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Abstract 

Background: Genes involved in the IGF-1 aging pathways in the human ovary can be considered 
strong candidates for predictors of the natural menopause timing. This study evaluates the asso-
ciation between a cytosine-adenine (CA) microsatellite polymorphism in the IGF1 gene promoter 
P1 and age at natural menopause. 
Methods: Genomic DNA was extracted from the peripheral blood, PCR was performed using 
primers designed to amplify the polymorphic (CA)n repeat of the human IGF1 gene, an allele dose 
effect for the most common (CA)19 repeats allele, Cox proportional hazard regression models 
and the Kaplan-Meier cumulative survivorship method with the log-rank test were used to de-
termine statistical significance of studied associations in a sample of 257 Polish women aged 40-58 
years.  
Results: Crude Cox proportional hazard regression analysis confirmed the association between 
the IGF1 gene polymorphism and the menopause timing (p=0.038). This relationship remained 
statistically significant after controlling for other menopause confounders in multivariate model-
ling. Out of the input variables, the (CA)n polymorphism in the IGF1 gene promoter, age at 
menarche and smoking status were independent covariates of the natural menopause timing (χ2 
=12.845; df=3; p=0.034). The onset of menopause at a younger age was likely associated with the 
IGF1 genotype variant not carrying the (CA)19 repeats allele, menarche before the age of 12 and a 
current cigarette smoker status (HR=1.6).  
Conclusion: This study provides evidence that a common cytosine-adenine (CA) microsatellite 
repeat polymorphism in the P1 promoter region of the IGF1 gene is an independent predictive 
factor for age at natural menopause in Caucasian women also after adjusting for other menopause 
covariates. 

Key words: candidate gene approach, cytosine-adenine (CA) microsatellite polymorphism, IGF1 gene, age at 
natural menopause, age at menarche, smoking status 

Introduction 
Menopause is a life-history trait that marks the 

end of a woman’s reproductive life and uniquely 
features her life cycle typically occurring well before 

senescence of other physiological functions and long 
before reaching maximum life expectancy.1 Physio-
logically, menopause is characterized by a permanent 
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cessation of menstruation resulting from continuous 
depletion of a fixed number of primordial follicles, the 
great majority of which are lost due to atresia, leading 
to almost total depletion and loss of ovarian follicular 
activity at the female mid-life. Depletion in follicle 
supply is accompanied by a decline of circulating es-
trogen and its metabolites and a relative increase of 
circulating androgens causing typical vasomotor, 
somatic, urogenital and psychological alterations.2  

This curtailing of female reproduction com-
monly occurs between 45 and 55 years of age with 
worldwide estimates of average age at natural men-
opause varying from 44.6 years in Indian women 
from Punjab, 51.2 years in Polish and 52.0 years in 
French women.3,4 There has been evidence of shifting 
the natural menopause timing across Europe towards 
older ages, thereby confirming suggestions for secular 
trends.5 

In recent years, the timing of menopause has 
gained attention for several reasons. Firstly, in most 
Western countries, a trend towards delayed maternal 
first birth has been recognized. This new trend is 
generally associated with a reduction in female total 
fertility. In this context, prediction of menopause 
timing, i.e. the onset of subfertility and/or infertility, 
is of clinical significance.6 Secondly, the menopause 
timing is likely to be associated with common diseas-
es. There is epidemiologic evidence that an early onset 
of menopause is associated with an increased risk of 
cardiovascular diseases, osteoporosis and overall 
mortality, whereas a later age at menopause is asso-
ciated with an elevated risk of breast, ovarian, and 
endometrial cancers.7-9  

Age at menopause may be considered a complex 
quantitative trait that is determined by multiple fac-
tors: genetic, vascular and environmental. Population, 
twin and family-based studies suggest that the wide 
age range for natural menopause is most likely due to 
gene–environment interactions of many genes with 
widespread environmental exposures over the female 
lifespan. The heritability estimates range from 31 to 
78%.10-12 Environmental factors affecting the onset of 
menopause are commonly attributed to life-history 
traits; specifically to characteristics of the individual’s 
reproductive period, socio-economic status and life-
style behaviour, and they are likely to account only for 
a small part (ca 4%) of the total menopause age varia-
tion.4,13,14 

Recent genome-wide linkage (GWL) analyses 
using microsatellite markers have identified chromo-
somal regions likely to store genes for the onset of 
natural menopause.10,11,15  

Some novel genetic loci associated with meno-
pausal age have been identified within genome wide 
association (GWAS) studies. The recent discovery of 

thirteen new regions of the genome associated with 
menopause timing has shed new light on the biologi-
cal pathways involved in the processes of reproduc-
tive ageing and age-related diseases.16 To date, more 
than 17 novel genetic loci have been identified in 
GWAS for age at natural menopause.17 

In a 2010 large-scale candidate-gene association 
study of age at menarche and age at natural meno-
pause, He and her colleagues proposed eight groups 
of candidate genes that may play a role in natural 
menopause age; including genes involved in biologi-
cally plausible pathways and those for related phe-
notypes.18 They also revealed a statistically significant 
association at the gene level between the IGF1 gene 
and natural menopause age.  

