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Abstract

Background: Associations between childbirths and subsequent risk of low back pain (LBP) have not been clarified.
Changes in sex hormone levels or lumbar posture during pregnancy may have an impact on LBP later in life. The
purpose of this study was to explore associations between the number of childbirths, age at childbirths and
prevalence of chronic LBP in a general population of women.

Methods: Data were obtained from the Norwegian community-based Nord-Trandelag Health Study, HUNT2 (1995-
1997). Women aged 20-69 years indicated whether they suffered from chronic LBP, defined as LBP persisting at
least 3 months continuously during last year. Information about LBP was collected from 3936 women who had
experienced no childbirths, 3143 women who had delivered one child only and 20,584 women who had delivered
2 or more children. Of these, 7339 women reported chronic LBP. The 595 women who were pregnant when
information was collected were considered separately, regardless of previous births, with 80 women reporting
chronic LBP. Associations with prevalence of chronic LBP were examined by generalised linear modelling with
adjustment for potential confounders in a cross-sectional design.

Results: Women who had delivered one child only showed a higher prevalence of chronic LBP than women with
no childbirths (prevalence ratio (PR) 1.11; 95% Cl: 1.01-1.22). Among women with one or more childbirths, no
overall change in prevalence could be demonstrated with an increasing number of children in analyses adjusted for
age at first delivery. In women with at least two childbirths, an age less than 20 years at first childbirth was
associated with an increased prevalence of chronic LBP (PR 1.36; 95% Cl: 1.25-1.49; compared with age 25-29
years). No association was observed between age at last delivery and chronic LBP. The lowest prevalence of chronic
LBP was found among women who were currently pregnant (PR 0.80; 95% Cl: 0.63-1.00; compared with women
with no childbirths).

Conclusions: Having experienced at least one childbirth seems to be associated with a higher prevalence of
chronic LBP later in life. A young age at first childbirth is also associated with a long-lasting increased prevalence.
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Background

Low back pain (LBP) often occurs in women during
pregnancy [1, 2]. It has been hypothesised that such
pregnancy-related LBP may be related to changes in
lumbar posture, perhaps combined with stretching of
abdominal muscles or particular hormonal influences in
pregnancy [3]. It is not clear, however, whether going
through a pregnancy increases a woman’s long-term risk
of LBP. Such long-lasting effects may be related to more
general hormonal or mechanical changes associated with
pregnancies [4]. In most populations, women appear to
have a higher prevalence of LBP than men [5], and this
difference can possibly be ascribed to reproductive
factors.

Some studies have shown a positive relationship be-
tween the number of full-term pregnancies a woman has
experienced or the total number of children and subse-
quent prevalence of LBP [4, 6-8]. However, a lower
prevalence among women with many children has also
been observed [9]. In contrast, a large population-based
cross-sectional study [10] found an increased prevalence
of LBP among women who had ever been pregnant, al-
though no trend was seen according to the number of
pregnancies.

Relationships between maternal age at pregnancies
and subsequent risk of LBP have hardly been considered,
although a young age at first childbirth was associated
with a higher prevalence of LBP in two studies [4, 10].
One study [11] found a difference according to current
age, with more frequent back pain in young women with
at least one child, but with no similar contrast among
middle-aged women. Other studies have shown differ-
ences in occurrence of LBP during various stages of
pregnancy according to the number and characteristics
of previous pregnancies [12], but the mechanisms re-
sponsible for this kind of pain may differ from those
causing LBP in nonpregnant women.

The purpose of the present study was to assess associ-
ations between childbirths and chronic LBP in a
community-based Norwegian study of women. We ad-
dressed the following specific questions. Does the preva-
lence of chronic LBP depend on the number of
childbirths a woman has experienced? Does a woman’s
age at first or last (most recent) childbirth affect the
prevalence of chronic LBP? Do any potential relation-
ships of this kind depend on the current age of the
woman?

