1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

s NIH Public Access
I‘E@" Author Manuscript

Rrens®

Published in final edited form as:
Pain. 2011 January ; 152(1): 53-59. doi:10.1016/j.pain.2010.08.043.

Mechanisms of association between obesity and chronic pain in
the elderly

Lhasa Ray, M.D., M.S. 1.2 Richard B. L|pton m.D.1.3 , Molly E. Zimmerman, Ph.D. 1 , Mindy J.
Katz, M.P.H.L, and Carol A. Derby, Ph.D.L

1 Department of Neurology and the Einstein Aging Study, Albert Einstein College of Medicine,
Bronx, New York

3 Department of Epidemiology and Population Health, Albert Einstein College of Medicine, Bronx,
New York

Abstract

Chronic pain is more common in the elderly and impairs functioning and quality of life. Though
obesity, defined by body mass index (BMI), has been associated with pain prevalence among older
adults, the mechanism of this association remains unclear. We examined components of the
metabolic syndrome, insulin resistance, a marker of inflammation, and the presence of painful
comorbidities as possible mediators of this association. Participants were 407 individuals age « 70
in the Einstein Aging Study. Chronic pain and pain over the last 3 months were defined using the
Total Pain Index (TPI). Insulin resistance was modeled as fasting insulin, HOMA and QUICKI.
High sensitivity C-reactive protein was used as a marker of inflammation. Cross-sectional logistic
regression models were constructed to assess the associations of these factors with prevalent pain,
adjusted for other known pain correlates. Prevalence of chronic pain was 52%. Of the clinical
components of metabolic syndrome, central obesity was significantly associated with pain (OR
2.03, 95% CI 1.36-3.01). After adjustment for insulin resistance, inflammation, and pain-related
comorbidities, central obesity predicted higher TPI scores (OR 1.55, 95% CI 1.04-2.33) and nearly
doubled the risk of chronic pain (OR 1.70, 95% CI 1.05-2.75). Central obesity is the metabolic
syndrome component showing the strongest independent association with pain, and the
relationship is not explained by markers of insulin resistance or inflammation, nor by the presence
of osteoarthritis or neuropathy.

Introduction

The burden of chronic pain among otherwise well, community residing older adults is
substantial. In large U.S. community-based samples up to 61% of older adults have reported
chronic pain [40]. The relationship of chronic pain to age is uncertain [5,6,34]. However, the
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negative impact of pain on functional performance and quality of life clearly and
consistently increases with increasing age [34].

Pain prevalence and severity have been linked to obesity in adults [11]. This relationship is
not limited to osteoarthritis pain, but also occurs in individuals with chronic headache [1]
and neuropathic pain [22]. The impact of pain on functional status and health related quality
of life is greater in obese individuals than in those with normal body mass index (BMI)[18].

The mechanisms underlying the relationship between pain and obesity remain unclear,
particularly in older adults. Because obesity is a pro-inflammatory state and inflammatory
mechanisms contribute to the development of pain, inflammation may be part of the causal
pathway. Additionally, acute pain has been shown to cause transient insulin resistance in an
experimental setting, suggesting a potential link through impaired glucose metabolism [8].
Finally, both obesity and chronic pain are associated with depression, and pain is worse
among obese individuals with depression and anxiety [35]. A potential unifying mechanism
may be found in the metabolic syndrome, which is known to be associated with chronic pain
[17], inflammation [16], insulin resistance [15], and mood disorders [29].

The Einstein Aging Study (EAS) has reported that BMI based on self-reported weight and
height was associated with increased prevalence of chronic pain at cross-section [19]. To
help clarify mechanisms underlying this association, the present study used a sample from
the EAS to investigate potential mediators of the relationship between pain and obesity in
the elderly: (1) The metabolic syndrome and its individual clinical components; (2) Insulin
resistance; (3) Inflammation as assessed by high sensitivity C-reactive protein (hsCRP) [33],
and (4) The presence of highly prevalent painful comorbid conditions, osteoarthritis and
neuropathy. Comorbid depression and anxiety and use of nonsteroidal anti-inflammatory
medications (NSAIDs) were included in adjusted models to investigate their potential role as
confounders of the pain-obesity relationship.