The IGF1 gene has a single copy in the human 
genome located on chromosome 12 (12q22.1-q24.1).19 
The genomic sequence is approximately 85,000 bases 
long and has 6 exons.20 The IGF1 gene transcription is 
controlled by two promoters referred to as P1 and P2 
and situated before exons 1 and 2, respectively.21 The 
main promoter region P1 consists of the DNA frag-
ment situated upstream from the transcription start 
site, 1,630 base pairs long and a fragment of exon 1, 
the so-called 5’UTR, 322 base pairs long. The exon 1 
5’UTR fragment is indispensable for regular and effi-
cient transcription of this gene and remains its most 
conserved part.22 The most common analyzed poly-
morphism in IGF1, located in the 5’ regulatory region 
of the gene, is a cytosine-adenine (CA) microsatellite 
polymorphism, 969 kbp upstream from the IGF1 gene 
promoter.23 It comprises a variable length of CA re-
peats ranging from a minimum of 10 to a maximum of 
23 repeats; the most common allele has 19 repeats 
(CA19).24,25 This polymorphism is thought to alter 
promoter activity and thus influence the transcription 
rate of IGF1 but conclusive proof of this association 
has not yet been established.26,27  

The IGF-1 signaling pathway has characteristics 
of both a circulating hormone released from the liver 
in response to stimulation by GH and a tissue growth 
factor and can therefore expand its effects through 
autocrine or paracrine mechanisms. The mitogenic 
and antiapoptotic actions of IGF-1 are essential for 
normal growth throughout foetal and childhood de-
velopment. In adult life, however, aberrant stimula-
tion can lead to excessive proliferation and survival 
signals and the development of different epithelial 
tumor types.28  

Gene knockout experiments in mice have 
demonstrated that the IGF-1 axis is required for a 
normal rate of sexual development and maturation, 
and ovarian function; the IGF-1 knockout mice have 
been reported to be sterile.29 There is evidence that 
IGF-1 has a stimulatory effect on ovarian function 
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including (i) follicular cell replication by activating 
growth and differentiation of the ovarian follicles, 
development of preantral follicles, maintaining the 
larger pool of small antral follicles, stimulating the 
development of follicles, and selecting dominant fol-
licle; and (ii) steroidogenesis in theca cells and secre-
tion of progesterone by large antral follicles and 
gonadotropin action.30  

Genes involved in the IGF-1 biological pathway, 
particularly in ovarian ageing, can be viewed as can-
didate genes for the timing of menopause. On the 
basis of this presumption, the study aims to test 
whether a cytosine-adenine (CA) microsatellite pol-
ymorphism in the IGF1 gene promoter is associated 
with the timing of natural menopause in Caucasian 
women either as a single predictor or after adjusting 
for other possible menopause risk factors.  

Materials and Methods 
Study design and participants  

This study was a cross-sectional survey and was 
conducted between January and April 2011. Partici-
pants were 257 women between the ages of 40 and 58 
years. They were recruited from the Women’s Re-
productive Health Programme implemented at the 
Adam Mickiewicz University in Poznań in coopera-
tion with Poznań University of Medical Sciences and 
Medical University of Lublin. The eligibility criteria 
for this study were restricted to a cohort of women 
aged between 40 and 60 years, without a history of 
cancer, surgical menopause or endocrine system dis-
eases, not pregnant, not on hormonal replacement 
therapy (HRT) and not using insulin. This research 
project was reviewed and approved by the Bioethics 
Committee in Poznań University of Medical Sciences 
and was carried out in accordance with the Declara-
tion of Helsinki and subsequent amendments. All 
participants indicated informed consent by signing a 
form after they had been given a clear explanation of 
the study objectives and potential risks of the study.  

The study protocol included a medical examina-
tion, collection of blood samples and completion of an 
MSQ-questionnaire.  

