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ABSTRACT
Objective In most population- based studies of low back 
pain (LBP), women have a higher risk than men, possibly 
reflecting hormonal influences. The aim of this study was 
to explore associations between age at menarche and 
menopause and risk of chronic LBP.
Design Population- based cross- sectional and cohort 
study designs.
Setting The HUNT2 and HUNT3 medical surveys of the 
entire population of Nord- Trøndelag County in Norway.
Main outcome measure Prevalence or risk of chronic 
LBP, defined as LBP persisting at least 3 months 
continuously during last year.
Participants Associations between age at menarche 
and prevalence of chronic LBP were examined in cross- 
sectional data from HUNT2, comprising 27 697 women 
aged 20–69 years, with 7300 women reporting LBP. 
The corresponding cohort data included 11 659 women 
without LBP at baseline in HUNT2, with 2353 women 
reporting LBP at follow- up 11 years later in HUNT3. Cross- 
sectional data on age at menopause or premenopausal 
status included 11 332 women aged 40–69 years, with 
3439 women reporting chronic LBP. Corresponding cohort 
data included 7893 women without LBP at baseline, of 
whom 1100 developed LBP.
Methods Associations between age at menarche or 
menopause and risk of chronic LBP were examined by 
generalised linear modelling.
Results A U- shaped association was indicated between 
age at menarche and risk of chronic LBP, both in the 
cross- sectional and cohort studies. Age at menarche ≤11 
years was associated with an increased risk of chronic 
LBP, with a relative risk of 1.32 (95% CI 1.15 to 1.52), 
compared with age 14 years at menarche, after relevant 
adjustments. Corresponding cross- sectional crude 
absolute risks were 32% and 25%, respectively. No 
association was established between age at menopause 
and risk of LBP. Being premenopausal had no influence on 
risk.
Conclusions In contrast to results for age at menopause, 
the association with age at menarche suggests that 
hormonal factors affect the risk of LBP.

INTRODUCTION
Low back pain (LBP) constitutes a major 
problem for the individuals affected,1 and 
the disorder entails large annual expenses 
for society.2 To obtain insight into the aeti-
ology, it is important to determine potential 
risk factors for LBP. In most population- based 
studies, women have a higher risk of LBP 
than men,3 a tendency which may reflect 
hormonal differences.4

Women who experience early menarche 
or late menopause have generally been 
exposed to endogenous oestrogen for a long 
time. Oestrogen is known to be important in 
reducing osteoporosis and fracture rates5 and 
may in this way potentially also reduce the 
risk of LBP. On the other hand, higher levels 
of oestrogen may increase the risk of LBP 
during and after pregnancy,6 possibly through 
the involvement of the hormone relaxin. The 
greater risk of LBP observed in women using 
hormone therapy4 or oral contraceptives4 
may also be related to oestrogen levels.6

There are very few epidemiological studies 
of associations between age at menarche 
or menopause and risk of LBP. A large 
population- based cross- sectional study in the 
Netherlands found an increase in the risk of 

Strengths and limitations of this study

 ► The study included data collected using both a 
cross- sectional and a cohort design, with a long 
follow- up period of 11 years.

 ► The information on age at menarche and meno-
pause made it possible to carry out analyses with a 
detailed categorisation.

 ► The information about back pain was self- reported 
in a questionnaire.

 ► No information was available on pain intensity.

B
M

J. P
rotected by copyright.

 on N
ovem

ber 23, 2022 at H
elsebiblioteket gir deg tilgang til

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2021-055118 on 24 F
ebruary 2022. D

ow
nloaded from

 

http://bmjopen.bmj.com/
http://orcid.org/0000-0003-1202-730X
http://orcid.org/0000-0003-3386-9688
http://dx.doi.org/10.1136/bmjopen-2021-055118
http://dx.doi.org/10.1136/bmjopen-2021-055118
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2021-055118&domain=pdf&date_stamp=2022-02-23
http://bmjopen.bmj.com/


2 Heuch I, et al. BMJ Open 2022;12:e055118. doi:10.1136/bmjopen-2021-055118

Open access 

combined chronic LBP and upper extremity pain among 
women with an early menarche,4 but results were equiv-
ocal for those with LBP only. No association was found 
in a smaller Swedish study.7 A study in the USA8 found a 
higher risk of LBP among women with menopause before 
age 40 years, but essentially no association with age at 
menopause after that early threshold.