Study Population

Measures

The EAS is a longitudinal, community-based study of aging conducted in Bronx, NY.
Subjects were recruited via systematic sampling from lists of Medicare-eligible persons in
Bronx County, NY obtained from the Health Care Financing Administration (1998-2004),
or from voter registration lists (since 2004). The demographic characteristics of these
sampling frames are similar. All participants are community-dwelling, over age 70,
ambulatory, fluent in English, and able to hear well enough to complete telephone screening.
Subjects complete annual clinic assessments that include neurologic and cognitive testing,
anthropometric measures, blood pressure, and collection of fasting blood samples. Within 3
months prior to each clinic visit subjects are contacted by phone to remind them of the visit
and at that time are invited to participate in a computer-assisted telephone interview (CATI)
[19]. The cross-sectional subsample included in this analysis consists of all subjects assessed
from October 2004-July 2007 for whom complete data were available on pain as well as
fasting glucose, insulin, hsCRP, triglycerides and HDL for the corresponding clinic visit
(n=407). The EAS has been approved by the local institutional review board. Informed
consent was obtained during participants' initial study center visit.

All medical history, epidemiologic, social and behavioral data were collected at annual
clinic visits by structured interviews conducted by trained study staff. The only exception is
the question “Has a doctor ever told you that you have or have had an anxiety disorder?”
which was asked as part of the CATI. Neuropathy was ascertained through physical
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examination by study clinicians supervised by a board-certified neurologist. Depressive
symptomatology was assessed using the 15-item Geriatric Depression Scale (GDS) [10] and
clinically significant depression was defined using a cut-off of 6 or greater. Global cognitive
function was assessed using the Blessed Information Memory Concentration test [2] (range
0-33 with higher score = greater impairment). Individuals with a score of 8 or greater were
excluded (n=13). Race/ethnicity was self-classified by choosing from a list of options that
included “Other.”

Resting blood pressure was manually recorded from seated participants as the average of 2
measurements taken from the same arm. Waist circumference was measured at the level of
the umbilicus. Blood samples were centrifuged, transferred immediately to a -20° C storage
facility, and processed in batches at the Albert Einstein College of Medicine General
Clinical Research Center Core Laboratory on the same Olympus AU400 chemistry
autoanalyzer. Glucose levels were assessed using the hexokinase G-6-PDH method. Blood
samples for lipids were collected in heparinized tubes and analyzed by enzymatic methods.
HsCRP was measured using a latex-agglutination immunoassay (Equal Diagnostics, Inc,
Exton PA) with a sensitivity range from 0.05 mg/dL to 160.0 mg/dL. Insulin was measured
by radioimmunoassay. Insulin resistance was estimated using 3 surrogate markers of the
hyperinsulinemic euglycemic glucose clamp: fasting insulin concentration alone,
homeostasis model assessment (HOMA, calculated as [fasting insulin (WlU/mL) * fasting
glucose (mg/dL)]/405), and the quantitative insulin sensitivity check index (QUICKI, 1/[log
(insulin ulU/mL) + log (glucose mg/dL)].

Body mass index (BMI) was calculated from weight measured on a manual scale and height
measured using a wall-mounted ruler as weight (kg)/[height (m)]2. Metabolic syndrome
(MetS) was defined according to National Cholesterol Education Panel's Adult Treatment
Panel 111 [23] with the subsequently recommended revision of the threshold for abnormal
fasting glucose [9]. The updated definition identifies 5 possible components as follows:
elevated resting blood pressure (systolic 130 mmHg or diastolic 80 mmHg) or use of
antihypertensive medication in a patient with a history of hypertension; fasting blood
glucose <100 mg/dL (5.55 mmol/L) or treatment for elevated glucose; fasting triglycerides »
150 mg/dL (1.695 mmol/L) or use of triglyceride-lowering medication; HDL <40 mg/dL
(1.036 mmol/L) in men or <50 mg/dL (1.295 mmol/L) in women or use of medication to
increase HDL; and waist circumference <102 cm in men or «88 cm in women. Subjects met
the definition of MetS if they were positive for «3 components.

