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Introduction: Opioid use disorder (OUD) and obesity are two pressing public health concerns in the United
States (US). However, the relationship between these two epidemics has not been well-studied. Our study
aims to describe the prevalence rates of obesity in individuals with OUD from a cohort study and compare
that to the expected prevalence that would be observed based upon New Jersey state and US population
survey data. Additionally, we sought to study whether Body Mass Index (BMI) distribution in this cohort
varied by race/ethnicity, gender, and age.

Methods: Our subjects (N=151) are part of a drug user cohort study of persons enrolled in medication-
assisted treatment (MAT) programmes in New Jersey. Using the New Jersey Behavioral Risk Factor Survey
(NJBRFS) and the National Health Interview Survey (NHIS), we generated expected BMI distributions
based on race/ethnicity, age, and sex. Expected rates were compared to observed BMI. Standardized
prevalence ratios were calculated, and 95% confidence intervals were constructed.

Results: Among females, obesity was more prevalent in those with OUD than in the general US population.
Among persons <50 years old, overweight and obesity were more prevalent in those with OUD than in
NJBRFS. Persons who did not inject drugs were more likely to be overweight. The prevalence of
underweight was significantly higher among Black non-Hispanic minorities, males, older subjects (aged 66-
85), and persons who inject drugs.

Conclusion: In our study, the trends in BMI vary based on race/ethnicity, gender and age in these patients
with OUD. These varying trends highlight the need for tailored screening and prevention strategies. Primary
care providers should be aware that their patients with OUD have multiple health problems that need to be
addressed beyond their OUD condition itself. Providers are in a pivotal role to screen and implement
interventions to improve their health outcomes.

© 2022 Stanley H. Weiss. Hosting by Science Repository.

Introduction

of these epidemics such as the prevalence of obesity in adults with OUD
has been inadequately studied in the United States. Although,
government surveys such as the National Health Interview Survey

Opioid use disorder (OUD) and obesity are two leading epidemics of
significant public health concern in the United States. Americans alone
consume 99% of the world’s hydrocodone supply and 80% of the
world’s opioids supply [1]. Likewise, the obesity in adults has increased
from 30.5% in 1999-2000 to 42.2% in 2017-2018 [2]. The intersection

(NHIS) and the New Jersey Behavioral Risk Factor Surveillance System
(NJBRFS) strive to capture data representing the overall health of
Americans at the federal and state level respectively, individuals with
OUD remain an understudied population. The increasing association of
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health consequences such as HIV, COVID-related health complications,
and homelessness further merit public health efforts towards
surveillance and prevention in this high-risk vulnerable population.

Many adults with OUD are treated in Medication-Assisted Treatment
(MAT) programmes or by physicians in various modalities. MAT
programmes primarily focus on drug addiction prevention and recovery
with the use of methadone, a p-opioid receptor agonist, in combination
with behavioural therapies [3]. The connection between methadone
treatment and weight gain is greatly debated in current scientific
literature. Methadone treatment has been associated with weight gain as
well as metabolic and endocrine changes, including changes in glucose
metabolism [4-6]. When methadone activates p-opioid receptors, it may
increase one’s preference for sweet-tasting foods [7]. In one nutritional
study, 90% of patients detoxing from heroin craved sweets; in another
study, 60% reported a sugar craving while on methadone [8, 9].
Preference for foods with high sugar content may result in systematic
weight gain. Neurochemical and brain imaging studies provide evidence
that food addiction is similar to psychoactive drug addiction [10].

Drug addiction and food addiction share underlying biological
mechanisms related to how the brain responds to reward compulsive
consumption behaviours [11, 12]. Addictive drugs increase dopamine
released in the striatum and comparative dopaminergic responses may
play a role in the rewarding effects of food consumption. This
dopaminergic reward system may contribute to excessive consumption
of food and subsequent obesity [13]. Furthermore, a correlation between
long-term methadone treatment and metabolic syndrome has been
observed [14]. BMI increase over time has also been observed
independent of methadone blood levels and dosages [15]. Unfortunately,
treatment for associated chronic illnesses like obesity often do not
receive sufficient medical care at these treatment programmes. This
selective treatment may negatively impact patient’s overall recovery and
well-being.

