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Abstract

Chronic pain and obesity, and their associated impairments, are major health concerns. We estimated
the association of overweight and obesity with five distinct pain conditions and three pain symptoms,
and examined whether familial influences explained these relationships. We used data collected from
3,471 twins in the community-based University of Washington Twin Registry. Twins reported
sociodemographic data, current height and weight, chronic pain diagnoses and symptoms, and
lifetime depression. Overweight and obese were defined as body mass index of 25.0 — 29.9 kg/m?
and>30.0 kg/m?, respectively. Generalized estimating equation regression models, adjusted for age,
gender, depression, and familial/genetic factors were used to examine the relationship between
chronic pain, and overweight and obesity. Overall, overweight and obese twins were more likely to
report low back pain, tension-type or migraine headache, fibromyalgia, abdominal pain, and chronic
widespread pain than normal weight twins after adjustment for age, gender, and depression. After
further adjusting for familial influences, these associations were diminished. The mechanisms
underlying these relationships are likely diverse and multifactorial, yet this study demonstrates that
the associations can be partially explained by familial and sociodemographic factors, and depression.
Future longitudinal research can help to determine causality and underlying mechanisms.
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PERSPECTIVE Thisarticle reports on the familial contribution and the role of psychological factors in the relationship between chronic
pain, and overweight and obesity. These findings can increase our understanding of the mechanisms underlying these two commonly
comorbid sets of conditions.
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INTRODUCTION

Chronic pain and obesity are highly prevalent conditions associated with substantial
impairments, and responsible for a large portion of physician visits and healthcare costs 25,
2949 Based on recent estimates, 65% of all adults were either overweight or obese, and these
rates have dramatically increased in recent years 46,49, The annual cost of obesity was estimated
to be $118 billion. Likewise, chronic pain is one of the most prevalent complaints in primary
care affecting over 50 million people, resulting annually in an estimated $70 billion in direct
healthcare expenditures and lost productivity 2,27,30 49,

Several studies have examined the co-occurrence of chronic pain conditions and obesity.
Osteoarthritis and back pain, two of the most common chronic pain conditions, commonly co-
exist with obesity 35,37, Other cross sectional studies have found associations between obesity
and fibromyalgia #,87 69, chronic headaches 8,52, abdominal pain 16,56, and arthritis 14,
Prospective studies indicate that overweight and obese individuals are at greater risk for chronic
pain because the additional weight increases pressure on the joints creating structural changes
in the body that cause pain 7,33,35 81 Alternately, chronic pain may result in weight gain and
obesity by reducing physical activity 32,52, Genetic, psychological, or metabolic processes,
may also contribute to developing both conditions 13,62, For example, depression has been
associated with both chronic pain, and overweight and obesity 4,42 and studies in monozygotic
g\é\/ins suggest genetic factors may explain the link between chronic low back pain and obesity

Although chronic pain conditions are likely multifactorial and co-occur with overweight or
obesity, few studies have examined familial and genetic contributions to, or the role of,
psychological factors in the relationship between these conditions. In this study, we used data
from a large community-based sample of twins to examine the relationship of five distinct pain
diagnoses and three pain symptoms with overweight and obesity. We sought answers to these
questions: 1) Are diverse chronic pain diagnoses and symptoms associated with being
overweight or obese? 2) Does depression contribute to the associations between chronic pain,
and overweight and obesity? and 3) Do familial factors including shared genetic and common
environmental factors contribute to these associations?

