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IntroductIon
Controversy remains about the health consequences of obes-
ity in old age. Studies show contrasting relations between 
obesity in old age and (disease-specific) mortality (1–3). 
However, for the aging population, longevity is currently 
considered of less importance than healthy aging. Valuing 
the relevance of obesity in old age should consider health and 
functional outcomes that are known to influence the quality 
of life. Because of the growth of the absolute number of older 
adults and the increasing prevalence of obesity in old age, 
the number of obese older adults is strongly increasing over 
time (4,5). Further research on obesity in older adults and its 
consequences is needed.

Pain can have large consequences for the quality of life. 
Among older adults, pain is shown to be a common problem, 
but it is not a normal consequence of aging (6). Prevalence 
rates between 40.7% (for hip or knee pain among persons aged 
≥65 years) (7) and 73.5% (any painful area out of 10 among 
persons aged ≥65 years) (8) are found in population-based 
samples of older adults. The large variation in prevalence rates 
between studies may be due to the fact that many different 
questionnaires were used to assess pain. These studies focus on 

prevalence rates of pain in specific parts of the body, but only 
limited knowledge about overall body pain is available.

Few cross-sectional, population-based studies investigated 
the association between obesity and pain in older adults. 
Positive associations of BMI with knee, hip, and back pain (9) 
and lower limb joint pain (10) have been reported in older 
adults. Patterson et al. (11) identified neck, back, and joint 
pain and frequent headaches among the conditions associated 
with obesity in older adults (aged 50–76 years). Furthermore, 
research on the influence of obesity on health-related quality 
of life reported a negative association of obesity with the pain 
domain of health-related quality of life (12–14).

To our knowledge, there are no prospective studies investigat-
ing the association between obesity and the development of pain 
in older adults. This type of studies is crucial because in cross-
sectional investigations the direction of the association remains 
unclear; obesity may precede the pain or pain may lead to obes-
ity. Furthermore, no study on pain used measures of obesity 
other than BMI. Abdominal obesity is suggested to be a stronger 
indicator explaining the association between obesity and several 
health outcomes (15–18). Therefore, the aim of the present study 
was to examine the association between obesity, assessed using 
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both BMI and waist circumference, and the prevalence and 
incidence of overall body pain in a population-based sample of 
older men and women.

Methods and Procedures
study sample
Data for this study were collected in the Longitudinal Aging Study 
Amsterdam, a prospective study on predictors and consequences of 
changes in autonomy and well-being in the aging population in the 
Netherlands. Details on the sampling and data collection procedures 
have been described elsewhere (19,20). Briefly, a representative sample 
of older men and women (aged 55–85 years), stratified by age, sex, urb-
anicity, and expected 5-year mortality, was drawn from the population 
registers of 11 municipalities in three regions of the Netherlands. In 
total, 3,107 subjects were enrolled in the baseline examination (1992–
1993). Examinations consisted of a main (N = 3,107) and a medical 
interview (N = 2,671) in the participants’ home and a self-administered 
questionnaire (N = 2,303) and were repeated after 3 and 6 years of 
 follow-up. Trained nurses performed the medical interviews and col-
lected the self-administered questionnaires.

Of the 2,195 subjects who participated in both interviews and com-
pleted the self-administered questionnaire at baseline, 2,000 were 
included in the cross-sectional analyses of this study. Reasons for exclu-
sion of subjects were as follows: absence of data on pain (N = 70), miss-
ing data on BMI (N = 65), and/or missing data on waist circumference 
(N = 120). Of the initial 2,000, 1,756 subjects participated in the 3-year 
follow-up examination. Reasons for loss to follow-up were death (N = 
190), refusal (N = 31), loss of contact (N = 7), and 16 persons were too 
frail to participate. Data on pain after 3 years of follow-up were avail-
able for 1,478 participants. After 6 years of follow-up, 1,489 of the initial 
2,000 participants were involved in the examinations. Between the 3-year 
and the 6-year follow-up measurements 200 participants died. Further 
reasons for loss of follow-up were refusal to participate (N = 43) and loss 
of contact (N = 4), and 20 persons were too frail to participate. After 
exclusions, data on pain were available for 1,271 persons.

