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Abstract 

Background: Previous research has observed a decreasing trend in menarcheal age since the 19th 

century. The reproducibility of self-reported age at menarche at two points in time is estimated by 

previous studies to have a moderate to high correlation, and self-reported menarcheal age is most 

often regarded as satisfactory for research purposes. Several previous studies have found that 

early menarche is associated with higher mortality and morbidity, e.g.; premature death from all-

causes, higher prevalence of breast cancer, cardiovascular disease- and mortality and higher 

prevalence for metabolic syndrome.  

Aim: The first aim of this thesis was to investigate the reproducibility of self-reported 

menarcheal age with a 7 year follow up, from 1986-1987 (Tromsø 3) to 1994-1995 (Tromsø 4). 

The second aim was to examine the association between age at menarche and cardiovascular- or 

all-cause mortality among the women in Tromsø. Cardiovascular disease is the leading cause of 

death in developed countries, and is of special interest. 

Participants: In the reproducibility study, women who consented to research and reported 

menarcheal age in 1986-1987 (Tromsø 3) and in 1994-1995 (Tromsø 4) was included, a total of 

6731 women with a mean age of 45.5 years.  

In the investigation of all-cause and cardiovascular mortality, all attending females in Tromsø 4 

who consented to research, reported menarcheal age and were < 25 years at menarche were 

included. A total of 12 409 women were eligible for analyses. The women were 25 - 94 years at 

start of follow-up in Tromsø 4 (1994), and mean age was 46.5 years.  

Methods: This is a prospective cohort based on data from the large prospective Tromsø study. 

Follow-up for reproducibility purpose was 7 years. Pearson’s correlation analysis and Bland-
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Altman plot was used to investigate the reproducibility between self-reported age at menarche in 

Tromsø 3 and Tromsø 4. In the investigation of all-cause mortality follow-up was from date of 

attending Tromsø 4 and lasted until 30.06.2015; mean follow up was 18.7 years. Follow-up for 

cardiovascular disease mortality was until 31.12.2012; mean follow-up was 16.7 years. 

Multivariate Cox survival analysis was used to investigate the association between menarcheal 

age and both all-cause mortality and cardiovascular disease mortality. IBM SPSS Statistics 22 

was the statistical program of choice. 

Results: The reported menarcheal age in Tromsø 4 was significantly related to that reported in 

Tromsø 3 (r = 0.84, p <0.001). The correlation was not weakened with increasing age of the 

respondents. A total of 62.5% of the women answered menarcheal age in Tromsø 4 with a 100% 

concordance with that reported in Tromsø 3. The mean difference in menarcheal age was 

negligible, 0.01 years, and the estimated limits of agreement according to the Bland-Altman 

analysis was -1.52 – 1.54 years, meaning that 95% of the difference in reported age at menarche 

between Tromsø 3 and Tromsø 4 are within these limits.  

A total of 2203 women died during the follow up in the investigation of all-cause mortality. 

During the follow up of cardiovascular mortality, 654 women died from cardiovascular disease 

(184 from stroke, 250 from ischemic heart disease and 220 from other cardiovascular related 

causes). There was no association between age at menarche and total mortality after adjusting for 

confounding factors. For total cardiovascular mortality, however, there was an indication of a 

weak positive linear relationship after adjustments. One year increase in age at menarche was 

associated with 7 % increased cardiovascular mortality (HR: 1.07, 96% CI: 1.01 – 1.14, p = 

0.03). Furthermore, women with menarcheal age 13 years and older had a significant higher 
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cardiovascular disease mortality compared to those with menarcheal age <13 years (HR: 1.40, 

95% CI: 1.11 – 1.75, p=0.004).    

Conclusion: Self-reported age at menarche in Tromsø 4 was strongly correlated with that 

reported in Tromsø 3, both when combined and in stratified age-groups. There was no association 

between menarcheal age and all-cause mortality among the women in Tromsø. A positive linear 

trend was observed between cardiovascular disease mortality and menarcheal age after adjusting 

for confounding factors. Further research should be emphasized. A reproducibility study with 

longer follow-up would have been very interesting. 
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1.0 Introduction 

1.1 Age at menarche and historical changes 

Menarche is the first menstrual bleeding in females and represents the beginning of the 

reproductive life (1). Age at menarche (AAM) differs between girls and the current average 

menarcheal age worldwide is 12 years (2). A large secular trend in AAM have been observed 

since the 19th century when mean menarcheal age was approximately 17 years (3). This decrease 

is documented in several previous studies. A study from Taiwan observed a decrease in 

menarcheal age from generation to generation (from grandmothers to mothers and from mothers 

to daughters), where mean AAM (and standard deviation) for grandmothers was 15.16 (1.75) 

years, mean AAM for mothers was 14.50 (1.50) years and mean AAM for daughters was 13.0 

(1.26) years (4). In recent years menarcheal age have been observed to stabilize in developed 

countries (5). The reason for this stabilization is unknown, but one previous study comparing 

menarcheal age in rural and urban areas, observed a more rapid decreasing trend in menarcheal 

age among the rural population compared to the urban (however the rural population had a higher 

median menarcheal age each year of the survey). This implies that the decrease in menarcheal 

age occur more rapidly in developing areas compared to developed (6). The difference between 

rural and urban menarcheal age got smaller during the study period, and improved living 

standards among the rural population was proposed as a potential explanation. They also found 

that higher Gross Domestic Product per capita and household consumption was linked to earlier 

menarche (6). More knowledge about diet, exercise and lifestyle related diseases have led to a 

growing focus on health among the public, especially among those with higher socio-economic 

status. As menarche is affected by nutrition and body mass index this change in socio-economic 
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status could be a potential explanation to why the decrease in menarcheal age has stabilized, and 

why this is mainly observed in developed countries. 

1.2 Determinants of age at menarche 

Puberty and its onset are mediated by several factors. 

The physiology behind menarche is regulated in the 

female body through a hormonal connection between the 

hypothalamus, the adrenal gland and the ovaries (1). The 

pubertal event in females is characterized by the 

development of several secondary sexual characteristics 

and increased growth (7). Pubertal changes first occur at 

age 6-8 when a phase called adrenarche (the maturations 

of the adrenal gland) begins. The adrenal glands increase 

their secretion and production of adrenal androgens 

which are involved in the production of estrogen 

(estradiol) and testosterone (8). At the end of this phase 

girls could start to develop pubic- and axillary hairs, 

notice an adult body odor, get changes in the skin (e.g. acne) and experience mood-swings. The 

next phase in pubertal development is called gonadarche. In this phase the ovaries mature and the 

production of estradiol (estrogen) and progesterone increase. The production of estrogen and 

progesterone is regulated by the hypothalamus through a negative feedback system (pictured in 

figure 1), where Gonadotropin-releasing hormone (GnRH) from hypothalamus stimulates the 

production of Luteinizing Hormone (LH) and Follicle Stimulation Hormone (FSH) from the 

pituitary. This again stimulates the production of estradiol and the maturation of eggs in the 

Figure 1: The hormonal pathways 

regulating the occurrence of menarche (1). 
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ovaries. Increased concentration of estrogen in the blood decreases the secretion of GnRH from 

the hypothalamus. This negative feedback system is fully functioning until the girl enters puberty 

and as the suppression of the activity from the hypothalamus (from mostly unknown reasons) 

decreases when approaching pubertal age, the secretion of GnRH increase (8). This eventually 

leads to the occurrence of menarche. The exact process of how this is regulated is not fully 

understood. More detailed explanations are given elsewhere (1, 8).  

The mechanisms behind the decreased function of the negative feedback system when girls enter 

pubertal age, so that menarche can occur, remain unknown. It is well known that body mass 

index and fat distribution play a crucial role for the occurrence of menarche. This hypothesis was 

first presented by Rose Frisch as the “Frisch-Revelle Hypothesis” or “The critical weight 

hypothesis”, saying that body weight has to increase to a certain level before changes in the 

metabolic rate occurs and triggers the occurrence of menarche (9). This hypothesis has been 

supported by several studies in later years. The association between body fat and menarche seems 

to be the protein leptin. Leptin is stored and secreted in the fat (especially in abdominal fat), and 

the concentration of leptin increases in parallel with the volume of body fat. The hypothalamus is 

sensitive to the concentration of leptin in the blood and the protein therefore work as a reflection 

of body fat, signaling to the hypothalamus when the body is ready to enter puberty and 

reproductive life (8). A study from 1997 showed that the amount of leptin in the blood was 

inversely associated with AAM (10). The hypothesis is that the female body has to contain 

approximately 17 % body fat for menarche to occur, and a distribution of 22 % body fat is 

necessary for achieving and maintaining a regular menstrual cycle (7). This hypothesis could 

explain why anorexia nervosa or having an exaggerated physical activity level delays menarcheal 

age and why higher childhood body mass index have been observed to be associated with earlier 
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menarcheal age. Obesity and lifestyle-related diseases have increased around the world and the 

“critical weight hypothesis” could also be one of the explanations for the observed secular trend 

in AAM.  

There is a strong genetic component in the determination of AAM (57 - 82 %). There is usually 

an association between mothers menarcheal age and timing of daughters menarche, but other 

factors have also been discovered to be influential (3). A review that investigated determinants of 

AAM found a significant effect of the following factors on menarcheal age; nutrition and 

childhood body mass index (a high-energy-diet and high childhood body mass index are 

associated with earlier menarche), psychological stress in childhood (e.g. conflict, divorce, 

fathers absence and mothers mood disorders is associated with earlier menarcheal age) and 

socioeconomic status (higher socioeconomic status is associated with earlier menarcheal age) in 

addition to environmental toxins (11). Normally, socioeconomic status does not have a large 

influence on AAM in developed countries. However, one Norwegian study found an association 

between socioeconomic status and AAM; before the 1950’s high socioeconomic status was 

associated with low menarcheal age, while after the 1950’s low socioeconomic status was 

associated with low AAM (12). These results were related to findings regarding body weight in 

the different groups of socioeconomic status; before the 1950s high socioeconomic status was 

associated with a higher body weight while after the 1950s low socioeconomic status was 

associated with a higher body weight. Again, the association between body mass index and AAM 

is underscored. 

1.3 Cardiovascular disease; definition and status  

Cardiovascular disease (CVD) is a group-term of disorders that affect the heart and/or the blood 

vessels. A number of conditions are included in this term. The most common are ischemic heart 
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disease (IHD) and stroke, which often occur acute and as result of the development of 

atherosclerosis (13). Atherosclerosis is a condition where plaque develops inside the wall of the 

blood vessel, leading the diameter inside the vessel to narrow. The circulation of blood is 

inhibited and so is the transportation of oxygen to heart or the brain. Lack of oxygen in these 

organs can lead to several serious conditions, e.g.; heart attack, ischemia or stroke (14). IHD and 

stroke was ranked as the two leading causes of death worldwide in 2012, accounting for 7.4 

million and 6.7 million deaths, respectively (13). CVD is the leading cause of death in Europe 

and approximately 46 % of all deaths (> 4 million deaths per year) can be attributed to CVD. 