In a large- scale population- based Norwegian study, 
we previously found an increase in risk of chronic LBP 
among women having experienced at least one delivery, 
but no further increase with subsequent deliveries.9 More-
over, the risk depended on age at first delivery.9 Data from 
the same surveys have also been used to study associations 
between chronic LBP and body mass index (BMI),10 
lipid levels11 and physical activity in leisure time.12 The 
aim of the present study was to investigate the relation-
ships between age at menarche and menopause and risk 
of chronic LBP, considering cross- sectional and 11- year 
follow- up data.

METHODS
Collection of information
In the former Nord- Trøndelag County in Norway, the 
two health surveys HUNT2 and HUNT3 were conducted 
in 1995 to 1997 and 2006 to 2008.13 In the present 
work, cross- sectional data from the HUNT2 survey are 
combined with follow- up data from the HUNT3 survey.

All residents of this county aged 20 years and above 
were invited to take part in the HUNT2 survey. They were 
requested to complete a questionnaire on health status, 
and they were invited to a clinical examination, including 
measurement of height and weight. In the HUNT3 survey, 
11 years later, similar information was collected by ques-
tionnaires and an examination.

One question in the HUNT2 and HUNT3 question-
naires was expressed in this way: ‘During the last year, 
have you suffered from pain and/or stiffness in your 
muscles and joints that has lasted for at least three 
consecutive months?’ Each participant answering yes was 
given the following question: ‘Where did you have these 
complaints?’ Several body regions were listed. Individ-
uals answering yes to the first question and including the 
lower back as a relevant region were regarded as having 
chronic LBP.14

Women participating in HUNT2 gave information on 
age at menarche by answering the question ‘How old 
were you when you started menstruating?’. They were 
also asked the question ‘Do you still menstruate?’ Those 
aged ≥40 years indicating ‘yes’ were regarded as premeno-
pausal. The women who indicated ‘no’ answered the 
following question: ‘How old were you when you stopped 
menstruating?’ This was regarded as age at menopause.

The participants also gave information regarding 
physical activity in leisure time, smoking, duration of 
education and childbirths. In addition, they provided 
information used for computing Hospital Anxiety and 
Depression Scale (HADS) scores.15

Study design
Age at menarche
The target population of the HUNT2 study comprised 37 
503 women in the age range 20–69 years. Of these, a total 
of 28 520 women participated in HUNT2 (figure 1).16 
Information about age at menarche and about presence 
or absence of chronic LBP in HUNT2 was collected from 
27 697 women, corresponding to an overall participation 
rate of 74%. This data set formed the basis of the cross- 
sectional study of associations with age at menarche.

The 20 397 women who reported absence of chronic 
LBP in HUNT2 were included in the cohort considered 
in the prospective study of association between age at 
menarche and risk of chronic LBP. Information about 
residence status was obtained from national registries 
and linked using the unique Norwegian personal iden-
tification numbers. During the 11- year follow- up period, 
712 women in this cohort died and 1266 individuals left 
the county of Nord- Trøndelag (figure 1). A total of 6760 
women in the cohort residing in Nord- Trøndelag at the 
time of HUNT3 did not participate or did not supply 

Figure 1 Flowchart for the cross- sectional and prospective 
studies of age at menarche as a potential risk factor. HUNT, 
Trøndelag Health Study; LBP, low back pain.
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information about chronic LBP. The remaining 11 659 
women could be included in the analysis of risk of LBP 
after the 11- year follow- up period, representing 63% of 
the remaining women resident in the county, and 57% of 
the original cohort.

Age at menopause
Only women in the age range 40–69 years in HUNT2 were 
included in the study of age at menopause. The target 
population of the HUNT2 study comprised 20 765 women 
in this interval. Of these, a total of 17 568 women partici-
pated in HUNT2 (figure 2).16 Women who were pregnant 
when the questionnaire was filled in were excluded. Infor-
mation about age at menopause or premenopausal status 
in HUNT2 as well as presence or absence of chronic LBP 
was collected from 14 269 women, corresponding to a 
participation rate of 69%. At this stage, 2937 women were 
excluded because of surgery involving hysterectomy or 
removal of both ovaries, leaving 11 332 women included 
in the cross- sectional study (figure 2).

A total of 7893 women who reported absence of chronic 
LBP in HUNT2, were included in the prospective study of 
associations between age at menopause and risk of LBP. 
During the 11- year follow- up period, 339 women in this 
cohort died, 198 individuals left the county and 1962 
women residing in Nord- Trøndelag at the time of HUNT3 
did not participate or did not supply information about 
chronic LBP. Thus, a total of 5394 women were available 
for analysis of risk of LBP after the follow- up period, 
representing 73% of the remaining women resident in 
the county, and 68% of the original cohort.