Pain
Pain was assessed by a self-administered questionnaire. The pain scale 
used was based on a subscale of the Dutch version of the Nottingham 
Health Profile (21,22). The six items included were the following: “I am 
in pain when I am standing;” “I find it painful to change position;” “I am 
in pain when I am sitting;” “I am in pain when I walk;” “I have unbearable 
pain,” and “I am in constant pain.” Response categories were “yes” and 
“no.” The total score ranged from 0 (no pain) to 6 (pain at all six items). 
The internal reliability of the pain scale in this study was satisfactory 
(Chronbach’s α was 0.77). The pain score was used as a continuous vari-
able as well as a dichotomous variable with categories “no pain” (score 
0) and “any pain” (scores 1–6). The item “I have unbearable pain” is the 
only item that possibly indicates the intensity of the pain experienced. 
Therefore, a higher pain score does not necessarily indicates more severe 
pain, rather more daily situations in which the pain is experienced.

In longitudinal analyses, a dichotomous variable for incident pain was 
used, as well as a continuous variable for the change in pain score. Inci-
dent pain was defined as no pain (pain score = 0) at baseline and a score 
of 1 to 6 at follow-up. Furthermore, a continuous variable for the dif-
ference in pain scores between baseline and follow-up was used. The 
continuous difference in pain scores was computed by subtracting the 
baseline score from the follow-up score.

When participants had missing values on one or more items of the 
pain questionnaire, they were still included in the analyses (except when 
all items were missing). Preliminary analyses showed that excluding per-
sons with one or more missing values from the linear and/or the logistic 
regression analyses did not affect the results.

anthropometry
All anthropometric measures used were obtained during the medical 
interview. BMI was calculated as measured body weight (kg) divided 

by measured height (m) squared. Height was measured using a stadi-
ometer. Body weight was measured with light clothing only, using a 
calibrated balance beam scale. Waist circumference (cm) was measured 
in standing position, midway between the lower rib and the iliac crest 
after a normal expiration. The usefulness of the standard World Health 
Organization (WHO) classification of overweight and obesity in older 
adults has been questioned (2). In addition, approximately two-third of 
our study population fell in the overweight/obesity categories accord-
ing to the WHO criteria. Therefore, we reported our results using 
sex-specific quartiles of BMI and waist circumference, as well as the 
continuous measures per s.d. increase. The quartiles and s.d. according 
to both anthropometric measures were constructed again for the study 
sample used in the longitudinal analyses.

Potential confounders and effect modifiers
Potential confounders assessed at baseline included measures of physi-
cal and mental health and lifestyle determinants. Participants were 
asked for their highest education level completed, ranging from pri-
mary to university education. Responses were categorized as low (ele-
mentary school or less), moderate, and high (higher vocational, college, 
or university education). Smoking behavior was based on self-report 
(never, former, current). Physical activity in the previous 2 weeks was 
assessed during the main interview using a validated questionnaire (23). 
Information on the frequency and duration of walking outdoors, bicy-
cling, light and heavy household activities, and a maximum of two dif-
ferent sport activities was obtained. Total physical activity was expressed 
in minutes per day. Depressive symptoms were measured using a Dutch 
version of the Center for Epidemiologic Studies Depression (self-report) 
scale (range 0–60) (24). Participants were considered depressed when 
their score was ≥16. The presence of chronic diseases was assessed by 
self-report during the main interview. Chronic diseases included were 
pulmonary disease, cardiac disease, diabetes mellitus, arthritis, stroke, 
and peripheral atherosclerosis (25).

statistical analyses
Baseline characteristics were compared between persons without pain 
and with pain using a χ2-test for categorical variables and an independ-
ent T-test for continuous variables. P values were considered significant 
if <0.05 and were based on two-sided tests. All analyses were conducted 
separately for men and women because both the prevalence of over-
weight and obesity and the prevalence of pain varied by gender. Also, 
the distribution of fat is known to differ between men and women and a 
better understanding of potential differences in the associations of BMI 
and waist circumference with pain might be established when stratify-
ing the study sample by gender.

