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Abstract

IMPORTANCE Prior studies have identified an association between obesity and prescription opioid
use in the US. However, the pain conditions that are factors in this association remain unestablished.

OBJECTIVE To investigate the association between obesity and pain diagnoses recorded by primary
care clinicians as reasons for prescription of opioids.

DESIGN, SETTING, AND PARTICIPANTS A cross-sectional study including 565 930 patients aged
35 to 64 years with a body mass index (BMI) measurement recorded in 2016 was conducted.
Electronic health records of patients seen by primary care clinicians in the US in the multipayer
athenahealth network from January 1, 2015, to December 31, 2017, were reviewed, and data were
analyzed from March 1 to September 15, 2019.

MAIN OUTCOMES AND MEASURES Any prescription of opioids in the 365 days before or after the
first BMI measurement in 2016 were identified. All International Classification of Diseases, Ninth
Revision, and International Statistical Classification of Diseases and Related Health Problems, Tenth
Revision, claims within 7 days before each opioid prescription were captured and classified using a
pain diagnosis typologic system. Weight was categorized as underweight (BMI, 18.5-19.9), normal
weight (BMI, 20.0-24.9), overweight (BMI, 25.0-29.9), obese I (BMI, 30-34.9), obese II (BMI,
35.0-39.9), obese III (BMI, 40.0-49.9), and obese IV (BMI, 50.0-80.0).

RESULTS Among 565 930 patients, 329 083 (58.1%) were women. A total of 125 093 patients
(22.1%) were aged 35 to 44 years, 199 384 patients (35.2%) were 45 to 54 years, and 241 453
patients (42.7%) were 55 to 64 years. A total of 177 631 patients (31.4%) were overweight and
273 135 patients (48.2%) were obese at baseline. Over 2 years, 93 954 patients (16.6%) were
prescribed opioids. The risk of receiving prescription opioids increased progressively with BMI
(adjusted relative risk for overweight: 1.08; 95% CI, 1.06-1.10; obese I: 1.24; 95% CI, 1.22-1.26; obese
II: 1.33; 95% CI, 1.30-1.36; obese III: 1.48; 95% CI, 1.45-1.51; and obese IV, 1.71; 95% CI, 1.65-1.77). The
percentage of patients with opioid prescriptions attributable to an overweight or obese BMI was
16.2% (95% CI, 15.0%-17.4%). Prescription opioids for management of osteoarthritis (relative risk for
obese vs normal weight, 1.90; 95% CI, 1.77-2.05) and other joint disorders (relative risk, 1.63; 95%
CI, 1.55-1.72) both had stronger associations with obesity than the mean for any pain diagnosis
(relative risk, 1.33; 95% CI, 1.31-1.36). Osteoarthritis, other joint disorders, and other back disorders
comprised a combined 53.4% of the absolute difference in prescription of opioids by obesity.

CONCLUSIONS AND RELEVANCE Joint and back disorders appear to be the most important
diagnoses in explaining the increased receipt of opioid prescriptions among patients with obesity.
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Abstract (continued)

Addressing the opioid crisis will require attention to underlying sources of demand for prescription
opioids, including obesity, through its associations with pain.
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Introduction

Since the late 1990s, opioid prescriptions have more than tripled in the US.1 In 2015, 91 million adults
reported prescription opioid use.2 Among these adults, 12.5% reported prescription opioid misuse,
and most adults who misused opioids described relief of physical pain as a primary motivation.

Considerable evidence exists that supply-side factors, including aggressive marketing of opioids
by pharmaceutical companies; new standards of care in long-term, noncancer pain management;
and increased patient expectations for pain relief are all factors in the dramatic increase in
prescription opioid use.3-6 Other researchers have posited that trends in chronic pain, depression,
and socioeconomic despair related to stagnant wages, job loss, and declining social status have
increased the demand for prescription opioids among patients.7-13

Another potential demand-side factor that has received less attention is obesity. Obesity has a
strong positive association with chronic pain through a physiologic mechanism of increasing the risk
and severity of painful conditions, such as arthritis and low back pain.14-17 A psychosocial pathway
also exists via depression and disrupted sleep, which may lead to fatigue, inactivity, decreased
mobility, and amplification of pain through pain sensitization.18-21

A recent analysis of the National Health and Nutrition Examination Survey found evidence of a
cross-sectional association between obesity and prescription opioid use.22 However, the specific
pain diagnoses underlying this association were not well established. Identifying the pain conditions
associated with the obesity–prescription opioid association is an important step toward developing
targeted interventions to reach patients who are most likely to receive opioids and inform the
prioritization of pain management efforts nationwide.