Interest focused on the assessment of the IGF1 
gene promoter polymorphism length, past reproduc-
tive events and the lifestyle behaviours hypothesized 
as covariates of age at natural menopause. The Polish 
version of menopause-specific questionnaire (MSQ) 
was administered to study participants and 
self-reported socio-demographic, lifestyle behaviour 
and reproductive history data were collected.31 The 
natural menopause was referred to the last menstrual 
period (LMP) in a woman’s life resulting from cessa-
tion of ovarian follicular activity. The questions re-

garding menopausal status used both status-quo and 
retrospective techniques. The first question asked 
“Have your menstrual periods ceased permanently?” 
If yes, “How much time has passed since the last 
menstrual period? “ Response categories were: “3 
months, 6 months, 12 months, more than 12 months”. 
The next question was “At what age did your natural 
periods cease?” Women recalled their age at the last 
menstrual period (LMP) and the elapsed time. This 
information was taken to check the reliability of 
women’s responses because the status-quo approach 
was used in all statistical analyses considering men-
opausal age. On the basis of the responses, the study 
participants were then stratified by menstrual status 
using WHO recommendations.32 The premenopausal 
status considered ongoing and regularly menstruat-
ing women. The postmenopausal status was defined 
as amenorrhea for 12 or more months dating from the 
last menstrual period, for which there were no other 
obvious pathological or physiological causes for 
menses cessation.  

Genotype assays and genotyping 
The participants donated blood samples at the 

time of medical examination. Nurses drew fifteen 
millimeters of blood. Fasting blood samples were ob-
tained during morning hours by venipuncture and 
stored in EDTA-3K vacuum tubes to prevent coagu-
lation. Serum samples were separated according to a 
standardized protocol by low speed centrifugation for 
10 min at 3000 rpm at room temperature. Serum, 
buffy coat, and red cells were then aliquoted into 
cryovials and stored deep-frozen at -80oC until use for 
genetic analyses. Genomic DNA was isolated from 
blood using the Blood Mini Kit (A&A Biotechnology, 
Poland) according to the manufacturer’s protocol, and 
data was thus obtained from 257 individuals.  

PCR was performed using primers designed to 
amplify the polymorphic (CA)n repeat of the human 
IGFI gene. The reaction was carried out in a final 
volume of 15 ml, containing 100 ng genomic DNA, 
3.75 pmol forward primer (5’-GAAAACACACTCT 
GGCAC-3’) labelled with FAM, 3.75 pmol reverse 
primer (5’-ACCACTCTGGGAGAAGGGTA-3’), 0.1 
mM deoxy-NTP, 1.5 mM MgCl2, 1X PCR buffer and 
0.6 U HiFi DNA Polymerase (Novazym, Poland, Cat. 
no. N1003-05). PCR was performed using a thermal 
cycler (Tgradient Thermocycler, Biometra, Germany) 
with the parameters: 94o C for 4 min; 28 PCR cycles of 
5 sec. at 94o C, 30 sec. at 60o C and completed with a 
final extension for 30 min. at 65o C. Analysis of PCR 
product sizes was performed on an automated se-
quencing apparatus (ABI 3130xl) and determined in 
comparison with the internal GS600LIZ size standard 
(Applied Biosystems). The estimation of CA repeat 
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numbers in each analyzed specimen was based on 
extrapolation to a previously developed specific al-
lelic ladder. The ladder marker consisted of 14 se-
quenced amplicons representing alleles with 7, 9, 11, 
13 and 23 CA repeats. 

Variables and statistical analyses 
The dependent variable was age at natural 

menopause and the independent variables were its 
hypothesized genetic and non-genetic covariates. 
Subjects were first categorized in 17 genotypes based 
on 7 different alleles that were present in the sample 
and then allocated to genotype groups depending on 
the presence of the most frequent (CA)19 repeat allele: 
homozygotes with the 19CA repeats (CA)19/(CA)19 
as the reference category, heterozygotes carrying one 
copy of the (CA)19 repeats (CA)19/(CA)non-19 and as 
the “others” category for those not carrying any cop-
ies of the (CA)19 repeats (CA)non-19/(CA)non-19. 
Chi-square tests assessed whether IGF1 genotype 
frequencies fell within the Hardy–Weinberg equilib-
rium. An allele dose effect was used for evaluating the 
hypothesized association of IGF1 gene promoter 
polymorphism and age at natural menopause: (1) 
homozygous (CA)19/(CA)19 versus (2) heterozygous 
(CA)19/(CA)non-19 and versus (3) non-carriers of 19 
CA repeats. 