Analyses to investigate the cross-sectional association between BMI 
and pain prevalence were conducted using χ2-tests and multiple logistic 
(pain dichotomous) and linear (continuous pain score) regression analy-
ses. Potential confounders were subsequently added in three regression 
models. In the first model, the association was adjusted for age and educa-
tion. In the second model additional adjustment was made for depres-
sion, smoking, and physical activity. Finally, in the third model, because 
of possible mediating effects, adjustment for chronic diseases was made. 
Results are presented as odds ratios (OR) with 95% confidence intervals 
(CIs) or as regression coefficients with s.e. and P values. Interaction effects 
of age, education, physical activity, depression, and chronic diseases were 
tested by adding interactions terms (e.g., BMI × age, waist × age, BMI × 
level of education etc.). The interaction effects were tested in the cross-
sectional analyses and in the association after 6 years of follow-up. An 
interaction effect with P value < 0.1 was considered significant. Trends 
across the BMI quartiles in the ORs were tested by using the ordinal 
quartile variables as continuous variables in the regression analyses.

The association between BMI at baseline and the incidence of pain after 
3 or 6 years of follow-up was analyzed among participants without pain 
at baseline (N = 1,027 after 3 years and N = 895 after 6 years of follow-up) 
using multiple logistic regression. Adjustments for potential confounders 
were made according to the same models described for the cross-sectional 
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analyses. In addition, the association between BMI and the change in 
pain score was investigated in all participants of the follow-up measure-
ments using multiple linear regression analyses. Additional adjustment 
for baseline pain score was made. All analyses were repeated using waist 
circumference instead of BMI as the independent variable.

results
The prevalence of pain at baseline was 25.6% in men and 
39.7% in women (Table 1). Men who reported pain had an 
average pain score of 2.19 (s.d. 1.29), the mean pain score 
of women with pain was 2.28 (s.d. 1.44). According to the 
WHO guidelines, 42.4% of the women were overweight, 
whereas 25.5% had a BMI of ≥30 kg/m2 and would be con-
sidered obese. In men, these percentages were 51.7 and 9.5%, 
respectively. Only 19 persons were underweight defined by 
a BMI of <18.5 kg/m2. According to WHO guidelines for 
waist circumference, 34.5% of the men and 17.6% of the 
women were overweight (94–102 cm in men and 80–88 cm 
in women), whereas 36.6 and 72.7% would be defined obese 
(>102 cm in men and >88 cm in women). In both men and 
women, participants who reported pain were generally older, 
had a higher BMI and a larger waist circumference, were less 
physically active and were more often depressed (Table 1). 
Men with pain were less educated compared to men with-
out pain at baseline. All measured chronic diseases were 
more prevalent among men and women with pain, except 

for cancer which was equally prevalent in women with and 
without pain (Table 1).

cross-sectional analyses
In both men and women, the prevalence of pain was higher in 
higher quartiles of BMI (Figure 1, trends across the quartiles, 
P values ≤ 0.001). The lowest prevalence rates of pain were not 
found in the lowest but in the second quartiles of BMI and 
waist circumference. Repeating the analyses after excluding the 
19 persons with underweight (BMI < 18.5), the lowest preva-
lence rates were found in the lowest quartiles of BMI and waist 
circumference in men and the lowest quartile of BMI in women. 
After adjustment for age and education, persons in the highest 
quartile of BMI were more likely to have prevalent pain (Table 2, 
model 1). Depression, physical activity, and chronic diseases did 
not explain an important part of this association (model 2). ORs 
were attenuated after adjustments for chronic diseases (model 3). 
Of the individual diseases, arthritis accounted for the largest 
decrease, but the association remained significant.