Variables
Age at menarche reported in HUNT2 was categorised 
into seven groups: ≤11, 12, 13, 14, 15, 16 and ≥17 years. 
Women aged 14 years at menarche were considered the 
reference group. Age at menopause was categorised into 
seven groups: ≤40, 41–43, 44–46, 47–49, 50–52, 53–55 and 
≥56 years. The premenopausal women were regarded as 
a separate reference group. In additional analyses, testing 
the linear or quadratic effects of the two study variables, 
these variables were regarded as continuous.

BMI, defined as weight/height2 and computed in kg/
m2, was subdivided into three groups: <25, 25–29.9 and 
≥30. Categories of education were defined according to 
duration, ≤9, 10–12 and ≥13 years. Cigarette smoking was 
described using the categories current daily smoking, 
previous daily smoking and never daily smoking. For 
physical activity in leisure time, including going to work, 
one category comprised those engaged in light activity 
only or hard physical activity (leading to sweating or 
being out of breath) <1 hour per week. Other categories 
represented hard physical activity 1–2 and ≥3 hours per 
week. The information about physical activity collected 
in HUNT2 was verified by a reliability and validity study 
of a subsample.17 A particular variable was defined to 
take into account both nulliparity and age at first delivery 
among parous women. Categories of age at first delivery 
were: ≤19, 20–24, 25–29, 30–34, ≥35 years. Five categories 
were introduced for total HADS scores: 0–4, 5–9, 10–14, 
15–19 and ≥20.

Statistical analyses
Associations between the study variables age at menarche 
or menopause and prevalence or risk of chronic LBP were 
assessed by generalised linear modelling for binomial 
observations with a log link, with adjustment for poten-
tial confounders. Initial analyses involved adjustment for 
age only, and adjustment was then added for other factors 
known to be risk factors for LBP, as BMI,10 physical activity 
in leisure time,12 education and smoking, nulliparity and 
age at first delivery.9 The non- linear effect of age10 was 
modelled by a cubic polynomial. In the main analyses, all 
other variables adjusted for were regarded as categorical.

Separate tests were carried out for interaction 
between each factor adjusted for and study variables 
showing an association with risk of chronic LBP. To 
obtain more powerful interaction tests, the effect of age 

Figure 2 Flowchart for the cross- sectional and prospective 
studies of age at menopause as a potential risk factor. HUNT, 
Trøndelag Health Study; LBP, low back pain.
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at menarche was then modelled by a quadratic polyno-
mial depending on scores representing the successive 
categories.

Because information on potential confounders 
was missing in a minor part of the data set, analyses 
involving more complete adjustment included a slightly 
lower number of individuals than the age- adjusted anal-
yses. HADS scores, representing important psycholog-
ical factors, could not be computed for 3178 (13%) 
of the 24 951 women included in cross- sectional anal-
ysis of relations with age at menarche with adjustment 
for other potential confounders. The corresponding 
proportion, 11%, in the prospective analysis was also 
rather high. For this reason, additional adjustment for 
HADS was only carried out in particular sensitivity anal-
yses. At the same time, analyses were also performed 
without adjustment for HADS, including only women 
with known HADS scores, to evaluate the exact effect of 
the adjustment.

To assess potential effects of differential participation, 
participation rates in HUNT3 were computed among the 
women reporting LBP in HUNT2 and those not reporting 
LBP, within broad categories of age at menarche or 
menopause.

All statistical analyses were carried out using IBM SPSS 
V.26 (IBM, Armonk, New York).

Public and patient involvement
There was no patient or public involvement in the design 
or implementation of this study.

RESULTS
Age at menarche
Women in HUNT2 with a late menarche tended to have 
a low BMI and an education of short duration (table 1). 
Daily current smoking was more common among those 
with an early menarche. Nulliparity showed a weak inverse 
relationship with age at menarche (table 1).

Among the 27 697 women in the cross- sectional study of 
the association between age at menarche and prevalence 
of chronic LBP, 7300 women (26%) reported chronic 
LBP in HUNT2 (figure 1). In the prospective study with 
11 659 women available for analysis of risk, 2353 women 
(20%) reported chronic LBP at end of follow- up in 
HUNT3.