Selected biological (life-history traits), so-
cio-demographic and lifestyle variables hypothesized 
to be associated with menopause age included: 1) age 
at menarche, reported as age at first menstrual period, 
ranging from 11 (referent) to 17 years; 2) age at first 
childbirth among parous women with at least one live 
birth, ranging from 16 (referent) to 33 years; 3) parity, 
defined as the number of live births ever given by a 
woman was analyzed as dichotomous variable (nul-
liparous versus parous) and as number of live births 
(none – referent, 1, 2, 3 and more); 4) use of hormonal 
contraceptives (OCU) (never used – referent, ever 
used, for at least one year) was analyzed as dichoto-
mous variable; 5) weight status on the basis of BMI, 
calculated as the weight in kilograms divided by the 
square of the height in meters (kg/m2), ranging from 
19.6 kg/m2 (reference) to 41.2 kg/m2; 6) marital status 
with married/cohabitating as referent, formerly mar-
ried and never married; 7) educational attainment: 
primary/vocational<12 years – referent, secondary 
=12 years, and tertiary>12 years; 8) smoking status at 
blood donation: never smoked – referent, past smok-
er, smoking at baseline; 9) general health status at 
baseline was self-rated on a five-point Likert-type 
scale ranging from “poor“ (referent) to “good, excel-
lent, could not be better” and was analyzed as a di-
chotomous variable less than good – referent versus 
good or very good. 

Data were analysed using the discrete-time 
method for analysis of events. Univariate Cox pro-
portional hazards regression analysis was used to 
evaluate the crude effect of the IGF1 gene promoter 
polymorphism and other potential non-genetic co-
variates on the timing of menopause. The propor-
tionality assumption was confirmed by visual inspec-
tion, plotting the Kaplan-Meier survival curves. The 
Wald test was used to determine statistical signifi-
cance of explanatory variables and was defined by a 
p-value of less than 0.05.  

Multivariate Cox proportional hazard regression 
analysis was used to estimate the independent effects 
of the polymorphisms after controlling for 
non-genetic exposure variables. Only those variables 
that had been significantly associated with age at 
menopause in bivariate relationships were included 
in the initial multivariate model. Using a backwards 
elimination approach, the final model was obtained 
after dropping in a step-wise fashion variables that 
had not significantly influenced the model. The 
probability threshold for removal was set at 0.05.  

Results of the proportional hazard regression 
models were expressed as hazard ratios (HR) and 95% 
confidence intervals (CI). For ease of interpretation, 
the HRs of continuous variables were presented by 
their categories. The risk of menopause in each cate-
gory was compared to the referent category. Relevant 
relative risk for earlier age at menopause was assessed 
and a p value for linear trend across categories was 
calculated using the likelihood ratio Chi-square test.  

Median age at natural menopause was estimated 
using the Kaplan-Meier cumulative survivorship 
method with the log-rank test used to determine sta-
tistical significance. For survival analysis, the end-
point age was defined as one of the following 1) age at 
natural menopause, i.e. age at LMP followed by 12 
months of amenorrhea, 2) age when bleeding had 
stopped for between 3 and 12 months, 3) current age if 
a woman was still menstruating. All but age at natural 
menopause were considered censored observations.  

Statistical analyses were performed by the 
STATISTICA 10.0 data analysis software system (Stat 
Soft, Inc. Tulsa, OK USA). All significance tests com-
prised two-way determinations. A value of p<0.05 
was considered statistically significant. 

Results 
The background characteristics are shown in 

Table 1. 
Mean age of women enrolled in the study was 

53.8 years, SD=4.2 years. Forty-seven percent of them 
were still menstruating (mean age 40.8 years; SD=4.2 
years) and 52.5% were postmenopausal (mean age 
55.1 years; SD=4.1 years). The Kaplan-Meier estimate 
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of overall median age at menopause was 51.6 years 
(Q1=52 and Q3=54 years). Mean age at menarche was 
13.0 years; SD=1.3 years. Mean age at first live birth 
given by a woman was 25.2 years; SD=4.3 years. Mar-
ried/cohabitating women with tertiary level of edu-
cation and two children were accounted for majority 
of the sample (83.1%, 63.8% and 40.1%). Every third 
woman reported the use of hormonal contraceptive 
pills (36.3%) and every fourth reported being a cur-
rent smoker (25.3%). The proportion of those who 
rated their health as lower than good was 63.1% of the 
sample.  

 

Table 1. Background characteristics of women enrolled in the 
study.  