After adjustment for all potential confounders, logistic regres-
sion analyses showed higher ORs for prevalent pain with increas-
ing BMI (per s.d.) in both men and women (Table 2). Compared 
to the lowest quartile of BMI, fully adjusted ORs (CI) of 2.16 
(1.32–3.54) in men and 1.93 (1.26–2.95) in women were found in 
the highest quartile. Similar ORs were found for the association 

table 1 characteristics of the study sample according to baseline pain status

Sex Men (N = 1,012) Women (N = 988)

Pain status No pain Pain P value No pain Pain P value

N (%) 753 (74.4) 259 (25.6) 596 (60.3) 392 (39.7)

Age (years) (s.d.) 69.4 (8.3) 71.5 (9.1) <0.01 67.9 (8.1) 71.0 (8.5) <0.01

BMI (kg/m2) (s.d.) 25.8 (3.1) 26.6 (3.3) <0.01 26.8 (4.0) 28.3 (5.1) <0.01

Waist circumference (cm) (s.d.) 98.5 (9.8) 101.6 (10.1) <0.01 94.3 (11.5) 98.1 (12.7) <0.01

Physical activity (min/day) (s.d.) 145 (106) 124 (93) <0.01 211 (114) 191 (111) <0.01

Smoking status (%)

 Current 31.5 34.7 15.8 17.6

 Former 61.4 57.1 0.47 29.0 32.1 0.31

 Never 7.0 8.1 55.2 50.3

Education (%)

 Low 25.5 37.5 46.1 52.0

 Medium 33.1 27.5 <0.01 33.4 29.8 0.19

 High 41.5 17.9 20.5 18.1

Depressive symptoms (%) 6.3 17.6 <0.01 10.8 25.7 <0.01

Chronic conditions (%)

 Lung disease 10.1 19.3 <0.01 7.9 12.2 0.02

 Cardiovascular disease 21.2 30.9 <0.01 10.4 19.6 <0.01

 Arthritis 13.4 49.4 <0.01 28.5 62.5 <0.01

 Arterioscleroses 6.8 18.9 <0.01 3.9 15.6 <0.01

 Diabetes mellitus 5.2 8.9 0.03 4.9 7.9 0.05

 Stroke 4.0 12.0 <0.01 2.2 5.9 <0.01

 Cancer 5.6 8.9 0.06 10.4 11.7 0.51
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between waist circumference and pain (Table 2). A significant 
linear trend was found across the quartiles for all associations 
(all P values ≤ 0.02).

Fully adjusted multiple linear regression analyses also showed 
significant associations between higher BMI (per s.d. increase) 
and a higher continuous pain score. In men, the regression coef-
ficient was 0.105 (s.e. = 0.035, P = 0.003); the regression coef-
ficient in women was 0.150 (s.e. = 0.044, P ≤ 0.001). Regression 
coefficients found for the association between waist circumfer-
ence and the continuous pain score were 0.103 (s.e. = 0.034, P = 
0.003) in men and 0.155 (s.e. = 0.044, P ≤ 0.001) in women.

Of all considered interaction effects, the only significant inter-
action in women was found between waist circumference and 
physical activity (P = 0.027). The association between waist cir-
cumferences and pain was less strong in women who were more 
physically active as compared to women who were less physically 
active. In men, effect modification was observed between BMI 
and diabetes (P = 0.014) and cancer (P = 0.094) and between 
waist circumference and diabetes (P = 0.069). The associations 
were stronger in men with diabetes, the association of waist 
 circumference with pain was less strong in men with cancer. 
P values of the other effect modifiers tested were all >0.10.

longitudinal analyses
Of the men without pain at baseline (N = 576), 13.2% devel-
oped pain during the 3-year follow-up period, the incidence 
of pain after 3 years of follow-up was 19.1% in women (N = 
451). Because the results did not change after adjustment 
for the potential confounders, only the results of the fully 
adjusted analyses are shown. The ORs (CI) for incident pain 
during the 3-year follow-up period in men and women were 

1.36 (1.02–1.80) and 1.24 (0.94–1.64) per s.d. higher BMI. 
Comparing the highest quartile of BMI with the lowest, ORs 
(CI) for incident pain were 2.23 (1.08–4.61) in men and 1.86 
(0.88–3.93) in women. The ORs (CI) for incident pain per 
s.d. increase of waist circumference were not significant, 1.23 
(0.94–1.62) in men and 1.03 (0.79–1.36) in women. Men and 
women in the highest quartiles of waist circumference did not 
have significantly higher ORs (CI) compared to those in low-
est quartiles, 1.86 (0.88–3.95) and 1.11 (0.47–2.65), respec-
tively. Considering all participants with data on pain at 3-year 
follow-up (N = 1,478), multiple linear regression analyses 
showed no significant association between BMI or waist cir-
cumference and the 3-year change in pain score during the 
follow-up period (results not shown).

