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Research Paper

Longitudinal profiles of back pain across adulthood
and their relationship with childhood factors:
evidence from the 1946 British birth cohort
Stella G. Muthuri*, Diana Kuh, Rachel Cooper

Abstract
This study aimed to (1) characterise long-term profiles of back pain across adulthood and (2) examine whether childhood risk factors were
associated with these profiles, using data from 3271 participants in the Medical Research Council National Survey of Health and
Development. A longitudinal latent class analysis was conducted on binary outcomes of back pain at ages 31, 36, 43, 53, 60 to 64, and 68
years. Multinomial logistic regression models were used to examine associations between selected childhood risk factors and class
membership; adjusted for sex, adult body size, health status and behaviours, socioeconomic position, and family history of back pain. Four
profiles of back pain were identified: no or occasional pain (57.7%), early-adulthood only (16.1%), mid-adulthood onset (16.9%), and
persistent (9.4%). The “noor occasional” profilewas treatedas the referent category in subsequent analyses.After adjustment, taller height at
age 7 years was associated with a higher likelihood of early-adulthood only (relative risk ratio per 1 SD increase in height 5 1.31 [95%
confidence interval: 1.05-1.65]) and persistent pain (relative risk ratio 5 1.33 [95% confidence interval: 1.01-1.74]) in women (P for sex
interaction 5 0.01). Factors associated with an increased risk of persistent pain in both sexes were abdominal pain, poorest care in
childhood, andpoorermaternal health.Abdominal painandpoorest housingqualitywerealsoassociatedwithan increased likelihoodofmid-
adulthoodonsetpain. These findingssuggest that therearedifferent long-termprofilesof backpain, eachofwhich is associatedwithdifferent
early life risk factors. This highlights the potential importance of early life interventions for the prevention and management of back pain.

Keywords: Back pain, Long term, Birth cohort, Childhood, Risk factors, Latent class analysis

1. Introduction

Back pain is one of themost commonly reported health problems
worldwide and a leading cause of years lived with disability.26 It is
a major cause of activity limitation and work absences38,46 and
imposes a major socioeconomic burden to both the individual
and society2,21 with recent estimates suggesting that low back
and neck pain account for a significant proportion of health care
spending globally.2,21

Previous systematic reviews on the prevalence of back pain have
documented increases across earlier adulthood with some evidence
of decline after middle age.10,24 However, it has been suggested that
older people may have been underrepresented in these studies, and
other studies report that backpain remainsoneof themostcommonly

reported symptoms in later life14,39,48 and that the prevalence of
severe or disabling back pain increases at older ages.3,4,55

Back pain is often a recurrent intermittent problem with prior
history predictive of future episodes.7,25 Therefore, it has been
recommended that the course of back pain across life should be
considered.7 This would not only help to identify and characterise
groups of individuals with differing experience of back pain over time
but also aid in the development of appropriate interventions that
could prevent or alleviate burdens that may arise from back pain in
later adulthood. However, the long-term profiles of back pain in the
general adult population have not yet beenwell characterised.While
there are existing longitudinal studies describing the course of back
pain across adulthood as recovering, fluctuating, persistent, or
recurring,29–31,54,56,57,59 most of these have sampled populations
from specific settings, for example, workplace29 or clinical31 or have
excluded those without back pain at baseline.54,57 They also tend to
have short follow-up periods (eg, 1-5 years)30,54,57,59 or limited
follow-up points (eg, 3 repeat measurements).29,56 Consequently,
the profiles described are unlikely to reflect the long-term course of
back pain in the general adult population.

The aetiology of pain is underpinned by complex dynamic
interactions between biological, psychological, and social factors
acting on a range of different pathways across life.11 This has led
to recommendations to apply a life course approach to back pain
based on the biopsychosocial model.6,11 In support of this, there
is a growing literature demonstrating that early exposure to
repeated and prolonged stress or pain may alter subsequent
physiological and behavioural responsiveness to stressors.13,16

Epidemiological research has also shown that back pain in
adulthood may have its origins in earlier life with a range of
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different factors implicated.7,27 However, these studies have all
considered back pain at a single time point in adulthood, and so,
none has examined whether childhood factors are associated
with different long-term profiles of back pain across adulthood.

Using data from the Medical Research Council (MRC) National
Survey of Health and Development (NSHD), we aimed to (1) use
latent class analysis (LCA) to identify profiles of back pain over the
adult life course and (2) examine whether selected factors in
childhood are associated with these profiles, taking account of
known adult risk factors.

2. Methods

2.1. Study participants

The MRCNSHD is a population sample of 5362 single, legitimate
births that occurred in England, Wales, and Scotland in 1 week of
March 1946. Participants have been prospectively followed from
birth with data collections conducted at least every 2 years during
childhood and at 5- to 10-year intervals in adulthood. Study
participation rates have remained high across life.35,36,52,58 The
24th data collection was conducted between 2014 and 2015
when study members were aged 68 to 69 years. Of the original
study sample, 2816 (53%) were still living in England, Scotland,
and Wales. Of these, 2370 (84.2%) completed a postal ques-
tionnaire, the majority within 2 months of receipt. In addition,
a postal questionnaire was sent to 126 study members living
abroad who remain in contact with the study of whom 83 (65.9%)
returned a questionnaire. Of the remaining 2420 study members,
957 (17.8%) had already died, 620 (11.6%) had previously
withdrawn permanently, 448 (8.3%) had emigrated and were no
longer in contact with the study, and 395 (7%) had remained
untraceable for more than 5 years.36 All waves of data collection
have complied with ethical standards. Ethical approval for the data
collection at age 68 to 69 years was obtained from the Queen
Square Research Ethics Committee (14/LO/1073) and the Scotland
A Research Ethics Committee (14/SS/1009), and written informed
consent was obtained from study members.