In this study, we used multipayer electronic health record data from the athenahealth network
to investigate the association between obesity and prescription opioids. We then examined the
association of obesity with prescription of opioids for specific pain diagnoses. Next, we evaluated the
diagnoses most associated with the overall difference in prescription of opioids by obesity. In
addition, we explored variations in these associations and the prevalence of specific pain diagnoses
by sociodemographic traits.

Methods

Data Source
Athenahealth Inc is a commercial vendor and developer of cloud-based practice management and
electronic health record software for a network of outpatient primary care practices.23 The national
network includes more than 60 million patients seeking care annually from more than 120 000
health professionals in the US.24

Our analysis relied on deidentified electronic health record data from the athenahealth
network. The Boston University Medical Campus Institutional Review Board determined that this
analysis of deidentified data qualified as exempt human participants research. This study followed
the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) reporting
guideline.

This study included patients in the athenahealth network from January 1, 2015, to December 31,
2017, with at least 1 body mass index (BMI) (calculated as weight in kilograms divided by height in
meters squared) reading taken during a visit with a primary care clinician, such as a physician with a
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specialty in internal medicine, family medicine, or general practice; a nurse practitioner; or a
physician assistant, in 2016. We limited the sample to patients aged 35 to 64 years as of January 1,
2016. To ensure that we only included patients with sufficient data on their history and who
remained in the network for the study’s duration, we limited the sample to patients who had at least
1 primary care visit more than 2 years before their first BMI reading in 2016 and at least 1 primary care
visit more than 1 year after. Patients with a cancer or pregnancy diagnosis within 1 year of their first
BMI reading, recorded an extreme BMI less than 18.5 or greater than 80, or had missing values for
race/ethnicity or urbanicity were also excluded. These exclusions are detailed in eFigure 1 in the
Supplement to yield a sample of 565 930 patients.

Study Design and Measures
In this cross-sectional study, a patient’s first BMI reading by their primary care clinician in 2016 served
as the index value. Prescriptions written by a primary care clinician during the 365 days before or
after the index date were captured to determine whether the patient received any opioid
prescriptions. Depending on the patient’s index date, the earliest opioid prescription could have
occurred on January 1, 2015, and the latest could have occurred December 31, 2017. We captured all
diagnosis claims within 7 days before each opioid prescription.

Body mass index was measured by the patient’s primary care clinician and was categorized as
underweight (BMI, 18.5-19.9), normal weight (BMI, 20.0-24.9), overweight (BMI, 25.0-29.9), obese I
(BMI, 30.0-34.9), obese II (BMI, 35.0-39.9), obese III (BMI, 40.0-49.9), and obese IV (BMI,
50.0-80.0).25 Other covariates included age (35-39, 40-44, 45-49, 50-54, 55-59, and 60-64 years),
sex (male, female), race/ethnicity (non-Hispanic white, non-Hispanic black, Hispanic, non-Hispanic
other), census region (Northeast, Midwest, South, and West), urbanicity (metropolitan, metro-
adjacent, and rural), and health insurance (commercial, Medicaid, Medicare, and other).

Prescription Opioids
eTable 3 in the Supplement presents a list of 13 opioid analgesic medications included in our
definition of prescription opioids. Opioid antitussives and medication-assisted treatments for opioid
use disorders were excluded.

We used a typologic system developed by Sherry et al26 to generate a list of International
Classification of Diseases, Ninth Revision, codes for conditions that commonly cause pain severe
enough to require opioid prescriptions. The list was reviewed by a rheumatologist (T.N.) and internal
medicine physician (N.E.M.), who categorized the codes into 25 distinct pain diagnoses. eTable 4
and eTable 5 in the Supplement present the International Classification of Diseases, Ninth Revision,
and International Statistical Classification of Diseases and Related Health Problems, Tenth Revision,
codes used to classify the diagnoses.

