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Objective: To investigate self-reported pain in young adults with a
low birth weight.

Materials and Methods: This study was a part of a long-term fol-
low-up study of preterm very low birth weight (VLBW; birth
weightr1500 g), term small for gestational age (SGA; birth weight
<10th percentile adjusted for sex and parity), and control young
adults born during 1986 to 1988. Of the 300 individuals invited, 216
(62 VLBW, 67 term SGA, and 87 controls) completed a pain
questionnaire. Of these, 151 (70%) had answered a pain severity
question at 19 years. Chronic pain was defined as pain lasting for
>6 months and being moderate, severe, or very severe during the
past 4 weeks.

Results: The prevalence of chronic pain at 26 years was 16% in the
VLBW group, 21% in the term SGA group, and 7% in the control
group. The VLBW and the term SGA groups had higher odds
ratios for chronic pain (crude OR, 2.6; 95% CI, 0.9-7.6 for the
VLBW group and crude OR, 3.6; 95% CI, 1.3-9.9 for the term
SGA group vs. controls). The main results remained after adjusting
for potential confounding factors. Some attenuation was observed
when adjusting for anxiety and depressive problems. Moderate to
very severe pain increased from 16% to 41% in the term SGA
group from 19 to 26 years, whereas less changes were seen in the
VLBW and the control groups.

Discussion: Results of our study imply that pain should be in focus
when conducting long-term follow-up programs of individuals with
a low birth weight.
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Chronic nonspecific pain is a common health problem
with substantial consequences for the individual,

affecting one’s self-perceived health and social and eco-
nomic well-being.1,2 The etiology of chronic nonspecific
pain is not fully understood, although some occupational
and psychosocial risk factors are known, such as poor
ergonomy3 and depressive problems.4 Known biological
mechanisms include central sensitization and lower pain
thresholds.5,6 Speculations have been put forward on
whether early life conditions may influence the development
of chronic pain.

Children and adolescents born preterm with a very low
birth weight (VLBW: birth weight <1500 g) are at risk for
neurodevelopmental disability. Some have hypothesized
that preterm birth and painful sensory input in the neonatal
period lead to changes in the pain-processing system,
resulting in long-term changes in pain processing.7 Exper-
imental studies investigating this hypothesis have shown
decreased pain thresholds8 and pain tolerance9 in children
and adolescents born preterm with neonatal intensive care
unit (NICU) experience. Others have reported findings
consistent with central sensitization,10,11 a result of
enhanced activity in pain pathways leading to pain hyper-
sensitivity.5 These changes in pain processing are regarded
as central mechanisms in chronic pain development.6,12

Furthermore, repeated painful procedures in the neonatal
period are associated with aberrant brain and cognitive
development,13,14 which in turn may have an impact on
psychological factors. Anxiety and depressive symptoms
are closely associated with chronic pain,15 and a higher
prevalence of anxiety and depressive problems has been
found among young adults born with VLBW.16–19 This
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warrants investigation on the occurrence of chronic pain in
these individuals. However, few studies have investigated
chronic pain in individuals with VLBW. Experimental
studies that have also included pain questionnaires have not
found increased self-reported pain.8,9 Contradictory to this,
some epidemiological studies have indicated a slightly
higher prevalence of chronic pain in adults born with a low
birth weight.20,21

Individuals born small for gestational age (SGA) may
also be at risk for chronic pain. There is evidence that
suboptimal conditions in fetal life may alter the suscepti-
bility to adult disease.22 Particularly, a low birth weight and
being born SGA has been shown to be associated with an
altered hypophysis-pituitary-adrenal (HPA) axis activ-
ity.23–25 Others have linked a dysfunctional HPA axis
activity to stress-related diseases, including chronic
pain.26–28 Moreover, it has been shown that young adults
born SGA at term have more mental health problems,
including anxiety and depressive problems.16,17,29 This may
also have an impact on the susceptibility to chronic pain.
However, self-reported chronic pain in adults born SGA at
term has not been investigated previously.

The aim of this study was to investigate the occurrence
of chronic pain in young adults with a low birth weight. As a
cross-sectional self-report including pain duration and pain
severity has been shown to be adequate to single out adults
with persistent chronic pain,30 we used a pain questionnaire
designed for this purpose. We hypothesized that young
adults born either preterm with VLBW or term SGA would
have a higher prevalence of self-reported chronic pain
compared with term-born normal-birth weight controls.