2.2. Assessment of back pain

Data on back pain have been ascertained during each of the 6
most recent waves of assessment, using postal questionnaires at
ages 31 and 68 years, and during nurse interviews at ages 36, 43,
53, and 60 to 64 years. At each age, information provided was
used to derive a binary variable indicating whether back pain was
reported at that age or not. At age 31 years, participants were
asked whether they had ever had trouble with their back; at ages
36, 43, 53, and 60 to 64 years, they were asked whether they had
sciatica, lumbago, or recurring/severe backache all or most of the
time (ever at ages 36 and 43 years and in the previous 12months at
ages 53 and 60-64 years). At age 68 years, participants were
asked whether they had experienced any ache or pain in the
previousmonth, which had lasted for 1 day or longer, not including
pain occurring during the course of a feverish illness such as flu.
Those who responded positively were asked to shade the location
of their pain using a 4-view body manikin. We then classified those
who shaded anyback site as havingbackpain,whereas thosewho
did not report pain at any back site were coded as no back pain.

2.3. Childhood risk factors

Childhood risk factors were identified a priori based on the
biopsychosocial model of chronic pain,11 which included factors

examined in previous studies.7,27 These factors were then
grouped into 4 specific domains as follows: anthropometrics,
physical and psychological health, family environment, and
socioeconomic.

2.3.1. Anthropometric factors

Weight (in kilograms) and height (in centimetres) were measured
by nurses using standardised protocols at age 7 years, and body
mass index (BMI) (weight [kg]/height [m2]) was calculated. To
facilitate comparisons, height and BMI were sex standardised to
a mean value of 0 and an SD of 1.

2.3.2. Physical and psychological health

Information on illnesses and injury during early life, including
hospital admission, age at admission, diagnosis, name of
hospital, and length of hospital stay was obtained from mothers’
reports across childhood, and serious illness was defined as any
experience of physical illness before the age of 16, which required
hospital admission of at least 28 days.45

Abdominal pain over the previous year at age 15 years,
previously found to be related to unexplained multiple physical
symptoms in adulthood,23 was also considered and was based
on mothers’ reports at this age.

At ages 13 and 15 years, teachers were asked to rate the
behaviour of the study member relative to other children in the
classroom using the Rutter Child Behaviour Questionnaire (Rutter
B Scale).51 Previous work has used exploratory factor analysis of
these ratings to identify conduct and emotional problems, coded
as absent, mild, or severe.60

2.3.3. Family environment

At age 4 years, a health visitor was asked to report on the care of
the study member and cleanliness of their home. Based on these
reports, a score for care of house and child was derived by
allocating 1 point for each of very clean house, very clean child, at
least adequate shoes, at least adequate clothes, and the mother
coped well when caring for the child. This score was then
categorized into 3 groups of similar size: best, intermediate, and
worst.34

Information on family disruption due to parental divorce before
the study member was age 15 years came frommothers’ reports
during childhood and from study participants’ reports when they
were age 26 years. Also at age 15 years, mothers were asked to
rate their own general health and that of their husband’s on a 5-
point scale ranging from “excellent” to “bad.”

2.3.4. Socioeconomic factors

Parental levels of education were obtained frommothers’ reports
when participants were aged 6 years and distinguished those
with secondary education or higher from thosewith only a primary
education or none. Parental occupational class was assessed
using father’s occupation when the participant was 4 years old
(where this was unknown, father’s occupation at age 11 or 15
years was used) and classified as nonmanual (I or II or III
nonmanual) or manual (III manual, IV, or V). Information on
material home conditions (including type, age, tenure and state of
repair of the dwelling, and crowding in the household) was
collected during mothers’ interviews when the study member
was age 4 years. A score for house quality was then derived by
allocating 1 point for each of dwelling in very good repair, dwelling
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built since 1919, and no overcrowding (,1.5 people per room),
and further categorised into best, intermediate, and worst.34

2.4. Covariates

Covariates from early adulthood were selected a priori from
different domains of the biopsychosocial model11 including those
that have been identified in previous studies as adult risk factors of
back pain.20,25

Weight (kilogram) and height (meter) were measured at age 36
years by a trained nurse during a clinical assessment at this age,
and BMI was calculated as weight (kg)/height (m2).

A summary measure of psychiatric disorders experienced
between ages 15 and 32 years was created using information
from various sources (psychiatric hospital admission, outpatient
psychiatric care after the age of 15, antipsychotic drug use,
correspondence with general practitioners, and study members’
during routine interviews) between these 2 ages and grouped into
severe (any hospital admission), minor, or no disorder.

The highest education level achieved by age 26 years was
grouped into no qualifications, up to O-level or equivalent
(secondary-level qualification usually attained at age 16 years),
or A-level (advanced secondary-level education usually attained
at age 18 years), or equivalent and above. Own occupation at age
26 years was categorised according to Registrar General’s social
classification into 3 groups: nonmanual (I, II, and IIINM); manual
(IIIM, IV, and V); and not employed.

Smoking status was assessed by self-report from age 16 years
up to age 36 years and categorised as never, ex-, and current
smoker.

At ages 36 and 43 years, study members were asked about
parental experience of back pain. If during either of these
assessments they reported that at least one of their parents had
experienced back pain, this was coded as family history of back
pain (yes vs no).

2.5. Statistical analysis

Data analyses were conducted in 2 steps. First, to identify profiles
of back pain across adulthood (aim 1), binary outcomes of back
pain at ages 31, 36, 43, 53, 60 to 64, and 68 years weremodelled
using longitudinal LCA. A series of models with increasing
numbers of classes were fitted. Analyses included participants
with at least 3 assessments of back pain (n 5 3271, men 5
49.8%). For individuals who did not have all 6 assessments of
back pain (720 had 5, 612 had 4, and 432 had 3), full information
maximum likelihood was used to handle missing values under
a missing at random assumption.40 We also compared LCA
models that allowed men and women to differ (variant) with those
that constrained the parameters to be the same in both sexes
(invariant). In a sensitivity analysis, we repeated LCA in just those
with data from all 6 assessments (n 5 1507).