Pain over the last three months was assessed by the Total Pain Index (TPI). The TPI is
administered by phone and asks about pain in 8 locations (head; face; neck or shoulders;
back; upper extremity including hands; lower extremity including hip, knees and feet; chest;
abdomen or pelvis). For each location, subjects report the frequency of pain (none of the
time, a slight bit of the time, some of the time, most of the time, or all of the time) and
severity (0-10) over the past three months [19]. Summary scores for chronic pain and total
pain (as a continuous variable) were derived as follows [19]. Chronic pain was defined as
pain in at least one area that occurs at least some of the time with at least moderate severity
(* 4/10) over the past 3 months. This definition is based on the International Association for
the Study of Pain (IASP). The TPI was constructed as the product of pain frequency and
pain severity at each location summed over the eight pain locations for a total possible score
of 80. Quartiles were generated from the distribution of the TPI within this subsample. The
TPI has been validated within the EAS and shown to have high test-retest reliability and
high correlation with other pain indices including the Bodily Pain Index from the Short
Form-36 [39].
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Statistical Analysis

Results

Dependent variables were chronic pain and quartiles of TPI as defined above. All variables
were examined for outliers, missing data, and entry errors. Odds ratios and confidence
intervals for bivariate associations with chronic pain were derived using univariate logistic
regression models. Bivariate trends over ordered quartiles of pain were tested using Stata's
nonparametric test of trend, an extension of the Wilcoxon rank-sum test. Multivariable
modeling of chronic pain was performed using logistic regression. Quartiles of TPI were
modeled using ordinal logistic regression. Variables were added to models in a stepwise
fashion while the coefficient for abdominal obesity was monitored for a change ¢ 15% (an
indication of confounding). For ordinal logistic regression models, the assumption of
proportional odds was tested using a likelihood ratio test as well as the Brant test of the
parallel regression assumption. The strength of the final logistic models was assessed using
the Hosmer-Lemeshow goodness-of-fit summary statistic. Regression residuals were
examined to check for covariate patterns exerting undue influence. All analyses were
performed by a single author (LMR) using Stata 9.2 (Statacorp LP, College Station, TX).

To explore the hypothesis suggested by the results of bivariate analysis in Table 1 that the
relationship of metabolic syndrome to pain is primarily caused by abdominal obesity, the
five MetS components were entered simultaneously into a set of regression models. Models
are presented with and without adjustment for covariates known to be associated with pain.
Diagnostic tests for collinearity and model fit were performed. Next, a set of models for
each of the two pain outcome measures was created to investigate the effects of measures of
disordered glucose handling (diabetes, fasting glucose, and insulin resistance); inflammation
measured by hsCRP; and painful comorbidities (osteoarthritis and neuropathy) on the
association of abdominal obesity with pain. All models were adjusted for age, sex,
education, white race, alcohol use (at least one drink per week), NSAID use, depression and
anxiety. Each of our measures of insulin resistance was tested in individual models. Results
were similar for each, and those for fasting insulin are reported. Finally, the odds ratios and
exact confidence limits for site-specific pain in relation to abdominal obesity were estimated
using logistic regression models to develop Figure 1.

Demographic and psychiatric variables as well as bivariate associations by chronic pain
status and quartiles of TPI are provided in Table 1. Subjects were predominately female
(61.9%) and white (70.1%), and ranged in age from 70 to 96 years of age (average 80 years).
Pain of any severity during the prior 3 months at one or more locations was reported by 308
individuals (76%), and 213 (52.3%) met the definition of chronic pain. Moderate or severe
pain was reported by 58% (n=237). The overall average score on the TPl was 3.8.