MATERIALS AND METHODS

Study Design
This study is a part of a long-term multidisciplinary

follow-up study of preterm VLBW, term SGA, and controls
born during 1986 to 1988. The preterm infants with VLBW
were admitted to the NICU at the University Hospital in
Trondheim, Norway. They were either born at this hospital or
transferred from a local hospital after birth. All infants with
VLBW, without syndromes or congenital malformations,
were considered eligible for the follow-up. Term SGA and
control participants were born by mothers living in the
Trondheim region in the same time period. Women pregnant
with their second or third child carrying singletons were eli-
gible (n=1249). All infants born by eligible mothers at term
in the enrollment period with a birth weight <10th percentile
adjusted for sex and parity were recruited for follow-up.
Exclusion criteria at birth were congenital syndromes or
malformations. A 10% random sample of the 1249 eligible
women was followed in pregnancy (n=129). From this
random sample, all infants born at term with a birth weight
Z10th percentile without congenital syndromes or malfor-
mations were recruited as controls. The study groups have
been examined previously with multidisciplinary assessments
in preschool age, adolescence, and young adulthood.16,31–35

The present study was carried out during 2013 to 2014, when
the participants were 25 to 28 (mean age 26) years old.

Study Population

The VLBW Group
In total, 121 children with a birth weightr1500 g were

admitted to the NICU in the enrollment period. Of these, 2

were excluded due to a congenital syndrome or malfor-
mation at birth and 33 died. For the present study, 2 par-
ticipants were regarded as not testable on the basis of
previous examinations. Hence, 84 individuals were eligible
and invited to participate. Of these, 62 participated (74%;
32 men, 30 women), and 22 did not respond or declined
participation.

The Term SGA Group
Of the 1249 eligible pregnant women, 104 (8%) gave

birth to an SGA child at term. One was excluded at baseline
due to a congenital malformation, and for the present
study, one participant was regarded as not testable on the
basis of previous examinations. Of 102 eligible individuals,
2 were not invited due to unknown address, 67 participated
(66%; 32 men, 35 women), and 33 did not respond or
declined participation.

The Control Group
Of the remaining term-born normal–birth weight

infants in the 10% random sample, 120 children were
recruited for follow-up. Two were excluded due to a con-
genital syndrome or malformation. Of the 118 eligible
individuals, 2 were not invited due to unknown address, 87
participated (74%; 37 men, 50 women), and 29 did not
respond or declined participation.

Measures

Perinatal Measures
Perinatal data, including the birth weight, the gesta-

tional age, and 1- and 5-minute Apgar scores, were available
in the study database. For the VLBW group, additional
NICU and perinatal variables were also available, which
included the following; the number of days in the NICU, the
number of days on ventilator and days with supplemental
O2, and the presence of intraventricular hemorrhage.

Outcome Measures
At the current follow-up at 26 years, participants were

asked “How much bodily pain have you had during the
past 4 weeks?” with the following response options: “none,”
“very mild,” “mild,” “moderate,” “severe,” or “very
severe.” This verbal pain rating scale used in the Short-
Form 36 health survey (SF-36)36 was used in the Norwegian
population-based Nord-Trøndelag Health Study
(HUNT),37 and has been recommended as a global meas-
urement of pain severity.38 A cutoff in the middle of this
verbal rating intensity scale (none to mild vs. moderate to
very severe) has been shown to be adequate to single out a
group with more complex pain problems,39 and thus, we
used moderate, severe, or very severe pain during the past 4
weeks as the pain severity outcome measure.

The pain duration was assessed by the question “Do
you have bodily pain which has lasted for more than 6
months?” with yes and no options. Chronic pain was
defined as pain lasting for >6 months and being moderate,
severe, or very severe during the past 4 weeks.

In a previous follow-up visit at age 19 years, the same
participants completed the SF-36.36 The SF-36 contains 2
items on bodily pain, where the pain severity measure is
identical to the pain severity item used at the current follow-
up. The answers to the pain severity question at age 19 years
were compared with the answers from the current follow-up
to measure pain persistency and to study the longitudinal

Clin J Pain � Volume 33, Number 4, April 2017 Low Birth Weight and Chronic Pain

Copyright r 2016 The Author(s). Published by Wolters Kluwer Health, Inc. www.clinicalpain.com | 349



aspect of self-reported pain from late adolescence to young
adulthood. Of the 214 participants with answers to the pain
severity question at the current follow-up, 151 (71%) had
also answered the pain severity question at 19 years.