MATERIALS AND METHODS

Sample

All twins were participants in the University of Washington Twin Registry, acommunity-based
sample of twins derived from the drivers' license applications of the Washington State
Department of Licensing . In Washington State drivers' license numbers are derived from a
person's name and date of birth, thus, the Department of Licensing asks every new applicant
if s/he is a twin to avoid issuing duplicate license and identification numbers to twins. The
University of Washington Twin Registry receives lists of applicants who are twins, and each
member of the pair is invited to join the Registry and complete a health survey. The brief survey
contains items on demographics, habits, physician-diagnosed health conditions, symptoms,
healthcare use, and various abridged, standardized measures of physical and mental health.
Full details of the construction and characteristics of the University of Washington Twin
Registry, including response rates, are described elsewhere 1. All Registry and data collection
procedures involved in this study were approved by the University of Washington Institutional
Review Board and the State of Washington Attorney General. Informed consent was obtained
from all twins.
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Zygosity assignment—As part of the mailed questionnaire, all twins were asked questions
about childhood similarity to assess zygosity. Studies in both U.S. and Scandinavian twin
registries have shown that questions about childhood similarity in twin pairs can be used to
correctly classify zygosity with an accuracy of 95% to 98% compared with zygosity determined
by biological indicators 30,80, Responses to these similarity questions were used in a multi-
step process to assign zygosity. Opposite-sex twin pairs were excluded from the study because
sex differences in height and weight would not allow us to capitalize on the matched nature of
the twin sample.

Sociodemographic factors—Sociodemographic factors collected in the survey included
age, sex, race and ethnicity, education, and marital status.

Depression—L.ifetime depression was assessed by endorsement of a single item on
depression. Twins were given a list of conditions including depression and asked: “Has your
doctor ever told you that you have any of the following conditions?”

Chronic pain diagnoses—A lifetime history of low back pain, tension-type or migraine
headache, irritable bowel syndrome, temporomandibular joint or muscle disorder, and
fibromyalgia were also assessed by self-report of a diagnosis by a physician.

Chronic pain symptoms—Several other questions asked about pain-related symptoms
during the previous three months. One asked about abdominal pain that is relieved with bowel
movements or associated with loose stools or constipation 58,59. Another question asked about
persistent or recurrent pain in the face, jaw, temple, in front of the ear, or in the ear 64. Three
questions, adapted from the self-report form of the London Fibromyalgia Epidemiology Study
Screening Questionnaire %6, were used to assess chronic widespread pain. Twins were asked
whether or not they had experienced at least three months of body pain in: 1) shoulders, arms,
or hands, 2) legs or feet, and 3) neck, chest, or back. Chronic widespread pain was defined as
pain experienced in all three regions and bilateral sides of the body.

Overweight and obesity—Twins self-reported their height and weight. Body mass index
(BMI) was calculated by dividing the individuals' body weight in kilograms by the square of
their height in meters. Overweight was defined as a BMI of 25.0 — 29.9 kg/m? and obesity was
defined asa BMI of > 30.0 kg/m2. Twins who met criteria for being underweight were excluded
from the study analyses because we wanted to compare overweight and obese twins to a
comparison group of normal weight twins. Given the possibility of potentially significant
medical problems associated with being underweight, the inclusion of underweight twins also
may have introduced biases.

Statistical Analyses

Descriptive statistics for participant characteristics were calculated using means and standard
deviations for continuous variables and percents for categorical variables. Generalized
estimating equation regression analyses, which account for the lack of independence of twins
within a pair 18,28 were used to examine differences on demographic and depression features
by BMI status, and the association of pain diagnoses and symptoms with overweight and
obesity.

We initially modeled the association between the pain diagnoses and symptoms and overweight
and obesity in all twins by using generalized estimating equation regression models to account
for clustering of twin data. Results are presented as odds ratios (OR) and 95% confidence
intervals (Cl). We conducted stepwise analyses, where we first adjusted for age and gender,
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and then for depression to determine the additional contribution that depression would account
for in these relationships.