The most parsimonious model (ie, fewest classes) was
selected using different indices of goodness of fit including the
likelihood ratio x2; Pearson x2 test; bootstrapP value for likelihood
ratio test; Akaike information criterion, Bayesian information
Lo–Mendell–Rubin likelihood ratio test; high entropy; and
meaningful interpretation of back pain profiles.12 All LCA were
performed with Mplus version 6.12. Estimated posterior class
membership probabilities and class membership from the
optimal model were exported to Stata version 14.1 for sub-
sequent analyses.

Second, multinomial logistic regression models were used to
examine associations between childhood risk factors and class

membership (aim 2). Initial sex-adjusted models examined the
association between each potential childhood risk factor
separately. Formal tests of sex interaction were performed, and
where evident, sex-stratified analyses were presented. Deviation
from linearity was also assessed, where appropriate, by including
quadratic terms. Potential risk factors which remained signifi-
cantly associated with any class membership at the 10% level in
sex-adjusted models were then grouped into the 4 prespecified
domains (anthropometric, physical and psychological health,
family environment, and socioeconomic position). Childhood risk
factors within each domain were mutually adjusted for each
other, and those that remained associated with any class
membership were then included in an additional model that
included adjustment for adult covariates. Childhood factors that
remained associated with any outcome in domain-specific
models were then selected for inclusion in a final model that
combined childhood factors from all domains. All models
included the maximum number of participants with valid data
on childhood factors and class membership. To reduce potential
data loss, adult covariates with missing values (ie, BMI [n5 256],
height [n 5 249], psychiatric symptoms in early adulthood [n 5
63], educational attainment [n 5 167], occupational class [n 5
274], smoking status [n 5 226], and family history of back pain
[n 5 53] were imputed using multiple imputation by chained
equations.53 Analyses were performed across 20 imputed
datasets and combined using Rubin rules.

3. Results

A 4-class LCA model was identified as the best fit for
describing distinct back pain profiles across adulthood
(Table 1). Figure 1 illustrates results for the 4-class LCA
model, which reflects the following patterns: a group with
a high probability of reporting no or occasional back pain
across adulthood (“no or occasional,” n 5 1888 [57.7%]);
a group with a higher probability of reporting back pain earlier
in adulthood but with a lower probability of back pain at later
ages (“early-adulthood only,” n 5 525 [16.1%]); a group with
an increasing probability of reporting back pain from age 36
years onwards (“mid-adulthood onset,” n5 552 [16.9%]); and
a group with a higher probability of reporting back pain at all
ages in adulthood (“persistent,” n 5 306 [9.4%]). These back
pain profiles were similar to those observed in sex-specific
latent classes (Figure S1, Supplemental Digital Content 1,
available online at http://links.lww.com/PAIN/A523), but the
model fit was best in the combined model (Table S1,
Supplemental Digital Content 1, online at http://links.lww.
com/PAIN/A523); therefore, it was used in subsequent
analyses.

Table 2 presents the characteristics of the study participants. A
higher proportion ofmen thanwomenwereclassifiedashavingnoor
occasional back pain across adulthood (61%vs 55%),P5 0.001. In
terms of childhood factors, males were more likely than females to
be taller and heavier at age 7 years, to have had conduct problems,
and to have lived in poor-quality housing but less likely to have had
emotional problems or abdominal pain during adolescence.

3.1. Associations of childhood risk factors with long-term
back pain profiles

3.1.1. Anthropometric factors

There were sex differences in the associations between child-
hood height and back pain profiles (P for sex interaction5 0.014).
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Women who were taller at age 7 years had a higher likelihood of
early-adulthood only {relative risk ratio [RRR] per 1 SD increase
in height5 1.37 (95% confidence interval [CI]: 1.18-1.59)} and
persistent back pain (RRR 5 1.48 [95% CI: 1.24-1.76]) when
compared with women in the no or occasional back pain profile
(Table 3). No associations were observed between childhood
height and back pain profiles in men. Greater childhood BMI
was also associated with a higher likelihood of persistent pain
(RRR 5 1.16 [95% CI: 1.02-1.32]) after adjustment for sex
(Table 3). These associations were maintained after mutual
adjustment (Table 4, model 1), but after adjustment for adult
covariates, only childhood height remained independently
associated with early-adulthood and persistent back pain in
women (Table 4, model 2).

3.1.2. Physical and psychosocial health

Abdominal pain and conduct problems were associated with
a higher likelihood of mid-adulthood onset back pain and
persistent back pain, after adjusting for sex (Table 3). No

associations were found with serious illness in childhood or
emotional problems. After mutual adjustment, the RRRs of
pain for abdominal pain and conduct problems were partly
attenuated (Table 4, model 1). After further adjustment for
adult covariates, abdominal pain remained associated with
mid-adulthood onset pain and persistent back pain, whereas
the positive association of conduct problems was fully
attenuated (Table 4, model 2).

3.1.3. Family environment

In sex-adjusted models, poorer care of house and child, parental
divorce, and poorer maternal and paternal health were associ-
atedwith an increased likelihood of persistent back pain, whereas
only poorer paternal health was associated with mid-adulthood
onset pain (Table 3). After mutual adjustment of these factors,
worst care of house and child and poorer maternal health
remained associatedwith persistent backpain (Table 4,model 1);
these associations remained even after additional adjustment for
adult covariates (Table 4, model 2).

Table 1

Indices ofmodel fit for longitudinal latent classmodels of back pain based on reports at ages 31, 36, 43, 53, 60 to 64, and 68 years

in the MRC NSHD (n 5 3271 participants with at least 3 waves of data).