Females were significantly more likely to have chronic pain than males (OR 1.81, 95% CI
1.21-2.71). Caucasians reported less pain than non-white subjects (p = 0.051), but the
association was not significant among individuals with chronic pain. Education was not
associated with pain. A strong inverse relationship with alcohol was found, with those
reporting at least one drink per week experiencing less pain (p-value for trend <0.001) and
being less likely to report chronic pain (OR 0.52, 95% CI 0.34-0.79). History of smoking
was not associated with pain (data not shown). Chronic pain was significantly associated
with depression score (OR 1.12, 95% CI 1.01-1.24), and depression score increased
significantly with quartile of TPI (p-value for trend <0.001, data not shown). However,
individuals categorized as having depression based on a GDS score =6 were not more likely
to have chronic pain, nor were subjects with a self-reported, physician-diagnosed history of
anxiety. There was no association between poorer performance on the test of global
cognitive function and pain in this group.
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Both BMI and abdominal obesity were associated with chronic pain and quartile of TPI. The
relative odds of chronic pain increased with each unit of BMI (OR 1.09, 95% CI 1.04-1.14;
test for trend, p=0.001) and individuals with abdominal obesity were twice as likely to report
chronic pain (OR 2.03, 95% CI 1.36-3.01; test for trend <0.001). Regardless of whether
obesity was defined as a dichotomous variable (BMI +30) or based on a waist circumference
cut-score, the relationships between obesity and dichotomous chronic pain were very
similar.

Thirty-four percent (n=138) of the sample met the definition for metabolic syndrome.
Metabolic syndrome increased in prevalence with quartile of TPI but showed only a trend
toward greater frequency among those with chronic pain (test for trend, p = 0.023; OR 1.41,
95% CI 0.93-2.13). Upon examination of the components of metabolic syndrome (tested as
continuous predictors and as dichotomous variables using defined cut-offs), only abdominal
obesity was consistently associated with pain.

Neither of the two measures of insulin resistance (fasting insulin, p-value for trend = 0.172,
and HOMA, p-value for trend = 0.067), nor the measure of insulin sensitivity (QUICKI, p-
value for trend = 0.116) reflected increasing insulin resistance across quartiles of pain,
although values at the extremes suggested a trend in the expected direction. None of these
measures was associated with dichotomous chronic pain.

HsCRP was higher in individuals with pain (Table 1). Thirty-three percent (n =133) had a
hsCRP level greater than 3, a value known to confer increased risk for new cardiovascular
events. Seven percent (n = 31) had hsCRP levels greater than 10, suggesting the presence of
an underlying inflammatory disease. Bivarate analyses with the latter group excluded (data
not shown) revealed a consistent pattern of increasing hsCRP with quartiles of pain (p for
trend = 0.026) but the association with chronic pain was attenuated in this subgroup (OR
1.08, 95% CI1 0.98-1.19, p = 0.104).

Osteoarthritis was highly prevalent in this sample (n = 279, 70%) and was strongly
associated with both pain measures. Neuropathy was present in 86 of 361 (24%) individuals
for whom clinical examinations were performed (89% of subjects had nonmissing data).
Neuropathy was not associated with pain in bivariate analyses. Only 5% of the sample
reported regular use of NSAIDs, but these individuals were more likely to report chronic
pain.

To further examine the role of abdominal obesity as the potential driver of the relationship
between metabolic syndrome and pain, metabolic syndrome components were
simultaneously entered into models with pain as the dependent variable (Table 2).
Abdominal obesity was the only component that significantly predicted pain in these
models. Checks for multicollinearity in the models shown in Table 2 revealed standard
errors that were reasonable relative to the regression coefficients, and collinearity
diagnostics showed that the tolerance and variance inflation factors were close to 1.