Approximately 20 % of these deaths are due to cardiovascular heart disease (CHD). The 

proportion of cardiovascular related deaths are higher among females (51 %) compared to men 

(46 %). CVD is ranked as the leading cause of death in Norway. However, in 2012 both Norway 

and Denmark had the lowest age adjusted CVD death rates in Europe with < 120 deaths per 

100 000 (15). CVD mortality is decreasing in most developed countries. However, from 2013 to 

2014 there was a small increase in CVD death rates among women in Norway. CHD death rates 

remained stable (15).  

1.3.1 Risk factors for cardiovascular disease 

Several risk factors for cardiovascular disease have been identified and are well documented. 

Both genetic and behavioral characteristics could lead to an increased risk for cardiovascular 

disease and death. Some risk factors are not possible to influence, e.g. gender, family history of 

CVD, age and ethnicity. Other risk factors could be mediated through lifestyle-changes or 

medical treatment. These include; hypertension, high cholesterol and low HDL cholesterol, 

smoking, secondary tobacco exposure, excessive use of alcohol, obesity, unhealthy diets, 

physical inactivity and diabetes (16).  
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1.4 Potential effects of age at menarche on adult health: previous research 

The age at when menarche occur have been linked to several health issues that develops later in 

life, and the determinants of this event is therefore of interest. Previous studies have shown 

contrasting results for different conditions. To sum it up, early AAM have been associated with 

the following conditions; higher all-cause mortality (17) and cardiovascular disease mortality 

(18-20), higher risk of breast cancer (21), cardiovascular disease (2, 20), diabetes (22-24), obesity 

(25) and metabolic syndrome (26, 27). Early menarcheal occurrence has also been linked to 

psychological disorders, depression, smoking and alcohol use in adolescence and early sexual 

behavior (28-30). 

1.4.1 Previous research of AAM and mortality, morbidity and risk factors for disease 

All-cause mortality: Charalampopoulos et al. (17), observed in a systematic review and meta-

analysis a significant inverse association between menarcheal age and all-cause mortality where 

one year increase in menarcheal age was associated with a 3 % lower all-cause mortality (HR = 

0.97, 95% CI: 0.96 - 0.98). Correspondingly, Xiaoyan et al. (22), (not included in the review) 

found a significant association between earlier AAM and increased all-cause mortality. 

CVD and CVD mortality: The review did not identify a significant association between 

menarcheal age and CVD mortality in combined results from the included studies, presented in a 

meta-analysis (17). Two of the studies included in the meta-analysis did however report a 

significant association between AAM and CVD mortality. One of the studies, by Mueller et al. 

(31), observed an inverse association between AAM and CVD mortality only among never 

smokers and the other study, by Lakshman et al. (20), found that women who reported early 

menarche (<12 years of age) had an increased risk of hypertension, CVD and CVD-related 
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mortality, coronary heart disease, all-cause mortality and cancer mortality after adjusting for 

potential confounders.   

The review by Charalampopoulos et al. (17), found that the relative risk for IHD (among non-

smokers only) was 24% higher in the youngest menarcheal age group compared to the median 

menarcheal age group. They found no association between menarcheal age and stroke. An 

association between early AAM and stroke was found by Xiaoyan et al. (22), who concluded that 

earlier AAM was linked to increased mortality from both stroke and diabetes.  

A possible explanation for the observed association between earlier AAM and CVD mortality is 

that early AAM have been linked to high body mass index and waist circumference, elevated 

blood lipids and metabolic syndrome, which all are risk factors for CVD (32, 33). Several studies 

support this hypothesis. Feng et al. (32), showed an inverse association between AAM and body 

composition, insulin sensitivity and blood lipid levels. Correspondingly, Remsberg et al. (33), 

found that girls with early menarche (<12 years of age) more often had hypertension and glucose 

intolerance compared to girls who experienced menarche at a later stage. A study from Finland 

investigated the association between AAM and cardiovascular risk and found no independent 

effect of AAM on cardiovascular risk factors (26). Rather they reported that increased pre-

menarcheal body mass index was associated with earlier AAM. Pre-menarcheal body mass index 

and earlier AAM were together associated with increased body mass index in adulthood, which 

further was linked to multiple risk factors for cardiovascular disease (26). 

Cancer: There is conclusive evidence of an inverse association between AAM and breast cancer 

incidence (in addition to other types of cancer). This association is well documented and the main 

explanation for the increased risk of breast cancer with early menarcheal age is the prolonged 



9 
 

exposure to estrogen when experiencing early menarche. The production of estrogen increases 

around the time of menarche. One of the effects of estrogen is to increase cell-division in the 

breast tissue (34). The length of reproductive years (from menarche to menopause) has been 

hypothesized to be the cause for the elevated risk for breast cancer as the women experience 

prolonged exposure to estrogen. A review from the Collaborative Group on Hormonal Factors in 

Breast Cancer presented that one year younger AAM was associated with a higher risk for breast 

cancer compared to one year older age at menopause (21). They stress that the length of 

reproductive life is not the only explanation for the observed increase in breast cancer (21). 

Correspondingly, a Norwegian study found a larger impact from one-year difference in AAM on 

all-cause mortality, compared to one-year difference in age at menopause in the same population. 

They state that an explanation might be linked to the biological age of the woman rather than her 

actual age (35).  

1.5 Self-reported age at menarche 

AAM is an important variable for several research-purposes; in analysis of menarcheal trend and 

to examine how menarche differs between areas, cohorts or ethnicities. Also, research of 

associations between menarcheal age and mortality and morbidity later in life depend on reported 

AAM. It is challenging to ensure accurate information regarding AAM without extensive 

monitoring. Without any gold standard for determining menarcheal age most research relies on 

self-reported menarcheal age or menarcheal age reported by the parents. The validity and 

reproducibility of the menarcheal information (how accurately women remember their 

menarcheal age and to what extent they give consistent information) is crucial. The correlation 

between reported AAM at two points in time does not validate the actual menarcheal age, but 

illustrates how consistent the women are when reporting AAM. Despite the importance of self-
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reported menarcheal age, there are few studies focusing on the reliability of self-reported AAM 

over time (36).  

1.5.1 Validity 

Previous studies focusing on the validity of self-reported AAM have found a moderate to strong 

correlation between actual AAM and self-reported AAM later in life, with various lengths of 

follow-ups (37-39). Must et al. (38), found a strong correlation between recorded AAM and self-

reported AAM. In a prospective birth cohort, Cooper et al. (37), observed a moderate correlation 

between menarcheal age and self-reported AAM at age 48. They state that researchers should be 

aware of the potential limitations when using self-reported menarcheal age from middle-aged 

women in research (37). Casey et al. (40), observed that 84% of the included females 

remembered their menarcheal age within 1 year of the actual event. Koprowski et al. (39), found 

a strong correlation between actual menarcheal age and self-reported menarcheal age after 

approximately 5 years of follow-up. They did however conclude that the validity of recalled 

menarcheal age decreased with time. 

1.5.2 Reproducibility 

Previous studies on the reproducibility between self-reported menarcheal age at two different 

points in time observed a satisfactory to strong correlation (41, 42). An article from the Bogalusa 

Heart Study report a moderate correlation between reported menarcheal age at two points in time 

(r: 0.57) (43). They state that lack of specific information, like month of occurrence, could be the 

reason to why they only observed a moderate correlation. They did however find that 84 % of the 

girls reported menarcheal age within one year difference between the two points in time (43). The 

moderate reliability corresponded with another study who found an interclass correlation (ICC) 

of 0.64 (36). The latter also investigated how the interview method affected the reliability of 
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reported menarche. They found that menarcheal ages reported at in-person interviews had a 

strong correlation ((ICC): 0.77) compared to menarcheal ages reported at phone-interviews which 

had a moderate correlation ((ICC): 0.64) (36). Both studies include adolescents, which one could 

hypothesize have a stronger recollection of menarcheal age compared to older women because it 

is a more recent event. Madrigal et al. (44), investigated the reliability of recalled menarcheal age 

among a study sample of older women (50 years and older). They found a strong correlation 

between self-reported menarcheal age at two points in time (r: 0.81). However, few women were 

included in the follow-up survey for comparison (28 women) and there was a short duration of 

follow-up (9 months).  

1.6 Relevance to the field of public health 

It is of interest for the field of public health to investigate the association between AAM and total 

mortality as it involves important information concerning all women. The potential association 

with cardiovascular disease is of particular interest (and more narrowly IHD and stroke) as it is 

the leading cause(s) of death both in developed and developing countries and leads to a 

significant burden on both health and economy (14). In addition, examining the reproducibility of 

self-reported menarcheal age is important for research purposes, as many studies rely on self-

reported AAM. 

1.7Aim of the study: 

Previous studies recommend more research concerning the relationship between AAM and 

mortality. The first aim of my master thesis is to investigate the reproducibility of information 

concerning self-reported AAM between Tromsø 3 and Tromsø 4. The second aim is to 

investigate the association between menarcheal age and all-cause- and cardiovascular (total, IHD 

and stroke) mortality among women living in Tromsø.   
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2.0 Methods and Materials 

2.1 Tromsø and the Tromsø study 

Tromsø is the largest city in the North of Norway with a total of 72 681 inhabitants by January 1st 

2015 (45, 46). The Tromsø Study, which is a prospective cohort study, first started in 1974 and is 

now one of the largest epidemiological studies in Norway. The initial focus was on CVD and 

mostly focused on middle-aged men, as CVD was previously understood as a male disease. In the 

1970’s men in Norway had a 20% risk of dying from myocardial infarction before the age of 75 

(46). Myocardial infarction mortality was even higher in Northern Norway (46). The motivation 

behind the development of the Tromsø Study was to identify risk factors, prevent CVD and study 

the etiology of disease in Northern Norway. The Tromsø study has, during the last 41 years, 

expanded to include a large part of the population and a number of diseases. The main focus is; 

diabetes mellitus, fractures, osteoporosis, mental health, renal disease, eye disease, 

musculoskeletal problems, chronic pain, health service- and medicine consumption etc. (46). A 

total of 6 surveys have been conducted since 1974, and a 7th survey is currently ongoing. The 

participants receive a questionnaire by post (including a large number of questions) together with 

information regarding the Tromsø study and a written consent form, approximately 2 weeks 

before suggested time of an appointment for physical examination. The written consent is to be 

signed and submitted before the clinical examination. In addition to the questionnaire received at 

baseline and the physical examination, there has been included an additional physical 

examination visit since Tromsø 4 (1994-1995) (further information is reported elsewhere) (46).  