Data derived from the same survey have previously
been used to study body mass index (BMI) [13] and lipid
levels [14] in association with prevalence of chronic LBP,
applying a cross-sectional design. Associations have also
been studied between physical activity in leisure time
[15], body height [16], measures of body size [17] and
risk of chronic LBP using a prospective design.
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Methods

Study design

In the period 1995 to 1997 the whole population of
Nord-Trendelag county in Norway aged at least 20 years
received an invitation to participate in the second Nord-
Trondelag Health Study, HUNT2 [18], and were asked
to fill in a questionnaire. One question 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 3 consecutive months?  Each partici-
pant answering yes was given the following question:
“Where did you have these complaints?” Several body
regions were listed. Individuals answering yes to the first
question and including the lower back as a relevant re-
gion were regarded as having chronic LBP [19].

The participants were asked to give information on
duration of education, physical activity in leisure time
and smoking, and information needed for determining
Hospital Anxiety and Depression Scale (HADS) scores
[20]. All women were asked to indicate how many
children they had given birth to, and how old they
were when they experienced their first and last (most
recent) childbirth. The women also indicated whether
they were pregnant at the time when the question-
naire was filled in. A clinical examination with mea-
surements of body weight and height was performed.

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 [18]. In-
formation about presence or absence of chronic LBP
was collected from 3936 women without any childbirths,
3143 women with one childbirth only and 20,584
women with at least 2 childbirths. In our present study,
the additional 595 women with information on LBP who
were pregnant at the time of HUNT2 were considered
as a separate category, regardless of previous childbirths.
In total 28,258 women were included in the study, corre-
sponding to a participation rate of 75.3%.

Categorisation of variables

Current age in HUNT?2 was categorised into five 10-year
intervals in the statistical analyses. BMI, defined as
weight/height* and computed in kg/m? was subdivided
into three groups: <25, 25-29.9, 230. Categories of edu-
cation 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) <1h per week. Other categories represented
hard physical activity 1-2 and > 3 h per week. The infor-
mation about physical activity collected in HUNT2 was
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verified by a reliability and validity study of a subsample
[21]. Anxiety and depression were measured by total
Hospital Anxiety and Depression Scale (HADS) scores
[20], categorised into 5 intervals: 0-4, 5-9, 10-14, 15—
19 and = 20.

To maintain confidentiality, women with 9 or more
children were combined with those reporting 8 children
in the data file considered in the present study. This did
not affect the grouping used in the main analysis, corre-
sponding to 0, 1, 2, 3, 4, 5 and 26 children. Age at a
woman’s first childbirth was divided into five age groups
computed in years: <19, 20-24, 25-29, 30-34, 235, and
similarly for the age groups at last birth: <24, 25-29,
30-34, 35-39, 240.

Data analysis

Associations between the number of children or mater-
nal age at first or last childbirth and relevant covariates
were explored by computing the mean number of chil-
dren or mean age at childbirth, overall and within broad
categories of each covariate considered. A more detailed
description of the associations was made by tabulating
percentages of covariate categories within categories for
the number of children and for age at first childbirth
among women with 2 or more children.

Associations with prevalence of chronic LBP were
evaluated by generalised linear modelling for binomially
distributed data with a log-link, with the number of chil-
dren or maternal age at first or last childbirth as pre-
dictor variables, including adjustment for potential
confounders. These analyses produced estimates of the
prevalence ratio (PR) of LBP relative to a particular ref-
erence category. This parameter represents the probabil-
ity of experiencing LBP in a certain category of the
predictor variable, expressed relative to the probability
in the reference category, and thus corresponds to rela-
tive risk in a prospective study. Initial analyses incorpo-
rated adjustment only for current age at the time when
information was collected in HUNT2. Additional adjust-
ment was then introduced for other potential risk factors
as BMI, duration of education, physical activity in leisure
time and smoking, and, where appropriate, other factors
related to the childbirths. As adjustment for age at last
childbirth could only be carried out among women with
2 or more children, separate analyses were performed
among women with a single childbirth only.

In the main analyses, variables adjusted for were
regarded as categorical. Separate P-values were com-
puted for linear trends in the associations, considering
the number of children or age at childbirths as continu-
ous predictor variables. These analyses were based on
the original one-year values of age at childbirths. Linear-
ity was checked by computing P-values for additional
quadratic terms. Particular tests were performed for
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interaction between the number of childbirths or age at
childbirths and each factor adjusted for. Because of the
special interest in a potential interaction with current
age, separate analyses of associations with the number of
childbirths and age at first childbirth were also carried
out within 10-year categories of current age.

