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ABSTRACT. It has been reported that the estrogen receptor alpha 
(ESR1) rs9340799 polymorphism is associated with age at menarche 
(AAM). However, recent investigations have generated inconsistent 
results. This study aimed to establish a more precise estimation of the 
association between this polymorphism and AAM. A meta-analysis 
was conducted based on an in silico literature search using PubMed. 
Six studies presenting continuous data, including ESR1 rs9340799 
genotype frequencies, were selected. Effect size was estimated using 
Hedges’ adjusted g with 95% confidence intervals (CIs), which were 
calculated based on the standardized mean difference between groups 
of subjects and different genotypes. No evidence of an association 
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between the ESR1 rs9340799 polymorphism and AAM was found in 
the pooled continuous data under any genotype comparison (AA vs 
GG+AG: Hedges’ g = -0.085, 95%CI = -0.202-0.032, P = 0.156; GG 
vs AA+AG: Hedges’ g = 0.143, 95%CI = -0.041-0.327, P = 0.129; A vs 
G: Hedges’ g = 0.187, 95%CI = -0.032-0.406, P = 0.095). Moreover, a 
funnel plot generated using this data was found to be symmetrical using 
the Egger (P = 0.797) and Begg tests (P = 0.851), indicating the absence 
of publication bias. In summary, our meta-analysis shows that the ESR1 
rs9340799 polymorphism is not a significant, independent contributing 
factor to AAM. To validate this finding, further studies involving larger 
numbers of participants are needed.
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INTRODUCTION

Age at menarche (AAM) is an important trait concerning women’s health. Menarche, 
the first menstruation, marks the beginning of female reproductive life and is considered one 
of the most important events in puberty. It is well-known that early onset of menarche is 
associated with elevated risk of breast and endometrial cancers (Peeters et al., 1995; Kaaks et 
al., 2002). Late menarche decreases the likelihood of coronary heart disease; however, it may 
increase susceptibility to Alzheimer’s disease and osteoporosis (Ito et al., 1995; Rees, 1995). 
Therefore, from a clinical point of view, understanding the potential factors responsible for 
AAM may shed light on the pathophysiology of these diseases.

The effects of several factors, including environmental and lifestyle influences, have 
been considered in relation to AAM, in particular, height, weight, and body mass index. 
Increased fat uptake and early maternal menarche have been reported as positive predictive 
factors of precocious menarche, while sports activity seems to delay the onset of menstruation 
(Merzenich et al., 1993; Chie et al., 1997). Twin and family studies have suggested that 
approximately 53-74% of the variation in AAM can be attributed to genetic factors (Kaprio et 
al., 1995; Sharma, 2002). Several genes have been reported to be associated with this event, 
such as estrogen receptor alpha (ESR1; Stavrou et al., 2002; Long et al., 2005), sex hormone-
binding globulin, androgen receptor, and cytochrome P450c17a (Jorm et al., 2004; Chang et 
al., 2005; Xita et al., 2005).

AAM is dependent on the maturity of the female reproductive system and that of 
other endocrine organs. Estrogen plays an important role in the maturation and function of 
the reproductive system, and can stimulate hyperplasia of mammary gland epithelial cells, 
mainly through interaction with estrogen receptor (ESR) and the modification of downstream 
gene expression. ESR has two major forms, alpha and beta. The former, encoded by the ESR1 
gene, is of relevance to AAM. Human ESR1 comprises eight exons spanning more than 300 
kb of chromosome 6q25.1. A number of studies have investigated potential associations 
between ESR1 polymorphisms and AAM in humans (Stavrou et al., 2002; Gorai et al., 
2003; Xu et al., 2005; Mitchell et al., 2008; Kulik-Rechberger et al., 2010; Silva et al., 
2010). However, their results have been inconsistent. Therefore, the aim of this study was to 
investigate the putative relationship between the ESR1 rs9340799 polymorphism and AAM 
using a meta-analysis.
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MATERIAL AND METHODS

Identification and eligibility of relevant studies

The PubMed/MEDLINE database was searched using various combinations of the 
query terms “ESR1”, “polymorphism”, “age at menarche”, or “menarche” and “rs9340799” 
(the final search was performed on December 28, 2015). Any human population-based 
association study with continuous results that reported means and standard deviations of AAM 
according to ESR1 rs9340799 genotype, and provided sample sizes for each genotype group 
was selected, regardless of the study size. Furthermore, citations included in the identified 
articles were used as a source of additional publications.