Of the men without pain at baseline (N = 469) 20.7% 
reported incident pain after 6 years of follow-up, 23.2% of the 
women (N = 426) developed pain during the 6-year follow-up 
period. In both men and women, a significant trend across the 
BMI or waist circumference quartiles was found (Figure 2) 
(P values ≤ 0.01). Adjusted ORs were two to threefold higher 
for the highest quartile of BMI compared to the lowest quartile 
(Table 3). The association of BMI with the change in pain score 
was considered in all participants with data on pain at 6-year 
follow-up (N = 1,271). The change of the pain score during 
6 years of follow-up was significantly related to a s.d. increase 
in BMI in women 0.207 (s.e. = 0.051, P ≤ 0.001), but not in 
men 0.043 (s.e. = 0.048, P = 0.371). Similar ORs (Table 3) and 
regression coefficients (0.138 (s.e. = 0.050, P = 0.006) in women 
and 0.073 (s.e. = 0.045, P = 0.108) in men) were found for waist 
circumference.

Longitudinally, significant effect modification by age was 
observed for the association between both BMI (P = 0.014) and 
waist (P = 0.042) and incident pain in men, but not in women. 
Using stratified analyses by age group, the associations were 
more pronounced in the young-old men (aged 55–70 years) 
but no longer significant in the old-old men (aged >70 years). 
In the young-old men, the OR (CI) for incident pain after 
6 years of follow-up per s.d. increase of BMI was 1.82 (1.22–
2.71) and the OR (CI) was 1.89 (1.27–2.82) per s.d. increase of 
waist circumference. In the old-old men ORs (CI) were 1.03 
(0.67–1.57) and 1.20 (0.82–1.75), respectively. A significant 
interaction effect was found between BMI and cancer in men 
(P = 0.063); the association between BMI and pain was less 
strong in men with cancer.

additional analyses
In order to be able to compare our results with studies using 
WHO criteria, analyses were also performed using the WHO 
categorizations of obesity instead of using sex-specific quar-
tiles. ORs (CI) for incident pain after 6 years of follow-up in 
obese persons (BMI ≥ 30 kg/m2) compared to normal-weight 
persons (18.5 ≤ BMI < 25 kg/m2) were 2.21 (0.94–5.18) in men 
and 2.80 (1.42–5.53) in women. For men and women with a 
high-risk waist circumference (≥102 cm and ≥88 cm) the ORs 
(CI) were 2.44 (1.31–4.57) and 1.59 (0.65–3.88) compared to 
those with a normal (<94 cm and <80 cm) waist. However, 
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these results should be carefully interpreted because the cat-
egories according the WHO criteria were unevenly distributed 
and the reference groups were small.

To investigate the role of (body) weight change during fol low-
up in the associations under study, we additionally adjusted for 
6-year weight change in the longitudinal analyses. The associa-
tions between the anthropometric measures and incidence of 
pain were marginally attenuated, but remained significant, sug-
gesting no confounding by weight change. Furthermore, effect 
modification by weight change was considered, no significant 
interaction was found between weight change and the anthro-
pometric measures. The associations in weight stable (weight 
change ≤0.5% of body weight) participants, were not different 
from those in subjects whom either lost (weight loss <0.5%) or 
gained (weight gain >0.5%) weight.

As reported, BMI and waist circumference at baseline were 
associated with an increased odds of pain at follow-up. To explore 
whether pain at baseline was also associated with an increased 

BMI or waist circumference at follow-up, reversed analyses were 
performed. Pain was not associated with weight gain, defined by 
≥5% increase of bodyweight during 6 years of follow-up. Using 
the same covariables used in model 3 of the initial analyses, ORs 
(CI) for weight gain in participants with pain compared to par-
ticipants without pain were 0.88 (0.47–1.66) in men and 1.26 
(0.77–2.06) in women. In addition, no association was found 
between the continuous pain score and weight change in men 
(B = –0.41, s.e. = 0.26, P = 0.11). In women, a significant regres-
sion coefficient of 0.50 (s.e. = 0.19, P = 0.007) was found for 
the association of the pain score with weight change (kg) after 
6 years of follow-up with adjustment for potential confounders.