Covariates
The parental socioeconomic status (SES) was calcu-

lated according to Hollingshead’s Two-Factor Index of
Social Position,40 based on the education and the occupa-
tion of both parents (adapted to today’s categories). The
SES score was rated from 1 (lowest) to 5 (highest). Data
were obtained through a short interview with the parents at
the 14 years’ follow-up, and further supplemented at the
age of 19 years in 8 participants who had missing data from
age 14 years. Data on the parental SES were unavailable for
11 participants in the VLBW group, 12 in the SGA group,
and 14 in the control group at the current follow-up.

At the 14 years’ follow-up, the adolescents and their
parents were interviewed about the adolescent’s surgical
history after the neonatal period. Surgeries were specified
by type, and we added the number of surgeries for each
participant into a continuous variable, excluding minor
surgeries such as ear tube insertions and skin surgery. Data
on surgical history from the 14 years’ follow-up were
unavailable for 17 participants in the VLBW group, 19 in
the SGA group, and 20 in the control group.

The maternal age at birth was available in the study
database for all participants, and was used as a continuous
measure. At the 14 years’ follow-up, the mother had been
asked if she smoked, and if yes to specify the frequency or
the number of cigarettes smoked per day with the following
alternatives: “not daily,” “<10 per day,” “10-20 per day,”
“>20 per day,” and “unknown/other.” Maternal smoking
at 14 years was dichotomized into smoking or no smoking,
and data were available for 48 participants in the VLBW
group, 53 in the SGA group, and 69 in the control group.
Data on maternal smoking at conception were available in
the database for the term SGA and the control groups. At
enrollment, before week 20 of pregnancy, the woman had
been asked if she smoked cigarettes on a daily basis at
conception, and if yes to indicate the number of cigarettes
smoked per day. Maternal smoking at conception was
dichotomized into no smoking and smoking Z1 cigarette
per day, and data were available for 57 participants in the
SGA group and 83 in the control group. Data on maternal
smoking at conception were not available for the VLBW
group as the mothers were not followed in pregnancy.

At 26 years, self-reported mental health was measured
using the Achenbach System of Empirically Based
Assessment—Adult Self-Report (ASEBA-ASR; age range
18 to 59 years). The ASEBA-ASR assesses behavioral and
emotional problems during the past 6 months. After com-
puterization, the ASEBA database encodes items that are
consistent with the Diagnostic and Statistical Manual of
Mental Disorders (DSM) criteria for different diagnoses
into DSM-oriented subscales.41,42 DSM-oriented subscales
reflect anxiety and depressive problems rather than dis-
orders. In this pain study, we chose to use the subscales for
anxiety and depressive problems as covariates. The anxiety
scale ranges from 0 to 14, and the depressive problems scale
ranges from 0 to 28, with higher scores indicating more
problems in these areas.42 DSM scales were used as con-
tinuous measures. In a somatic health questionnaire com-
pleted at the current follow-up, participants were asked
whether they smoked currently, with yes and no

alternatives. The Wechsler Abbreviated Scale of Intelli-
gence IV administered by trained study personnel under
supervision from a neuropsychologist was used to measure
the intelligence quotient (IQ). IQ was used as a continuous
measure.

Statistical Analysis
Analyses of nonparticipants and differences in group

characteristics were conducted with the Wilcoxon rank-sum
test. The McNemar’s test for paired nominal data was used
to indicate the significance of changes in the prevalence of
moderate to very severe pain in the past 4 weeks from 19 to
26 years. For the Wilcoxon rank-sum test and the McNe-
mar’s test, a 2-tailed P-value of <0.05 was considered stat-
istically significant. Binary logistic regression was used to
estimate the crude odds ratios (OR) and 95% confidence
intervals for the association between a low birth weight and
self-reported chronic nonspecific pain. In multivariable
analyses, we adjusted for the following potential confound-
ing factors chosen by a priori knowledge43; sex and maternal
age; and in subanalyses for those with available data,
parental SES and maternal smoking at conception and at 14
years were also included. Separate analyses for men and
women and a likelihood-ratio test after estimation was per-
formed to investigate possible effect modification by sex. In
separate models, anxiety and depression, IQ, current smok-
ing status, and the number of surgeries among participants
were added to investigate possible mediation by these fac-
tors. In subanalyses on the VLBW group, logistic regression
was used to examine possible associations between perinatal
factors and pain reports. Data were analyzed with STATA
13 (StataCorp. 2013. Stata Statistical Software: Release 13.
College Station, TX: StataCorp LP).