2.2 Study population/selection 

This master thesis is based on data collected in Tromsø 4. The variable AAM from Tromsø 3 was 

also included, for the purpose of investigating the reproducibility of self-reported AAM.  
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Tromsø 3 was conducted in 1986-87, and was based on self-administered questionnaires in 

addition to physical examinations. A total of 

13 745 women were invited to participate in 

Tromsø 3. The response was 79% and a total 

of 10 863 women participated. A total of 

6731 of these women answered the question 

regarding AAM in both Tromsø 3 and 

Tromsø 4, and were included in the 

reproducibility study.  

Tromsø 4 is the largest of all the surveys with 

a total of 27 158 participating men and 

women. The response rate was 77%.  

A total of 19 078 women were invited in 

1994-1995 to participate in Tromsø 4. With a 

response rate of 74.9%, 14 293 women 

participated in the survey (46).  

 

 

2.3 Inclusion/exclusion  

The exclusion and inclusion of participants is described in figure 2. A total of 4785 women did 

not attend the Tromsø 4 survey. Those who did not want to participate in research (120 women) 

and those who did not answer the question regarding AAM in Tromsø 4 (1763 women) were 

Figure 2: Flow diagram of the data material 

(inclusion/exclusion) 
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excluded. Only those who reported menarcheal age between 8 and 25 years were included. One 

participant was excluded, as she reported menarcheal age on 33 years. This was considered a 

mistake or reflecting a medical condition which leads to delayed menarche. Thus, 12 409 women 

remained eligible for analyses in the study sample.  

2.4 Variables 

2.4.1 Independent variables 

The main independent variable is AAM in Tromsø 4. The women were asked “How old were you 

when you started menstruating (age)?” The variable AAM was recoded from one continuous 

variable into the following groups; < 12 years, 12, 13, 14, 15 and >15 years. Only 1.3 % reported 

to being 10 years or younger at time of menarche and the youngest menarcheal group was 

therefore set to <12 years. The AAM variable was also split into low menarcheal age (<13 years) 

vs. high menarcheal age (13 + years), to look for potential differences in survival. 

The main dependent variable in the analyses was all-cause or cardiovascular death, with sub-

variables; death from stroke or ischemic heart disease (IHD).  

2.4.2 Follow-up 

2.4.2.1 All-cause mortality 

Start of follow-up in the prospective study of all-cause mortality was the date the participant 

attended the examination in Tromsø 4. The follow-up lasted until 30.06.2015 or until date of 

emigration or date of death, whichever came first. Mean duration of follow up was 18.7 years. 

During this time, 2203 women died and 140 emigrated. 
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2.4.2.2 Cardiovascular death (stroke, IHD and other) 

Information regarding cause-specific (including cardiovascular) mortality was available until 

31.12.2012. Follow-up period for cardiovascular mortality was from the date of examination until 

31.12.2012 or until date of emigration or date of death, whichever came first. Mean years of 

follow-up were 16.7 years. During the time of follow up, 1838 women died, among these, 654 

died from cardiovascular disease (184 from stroke, 250 from IHD and 220 from other 

cardiovascular related causes). A total of 131 women emigrated during these years of follow up. 

2.4.3 Other dependent variables, covariates and possible confounders 

Possible confounders were identified through previous literature and from present knowledge 

regarding risk factors for cardiovascular disease and premature death. The identified confounders 

were as following; age (age in years per 31.12.1994), blood pressure (systolic and diastolic) and 

blood pressure treatment (currently, previously, never). A hypertension variable was created, 

where presence of the following was regarded as being hypertensive; those who had mean 

systolic blood pressure >150 mmHg or diastolic blood pressure > 95 mmHg or currently used 

blood pressure lowering drugs.  

Body mass index (BMI) was used as a continuous variable in addition to being recoded into; 

underweight; BMI <18.5 kg/m2, normal; BMI 18.5-24.99 kg/m2, overweight; BMI 25-29.99 kg/m2 

and obesity; BMI ≥ 30.0 kg/m2). Serum cholesterol (mmol/l), triglycerides (mmol/l) and high 

density lipoprotein (HDL) (mmol/l) was included.  

Prior heart attack, angina pectoris, stroke or diabetes was included as potential confounders. If 

occurrence of any of the prior conditions were answered yes, then age at first event was included. 

Also smoking status (never, previously or current smoker) and alcohol consumption 
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(times/month) or teetotaler status (yes/no) was included. The two latter were combined into one 

variable (those who were teetotalers were missing in the alcohol-variable). 

Hours of physical activity (PA) per week (Sedate; light PA < 1 hour/week, Moderate; hard PA < 

1 hour/week or light PA 1, 2 or 3 hours and more per week, Active; hard PA 1, 2 or 3 hours and 

more per week). Additionally, a variable regarding occurrence of cardiovascular disease in 

closest family (heart attack or angina among parents or siblings) was included, together with 

parity/number of children and age at menopause (if menopause had occurred).  

All newly created variables were thoroughly checked to ensure that they were created correctly 

and matched their purpose. Variables recorded as currently, previously or never was recoded to 

be included in linear analysis (never, previously, currently). 

2.5 Data analysis 

2.5.1 General 

The variables were checked by frequency counts, descriptives etc. to identify obvious outliers.  

The variables were checked for normal distribution by visual inspection of histograms. In 

addition, the Kormogorov-Smirnov (KS) test was used for testing normal distribution. KS was 

significant for most of the variables included. It is known that the KS is sensitive to small 

variations in large study-samples, which probably is the explanation for the significant results in 

this sample. For those variables that were significant in the KS test (and therefore categorized as 

non-normally distributed), skewness and kurtosis was examined. If the variables ranged between 

-2 and 2 they were considered normally distributed.  
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Descriptive analyses were performed for all included variables by using cross tabulation and 

comparison of means with AAM. Linear regression (for continuous variables) and binary logistic 

regression (for categorical yes/no answers) was used in order to determine p-values for linear 

trend. Age was included as a covariate in the model in order to provide age-adjusted p-values for 

linear trend in the descriptive of potential confounders (table 3 and 4).  

There was some item non-response/missing in the variables, but these accounted for a small 

percentage of the total dataset and were not expected to influence the end-result. 

2.5.2 Reproducibility study 

The overall reproducibility of self-reported AAM was assessed by performing correlation 

analysis between the two continuous variables AAM according to Tromsø 3 and Tromsø 4. The 

Pearson correlation coefficient was chosen because menarcheal age is a continous variable. To 

investigate this correlations further, stratified analyses were performed according to age groups in 

Tromsø 4: 25-34 years, 35-44 years, 45-54 years, 55-64 years, 65-74 years and 75 + years. The 

correlation coefficient have some weaknesses when it comes to describing agreement between 

two measurements (47). Several problems with the correlation model when comparing two 

methods or measurements at two points in time is presented by Bland and Altman (48) in an 

article from 1986. For the purpose of investigating the agreement between self-reported AAM in 

Tromsø 3 and Tromsø 4, we therefore included a Bland-Altman plot where the difference 

between AAM in Tromsø 3 and Tromsø 4 is indicated on the ordinate and the mean of the two 

AAMs on the abscissa. This is regarded as an appropriate method to apply when investigating the 

agreement between reported menarcheal age at two points in time. The Bland Altman gives 

information in addition to the correlation coefficient. It show the agreement between two 

variables by presenting the limits of agreement which is calculated from the means and standard 
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deviation of the difference between recorded AAM in Tromsø 3 and 4. Other characteristics in 

the data could also be observed in a Bland-Altman Plot, e.g. if there is systematic differences 

between the two measurements it could indicate systematic bias.  

2.5.3 Survival analysis 

To clarify if the condition for performing Cox regression was satisfied in this dataset, the 

proportional hazard assumption (PH-assumption) was checked. The PH-assumption is that the 

effect of the different variables on survival remains constant over the time variable in the Cox 

regression (here: years of follow-up). This was checked by performing time dependent covariate 

survival analysis. The PH assumption was met for all variables and Cox regression survival 

analysis could be performed.  

The following procedure was used to identify variables that should be included in the final 

survival analysis. First, all variables that were significantly associated with the menarcheal age 

groups after age adjustment (linear regression for continuous variables, and logistic regression for 

binary variables) were considered eligible for survival analysis. One by one these variables were 

included, together with age and AAM, in Cox regression to examine if they were significantly 

associated with survival. P-value <0.05 made the variables candidates for the final survival 

analysis. Step two was to include all the variables that had a significant effect on mortality, 

together with age and AAM in Tromsø 4 in a multivariate Cox regression survival analysis. 

Variables that were non-significant in this multivariable survival analysis were removed, until all 

remaining variables in the analyses were significant (p<0.05). Potential interaction between total 

cholesterol, triglycerides and HDL was examined. There was significant interaction between the 

three variables. These variables were not the main focus in the final analysis and the most 

significant was kept while the others were removed. This procedure was performed for both all-
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cause mortality analysis and CVD mortality analysis. Triglyceride was the most significant 

variable in analyses of all-cause mortality and was included there. HDL was most significant for 

both total CVD mortality and IHD mortality, and was included in survival analyses regarding 

these causes of death. None of the three variables (triglyceride, HDL and total cholesterol) were 

significantly associated with mortality from stroke and none of them were included in final 

analyses for stroke mortality.  

Other elimination methods could have been used for the same purpose; variables that 

significantly changed the risk estimate for AAM could have been included in the survival 

analysis. However, none of the variables in this data (except for age) had a large effect on the risk 

estimates for mortality by menarcheal age groups.  

Separate survival analyses were performed for those aged >59 years in Tromsø 4 and those 

younger than 60 years, to examine if there were differences in the relationship between AAM and 

survival between these two age-groups. Similar stratified analyses were performed for current, 

former and never smokers. We also performed separate analysis using AAM with the following 

cut-off; low vs. high menarcheal age (< 13 years vs. 13 years and older). These analyses were 

performed for both all-cause and CVD mortality.  

In survival analysis the reference for AAM was set to mean menarcheal age: 13 years. Normal 

body mass index (18.5 – 24.99 kg/m2) was the reference for body mass index. Sedate activity 

level was reference when examining physical activity and the never smokers were the reference 

for smoking. HR was interpreted as relative risk. 95 % confidence intervals are given. A two-

sided p-value < 0.05 was considered statistically significant. We used IBM SPSS statistics 22 to 

analyze the data. 
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2.6 Ethics and permission 

Approval was given from the Data and Publication committee for the Tromsø-study and access to 

a data-file containing all chosen variables (described above) was received. The Tromsø Study is 

approved by the Regional Committee for Medical Research Ethics (REK) and the investigation is 

covered by this approval. All included subjects also provided written consent.  
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3.0 Results 

3.1 The reproducibility of reported age at menarche  

The reproducibility study included 6731 women which reported menarcheal age in both 1986-

1987 (Tromsø 3) and 1994-1995 (Tromsø 4).  Mean age in Tromsø 4 for the females included in 

the analyses was 45.3 years. Mean menarcheal age according to the information in Tromsø 4 and 

Tromsø 3 was 13.2 years (SD 1.30) and 13.2 (SD 1.28) respectively. 