A minor part of the data set had missing covariate
values, and each adjusted analysis was carried out in-
cluding women with complete information only. The
number of women considered in each case is shown in
the tables. Overall HADS scores were available only for
78.3% of the women included. To avoid losing a rela-
tively large part of the data, additional adjustment in-
cluding HADS score was only performed in separate
sensitivity analyses.

All statistical analyses were carried out using IBM
SPSS Statistics version 25 (IBM).

Results

Women with an education of short duration tended to
have more children than other groups (Table 1). Similar
but weaker increases in the number of children were ob-
served among women with BMI > 25, among those with
a large HADS score, women reporting little physical ac-
tivity and among former smokers. Mean age at child-
births showed only relatively minor differences over
categories of covariates, except for current smokers with
rather low mean values and women with an education of
long duration with large values (Table 1). Consistent as-
sociations were found considering percentages of covari-
ate values within categories of number of children or age
at first childbirth (Additional file 1: Supplementary Ta-
bles 1 and 2).

Women who had delivered one child only showed an
11% higher estimated prevalence of chronic LBP than
women with no childbirths, after adjustment for BMI,
physical activity, education and smoking (Table 2). A
tendency to an increasing prevalence with more child-
births after the first was seen in initial analyses, at least
among women with 1-4 births, but mainly disappeared
after adjustment for age at first childbirth (Table 2). The
lowest prevalence of chronic LBP was observed among
women who were pregnant when information was col-
lected, with a reduction in prevalence after additional ad-
justment of about 20% compared with non-pregnant
women who had not experienced any childbirths (Table 2).

Among women with a single child, the age at child-
birth showed a non-linear relationship with the preva-
lence of chronic LBP (Table 3), possibly with an
approximate U-shape. This relationship was main-
tained after adjustment for potential confounders.
Compared with women experiencing childbirth in the
age interval 25-29years, those with a childbirth be-
fore age 20years had an estimated increase in
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Table 1 Mean number of childbirths and mean age at childbirths, in broad subgroups defined by covariates

Mean number
of childbirths

Mean age at childbirth
among women with

Mean age at first childbirth
among women with

Mean age at last childbirth
among women with

1 child only >2 children >2 children

Total data set” 23 249 226 296
Age when information
was collected (years)

20-29 0.8 227 21.0 24.8

30-39 22 259 22.8 289

40-49 24 256 224 29.1

50-59 2.7 26.1 225 29.5

60-69 30 264 233 325
BMI (kg/m?)

<25 20 24.6 227 29.1

25-299 24 253 226 29.7

230 26 254 225 30.2
Physical activity per week

<1h hard 23 25.1 226 29.5

1-2h hard 1.9 24.5 229 290

23 h hard 1.6 24.4 226 287
Cigarette smoking

never 2.1 258 233 302

daily former 24 255 228 29.8

daily current 22 237 216 285
Education (years)

<9 2.8 24.8 21.8 299

10-12 20 24.2 223 286

213 18 26.6 248 306
HADS score

0-4 2.1 250 228 293

5-9 22 248 22.7 294

10-14 23 250 225 29.5

15-19 24 24.3 22.2 29.3

20-39 25 242 219 29.5

#Among women who were not pregnant when information was collected

prevalence of 42% (Table 3). The estimates also sug-
gested that women with a single childbirth at age >
30 years might have a higher prevalence than those
who experienced the childbirth at age 25-29 years.
Women with at least two childbirths showed a clear
non-linear U-shaped relationship between age at first
childbirth and prevalence of chronic LBP (Table 4).
This relationship persisted after adjustment for poten-
tial confounders, including age at last childbirth. In
comparison to women aged 25-29 years at first child-
birth, women with a first childbirth at age <19 years
had a 36% increase in estimated prevalence of LBP,
and those with a first childbirth at age>35 had a
23% increase (Table 4). In contrast, age at last

childbirth showed no definite association with preva-
lence of chronic LBP (Table 4).