A U- shaped relationship between age at menarche and 
prevalence of chronic LBP was suggested in the cross- 
sectional study (table 2). Women with an early menarche 
at age ≤11 years had a noticeably larger absolute risk 
(AR=32%) than those with an age at menarche of 14 
years (AR=25%). The U- shaped relationship was retained 
after adjustment for age, BMI, physical activity, education, 

Table 1 Baseline mean values and category percentages for potential confounders, by age at menarche and menopause

Age at menarche (year)* Age at menopause (year)†

≤11 12–13 14–15 ≥16 ≤46 47–49 50–52 ≥53 Premenopausal

Number of women included 2288 12 176 9388 1099 1044 972 1579 826 5633

Age in HUNT2‡ (year) 41.1 41.8 45.9 47.6 55.9 56.3 58.4 60.2 45.8

BMI‡ (kg/m2) 27.1 26.0 25.5 24.9 26.6 26.8 26.9 27.5 25.9

Physical activity per week§ (%)                   

  <1 hour hard 73 74 78 78 85 84 86 85 76

  1–2 hours hard 19 19 16 15 11 12 11 11 18

  ≥3 hours hard 8 7 6 7 4 4 4 4 6

Cigarette smoking§ (%)                   

  Never 39 43 42 43 31 38 45 51 35

  Daily former 25 25 27 28 28 28 30 32 30

  Daily current 37 33 32 29 41 35 26 17 34

Education§ (year) (%)                   

  ≤9 24 27 35 40 56 54 58 58 27

  10–12 48 47 43 38 29 33 27 27 46

  ≥13 28 25 22 22 14 13 15 15 27

Nulliparity§ (%) 15 15 12 11 7 6 6 3 5

Age at first childbirth‡, ¶ (year) 22.6 22.8 23.1 24.0 23.1 23.2 23.3 23.2 22.9

*Among women with information about chronic LBP, BMI, physical activity, education, smoking, nulliparity, age at first delivery and age at menarche.
†Among women at least 40 years old in HUNT2 with information about chronic LBP, BMI, physical activity, education, smoking, nulliparity, age at first 
delivery and age at menarche and menopause.
‡Mean value within category of age at menarche or menopause.
§Percentages of categories for potential confounder within category of age at menarche or menopause.
¶Among women with at least one child.
BMI, body mass index; HUNT, Trøndelag Health Study; LBP, low back pain.

B
M

J. P
rotected by copyright.

 on N
ovem

ber 23, 2022 at H
elsebiblioteket gir deg tilgang til

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2021-055118 on 24 F
ebruary 2022. D

ow
nloaded from

 

http://bmjopen.bmj.com/


5Heuch I, et al. BMJ Open 2022;12:e055118. doi:10.1136/bmjopen-2021-055118

Open access

smoking, nulliparity and age at first delivery (table 2). 
The prospective analysis revealed a similar U- shaped rela-
tionship between age at menarche and risk of chronic 
LBP, with an estimated 32% and 43% increased risk after 
adjustment among women with menarche at age ≤11 

years and ≥17 years, respectively, compared with those 
with age at menarche 14 years (table 3).

An interaction was observed between age at menarche 
and baseline age in the cross- sectional analysis (p=0.026). 
Definite U- shaped relationships between age at menarche 

Table 2 Associations between age at menarche and prevalence of chronic LBP in HUNT2 in cross- sectional analysis

Total number of 
women in category 
of age at menarche*

Number of 
women with 
chronic LBP

Crude AR of 
chronic LBP (%)

RR (95% CI) with 
adjustment for age only

RR (95 % CI) 
with additional 
adjustment†

Number of women 
included

27 697 27 697 24 951

Age at menarche 
(year)

  ≤11 2487 806 32.4 1.39 (1.30 to 1.49) 1.33 (1.24 to 1.43)

  12 5536 1499 27.1 1.17 (1.11 to 1.24) 1.13 (1.06 to 1.21)

  13 7789 1953 25.1 1.08 (1.02 to 1.14) 1.07 (1.01 to 1.14)

  14 6861 1713 25.0 1.00 (reference) 1.00 (reference)

  15 3759 994 26.4 1.03 (0.96 to 1.10) 1.04 (0.97 to 1.12)

  16 975 252 25.8 0.99 (0.89 to 1.11) 1.02 (0.91 to 1.15)

  ≥17 290 83 28.6 1.12 (0.93 to 1.35) 1.31 (1.08 to 1.59)

P for categorical 
effect

<0.001 <0.001

P for linear trend <0.001 <0.001

P for quadratic 
effect‡

<0.001 <0.001

*In analysis adjusted for age only.
†Adjustment for age, BMI, physical activity, education, smoking, nulliparity and age at first delivery.
‡In model also including linear effect.
AR, absolute risk; BMI, body mass index; HUNT, Trøndelag Health Study; LBP, low back pain; RR, relative risk.