Analysis showed a strong correlation between self-reported menarcheal age in Tromsø 3 and 

Tromsø 4 (Pearson’s r = 0.84, p <0.001) (Table 1). The correlation held for all age groups and 

did not get weaker with increasing age. On the contrary it got stronger. Among those in the 

youngest (25-34 year) age-group the Pearson’s r was 0.81 (p < 0.001). The strongest correlation 

for self-reported AAM was observed in the oldest age-group eligible for comparison (65-74 

years) (r = 0.91, p < 0.001). In the youngest age group (25-34 years), 58.9 % answered 

menarcheal age in Tromsø 4 with a 100% concordance with their answer in Tromsø 3. This is 

compared to a 73.8 % perfect concordance for the women in the oldest age-group (65-74 years). 

Among those who reported menarcheal age with more than one year difference (in either 

direction), the highest percentage (6.9 %) was in the youngest age group (25-34 years) compared 

to the lowest percentage of 4.5% in the age group 55-64 years. For all age-groups combined, 62.4 

% reported menarcheal age within the same year in Tromsø 3 and Tromsø 4. A total of 5.4 % 

reported menarcheal age with more than one year difference in Tromsø 4 than that reported in 

Tromsø 3. Mean difference of reported menarcheal age in Tromsø 3 and Tromsø 4 was 0.01 (SD: 

0.78) and mean absolute difference was 0.44 (SD: 0.64). The mean absolute difference, in one 

direction or the other, in self-reported AAM ranged from 0.35 years in the oldest age group (65-

74 years) to 0.49 years in the youngest age group (25-34 years) (Table 1).   
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Figure 3 shows the agreement between self-reported menarcheal age in Tromsø 3 and Tromsø 4. 

The blue line represents the mean difference between reported menarcheal ages at two points in 

time. The red dotted lines show the limits of agreement, which is calculated from the mean 

difference ± 1.96 SD. The limits of agreement display how dispersed reported AAM at two time-

periods is likely to be for most women. Here the limits of agreement range from -1.52 – 1.54 

years, meaning that approximately 95 % of the women will have differences in reported 

menarcheal age within these limits. All dots are approximately scattered around the line of no 

difference (0) and there is no systematic error (which would be represented by dots 

systematically located above or beneath the line of no difference: 0).  

The outliers observed in the plot are the women who reported menarcheal age with a high 

discrepancy between Tromsø 3 and Tromsø 4. These are observed as dots located away from the 

cloud of dots in the center (e.g. 5 women reported menarcheal age in Tromsø 4 with a 6 year 

difference from that reported in Tromsø 3, these are observed at the bottom and the top of the 

plot).  
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Age at Menarche (years) 

   Percentage of reported 

difference (year) 

Age 

(Tromsø 4) 

N (%) Tromsø 3 Tromsø 4 Difference Absolute 

difference 

Correlation 

coefficient* 

% perfect 

 

% > 1 

year 

25-34 1058 (15.7) 13.04 (1.32) 13.05 (1.35) 0.01 (0.83) 0.49 (0.67) 0.806 58.9 6.9 

34-44 2154 (32.0) 13.07 (1.29) 13.11 (1.32) 0.04 (0.76) 0.44 (0.62) 0.832 61.9 5.5 

45-54 2131 (31.7) 13.20 (1.32) 13.19 (1.38) -0.01 (0.77) 0.43 (0.64) 0.838 63.6 5.2 

55-64 1323 (19.7) 13.56 (1.38) 13.56 (1.36) -0.01 (0.76) 0.42 (0.64) 0.844 63.3 4.5 

65-73 65 (1.0) 14.12 (1.87) 14.08 (1.60) -0.05 (0.80) 0.35 (0.72) 0.905 73.8 6.1 

Total 6731 (100.0) 13.21 (1.28) 13.22 (1.30) 0.01 (0.78) 0.44 (0.64) 0.836 62.4 5.4 

Table 1: AAM in Tromsø 3 and Tromsø 4 according to age-groups (difference and correlation): AAM, difference and absolute 

difference between reported menarcheal age is presented as means with standard deviations according to age. The correlation 

coefficient (Pearson’s r) is presented for all age-groups. % perfect relates to that percentage who answered the question 

regarding AAM within the same year in Tromsø 3 and Tromsø 4. % >1 year represent that percentage which answered the 

question regarding AAM with more than 1 year difference in either direction (younger or older).  

*All correlations were significant with p < 0.001 



25 
 

 

 

 

               Mean Difference (SD): 0.01 (0.78) 

               Mean difference + 1.96 SD: 1.54 

   Mean difference – 1.96 SD: -1.52 

 

Figure 3: Bland-Altman plot of agreement in reported menarcheal age (Tromsø 3 and Tromsø 4) 

*The red dotted lines present the limits of agreement; ranged from -1.52 – 1.54 years. 

*The blue line represents the mean difference between reported menarcheal age in 

Tromsø 3 and Tromsø 4. 



26 
 

 

3.2 Descriptive and characteristics of participants included in the prospective study 

3.2.1 General information regarding participants 

The analyses of AAM and mortality included 12 409 women. Mean age for females included in 

Tromsø 4 was 46.5 years.  

There were few missing-values in the dataset. One variable had 3 % missing (this was the 

maximum missing-value). This was regarded as having no impact on the analyses.  

Among the 12 409 females in Tromsø 4, 36.4 % were daily smokers, 40.6 % never smoked and 

the remaining 23 % were ex-smokers. The mean intake of alcohol was 2.08 times/month. Mean 

body mass index was 24.75 kg/m2 and more than half (55.8 %) of the women were moderately 

active, 24.9 % were active and 19.2 % had a sedate physical activity level. There was 1.4 % (175 

women) who had experienced a heart attack and mean age at event was 62.6 years. A total of 

45.3 % (5619 women) of the women reported that someone in their close family had a heart 

attack or angina, while 49 % (6076) had no family history of heart disease (the remaining 5.8 % 

did not know). There was 1.2 % (146 women) who had experienced a stroke (infarction or brain 

hemorrhage) with mean age of 54.8 years at first event. Among the 12 409 women, one out of 

five (20.1 % (2490 women)) suffered from hypertension. 

A total of 2203 women died during the mean follow-up of 18.7 years in the investigation of 

AAM and all-cause mortality. During the mean follow up of 16.7 years in the investigation of 

CVD mortality, 1838 women died.  
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3.2.2 Characteristics within menarcheal age groups <12 - >15 years. 

The majority of the females in Tromsø 4 were 13 and 14 years old at menarcheal occurrence 

(27.6 % and 24.9 % respectively). Consequently, a higher mean AAM was observed the older the 

women were at the examination (Table 2). The p-value for linear trend was significant (p < 

0.001). In Tromsø 4, the mean age in the youngest menarcheal age group (<12 years) was 41.84 

years and the mean age among the oldest menarcheal age group (>15) was 52.81 years. Among 

the youngest participants in Tromsø 4 (age-group 25-34 years), 11.3 % had menarcheal age of 

<12 years and 23.2 % had menarcheal age of 12 years. Among the oldest participants in Tromsø 

4 (age-group 75+ years), 3.4 % reported menarcheal age <12 years and 10.5 % a menarcheal age 

of 12 years. Correspondingly, 12.3% in the oldest age-group (75 + years) reported menarcheal 

age > 16 years, compared to 4.0% in the youngest age group (25-34 years) (p < 0.001) (results 

not presented in tables).  

 

Age (group) N    (%) Age at menarche Tr4 

years 

25-34 3212 (25.9) 13.06 (1.35) 

35-44 3137 (25.3) 13.15 (1.35) 

45-54 2589 (20.9) 13.22 (1.39) 

55-64 1524 (12.3) 13.54 (1.36) 

65-74 1274 (10.3) 13.87 (1.35) 

75-94 673 ( 5.4) 13.96 (1.42) 

Total 12 409 (100) 13.30 (1.32) 

P-value for trend  < 0.001 

Table 2: Mean age at menarche (standard deviation) according to age-groups in Tromsø 4.  
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Table 3 present descriptives of the dependent variables by menarcheal age groups. Unadjusted 

and age-adjusted p-values are for linear trend. Age-adjusted p-values showed the following 

variables to be significantly different according to menarcheal age groups: systolic blood pressure 

(p=0.002), diastolic blood pressure (p <0.001), current hypertension (p=0.006) body mass index 

(p <0.001), triglycerides (p=0.001), HDL (p <0.001) and use of blood pressure treatment 

(p=0.001). Before adjusting for age, mean systolic and diastolic blood pressure was positively 

associated with menarcheal age. These observations were statistically significant. After adjusting 

for age, the association between menarcheal age and both diastolic and systolic blood pressure 

was reversed. Unadjusted binary regression analysis demonstrated a significant increase in 

hypertension with increasing menarcheal age. Age-adjustment, however, reversed the results, and 

presented a significant decrease in hypertension with increasing menarcheal age (OR: 0.94, 95% 

CI: 0.90 – 0.98, p=0.006). Across all menarcheal ages (except the youngest) >50 % of the women 

had a normal body mass index. A larger proportion of females were underweight (according to 

body mass index) in the oldest menarcheal age group (4.6% (32 women)) compared to the 

youngest menarcheal age group (1.0 % (11 women)). In addition, in the youngest menarcheal age 

group 16.1 % (180 women) of the women were obese, compared to 9.5 % (66 women) in the 

oldest menarcheal age group. Regression analysis showed a significant decrease in body mass 

index on 0.28 kg/m2 by each year increase in AAM. The p-value for linear trend was highly 

significant (p < 0.001) before and after adjusting for age. 

Mean total cholesterol was positively associated with menarcheal age. This association was no 

longer present after adjusting for age. Mean triglyceride levels increased with 0.02 mmol/l for 

each year older AAM. This association was significant after adjusting for age (p=0.001). Also 

HDL was positively associated with AAM and one category increase in AAM was associated 
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with an increase of HDL of 0.01 mmol/l. The linear trend was significant before and after 

adjusting for age (p < 0.001).  

Descriptive for disease characteristics according to AAM are displayed in table 4. The 

relationship between AAM and previous heart attack, angina pectoris and stroke was not 

significant after adjusting for age.  

Age adjusted regression analysis of family history of CVD showed a significant inverse 

association with AAM. One year increase in menarcheal age reduced the odds of having a family 

member with CVD history, OR=0.92, CI: 0.89 – 0.95. After age-adjustment, one year increase in 

menarcheal age reduced the odds of being menopausal by 0.92, CI: 0.88 – 0.98. To sum it up: 

After adjustment for age, the probability of being menopausal or having a family member with 

CVD decreases with increasing menarcheal age.  
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                                              Age at menarche 

 < 12 12 13 14 15 > 15 P-value 

for linear 

trend 

P-value for 

linear trend 

(age adjust.) 