OUD-associated obesity needs to be studied further in connection to
coronavirus disease 2019 (COVID-19) because concurrent obesity and
COVID-19 have been consistently associated with adverse health
outcomes [16]. Obesity affects innate immunity mechanisms and
increases risk for development of infection, which might explain why
patients with obesity are more prone to suffer from respiratory infections
in the context of COVID-19 [17]. Individuals with OUD also often
encounter complications due to underlying health conditions, such as
obesity, cardiovascular disease, lung disease, and a compromised
immune system, and all these conditions are risk factors for COVID-19
infection [18-21]. The intersectionality of race, socioeconomic status,
and gender, along with poor health status due to comorbidities, has led
to increased mortality during the COVID-19 pandemic. COVID-19 has
disproportionately impacted racial and ethnic minorities, with
particularly higher rates among African Americans [22]. Racial
disparities leading to poor health outcomes existed prior to the COVID-
19 pandemic, but the higher rates of COVID-19 among African
Americans underscores this disparity. Racial inequalities reflected by
socioeconomic status may be a predictor of COVID-19 to some degree
[23].
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African Americans make up a large part of essential workers, and
individuals who are not able to work remotely and use public
transportation to commute [23, 24]. These factors may contribute to a
greater risk for contracting the virus. Understanding COVID-19’s impact
on race/ethnicity is important for ensuring that vulnerable populations
have access to COVID testing and vaccines. The high prevalence of
obesity in patients with OUD and the adverse outcomes from COVID-
19 in obese patients underscore the importance of providing support for
the treatment and recovery of individuals with OUD as part of the
strategy to control the COVID pandemic.

Studying the prevalence of obesity in drug users enrolled in MAT
programmes is clinically relevant, and this information bears a
significant impact on future healthcare interventions. This paper aims to
investigate the prevalence rates of obesity in a drug user cohort as
compared to NRBRFS and NHIS data. We compare obesity prevalence
in patients with OUD directly to people in the general population
matched by race/ethnicity, gender, and age. We hypothesized that we
would project a higher prevalence of obesity in the OUD cohort and
varying trends based on racial/ethnic, gender, and age groups.

Methods
| Drug User Cohort

From 2016 through 2018, we surveyed 298 patients enrolled at four
medication-assisted treatment (MAT) centers in northern and central
New Jersey. Patients were surveyed on their lifetime health experiences,
as part of a baseline interview administered by trained personnel. After
obtaining signed consent, patients’ treatment records were obtained from
their specific clinic. The questionnaire used to interview patients was
approved by the Rutgers Newark Health Sciences IRB. From these 298
completed interviews, we were unable to obtain medical records for 105
subjects, likely due to their leaving treatment facilities in the interim,
resulting in their medical records being transferred or removed for
confidentiality reasons. Of the 193 subjects for whom we recovered
medical records, we were able to extract weight and height data to
calculate BMI calculations for 151 subjects. Therefore, our paper’s
analyses were based on 151 patients enrolled at the MAT programmes,
which is 50.7% of our interviewed group. We calculated BMI using US
metrics: BMI = [weight (Ib) + height? (in.)] x 703. We used the 1998
National Heart, Lung, and Blood Institute (NHLBI) terminology to
classify BMI in the following categories of underweight (BMI of <18.5),
normal weight (BMI of 18.5-< 25), overweight (BMI of 25-< 30), and
obese (BMI of > 30).

Within our cohort of 151 patients, we created 7 age groups of roughly
equal size between which BMI tended to change: 21-35, 36-40, 41-45,
46-50, 51-55, 56-60, 61-65, 66-85. Sex was binarily reported as male or
female, as there were no intersex or transgender individuals in our
cohort. Our study reports five racial/ethnic categories: White, non-
Hispanic; Black, non-Hispanic; Asian, non-Hispanic; Hispanic/Latino;
and Other, non-Hispanic. With this demographic information,
individualized risks were calculated for each subject’s race/ethnicity,
gender, age, and BMI within our cohort. Individual risks were calculated
by totaling the individualized risks over specific categories, such as
female or PWID [25].
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11 Obesity Prevalence Data Collection

NJBREFS is the New Jersey (NJ) state-administered version of the CDC’s
Behavioral Risk Factor Surveillance System (BRFSS) Questionnaire
[26]. Using the NJBRFS’s embedded online data analysis tool, New
Jersey State Health Assessment Data system, we extracted BMI
classification distributions among adults aged 21-85 in NJ stratified by
race, ethnicity, sex, and age group. BMI was classified using NHLBI
terminology.

NHIS is a face-to-face survey designed to represent the civilian, non-
institutionalized population of the US [27]. Using the same
race/ethnicity/sex/age categorizations as the NJBRFS extraction, we
categorized NHIS demographic and BMI data. BMI was classified using
NHLBI terminology. We extracted survey data from the years 2011 to
2017, inclusive, from both NJBRFS and NHIS. All NHIS, NJBRFS, and
extracted survey data were categorized using SAS® Software, Version
9.4 (SAS Institute, Inc., Cary, NC).