The relative prevalence of LBP among women with
a single child, compared with those with no children,
depended on the current age at the time when infor-
mation was collected (Table 5). From an age of about
40 years the increased prevalence among women with
one child disappeared. Among women with current
age 20-29years, each additional childbirth after the
first also seemed to be associated with an increased
prevalence (Table 5), but no corresponding trend was
seen in other intervals of current age. The associa-
tions with age at first childbirth among women with
>2 children were quite similar in all intervals of
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Table 2 Prevalence of chronic LBP by number of childbirths and pregnancy status

Total number of Number of women PR (95% Cl) with PR (95% Cl) with

PR (95% CI) with additional

women in with chronic adjustment for  additional adjustment®  adjustment® |nc|ud|ng age at
category LBP (%) age only first childbirth®
Number of women 28,258 25,444 21,277
included in the analysis
Number of childbirths
0 3936 654 (16.6) 1.00 (reference) 1.00 (reference)
1 3143 733 (233) 1.17 (1.06-1.29) 1(1.01-1.22) 1.00 (reference)
2 9210 2460 (26.7) 1.18 (1.09-1.29) 2 (1.03-1.22) 1.02 (0.94-1.10)
3 7147 2096 (29.3) 123 (1.13-133) 7 (1.07-1.27) 1.03 (0.95-1.12)
4 2730 912 (334) 1.32 (1.20-1.45) 1(1.10-1.34) 1.06 (0.96-1.16)
5 958 312 (32.6) 1.25 (1.11-1.41) 1(0.97-1.27) 0.96 (0.85-1.09)
26 539 172 (31.9) 1.21 (1.05-1.40) 1.07 (091-1.27) 091 (0.77-1.07)
Currently pregnant® 595 80 (134) 0.86 (0.69-1.06) 0.80 (0.63-1.00)
P for categorical effect < 00019 0.008¢ 0.29
P for linear trend 0001° 008" 070

#Adjustment for age, BMI, physical activity, education, smoking
PAmong women with at least one child

“Regardless of the number of previous children

4Among all women who are not currently pregnant

current age, at least until an age of about 60 years
(Table 5).

In tests for interaction with other covariates, a signifi-
cant result was only obtained for duration of education
and the difference in prevalence of LBP between women
with one child and no children (P =0.014). In this situ-
ation, the PR associated with having a single child com-
pared to no children was 0.88 (95% CI: 0.74-1.05)
among women with a duration of education <9 years,
1.08 (95% CI: 0.93-1.25) with a duration of 10—12 years,
and 1.29 (95% CI: 1.04—1.60) with a duration >13 years.

In separate sensitivity analyses with additional
adjustment for HADS, associations with the number of
children (Additional file 1: Supplementary Table 3) or the

age at first childbirth among women with =2 children
(Additional file 1: Supplementary Table 4) deviated to
some degree from the main results. In particular, it was
no longer evident that women with a first childbirth at
age > 35years had a higher prevalence than those aged
26-30years at first childbirth. Because of missing values
for HADS, the number of women included was
considerably lower in these analyses. To assess the actual
effect of adjustment for HADS, an analysis was also
performed without adjustment for HADS including
exactly the same set of women. The adjustment led only
to minor changes in risk estimates (Additional file 1: Sup-
plementary Tables 3, 4), both for the number of children
and age at first childbirth.

Table 3 Prevalence of chronic LBP by age at childbirth, in women with one childbirth only

Total number of women Number of women with PR (95% Cl) with

PR (95% CI) with

in category chronic LBP (%) adjustment for age only additional adjustment®
Total number of women in the analysis 3143 2893
Age at childbirth (years)
<19 420 119 (28.3) 1.50 (1.23-1.83) 142 (1.16-1.74)
20-24 1257 288 (22.9) 1.22 (1.03-143) 1.14 (0.96-1.35)
25-29 927 182 (19.6) 1.00 (reference) 1.00 (reference)
30-34 361 98 (27.1) 8 (0.96-1.47) 1.17 (0.94-1.45)
235 178 46 (25.8) 1.07 (0.80-1.42) 1.14 (0.86-1.52)
P for categorical effect 0.002 0.027
P for linear trend 0.005 0.12
P for quadratic effect 0.028 0.040

