants [3]. However,
/5493654@qG.com there is increasing evidence that low birth weight has a

'Department of Pediatric Surgery, Tongji Medical College, Maternal and

Child Hospital of Hubei Province, Huazhong University of Science and significant impact not only in early life, but also through-

Technology, Wuhan 430070, Hubei, China out the life course [4].

Hubei University of Chinese Medicine, Wuhan 430065, Hubei, China Premature ovarian insufﬁciency (POI) is a disease asso-
3School of Medicine, Wuhan University of Science and Technology, . . . .

Wuhan 430065, Hubei, China ciated with female reproduction, which means the loss of

©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this

article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available
in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13048-024-01357-9&domain=pdf&date_stamp=2024-4-2

Jiang et al. Journal of Ovarian Research (2024) 17:74

ovarian function before the age of 40 years [5]. Accord-
ing to the guidelines of the European Society of Human
Reproduction and Embryology [6], POI was defined as
two episodes of elevated FSH levels (>25 IU/L) more
than 4 weeks apart in women younger than 40 years of
age with oligomenorrhea or amenorrhea for at least 4
months. The latest research results show that the global
incidence of premature ovarian insufficiency is about
3.5%, of which the iatrogenic injury is about 11.2%, and
the autoimmune factor is about 10.5% [7]. Of note, we
found an increasing trend in the incidence of premature
ovarian insufficiency [8].

At present, the etiology of premature ovarian insuf-
ficiency is not completely clear, and studies have shown
that premature ovarian insufficiency is related to genetic
factors, metabolic factors, and autoimmune factors [8].
However, the effect of birth weight on premature ovarian
insufficiency is still unclear. We designed this meta-anal-
ysis to comprehensively examine the effect of low birth
weight on premature ovarian insufficiency.

Method

The methodology follows the MOOSE [9] statement
and is explained under seven categories: search strategy,
inclusion and exclusion criteria, databases, study selec-
tion, data extraction, quality assessment, and statistical
analysis. (Supplementary Table 1) The protocol of this
systematic review was registered in the international pro-
spective register of systematic reviews (PROSPERO ID:
CRD42023455698).

Search strategy

The following PECO (Population, Exposure, Compari-
son, Outcome) elements were included in the system-
atic review: (1) Population: postmenopausal women; (2)
Exposure: birth weight (3) Comparison: normal birth
weight women; (4) Outcome: women with premature
ovarian insufficiency. The search keywords were “birth
weight” and “premature ovarian insufficiency “ and the
deadline was August 1, 2023. The specific search for-
mula is in the Supplementary Table 2. To identify eligible
studies, a primary search was conducted in electronic
databases MEDLINE, EMBASE, Scopus, Cochrane
(CENTRAL), Wanfang and CNKI. In addition, we manu-
ally searched all references cited in the original studies.
The primary search was performed independently by
two investigators (CY J and TQ G). Discrepancies were
resolved by consultation with investigators (XH Y) who
were not involved in the initial procedures.

Inclusion and exclusion criteria

Specific inclusion criteria were as follows: (1) studies on
postmenopausal women; (2) studies that provide extract-
able data. Both cohort and case-control studies met the
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inclusion criteria. The following studies were excluded:
(1) no control group (no normal birth weight group); (2)
use of hormone therapy; (3) Women with history of poly-
cystic ovary syndrome (PCOS) were included in the orig-
inal study; (4) Women with hysterectomy or cessation of
menses for other reasons were included in the original
study. The authors of articles with incomplete data were
contacted within the specified time limit to obtain origi-
nal research data.

Parameter definition

Low birth weight: birth weight less than 2500 g; Normal
birth weight: birth weight 2500-4000 g; Macrosomia:
birth weight more than 4000 g.

Data extraction

Two investigators (CY J and TQ G) reviewed all eligible
studies. The following data were extracted and recorded:
(1) the first author; (2) the year of publication; (3) the
country in which the study was conducted; (4) study
design (case-control or cohort); (5) duration (available
in cohort); (6) the total number of cases; (7) number of
women diagnosed with POI (8) number of normal post-
menopausal women; (9) the number of low birth weight
cases in each category; (10) the number of normal birth
weight cases in each category; (11) number of macro-
somia cases in each category. Article screening, quality
assessment, and data extraction were developed with an
online software for systematic review management (Cov-
idence.org).