Further analyses focused on central obesity as the salient clinical factor linking metabolic
syndrome to pain. Table 3 shows results for the two sets of models used to explore potential
mediators of the relationship between abdominal obesity and either quartiles of pain or
presence of chronic pain. In the first model (Model 1), abdominal obesity remains a
significant independent predictor of pain after adjustment for demographic characteristics
and other factors that were associated with pain on bivariate analysis. Individuals with
abdominal obesity show an 83% increased likelihood (OR for chronic pain 1.83, 95% CI
1.20-2.79) of having chronic pain as compared to non-obese subjects. The second set of
models (Model 2) include adjustment for fasting insulin level, fasting glucose and history of
diabetes in order to isolate the effect of insulin resistance among non-diabetics on the
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presence of pain. None of these measures diminished the strong, independent association of
abdominal obesity with pain (OR for chronic pain 1.82, 95%CI 1.17-2.84) for a model that
included fasting insulin as a covariate and chronic pain as the dependent variable). Models
using alternative measures of insulin resistance (QUICKI or HOMA) rather than insulin
level yielded similar results (data not shown). The inflammatory marker hsCRP was a
significant, independent predictor of pain in this sample, but its presence in the model did
not attenuate the relationship between abdominal obesity and pain (Model 3). In Model 4,
the association of abdominal obesity with pain remains significant even when osteoarthritis
and neuropathy are taken into account. In this model individuals with abdominal obesity
continue to have a 70% increased likelihood of having chronic pain that is independent of
the presence of painful comorbid conditions.

Figure 1 shows unadjusted odds ratios and 95% CI for the relationship between abdominal
obesity and chronic pain by body location. Subjects with abdominal obesity were
approximately twice as likely to have chronic back pain (OR 2.25, 95% CI 1.37-3.17),
chronic hip, knee, or leg pain (OR 1.86, 95% CI 1.18-2.92), or upper extremity pain (OR
2.01, 95% CI 1.08-3.80). Additional analyses showed a trend toward increased number of
pain locations reported among those with abdominal obesity (Rank-sum test p< 0.001).
Because the number of individuals reporting pain in each site was small, these analyses are
considered exploratory and were not adjusted for covariates.

All ordinal logistic models satisfied the likelihood ratio and Brant tests of the proportional
odds assumption. No interaction terms met the predetermined cut-off of <0.1 for
significance. Regression residuals yielded one covariate pattern suspicious for excessive
influence on model estimates. Exploration of the data for that individual did not reveal
unusual values. Models were reconstructed after removing the influential subject. The
Hosmer-Lemeshow goodness-of-fit statistic was only minimally changed, and regression
coefficients were changed by less than 5%. Therefore, that subject was retained in the final
models.

Discussion

Our findings contribute to the growing body of evidence that pain among community-
dwelling, well elderly individuals is associated with obesity. Thirty-four percent of the
sample had metabolic syndrome, the presence of which was associated with higher pain
scores even after adjustment for demographic and other factors related to pain. Of the
individual components of metabolic syndrome, only abdominal obesity was linked to the
presence of chronic pain and higher pain scores. BMI bore the same relationship to pain as
central obesity in this sample. Potential mechanistic links between the co-occurrence of
obesity and pain were explored in multivariable analyses, yet none of these potential
mediators fully accounted for the relationship. Insulin resistance showed no consistent
association with pain. The inflammatory marker hsCRP was linked to pain in adjusted
models but was independent of the association of pain and abdominal girth (OR for obesity
after adjustment for hsCRP and basic model covariates = 1.70, 95% CI 1.10-2.64).
Osteoarthritis was highly prevalent in this sample, with 70% of the sample affected, and of
all the covariates studied had the strongest relationship to pain. Yet even after adjustment for
the presence of osteoarthritis, neuropathy, and NSAID use, individuals with abdominal
obesity were estimated to have a 70% increased likelihood of having pain (OR for chronic
pain 1.70, 95% CI 1.05-2.75).