@Adjustment for age, BMI, physical activity, education, smoking
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Table 4 Prevalence of chronic LBP by age at first and last childbirths, in women with at least two childbirths

Number of women with PR (95% Cl) with adjustment for age, PR (95% Cl) with
chronic LBP (%) number of children, and additional adjustment®
age at first or last childbirth

Number of women 20,584 18,384
included in the analysis

Total number of
women in category

Age at first childbirth (years)

<19 4020 1397 (34.8) 1.52 (1.41-1.65) 1.36 (1.25-1.49)
20-24 11,099 3278 (29.5) 127 (1.19-1.35) 8 (1.10-1.27)
25-29 4560 1057 (23.2) 1.00 (reference) 1.00 (reference)
30-34 772 179 (23.2) 0.98 (0.85-1.12) 1.04 (0.89-1.20)
235 133 41 (30.8) 1.25 (0.95-1.63) 1.23 (0.91-1.66)

P for categorical effect < 0.001 < 0.001

P for linear trend < 0.001 < 0.001

P for quadratic effect < 0001 < 0001

Age at last childbirth (years)
<24 3082 956 (31.0) 1.04 (0.96-1.12) 1.03 (0.94-1.11)
25-29 7736 5 (286) 1.00 (0.95-1.06) 1(0.95-1.07)
30-34 6445 1798 (27.9) 1.00 (reference) 1.00 (reference)
35-39 2843 847 (29.8) 1.03 (0.96-1.11) 1.05 (0.97-1.14)
=40 478 136 (28.5) 0.96 (0.82-1.12) 0.98 (0.82-1.17)

P for categorical effect 0.66 0.73

P for linear trend 046 0.74

P for quadratic effect 0.96 0.82

#Adjustment for age, number of children, age at first or last childbirth, BMI, physical activity, education, smoking

Table 5 Prevalence of chronic LBP by reproductive factors in different strata of age

PR (95% ClI) for 1 childbirth vs. PR (95% Cl) per child, PR (95% ClI) for age at first PR (95% Cl) for age at first
no childbirth® among women with  childbirth <19 vs. 25-29,  childbirth >35 vs. 25-29,
>1 childbirth? among women with among women with
>2 childbirths® >2 childbirths®

Age when information was collected (years)

20-29 1.32 (1.07-1.62) 9 (1.06-1.33) 149 (0.77-2.90)
30-39 1.15 (0.91-1.44) 0.99 (0.93-1.05) 1.27 (1.05-1.53) 1.12 (0.33-3.83)
40-49 0.99 (0.81-1.20) 1.04 (1.00-1.09) 6 (1.2 73) 142 (0.89-2.27)
50-59 0.99 (0.79-1.25) 1.00 (0.97-1.04) 6 (1.24-1.72) 147 (0.89-243)
60-69 0.81 (0.62-1.05) 0.95 (0.91-0.98) 1 (0.99-1.48) 0.82 (042-1.62)

P for interaction with 0.020 0.002 0410d

categorical age

P for interaction with 0.001 0.002 075¢

linear age

#Adjustment for BMI, physical activity, education, smoking

PAdjustment for BMI, physical activity, education, smoking, age at first childbirth

“Adjustment for BMI, physical activity, education, smoking, number of childbirths, age at last childbirth
9Based on likelihood ratio test for interaction with complete quadratic relationship with age at first childbirth
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Discussion

In this study, the most striking result was an increased
prevalence of chronic LBP in women with a young age
at first childbirth. This association seemed to last for a
period of at least 40 years after the relevant childbirth.
On the other hand, age at last birth was not related to
the prevalence of LBP. Women who had experienced at
least one childbirth showed a moderate increase in
prevalence of chronic LBP compared with those without
children. This difference lasted until an age of about 40
years. Additional childbirths after the first did not appear
to affect the prevalence, except perhaps among women
aged 20-29years. The prevalence estimate among
women who were pregnant when information was col-
lected was lower than estimates among non-pregnant
women.