Table 3 Associations between age at menarche and risk of chronic LBP in HUNT3 in prospective analysis

Total number of 
women in category of 
age at menarche*

Number of 
women with 
chronic LBP

Crude AR of 
chronic LBP (%)

RR (95% CI) with 
adjustment for age only

RR (95 % CI) 
with additional 
adjustment†

Number of women 
included

11 659 11 659 10 854

Age at menarche 
(year)

  ≤11 930 236 25.4 1.34 (1.17 to 1.53) 1.32 (1.15 to 1.52)

  12 2228 468 21.0 1.11 (1.00 to 1.24) 1.12 (1.00 to 1.25)

  13 3340 641 19.2 1.01 (0.91 to 1.12) 1.01 (0.91 to 1.13)

  14 3014 582 19.3 1.00 (reference) 1.00 (reference)

  15 1600 314 19.6 1.01 (0.89 to 1.14) 1.02 (0.90 to 1.16)

  16 421 82 19.5 1.00 (0.81 to 1.23) 1.01 (0.81 to 1.25)

  ≥17 126 30 23.8 1.24 (0.90 to 1.70) 1.43 (1.04 to 1.98)

P for categorical 
effect

0.001 0.002

P for linear trend 0.001 0.008

P for quadratic effect‡ 0.001 <0.001

*In analysis adjusted for age only.
†Adjustment for age, BMI, physical activity, education, smoking, nulliparity and age at first delivery.
‡In model also including linear effect.
AR, absolute risk; BMI, body mass index; HUNT, Trøndelag Health Study; LBP, low back pain; RR, relative risk.
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and prevalence of chronic LBP were found among 
women in the two age intervals 20–39 years and 40–49 
years in HUNT2 (online supplemental table 1). Although 
a U- shaped relationship was still suggested among the 
oldest women aged 50–69 years (online supplemental 
table 1), the association was much weaker. No interaction 
with baseline age was found in the prospective analyses 
of risk of chronic LBP in HUNT3 (p=0.35; online supple-
mental table 2).

In the cross- sectional analysis, an interaction was also 
found between age at menarche and duration of educa-
tion (p=0.031). The U- shaped relationship with age at 
menarche was most evident in women with 10–12 years 
of education, but estimates were also compatible with a 
relationship of this kind in the categories representing 
shorter or longer duration of education (online supple-
mental table 3). In the prospective analysis, no signifi-
cant interaction between age at menarche and duration 
of education was observed (p=0.84; online supplemental 
table 4).

Sensitivity analyses with additional adjustment for 
HADS revealed only minor changes in the association 
with age at menarche, both in the cross- sectional (online 
supplemental table 5) and the prospective (online supple-
mental table 6) situations.

Participation rates in HUNT3 depended only weakly 
on age at menarche, with slightly higher rates among 
women with a late menarche. Within broad categories 
of age at menarche, however, participation rates were 
quite similar among those reporting LBP in HUNT2 

and those not reporting LBP. Among women with age at 
menarche ≤11 years, the two participation rates were 55% 
and 58%, respectively, among those with age at menarche 
12–13 years 56% and 57%, among women with menarche 
14–15 years 58% and 58% and among women with age at 
menarche ≥16 years 59% and 61%.

Age at menopause
Early menopause was primarily associated with daily 
current smoking and with nulliparity (table 1). Premeno-
pausal women tended to have a relatively long duration 
of education and were engaged in more physical activity 
than postmenopausal women.

In the cross- sectional study of association between 
age at menopause and chronic LBP in HUNT2, 11 332 
women were included, and a total of 3439 women (30%) 
reported chronic LBP (figure 2). In the prospective study 
among the remaining 5394 women who did not report 
chronic LBP in HUNT2, a total of 1100 women (20%) 
reported chronic LBP at end of follow- up in HUNT3.

No association between age at menopause and preva-
lence or risk of chronic LBP was observed, neither in the 
cross- sectional (table 4) nor in the prospective (table 5) 
data. Being premenopausal had no particular influence 
on prevalence or risk of chronic LBP. Additional adjust-
ment for HADS in sensitivity analyses produced very 
similar estimates.

Participation rates in HUNT3 were somewhat higher 
for women with an older age at menopause. Yet within 
broad categories of age at menopause, participation rates 

Table 4 Associations between age at menopause and prevalence of chronic LBP in cross- sectional analysis, among women 
at least 40 years old in HUNT2

Total number 
of women in 
category of age at 
menopause

Number of 
women with 
chronic LBP

Crude AR of 
chronic LBP 
(%)

RR (95% CI) with 
adjustment for age only

RR (95 % CI) 
with additional 
adjustment*

Number of women 
included

11 332 11 332 10 054

Age at menopause 
(year)

  ≤40 263 90 34.2 1.10 (0.92 to 1.32) 1.08 (0.88 to 1.32)

  41–43 269 88 32.7 1.06 (0.88 to 1.28) 1.05 (0.86 to 1.27)