Increased waist circumference has been increasingly recognized as a predictor of adverse
health outcomes in the elderly, including cardiovascular diseases such as congestive heart
failure, coronary heart disease, hypertension, and dyslipidemia, as well as diabetes, all-cause
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mortality, and cancer. Central fat has been found in a number of reports to better reflect the
risks of obesity in the elderly than BMI [42]. It has also been linked to the prevalence of
neuropathy in pre-diabetic humans [43] and mice [27].

Mechanistic explanations for the relationship of abdominal obesity to cardiovascular and
metabolic outcomes point to the release of pro-inflammatory and insulin resistance-inducing
substances from visceral adipose tissue [13,4]. In the present study, the association between
abdominal obesity and pain was not attenuated by any measure of insulin resistance or by
inflammation as measured by hsCRP. Neuropathic pain is frequent among elderly
individuals, and may be linked to obesity through diabetes. In these analyses neuropathic
pain also failed to account for the observed link between central obesity and pain. As
summarized by Bray and Bellanger [4], the health consequences of overweight may be
categorized as (1) those associated with the secretory products of adipose tissue, and (2)
those caused by increased fat cell size and the resulting increase in body mass. Our models
also adjusted for the presence of osteoarthritis, a primary consequence of altered body
mechanics and joint load associated with increased girth, which was highly prevalent in this
sample and strongly associated to pain. The finding that central adiposity was independent
even of painful comorbitidies suggests that an alternative pathway accounts for the pain-
obesity association, which may be bidirectional. For example, pain may lead to decreased
physical activity, depression, and obesity. In particular, chronic pain may lead to cortisol
secretion that contributes to truncal obesity. Conversely, the metabolic derangements of
obesity may predispose to pain. These potential relationships should be addressed in
longitudinal studies.

The potential benefits of weight loss as a strategy for reducing or preventing chronic pain
have yet to be demonstrated. Recommendations that elderly adults restrict calories must take
into consideration the potential risk of weight loss in this population. Several authors have
raised concerns about the potential for losing crucial lean body mass along with fat mass
through weight loss efforts, [21] and weight loss has been associated with increased risk for
mortality in elderly samples [25]. Fat mass (along with lean mass) is also positively
correlated to bone mineral density in the elderly [12]. However, a number of reports have
found that exercise interventions with and without caloric restriction lead to decrements in
abdominal obesity [28], other cardiovascular risk factors [38], and insulin resistance [41]
without significant losses of bone mineral density [31] or lean mass [26,28,32] and without
increasing mortality [30]. Lifestyle modifications have also been shown to decrease
inflammatory markers [14,20], increase physical function [20], and prevent frailty [37] in
the elderly. Consequently, there are now 2 published consensus statements supporting
weight loss interventions that minimize loss of lean body mass in obese elderly [24,36].

The results of this study are strengthened by the fact that our sample consisted of relatively
healthy, community-dwelling individuals who were not self-selected on the basis of seeking
treatment for pain. Thus, results can be more safely extrapolated to the general elderly
population. Our findings are limited by the cross-sectional design, which prevents the
determination of temporal sequence and thus causation. Future studies of the association
between metabolic dysregulation, visceral adiposity and pain may also benefit from
inclusion of a range of inflammatory markers. Although often linked to acute pain, hsCRP
has been less consistently associated with chronic pain [7]. We tested 3 separate surrogate
markers of insulin resistance in our models, but recognize that these measures are only
approximations of the euglycemic clamp and may have underestimated the role of insulin
resistance in determining the probability of having pain [3].

In summary, we found a nearly twofold increase in the probability of chronic pain among
elderly individuals with abdominal obesity that was independent of the other components of
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metabolic syndrome, hsCRP, established surrogate markers for insulin resistance,
depression, anxiety, and the presence of painful comorbid conditions. Although this
relationship has been observed at cross-section only, these results suggest an alternative
etiologic mechanism linking obesity to pain.
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Figure 1.