2 classes 3 classes 4 classes 5 classes

x2 goodness-of-fit tests

Likelihood ratio x2 P value* ,0.001 ,0.001 0.15 0.39

Pearson x2 P value† ,0.001 ,0.001 0.25 0.25

Bootstrap LRT P value‡ ,0.001 ,0.001 ,0.001 0.18

Information criterion

Akaike information criteria§ 17,070.3 16,956.2 16,905.7 16,905.3

Bayesian information criteria (BIC)║ 17,149.5 17,078.1 17,070.2 17,112.5

Adjusted BIC║ 17,108.2 17,014.5 16,984.4 17,004.4

Lo–Mendell–Rubin LRT (comparing current

model to previous model) P value{
,0.001 ,0.001 0.0001 0.7555

Entropy# 0.667 0.625 0.568 0.604

* P . 0.05 indicates good fit.

† P . 0.05 indicates good fit.

‡ P , 0.05 indicates good fit.

§ Lowest value indicates best fit.

║ Lowest value indicates best fit.

{ P , 0.05 indicates that the addition of this class significantly improves fit.

# Values close to 1 (range 0-1) indicate good classification accuracy (entropy is a measure of between-class separation, ie, how well group membership is predicted given the observed data).

LRT, likelihood ratio test; MRC, Medical Research Council; NSHD, National Survey of Health and Development.

Figure 1. Four longitudinal classes of back pain from age 31 to 68 years, n 5 3271.
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Table 2

Characteristics of MRC NSHD participants with at least 3 waves of data (n 5 3271), by sex.

Male Female P*

N (%) 1629 (49.8) 1642 (50.2)

Long-term back pain profile, N (%) 0.001

No or occasional back pain 991 (60.8) 897 (54.6)

Early-adulthood only back pain 253 (15.5) 272 (16.6)

Mid-adulthood onset back pain 256 (15.7) 296 (18.0)

Persistent back pain 129 (7.9) 177 (10.8)

Childhood factors

Anthropometric factors, mean (SD)

Height (cm), at age 7 years, n 5 2832

(male, n 5 1406)

120.4 (5.6) 119.6 (5.6) 0.0003

BMI (kg/m2), at age 7 years, n 5 2719 15.9 (1.3) 15.7 (1.6) 0.008

Physical and psychological health, N (%)

Abdominal pain at age 15 years, n 5 2690 ,0.001

No 1156 (85.1) 1065 (80.0)

Yes 202 (14.9) 267 (20.1)

Serious illness (up to age 15 years), n5 3271 0.054

No 1354 (83.1) 1405 (85.6)

Yes 275 (16.9) 237 (14.4)

Emotional problems at age 13/15 years,

n 5 2934

,0.001

Absent 831 (56.5) 659 (45.0)

Mild 497 (33.8) 597 (40.8)

Severe 142 (9.7) 208 (14.2)

Conduct problems at age 13/15 years,

n 5 2933

0.001

Absent 1076 (73.3) 1158 (79.1)

Mild 289 (19.7) 228 (15.6)

Severe 104 (7.1) 78 (5.3)

Family environment, N (%)

Care of house and child at age 4 years,

n 5 2840

0.66

Best 599 (42.2) 608 (42.8)

Intermediate 375 (26.4) 388 (27.3)

Worst 446 (31.4) 424 (29.9)

Parental divorce before age 15 years,

n 5 3271

0.87

No 1534 (94.2) 1544 (94.0)

Yes 95 (5.8) 98 (6.0)

Mother’s health summary at age 15 years,

n 5 2796

0.08

Excellent/good 992 (71.1) 957 (68.3)

Average 351 (25.2) 370 (26.4)

Poor 52 (3.7) 74 (5.3)

Father’s health summary at age 15 years,

n 5 2701

0.71

Excellent/good 993 (73.8) 988 (72.9)

Average 279 (20.7) 285 (21.0)

Poor 73 (5.4) 83 (6.1)

Socioeconomic factors, N (%)

Father’s occupational class at age 4 years,

n 5 3114

0.81

Nonmanual 658 (42.2) 663 (42.6)

Manual 901 (57.8) 892 (57.4)

Father’s education, n 5 2902 0.90

Primary diploma and above 434 (30.1) 437 (29.9)

Primary no diploma or below 1007 (69.9) 1024 (70.1)

Mother’s education, n 5 2927 0.51

Primary diploma and above 349 (24.0) 337 (22.9)

Primary no diploma or below 1108 (76.0) 1133 (77.1)

Housing quality at age 4 years, n 5 3025 0.036

Best 795 (52.6) 853 (56.3)

Intermediate 383 (25.4) 381 (25.2)

Worst 333 (22.0) 280 (18.5)

* Comparison of sexes using the Student t test or x2 tests, as appropriate.

BMI, body mass index; MRC, Medical Research Council; NSHD, National Survey of Health and Development.
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3.1.4. Socioeconomic factors

Father’s manual occupational class, low maternal educational
attainment, and poorer housing quality were associated with
mid-adulthood onset and persistent back pain profiles after
adjustment for sex (Table 3). These associations were
maintained after mutual adjustment (Table 4, model 1), but
after adjustment for adult covariates, only poor housing
quality remained associated with an increased likelihood of
mid-adulthood onset back pain (RRR 5 1.34 [95% CI: 1.01-
1.77]) (Table 4, model 2).

3.2. Associations of back pain profiles with selected
childhood factors—mutually adjusted models

Five childhood factors, namely, height at age 7 years, abdominal
pain, care of house and child, maternal health, and housing
quality, remained associated with pain profiles in domain-specific
multivariable models after adjustment for adult covariates
(Table 4, model 2). These were the factors that were

simultaneously adjusted for in addition to adult covariates in
a subsequent model (Table 5). Childhood height (in women only),
poorer care of house and child, and poorer maternal health
remained associated with an increased likelihood of persistent
back pain in fully adjusted models, whereas the positive
association with abdominal pain was fully attenuated (Table 5,
model 2). The association between abdominal pain and mid-
adulthood onset back pain was maintained. However, poorer
housing quality was no longer associated with any back pain
profile when factors from all domains were examined together
(Table 5).