Strengths and limitations

The basic design of this study has several strengths. The
target population represented all female residents of a
Norwegian county within the relevant age interval, and
the participation rate was relatively high. The ethnic
background of the population was nearly uniform and
overall socioeconomic differences were small [18]. The
composition of the population was in many ways similar
to that of the overall Norwegian population but did not
include any large towns. Although a cross-sectional
study design was used, information concerning pregnan-
cies mostly related to events several years before the
LBP occurred. In this sense the study design was more
similar to a longitudinal one.

The information collected on potential risk factors,
mainly based on self-reports, should be quite reliable, in
particular for the number of children and age at child-
births. Although the number of children considered was
truncated above at the value 8, this did not influence the
categorical variable included in the main statistical ana-
lyses. However, the mean number of children as shown
in Table 1 is not completely accurate, but since only
0.2% of the women indicated that they had 8 or more
children, the discrepancy must be minor. The informa-
tion used in this study did not specify whether a woman
had experienced multiple births, and in such cases the
number of children does not represent the number of
pregnancies. Thus we are not able to study associations
with parity in the ordinary sense, but this difference is
probably of minor importance when results are com-
pared across studies. Moreover, for women with 3 or
more children, associations with the age at childbirths
between the first and last ones could not be considered.

The information about chronic LBP was also based on
self-reports and only referred to the last year before the
questionnaire was returned. Specific information was
not available on LBP occurring during pregnancies or
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shortly afterwards, and there was no information on pain
intensity. The definition of chronic LBP applied may in
particular be problematic for women who were pregnant
when information was collected, as it was not known
how far each woman had progressed in the pregnancy.
Thus the LBP reported may partly reflect the situation
before the pregnancy.

Previous studies

The most comprehensive study of associations between
pregnancies and subsequent occurrence of LBP is the
Dutch population-based cross-sectional study of Wijn-
hoven et al. [10], including 11,428 women aged 20-59
years. Analyses were carried out separately for three mu-
tually exclusive pain categories, combined chronic LPB
and chronic upper extremity pain (UEP), chronic LBP
only and chronic UEP only. Thus specific results are not
directly comparable to our estimates, but considering
adjusted associations reported from the first two sets of
analysis, the main findings are very similar to those ob-
tained here. Ever-pregnant women had a slightly higher
prevalence of LBP than never-pregnant, but no further
increase in prevalence was found with a larger number
of children. An age at first delivery less than 20 years
was associated with a substantially increased prevalence,
with a moderate increase also in the 20—25-year interval.
The prevalence among women who were pregnant when
the study was carried out was rather low.

Other studies of associations between pregnancies and
later prevalence of LBP have mostly used considerably
broader definitions of the disorder. Thus the population-
based study of Silman et al. [4] in the United Kingdom,
comprising 2617 women, included any experience of
LBP persisting for more than 24 h. In this study, the
prevalence of LBP was similar among women with no
children and those with one child, but then increased
steadily for women with 2, 3 and >4 children. Surpris-
ingly, a slightly stronger increase in prevalence of LBP
with regard to the number of children was observed
among men, even after adjustment for multiple con-
founders [4]. The parallel associations found in males
and females were interpreted as an effect of childrearing.

Several other studies, partly based on different designs
and smaller data sets, have shown positive associations
between the number of children or pregnancies and the
general prevalence of LBP in women [6, 7, 22—-24]. How-
ever, there are also studies indicating no relationship
with prevalence of back pain [25] or even an inverse as-
sociation [9]. Most studies did not take potential con-
founders into account [6, 23] or included adjustment for
age only [7, 24]. The number of children or pregnancies
was categorised in various ways, sometimes dichotomis-
ing only [9, 22, 23]. Although different definitions were
used for back pain, most studies imposed few limitations



Heuch et al. BMC Public Health (2020) 20:1556

on the duration of pain. Thus the classification did not
correspond to chronic LBP as considered here, and the
recorded frequency of back pain was in several cases
considerably larger.