We documented whether patients received prescription opioids for management of each of the
25 diagnoses. Patients could have more than 1 diagnosis if they had multiple claims in the 7 days
before an opioid prescription or if they had multiple prescriptions. Some patients had no pain
diagnosis claim. In these instances, we classified diagnoses as none or other. One possible
explanation for this phenomenon is that some patients were diagnosed with a painful condition
before the study but renewed their prescriptions by telephone without an associated visit. Claims
could have also been generated at a hospital or specialty clinic, but the prescription was written by
the primary care clinician. In addition, the claim could have been recorded outside the 7-day window.

Statistical Analysis
We used negative binomial regression with robust SEs to examine the association of BMI category
with prescription of opioids, adjusting for age, sex, race/ethnicity, region, urbanicity, and health
insurance status. To examine the sensitivity of the results to the exclusion of missing data, we used
multiple imputation by chained equations to account for missing data on race/ethnicity and
urbanicity and repeated the regression. We then estimated the fraction of patients whose
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prescription opioids could have been avoided under the hypothetical scenario in which patients who
were overweight or obese were of normal weight. We determined the population-attributable
fraction for each BMI category by calculating the observed number of cases in each category and the
expected number of cases under exposure to the normal BMI category via marginal prediction.27

Next, we assessed the association of obesity with prescription of opioids for management of
each pain diagnosis separately. Based on these models, we estimated the marginal percentages of
patients receiving prescription opioids overall and for each diagnosis among patients with obesity
and patients with normal weight. Using these estimates, we determined the absolute difference in
the percentage of patients with prescription opioids, comparing patients with obesity with those of
normal weight. We repeated this calculation to find the absolute difference in prescription opioids
for each specific pain diagnosis. In addition, by dividing the absolute difference for each diagnosis by
the absolute difference for prescription opioids overall, we determined the percentage contribution
of each diagnosis to the overall difference in patients with prescription opioids by obesity.

To assess whether patients reported pain diagnoses alone or in combinations, we examined a
subsample of patients with obesity who received prescription opioids and had 1 or more pain
diagnoses. We tabulated the unadjusted percentage of patients who recorded each of the 15 most
common diagnoses alone and in combination with each of the other 14 most common diagnoses.

In addition, we stratified the sample by each covariate, using negative binomial regression
models to calculate the strata-specific association of obesity and any prescription opioids, adjusting
for all other covariates. We then estimated the marginal prevalence of each diagnosis among patients
with obesity in the strata and ranked the prevalence on a scale from 1 to 25 to explore relative
differences between strata. Two-tailed P values less than .05 calculated with an unpaired t test were
considered statistically significant. We conducted all analyses using Stata, version 15 (StataCorp),
from March 1 to September 15, 2019.

Results

The sample included 565 930 patients aged 35 to 64 years (35-44 years, 125 093 [22.1%]; 45-54
years, 199 384 [35.2%]; and 55-64 years, 241 453 [42.7%]). Of these, 329 083 patients (58.1%) were
women and 455 923 patients (80.6%) were non-Hispanic white. At baseline, 177 631 patients (31.4%)
were overweight and 273 135 patients (48.2%) were obese. Over 2 years, 93 954 patients (16.6%)
were prescribed opioids (Table 1). Among those with prescription opioids, 79 109 patients (84.2%)
had a pain diagnosis claim in the 7 days before their opioid prescription.

The risk of receiving prescription opioids increased progressively with BMI (adjusted relative
risk [RR] for overweight: 1.08; 95% CI, 1.06-1.10; obese I: 1.24; 95% CI, 1.22-1.26; obese II: 1.33; 95%
CI, 1.30-1.36; obese III: 1.48; 95% CI, 1.45-1.51; and obese IV: 1.71; 95% CI, 1.65-1.77). The complete
regression results are presented in eTable 1 in the Supplement. The association between BMI and
prescription opioids was similar in a sensitivity analysis using multiply imputed data (adjusted RR for
overweight: 1.09; 95% CI, 1.07-1.11; obese I: 1.25; 95% CI, 1.23-1.27; obese II: 1.35; 95% CI, 1.32-1.38;
obese III: 1.51; 95% CI, 1.47-1.54; and obese IV: 1.74; 95% CI, 1.68, 1.80) (eTable 2 in the Supplement).
At the population level, we estimated that the percentage of patients with prescription opioids
attributable to having an overweight or obese BMI was 16.2% (95% CI, 15.0%-17.4%) (Table 2).