dIscussIon
In our study sample of older persons, almost 40% of the women 
and 25% of the men reported pain. A clear positive association 
was found between the level of overweight and the prevalence 
and incidence (after 6 years of follow-up) of pain in older men 

table 2 ors for prevalent pain at baseline

Model 1 Model 2 Model 3

OR 95% CI OR 95% CI OR 95% CI

Men (N = 1,012)

 BMI

  Per s.d. (3.15 kg/m2) 1.29 1.11–1.49 1.36 1.17–1.59 1.24 1.05–1.47

  <23.9 kg/m2 1.0 1.0 1.0

  ≥23.9 < 26.0 kg/m2 1.23 0.79–1.92 1.33 0.83–2.14 1.27 0.76–2.12

  ≥26.0 < 27.8 kg/m2 1.79 1.17–2.74 2.03 1.28–3.21 1.74 1.05–2.87

  ≥27.8 kg/m2 2.26 1.49–3.45 2.61 1.67–4.10 2.16 1.32–3.54

 Waist circumference

  Per s.d. (9.95 cm) 1.32 1.14–1.53 1.35 1.16–1.58 1.23 1.04–1.45

  <93 cm 1.0 1.0 1.0

  ≥93 < 99 cm 1.14 0.74–1.75 1.21 0.76–2.91 1.17 0.65–1.76

  ≥99 < 105.4 cm 1.43 0.94–2.19 1.68 1.06–2.64 1.41 0.86–2.31

  ≥105.4 1.92 1.27–2.91 2.04 1.32–3.16 1.66 1.03–2.67

Women (N = 988)

 BMI

  Per s.d. (4.52 kg/m2) 1.39 1.21–1.59 1.40 1.21–1.62 1.34 1.15–1.57

  <24.2 kg/m2 1.0 1.0 1.0

  ≥24.2 < 27.2 kg/m2 0.94 0.65–1.38 0.99 0.66–1.47 0.95 0.62–1.45

  ≥27.2 < 30.2 kg/m2 1.19 0.82–1.74 1.17 0.78–1.74 1.13 0.73–1.74

  ≥30.2 kg/m2 2.17 1.49–3.16 2.21 1.48–3.29 1.93 1.26–2.95

 Waist circumference

  Per s.d. (12.12 cm) 1.30 1.14–1.49 1.31 1.14–1.52 1.32 1.13–1.54

  <87 cm 1.0 1.0 1.0

  ≥87 < 95 cm 0.82 0.56–1.20 0.79 0.53–1.17 0.74 0.48–1.14

  ≥95 < 104 cm 1.14 0.78–1.66 1.16 0.78–1.73 1.24 0.81–1.90

  ≥104 cm 1.86 1.27–2.72 1.85 1.23–2.78 1.80 1.16–2.79

Odds ratios (ORs) with 95% confidence intervals (CIs) for prevalent pain at baseline per s.d. increase and according to quartiles of BMI or waist circumference. Model 1: 
adjusted for age and education, model 2: additionally adjusted for depression, smoking, and physical activity, model 3: additionally adjusted for chronic diseases.
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and women. Persons in the highest quartile of BMI were twice 
as likely to have pain compared to the lowest. Two to threefold 
higher ORs were found for incident pain after 6 years of fol-
low-up comparing the highest with the lowest quartile of BMI. 
Similar associations were found when waist circumference was 
used as an indicator of obesity.

As reported in previous studies (8,10), we found that preva-
lence rates of pain were higher in women than in men. Although 
the type of pain which was investigated differed widely between 
studies, the ORs for prevalent pain in overweight/obese per-
sons compared to normal-weight persons of our study are 
similar to previously reported results (9,10,11). Adamson et al. 
(10) found approximately twofold increased risks for prevalent 
lower limb joint pain in obese compared to nonobese individ-
uals aged 58 years. The ORs in that study ranged from 1.49 for 
ankle pain to 2.42 for knee pain after adjustment for potential 
confounders. Andersen et al. (9) found increasing (sex-, race-, 
and age- specific) prevalence rates of knee, hip, and back pain 
with higher BMI categories among US adults aged ≥60 years. 
In a study conducted by Patterson and colleagues (11), ORs 
of 1.8 in men and 1.5 in women were found for neck, back, or 
joint pain, and ORs of 1.2 and 1.6 for frequent headaches, com-
paring severely obese (BMI ≥ 35 kg/m2) with normal-weight 
(BMI 18.5–25 kg/m2) older adults. Even after excluding per-
sons with osteoarthritis the associations with neck, back, and 
joint pain remained.