One study [8] found a positive association between the
number of live births and occurrence of LBP only among
women aged 50 years or more. Another study [11] com-
pared women with at least one child to those with no
children and found more frequent back pain among par-
ous women aged 18-25 years but not among those aged
45-50 years. Age at first delivery or pregnancy has ap-
parently been considered as a potential risk factor for
LBP only in the studies by Silman et al. [4] and Wijnho-
ven et al. [10], both finding a greater prevalence of LBP
among women with a first delivery or pregnancy before
age 20 years.

Other kinds of studies have focused on possible associ-
ations between the number of previous childbirths or
pregnancies and back pain occurring during a particular
later pregnancy. Some studies [1, 26] have found a gen-
eral positive association of this kind, while others [12,
27] simply reported a larger prevalence of back pain
among women with at least one previous pregnancy. Still
other studies [2, 28] found no such relationship. Several
studies found a greater risk of back pain during preg-
nancy in very young women [2, 27, 29] or more intense
pain [2, 26].

Interpretation
It has been hypothesised that back pain diagnosed dur-
ing pregnancy largely represents a different medical en-
tity from back pain experienced in other periods of a
women’s life [26]. Alternatively, the two kinds of pain
may essentially reflect the same underlying disorder [30],
although risk factor levels may be different in the two
situations. As an additional complication, pelvic girdle
pain has been combined with LBP in most epidemio-
logical studies of pain during pregnancy [31]. For these
reasons, it may not be appropriate to compare our re-
sults to results from studies dealing with LBP in preg-
nancy or shortly afterwards, although some of the
mechanisms responsible for the pain may still be similar.
The low prevalence found in our study among women
who were pregnant when information was collected is
probably related to the definition of chronic LBP, requir-
ing the presence of pain for 3 consecutive months.
Considering other studies of associations with general
prevalence of LBP, the most important difference is that
no increased prevalence was found by us with an in-
creasing number of children after the first one, except
possibly among women aged 20-25 years. To some ex-
tent, this difference can probably be explained by the
wider definition of LBP used in the majority of other
studies. Strictly speaking, only Wijnhoven et al. [10]
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applied a comparable definition of chronic LBP. In
addition, the adjustment carried out for potential con-
founders was less complete in most other studies. In our
data, a positive association with the number of children
was initially observed with partial adjustment only, but
the association disappeared in the final model. A similar
change occurred in the analysis of the data of Wijnhoven
et al. [10].

Duration of education was used in our analysis as an
indicator of socioeconomic status. More detailed infor-
mation based on variables such as income was not avail-
able. In particular for the association observed with early
age at first birth, it is possible that residual confounding
by socioeconomic status still plays a certain role, even
after the adjustments made. Women with a long dur-
ation of education had a lower prevalence of LBP and
tended to experience their first childbirth at a late age
(Additional file 1: Supplementary Table 2). If this is rep-
resentative of high socioeconomic levels more generally,
more accurate adjustment for socioeconomic status
might further reduce the PR estimate for an early age at
first birth. Residual confounding may also affect the as-
sociation indicated comparing women with a single child
with those with no children. The significant interaction
found with education for this variable may represent a
chance finding among the large number of tests carried
out for interaction, but could also reflect an underlying
true heterogeneity. HADS score as an indicator of men-
tal status was not available for a relatively large part of
the data set, and it is not clear whether the individuals
with known score represented a random subsample.
However, adjustment for HADS among individuals with
known values had no major influence on risk estimates.

Similar results were obtained for the association be-
tween LBP prevalence and age at first birth considering
women with a single child and of those with 2 or more
children. The non-linear relationship approached a U-
shape, although the estimated increase in prevalence
among women with a first delivery at age > 35 years was
not of the same magnitude as among those with a first
delivery at age < 19 years, and the PR estimate in the top
category of age at first delivery dropped after adjustment
for HADS score. Wijnhoven et al. [10] also found the
lowest LBP prevalence in the interval 25-29 years for
age at first delivery, with similar results over categories
of current age.