Figure 1 presents the RR of patients receiving opioid prescriptions for management of specific
pain conditions, comparing patients with obesity with patients with normal weight (n = 555 444).
Sixteen pain diagnoses recorded with prescription opioids had a significant positive association with
obesity. Prescription opioids for osteoarthritis (RR for obese vs normal weight, 1.90; 95% CI,
1.77-2.05), other joint disorders (eg, arthropathies, reactive arthritis, joint dislocations, and other pain
in joints) (RR, 1.63; 95% CI, 1.55-1.72), and noncervical spinal stenosis (RR, 1.60; 95% CI, 1.36-1.87) all
had stronger associations than the mean for any pain diagnosis (RR, 1.33; 95% CI, 1.31-1.36). Patients
with obesity had an RR of 1.90 (95% CI, 1.77-2.05) for receiving prescription opioids for management
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of osteoarthritis and 1.63 (95% CI, 1.55-1.72) for receiving opioids for management of other joint
disorders compared with patients with normal weight.

The absolute difference in prevalence of prescription opioids between patients with obesity and
patients with normal weight was 4.6% (95% CI, 4.3%-4.9%). Several pain diagnoses emerged as
factors in this difference. Other joint disorders (26.6%), osteoarthritis (16.9%), and other back
disorders (eg, spondylosis and low back pain) (9.9%) were responsible for a combined 53.4% of the
elevated prevalence of any prescription opioids in patients with obesity. Radiculitis (4.6%), backache
(4.0%), and pain in limb (3.9%) emerged as lesser but still positive factors. Headache syndromes

Table 1. Baseline Demographic Characteristics of Patients Aged 35 to 64 Years in the athenahealth Network,
2015-2017a

Variable

No. (%)
Patients with prescription
opioids, unadjusted %

Total sample
(N = 565 930)

Patients with prescription
opioids (n = 93 954)

Sex

Men 236 847 (41.9) 38 451 (40.9) 16.2

Women 329 083 (58.1) 55 503 (59.1) 16.9

Age, y

35-39 55 254 (9.8) 7541 (8.0) 13.6

40-44 69 839 (12.3) 9915 (10.6) 14.2

45-49 89 088 (15.7) 13 870 (14.8) 15.6

50-54 110 296 (19.5) 19 032 (20.3) 17.3

55-59 121 958 (21.6) 22 177 (23.6) 18.2

60-64 119 495 (21.1) 21 419 (22.8) 17.9

Race/ethnicity

Non-Hispanic

White 455 923 (80.6) 75 861 (80.7) 16.6

Black 49 419 (8.7) 9970 (10.6) 20.2

Non-Hispanic other 20 357 (3.6) 1798 (1.9) 8.8

Hispanic 40 231 (7.1) 6325 (6.7) 15.7

Urban/rural

Metropolitan 462 338 (81.7) 69 682 (74.2) 15.1

Metro-adjacent 71 880 (12.7) 17 428 (18.5) 24.2

Rural 31 712 (5.6) 6844 (7.3) 21.6

Census region

Northeast 190 992 (33.7) 18 511 (19.7) 9.7

Midwest 72 612 (12.8) 13 279 (14.1) 18.3

South 255 799 (45.2) 53 283 (56.7) 20.8

West 46 527 (8.2) 8881 (9.5) 19.1

Health insurance

Commercial 437 848 (77.4) 55 710 (59.3) 12.7

Medicaid 46 409 (8.2) 12 613 (13.4) 27.2

Medicare 57 886 (10.2) 20 044 (21.3) 34.6

Other 23 787 (4.2) 5587 (5.9) 23.5

BMIb

Underweight 10 486 (1.9) 1720 (1.8) 16.4

Normal weight 104 678 (18.5) 13 608 (14.5) 13.0

Overweight 177 631 (31.4) 25 580 (27.2) 14.4

Obese

I 139 499 (24.6) 24 216 (25.8) 17.4

II 74 002 (13.1) 14 514 (15.4) 19.6

III 49 464 (8.7) 11 318 (12.0) 22.9

IV 10 170 (1.8) 2998 (3.2) 29.5

Abbreviation: BMI, body mass index (calculated as
weight in kilograms divided by height in
meters squared).
a Baseline characteristics recorded at patient's first

primary care visit during 2016.
b Underweight: BMI, 18.5 to 19.9; normal weight: 20.0

to 24.9; overweight: 25.0 to 29.9; obese I: 30.0 to
34.9; obese II: 35.0 to 39.9; obese III: 40.0 to 49.9;
and obese IV: 50.0 to 80.0.
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Table 2. Relative Risks and PAFs for Receiving Prescription Opioids by BMI Category in 565 930 Patients
Aged 35 to 64 Years, athenahealth Network 2015 to 2017a