Characteristic Value 
(n=257) 

Age (years)  53.8±4.2a 
Age at menarche (years) 13.0±1.3 
Age at first live birth, parous only (years) 25.2±4.3 
BMI (kg/m2)  26.4±3.7 
Menstrual status  

Premenopausal 122 (47.5)b 
Postmenopausal 135 (52.5) 

Marital status   
Married/Cohabitating 214  (83.1) 

Formerly Married/Cohabitating 32  (12.3) 
Never Married/Cohabitating 11  (4.6) 

Educational attainment   
Primary/vocational <12 years 38 (14.8) 

Secondary 12 years 55 (21.4) 
Tertiary >12 years 164 (63.8) 

Past OCUc  95 (36.9) 
Parity, number of live births   

Nulliparous 32 (12.4) 
Parous 1 85 (33.1) 

2 103 (40.1) 
≥3 37 (14.4) 

Smoking status    
Never smoked 126 (49.0) 

Past smoker 66 (25.7) 
Current smoker 65 (25.3) 

Self-Rated Health    
Less than good 162 (63.1) 

Good or very good 95 (36.9) 
a Values are given as mean±standard variation. 
bValues are given as number (percentage). 
cOCU - Use of oral contraceptives for at least one year in the past 

 
 

The 5'-end of the IGF-1 gene was flanked by a 
microsatellite marker of cytosine adenine (CA)n re-
peats. A total of seven alleles containing 11 to 22 CA 
repeats were identified in the sample (Table 2). Allele 
frequencies stratified by menopausal status were 
similar in order and magnitude to combined frequen-
cies (p=0.54), with the (CA)19 repeat allele being the 
most frequent (63.5%). Two other variant types of 
alleles, the (CA)20 repeats (15.1%) and the (CA)21 
repeats (10.4%) were next in order of frequency. The 
(CA)18 repeat allele was found at 8.5%, and the fre-
quency of others, including alleles carrying 11, 17 and 
22 CA repeats totaled less than 1%.  

The most common genotype for the IGF1 poly-
morphism was homozygous for the (CA)19 repeats 
(19/19) and this accounted for 38.5% of the sample 
(Table 2). Other subjects were heterozygous. Fre-
quency of heterozygotes carrying the (CA)19 repeat 
was 16.2% of the 19/20, followed by the 19/21 
(16.6%), 10.5% of the 18/19 and 1.6% of all other 
19/non-19 CA repeats. Other genotypes were identi-
fied in 13 variant types not carrying the 19 CA repeat 
allele. Each of their frequencies was less than 1%, and 
these were combined in one group labelled “others”; 
with a total frequency of 10.1%. The genotype distri-
bution fell within the Hardy-Weinberg equilibrium 
(p=0.06). 

Bivariate Cox proportional hazards regression 
models revealed the association of age at natural 
menopause with IGF1 (CA)n genotype variants 
(p=0.038), age at menarche (p=0.041), age at first live 
birth delivered by a woman (p=0.046), parity 
(p=0.050), and smoking status (p=0.013). The follow-
ing variables: marital status, educational attainment, 
prior use of oral contraceptives, weight status (BMI), 
and perceived health status were not associated with 
menopause timing (Table 3). 

All variables associated with menopausal age in 
the univariate analyses at p<0.5 significance were eli-
gible for inclusion in the multivariate Cox propor-
tional hazard regression model (Table 4). 

Table 2. Percentage distribution of the IGF1 cytosine-adenine dinucleotide repeats in the study population. 

Sample IGF-1 cytosine-adenine repeats (CA)na 
(%) 

IGF1 (CA)n genotype variants 
(%) 

11 17 18 19 20 21 22 19/19 18/19 19/20 19/21 20/20 Otherb 
Premenop n=122 0.62 0.62 9.62 60.49 17.90 10.49 0.62 36.80 10.31 17.81 14.90 10.21  9.97 
Postmenop n=135 0.88 0.88 7.89 65.79 11.40 11.40  0 38.21 10.71 16.11 16.22  7.76 10.99 
 p-value=0.54c p-value=0.63 
Total n=257 0.64 1.31 8.55 63.49 15.15 10.53 0.33 38.46 10.53 16.19 16.59 8.09 10.12 
aNumber of alleles per person. 
b All other non-carrier (CA)19 
cχ2 Pearson’s p-value 
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Table 3. Univariate Cox proportional hazard regression of age at natural menopause on IGF1 (CA)n genotypes and selected biological, 
socio-demographic and lifestyle factors. 