A second set of regression analyses followed the initial modeling by examining the within-pair
associations for pain diagnoses, pain symptoms, and overweight and obesity after adjusting
for between-pair effects. Since twin pairs share a similar family environment and at least a
portion of their genes (100% in monozygotic and on average 50% in dizygotic pairs), within-
pair effects are adjusted for familial and some genetic influences because each individual is
compared to his/her twin on outcome, predictor, and covariate measures. If the within-pair
association between pain diagnoses and symptoms and overweight and obesity is attenuated
and rendered non-significant compared to the overall effect obtained in our initial regression
analyses, then we can conclude that familial and/or genetic factors contribute to these
associations. Alternately, a within-pair association that remains robust compared to the overall
effect provides evidence that familial/genetic factors play a small role in the association
between pain diagnoses and symptoms and overweight and obesity. The within-pair analyses
also were adjusted for age, gender, and depression. Further, Wald tests were used to statistically
compare within- and between-pair estimates. A significant difference in these estimates would
indicate that the overall estimate provided a poor fit to the data. Statistical significance level
was set at 0.05. We used Stata/SE software, Version 9.0 for all statistical analyses 3.

Although twin samples are often associated with classical twin studies that quantify the relative
contribution of genes and environment to individual phenotypes or the co-variation of multiple
phenotypes, twins also offer the unique opportunity to address other questions of
importance34. In this study, we chose to use the co-twin control design that controls for the
effects of familial factors for 2 primary reasons. First, we had multiple pain phenotypes,
therefore an adequately powered multivariate genetic analysis would require a substantially
larger sample. Second, the pain phenotypes were based on self-report and not all were well-
characterized. Thus, the co-twin control design was the more conservative approach as a first
step in examining the familial influences on chronic pain and overweight and obesity.

Of the 4,824 individual twins enrolled in the registry, 1,004 were excluded because they had
a twin of the opposite sex, and 175 were underweight. Of the remaining 3,645 individual twins,
3,471 had complete date available for all study variables were included in the analyses. The
average BMI of the entire sample was 24.8 kg/m? (standard deviation [SD] = 4.8 kg/m?).
Among all twins, 62.5% (n = 2169) were normal weight, 24.3% (h = 842) were overweight,
and 13.3% (n = 460) were obese.

Table 1 describes the characteristics of the sample stratified by BMI. Among all twins, the
mean age was 31 years, 62% were female, 40% were married or living with a partner, 86%
were White, 89% had finished high school or above, and 66% were monozygotic. Depression
was reported by 19% of all twins. The sample was representative of the Washington state
population demographics. Obese twins were older (p < 0.001), more depressed (p < 0.001),
and more likely to be dizygotic (p < 0.01), living with a partner (p < 0.001), and have less
education (p < 0.01) than twins of normal weight. Race or education did not differ based on
weight. Overweight twins were also more likely to be male (p < 0.001), living with a partner
(p < 0.001), and older (p < 0.001) than normal weight twins.

Figure 1 depicts the prevalence of chronic pain diagnoses and symptoms for all twins. Low
back pain (26%) and tension-type or migraine headache (18%) were the two most common
pain diagnoses. Additionally, 24% of all twins reported symptoms of abdominal pain, 11%
reported temporomandibular pain, and close to 7% had symptoms of chronic widespread pain.

J Pain. Author manuscript; available in PMC 2011 July 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Wright et al.

Page 5

Table 2 presents ORs and 95% Cls for the overall associations between pain diagnoses and
symptoms, and overweight and obesity adjusting for age and gender. These analyses revealed
significant associations of low back pain and abdominal pain for the overweight and obese
groups. There was also a significant association of temporomandibular joint or muscle disorder
for the overweight group. Additional associations were found for headache, fibromyalgia, and
chronic widespread pain for the obese group only. Compared with normal weight twins,
overweight or obese twins were 1.3 — 3.0 times more likely to report these pain diagnoses and
symptoms.

Table 3 presents ORs and 95% Cls for the overall associations between pain diagnoses and
symptoms, and overweight and obesity after adjusting for age, gender, and depression to
determine if depression partially explained these relationships. After this adjustment, all of the
associations were diminished; however, the majority of the associations remained significant.
Specifically, low back pain and abdominal pain remained associated with both overweight and
obesity. Headache, fibromyalgia, and chronic widespread pain remained significantly
associated with obesity alone. The relationship between temporomandibular joint or muscle
disorder and being overweight was no longer significant.