Previous studies were not able to identify whether the pain 
was a cause or a consequence of obesity because of their cross-
sectional design. The prospective design of the present study, 
therefore, contributes to our understanding of the association 
between obesity and pain. Our results suggest that obesity 

is more likely to be a cause rather than a consequence of the 
development of pain in older men and women. Longitudinal 
analyses also showed that the association of BMI with incident 
pain was stronger after six than after 3 years of follow-up, espe-
cially in women, increasing to a two- to threefold higher OR 
comparing the highest with the lowest quartiles of BMI. This 
suggests that the consequences of overweight in older adults 
regarding pain may become particularly important on the long 
term. In contrast to previous studies, the present study used 
two different obesity indicators, both objectively measured. It 
has been suggested that waist circumference is a better indi-
cator of obesity and obesity-related health risk as compared 
with BMI, particularly in elderly (4,15,17). However, only 
small differences between the associations of BMI and waist 
circumference with the prevalence and incidence of pain were 
found. General obesity and abdominal obesity seem to influ-
ence pain to a similar extent. Additional analyses including 
both BMI and waist circumference in a single model showed 

table 3 ors for incident pain after 6 years of follow-up

OR 95% CI

Men (N = 469)

 BMI

  Per s.d. (2.99 kg/m2) 1.40 1.09–1.81

  <24.0 kg/m2 1.00

  ≥24.0 < 26.2 kg/m2 1.07 0.52–2.19

  ≥26.2 < 27.9 kg/m2 0.84 0.44–2.02

  ≥27.9 kg/m2 2.34 1.17–4.72

 Waist circumference

  Per s.d. (9.83 cm) 1.49 1.15–1.93

  <92.7 cm 1.00

  ≥92.7 < 98.6 cm 1.16 0.54–2.49

  ≥98.6 < 104.9 cm 1.37 0.65–2.87

  ≥104.9 cm 2.76 1.35–5.61

Women (N = 426)

 BMI

  Per s.d. (4.33 kg/m2) 1.66 1.26–2.18

  <24.4 kg/m2 1.00

  ≥24.4 < 27.1 kg/m2 1.02 0.56–2.23

  ≥27.1 < 30.0 kg/m2 1.67 0.91–3.49

  ≥30.0 kg/m2 2.78 1.36–5.70

 Waist circumference

  Per s.d. (11.73 cm) 1.34 1.03–1.76

  <86.9 cm 1.00

  ≥86.9 < 94.5 cm 1.28 0.64–2.57

  ≥94.5 < 103 cm 1.71 0.85–3.46

  ≥103 cm 1.99 0.95–4.20

Odds ratios (ORs) with 95% confidence intervals (CIs) for incident pain after  
6 years of follow-up per s.d. increase and according to quartiles of BMI or waist 
circumference. Adjusted for age, education, depression, smoking, physical activ-
ity, and chronic diseases.
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Figure 2 Percentage of older (a) men and (b) women without pain at 
baseline, with reported incident pain after 6 years of follow-up, according 
to sex-specific quartiles of BMI or waist circumference (WC).



2516 VOLUME 16 NUMBER 11 | NOVEMBER 2008 | www.obesityjournal.org

articles
epidemiology

that the association of BMI with pain remained more apparent 
than the association of waist circumference with pain (results 
not shown).