4. Discussion

Our study has identified subgroups of individuals in the general
population with differing profiles of back pain across adulthood,
which were related to different childhood risk factors. After
adjustment for other childhood and adulthood factors, taller
childhood height (women only), abdominal pain in adolescence,

Table 3

Associations between each childhood factor and long-term back pain profiles, adjusted for sex.*

Childhood factors Early-adulthood only vs no/
occasional back pain

Mid-adulthood onset vs no/
occasional back pain

Persistent back pain vs no/
occasional back pain

RRR (95% CI) P RRR (95% CI) P RRR (95% CI) P

Anthropometric factors

Height at age 7 years (per 1 SD increase)

Male 1.13 (0.97-1.31) 0.11 0.97 (0.84-1.13) 0.73 0.99 (0.81-1.21) 0.91

Female 1.37 (1.18-1.59) ,0.001 0.99 (0.88-1.14) 0.90 1.48 (1.24-1.76) ,0.001

BMI at age 7 years (per 1 SD increase) 1.05 (0.95-1.17) 0.33 0.99 (0.89-1.10) 0.86 1.16 (1.02-1.32) 0.02

Physical and psychological health

Abdominal pain at age 15 years

Yes vs no 1.01 (0.75-1.36) 0.93 1.54 (1.19-2.00) 0.001 1.82 (1.32-2.49) ,0.001

Serious illness (0-15 y)

Yes vs no 1.01 (0.78-1.33) 0.92 1.10 (0.85-1.42) 0.47 1.10 (0.79-1.52) 0.58

Emotional problems at age 13/15 years 0.76 0.45 0.43

Mild vs absent 0.98 (0.79-1.23) 0.98 (0.78-1.21) 0.84 (0.64-1.11)

Severe vs absent 0.88 (0.63-1.23) 0.81 (0.58-1.13) 0.84 (0.56-1.27)

Conduct problems at age 13/15 years

Mild vs absent 1.06 (0.81-1.39) 0.68 1.33 (1.02-1.72) 0.004 1.21 (0.86-1.69) 0.001

Severe vs absent 0.83 (0.50-1.37) 1.76 (1.20-2.60) 2.31 (1.49-3.60)

Family environment

Care of house and child at age 4 years

Intermediate vs best 0.97 (0.75-1.26) 0.85 1.20 (0.93-1.55) 0.37 1.33 (0.96-1.84) 0.004

Worst vs best 1.05 (0.82-1.35) 1.47 (1.16-1.87) 1.68 (1.24-2.28)

Parental divorce

Yes vs no 0.81 (0.51-1.27) 0.35 1.14 (0.77-1.69) 0.52 1.69 (1.09-2.62) 0.018

Mother’s health summary at age 15 years

Average vs excellent/good 1.30 (1.02-1.65) 0.10 1.42 (1.13-1.80) 0.012 1.59 (1.18-2.13) 0.0001

Poor vs excellent/good 1.02 (0.59-1.77) 1.17 (0.70-1.96) 2.55 (1.54-4.23)

Father’s health summary at age 15 years

Average vs excellent/good 1.31 (1.01-1.70) 0.08 1.47 (1.14-1.89) 0.01 1.62 (1.18-2.23) 0.003

Poor vs excellent/good 1.35 (0.86-2.10) 1.17 (0.73-1.86) 1.80 (1.07-3.02)

Childhood socioeconomic factors

Father’s occupational class at age 4 years

Manual vs nonmanual 0.99 (0.81-1.21) 0.90 1.24 (1.02-1.52) 0.031 1.47 (1.14-1.90) 0.003

Father’s education

Low vs high 0.95 (0.76-1.19) 0.66 1.02 (0.82-1.27) 0.87 1.18 (0.89-1.57) 0.24

Mother’s education

Low vs high 0.97 (0.76-1.22) 0.77 1.48 (1.15-1.91) 0.003 1.07 (0.80-1.45) 0.63

House quality at age 4 years

Intermediate vs best 1.19 (0.94-1.52) 0.35 1.33 (1.05-1.69) 0.06 1.06 (0.78-1.42) 0.94

Worst vs best 1.07 (0.82-1.40) 1.49 (1.16-1.92) 1.03 (0.74-1.42)

* Analyses were stratified where there was evidence of sex interaction; for height at age 7 years, P for sex interaction 5 0.01). Models are run on the maximum available N for each childhood factor (Table 2).

BMI, body mass index; CI, confidence interval; RRR, relative risk ratio.
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lower care of house and child, and poorer maternal health were
associated with an increased likelihood of persistent back pain;
abdominal pain in adolescence was associated with a higher
likelihood of “mid-adulthood” onset back pain; and greater
childhood height was associated with “early-adulthood” back
pain among women.

4.1. Comparison of findings with previous studies

Our findings build on those from previous studies that have
characterised the course of back pain in the general adult
population.19,54,56,59 The 4 distinct long-term profiles of back
pain identified have some similarities with those previously
described.19,54,56,59 For example, our finding that 9% of the
population had “persistent back pain” is consistent with
estimates in some other studies.19,54,56,59 We also identified 2
novel back pain profiles—early-adulthood only and mid-
adulthood onset. The long follow-up period and multiple repeat
back pain assessmentsmay have contributed to the identification
of these subgroups. Other differences between the character-
istics of identified back pain profiles in our study when compared
with others may reflect cohort differences, differences in case
definitions of back pain, or the analytical method used to
characterise long-term back pain profiles.