Risk of bias

Newcastle-Ottawa Quality Assessment Scale for cohort
studies (NOS) was used to assess the quality of each
study. It consists of eight questions composed of three
axes: study selection, comparability and verification of
exposure, and outcome investigated. This instrument has
a classification system in which an article receives stars
for each criterion met. The categories of quality classifi-
cation for studies are (1) low quality—when the article
receives up to 3 stars, (2) moderate quality—from 4 to 6
stars, and (3) high quality—from 7 to 9 stars [9]. (Supple-
mentary Table 3)

Statistical analysis

Risk factors for premature ovarian insufficiency were
compared between (1) low birth weight women and nor-
mal birth weight women, and (2) normal birth weight
women and macrosomia. Heterogeneity was tested using
Cochrane chi-square, and I? statistics were calculated.
1> 30-50% was considered moderate, while values>50%
were considered highly heterogeneous. Fixed and ran-
dom effects models were used for data synthesis.
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Associations are reported as odds ratios (OR) and their
95% confidence intervals (CI). A p-value of <0.05 was
considered statistically significant. Publication bias was
formally tested using Egger’s test (P-value>0.05 indicated
no publication bias). All statistical analyses were per-
formed with the use of R software.

Results

Characteristics of the studies

After exclusion of duplicates, the initial search provided
12,685 results, of which 23 were assessed as full text after
exclusion of duplicate articles. (Fig. 1) Of these, 20 arti-
cles were excluded for the following reasons: (1) Wrong
outcome (n=9); (2) No data for birth weight (n=2); (3)
No data for premature ovarian insufficiency (n=2); (4)
Wrong study type (n=4); (5) Non-English language
(n=1). Five studies were included in the quantitative
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analysis [10-14]. The studies were published between
2010 and 2022. There were 1 case-control [10] study and
4 cohort studies [11-14]. The countries where these stud-
ies were conducted were the United Kingdom, the United
States, Sweden, Norway, and the Netherlands. The num-
ber of subjects ranged from 151 to 19,892,017. A total of
22,942 women were diagnosed with POI, among whom
1248 were low birth weight infants. Descriptive infor-
mation of the included study articles is summarized in
Table 1.

Risk of bias

The quality assessment of the included studies is shown
in Supplementary Table 2. All cohort study is rated “low
risk of bias” One case-control study was also rated as
having a “moderate risk of bias”

{ Identification of studies via databases and registers J‘
Records identified from*:
= Databases (n = 12685)
=} ; Records removed before
= Wanfang (n = 4) screening: M
g PubMed (n = 804) — Duplicate records removed.
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5 WOS (n = 3440) =
e Embase (n = 8433)
Scopus (n = 110)
v

Records screened.
(n =8325)

b4

Reports sought for retrieval,
(n =24)

A4

Screening

Reports assessed for eligibility.
(n=23)

A4
3 Studies included in review.
B | (n=5)
° Reports of included studies.
£l | (n=5)
S

Fig. 1 PRISMA flow diagram

Records excluded.
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No data for birth weight (n=2)
Wrong outcome (n=9)
No data for premature
ovarian insufficiency (n=2)
Wrong study type (n=4)
Wrong language (n=1)
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2 g LBW and POI
Z 3 0 ~o 0~ A total of five studies provided available data for the
calculation of odds ratios for premature ovarian insuf-
:‘;? 50 8 3 g ficiency in low birth weight infants compared with nor-
ERARNIRNEE mal birth weight infants. Meta-analysis using a fixed
effect model showed a significant association between
5 |99 oo low birth weight and premature ovarian insufficiency,
s a8 T with a pooled OR=1.15 (95%CI, 1.09-1.22, ?’=44.3%, P
S S’r - heterogeneity >0-05) (Fig. 2). No significant publication bias
) A § & was found by Egger’s test (t=0.87, P=0.4501) (Fig. 3).
Se g g a o g The random-effects model was used to reanalyze the
SEnolidan results, with OR of 1.21 (95%CI, 1.08-1.35, I°’=44.3%, P
3 R heterogeneity >0-05). This is similar to our previous results.
- EREEE
E E (3 T‘, C C r\\‘, % Macrosomia and POI

A total of four studies provided available data for the
calculation of odds ratios for premature ovarian insuf-
ficiency in macrosomia versus normal birth weight
infants. Using a random effects model, the meta-analysis
showed no significant association between macroso-
mia and premature ovarian insufficiency, with a pooled
OR=0.45(95%CI, 0.09-2.28, 1*=99%, P heterogeneity <0-05)
(Fig. 4). No significant publication bias was found by Egg-
er’s test(t=-0.91, P=0.4577). (Fig. 5).
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Experimental Control
Study Events Total Events Total
Tom2010 16 192 174 3123
RL2022 204 97609 1692 1033114
Sydsj2020 874 44086 17753 989792
Sadrzadeh2017 8 23 40 97
KB2020 146 8833 906 71725
Common effect model 150743 2097851

Heterogeneity: /° = 44%, t° = 0.0062, p = 0.13
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Fig. 2 Meta-analysis for the association between of low birth weight and premature ovarian insufficiency
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Fig. 4 Meta-analysis for the association between of macrosomia and premature ovarian insufficiency

meta-analysis of low birth weight for premature ovarian
insufficiency.