N=257 Variable  ß SE Wald 
χ2 

HR (95%CI) p 
IGF1 (CA)n genotypes 0.390 0.127 4.005 1.331 (0.152;1.891) 0.038 
Age at menarche (years) -0.138 0.078 3.698 0.870 (0.568;1.334) 0.041 
Age at first live birtha (years) -0.072 0.036 3.987 0.929 (0.865;0.998) 0.046 
Parity, number of live births -0.267 0.141 3.577 1.306 (0.990;1.723) 0.050 
Marital status 0.134 0.249 0.287 1.143 (0.700;1.866) 0.592 
Educational attainment (years) -0.118 0.183 0.418 0.888 (0.621;1.271) 0.518 
Oral Contraceptives Use -0.263 0.184 1.085 0.769 (0.623;1.005) 0.089 
BMI (kg/m2)  0.022 0.032 0.530 1.023 (0.962;1.087) 0.466 
Smoking status 0.657 0.267 6.049 1.929 (1.142;3.259) 0.013 
Self-rated health 0.130 0.190 0.470 1.139 (0.785;1.654) 0.493 
a Only parous women 

 

Table 4. Multivariate Cox proportional hazard regression models of age at natural menopause and the IGF1 (CA)n genotype variants and 
other potential covariates. 

Variable n Initial Finala Median age at menopauseb 
(Q1; Q3) model 

HR (95%CI)c 
model 
HR (95%CI)d 

IGF1 (CA)n genotypes     
Homozygous (CA)19 (ref.) 99 1 1 52.5 (50.5; 54.0) 

Heterozygous (CA)19
 123 1.29 (1.06;1.58) 1.32 (1.09;1.61) 51.7 (50.0; 53.0) 

Non-carrier (CA)19 35 1.68 (1.38;2.05) 1.75 (1.44;2.12) 50.0 (47.1; 52.0) 
p-value for trend  0.042 0.040  19/19 vs non-19 p=0.027 

    19/other vs non-19 p=0.038 
Age at menarche (years)     

<12 (ref.) 69 1 1 50.0 (47.0; 52.5) 
12 – 14 124 0.87 (0.75;1.01) 0.80 (0.69;0.97) 51.5 (50.0; 54.0) 

>14 64 0.76 (0.65;0.89) 0.64 (0.49;0.84) 52.8 (52.0; 55.0) 
p-value for trend  0.038 0.030 <12 vs >14 p=0.021 

Age at first live birth (years)     
<20 (ref.) 20 1   

20-24 85 0.89 (0.75;1.07)   
25-29 60 0.80 (0.67;0.96)   
≥30 60 0.72 (0.60;0.86)   

p-value for trend  0.238   
Number of live births     

Nulliparous (ref.) 32 1   
1 84 0.72 (0.58;1.00)   
2 103 0.68 (0.54;0.97)   

≥3 38 0.59 (0.44;0.79)   
p-value for trend  0.219   

Smoking status     
Never (ref.) 127 1 1 52.8 (51.0; 55.0) 

Past 65 1.74 (0.90;3.37) 1.80 (0.93;3.48) 52.0 (50.0; 53.0) 
Current 65 3.00 (1.55;5.81) 3.25 (1.68;6,26) 50.0 (49.0; 52.0) 

p-value for trend  0.024  0.018  Never vs Current p=0.028 
a The final model was obtained using stepwise backward procedure. Multivariate Cox proportional hazards regression model n=257; χ2 =12,845; df=3; p=0.034 adjusted for 
IGF1 (CA)n genotypes, age at menarche, and smoking status. 

bMedian age calculated using Kaplan–Meier estimates; Q1 and Q3. 
cHR(95%CI) – Crude hazard ratio and 95% confidence interval. 
dHR(95%CI) – Adjusted hazard ratio and 95% confidence interval for IGF-1 (CA)n genotypes, age at menarche, and smoking status. 

 
 
The initial multivariate Cox proportional haz-

ards regression model involved the following covari-
ates of menopause: the IGF1 genotype variants, age at 
menarche, age at first live birth, parity and smoking 
status. In the stepwise backward procedure, age at 
first live birth and parity lost their predictive value for 
age at menopause and the final model consisted of the 
IGF1 (CA)n genotype variants, age at menarche and 
smoking status (in the sample of 257 women,                

χ2 =12.845; df=3; p=0.034; a p-value for trend was 0.04, 
0.03 and 0.018 for each variable, respectively).  

The Kaplan-Meier survival curves for age at 
menopause stratified by the three IGF1 (CA)n geno-
type variants are shown in Figure 1.  