Our study goes beyond these population-based studies that
have characterised long-term back pain profiles and extends
previous studies that have examined associations between
several childhood risk factors and back pain at a single age in
adulthood.18,32,33,41,44,50 A number of childhood factors in-
cluding anthropometric (height1,17); physical and psychosocial
health (serious illness,32 abdominal pain,28 conduct problems, or
emotional problems28,44); family environment (poor paternal
health18); and socioeconomic factors (parental educational
attainment33,44 and parental unemployment32) have been shown
to be associated with back pain in adolescence and adulthood.
Our study has considered long-term back pain profiles across
adulthood and found that several childhood factors were
associated with these. Our findings also highlight that the
associations of childhood factors with adult back pain are
potentially mediated by differential exposure to adult risk factors.
Specifically, adjustment for adult body size (ie, height and BMI),
health status and behaviours (ie, psychological distress and
smoking), socioeconomic position, and family history of back
pain attenuated associations of conduct problems in adoles-
cence and childhood socioeconomic position with back pain
profiles. The findings are consistent with those of previous
studies, which have shown no associations of low childhood
socioeconomic indicators and emotional or conduct behaviours
with back pain in adulthood after adjustment for other factors in
childhood and early adulthood.41,44,50

4.2. Potential explanations of the findings

Long-term persistent back pain across adulthood was the
least common profile in our study population and was
associated with multiple childhood risk factors including taller
height at age 7 years (in women only), abdominal pain in
adolescence, lower care of house and child, and poorer
maternal health. Thus, it may be that for the same group of
individuals who have experienced back pain across adulthood
consistently, several potential mechanisms acting throughout
life may be involved.

Identification of early-adulthood only and mid-adulthood onset
back pain profiles suggests that midlife may be a transition period

when some people begin to recover from back pain, whereas
others begin to experience symptoms that persist. Our findings
further demonstrate that different childhood risk factors may be
associated with early-adulthood and mid-adulthood onset; thus,
it is likely that these back pain profiles may reflect different distinct
underlying aetiologies. For example, greater childhood height
was associated with an increased likelihood of early-adulthood
only in women, suggesting that this pain profile may be explained
by physical factors, whereas associations of abdominal pain in
adolescence with the mid-adulthood onset back pain profile
suggest that childhood psychosocial factors may be involved.
Previous observational studies also suggest that vulnerability to
back pain in midlife may be explained by a combination of adult
health status and behaviours and socioeconomic factors.25 As
degenerative back disorders become increasingly common in
people aged 40 years and older,15 it is likely that the mid-
adulthood onset profile includes individuals with specific and
nonspecific back pain. However, the early-adulthood only sub-
group may be similar to the “recovering” group identified in
primary care patient populations,5,8 perhaps suggesting that
some of those who experience back pain in earlier adulthood
including those who may not necessarily seek beneficial
treatment may see a natural improvement in their symptoms.

Previous longitudinal studies have also shown positive
associations between adult height and back pain; however, no
significant sex differences were established.20,37 In multivariable
analyses, we found positive associations of adult height with
early-adulthood and persistent back pain, but associations were
not significantly different in men and women (data not shown).
Thus, it may be that associations observed with childhood height
in women only may reflect sex differences in growth patterns
during childhood.49 In post hoc analysis, we found that girls had
achieved a significantly higher percentage of adult height (PAH)
by age 7 years (mean 5 73.7%, SD 5 2.4) than boys (mean 5
68.6%, SD 5 2.2), and 1 unit increase in PAH was associated
with an increased likelihood of both early-adulthood and
persistent back pain in women but not in men (results not
shown). By contrast, previous work in the NSHD reported no
associations between PAH (analysed as quintiles) attained at
different ages in childhood and a history of back pain at age 43
years.37 The apparent inconsistencies of the findings may be due
to differences in the definition of the outcome. It is also possible
that other aspects of development in early life such as the length
of a child’s trunk9,47 may be important in determining suscep-
tibility to back injuries or back disorders and warrants future
investigation in adult populations. Further research to investigate
the associations of rates of growth in childhood with adult back
pain may also help to explain this finding.

We found strong associations of abdominal pain at age 15
years with mid-adulthood onset and persistent back pain in
adulthood even after accounting for adult factors. Previous
findings from the NSHD have linked abdominal pain in childhood
with an increased likelihood of psychiatric disorders22 and
unexplained multiple physical symptoms23 in adulthood. It has
been postulated that somatic pain experiences in early life may
cause irreversible change in the central pain processing
mechanisms and potentially alter pain pathways,13,16 which
may induce long-term alterations in pain sensitivity that could
extend across adulthood.

The associations of poorer care of house and child and
poorer maternal health with persistent back pain were likely to
reflect conditions that characterised the early home environ-
ment. They have also been associated with lower physical
health-related quality of life, limited physical functioning43 and
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Table 4

Association between childhood factors and long-term back pain profiles, findings from domain-specific models.*

Early-adulthood only vs no/
occasional back pain

Mid-adulthood onset vs no/
occasional back pain

Persistent back pain vs no/
occasional back pain

RRR (95% CI) P RRR (95% CI) P RRR (95% CI) P

Anthropometric factors (n 5 2719)

Model 1

Height at age 7 years (per 1 SD increase)

Male 1.10 (0.94-1.28) 0.22 0.97 (0.84-1.13) 0.74 1.01 (0.82-1.24) 0.91

Female 1.38 (1.18-1.61) ,0.001 1.00 (0.86-1.16) 0.98 1.45 (1.21-1.73) ,0.001

BMI at age 7 years (per 1 SD increase) 1.04 (0.94-1.16) 0.46 0.99 (0.89-1.10) 0.86 1.14 (1.00-1.29) 0.04

Model 2

Height at age 7 years (per 1 SD increase)

Men 0.91 (0.72-1.15) 0.44 0.90 (0.71-1.13) 0.36 0.85 (0.62-1.16) 0.31

Women 1.31 (1.05-1.65) 0.019 1.04 (0.83-1.30) 0.72 1.33 (1.01-1.74) 0.04

BMI at age 7 years (per 1 SD increase) 1.04 (0.93-1.17) 0.47 0.93 (0.83-1.04) 0.20 1.06 (0.92-1.22) 0.40