111 Statistical Analyses

The extracted BMI category proportions, stratified by race/ethnicity,
gender, and age group, from NJBRFS and NHIS, were imported into
Excel spreadsheet to calculate the expected prevalence rates. These
proportions were compared against the observed BMI and demographics
of the 151 New Jersey MAT patients. We calculated Standardized
Prevalence Ratios (SPRs) by dividing the observed BMI prevalence by
expected BMI prevalence calculated from NJBRFS and NHIS. A SPR
of 1.0 indicates the observed BMI proportions equals the expected BMI
proportions. A SPR > 1.0 indicates higher observed BMI proportions and
a SPR < 1.0 indicates higher expected proportions. The observed BMI
was assumed to have a Poisson distribution and 95% confidence
intervals for the SPRs were calculated [28]. We then used OpenEpi to
calculate p-values for the SPRS [29]. All p-values in this paper, tables,
and supplementary tables report the Fisher Exact two-tailed p-value.

Table 1: Demographics of Drug User Cohort (N=151).

IV Further Analysis: Alcohol and Regular Cannabis Use

After performing the statistical analyses aforementioned, we identified
alcohol and regular cannabis use as unexpected trends that may be
factors affecting BMI. We categorized each individual’s historical
alcohol use into three categories based on NHIS definitions — abstained,
light/moderate, and heavy. The definition for heavy drinking was above
14 drinks a week for men or 7 for women, and for light/moderate
drinking was any nonzero number below these cutoffs [27]. We
calculated risk ratios (RRs) for BMI categories with alcohol use levels
(N=151). The RRs compared the classification of underweight,
overweight, and obese to the reference group normal weight, with the
heavy drinking as an exposed group and the abstained category as a
control. Similarly, regular cannabis use was analysed in these 151
subjects. Individuals self-reported no regular cannabis use or regular
cannabis in the questionnaire survey. RRs compared the BMI
classifications of underweight, overweight, and obese to the reference
group normal weight. The RRs used regular cannabis as an exposed
group and never regular cannabis a control. Table 6 further details the
RRs for regular cannabis use and alcohol use with two-tailed p-values
and Taylor series-based calculations of 95% ClI.

Results

From 2016 to 2018, BMI information was collected for 151 subjects in
our drug user cohort. The cohort was 58.9% female, 39.1% Black non-
Hispanic, and 42.4% obese. There were an equal number of cases
classified as normal weight (26.5%) and overweight (26.5%), and the
least number of cases in the underweight (4.6%) category. More than
half of the cohort (54.3%) were persons who injected drugs (PWID).
Most subjects attained an education level of some high school (31.1%)
or graduated high school (26.5%) (see Table 1).

Category N (%) Mean Methadone Dose (mg/day)
Gender

Female 89 (58.9) 83.12
Male 62 (41.1) 84.42
Race/Ethnicity

Hispanic (H) 34 (22.5) 90.5
Black non-Hispanic (BNH) 59 (39.1) 7762
White non-Hispanic (WNH) 55 (36.4) 85.9°
Asian non-Hispanic 1(0.7) 5.0
Other non-Hispanic 2(13) 94.0
Age Ranges

21-35 23(15.2) 80.5°
36-40 18 (11.9) 84.72
41-45 12 (7.9) 98.3
46-50 21(13.9) 95.1
51-55 26 (17.2) 7312
56-60 26 (17.2) 76.1
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61-65 16 (10.6) 88.02
66-85 9(6.0) 73.2%
BMI

Underweight 7 (4.6) 56.72*
Normal Weight 40 (26.5) 81.92
Overweight 40 (26.5) 87.7¢
Obese 64 (42.4) 91.12
Diabetes 26 (17.2) 82.0
No Diabetes 125 (82.8) 84.02
Persons Who Inject Drugs (PWID) 82 (54.3) 84.2°
Persons Who Did Not Inject Drugs (NON-PWID) 69 (45.7) 83.0°
Education

Elementary School [K-5th grade] 1(0.7) 140.0
Middle School [6-8th grade] 7 (4.6) 95.0
Some High School [9-12th grade] 47 (31.1) 85.2?
High School Graduate 40 (26.5) 85.72
GED or equivalent 11 (7.3) 83.2
Some College (No Degree) 26 (17.2) 91.6°
Associate Degree or Certificate (Occupational, Technical, or Vocational Programme) 4 (2.6) 80.0
Associate Degree (Academic Programme) 3(2.0) 123.3
Bachelor’s degree (example: BA, AB, BS, BBA) 8 (5.3) 69.9
Master’s degree (example: MA, MS, MEng, MEd, MBA, MPH) 3(2.0) 63.3
Professional School Degree (ex: MD, DDS, DVM, JD) 1(0.7) 70.0

Note: 5 subjects reported that methadone was not a part of their treatment regimen, therefore for mean methadone calculations n=146.
Demographics for the 5 subjects not on methadone who are excluded from the above table:

Subject 1 - WNH female, non-diabetic, PWID, 21 years-old, normal weight, high school graduate.

Subject 2 - WNH female, non-diabetic, non-PWID, 54 years-old, normal weight, some high school [9-12 grade].