BMI categoryb Relative risk (95% CI)c,d PAF, % (95% CI)c

Underweight 1.15 (1.10-1.21) 0.2 (0.2-0.3)

Normal weight 1 [Reference]

Overweight 1.08 (1.06-1.10) 2.1 (1.6-2.6)

Obese

I 1.24 (1.22-1.26) 5.0 (4.6-5.4)

II 1.33 (1.30-1.36) 3.9 (3.6-4.2)

III 1.48 (1.45-1.51) 3.9 (3.7-4.2)

IV 1.71 (1.65-1.77) 1.3 (1.2-1.5)

Total (overweight to obese IV) NA 16.2 (15.0-17.4)

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); NA, not
applicable; PAF, population-attributable fraction.
a eTable 1 in the Supplement provides the complete regression results. Sample interpretation: 5.0% of patients receiving

prescription opioids could be avoided in the hypothetical situation in which those with a BMI of obese I had a normal BMI.
b Underweight: BMI, 18.5 to 19.9; normal weight: 20.0 to 24.9; overweight: 25.0 to 29.9; obese I: 30.0 to 34.9; obese II:

35.0 to 39.9; obese III: 40.0 to 49.9; and obese IV: 50.0 to 80.0.
c Adjusted for age, sex, race/ethnicity, region, urbanicity, and health insurance.
d Relative risk calculated using a negative binomial model with robust SEs.

Figure 1. Relative Risks of Receiving Prescription Opioids for Specific Pain Diagnoses by Obesity
(Obese vs Normal Weight) Among 555 444 Patients Aged 35 to 64 Years, athenahealth Network, 2015-2017

0.7 321
Relative risk (95% CI)

Pain diagnoses
Relative risk
(95% CI)

Osteoarthritis 1.90 (1.77-2.05)

Other joint disorders 1.63 (1.55-1.72)

Noncervical spinal stenosis 1.60 (1.36-1.87)

Cardiovascular and circulatory diseases 1.42 (1.24-1.62)

Pain in limb 1.40 (1.26-1.56)

Radiculitis 1.37 (1.24-1.50)

Any pain condition 1.33 (1.31-1.36)

Sciatica 1.31 (1.16-1.48)

Backache 1.29 (1.18-1.42)

Acute pain 1.24 (1.04-1.48)

Disorders of bone and cartilage 1.23 (1.07-1.42)

Peripheral nerve disorder 1.23 (1.11-1.36)

Diseases of connective tissue 1.18 (0.98-1.42)

Generalized pain 1.18 (1.00-1.40)

Myopathy 1.17 (1.08-1.28)

Other back disorders 1.17 (1.12-1.22)

Other injury 1.17 (1.05-1.30)

Other digestive diseases 1.15 (1.05-1.26)

Degeneration of intervertebral disc 1.03 (0.95-1.12)

Chronic pain 1.01 (0.94-1.08)

Displacement of intervertebral disc 0.98 (0.89-1.09)

Failed back surgery 0.98 (0.83-1.16)

Other cervical region disorders 0.97 (0.85-1.12)

Pain in thoracic spine 0.96 (0.80-1.15)

Headache syndromes 0.92 (0.85-1.00)

Cervicalgia 0.86 (0.79-0.93)

Obesity was positively associated with risk of receiving
prescription opioids for 16 pain diagnoses.
Osteoarthritis and other joint disorders were the 2
reasons for receiving prescription opioids that were
most strongly associated with obesity. The dashed line
represents the overall relative risk of receiving
prescription opioids for any pain diagnosis by obesity.
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(−1.5%) and cervicalgia (−2.6%) were both less common in patients with obesity and thus were
negatively associated with the difference in prescription opioids by obesity (Table 3).