  44–46 743 260 35.0 1.12 (0.98 to 1.27) 1.06 (0.92 to 1.21)

  47–49 1170 394 33.7 1.07 (0.96 to 1.20) 1.05 (0.93 to 1.18)

  50–52 1859 601 32.3 1.01 (0.90 to 1.13) 1.03 (0.92 to 1.15)

  53–55 818 290 35.5 1.09 (0.95 to 1.25) 1.06 (0.91 to 1.23)

  ≥56 182 46 25.3 0.78 (0.59 to 1.02) 0.79 (0.59 to 1.06)

Premenopausal 6028 1670 27.7 1.00 (reference) 1.00 (reference)

P for categorical effect 0.09 0.56

P for linear trend† 0.15 0.49

*Adjustment for age, BMI, physical activity, education, smoking, nulliparity, age at first delivery and age at menarche.
†Among postmenopausal women.
AR, absolute risk; BMI, body mass index; HUNT, Trøndelag Health Study; LBP, low back pain; RR, relative risk.
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were very similar for those reporting LBP in HUNT2 and 
those not reporting LBP. Premenopausal women repre-
sented an exception, with a participation rate equal to 
65% among those reporting LBP, compared with 71% 
among those without LBP.

DISCUSSION
In this study, an association was found between age at 
menarche and both prevalence and risk of LBP. The 
main feature was a decline in risk with increasing age 
at menarche, with relatively high risk estimates for ages 
≤12 years, but little variation in risk for ages at menarche 
in the interval 13–16 years. However, the small group of 
women with a very late menarche, at an age ≥17 years, 
also showed a higher risk, and an overall relationship 
emerged that was approximately U- shaped. No associa-
tion could be established between age at menopause and 
risk of LBP. Risk estimates were largely similar among 
premenopausal and postmenopausal women.

Strengths and limitations
Results in this study were based on cross- sectional and 
cohort data derived from surveys of the entire population 
in a Norwegian county. The similar results found with the 
two study designs provide additional support to the main 
findings. In principle, more weight should be attached 
to the cohort data, but the cross- sectional data set was 
considerably larger. The information on age at menarche 
referred anyhow to an event that mostly occurred a 

number of years before. In this situation, the difference 
between the two study designs is probably less important.

Recall of age at menarche may be subjected to error, 
but studies of validity18 and reliability19 indicate that the 
error is generally rather small. Minor random errors in 
reported age at menarche would in any case mainly be 
expected to attenuate the relationships observed. For 
menopause, the relevant event mostly occurred a rela-
tively short time before data collection, improving the 
accuracy of the information. Recall of age at menopause 
is also regarded as fairly reliable.20 However, reporting 
may be slightly biased, with women with an early meno-
pause tending to overestimate their age at menopause 
and women with a late menopause reporting underes-
timates.20 Also, the age specified when menstruation 
stopped may not represent the exact age at the final 
menstrual period, which requires a 12- month interval of 
amenorrhea before a strict assessment can be made.21 In 
any case, neither potential source of bias is likely to create 
an apparent lack of association with age at menopause, as 
observed in this study.

In the cohort data, no information was available on 
changes in potential risk factors or LBP status in the 
period between HUNT2 and HUNT3. Thus, women 
who were recorded as being premenopausal in HUNT2 
may have been postmenopausal during part of the subse-
quent follow- up period. The self- reported information 
used to assess LBP was also incomplete in the sense that 
pain intensity was not recorded. Moreover, participation 
rates were rather low in the cohort study. However, a 

Table 5 Associations between age at menopause and risk of chronic LBP in HUNT3 in prospective analysis, among women 
at least 40 years old in HUNT2

Total number 
of women in 
category of age at 
menopause

Number of 
women with 
chronic LBP

Crude AR of 
chronic LBP 
(%)

RR (95% CI) with 
adjustment for 
age only

RR (95 % CI) 
with additional 
adjustment*

Number of women 
included

    5394 5394 4941

Age at menopause (year)       

  ≤40 108 24 22.2 1.06 (0.73 to 1.55) 1.05 (0.70 to 1.57)

  41–43 102 26 25.5 1.21 (0.85 to 1.73) 1.10 (0.74 to 1.62)

  44–46 308 67 21.8 1.03 (0.80 to 1.34) 1.03 (0.79 to 1.34)

  47–49 500 96 19.2 0.91 (0.73 to 1.15) 0.94 (0.74 to 1.19)

  50–52 841 155 18.4 0.87 (0.70 to 1.09) 0.86 (0.68 to 1.09)

  53–55 368 83 22.6 1.07 (0.82 to 1.40) 1.05 (0.79 to 1.40)