The median menopause age of subjects homo-
zygous for the (CA)19 repeats was 52.5 years 
(Q1=50.5; Q3=54 years), while of those heterozygous 
for the (CA)19 repeats (19/non-19 CA repeats) was 
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51.7 years (Q1=50; Q3 =53 years) and those not carry-
ing (CA)19 repeats it was 50 years (Q1=47.1; Q3=52 
years). The log-rank test revealed a trend in meno-
pausal age across three IGF1 genotype variant types 
(p=0.04). In pairwise comparisons, subjects carrying 
the (CA)19 repeats as homozygous or heterozygous 
genotypes revealed a statistically significant differ-
ence to those not carrying the (CA)19 repeats (19/19 
versus non-19/non-19; p=0.027) and 19/other versus 
non-19/non-19 (p=0.038). Homozygous carriers of the 
(CA)19 repeat allele were likely to experience meno-
pause 2.5 years later than their counterparts not car-
rying this allele, while heterozygous (CA)19 carriers 
commenced as many as 1.7 years later than those 
without the (CA)19 repeat allele (Table 4).  

 

 
Figure 1. Adjusted survival curves for age at natural menopause according 
to IGF1 genotype variants: 1. Homozygotes (CA)19; 2. Heterozygotes 
19/non-19; 3. Non-carriers of (CA)19, adjusted for age at menarche and 
smoking status. 

 
There was a trend of increasing hazard for earlier 

menopause onset with the absence of the 19 CA re-
peats. In subjects not carrying the (CA)19 repeat allele 
the risk of beginning menopause at a younger age was 
almost twice as high as in those homozygous for 19 
CA repeats. Heterozygous carriers of (CA)19 repeat 
allele were likely to be at a 1.3 fold higher risks for 
earlier menopause than their homozygous for 19 CA 
repeats counterparts (Table 4 and Figure 1).  

Age at menarche was directly associated with 
age at menopause (Table 4 and Figure 2). Late ma-
turing subjects were likely to be at a 1.6 fold lower risk 
for earlier menopause onset than those maturing ear-
ly. The median menopause age of subjects with men-
arche prior to 12 years of age was 50 years (Q1=47; 
Q3=52.5 years), while the late maturing women were 
likely to experience menopausal transition 2.8 years 
later than the early maturers (52.8; Q1=50; Q3=55 
years; p=0.028).  

Currently smoking subjects were likely to be at a 

three-fold higher early menopausal risk (Table 4 and 
Figure 3). They were likely to experience menopause 
2.8 years earlier than those who never smoked (50; 
Q1=49; Q3=52 years versus 52.8; Q1=51; Q3=55 years 
p=0.028). 

 

 
Figure 2. Adjusted ssurvival curves for age at natural menopause ac-
cording to age at menarche: 1. Younger than 12 years; 2. 12-14 years; 3. 
Older than 14 years, adjusted for IGF1 genotype variants and smoking 
status. 

 

 
Figure 3. Adjusted survival curves for age at natural menopause according 
to smoking status: 1. Current smoker; 2. Past smoker; 3. Never smoked, 
adjusted for IGF1 genotype variants and age at menarche. 

 

Discussion 
This explorative study estimates the association 

between a common cytosine-adenine (CA) microsat-
ellite polymorphism in the IGF1 gene and the timing 
of natural menopause in Caucasian women. In our 
study sample, seven alleles ranging in size from 11 to 
22 CA repeats were identified in the promoter region 
of the IGF1 gene. Theoretically, it is possible to find 14 
different alleles as the repeat lengths vary from a 
minimum of 10 repeats to a maximum of 23 repeats 
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but 7 different alleles have also been found in another 
sample of Caucasian women.33 Mainly the (CA)19 and 
(CA)20 repeat alleles were present in the sample. The 
allele frequency of the (CA)19 repeats was 63.5% 
(60.5% in pre- and 65.8% in postmenopausal women), 
which corresponds to the allele frequency reported in 
other Caucasian populations, estimated to be between 
59% and 70%.34 The allele frequency we found for the 
(CA)20 repeats was 15.1% (17.95% in pre- and 11,4% 
in postmenopausal women) and was consistent with 
other studies.26,34,35 The most common genotype var-
iant was homozygous carrier of the (CA)19 repeats 
(38.1%) followed by heterozygous (CA)19/(CA)20 
found in 20.9% subjects in our sample. Both data are 
in line with former reports of other Caucasian popu-
lations estimated to be between 37.3% and 
46.8%.26,33-36  