Ethical Considerations
The Regional Committee for Health Research Ethics

approved the study (2013/636/REK midt). All participants
received written and oral information, and signed a consent
form. This consent included linking data from the current
study with data from previous follow-up studies.

RESULTS

Analysis of Nonparticipants
More men than women in the VLBW and term SGA

groups did not participate (Table 1). In the VLBW group,
nonparticipants had a slightly lower birth weight and
on average a one-week shorter gestational age (Table 1).
Among participants with available parental SES from the
14 or the 19 years’ follow-up, nonparticipants in the current
follow-up tended to have a lower SES score.

Characteristics of the Study Participants and
Parents

Key perinatal, parental, and demographic data of the
3 groups are summarized in Table 2. The VLBW and the
term SGA groups had a lower mean maternal age and more
participants in the lower parental SES groups compared
with the control group. The vast majority of the term SGA
and the control mothers smoking at conception still smoked
at 14 years (89%), and only a few (n=5) mothers who did
not smoke at conception smoked at 14 years. More mothers
of term SGA young adults smoked at conception than
mothers of controls (Table 2). The VLBW and the term
SGA participants reported more anxiety and depressive
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problems compared with controls, although only the asso-
ciation between VLBW and depressive problems, and term
SGA and anxiety, reached significance. For the VLBW
group, the mean NICU stay lasted 75 days (range, 23 to
386 d), and the mean number of days on ventilator was 6
days (range, 0 to 63 d). Eight (13%) of the 60 VLBW par-
ticipants with available neonatal data had an intra-
ventricular hemorrhage, and 4 of 62 had cerebral palsy. Ten
of the VLBW participants were twins.

Prevalence of Self-reported Pain, Pain
Persistence, and the Longitudinal Analysis of
Pain Reports

In the control group, 13% of the participants reported
moderate to very severe pain during the past 4 weeks, and
7% reported chronic pain at 26 years (Table 2). Compared
with controls, the prevalence of moderate to very severe
pain in the past 4 weeks was higher in the VLBW and the
term SGA groups. Participants in the low–birth weight

TABLE 1. Description of Participants and Nonparticipants

VLBW Term SGA Control

Participants Nonparticipants Participants Nonparticipants Participants Nonparticipants

n

Mean

(SD)* n

Mean

(SD)* P n

Mean

(SD)* n

Mean

(SD)* P n

Mean

(SD)* n

Mean

(SD)* P

Male (n [%]) 62 32 (52) 22 16 (73) 0.09 67 32 (48) 33 21 (64) 0.14 87 37 (43) 29 12 (41) 0.91
Birth weight (g) 62 1200 (257) 22 1093 (166) 0.02 67 2941 (193) 33 2881 (293) 0.65 87 3701 (441) 29 3681 (453) 0.90
Gestational age
(wk)

62 29.0 (2.7) 22 28.0 (2.1) 0.11 67 39.6 (1.2) 33 39.6 (1.3) 0.70 87 39.8 (1.2) 29 39.3 (1.2) 0.90

Parental SESw 51 3.4 (1.2) 19 3.0 (1.2) 0.19 55 3.6 (1.2) 13 2.9 (1.4) 0.10 73 3.8 (1.0) 17 3.5 (1.3) 0.33

*Except for row 1, where the numbers are n (%).
wThe sum score calculated from the education and the income of both parents at age 14 years, further supplied at age 19 years for those with missing data at

age 14 years.
SES indicates socioeconomic status; SGA, small for gestational age (birth weight <10th percentile at term); VLBW, very low birth weight (birth weight

r1500 g).

TABLE 2. Characteristics of the Study Participants and Parents

n

VLBW

(n=62) P* n

Term SGA

(n=67) P* n

Control

(n=87)

Perinatal data

Birth weight (mean [SD]) (g) 62 1200 (257) <0.0001 67 2941 (193) <0.0001 87 3701 (441)

Gestational age (mean [SD]) (wk) 62 29.0 (2.7) <0.0001 67 39.6 (1.2) 0.240 87 39.8 (1.2)

1min Apgar score (median [25p, 75p]) 60 7 (6, 9) <0.0001 56 9 (9, 9) 0.942 81 9 (9, 9)

5min Apgar score (median [25p, 75p]) 60 9 (8, 10) <0.0001 56 10 (10, 10) 0.570 82 10 (10, 10)

Adolescent data

Surgery before 14 years, no. persons (no.

surgeries)

45 12 (21) 48 8 (11) 67 4 (5)