Physical and psychological health (n 5 2667)

Model 1

Abdominal pain at age 15 years

Yes vs no 1.02 (0.76-1.38) 0.88 1.50 (1.15-1.95) 0.003 1.76 (1.28-2.43) 0.001

Conduct problems at age 13/15 years

Mild vs absent 1.05 (0.78-1.39) 0.81 1.19 (0.91-1.57) 0.03 1.14 (0.80-1.64) 0.0114

Severe vs absent 0.87 (0.52-1.45) 1.68 (1.11-2.53) 2.07 (1.28-3.35)

Model 2

Abdominal pain at age 15 years

Yes vs no 0.99 (0.73-1.34) 0.94 1.41 (1.08-1.84) 0.013 1.61 (1.16-2.24) 0.005

Conduct problems at age 13/15 years

Mild vs absent 1.01 (0.75-1.36) 0.55 1.04 (0.78-1.38) 0.22 0.97 (0.67-1.41) 0.23

Severe vs absent 0.79 (0.47-1.34) 1.36 (0.89-2.08) 1.52 (0.92-2.52)

Family environment

Model 1, n 5 2384

Care of house and child at age 4 years

Intermediate vs best 0.90 (0.67-1.19) 0.72 1.21 (0.91-1.60) 0.35 1.29 (0.90-1.88) 0.022

Worst vs best 0.93 (0.70-1.22) 1.48 (1.13-1.94) 1.63 (1.15-2.30)

Parental divorce at age 15 years

Yes vs no 1.07 (0.58-1.97) 0.83 1.21 (0.69-2.11) 0.51 1.29 (0.65-2.55) 0.47

Mother’s health summary at age 15 years

Average vs excellent/good 1.11 (0.80-1.53) 0.79 1.19 (0.87-1.62) 0.55 1.30 (0.88-1.93) 0.023

Poor vs excellent/good 0.95 (0.52-1.73) 1.01 (0.58-1.84) 2.17 (1.23-3.83)

Father’s health summary at age 15 years

Average vs excellent/good 1.22 (0.86-1.72) 0.21 1.38 (0.99-1.92) 0.15 1.21 (0.79-1.84) 0.41

Poor excellent/good 1.47 (0.91-2.39) 1.01 (0.61-1.69) 1.40 (0.80-2.45)

Model 2, n 5 2515

Care of house and child at age 4 years

Intermediate vs best 0.89 (0.67-1.18) 0.82 1.12 (0.84-1.48) 0.12 1.26 (0.88-1.82) 0.02

Worst vs best 0.98 (0.73-1.31) 1.25 (0.95-1.66) 1.53 (1.07-2.19)

Mother’s health summary at age 15 years

Average vs excellent/good 1.18 (0.91-1.53) 0.57 1.30 (1.01-1.67) 0.33 1.39 (1.01-1.92) 0.001

Poor vs excellent/good 0.86 (0.47-1.55) 0.82 (0.47-1.44) 2.11 (1.23-3.61)

Childhood socioeconomic factors (n 5 2771)

Model 1

Father’s occupational class at age 4 years

Manual vs nonmanual 0.96 (0.76-1.22) 0.77 1.06 (0.84-1.34) 0.61 1.56 (1.16-2.11) 0.003

Mother’s education

Low vs high 0.97 (0.75-1.27) 0.85 1.35 (1.01-1.79) 0.041 0.83 (0.60-1.16) 0.28

House quality at age 4 years

Intermediate vs best 1.14 (0.88-1.48) 0.54 1.28 (0.99-1.65) 0.14 1.04 (0.76-1.42) 0.93

Worst vs best 1.11 (0.84-1.49) 1.43 (1.09-1.87) 0.96 (0.68-1.37)

Model 2

Father’s occupational class at age 4 years

Manual vs nonmanual 0.91 (0.70-1.18) 0.45 0.90 (0.70-1.15) 0.61 1.30 (0.94-1.79) 0.11

Mother’s education

(continued on next page)
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premature mortality34 in previous NSHD analyses. It has been
suggested that a complex interplay may exist between
biological, genetic, and environmental conditions, which
may, in turn, influence the nurturing qualities of physical and
social environments where children live that are likely to shape
their long-term health.42

4.3. Methodological considerations

A key strength of our study is the large population-based sample
of adults, with repeat back painmeasurements collected at 6 time

points over 37 years of follow-up. The prospective nature of the
study also enabled examination of a wide range of factors across
childhood.

Our study has several limitations. First, back pain was not
assessed in the same way across adulthood. However, the
longitudinal LCA approach used was appropriate for summaris-
ing repeat binary back pain outcomes. We also identified 4
distinct long-term profiles of back pain that had face and internal
validity. The assignment probabilities and entropy values
suggest that classes were well separated (Table 1). Similarly,
findings from sex-specific latent classes and latent classes in

Table 4 (continued)

Early-adulthood only vs no/
occasional back pain

Mid-adulthood onset vs no/
occasional back pain

Persistent back pain vs no/
occasional back pain

RRR (95% CI) P RRR (95% CI) P RRR (95% CI) P
Low vs high 0.99 (0.75-1.32) 0.96 1.27 (0.94-1.71) 0.12 0.78 (0.54-1.10) 0.16

House quality at age 4 years

Intermediate vs best 1.11 (0.85-1.44) 0.44 1.22 (0.94-1.58) 0.03 0.98 (0.71-1.35) 0.65

Worst vs best 1.10 (0.82-1.48) 1.34 (1.01-1.77) 0.91 (0.64-1.32)

* Analyses were stratified where P value for sex interaction ,0.05.

Model 1 includes sex and childhood factors within each domain (ie, those significant at 10% level with outcomes in Table 3) combined in analysis.