Data extraction

Two investigators independently extracted data for analysis. Results were compared and 
disagreements resolved by consensus. In instances of overlapping data being published by the same 
investigator in multiple studies, only the most recent report was included in the meta-analysis.

Statistical analysis

For each genotype comparison, pooled standardized mean differences (SMDs) and 
95% confidence intervals (CIs) were calculated to measure the strength of any association 
between the ESR1 rs9340799 polymorphism and AAM. For continuous outcomes, Hedges’ 
adjusted g was used to measure effect size (Hedges and Olkin, 1985). This commonly used 
estimator of effect is calculated based on the SMD between two groups. Heterogeneity 
across studies was examined using the Q-statistic, for which P values < 0.05 were considered 
significant (Lau et al., 1997). Random- and fixed-effect models were used to conduct the meta-
analysis when heterogeneity was found to be present and absent, respectively.

Potential publication bias was assessed using the Begg test (the funnel-plot method) 
and the Egger linear regression test, for which P values < 0.05 were considered significant 
(Egger et al., 1997). All statistical analyses were performed with the Stata software (version 
8.2; StataCorp, College Station, TX, USA).

RESULTS

Eligible studies

The literature search and subsequent selection process based on the inclusion criteria 
identified six studies including continuous outcomes regarding the association between the 
ESR1 rs9340799 polymorphism and AAM. In total, the eligible investigations included 1400 
women (Table 1).

Meta-analysis

The results of our meta-analysis testing the association between the ESR1 rs9340799 
polymorphism and AAM, and those of the heterogeneity test, are shown in Table 2 and Figure 1. 
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SMD = standardized mean difference; CI = confidence interval.

Table 2. Hedges’ g values and 95% confidence intervals concerning the relationship between age at menarche 
and the ESR1 rs9340799 polymorphism under different genetic models.

Genotype comparison Hedges’ g pooled SMD (95%CI), P Heterogeneity P value Begg’s test P value Egger’s test P value 
AA vs GG+AG -0.085 (-0.202-0.032), 0.156 0.946 0.851 0.797 
AA+AG vs GG 0.143 (-0.041-0.327), 0.129 0.138 0.851 0.865 
A vs G 0.187 (-0.032-0.406), 0.095 0.295 0.851 0.710 

 

Figure 1. Forest plot of standardized mean differences (SMDs) concerning the association between age at menarche 
and the ESR1 rs9340799 polymorphism for the AG+GG vs AA genotype comparison. Squares and horizontal lines 
represent study-specific SMDs and 95% confidence intervals (CIs), respectively. The area of each square signifies 
study-specific weight, while the diamond depicts the pooled SMD and 95%CI.

SD = standard deviation.

Table 1. Summary of the eligible studies used in our meta-analysis of the association between the ESR1 
rs9340799 polymorphism and age at menarche (AAM).

Author Year Country N AAM, GG genotype 
(years, means ± SD) 

N AAM, AG genotype 
(years, means ± SD) 

N AAM, AA genotype 
(years, means ± SD) 

P 

Silva 2010 Brazil 40 13.3 ± 1.8 219 13.3 ± 1.9 14 13.3 ± 1.9 >0.05 
Kulik-Rechberger 2010 Poland 19 12.94 ± 0.76 57 13.15 ± 1.00 51 13.12 ± 0.96 >0.05 
Mitchell 2008 USA 17 13.0 ± 1.2 65 12.7 ± 1.5 68 12.6 ± 1.2 1.54 
Hong Xu 2005 China 14 13.4 ± 1.3 147 13.7 ± 1.4 229 13.5 ± 1.4 0.57 
Gorai 2003 Japan 9 14.5 ± 1.6 97 13.8 ± 1.3 209 13.8 ± 1.3 0.456 
Stavrou 2002 USA 35 13.36 ± 1.24 56 12.80 ± 1.14 54 12.75 ± 1.35 0.017 
 

Overall, rs9340799 variant genotypes were not found to be associated with AAM under any 
genetic model (AA vs GG+AG: Hedges’ g = -0.085, 95%CI = -0.202-0.032, P = 0.156; GG vs 
AA+AG: Hedges’ g = 0.143, 95%CI = -0.041-0.327, P = 0.129; AA vs GG: Hedges’ g = 0.187, 
95%CI = -0.032-0.406, P = 0.095).
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Publication bias

The Egger test was performed and a funnel plot was generated to estimate any 
publication bias present among the selected literature. As shown in Figure 2, the Egger test 
provided statistical evidence of funnel plot symmetry, based on the dominant genetic model 
(AA vs AG+GG: P = 0.797), suggesting the absence of publication bias.