Parental data

Maternal age at birth (mean [range]) (y) 62 28.2 (18.8-40.4) 0.004 67 28.7 (20.0-39.9) 0.014 87 30.6 (22.7-40.6)

Maternal smoking at conception (n [%]) — — — 57 34 (60) 0.010 83 31 (37)

Maternal smoking at 14 years (n [%]) 48 22 (46) 0.380 53 26 (49) 0.210 69 26 (38)

Parental SES (n [%])w 51 55 73

1 (lowest) 4 (8) 3 (5) 0 (0)

2 8 (16) 10 (18) 9 (12)

3 12 (24) 7 (13) 18 (25)

4 16 (31) 20 (36) 22 (30)

5 (highest) 11 (22) 15 (27) 24 (33)

Young adult data

Age at current follow-up (mean [SD]) (y) 59 26.3 (0.7) 0.024 64 26.5 (0.5) 0.656 85 26.5 (0.5)

Anxiety (DSM scale) (mean [SD])z 60 3.5 (3.4) 0.065 63 3.4 (3.2) 0.043 85 2.3 (2.4)

Depressive problems (DSM scale)

(mean [SD])z

60 4.9 (5.1) 0.025 63 4.8 (5.7) 0.139 85 2.7 (2.9)

Moderate to very severe pain in the

past 4 weeks (n [%])

62 18 (29) 0.014 66 24 (36) 0.001 86 11 (13)

Chronic pain (n [%])y 62 10 (16) 0.074 67 14 (21) 0.011 87 6 (7)

*P-value indicates comparison with the control group.
wThe sum score calculated from the education and the income of both parents at age 14 years, further supplied at age 19 years for those with missing data at

age 14 years. The sum score is divided into 5 categories, where 1 is the lowest SES category and 5 the highest SES category.
zItems in the ASEBA-ASR that are consistent with Diagnostic and Statistical Manual of Mental Disorders (DSM) criteria are computed into DSM-

oriented subscales for anxiety and depressive problems. A higher score indicates more problems. The anxiety scale ranges from 0 to 14, and the depressive
problems scale ranges from 0 to 28.

yPain lasting for >6 months and being moderate, severe, or very severe during the past 4 weeks.
SES indicates socioeconomic status; SGA, small for gestational age (birth weight<10th percentile at term); VLBW, very low birth weight (birth weightr1500 g).
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groups also reported more chronic pain compared with
controls. Among participants answering pain questions at
both occasions, an overall high percentage of those
reporting moderate to very severe pain in the past 4 weeks
at 19 years still did so at 26 years. The highest pain per-
sistency was found in the term SGA group (57%; Table 3).
The VLBW group had the highest prevalence of moderate
to very severe pain at 19 years, and also had a slight
increase in the pain prevalence from 19 years to 26 years.
The term SGA group had approximately the same pain
prevalence as controls at 19 years, but had a more than 2-
fold increase in the pain prevalence from 19 to 26 years.
In contrast, fewer controls reported pain at 26 years than at
19 years.

Association Between a Low Birth Weight and
Chronic Pain

Both the VLBW and the term SGA groups had higher
ORs for moderate to very severe pain in the past 4 weeks
and chronic pain compared with controls (Table 4). This
result was attenuated after adjusting for the potential
confounding factors sex and maternal age, although the
main results remained. In subanalyses on participants with
available data on parental SES and maternal smoking at 14
years, no further attenuation was seen (Table 4). For the
term SGA and the control groups, the results were not
changed when adjusting for maternal smoking at con-
ception instead of maternal smoking at 14 years of age

(data not shown). For both of the low–birth weight groups,
no attenuation of the ORs was seen when adjusting for sex
only (Supplemental Digital Content, Table 1, Supplemental
Digital Content 1, http://links.lww.com/CJP/A366), and
testing for interaction did not indicate effect modification
by sex (P-values>0.7). When adjusting for possible
mediation by anxiety and depressive problems, consid-
erable attenuation of the ORs was seen, but the higher ORs
for self-reported pain persisted, especially in the term SGA
group (Table 5). When adjusting for the IQ, only minor
changes in the ORs were seen (Table 5). In further sub-
analyses adjusting for current smoking, the associations
between a low birth weight and pain remained unchanged
(Supplemental Digital Content, Table 2, Supplemental
Digital Content 2, http://links.lww.com/CJP/A367). Fur-
thermore, including the number of surgeries before 14 years
of age as a covariate in subanalyses on participants with
available data did not change the ORs substantially (Sup-
plemental Digital Content, Table 3, Supplemental Digital
Content 3, http://links.lww.com/CJP/A368).