Table 4 displays the adjusted ORs and 95% Cls for the within-pair associations between pain
diagnoses and symptoms and overweight and obesity. Within-pair analyses adjust for the
effects of familial factors and, in addition, these results are adjusted for age, gender, and
depression. With this adjustment, all of the associations were further diminished. Low back
pain and chronic widespread pain were the only two pain conditions that remained significantly
associated with obesity. Compared to normal weight twins, obese twins were twice as likely
to report symptoms of chronic widespread pain and were 1.6 times as likely to have low back
pain. No other pain diagnoses or symptoms remained significant after adjusting for the effects
of age, gender, depression, and familial factors.

DISCUSSION

We found that twins who were overweight or obese were more likely to report physician-
diagnosed low back pain, tension-type or migraine headache, fibromyalgia, and symptoms of
abdominal pain and chronic widespread pain than normal weight twins. These findings support
previous reports linking pain and obesity in both clinical and community samples 4°,67 69,
However, all relationships were diminished after adjustment for depression, indicating that
depression may contribute to the association between higher BMI and pain symptoms. We also
found evidence that familial factors, either genetic or shared environmental risk factors, may
play arole in the relationship of both overweight and obesity and pain disorders and symptoms.

Few twin studies have examined the associations between pain conditions and obesity. Our
results are unique in that our co-twin control method allowed us to control for shared familial
and genetic factors. Although we found no significant differences in the within- and between-
pair estimates, there was a consistent pattern of attenuated associations of within-pair estimates
compared to the overall estimates for all chronic pain diagnoses and symptoms and overweight
and obesity, suggesting that familial and genetic influences may partially explain these
relationships. These results are consistent with a previous twin study demonstrating a genetic
influence on the relationship between low back pain and obesity 36 and research on the genetic
basis of obesity and chronic pain independently. Obesity is a strongly genetic trait, with
heritability estimates ranging from 50 — 80% in twin studies 48. Genetic influences have also
been reported for most of the pain diagnoses and symptoms examined in this study, with
heritability estimates ranging from 25% for irritable bowel syndrome to 45% for fibromyalgia,
and up to 68% for back pain 5,11,17 38 40 43 44 51 55
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The unexpected finding that dizygotic twins in this study were more likely to be obese
compared to normal weight twins is contrary to prior heritability studies and deserves further
exploration. We also found that the dyzygotic twins were significantly older than the
monozygotic twins (p < .01). Given the known association between age and obesity®, this
may account for the surprising findings. Nonetheless, these unexpected findings should not
have any implications for the primary study findings. The mechanisms underlying the
relationship between chronic pain conditions and overweight or obesity remain unclear but are
likely diverse and multifactorial. For example, knee and back pain have been associated with
structural mechanisms 33,35, chronic widespread pain and fibromyalgia have been shown to
be associated with metabolic pathways 39, whereas low back pain has been related to behavioral
processes 2. In addition, there are some findings to suggest that environmental factors may
have a greater impact on the link between some pain conditions and obesity than genetic
influences 19,41,

The modest but significant associations between temporomandibular joint or muscle disorder
and being overweight did not persist after further adjusting for depression suggesting that
depression may play a substantial role in the observed relationship. This is not surprising given
the established associations between depression and pain as well as depression and obesity*,
10 42 and the plausibility that depression could exacerbate both conditions. However, it is
interesting that depression seemed to have more of an impact on temporomandibular joint or
muscle disorder compared to the other pain diagnoses and symptoms. Depression may play a

larger role in the development of this pain condition and increased weight in this population
20 67

Alternatively, metabolic syndrome, a condition characterized by abdominal obesity, metabolic
disturbances, and associated stress system dysregulation, has been associated with chronic pain
conditions and may be genetically influenced 24,3957, perhaps through chronic inflammation,
which occurs with metabolic syndrome, obesity, and many pain conditions 12,2263, Chronic
inflammatory states also have been linked to major depression 22. This association with the
stress response and inflammation may help to explain the relationship that we see between
overweight and obesity, and pain conditions commonly associated with stress, such as
headache and abdominal pain 2,15, The complex relationships between chronic pain conditions,
obesity, metabolic and inflammatory processes, and familial and genetic factors are worthy of
further scientific inquiry.