  ≥56 86 12 14.0 0.66 (0.38 to 1.16) 0.68 (0.37 to 1.26)

Premenopausal 3081 637 20.7 1.00 (reference) 1.00 (reference)

P categorical effect       0.33 0.59

P for linear trend†       0.11 0.31

*Adjustment for age, BMI, physical activity, education, smoking, nulliparity, age at first delivery and age at menarche.
†Among postmenopausal women.
AR, absolute risk; BMI, body mass index; HUNT, Trøndelag Health Study; LBP, low back pain; RR, relative risk. B
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bias in relative risk estimates will only arise if participa-
tion rates differ between women with and without LBP in 
HUNT3 within categories of age at menarche or meno-
pause. These rates are unknown, but LBP in HUNT3 was 
strongly associated with LBP in HUNT2, which was used 
to compare corresponding participation rates in HUNT3 
for women with and without LBP in HUNT2. The fact 
that these rates were quite similar suggests that no major 
response bias has been introduced, except possibly for 
premenopausal women in the analyses involving meno-
pausal status.

Age at menarche can be affected by various influences 
in childhood or puberty.22 Information on body size or 
physical activity at those stages was not available in the 
present study, but adjustment was made in the statistical 
analysis for similar factors recorded much later in life. 
The population studied had a nearly uniform ethnic 
background and socioeconomic differences were gener-
ally small.16 Socioeconomic status was taken into account 
by adjustment for duration of education. It is not possible 
to rule out potential confounding by other variables in 
the association between age at menarche and risk of 
LBP, but it seems unlikely that unknown factors should 
account entirely for the relationship observed.

Previous studies
To the best of our knowledge, the only other large 
study of relationships between age at menarche and 
occurrence of chronic LBP is the Dutch cross- sectional 
study of Wijnhoven et al,4 including 11 428 women in 
the age interval 20–59 years. Women with an age at 
menarche ≤11 years showed a greater prevalence of 
combined chronic LBP and upper extremity pain. Yet 
no definite relationship was demonstrated for preva-
lence of chronic LBP without upper extremity pain, 
although risk estimates displayed a declining trend 
with increasing age at menarche. The top category 
represented ages at menarche ≥15 years. Overall, 
the results of Wijnhoven et al may still be compatible 
with those obtained here. The much smaller Swedish 
study of Bergenudd et al,7 including 252 women, did 
not find any association between age at menarche and 
occurrence of back pain.

Pelvic girdle pain in connection with pregnancy has 
often been combined with LBP in epidemiological 
work. A large Norwegian study23 found a pronounced 
inverse association between age at menarche and 
pelvic girdle syndrome in pregnancy. A small Swedish 
study of combined LBP and pelvic pain during preg-
nancy24 found no association. It is not entirely clear, 
however, whether LBP experienced during pregnancy 
represents the same medical disorder as LBP during 
other periods in a woman’s life.25 26

Age at menarche has also been considered as a 
potential risk factor in studies focusing on muscu-
loskeletal disorders in a more general sense. One 
Norwegian study dealing with data from the same 
Nord- Trøndelag population27 found an increased 

prevalence of widespread musculoskeletal complaints 
among women with age at menarche ≤12 years, while 
another study from a neighbouring county28 found no 
association. Yet another study from Nord- Trøndelag29 
found an increased prevalence of headache for age at 
menarche ≤12 years.

Associations between age at menopause and LBP 
were examined in the relatively large cross- sectional 
study of Adera et al in the USA, including 5325 
women.8 Compared with premenopausal women, 
considerably higher prevalence estimates of LBP were 
found among women with an age at menopause <30 
and 30–39 years. However, it was not possible to distin-
guish between women with a natural menopause and 
those with medical procedures underlying the meno-
pause. Thus, these results cannot be expected to be 
similar to those in the present study. For ages at meno-
pause 40–49 and ≥50 years, the risk estimates were 
lower8 and may be more consistent with our results. 
The Swedish study of Bergenudd et al7 did not show 
any association between age at menopause and back 
pain.