Associations Between Perinatal Factors and
Chronic Pain

In the VLBW group with available birth and NICU
data, days admitted to the NICU, days on ventilator, days
with supplemental O2 treatment, and 1- or 5-minute Apgar
scores were not associated with self-reported pain

TABLE 3. Longitudinal Data on Self-reported Pain From 19 to 26 Years in the 2 Low–Birth Weight Groups and a Control Group

Moderate to Very Severe Pain

in the Past 4 Weeks at 19 y

Moderate to Very Severe Pain

in the Past 4 Weeks at 26 y Change

Persistency

From 19 to 26 y

N n (%) 95% CI (%) n (%) 95% CI (%) P* n (%)

VLBW 42 9 (21) 10-37 10 (24) 12-39 0.76 4 (44)
Term SGA 44 7 (16) 7-30 18 (41) 26-57 0.01 4 (57)
Control 65 10 (15) 8-26 8 (12) 5-23 0.53 4 (40)

*Calculated with McNemar’s test for paired nominal data. P-value for the change in the prevalence of moderate to very severe pain in the past 4 weeks from
19 to 26 years of age.

CI indicates confidence interval; SGA, small for gestational age (birth weight <10th percentile at term); VLBW, very low birth weight (birth weight
r1500 g).

TABLE 4. Odds Ratio (95% CI) for Self-reported Pain in the two Low–Birth Weight Groups Compared With a Control Group

All Participants
Participants With Data on Parental SES

and Maternal Smoking

Crude Model 1* Model 1* Model 2w

n OR (95% CI) n OR (95% CI) n OR (95% CI) n OR (95% CI)

Moderate to very severe
pain in the past 4 weeks
Control 86 1.0 (ref.) 86 1.0 (ref.) 68 1.0 (ref.) 68 1.0 (ref.)
VLBW 62 2.8 (1.2, 6.4) 62 2.1 (0.9, 5.1) 48 1.5 (0.6, 4.3) 48 1.6 (0.5, 4.4)
Term SGA 66 3.9 (1.7, 8.7) 66 3.3 (1.4, 7.5) 52 3.5 (1.4, 8.9) 52 3.5 (1.4, 8.9)

Chronic painz
Control 87 1.0 (ref.) 87 1.0 (ref.) 69 1.0 (ref.) 69 1.0 (ref.)
VLBW 62 2.6 (0.9, 7.6) 62 1.8 (0.6, 5.7) 48 1.6 (0.4, 6.6) 48 1.6 (0.4, 6.7)
Term SGA 67 3.6 (1.3, 9.9) 67 2.9 (1.0, 8.3) 53 3.9 (1.1, 13) 53 3.7 (1.0, 13)

*Adjusted for sex and maternal age.
wAdjusted for sex and maternal age, and additionally for parental socioeconomic status and maternal smoking at 14 years.
zPain lasting for >6 months and being moderate, severe, or very severe during the past 4 weeks.
CI indicates confidence interval; OR, odds ratio; Ref., reference; SES, socioeconomic status; SGA, small for gestational age (birth weight <10th percentile

at term); VLBW, very low birth weight (birth weight r1500 g).
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(Supplemental Digital Content, Table 4, Supplemental
Digital Content 4, http://links.lww.com/CJP/A369).

DISCUSSION
The main finding in this long-term follow-up study

was that young adults born preterm with VLBW or born
SGA at term reported moderate to very severe pain and
chronic pain more frequently compared with young adults
born at term with normal birth weight. The most surprising
findings are the substantially higher ORs for self-reported
pain in the term SGA group compared with controls, being
even higher than in the preterm VLBW group. This is
particularly interesting as this group constitutes 10% of the
population born at term.

The increased prevalence of chronic pain may con-
tribute to functional limitations and a reduced quality of
life in individuals with a low birth weight. Our study indi-
cates that the clearly increased prevalence of self-reported
pain in individuals with a low birth weight emerges after the
transition to an independent adult life, especially in former
SGA individuals. This implies that the negative effects of a
low birth weight may increase in adulthood, and is an
argument supporting long-term follow-up programs in
low–birth weight children. Effective intervention options
such as adequate physical activity and stress management
programs should be sought to minimize pain and its effects.