Odds ratios (95% confidence limits) for the association of abdominal obesity with pain in
specific body sites (N=407). Dashed vertical line represents Odds Ratio= 1.0. Body site and
number of participants reporting pain in each site is indicated on the Y-axis.
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Table 2

Estimated odds ratios (95% CI) for pain associated with components of metabolic syndrome, Einstein Aging
Study, N=407.
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Pain Outcome
Trend over Pain Quartiles Chronic Pain
Parameter | Odds ratio (95% CI) | p-value | Odds ratio (95% CI) | p-value

Model 11

Abdominal Obesity 1.95 (1.33-2.84) 0.001 2.03(1.33-3.11) 0.001

Hypertension3 0.74 (0.45-1.22) 0.241 0.80 (0.44-1.45) 0.470

High triglyceride 0.98 (0.62-1.54) 0.921 0.98 (0.59-1.64) 0.942

Low HDL 1.11 (0.68-1.81) 0.662 0.96 (0.55-1.67) 0.886

Elevated fasting glucose, history of diabetes? 1.27(0.86-1.87) 0.235 1.06 (0.68-1.65) 0.789
Model 21

Abdominal Obesity 1.67 (1.13-2.47) 0.010 1.71 (1.09-2.68) 0.019

Hypertension3 | 0.6 (0.42-1.15) 0.152 0.72 (0.39-1.34) 0.300

High triglyceride 1.01 (0.63-1.62) 0.961 1.05 (0.61-1.80) 0.871

Low HDL 1.00 (0.60-1.66) 0.999 0.84 (0.47-1.51) 0.556

Elevated fasting glucose, history of diabetes? 1.36 (0.90-2.07) 0.144 1.19(0.75-1.91) 0.461

1 . . . .
Model 1 included all components of the metabolic syndrome simultaneously, thus parameters reported are adjusted for each of the other

components.

2 . . . . .
Model 2 included all parameters in Model 1 plus sex, education, race, depression, anxiety, NSAIDs and alcohol use.

3Systolic > 130 mmHg or diastolic > 80 mmHg or antihypertensive medication use.

4 . R
Or use of glucose-lowering medication.
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Table 3
Adjusted! odds ratios (95% confidence intervals) for pain associated with abdominal
obesity, Einstein Aging Study, N=407
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Ordinal Logistic Regression with ordered Quartiles of Pain | Logistic Regression with Chronic Pain
Parameter Odds ratio (95% CI) p-value Odds ratio (95% CI) p-value
(1) Basic Model
Abdominal Obesity 1.82 (1.26-2.63) 0.002 1.83 (1.20-2.79) 0.005
(2) Glucose Metabolism
Abdominal Obesity 1.71 (1.16-2.53) 0.007 1.82 (1.17-2.84) 0.008
History of Diabetes 1.58 (0.88-2.84) 0.123 1.08 (0.57-2.05) 0.804
Fasting Glucose (mg/dL) 1.00 (0.99-1.01) 0.932 1.00 (0.99-1.01) 0.854
Fasting Insulin (ulU/mL) 1.00 (1.00-1.00) 0.850 1.00 (1.00-1.00) 0.974
(3) Inflammation
Abdominal Obesity 1.69 (1.16-2.47) 0.006 1.70 (1.10-2.64) 0.017
High sensitivity CRP (mg/L) 1.04 (1.01-1.08) 0.020 1.05 (1.00-1.10) 0.038
(4) Painful Comorbitidies?
Abdominal Obesity 1.55 (1.04-2.33) 0.033 1.70 (1.05-2.75) 0.032
Osteoarthritis 4.25 (2.7-6.70) <0.001 4.32 (2.53-7.38) <0.001
Neuropathy 1.22 (0.77-1.95) 0.391 1.17 (0.67-2.02) 0.581

1 . . . .
All models adjusted for age, sex, education, race, depression, anxiety and alcohol use.

2 Lo .
Subset of 348 individuals for whom neuropathy and all other variables are complete.
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