The present study assessed overall body pain rather than 
pain in specific parts of the body. The questionnaire used to 
assess pain in this study did not include questions about the 
severity or the chronicity of the pain, nor the pain site. As a 
result, no conclusions about an association between obesity 
and pain severity, chronicity and site can be made. However, 
the fact that pain was assessed by a questionnaire which con-
tained questions about pain in situations and activities relevant 
to daily life (standing, walking, sitting, and changing position) 
favors the use of the subscale of the Nottingham Health Profile 
questionnaire to assess pain. A limitation of the study is that 
treatment of pain was not taken into account. The fact that a 
large part of the sample experienced pain (even though pain 
medication might have been used) suggests that pain might be 
undertreated in our study population as suggested in previous 
studies (6). However, if indeed some subjects did not report 
pain because they were treated for pain, this would lead to an 
underestimation of the true associations.

Our data showed that the odds of developing pain is higher 
in persons with higher BMI or waist circumference at base-
line, even after taking weight change into account. Disease 
history and severity, and changes in potential confounders 
during the follow-up period were not taken into account in 
longitudinal analyses. Chronic diseases were added to the final 
model because they could possibly mediate in the association 
between obesity and pain. One could argue that adjustments 
for chronic diseases should, therefore, not be made. The pain 
caused by the diseases present at baseline could also be caused 
by obesity. In this case, the association would be underesti-
mated when adjustments for chronic diseases are made. After 
adding chronic diseases to the model, the association between 
obesity and pain in older adults was somewhat attenuated but 
remained statistically significant, even after making adjust-
ment for arthritis. Thus, the relationship existed independent 
of the presence of chronic diseases (at baseline).

The mechanisms explaining the association between over-
weight and pain may be multifactorial. In our study, chronic 
diseases present at baseline only explained a very small part 
of the association. Wear and tear of the body by the increased 
mechanical load with higher BMI or waist circumference has 
previously been suggested to be a cause of the association (26). 
Studies considering the association between BMI and joint 
pain have found a greater influence of BMI on weight-bear-
ing joints than on other joints (10). In our study, additional 
analyses using a dichotomous pain score based only on the 
weight-bearing activities (standing, changing position, and/
or walking) of the pain questionnaire as dependent variable 
were carried out. In men, ORs were similar to the ORs found 
using all items of the pain scale to construct the dichotomous 
outcome pain, and in women the ORs were somewhat higher 
(results not shown). Metabolic factors, which are particularly 
associated with abdominal obesity, have also been proposed as 
a possible explanation for the association between overweight 

and pain (26). Because no differences in the associations with 
pain between BMI and waist circumference were found, this 
explanation seems less likely. The interaction effect found 
between waist circumference and physical activity in women 
indicates that physical activity might be a protective factor 
in the association between obesity and pain. The interaction 
effect, however, was not found in men or in the longitudinal 
analyses. Clearly, further research is needed to determine 
underlying mechanisms.

Lamb et al. (27) found a strong interaction between pain and 
obesity in the association with mobility. The risk of mobility lim-
itations in obese women with pain was found to be greater than 
could be attributed to the additive effects of pain and obesity. 
Negative consequences of pain such as immobility, (functional) 
disability, and depression are reported to be more frequent and 
more severe in overweight and/or obese persons (27,28). Thus, 
the quality of life in obese older adults will be negatively affected 
not only by the pain itself, but also by the stronger negative con-
sequences of pain on, for example, mobility.

Few intervention studies considered weight loss in relation 
to pain reduction. In a meta-analyses of four studies, meta-
regression models showed inconsistent results regarding posi-
tive effects of weight loss on pain in obese patients diagnosed 
with knee osteoarthritis after a lifestyle intervention (29). In 
severely obese subjects, surgical obesity treatment has been 
shown to reduce the frequency of musculoskeletal pain (30). 
These results suggest that obese persons with pain might ben-
efit from a weight loss intervention. However, future studies 
are needed to confirm these findings.

It can be concluded that obese older men and women with 
obesity have a higher risk of developing pain during daily activ-
ities. The current study importantly contributes to the under-
standing of the causal direction of the association between 
obesity and pain, and may contribute to the future develop-
ment of effective interventions. Because of the high prevalence 
of pain in older adults and the consequences for the quality of 
life, development of pain might be a well-communicable health 
consequence to emphasize toward obese patients in the clinical 
setting. Future research is required to investigate whether loos-
ing weight would be beneficial in obese older adults with pain 
or in older adults at increased risk to develop pain because of 
their obesity.
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