The strengths of this study include a high response rate
at the current follow-up, the long follow-up time, and the
prospective and multidisciplinary design giving well-char-
acterized cohorts. A population-based age-matched and
sex-matched control group recruited in the same time
period as the low–birth weight groups is a substantial
strength. Very few losses to follow-up must be emphasized.
Furthermore, available parental data and the possibility to
adjust for a range of potentially confounding or mediating
factors are advantages of the study. Data on the pain
severity from 2 timepoints allows for a longitudinal analysis
of self-reported pain.

The higher prevalence of self-reported pain in the
VLBW group is in accordance with epidemiological studies
examining the relationship between perinatal factors and
chronic pain in adults.20,21 The studies indicated a slightly
higher prevalence of chronic pain in adults born with a low
birth weight, including VLBW.21 The associations were not
significant, but these studies were limited by insufficient
power with respect to more severe perinatal exposures, and
thus further studies on clinical cohorts have been war-
ranted. In contrast to the epidemiological studies on adults,
we were not able to find an association between birth
weight and chronic pain in a previous population-based
study on Norwegian adolescents.44 Very few participants
with VLBWmight explain the lack of robust associations in
that study. Moreover, as many as 44% of the adolescents
reported chronic pain,45 and the possible impact of peri-
natal factors might have been attenuated. In addition to the
epidemiological studies, some experimental studies have
assessed pain sensitivity in children and adolescents born
preterm with neonatal pain exeriences.8–10 The findings
include decreased pain thresholds8 and central sensitiza-
tion,10 indicating an increased susceptibility to chronic
pain.5,6 However, experimental studies that also included
pain questionnaires have not found indications of increased
pain reports,8,9 thus opposing the results of our study. Few
participants9 and limited pain questions8 together with a
younger age at investigation (adolescence vs. young adult-
hood) may explain this discrepancy.

In our study, the odds for pain among young adults
born SGA at term were clearly higher compared with con-
trols, even after adjustments. To our knowledge, self-reported
chronic pain or pain sensitivity has not been investigated
previously in young adults born SGA at term. However, it is
an established hypothesis that suboptimal conditions in fetal
life may permanently modify the susceptibility to disease in
adulthood.22 The increased risk for cardiovascular disease is
well known, and long-term follow studies have also found
enhanced anxiety and depressive symptoms in individuals
born SGA.16,17,29 Results of our study indicate that chronic
pain may be another condition that adults born SGA may be

TABLE 5. Subanalyses on Participants With Available Data on Anxiety and Depressive Problems and Intelligence Quotient

Participants With Data on

Anxiety and Depressive Symptoms

Participants With Data on

Intelligence Quotient

Model 1* Model 3w Model 1* Model 4z

n OR (95% CI) n OR (95% CI) n OR (95% CI) n OR (95% CI)

Moderate to very severe
pain in the past 4 weeks
Control 84 1.0 (ref.) 84 1.0 (ref.) 78 1.0 (ref.) 78 1.0 (ref.)
VLBW 60 2.2 (0.9, 5.5) 60 1.7 (0.7, 4.3) 54 1.6 (0.7, 4.1) 54 1.8 (0.7, 4.8)
Term SGA 62 3.2 (1.3, 7.5) 62 2.5 (1.0, 6.2) 61 2.9 (1.3, 6.8) 61 3.0 (1.3, 7.1)

Chronic painy
Control 85 1.0 (ref.) 85 1.0 (ref.) 79 1.0 (ref.) 79 1.0 (ref.)
VLBW 60 2.0 (0.6, 6.8) 60 1.6 (0.4, 5.4) 54 1.6 (0.5, 5.2) 54 1.3 (0.4, 4.5)
Term SGA 63 3.1 (1.0, 9.4) 63 2.6 (0.8, 8.5) 62 2.5 (0.8, 7.2) 62 2.3 (0.8, 6.9)

Odds ratio (95% CI) for self-reported pain in the 2 low–birth weight groups compared with a control group.
*Adjusted for sex and maternal age.
wAdjusted for sex and maternal age, and additionally for anxiety and depressive problems at 26 years.
zAdjusted for sex and maternal age, and additionally for the intelligence quotient at 26 years.
yPain lasting for >6 months and being moderate, severe, or very severe during the past 4 weeks.
CI indicates confidence interval; OR, odds ratio; Ref., reference; SGA, small for gestational age (birth weight <10th percentile at term); VLBW, very low

birth weight (birth weight r1500 g).
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prone to. However, several confounding factors may explain
some or all of the increased prevalence of self-reported pain
in the SGA group. A low maternal age, a low SES, and
maternal tobacco use in pregnancy affect the birth weight,
and may all be risk factors for chronic pain in the offspring. It
is known that tobacco exposition is strongly associated with
chronic pain,15 and with our perinatal focus, we considered
tobacco exposition in utero as a potentially important
confounding factor. Still, when adjusting for these potential
confounding factors, the main results remained, indicating an
effect of a low birth weight on the susceptibility to chronic
pain.