Figure 2 presents the ranked prevalence of pain diagnoses reported with prescription opioids
among patients with obesity (n = 273 135). Other back disorders, other joint disorders, and osteoarthritis
were the 3 most common diagnoses. After stratifying to explore differences by sex, age, race/ethnicity,
urbanicity, region, and health insurance, other back disorders and other joint disorders remained the first
and second most prevalent diagnoses across all strata. Osteoarthritis was ranked third or fourth in all but
2 strata, which were the younger age strata at which osteoarthritis does not typically occur. Approxi-
mately 30% of patients who recorded a pain diagnosis with prescription opioids recorded more than 1
diagnosis. The 2 most common combinations were other back disorders with other joint disorders
(3.3%) and other back disorders with radiculitis (2.7%) (eFigure 2 in the Supplement).

The association of BMI with prescription opioids was stronger among women (RR, 1.43; 95% CI,
1.40-1.46) compared with men (RR, 1.15; 95% CI, 1.12-1.19); in the Northeast (RR, 1.64; 95% CI, 1.57-
1.70) compared with the Midwest (RR, 1.18; 95% CI, 1.13-1.24), South (RR, 1.23; 95% CI, 1.20-1.26), and
West (RR, 1.41; 95% CI, 1.33-1.49]); and in metropolitan areas (RR, 1.40; 95% CI, 1.37-1.43) compared
with metro-adjacent (RR, 1.11; 95% CI, 1.07-1.16) and rural (RR, 1.13; 95% CI, 1.06-1.20) areas.

Table 3. Prevalence and Absolute Differences in Patients With Prescription Opioids for Management of Specific Pain Diagnoses by Obesity
Among 555 444 Patients Aged 35 to 64 Years, athenahealth Network, 2015-2017a

Pain diagnosis recorded
with prescription opioidsb

Prevalence, % (95% CI) Obese vs normal

Overall
Normal
(BMI 20.0-24.9)

Obese
(BMI>30)

Absolute differences, %
(95% CI)

Contribution to overall
differences, %

Any pain condition 16.6 (16.5-16.7) 13.9 (13.7-14.1) 18.5 (18.3-18.6) 4.6 (4.3-4.9) 100

Other joint disorders 2.7 (2.6-2.7) 1.9 (1.8-2.0) 3.2 (3.1-3.2) 1.2 (1.1-1.3) 26.6

Osteoarthritis 1.3 (1.3-1.4) 0.86 (0.80-0.92) 1.6 (1.6-1.7) 0.78 (0.70-0.85) 16.9

Other back disorders 3.0 (3.0-3.1) 2.7 (2.6-2.8) 3.2 (3.1-3.2) 0.46 (0.34-0.58) 9.9

Radiculitis 0.72 (0.70-0.74) 0.58 (0.53-0.63) 0.80 (0.77-0.83) 0.21 (0.16-0.27) 4.6

Backache 0.74 (0.72-0.76) 0.63 (0.58-0.68) 0.81 (0.78-0.85) 0.18 (0.12-0.25) 4.0

Pain in limb 0.56 (0.54-0.58) 0.45 (0.41-0.49) 0.63 (0.60-0.66) 0.18 (0.13-0.23) 3.9

Myopathy 0.79 (0.77-0.81) 0.71 (0.66-0.76) 0.84 (0.80-0.87) 0.12 (0.06-0.19) 2.7

Peripheral nerve disorder 0.60 (0.58-0.62) 0.54 (0.49-0.58) 0.66 (0.63-0.69) 0.12 (0.07-0.18) 2.7

Cardiovascular and circulatory diseases 0.36 (0.34-0.37) 0.29 (0.25-0.32) 0.41 (0.38-0.43) 0.12 (0.08-0.16) 2.6

Noncervical spinal stenosis 0.27 (0.26-0.29) 0.20 (0.17-0.23) 0.32 (0.30-0.34) 0.12 (0.08-0.16) 2.6

Sciatica 0.42 (0.40-0.44) 0.34 (0.31-0.38) 0.45 (0.42-0.47) 0.11 (0.06-0.15) 2.3

Other digestive diseases 0.73 (0.71-0.75) 0.67 (0.62-0.72) 0.76 (0.73-0.80) 0.10 (0.04-0.16) 2.2

Other injury 0.49 (0.47-0.51) 0.45 (0.41-0.49) 0.53 (0.50-0.55) 0.08 (0.03-0.13) 1.6