Model 2 includes sex, childhood factors associated with outcomes in combined domain-specific models (model 1) and adult covariates (BMI [at age 36 years], height [at age 36 years], psychosocial factors, own occupational

class, own education attainment, cigarette smoking, and family history of back pain).

BMI, body mass index; CI, confidence interval; RRR, relative risk ratio.

Table 5

Associations of combined childhood risk factor domains with adjustment for adult factors.*

Early-adulthood only vs no/
occasional back pain

Mid-adulthood onset vs no/
occasional back pain

Persistent back pain vs no/
occasional back pain

RRR (95% CI) P RRR (95% CI) P RRR (95% CI) P

Selected childhood factors (n 5 2135)

Model 1

Height at age 7 years (per 1 SD increase)

Male 1.10 (0.92-1.32) 0.30 1.03 (0.86-1.22) 0.78 1.05 (0.82-1.33) 0.71

Female 1.39 (1.16-1.67) ,0.001 1.01 (0.85-1.20) 0.90 1.67 (1.34-2.07) ,0.001

Abdominal pain at age 15 years

Yes vs no 0.90 (0.64-1.28) 0.57 1.47 (1.09-1.98) 0.011 1.63 (1.13-2.35) 0.010

Care of house and child at age 4 years

Intermediate vs best 0.87 (0.64-1.19) 0.41 1.28 (0.95-1.73) 0.23 1.51 (1.02-2.24) 0.0005

Worst vs best 1.10 (0.81-1.49) 1.50 (1.11-2.02) 2.15 (1.47-3.16)

Mother’s general health at age 15 years

Average vs excellent/good 1.19 (0.90-1.58) 0.48 1.34 (1.03-1.75) 0.06 1.63 (1.16-2.29) 0.0004

Poor vs excellent/good 1.08 (0.58-1.99) 0.81 (0.43-1.52) 2.65 (1.50-4.71)

House quality at age 4 years

Intermediate vs best 1.10 (0.81-1.48) 0.72 1.10 (0.82-1.48) 0.64 0.92 (0.63-1.34) 0.45

Worst vs best 1.13 (0.81-1.57) 1.20 (0.88-1.64) 0.76 (0.49-1.16)

Model 2

Height at age 7 years (per 1 SD increase)

Men 0.84 (0.64-1.10) 0.21 0.84 (0.65-1.10) 0.20 0.75 (0.52-1.07) 0.12

Women 1.25 (0.95-1.64) 0.11 1.02 (0.79-1.33) 0.86 1.50 (1.08-2.07) 0.015

Abdominal pain at age 15 years

Yes vs no 0.84 (0.59-1.20) 0.34 1.39 (1.03-1.89) 0.024 1.47 (1.00-2.14) 0.05

Care of house and child at age 4 years

Intermediate vs best 0.82 (0.60-1.12) 0.90 1.18 (0.87-1.60) 0.10 1.41 (0.94-2.10) 0.004

Worst vs best 1.00 (0.73-1.39) 1.29 (0.94-1.77) 1.82 (1.21-2.74

Mother’s health summary at age 15 years

Average vs excellent/good 1.13 (0.84-1.50) 0.66 1.26 (0.96-1.66) 0.70 1.47 (1.04-2.09) 0.002

Poor vs excellent/good 0.91 (0.49-1.71) 0.68 (0.36-1.28) 2.14 (1.18-3.87)

House quality at age 4 years

Intermediate vs best 1.06 (0.78-1.43) 0.60 1.06 (0.79-1.42) 0.47 0.86 (0.59-1.27) 0.10

Worst vs best 1.08 (0.77-1.52) 1.13 (0.82-1.55) 0.69 (0.44-1.08)

* Analyses were stratified where P value for sex interaction ,0.05.

Model 1 includes sex and childhood factors from all combined domains (ie, those associated with outcomes in domain-specific models, Table 4, model 2).

Model 2 includes sex, childhood factors (model 1), and adult covariates (body mass index at age 36 years, height at age 36 years, psychosocial factors, own occupational class, own education attainment, cigarette smoking,

and family history of back pain).

CI, confidence interval; RRR, relative risk ratio.
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thosewith repeat back pain data at all 6 assessments (Figure S2 and
Table S2, Supplemental Digital Content 1, available online at http://
links.lww.com/PAIN/A523) also confirmed 4 distinct back pain
profiles that had similar proportions and characteristics as the
maximum sample used in the analyses. A second limitation is that
back pain outcomes focus on the presence or absence of pain at
multiple time points across adulthood. Thus, it is possible that
a cohort with a case definition that includes age at pain onset,
frequency, duration, intensity and recurrence of pain, and pain-
related disability might identify additional longitudinal profiles of back
pain not captured in this study. Third, we took a 2-stage approach in
our analyses; typologies of back pain across adulthood were
identified, and then, individual childhood risk factors were related to
derived class memberships. This approach did not correct for the
uncertainty in class membership by weighting models using
estimated posterior probabilities that may have resulted in an
overestimation of associations. Fourth, it is possible that inclusion of
adult covariates such as body size and socioeconomic factors,
which may be on the causal pathway, could be viewed as an
overadjustment. In addition, there are some other factors, such as
physical activity participation in childhood and adolescence, which
may be important in their own right and could potentially confound
the observed associations which it was not possible to take into
account as they were not measured until adulthood in the NSHD.
Finally, as with all longitudinal studies, there has also been attrition
over time, although NSHD participation rates are high36 and the
study sample remains broadly representative of the British born
population.52

5. Conclusions

In this large British birth cohort study, we identified 4 distinct long-
term profiles of back pain and found that each profile was
associated with different early life risk factors, even after adjusting
for known adulthood risk factors. These findings improve our
understanding of the long-term course of back pain in the general
population and highlight the potential importance of early life
interventions for its prevention and management.
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