Our detailed statistical analysis included as predictor
variables both a woman’s age when information was col-
lected and her age at first childbirth. A standard analysis
cannot additionally include time since first childbirth as
a predictor because of linear dependence between the
three variables [32]. Although this problem may be cir-
cumvented introducing further modelling assumptions
[32], we have chosen the simpler approach focusing on
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age and at age at first childbirth only. This is also con-
sistent with the modelling approach of Wijnhoven et al.
[10]. A real association with time since childbirth will
then be expressed as an interaction between age and the
variable representing one childbirth [32]. The results
shown in Table 5 for women with a single childbirth
compared to those with no children, indicating such an
interaction, can thus also be interpreted as an effect of
time since first childbirth, with the prevalence of LBP
gradually decreasing in the period after the childbirth.

Mechanisms

Although our study is based on a cross-sectional design,
it is still possible to discuss what kind of potential mech-
anisms underlying LBP may be consistent with our re-
sults. Only mechanisms that account for a moderate
medium-term harmful effect of going through a first
pregnancy are relevant in the present context. Even
more important, the detrimental long-term effect of ex-
periencing the first pregnancy at a young age should be
accounted for.

Two main types of mechanism have been considered,
based on hormonal effects of going through a pregnancy
or mechanical effects. It has been hypothesised that a
hormonal influence on soft tissues supporting the spine
may play an essential role [4], possibly leading to laxity
of joints and ligaments [33]. Increased estrogen levels
may thus produce a higher risk of LBP during and after
pregnancy, perhaps with the hormone relaxin as an
intermediate step [33]. This hypothesis is consistent with
the higher risk of LBP observed among women using
hormone replacement therapy [10] or oral contracep-
tives [10]. Ligament laxity reaches higher levels in par-
ticular in the second and third trimesters of pregnancy
[34] and appears to be associated with back pain with
onset during pregnancy, lasting for some time afterwards
[35]. Essential changes of this kind occurring during the
first pregnancy in a woman’s life seem to offer the best
explanation of the associations found in the present
study, although it is not entirely clear that the effects
would be long-lasting. The higher risk of LBP among
women with an early first delivery may possibly be as-
cribed to young women being particularly sensitive to
hormonal changes in estrogen and relaxin [27], with a
more pronounced collagen laxity [27]. Estrogens may
also act as modulators in the processing of pain [36], but
such effects of hormonal changes in pregnancy would
hardly be long-lasting.

Purely mechanical effects of childbearing on the risk
of LBP may reflect the external burden of lifting and car-
rying young children [4]. However, the effect would not
in most cases be expected to last for decades after child-
births, and the strain should increase with the number
of children [8]. Otherwise, biomechanical effects of a
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pregnancy may be expressed as stress on the spine [8] or
direct pressure from the enlarging uterus [4]. The effect
of a teenage pregnancy on the developing spine [4]
might in particular account for a higher risk of LBP in
women with an early first delivery. Biomechanical effects
may in general be related to changes in posture during
various parts of the pregnancy [3]. However, no clear
picture has emerged relating such changes to LBP, and
most changes are not long-lasting [3]. Moreover,
pregnancy-related back pain occurs so early in preg-
nancy that mechanical factors are less relevant [37], al-
though the implications for long-term LBP are less clear.
Overall, mechanical explanations seem less convincing
than those based on hormonal effects.

It has also been suggested that use of epidural
anesthesia during labour may increase the risk of subse-
quent back pain [38], although this is not supported by
randomised trials [39]. Such effects might be related to
postural problems at delivery exacerbated by muscular
relaxation [38], but this seems less likely to produce pain
lasting several years after delivery. Finally, it is possible
that musculoskeletal disease conversely affects
reproduction [40], but it is difficult to see how the par-
ticular associations observed in the present study could
be generated in this way.

More than 40 years ago, Mantle et al. [41] considered
back pain that mostly occurred in connection with the
first pregnancy in a woman’s life. It was suggested that
the pain might be related to some connective tissue, per-
haps ligamentous, giving way during the first pregnancy
or delivery and remaining with the woman for the rest
of her life. Regardless of the triggering mechanism in-
volved, this would be consistent with the results of the
present study, especially if young pregnant women were
particularly vulnerable.

Conclusions

Women with at least one childbirth have a higher preva-
lence of chronic LBP later in life than women without
children. Among women with children, experiencing the
first childbirth at an age < 25 years is associated with an
increased prevalence of chronic LBP.
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