Several studies have compared prevalence of back 
pain more generally among premenopausal and post-
menopausal women, not considering specific values 
of age at menopause. Some cross- sectional studies30–32 
found little evidence of any difference in prevalence. 
Other cross- sectional studies,33 34 distinguishing 
between several stages of the menopausal transition, 
indicated a higher prevalence of LBP in postmeno-
pausal phases. However, in some studies,33 35 the prev-
alence decreased at the final postmenopausal stage, 
although prevalence estimates were higher in late 
perimenopausal or early postmenopausal periods. Still 
other studies recorded pain scores for general back 
pain36 or LBP37 38 and found either an increasing trend 
in scores moving to later postmenopausal stages36 37 or 
essentially no difference between periods.38

If there is a short- term increase in risk of back pain 
during particular periods following menopause, the 
effect will not necessarily become apparent in anal-
yses of associations with age at menopause such as 
those carried out in the present study. Most studies of 
back pain related to menopausal stages were based on 
information from less than 1000 women,7 30–33 36–38 and 
the definitions of the medical condition considered 
varied widely. Chronic LBP as defined in our study14 
may represent a more serious disorder, involving 
a smaller proportion of the general female popula-
tion. Some studies33 34 37 38 introduced no adjustment 
for the age when information was collected or only a 
crude adjustment. In analyses of risk related to meno-
pause, the study design often creates a strong associ-
ation between age at menopause and attained age in 
the data available for analysis, and it may be particu-
larly important to carry out accurate age adjustment.

A meta- analysis of studies of musculoskeletal pain39 
found an increased prevalence among perimenopausal 
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and postmenopausal women compared with premeno-
pausal women. Restricting attention to moderate or 
severe pain, the prevalence also increased moving 
from the perimenopausal to the postmenopausal 
category.

Interpretation
It is well known that the risks of breast cancer40 and 
endometrial cancer41 are inversely related to age at 
menarche. These relationships have mainly been 
explained in terms of a longer lifetime exposure to 
oestrogens among women with early menarche. This 
may also be a potential explanation of the increased 
risk of LBP seen in the present study in these women. 
The explanation is consistent with the increase in 
risk of LBP observed among women using hormone 
therapy or oral contraceptives,4 and with the associ-
ation found between risk of LBP and a woman’s first 
childbirth.9 This kind of hormonal influence may 
affect soft tissues supporting the spine,42 followed 
by laxity in joints and ligaments, leading to pain.6 A 
hormonal effect may easily be attenuated in older age 
categories, in accordance with the interaction partly 
seen in the present study with baseline age.

Oestrogen loss may contribute to low bone mineral 
density (BMD) and development of osteoporosis.5 
This is consistent with indications that early menarche 
is associated with higher BMD43 and a lower risk of 
vertebral fractures.44 However, it is not clear what the 
relationship is between BMD and the overall risk of 
LBP.45 If LBP is associated with high BMD,46 this could 
explain the part of the association seen here in the 
lower half of the range for age at menarche, but this 
is not the case if LBP is associated with low BMD,45 or 
if LBP is to some extent the cause of the high BMD.46 
Alternative explanations could involve hormonal 
effects on body size or growth during puberty, as 
suggested for relationships between age at menarche 
and cardiovascular disease.47 Oestrogens may also 
play a role in modulation of pain48 but it is difficult to 
state how this affects the experience of LBP.49

U- shaped relationships with age at menarche have 
previously been found for risk of cardiovascular 
disease50 and diabetes.51 A greater risk of disease 
among the relatively small group of women with age 
at menarche ≥17 years may possibly reflect underlying 
metabolic disorders associated with delayed onset 
of puberty.51 It is not obvious how this would influ-
ence the risk of LBP, although the risk may in general 
depend on lipid levels.11

If the association between risk of LBP and age at 
menarche reflects effects of hormonal factors, the 
lack of association in this study with age at meno-
pause or menopausal status may seem surprising. 
Perhaps changes in hormonal status when women are 
older must be present during a longer period of time 
before the risk of LBP is affected. This would accord 
with increased prevalence of LBP found by Adera 

et al8 among women with an age at menopause <40 
years, when the menopause mostly must have been 
induced. In the present study, the great majority of 
the postmenopausal women must have experienced 
natural menopause. It is also possible that the asso-
ciation found with age at menarche represents 
essential developmental factors, which are not rele-
vant to menopause. With a lack of association with 
age at menopause, a risk factor analyses of the total 
number of reproductive years, defined as the differ-
ence between ages at menopause and menarche, will 
mainly reflect associations with age at menarche only. 
For this reason the number of reproductive years was 
not considered as potential risk factor in our analysis.

The association found in this study with age at 
menarche may at least partly be consistent with a 
hormonal explanation of the general difference 
between men and women in risk of LBP. This differ-
ence has otherwise been explained in terms of child-
bearing, child care, heavier workloads, different 
distribution of muscle and bone mass and psycholog-
ical factors.3 However, the present study does not lend 
support to a hypothesis involving a major additional 
increase in the risk difference after the menopausal 
phase.52 Further studies are needed to investigate 
the nature of the risk difference and the influence 
of hormones on risk of LBP in both women and men.
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