In the current study, it is noteworthy that the
frequency of reporting moderate to very severe pain in
the past 4 weeks differed much more between groups at
26 years than at 19 years. Whereas the prevalence of
self-reported pain tended to decrease among controls from
19 to 26 years, the higher prevalence in the VLBW group
persisted, and particularly the term SGA group had a clear
increase in pain reports. This may indicate that a suscept-
ibility to chronic pain after unfavorable perinatal factors,
together with meeting increased demands in adult life,
enhances pain reports in the low–birth weight groups. This
finding may indicate that individuals born SGA are par-
ticularly challenged by the transition from adolescence to
an independent adult life.

The etiology of chronic pain in the low–birth weight
groups is undoubtedly complex. In the VLBW group, the
length of NICU stay and days on ventilator were not
associated with chronic pain. The latter is shown to be
closely related to the total number of painful procedures
during the NICU stay.9 Thus, this finding may suggest that
the increased prevalence of self-reported pain is not due to
dose-dependent changes in the pain-processing pathways
after neonatal pain experience. As the ORs for self-reported
pain in the low–birth weight groups were attenuated when
adjusting for anxiety and depressive problems, these factors
may be mediators in the relationship between a low birth
weight and chronic pain. However, it is also possible that a
shared sensitivity may underlie both the increased preva-
lence of anxiety and depressive problems and chronic pain.
Thus, adjusting for these mental health factors may induce
collider bias,46 and the results must be interpreted with
caution. Both a low birth weight and preterm birth are
associated with altered HPA activity.23–25,47 Dysfunction in
the HPA axis has further been linked to stress-related adult
disease, including depression and chronic pain.26–28 Altered
function in stress-regulating systems may be a possible
mechanism explaining why the young adults with a low
birth weight reported more pain in this study. Further
speculations on mechanisms underlying our findings
require studies designed for this purpose.

Limitations of this study include the relatively small
sample size, yielding a low statistical power as indicated by
the broad confidence intervals. A general challenge in fol-
low-up studies with many timepoints is that some partic-
ipants have missing data. We did not have data on all
potentially confounding factors in our study database.
Particularly, the family history of chronic pain was not
available, and thus, we were not able to include this
important factor in the analyses. More men than women in
the VLBW and the SGA groups did not participate, and the
proportion of women was larger in the control group.
Despite this, adjusting for sex did not change the associa-
tions observed in our study. Several analyses were

conducted, and we cannot rule out that some of the
observed results in this study were due to chance. Although
adjusting for a range of possible confounding factors, other
unmeasured confounders may still have affected our results.

Even with a population-based design and a high par-
ticipation rate, loss to follow-up may have resulted in
selection bias. A high and fairly similar participation rate in
the three groups and few differences in demographic and
perinatal variables among participants and nonparticipants
makes significant selection bias less likely. Still, it is
noticeable that the prevalence of chronic pain in the control
group in the current study is low compared with results
from the recent Norwegian population-based HUNT3
study. This study used the same definition of chronic pain,
and the prevalence in young adulthood (20 to 34 y) was
15% in women and 11% in men.37 We cannot rule out a
selection toward particularly good health with respect to
pain reports in the control group in our study with cer-
tainty. However, the control group in our study includes
only term-born, normal–birth weight individuals, in con-
trast to the HUNT3 study. Also, a much broader young
adult age span in HUNT3 (20 to 34 y in HUNT3 vs. 25 to
28 y in this study) is a plausible explanation for the lower
chronic pain prevalence in the control group in our study,
as it has been shown that adolescents report more chronic
pain than young adults.37,45

In summary, young adults born preterm with VLBW
or born SGA at term reported a higher frequency of pain
compared with young adults born at term with normal
birth weight. Our study provides further evidence of a link
between a low birth weight and chronic pain, although
larger studies are needed to confirm our results and inves-
tigate the degree to which intrauterine factors, immaturity
at birth, neonatal pain, or altered function in stress-regu-
lating systems are involved in the mechanisms leading to
increased sensitivity to chronic pain in young adulthood.
Results of our study warrant increased focus on pain in
long-term follow-up programs of individuals with a low
birth weight.
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