N  

 

9.0 (1120) 19.6 (2428) 27.6 (3429) 24.9 (1646) 13.3 (1645) 5.6 (694)   

Age (years) 

 

41.84 (12.12) 43.49 (13.66) 45.22 (14.58) 48.36 (15.56) 50.68 (16.02) 52.81 (16.83) <0.001  

Systolic blood 

pressure (mmHg)  

128.55 (18.72) 129.57 (20.47) 130.39 (21.17) 132.72 (23.02) 135.04 (24.47) 137.34 (24.56) <0.001 0.002 

Diastolic blood 

pressure (mmHg) 

75.28 (11.73) 75.68 (11.97) 75.39 (12.24) 76.37 (12.73) 77.16 (13.26) 78.17 (13.66) <0.001 <0.001 

Blood pressure 

treatment  

- Never 

- Previously 

- Currently 

 

 

92.9 (1041) 

2.9 (32) 

4.2 (47) 

 

 

92.5 (2245) 

2.5 (61) 

4.9 (120) 

 

 

91.9 (3139) 

2.6 (89) 

5.5 (189) 

 

 

91.2 (2812) 

2.6 (79) 

6.2 (191) 

 

 

89.5 (1466) 

2.7 (44) 

7.8 (128) 

 

 

90.2 (624) 

2.5 (17) 

7.4 (51) 

 

 

<0.001 

 

 

0.001 

Current 

hypertension* : 

- No 

- Yes 

 

85.3 (955) 

14.7 (165) 

 

 

84.1 (2041) 

15.9 (385) 

 

81.5 (2787) 

18.5 (631) 

 

78.1 (2409) 

21.9 (677) 

 

74.5 (1221) 

25.5 (419) 

 

69.2 (478) 

30.8 (213) 

 

 

<0.001 

 

 

0.006 

BMI (kg/m2) 

 

25.81 (4.64) 25.13 (4.33) 24.67 (4.14) 24.47 (4.07) 24.40 (3.97) 24.24 (4.10) <0.001 <0.001 

BMI  

- Underweight 

- Normal-weight 

- Overweight 

- Obesity 

 

 

1.0 (11) 

49.0 (547) 

33.9 (378) 

16.1 (180) 

 

1.4 (34) 

55.2 (1338) 

30.6 (742) 

12.8 (309) 

 

1.9 (64) 

58.7 (2007) 

28.5 (975) 

10.9 (371)  

 

2.8 (86) 

59.5 (1837) 

27.7 (855) 

10.1 (311) 

 

2.5 (41) 

59.2 (974) 

29.2 (480) 

9.1 (150) 

 

4.6 (32) 

58.4 (405) 

27.4 (190) 

9.5 (66) 

 

 

 

<0.001 

 

 

 

<0.001 

Total cholesterol 

(mmol/l) 

 

5.81 (1.32) 5.94 (1.34) 5.93 (1.36) 6.12 (1.40) 6.23 (1.40) 6.29 (1.48) <0.001 0.052 

Triglycerides 

(mmol/l)  

1.33 (0.83) 1.33 (0.85) 1.29 (0.83) 1.35 (0.85) 1.35 (0.87) 1.44 (1.01) 0.004 0.001 
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Table 3: Descriptive of independent variables according to menarcheal age groups. The descriptive are presented as percentage with 

number (% (N)) or mean with standard deviation. All variables are presented with p-values and age adjusted p-values for linear 

trend.  

*Hypertension: the combined variable consisting of systolic blood pressure >150 mmHg and/or diastolic blood pressure > 95 

and/or currently use of blood pressure lowering drugs.  

 

 

 

 

HDL (mmol/l) 

 

1.60 (0.39) 1.62 (0.40) 1.64 (0.40) 1.66 (0.41) 1.67 (0.41) 1.65 (0.42) <0.001 <0.001 

Alcohol 

(times/month) 

2.09 (2.76) 2.12 (2.99) 2.12 (3.05) 2.12 (3.23) 1.96 (2.92) 1.83 (3.32) 0.042 0.62 

Smoking  

- Never 

- Previously 

- Currently 

 

39.7 (432) 

21.9 (238) 

38.5 (419) 

 

39.3 (924) 

22.2 (521) 

38.5 (904) 

 

41.1 (1376) 

22.6 (758) 

36.3 (1215) 

 

40.4 (1226) 

23.3 (708) 

36.3 (1101) 

 

42.4 (687) 

24.3 (394) 

33.3 (539) 

 

40.9 (274) 

24.5 (164) 

34.6 (232) 

 

 

0.008 

 

 

0.67 

Nulliparity  

- No 

- Yes 

 

 

17.2 (189) 

82.8 (913) 

 

16.4 (391) 

83.6 (1992) 

 

16.7 (560) 

83.3 (2802) 

 

15.5 (473) 

84.5 (2572) 

 

14.4 (232) 

85.6 (1383) 

 

13.0 (88) 

87.0 (588) 

 

 

0.003 

 

 

0.10 

Parity  

 

1.90 (1.31) 1.96 (1.33) 1.97 (1.41) 2.12 (1.51) 2.21 (1.54) 2.31 (1.63) <0.001 0.26 

Physical activity  

- Sedate 

- Moderate 

- Active 

 

17.1 (190) 

53.2 (591) 

29.6 (329) 

 

17.7 (425) 

56.5 (1357) 

25.8 (619) 

 

18.7 (633) 

55.3 (1878) 

26.0 (882) 

 

19.5 (598) 

56.0 (1718) 

24.5 (751) 

 

21.2 (344) 

57.5 (935) 

21.3 (346) 

 

25.0 (173) 

55.4 (383) 

19.5 (135) 

 

 

<0.001 

 

 

0.64 
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                                            Age at menarche 

 < 12 12 13 14 15 >15 P-value 

for linear 

trend 

P-value for 

linear trend 

(age adjust). 

Heart attack 

- No 

- Yes 

Age at first event (years) 

 

99.2 (1107) 

0.8 (9) 

62.88 (7.62) 

 

99.1 (2404) 

0.9 (21) 

61.50 (14.29) 

 

98.7 (3382) 

1.3 (43) 

62.88 (9.02) 

 

98.1 (3027) 

1.9 (58) 

60.43 (12.60) 

 

98.2 (1614) 

1.8 (29) 

66.34 (10.55) 

 

97.8 (676) 

2.2 (15) 

62.86 (14.92) 

 

<0.001 

 

0.47 

 

0.57 

 

0.56 

Angina Pectoris 

- No 

- Yes 

Age at first event (years) 

 

98.4 (1099) 

1.6 (18) 

60.12 (11.25) 

 

98.0 (2375) 

2.0 (49) 

60.79 (10.08) 

 

96.8 (3315) 

3.2 (110) 

60.14 (10.94) 

 

96.0 (2963) 

4.0 (123) 

60.92 (10.30) 

 

95.4 (1571) 

4.6 (75) 

60.75 (12.76) 

 

94.4 (653) 

5.6 (39) 

61.18 (11.67) 

 

<0.001 

 

0.68 

 

0.54 

 

0.23 

Stroke 

- No 

- Yes 

Age at stroke (years) 

 

99.5 (1109) 

0.5 (6) 

65.40 (10.0) 

 

99.2 (2406) 

0.8 (19) 

46.41 (22.50) 

 

98.8 (3381) 

1.2 (40) 

53.85 (19.13) 

 

98.5 (3042) 

1.5 (45) 

56.64 (18.52) 

 

98.6 (1620) 

1.4 (23) 

55.39 (19.43) 

 

98.1 (680) 

1.9 (13) 

58.85 (17.67) 

 

0.001 

 

0.31 

 

0.69 

 

0.40 

Diabetes 

- No 

- Yes 

Age at first event (years) 

 

98.7 (1104) 

1.3 (14) 

52.92 (17.28) 

 

98.5 (2389) 

1.5 (36) 

54.21 (15.0) 

 

98.5 (3369) 

1.5 (52) 

53.08 (17.92) 

 

98.0 (3020) 

2.0 (62) 

52.77 (18.88) 

 

1612 (98.1) 

1.9 (32) 

52.29 (21.56) 

 

97.4 (674) 

2.6 (18) 

62.41 (17.88) 

 

 

0.008 

0.40 

 

 

0.29 

0.052 

Heart attack or AP in 

close family 

- No 

- Yes 

 

 

50.0 (527) 

50.0 (527) 

 

 

51.7 (1189) 

48.3 (1113) 

 

 

53.4 (1735) 

46.6 (1512) 

 

 

51.4 (1495) 

48.6 (1411) 

 

 

52.0 (800) 

48.0 (739) 

 

 

51.0 (330) 

49.0 (317) 

 

 

0.82 

 

 

<0.001 

Menopause 

- No 

- Yes 

 

74.5 (834) 

25.5 (286) 

 

70.0 (1700) 

30.0 (728) 

 

66.5 (2281) 

33.5 (1148) 

 

58.5 (1810) 

41.5 (1282) 

 

53.0 (873) 

47.0 (773) 

 

48.7 (338) 

51.3 (356) 

 

<0.001 

 

0.004 

Age at menopause 

(years) 

47.14 (5.51) 47.35 (5.52) 47.84 (4.98) 48.02 (4.87) 47.89 (4.82) 48.85 (4.99) <0.001 0.14 

Table 4: Descriptive of disease characteristics according to menarcheal age groups. The descriptives are presented as percentages with 

numbers (% (N)) or means with standard deviation. The table also includes p-values and age adjusted p-values for all included 

variables. 
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3.3 Survival analysis (age-adjusted and adjusted for other covariates) 

3.3.1 All-cause mortality 

The age-adjusted survival analysis is presented in table 5. No significant association between 

AAM and death from all-causes before or after adjusting for confounding factors for any 

categories of menarche (mean AAM (13 years) was reference) (Table 6). Confounding factors 

included in the analysis were: age (years), body mass index (kg/m2), physical activity, 

hypertension, smoking, diabetes and triglycerides (mmol/l) (all which were significantly 

associated with all-cause mortality). Underweight, low leisure time physical activity, 

hypertension, smoking and diabetes increased total mortality (Table 5). 

After stratification by age (women younger than 60 years and older than 59 years at start of 

follow up) and adjusted for age, we found that women who were younger than 60 years at start of 

follow-up and had menarcheal age of 15 years had a higher all-cause mortality compared to those 

who were 13 years at menarche (HR: 1.38, 95% CI; 1.04 – 1.82, p=0.02). No association between 

menarcheal age and all-cause mortality was observed among women older than 59 years of age in 

Tromsø 4 (results not presented in tables). No significant linear trend was observed for either age 

group. When testing for a U-shaped relationship, no significant association was found. The 

results were essentially the same for current, ex- and never smokers. 