Although they found no effect of birth weight on age
at menopause between monozygotic and dizygotic twins
in a previous study of twins, they also showed that there
was a significant difference in birth weight between
twins with premature menopause (age<35 years) [16].
Also looking at famine-era populations, each kilogram
increase in birth weight was associated with a 22%

reduction in the hazard of early menopause, and adjust-
ment for smoking did not change this estimate [17].

We found a significant association between low birth
weight and the occurrence of premature ovarian insuffi-
ciency. However, as birth weight increased, there was no
significant protective effect. We included a large sample
of cohort studies and used standardized methods to syn-
thesize the study results and reach reliable conclusions.
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Fig. 5 Egger’s test for Macrosomia and POI

It has been reported in previous articles that low birth
weight is not only associated with a longer length of hos-
pital stay at birth and cost of production, but also has
been shown to have a significant effect on all-cause mor-
tality at the end of life [18]. In addition, many late-onset
diseases have been confirmed to be associated with low
birth weight, such as diabetes, asthma, leukemia, neuro-
blastoma, and hypertension [19-24].

Some clinical and experimental studies have shown
that early intrauterine dysplasia can lead to the decline of
ovarian follicle reserve, the change of ovulation rate [25]
and the change of menarche age [26]. Studies have shown
that oligoovulation and anovulation are more common
in low birth weight and small for gestational age infants
during puberty than in normal children [27]. It has also
been suggested that a lower birth weight is associated
with an earlier onset of menarche in female children [28],
which may also lead to an earlier cessation of ovulation.

Morphological studies have also shown that the devel-
opment of various organs of the body in low birth weight
fetuses has changed compared with normal birth weight
infants [29]. It has been confirmed that female infants
with anatomically low birth weight have a lower propor-
tion of ovarian volume than normal female infants [30].
The endocrine overproduction of FSH occurs in low-
birth-weight women, and FSH and insulin are thought to
be key hormones that influence spontaneous ovulation
[31].

Animal studies have also shown that low birth weight
mice exhibit different reproductive cycles from nor-
mal mice due to leptin, estrogen, and insulin resistance.
Meanwhile, the number of corpus luteum and small
follicles in the ovaries of LBW mice was significantly
reduced, while the number of large cystic structures indi-
cating anovulation was increased [32].

Some of the causes of low birth weight are influenced
by maternal nutrition during pregnancy [33]. Interest-
ingly, the Dutch study showed that women with low birth
weight due to starvation also had offspring with low birth
weight [34]. This may lead to intergenerational transmis-
sion of ovarian developmental and endocrine abnormali-
ties associated with low birth weight. We need to take
more measures to improve the nutrition of pregnant
women and other measures to prevent intergenerational
transmission caused by nutritional conditions [35].

Conclusion and implications for clinical practice
and future research

We used standardized procedures to comprehensively
assess the risk of low birth weight and premature ovar-
ian insufficiency, including multiple large sample cohort
studies to minimize bias, and finally concluded that low
birth weight was a significant risk factor for premature
ovarian insufficiency. Although we have not been able to
determine the effect of birth weight on premature ovar-
ian insufficiency with a U-shaped shape due to limita-
tions of the original study, a comprehensive approach is
needed to reduce the risk of low birth weight.

Although we have established the effect of low birth
weight on premature ovarian insufficiency, we have not
known whether effective measures exist to improve the
outcomes of premature ovarian insufficiency in early life.
Future experiments with larger samples may address this
issue.

Limitations of our study

Although we tried to minimize bias, birth weight was
self-reported in some studies, which inevitably intro-
duces recall bias. At the same time, limited by the charac-
teristics of observational research, we cannot completely
rule out all potential confounding factors, which still
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needs further reliable experiments with large samples.
At the same time, the number of studies included in
this Meta-analysis was small, and more studies may be
needed to verify the results in the future.
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