Disorders of bone and cartilage 0.29 (0.28-0.30) 0.25 (0.22-0.28) 0.31 (0.29-0.33) 0.06 (0.02-0.10) 1.3

Acute pain 0.20 (0.19-0.21) 0.18 (0.15-0.20) 0.22 (0.20-0.24) 0.04 (0.01-0.08) 0.9

Generalized pain 0.21 (0.20-0.22) 0.19 (0.16-0.22) 0.22 (0.21-0.24) 0.03 (0.00-0.07) 0.7

Diseases of connective tissue 0.17 (0.16-0.18) 0.15 (0.13-0.18) 0.18 (0.17-0.20) 0.03 (0.00-0.06) 0.6

Degeneration of intervertebral disc 0.80 (0.78-0.82) 0.79 (0.73-0.85) 0.82 (0.78-0.85) 0.03 (−0.04 to 0.09) 0.6

Chronic pain 1.1 (1.1-1.2) 1.1 (1.1-1.2) 1.2 (1.1-1.2) 0.01 (−0.07 to 0.09) 0.3

Failed back surgery 0.20 (0.19-0.22) 0.20 (0.17-0.23) 0.20 (0.18-0.22) 0.00 (−0.04 to 0.03) −0.1

Pain in thoracic spine 0.16 (0.15-0.17) 0.17 (0.15-0.20) 0.17 (0.15-0.18) −0.01 (−0.04 to 0.02) −0.2

Other cervical region disorders 0.28 (0.27-0.30) 0.29 (0.25-0.32) 0.28 (0.26-0.30) −0.01 (−0.05 to 0.03) −0.2

Displacement of intervertebral disc 0.50 (0.48 to 0.52) 0.51 (0.46 to 0.55) 0.50 (0.47 to 0.52) −0.01 (−0.06 to 0.05) −0.2

Headache syndromes 0.82 (0.79 to 0.84) 0.86 (0.81 to 0.92) 0.80 (0.76 to 0.83) −0.07 (−0.13 to 0.00) −1.5

Cervicalgia 0.75 (0.73 to 0.77) 0.83 (0.77 to 0.88) 0.71 (0.68 to 0.74) −0.12 (−0.19 to −0.05) −2.6

Abbreviation: BMI, body mass index (calculated as weight in kilograms divided by height
in meters squared).
a Adjusted for age, sex, race/ethnicity, region, urbanicity, and health insurance. Patients

with underweight BMI (18.5-19.9) were excluded.
b eTable 4 and eTable 5 in the Supplement provide International Classification of

Diseases, Ninth Revision, and International Statistical Classification of Diseases and

Related Health Problems, Tenth Revision, codes used to diagnose each pain diagnosis.
Patients could record multiple pain diagnosis claims prior to receiving prescription
opioids. A total of 14 845 patients (15.8%) with prescription opioids also recorded no
diagnosis claim within 7 days prior to prescription.
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(eFigure 3 in the Supplement). Among patients with obesity who received prescription opioids,
myopathy and headache syndromes were relatively more common among women, and the backache
diagnosis was more common among men. Osteoarthritis and degeneration of the intervertebral disc
were both more prevalent among older patients. Headache syndromes, in contrast, were more
common in patients younger than 50 years. Myopathy, degeneration of the intervertebral disc, and
radiculitis were all less common in metropolitan areas, and degeneration of the intervertebral disc
was less common in the Northeast (Figure 2).

Discussion

In this cross-sectional study of a national sample of electronic health records, we found a significant
association between obesity and prescription opioids that increased with progressively higher BMI.

Figure 2. Ranking of Pain Diagnoses Reported With Prescription Opioids Among 273 135 Patients With Obesity Aged 35 to 64 Years Stratified
by Sociodemographic Traits, athenahealth Network 2015-2017
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height in meters squared).
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Patients in the obese III category had a 48% increased risk of receiving prescription opioids and
patients in the obese IV category had a 71% increased risk. At the population level, we estimated that
overweight and obese BMI accounted for 16.2% of patients receiving opioid prescriptions.

The obesity–prescription opioid association was largely explained by 3 pain diagnoses—
osteoarthritis, other joint disorders, and other back disorders—that comprised 53.4% of the absolute
difference in risk of prescription opioids by obesity. These 3 diagnoses were also the most prevalent
diagnoses overall, and osteoarthritis and other joint disorders were the 2 reasons for prescription
opioids most closely associated with obesity. Prescription opioids for other back disorders were less
strongly associated with obesity but remained a significant factor because of their high prevalence.