Separate multivariate analyses contrasting women with low and high AAM (<13 years vs. 13 + 

years) indicated a 4.4% higher all-cause mortality among those with a high menarcheal age (13 + 

years) compared to those with a low menarcheal age (< 13 years). The result was non-significant.  
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 N (%) Deaths † Person years HR* CI (95 %) P-value 

AAM: 

- < 12 

- 12 

- 13 

- 14 

- 15 

- >15 

 

1120 (9.0) 

2428 (19.6) 

3429 (27.6) 

3092 (24.9) 

1646 (13.3) 

694 (5.6) 

 

112 

302 

515 

656 

410 

208 

 

21849 

46702 

65075 

57060 

29682 

12201 

 

1.07 

0.99 

1 

1.05 

1.00 

1.10 

 

(0.87 – 1.32) 

(0.86 – 1.14) 

 

(0.93 – 1.18) 

(0.88 – 1.14) 

(0.93 – 1.29) 

 

0.51 

0.90 

 

0.44 

0.98 

0.26 

Age (years) 12409 2203 232570 1.13 (1.12 – 1.13) <0.001 

BMI (kg/m2): 

- Underweight 

- Normal-weight 

- Over-weight 

- Obese 

 

268 (2.2) 

7108 (57.4) 

3620 (29.2) 

1387 (11.2) 

 

57 

936 

757 

442 

 

4850 

136016 

66906 

24409 

 

1.72 

1 

0.83 

0.99 

 

(1.31 – 2.24) 

 

(0.76 – 0.92) 

(0.88 – 1.11) 

 

<0.001 

 

<0.001 

0.84 

Physical activity 

- Sedate 

- Moderate 

- Active 

 

2363 (19.2) 

6862 (55.8) 

3062 (24.9) 

 

761 

1216 

198 

 

40574 

129343 

60354 

 

1 

0.76 

0.64 

 

 

(0.69 – 0.83) 

(0.55 – 0.76) 

 

 

<0.001 

<0.001 

Hypertension 

- No 

- Yes 

 

9891 (80.0) 

2490 (20.0) 

 

935 

1257 

 

193005 

39159 

 

 

1.34 

 

 

(1.22 – 1.47) 

 

 

<0.001 

Smoke: 

- Never 

- Ex-smoker 

- Current 

 

4921 (40.6) 

2784 (23.0) 

4411 (36.4) 

 

1038 

455 

678 

 

90842 

52432 

83666 

 

1 

1.06 

1.83 

 

 

 (0.95 – 1.18)  

(1.65 – 2.03) 

 

 

0.31 

<0.001 

Diabetes 

- No 

- Yes 

 

12168 (98.3) 

214 (1.7) 

 

2055 

139 

 

229252 

2844 

 

 

2.05 

 

 

(1.72 – 2.43) 

 

 

<0.001 

Triglycerides mmol/l 12376 2193 231980 1.08 (1.03 – 1.12) <0.001 

Table 5: Survival analysis (age adjusted) for all-cause mortality: with AAM (reference: 13 years of age), age (years), body mass index 

(kg/m2) (reference: normal), physical activity (reference: sedate), hypertension (reference: no), smoking (reference: never smoker), 

diabetes (reference: no) and triglycerides (mmol/l).   

*HR: age-adjusted
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Table 6: Survival analysis (adjusted) of the relationship between AAM and all-cause mortality; age adjusted and adjusted HR for all-

cause mortality by menarcheal age groups. Mean menarcheal age (13 years) is used as reference. 

*HR age-adjusted: Only adjusted for age  

*HR (adjusted): Adjusted for the following confounding factors: Age, BMI, physical activity, hypertension, smoking, diabetes 

and triglycerides).  

 N (%) No. of 

Deaths † 

Person-

years 

HR (age-

adjust.) 

CI (95 %) P-value HR 

(adjust.)* 

CI (95%) Adjusted 

p-value 

AAM: 

- < 12 

- 12 

- 13 

- 14 

- 15 

- >15 

 

1120 (9.0) 

2428 (19.6) 

3429 (27.6) 

3092 (24.9) 

1646 (13.3) 

694 (5.6) 

 

112 

302 

515 

656 

410 

208 

 

21849 

46702 

65075 

57060 

29682 

12201 

 

1.07 

0.99 

1 

1.05 

1.00 

1.10 

 

(0.87 – 1.32) 

(0.86 – 1.14) 

 

(0.93 – 1.18) 

(0.88 – 1.14) 

(0.93 – 1.29) 

 

0.51 

0.90 

 

0.44 

0.98 

0.26 

 

1.05 

0.96 

1 

1.04 

1.02 

1.04 

 

(0.85 – 1.29) 

(0.83 – 1.11) 

 

(0.92 – 1.17) 

(0.89 – 1.17) 

(0.89 – 1.23) 

 

0.65 

0.55 

 

0.57 

0.77 

0.61 

P-value for 

linear trend 

     

 

 

0.55 

   

0.48 
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3.3.2 Cardiovascular mortality 

3.3.2.1 Total CVD mortality 

Table 7 presents results from the survival analysis of total cardiovascular mortality (combined 

stroke, IHD and other CVD causes). A total of 654 women died from CVD during the 16.7 years 

of follow-up for cardiovascular mortality. No statistically significantly linear association between 

menarcheal age and total CVD mortality was observed in age adjusted analysis (p=0.1). Results 

showed that menarcheal age groups <12, 12 and 15 years had a lower CVD mortality, while those 

in menarcheal age group 14 and >15 had a higher CVD mortality compared to the reference of 13 

years. None of the point estimates were statistically significant. After adjusting for the following 

confounding factors; age, diabetes, physical activity, hypertension, HDL and smoking (all of 

which were individually significantly associated with CVD mortality after age-adjustment) there 

was an indication of an increasing trend in CVD mortality with increasing menarcheal age. This 

was confirmed by a significant p-value (p=0.03) for linear trend and a positive effect estimate. 

One year increase in AAM was associated with a 7 % increased mortality (HR: 1.07, 95% CI: 

1.01 – 1.14, p=0.03).  

After stratification by age (<60 and ≥ 60 years), no statistically significant association between 

AAM and total CVD mortality was observed in either of the age groups.  

When comparing low menarcheal age (<13 years) and high menarcheal age (13 + years) there 

was significant higher CVD mortality among those with a high menarcheal age compared to 

those with low menarcheal age after adjusting for age, HDL, smoking, physical activity, 

hypertension and diabetes (HR; 1.40, 95% CI; 1.11 – 1.75, p=0.004).  
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3.3.2.2 Stroke mortality 

Table 8 present results from survival analysis of AAM and stroke mortality. A total of 184 

women died from stroke during the follow up of cardiovascular mortality. Age-adjusted survival 

analysis showed no linear association between AAM and stroke mortality in either direction. 

Compared to the reference-group of menarcheal age of 13 years, all age-groups (except those >15 

years) had a lower stroke mortality. Those who were >15 year at menarche had a 43 % higher 

stroke mortality compared to the reference-group of 13 years. None of the results were 

statistically significant. After adjusting for the following confounding factors; age, diabetes, 

physical activity, alcohol and smoking (all which were significantly associated with increased 

stroke mortality when being adjusted for age), the same trend in stroke mortality by AAM-groups 

was observed. The linear trend remained non-significant.  

Stratification by age (<60 and ≥ 60) showed no significant association with AAM and stroke 

mortality in either age- groups. 

When comparing low and high menarcheal age, those with high menarcheal age (13+ years) had 

a 33 % higher stroke mortality compared to those with low menarcheal age (<13 years). The 

result was not significant (p=0.2). 

3.3.2.1 IHD mortality  

Results from survival analysis with IHD are presented in table 9. A total of 250 women died from 

IHD during the follow-up for CVD. Age adjusted survival analysis showed no significant 

relationship between AAM and IHD mortality. All menarcheal age groups, except those with 

AAM of 14 years, had a lower IHD mortality compared to the reference-group of 13 years. Those 

in menarcheal age group of 14 years had 2 % higher IHD mortality compared to the reference 
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group. All results were non-significant. After adjusting for the following identified confounders: 

age, diabetes, physical activity level, hypertension, HDL and smoking (all which were 

significantly associated with IHD mortality after age-adjustment), there was higher IHD mortality 

in both menarcheal age groups 14 and 15 years compared to the reference group of 13 years. All 

other menarcheal age groups had a lower IHD mortality. All results remained non-significant.  

No significant association between AAM and IHD mortality was observed after stratification by 

age (<60 and ≥ 60 years in Tromsø 4).   

In comparison of low and high menarcheal age, those with a high menarcheal age (13 years +) 

had 36 % higher IHD mortality compared to those with a low menarcheal age (<13 years). The 

result was non-significant (p=0.1). 
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 N Deaths † Person years Death Rate 

(unadjusted)* 

HR (age 

adj.) 

CI (95 %) HR (adj.)* CI (95%) P-value 

(adj.)* 

AAM          

<12 1120 20 19330 1.03 0.76 0.48 – 1.21 0.72 0.45 – 1.15 0.17 

12 2428 72 41412 1.74 0.81 0.61 – 1.07 0.75 0.56 – 1.00 0.05 

13 3429 155 57789 2.68 1  1   

14 3092 212 50916 4.16 1.07 0.87 – 1.31 1.09 0.89 – 1.35 0.41 

15 1646 124 26566 4.67 0.91 0.72 – 1.15 0.95 0.75 – 1.21 0.69 

>15 694 71 10970 6.47 1.13 0.86 – 1.50 1.09 0.82 – 1.44 0.56 

P-value 

for trend  

     

 

 

0.100 

   

0.03 

Table 7: Survival analysis (age adjusted and adjusted) of the relationship between AAM and total CVD mortality:  

*HR (adj.): adjusted for age, diabetes, physical activity, hypertension, HDL and smoking (all which were significantly 

associated with CVD mortality after adjusting for each-other). 

* Death rate unadjusted is presented per 1000 person-years. 
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 N Deaths 

† 

Person 

years 

Death Rate 

(unadjusted)* 

HR (age 

adj.) 

CI (95 %) HR (adj.)* CI (95%) P-value 

(adj.)* 

AAM          

<12 1120 6 19330 0.31 0.73 0.31 – 1.70 0.72 0.31 – 1.69 0.45 

12 2428 21 41412 0.51 0.79 0.47 – 1.32 0.76 0.45 – 1.29 0.30 

13 3429 46 57789 0.80 1  1   

14 3092 55 50916 1.08 0.95 0.64 – 1.41 0.99 0.66 – 1.47 0.94 

15 1646 30 26566 1.13 0.77 0.48 – 1.22 0.76 0.47 – 1.24 0.27 

>15 694 26 10970 2.37 1.43 0.88 – 2.32 1.40 0.86 – 2.28 0.17 

P-value for 

trend 

     

 

 

0.21 

   

0.18 

Table 8: Survival analysis (age adjusted and adjusted) of the relationship between AAM and stroke mortality:  

*HR (adj.): adjusted for age, diabetes, physical activity, hypertension, alcohol and smoking (all which were significantly 

associated with stroke mortality after adjusting for each-other).  

*Death rate unadjusted is presenter per 1000 person-years 
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 N Deaths † Person years Death Rate 

(unadjusted)* 

HR (age 

adj.) 