Figure 2. Funnel plot assessing publication bias in our meta-analysis of the relationship between the ESR1 
rs9340799 polymorphism and age at menarche, based on the AA vs AG+GG model. SMD = standardized mean 
difference; SE = standard error.

DISCUSSION

Menarche is the first menstruation, marking the beginning of a woman’s reproductive 
life, and therefore representing one of the most important events in female puberty. AAM 
is a genuinely complex attribute determined by interactions between myriad factors, 
including environmental, genetic, and socioeconomic elements. Recognized influences on 
AAM include nutrition, exercise, socioeconomic status, psychosocial stimuli, childhood 
experience, rural or urban birthplace, and general health (Long et al., 2005). Moreover, 
over the past two centuries, AAM in humans has been decreasing, although it is unclear 
whether this trend has leveled off or even reversed in recent years. This gradual reduction 
is typically attributed to socioeconomic improvements in various human populations over 
the last 200 years (Onland-Moret et al., 2005). Nevertheless, the contribution of genetics to 
AAM may be more important than environment or socioeconomics. Given the complicated 
nature of AAM, the potential number of genes involved may be very large. For example, the 
Skeletal Gene Database lists several hundred genes related to bone biology (Ho et al., 2000). 
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Moreover, different research groups have obtained evidence of associations with several 
candidate genes, including those in biochemical pathways involved in ovarian estrogen 
production and signaling. The estrogen hormone exerts its genomic and nongenomic 
effects via proteins encoded by the ESR1 and ESR2 genes. The importance of estrogens 
and their biochemical signaling pathways in human physiology and pathology has been 
corroborated by a vast amount of data collected by multiple, independent biomedical 
researchers, spanning diverse disciplines.

We performed a systematic literature review by means of a meta-analysis of the 
association between the ESR1 rs9340799 polymorphism and AAM, with no evidence 
of publication bias among the included reports. Of the six studies reporting continuous 
outcomes, only one (Stavrou et al., 2002) described a positive result, suggesting increased 
AAM among US women carrying the A allele and decreased AAM among those with the 
G allele. By contrast, the other studies examined demonstrated no significant difference 
between ESR1 rs9340799 genotypes in terms of AAM (Gorai et al., 2003; Xu et al., 2005; 
Mitchell et al., 2008; Kulik-Rechberger et al., 2010; Silva et al., 2010). Besides the small 
sample sizes, differences in ethnicity may be a major reason for such disagreement. The 
pooled SMD from our meta-analysis suggested no significant association between the 
ESR1 rs9340799 polymorphism and AAM.

The two ESR subtypes (alpha and beta) derive from distinct genes on separate 
chromosomes. The gene encoding ESR1, the primary receptor for estrogen, is located on 
chromosome 6q25.1 and spans >140 kb, consisting of eight exons separated by seven 
introns. As this subtype is the main mediator of the protective effect of estrogen (Figtree et 
al., 2009), variation in ESR1 was the focus of this meta-analysis.

Polymorphisms of ESR1 were first recognized over two decades ago, shortly after 
the genomic structure of chromosome 6 had been established. Recent studies of variations 
within ESR1 have identified single nucleotide polymorphisms (SNPs) associated with 
several diseases, including breast, prostate, and endometrial cancer, osteoporosis, and 
neurodegenerative diseases (Gennari et al., 2005; Liu et al., 2005).

Sequence variation in this gene is one of the most potent mechanisms responsible 
for modulation of its expression. Susceptibility to restriction digestion by endonucleases 
has greatly expanded the capability of researchers to investigate ESR1 polymorphisms, 
particularly through the use of PvuII and XbaI. The two corresponding SNPs are located 
in the first intron, 397 and 351 bp upstream of exon 2, with the XbaI restriction site 
polymorphism consisting of an A-to-G transition (rs9340799). These sequence variations 
may have functional consequences by modifying ESR1 expression through altered 
transcription factor binding, and influencing alternative splicing (Herrington et al., 2002).

The present meta-analysis summarizes data from six observational studies with 
continuous outcomes testing the effects of the ESR1 rs9340799 polymorphism on AAM. 
Overall, our results suggest that there is no association between this variant and AAM based 
on the pooled dataset, comprising a multiethnic study population. Although menarcheal 
age is affected by nutrition and other environmental and lifestyle factors, such information 
was not available in the present study, and therefore was not used to adjust the raw data. 
There is a need for further well-designed, large studies to validate the association between 
the ESR1 rs9340799 polymorphism and AAM in different populations, while also taking 
into consideration nutritional and environmental influences on AAM.
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