With respect to menopause covariates, a crude 
Cox proportional hazard regression analysis con-
firmed the association between the IGF1 gene cyto-
sine-adenine (CA) microsatellite polymorphism and 
the menopause timing. Furthermore, we found that 
this relationship remained statistically significant af-
ter adjusting for other exposure variables in multi-
variate modelling. Out of the input variables, the 
(CA)n polymorphism in the IGF1 gene promoter, age 
at menarche and smoking status were independent 
covariates of the natural menopause timing. The onset 
of menopause at younger age was likely associated 
with the IGF1 genotype variant not carrying the 
(CA)19 repeat allele, menarche before the age of 12 
and being a current cigarette smoker. Subjects lacking 
the (CA)19 repeat allele were likely to be at a 1.7 times 
higher risk at menopause than those homozygous for 
the (CA)19 repeat allele. The homozygous 19/19 
versus heterozygous 19/non-19 difference in median 
age at menopause accounted for 2.5 years of delay in 
menopause in homozygous carriers of the (CA)19 
repeat allele (52.5 versus 50.0 years).  

Significant association between IGF1 gene and 
timing of natural menopause has been reported by He 
and colleagues on the basis of large scale GWAS 
studies.18 Other studies, recently reviewed by He and 
Murabito, have suggested that other loci may also 
contribute to the variation in age at natural meno-
pause.37 This is likely that all 17 genetic loci that have 
been identified so far, might be attributed for varia-
tion in menopausal age. It has been presumed that the 
variation in age at natural menopause, partially under 
strong genetic control, is a phenotypic trait deter-
mined by many genes with additive effects and mod-
ulated by widespread environmental exposures over 
the individual’s lifespan.  

The CA polymorphism within the IGF1 gene is 
suggested to be a biological active polymorphism 

regulating activity of circulating IGF-1. Based on 
genotype classification and using the most common 
(CA)19 repeat allele, several studies have reported the 
association between these genotype variants and cir-
culating IGF-1 levels. However, data in literature are 
inconsistent. In the first study by Rosen and col-
leagues, the homozygous 19/19 genotype variant was 
associated with significantly lower levels of circulat-
ing IGF-1.38 Subsequent studies have shown an asso-
ciation of the 19/19 homozygotes with increased cir-
culating IGF-1 levels35,39 or have found no association 
at all.34,40 Furthermore, significant associations have 
been established between IGF1 and GH/IGF-1 de-
pendent conditions, i.e. osteoporosis and breast can-
cer, but here again data are inconsistent.39,41  

In addition to the genetic factor, our study re-
vealed that age at menarche and smoking status 
might be predictors of menopause timing. These re-
sults accord with our earlier observations in a popu-
lation-based sample which showed that younger age 
at menarche, a normally short menstrual cycle, ciga-
rette smoking, low educational status and a negative 
health perception are associated with menopause at 
younger age, while prior use of oral contraceptives 
and parity are associated with menopause at older 
age.4 They are also consistent with those of other 
studies which have reported age at menarche to be 
directly or inversely associated with timing of meno-
pause.42 This relationship is consistent with the hy-
pothesis that the onset of menopause might be at-
tributed to the loss of ovarian follicles. Thus, it can be 
suggested that the fewer oocytes a woman has or the 
sooner and faster they are depleted, the sooner she 
will experience menopause.  

Smoking is the factor most consistently reported 
to influence the timing of menopause.4,13,14,43 Data in 
the literature have demonstrated an earlier median or 
mean age of menopause among smokers; for current 
smokers versus noncurrent smokers, the difference 
ranged from 0.8 to 1.7 years. Some researchers suggest 
that smoking may have an effect on how a woman's 
body makes or gets rid of estrogen. Alternatively, 
some researchers believe certain components of ciga-
rette smoke might destroy eggs and accelerate men-
opause.43 

Several limitations of this study have to be kept 
in mind when interpreting the results. The 
cross-sectional study design makes it difficult to de-
fine risk factors prospectively but we have estimated 
the association between the IGF1 promoter CA repeat 
polymorphism and age at natural menopause after 
controlling for other potential covariates. Further-
more, we cannot fully exclude selection bias in our 
study as women voluntarily participated in the health 
programme. However, we believe that the multivari-
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ate approach and integration of multiple factors hy-
pothesized to be associated with the natural meno-
pause timing appreciate the strength of this study.  

Conclusions 
This study provides evidence that a common 

cytosine-adenine (CA) microsatellite repeat poly-
morphism in the P1 regulatory region of the IGF1 
gene is an independent predictive factor for age at 
natural menopause also after adjusting for other ex-
posure variables in multivariate modelling. The in-
creased risk of the onset of natural menopause is as-
sociated with the absence of (CA)19, early menarche 
(prior to 12 years of age) and cigarette smoking. Fur-
ther studies are needed to clarify the biological 
mechanism of the IGF-1 pathway in the onset of nat-
ural menopause.  
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