CI (95%) HR 

(adj.)* 

CI (95%) P-value 

(adj.)* 

AAM          

<12 1120 9 19330 0.47 0.90 0.45 – 1.82 0.84 0.42 – 1.71 0.64 

12 2428 27 41412 0.65 0.78 0.49 – 1.22 0.73 0.46 – 1.16 0.18 

13 3429 61 57789 1.06 1  1   

14 3092 79 50916 1.55 1.02 0.73 – 1.42 1.09 0.77 – 1.53 0.63 

15 1646 50 26566 1.88 0.93 0.64 – 1.35 1.02 0.69 – 1.50 0.93 

>15 694 24 10970 2.19 0.96 0.60 – 1.55 0.91 0.57 – 1.47 0.71 

P-value for 

trend 

     

 

 

0.62 

   

0.37 

Table 9: Survival analysis (age adjusted and adjusted) of the relationship between AAM and IHD mortality: 

*HR (adj.) is adjusted for age, diabetes, physical activity, hypertension, HDL and smoking (all which were significantly 

associated with IHD mortality after adjusting for each-other). 

*Death rate (unadjusted) is presented per 1000 person-years 
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4.0 Discussion  

4.1 Reproducibility 

4.1.1 Sum up 

The reproducibility study demonstrated a strong correlation and a good agreement in self- 

reported AAM between Tromsø 3 and in Tromsø 4. This correlation strengthened with increasing 

age. 

4.1.2 Our results compared to previous studies 

With a total of 6731 women who answered AAM in both Tromsø 3 and Tromsø 4, we had a good 

opportunity to investigate the reproducibility of self-reported AAM and draw a conclusion which 

is generalizable for similar populations. We also had the opportunity to make an important 

contribution to previous research of reproducibility of self-reported events that occurred earlier in 

life. The oldest woman that participated and reported menarcheal age in both Tromsø 3 and 

Tromsø 4 was 73 years in 1994. She was 66 years at the time of the Tromsø 3 survey, and is the 

oldest woman eligible for analyses for reproducibility. Since there are women in our dataset aged 

25-73 years in Tromsø 4 that reported AAM in both Tromsø 3 and Tromsø 4, we also had the 

opportunity to investigate the correlation of reported menarcheal age between different age-

groups. One might hypothesize that the recall of menarcheal age could decrease with increased 

age due to the length of time since the event occurred. This have been observed in a previous 

study which investigated the validity of self-reported AAM (39). There were few women with 

high attained age eligible for analyses. Only 1 % (N=65) of the 6731 women that answered 

menarcheal age in Tromsø 3 and Tromsø 4 were older than 65 years of age in Tromsø 4. Despite 

this, we included the older women in our reproducibility study and kept in mind that the limited 
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number of females for comparison might weaken the possibility for concluding for this age 

group. 

If there is a low concordance between reported menarcheal age at two points in time there will be 

non-differential misclassification in the survival analyses. If the self-reported variable is not 

reliable, the use of self-reported AAM cannot be recommended for research purposes.  

Previous studies support our findings of a high reproducibility of reported AAM (36, 38, 41). No 

other studies with such a large study population or such a strong correlation of self-reported 

AAM as we found here, was identified. This especially applies to the group with the highest 

attained age in Tromsø 4, where the correlation between reported AAM at two points in time was 

high (r = 0.91). It should be noted that the length of follow-up in the reproducibility study was 

only 7 years. Tromsø 3 was the first survey where AAM was reported and a follow-up of 7 years 

was the maximum length possible in this sample. As mentioned above, there were few 

participants in the oldest age group for comparison (65 participants). There are no data available 

for older women. 

Previous studies have tried to explain why age of menarche is well remembered and hypothesize 

that either menarche is remembered as an awkward, embarrassing event, or it is experienced as a 

“gift”, welcoming the girl to adulthood. Either way, the event in itself is an important milestone 

that seems to be well remembered among most females (49, 50). One previous article from Brazil 

that investigated how women related to the menarcheal event, showed that the mothers reaction 

to the occurrence of menarche had a large impact on how the girls experience menarche, either in 

a positive or negative direction (49). A review with combined results from 14 studies regarding 

experience of menarche, summed up the 5 following concepts as important for how girls 
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experience their first menstruation; how well they are prepared for the occurrence of menarche, 

the response from significant others, physical- and psychological experience of menarche and the 

socio-cultural perspective of menarche (51). The menarcheal event seems to be an important 

milestone to most girls, independent of culture and religion. However, the difference in how girls 

experience menarche is large, and while some remember it as an event that lead to awkward 

conversations and shame, other cultures celebrated the girls as they reached menarche. Both a 

negative and a positive association of the menarcheal occurrence would most likely be 

remembered and linked to an approximate place, time and age of event. This explains why both 

validity and reproducibility of these types of events normally are accurate and strong.  

4.2 All-cause mortality 

4.2.1 Sum up 

There was no association between AAM and mortality from all-causes before or after adjusting 

for confounding factors. When adjusted for age only, there was a visual indication of a U - 

shaped relationship between AAM and all-cause mortality, where both those in the youngest and 

those in the oldest menarcheal age groups had a higher all-cause mortality compared to those 

with menarcheal age of 13 years. After adjusting for potential confounders this u-shaped 

association was still visually present but weakened. None of the results were significant, and no 

statistically significant U-shaped relationship was identified.  

4.2.2. Our results compared to previous studies 

Previous studies have concluded that there may be a significant inverse relationship between 

AAM and all-cause mortality. This is not in line with our results. The review by 

Charalampopoulos et al. (17), which included 9 studies that investigated the relationship between 

AAM and death from all-causes, cardiovascular death, stroke and death from IHD, found an 
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association between AAM and death from all-causes. They report that two of the included studies 

showed a U-shaped association between AAM and death from all-causes, which is consistent 

with the visual observations of estimates in the all-cause survival analysis. One study observed a 

U-shaped (or an inversed J-shaped) association between AAM and all-cause mortality as they 

found a higher all-cause mortality among those with a high menarcheal age (18 or 19 years) and 

among those with a low menarcheal age (< 14 years) compared to menarcheal age of 14 years 

(35). However, the U-shaped association in our findings did not remain after being tested 

statistically.  

Wu et al. (22), (not included in the review) confirm an inverse association between AAM and all-

cause mortality. Lakshman et al. (20), (included in the review) observed that those in the younger 

categories for age at menarche had higher body mass index, hypertension, elevated cholesterol 

and triglyceride levels, and higher glycated hemoglobin (that is strongly related to risk of 

diabetes). They report that those in the younger menarcheal age groups were more likely to have 

a history of heart attack in their close family and were more likely to use blood pressure lowering 

drugs (20). This is similar to our findings where hypertension, increased body mass index, 

increased triglycerides, increased total cholesterol and decreased HDL is significantly associated 

with decreasing AAM after adjusting for age.  

Despite these corresponding results for risk factors for mortality with previous studies, we do not 

find an association between menarcheal age and all-cause mortality.  It has been suggested that 

the women with a late menarcheal age alone, or in addition to a high menopausal age could have 

a lower mortality because these women are biologically younger than their actual age reflects 

(35). If the latter hypothesis was true in our study sample, we should have found a relationship 

between increased menarcheal age and decreased all-cause mortality, but none of the results 
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regarding all-cause mortality and AAM were significant. We have no obvious explanation to why 

our result contrasts from other studies. A potential explanation is that we have adjusted for 

numerous confounders which might not have been done in all previous studies. 

4.3 Cardiovascular disease mortality 

4.3.1 Sum up 

Both age-adjusted analysis and adjusted analyses for stroke and IHD were non-significant and no 

linear association was observed in either direction. Adjusted analyses for total CVD mortality 

did, however, show a significant positive linear association between AAM and total CVD.  

4.3.2 Our results compared to previous studies 

The majority of previous studies have observed an inverse relationship between AAM and death 

from CVD. This is not in accordance with our results. In contrast, some previous studies did not 

find a significant association between menarcheal age and CVD mortality. This corresponds to 

our results regarding total CVD, IHD and stroke mortality according to menarcheal age 

categories. Charalampopoulos et al. (17), did not observe a significant association between AAM 

and CVD mortality in combined analysis. Palmer et al. (52), did not find a relationship between 

AAM and risk for myocardial infarction either, in their case-control study. They discuss that 

there is probably a presence of recall bias, as AAM occurred approximately 30-50 years earlier. 

They state that sorting this misclassification would however probably not have changed their 

end-result (52). In a combined dataset from three different case-control studies from Italy, they 

did not find an increased risk of myocardial infarction among those with young menarcheal age 

(<12 years) compared to those with older menarcheal ages (up to  >15 years) (53). A review of 

“Reproductive history and cardiovascular disease risk in postmenopausal women” found that in 

the 4 included studies that investigated AAM, there was no effect of AAM on cardiovascular 
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disease among the postmenopausal women (53). There could be limited relevance for our study 

as they only searched the Medline database and only included postmenopausal women. However, 

the mean age at occurrence of CVD death in our dataset was 72 years and the majority of the 

women were in fact postmenopausal. One of the 4 studies included in the review, by Colditz et al. 

(54), reported that they did not find a significant association between menarcheal age and 

coronary heart disease, even when comparing menarcheal age <11 and >15 years. These studies 

correspond to our findings with regards to total CVD, IHD and stroke mortality according to 

menarcheal age categories, but not our results of a significant higher CVD mortality among those 

with a menarcheal age of 13 years or older compared to those younger at 13 years at menarche. 

We did find a significant association between AAM and family history of heart attack or angina, 

after adjusting for age only, where increased menarcheal age decreased the odds of having heart 

attack or angina in close family. This is in line with the findings from Lakshman et al. (20), 

mentioned above.  

Some previous studies show a positive relationship between menarcheal age and CVD mortality. 

This corresponds to our adjusted p-value for linear trend for total CVD mortality and in the 

comparison of those with menarcheal age of 13 years and older with those younger than 13 years 

of age. Cui et al. (55),  found that those with a high menarcheal age (>17 years) have a higher 

risk for CVD compared to those with a low menarcheal age (<13 years). They suggest that this 

could be attributed to a protective effect from estrogen on CVD, and that menarcheal age is a 

marker for estrogen exposure (as presented when explaining the association between AAM, 

estrogen and breast cancer). The same hypothesis was presented by De Kleijn et al. (53), who 

states that it is widely believed that estrogen protects women from cardiovascular disease. These 

statements have been frequently investigated, as one previously believed that if estrogen has a 
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protective effect for CVD in premenopausal age, then estrogen therapy in postmenopausal age 

should decrease the risk for CVD in this age group. Previous studies show contradictive results 

regarding this and a recently conducted review by The Cochrane Library showed no protective 

effect of estrogen therapy on CVD in postmenopausal women (56).  