Behavioral factors also have been implicated in the etiology and maintenance of pain and
obesity 52, In this regard, inactivity and a sedentary lifestyle can lead to obesity, which
contributes to transforming acute pain into chronic pain. Pain can decrease physical activity,
leading to weight gain. Alternately, a sedentary lifestyle associated with pain and obesity may
be caused by a common factor. For example, depressed individuals may withdraw from
activities and have sedentary lifestyles, potentially leading to comorbid chronic pain and
obesity. Our finding that depression is related to some of the associations between pain
conditions, and overweight and obesity, is congruent with this hypothesis. Behavioral factors
also may play a prominent role the relationship of obesity with low back pain and chronic
widespread pain, the only two associations that remained significant after controlling for
familial factors. Chronic widespread pain and low back pain have both been linked to
behavioral factors, such as physical inactivity and stress, and tend to show improvements when
treated with a combination of physical exercise and stress management or cognitive behavioral
therapy 6,31, Taken together, this diverse literature underscores that the relationship between
chronic pain, and overweight and obesity results from the confluence of environmental, familial
and genetic, structural, metabolic, and behavioral pathways.

J Pain. Author manuscript; available in PMC 2011 July 1.
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This study had several limitations. First, the use of self-report of a physician diagnosis of
chronic pain conditions is sub-optimal and we cannot determine how the rates of these
conditions might compare to actual clinical assessments. In addition, symptomatic individuals
who have not been formally diagnosed or have limited access to healthcare were not accounted
for in these analyses. However, physician-diagnoses are less likely to be false positives;
therefore our findings are likely conservative estimates. A related caveat is that the use of low
back pain as a diagnosis may be a source of error as low back pain is not a formal physician-
diagnosed condition and is often thought of as a symptom. However, the rates of low back
pain, irritable bowel syndrome, fibromyalgia, headache, and temporomandibular joint or
muscle disorder were consistent with those of other population-based studies 3,21,47,54,58,
Second, BMI may have been underestimated due to self-report of weight and height, resulting
in misclassification and possibly in attenuation of the effect sizes. Third, the conditions
assessed were based on different time scales (i.e., pain and depression were lifetime diagnoses
and pain symptoms were assessed for the last three months). Therefore, we were not able to
examine if two or more pain conditions or symptoms were experienced at that the same time,
which may attenuate the estimated associations found in this study. Fourth, our sample was
predominately White, female, and educated, thus limiting the generalizability of our findings
to other populations and may have also impacted the lower overweight and obesity rates seen
in this study compared to the general population. Further, the lower rates of overweight and
obesity may have attenuated the associations between chronic pain, and overweight and
obesity. Finally, ethnicity was not included as a covariate in the analyses and may lead to
overestimation of familial effects given that Whites may experience different environments
based on their ethnicity.

In sum, in our large community-based sample of twins we found that overweight and obesity
were consistently related to diagnoses of low back pain, tension-type or migraine headache,
and fibromyalgia, and symptoms of abdominal pain and chronic widespread pain. Depression
was shown to contribute to the link between these pain conditions, and overweight and obesity.
In addition, these relationships were partially explained by familial influences. Our findings
highlight that several mechanisms underlie the co-occurrence of chronic pain, and overweight
and obesity. Regardless of the causal underpinnings, chronic pain, and overweight and obesity
likely have additive effects, resulting in decreased health-related quality of life and increased
disability 23,2542 It is, therefore, critical that interventions effectively address both of these
increasingly prevalent conditions. Future longitudinal research should assess genetic,
environmental, metabolic, structural, and behavioral mechanisms that explain the link between
chronic pain, and overweight and obesity to inform appropriate evidence-based interventions.
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Figure 1. Prevalence of pain diagnoses and symptoms
IBS = irritable bowel syndrome; TMJMD = temporomandibular joint or muscle disorder; FM
= fibromyalgia; CWP = chronic widespread pain.
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Table 1

Characteristics for the University of Washington Twin Registry sample by BMI status.