Obesity is an established risk factor for osteoarthritis, which most commonly affects the lower
limbs.28 The pathogenesis of osteoarthritis is related to obesity through excessive joint loading,
altered biomechanics, inflammation related to adipose tissue, and potential hormonal
dysregulation.16,29,30 Thus, osteoarthritis may cause pain in weight-bearing and non–weight-bearing
joints.31,32 Obesity duration may also increase the risk of osteoarthritis.33,34 Our results suggest that
osteoarthritis was a particularly important factor in the risk of receiving prescription opioids among
patients with obesity older than 45 years. Many of the conditions captured in the other joint pain
diagnoses could also reflect undiagnosed arthritis.35

Obesity is further associated with several back disorders through a similar set of biomechanical
and inflammatory pathways.17,36 Receiving prescription opioids for management of intervertebral
disc degeneration was not as strongly associated with obesity as prescription opioids for other back
disorders. One possible explanation for this finding is that, depending on the location of the affected
intervertebral discs, degenerative disc disease could manifest as back pain or as neck pain, and the
latter is not as strongly affected by excessive loading caused by weight gain.36

Moving forward, our findings suggest a need for greater attention to the prevention and
management of painful conditions that underlie the demand for prescription opioids, in particular,
joint and back disorders. Reducing prescription opioid use will require expanding access to integrated
pain treatments, including nonopioid medications, and nonpharmacologic approaches, such as
physical therapy, cognitive behavioral therapy, and acupuncture.37,38 These solutions will be
particularly important given more restrictive opioid-prescribing guidelines, which may increase the
number of patients living with unmanaged chronic pain.39,40 Tailored physical activity and nutritional
counseling interventions, medications for weight loss, and bariatric surgery to reduce obesity could
also help reduce pain severity and prevent disability.15,41-43 Because environmental factors across the
life course may reduce individual capacity to regulate personal diet and physical activity, health
policies are also needed to change the obesogenic environment.44 Such efforts may include
nutritional labeling, advertising restrictions, targeted taxes or subsidies, public awareness
campaigns, regulation of nutritional quality in school cafeterias, and programs to increase the
availability and affordability of healthy foods.45

Greater awareness is also needed throughout the public health community on how the burden
of obesity at the population level includes chronic pain, and in this way, how obesity has factored in
to the increased demand for prescription opioids in the US. Specifically, joint and back pain appear to
have played a significant role in increasing the demand for pain management among patients, which
manufacturers and health care professionals responded to with prescription opioids.46,47 Thus,
future investments in primary and secondary obesity prevention could be framed as efforts to reduce
the burden of chronic pain, prescription opioid use, and ultimately future societal costs of the opioid
epidemic, including opioid-related overdose and mortality.44,48

Limitations
This study has several limitations. First, owing to the study’s cross-sectional design, it is not possible
to ascertain causality in the associations between obesity, prescription opioids, and pain diagnosis
outcomes. We also cannot rule out residual confounding by smoking status, depression,
socioeconomic status, and other variables not available in the deidentified data we received from
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athenahealth. Second, all prescription opioid data in this study refer to prescriptions written, which
may not have been filled or, if the prescriptions were filled, the patients also may not have used the
medications. Third, patients who seek health care are less likely to be healthy than adults in the
general population; thus, associations observed in this study could be weaker than at the population
level. Fourth, 15.8% of patients with prescription opioids had no associated pain diagnosis in the
electronic health record system during the 7-day window before their opioid prescription. As a result,
we may have underestimated our reported prevalence values. Fifth, we were unable to examine
obesity duration in this study.

Conclusions

In this cross-sectional study of patients seeking primary care in the US from 2015 to 2017, BMI was
associated with prescription of opioids. Osteoarthritis, other joint disorders, and other back disorders
were the most common pain diagnoses observed in patients with prescription opioids and appeared
to be factors most associated with opioid prescriptions in patients with obesity. Future research
should address the specific pathways between obesity, chronic pain, the increased demand for
prescription opioids, and the epidemic of opioid misuse in the US. As the prevalence of obesity
continues to increase, this study provides data for policymakers to consider greater investments in
primary and secondary obesity prevention within a comprehensive response to the opioid epidemic.
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