 

Premenopausal estrogen exposure reduces the risk of cardiovascular disease through several 

mechanisms; both genomic, non-genomic and systemic which protects women in reproductive 

age against cardiovascular disease (57). Estrogen contributes in the regulation of important 

vascular functions like blood pressure, vasodilatation and -constriction of blood vessels. In 

addition it has important effects on some of the major determinants for the development of 

atherosclerosis, e.g. effect on the blood lipids, leading to an increased level of HDL and 

triglycerides and decreased LDL cholesterol, which again decreases the risk for atherosclerosis 

(57, 58). Among the women who died from CVD in our sample, 73.9 % were postmenopausal in 

Tromsø 4, and could, based on the latter explanation, have a higher risk for CVD because they 

were no longer exposed to high levels of estrogen.   

 

Previous studies illustrating an inverse association between AAM and CVD mortality have tried 

to explain why such an association occurs. A proposed explanation is that lower menarcheal age 

seems to be associated with an increase in the risk factors related to metabolic syndrome and 

further cardiovascular disease (2, 27, 32, 33). Metabolic syndrome is the combination of a group 

of risk factors that further increases the risk for cardiovascular disease, stroke and diabetes. These 

risk factors are: a large waist circumference, elevated triglyceride levels, low HDL cholesterol, 

hypertension and high fasting blood sugar (related to diabetes) (59). In our study, even though no 

inverse association between categories of AAM and death from CVD was found, there was an 
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association between AAM and 4 of the 5 included risk factors mentioned above (when using high 

body mass index as an indicator of increased waist-line).  

The inverse relationship between menarcheal age and body mass index has been suggested to be 

related to childhood body mass index and weight. High body mass index and high weight in 

childhood is presented as one of the determining factors for earlier AAM (60-62). This could be 

related to the role of the “fat-protein” leptin, which has been hypothesized to be the link between 

increased body mass index, fat distribution and earlier menarche. It is also well documented that 

elevated childhood body mass index is linked to higher body mass index in adulthood (26, 63, 

64). It could, for later research, be interesting to include an additional question regarding the 

women’s childhood body mass index. A previous study concludes that women remembered their 

childhood body mass index, or body size, with high accuracy, and that self-reported childhood 

body mass index or body size is satisfactory for research purposes (38).  

4.4 Other findings and previous studies 

Some previous studies have suggested that there is higher occurrence of risk-taking behavior like 

early sexual intercourse and more unprotected sex (before the age of 15-16) , earlier alcohol 

drinking, drunken experiences and smoking among girls with early menarcheal age (28, 29). This 

behavior could be linked to the experiences of early maturation, and the emotion of entering 

adulthood could be strengthened by exploring behavior associated to being an adult. How girls 

relate to the occurrence of menarche is affected by, among other; culture, their knowledge 

regarding the menarcheal event and the views regarding menarche of their parents, guardian or 

next of kin (51, 65). In our study no association between smoking, alcohol and AAM was 

observed after adjusting for age. Both variables (alcohol and smoking) are subject to under-

reporting due to their commonly known negative effects. However, a previous review presented 
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that self-reported smoking appeared valid in most included studies and was therefore regarded 

accurate enough for research purposes (66). 

Both unadjusted analysis of previous occurrence of heart attack, angina pectoris, and stroke, in 

addition to unadjusted survival analysis showed a significant higher risk for event among the 

oldest menarcheal age group. These associations were no longer present after age-adjustment. 

The reversed trend after age-adjustment is most likely linked to the secular trend of menarche. 

The older women in the study experienced a higher menarcheal age than the younger women and 

it is well documented that the risk for heart attack, AP and stroke increases with increasing age. 

This explains the reversed results after age-adjustment. 

Previous studies support our findings regarding the decreasing trend for menarcheal age 

according to time. Chang et al. (4), investigated how AAM changed from one generation to 

another. They found that the distribution of AAM decreased by approximately one year from one 

generation to the next (from grandmother to granddaughters). The secular trend of AAM has been 

confirmed by several previous studies. A recent study from China found that menarcheal age 

decreased significantly from 1985 to 2010 among both urban and rural girls (6). There was a 

more rapid decline in AAM among rural girls, but this difference was reduced after year 2005 

(the difference in 1985 and 2010 was 0.66 years and 0.24 years, respectively). They state that 

“correlation analysis showed that AAM was significantly and negatively associated with per 

capita GDP and consumption level, both in 1985 and 2010” (6, p. 4). This could explain why a 

decreasing menarcheal trend in relation to increasing living standards has been observed. Zhu et 

al. (6), also discuss that the improved living standards in rural areas could be the reason why the 

difference between menarcheal age in rural and urban areas have decreased. Two suggested 

explanations for the secular trend in age at menarche is; increased body weight and increased 
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energy intake. Both factors are strongly related to income and living standards. These changes in 

lifestyle have been observed in Tromsø (and Norway) as well as other high income countries 

around the world. This could partly explain why the secular trend is observed more rapidly in 

high income areas. Despite this, the secular trend in menarcheal age is suggested to be stabilizing 

in Europe, while it is still declining other parts of the world (5, 6). This stabilization might be 

attributed to the increased focus on healthy diets and physical activity related to the obesity 

epidemic the developed world is facing.  

4.5 Limitations and strengths 

4.5.1 Limitations 

This study has some limitations. There is no available information regarding the women's 

physical appearance (weight and height) or physical activity level before menarche occurred. 

Characteristics and physical appearance in childhood follow individuals to adulthood, e.g. high 

childhood body mass index is closely linked to high body mass index in adulthood. In addition, 

these factors (e.g. physical activity and childhood weight) influence at what age menarche occur. 

It would have been interesting to know more about the women’s physical appearance during 

childhood, and to investigate if this was associated to AAM and adult physical characteristics 

(like blood pressure, blood lipids etc.) in our population. It is also possible that childhood 

characteristics could affect the risk for premature mortality due to increased length of exposure to 

risk factors, and mortality according to childhood characteristics could have been tested. 

There is a possibility of information bias due to subjective self-reporting in the original scheme. 

This especially concerns behavioral factors like smoking and alcohol consumption which could 

be “victim” to under-reporting due to their well-known negative effects. Also AAM, which is a 



54 
 

private matter, could be influenced by information-bias; if actual recalled menarcheal age 

occurred very early or very late compared to the social-circle of the woman, there is a possibility 

that she would rather report a menarcheal age similar to the known mean. If women do not report 

menarcheal age similar to the actual AAM, it would affect our conclusion. It is difficult to 

completely control for this potential bias other than by carrying out a prospective follow-up from 

pre-menarcheal childhood to adulthood to secure that the information regarding menarcheal age 

is valid, but this would be very costly. Previous investigations of the validity of self-reported 

menarche have concluded that women recall their menarcheal age specific enough to be used for 

research purposes (38, 39). In our study, previously reported AAM was very similar to reported 

AAM after 7 years of follow-up. This indicates, based on previous research that it is unlikely that 

reported AAM differ widely from actual AAM. Recall-bias regarding AAM is therefore not 

considered to be a problem in this study. One should however be aware that a high 

reproducibility does not confirm a high validity.  

Another potential limitation is misclassification of CVD. There could be misclassification in both 

directions; deaths due to other causes could be misclassified as CVD deaths or deaths due to 

CVD could be misclassifies as deaths due to other causes. One can never be certain that all CVD 

causes are classified correctly or that none are “lost” due to misclassification if autopsies are not 

performed. Autopsies are seldom performed in Norway without special request. A larger study 

population would have given more strength to our findings, but we do not believe that this would 

have changed our final results. 

4.5.2 Strength 

This study has several strengths. It includes a large study-sample of 12 409 women, where 6731 

women participated and answered the question regarding AAM in both Tromsø 3 and Tromsø 4. 
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This made it possible to include a reproducibility study to the analyses and strengthen the results 

from previous studies reporting a high correlation between self-reported AAM at different points 

in time. The response rate in the Tromsø study is high (74.9%), and after excluding those who did 

not report AAM, 65% of the women who were invited are included in our analyses. The results 

are believed to be representative for women in Tromsø, Norway and other areas with similar 

living conditions. Another strength is that physical examinations were performed by trained 

health care professionals. In addition the participants were provided with guidance when 

answering the questionnaire and the risk of bias due to misunderstanding questions or wrongfully 

reporting numbers from the physical examination is minimal.  

4.6 External validity/generalizability 

The results in this study are based on a large sample of the female population in Tromsø. As 

living-conditions in Tromsø are similar to those of other high-income areas there is reason to 

believe that the 12 409 women in Tromsø 4 are representative for the general female population 

and that our results have external validity. Also the reproducibility between self-reported 

menarcheal age in Tromsø 3 and Tromsø 4, which was investigated among 6731 women, is 

considered to be generalizable for populations living within the same conditions as the women 

from Tromsø. It is however an important factor that the follow-up only was 7 years, and that the 

length of follow-up was the maximum possible without including any more of the Tromsø 

surveys.  

4.7 Implications 

Implications from this study, even though we found no association between AAM and all-cause 

mortality and only weak evidence for a positive relationship with CVD mortality, is not to pursue 

a change in menarcheal age. We would rather aim to increase the knowledge regarding female 
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reproductive health and how reproductive factors could potentially affect health later in life. One 

should not deliberately influence menarcheal age. Conditions or behavior that is known to delay 

AAM is anorexia nervosa or excessive training and neither of these is preferable compared to 

early AAM as both conditions impose a major increased risk for morbidity and mortality 

compared to earlier AAM. Increased knowledge is in itself a contribution to the ongoing battle 

against lifestyle-diseases. When there is an indication that AAM could affect both CVD mortality 

and changeable risk factors like hypertension, higher blood lipid levels, higher body mass index 

etc. there should be an increased focus on preventive measures among women in the high risk-

group. The contribution from the reproducibility study strengthens the results from previous 

studies, confirming that self-reported AAM is satisfactory for research purposes. 
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5.0 Conclusion 

There is no significant association between categories of menarcheal age groups and all-cause 

mortality among the female population in Tromsø. There is, however, an indication of a positive 

relationship between total CVD mortality and menarcheal age (presented by the p-value for linear 

trend). As far as we were able to investigate, there is no systematic difference in, and a high 

correlation between self-reported AAM in Tromsø 3 and reported menarcheal age in Tromsø 4 (7 

years later). This association strengthened by age. The highest correlation coefficient was found 

among the oldest age group available for comparison. The need for further studies should be 

emphasized. The results of no association between AAM and mortality (especially all-cause) do 

not fit with previous studies on the subject. Almost all previous studies observed an inverse 

association between earlier AAM and either all-cause or CVD mortality. It would also be 

interesting to investigate the reproducibility of menarcheal age with a longer period of follow-up.  
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Appendix 1 

Invitation and questionnaire 1 -Tromsø 4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 











Appendix 2 

Questionnaire 2 -Tromsø 4 

(< 70 years) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 











Appendix 3 

Questionnaire 2 -Tromsø 4 

(≥ 70 years) 
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