BMI
Characteristics Normal (N =2,169) Overweight (n =842) Obese (n = 460)
Demographic
Monozygotic, % 68 65 58
Age, mean years + SD 28+13 35+15 38+15
Female, % 65 51 66
Married or living with a partner, % 33 51 55
White, % 86 88 84
> High school education, % 90 90 87
Depression, % 17 20 29

BMI = body mass index; SD = standard deviation.
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Associations between lifetime chronic pain diagnoses and pain symptoms, and overweight and obesity, adjusted

for age and gender.

Overweight vs. Normal

Obese vs. Normal

Pain Diagnoses OR 95% ClI OR 95% ClI
Low Back Pain 1.55 1.28-1.87 211 1.67-2.67
Tension-type or Migraine Headache 1.16 0.92-1.46 170 1.32-2.19
Irritable Bowel Syndrome 0.86 0.58-1.28 144 0.96-2.16
Temporomandibular joint or muscle disorder 1.49 1.03-2.17 145 0.95-2.17
Fibromyalgia 0.92 0.46-1.84 231 1.21-4.42
Pain Symptoms

Abdominal Pain 145 114-185 130 1.07-1.58

gfmﬂggfempa;}gib“'ar joint 131 096179 113 087-148

Chronic Widespread Pain ~ 3.02 2.14-425 111 0.77-1.58

Results based on generalized estimating equation regression analyses. Significant associations are emboldened.

OR = odds ratio; Cl = confidence interval.
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Table 3

Page 15

Associations between lifetime chronic pain diagnoses and pain symptoms, and overweight and obesity, adjusted

for age, gender, and depression.

Overweight vs. Normal

Obese vs. Normal

Pain Diagnoses OR 95% ClI OR 95% ClI
Low Back Pain 1.51 1.25-1.84 194 1.53-2.46
Tension-type or Migraine Headache 111 0.89-1.40 154 1.18-1.99
Irritable Bowel Syndrome 0.80 0.53-1.21 120 0.79-1.81
Temporomandibular joint or muscle disorder 1.44 0.99-2.09 125 0.82-1.92
Fibromyalgia 0.89 0.44-1.79 2.03  1.06-3.90
Pain Symptoms

Abdominal Pain 134 1.05-1.71 127 1.04-155

gfmﬂggfemp"g}ﬂib“'ar joint 4 18 086-1.62 108 0.84-142

Chronic Widespread Pain  2.71  1.92-3.83 1.06 0.74-1.52

Results based on generalized estimating equation regression analyses. Significant associations are emboldened.

OR = odds ratio; Cl = confidence interval.
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Table 4
Adjusted! within-pair associations between lifetime chronic pain diagnoses and pain symptoms, and overweight
and obesity.
Overweight vs. Normal Within-pair ~ Obese vs. Normal Within-pair
Pain Diagnoses OR 95% ClI OR 95% ClI
Low Back Pain 1.16 0.83-1.62 1.60 1.01-2.53
Tension-type or Migraine Headache 0.87 0.59-1.29 1.21 0.73-2.00
Irritable Bowel Syndrome 0.95 0.46-1.94 1.85 0.72-4.78
Temporomandibular joint or muscle disorder 1.13 0.58-2.19 1.95 0.85-4.51
Fibromyalgia 0.74 0.24-2.26 1.13 0.32-4.03
Pain Symptoms
Abdominal Pain 1.08 0.71-1.63 1.09 0.80-1.50
Temporomandibular joint
or muscle pain 110 057-2.13 1.04 0.64-1.68
Chronic Widespread Pain  2.35 1.14-4.87 0.68 0.37-1.23

Results based on generalized estimating equation regression analyses. Significant associations are emboldened.

OR = odds ratio; Cl = confidence interval.

1Adjusted for age, gender, and depression.
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