Subject 3 - BNH female, non-diabetic, non-PWID, 36 years-old, obese, high school graduate.

Subject 4 - BNH male, non-diabetic, PWID, 61 years-old, overweight, some college (no degree).

Subject 5 - BNH female, non-diabetic, PWID, 66 years-old, underweight, some high school [9-12™" grade].

2 One or more subjects in this category are excluded in this mean, as they did not use methadone.

*: In a two-sample independent t-test of equal variance with normal weight as a control, two-tailed p <0.1.

Mean methadone doses were reported for the N=146 subjects (see Table
1) and the 5 subjects not included in this analysis reported methadone
was not a part of their treatment. The highest mean methadone dose was
in Hispanic (90.5 mg/day, N=34) and other non-Hispanic subjects (94.0
mg/day, N=2) and the only Asian subject had the lowest dose (5.0
mg/day). Compared to the rest of the age ranges, 41-45 had the highest
dose (98.3 mg/day) and 51-55 had the lowest dose (73.1 mg/day). In a
two-sample independent t-test with pooled variance and normal weight
as a control, the two-tailed p=0.09 [29, 30].

Our study compared the observed BMI prevalence rates of the drug user
cohort (N=151) to the expected prevalence rates calculated from
NJBRFS and NHIS survey data (see Table 2). Overall, underweight was
significantly more prevalent (NJBRFS: SPR=3.52, p=0.009 and NHIS:
SPR=3.98, p=0.005), overweight was significantly less prevalent
(NJBFRS: SPR=0.70, p=0.024), and obesity was significantly more
prevalent (NJBRFS: SPR=1.30, p=0.049) among the drug users than in
the population. Black non-Hispanics in the cohort were significantly

J Food Nutr Metabol doi:10.31487/j.JFNM.2022.01.01

more likely to be underweight compared to the NJBRFS data
(SPR=6.71, p=0.007) and NHIS data (SPR=7.36, p=0.005). Males in the
cohort were significantly more likely to be underweight (NJBRFS:
SPR=7.44, p=0.016 and NHIS: SPR=7.69, p=0.015). Females were
significantly more likely to be obese compared to the NJBRFS data
(SPR=1.44, p=0.026).

Subjects aged 66-85 had a higher underweight prevalence compared to
NHIS data (SPR=13.91, p=0.019). Subjects >50 were significantly more
likely to be underweight (NJBRFS: SPR=4.03, p=0.037 and NHIS:
SPR=4.89, p=0.020). In comparison, subjects < 50 were more likely to
be overweight (SPR=0.61, p=0.043) and obese (SPR=1.68, p=0.005)
compared to NJBRFS data. PWID had a significant higher underweight
prevalence (NJBRFS: SPR=4.15, p=0.016 and NHIS: SPR=4.37,
p=0.013) and non-PWID had a significantly higher overweight
prevalence (NJBRFS: SPR=0.58, p=0.027). Tables 4 &5 detail Obs/Exp
ratios, two-tailed p-value and 95% CI.
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Table 2: BMI Comparison: Drug User Cohort to NJBRFS and NHIS data. (N = 151).

BMI Classification
Underweight Normal Weight Overweight Obese
Category Cohort NJBRFS NHIS Cohort NJBRFS  NHIS  Cohort NJBRFS  NHIS Cohort NJBRFS NHIS
Obs (% Obs (% of Obs (% of Obs (%
of 151) Obs/Exp Obs/Exp 151) Obs/Exp ~ Obs/Exp 151 Obs/Exp  Obs/Exp of 151) Obs/Exp Obs/Exp
64
Overall 7(4.6) 3.52** 3.98** 40(26.5) 0.93 1.00 40 (26.5) 0.70* 0.79 (42.40) 1.30* 1.01
17
Hispanic 1(0.7) 258 552 7 (4.6) 0.84 091  9(6.0) 0.61 0.66 (11.3) 1.62 1.37
Black NH 4(2.6) 6.71** 7.36** 14 (9.3) 1.20 117 14 (9.3) 0.63 0.73 ?177 9) 111 0.99
19
White NH 2(1.3) 2.34 221 19 (12.6) 087 100 [ 15(9.9) 0.80 0.87 126) 1.40 1.06
21
Male 3(2.0) 7.44** 7.69* 16 (10.6) 1.22 113 22 (14.6) 0.76 0.84 (139) 1.08 0.99
4
Female  4(2.65) 252 2.92 24(159) 081 092  18(119) 065 0.73 (238 5) 144* 116
21-35 1(0.7) 1.83 1.91 9 (6.0) 0.84 095  4(2.6) 0.59 0.63 9(6.0) 181 1.35
36-40 1(0.7) 5.26 6.65 4 (2.6) 0.80 0.85 5(3.3) 0.66 0.72 8(5.3) 154 1.28
41-45 1(0.7) 9.26 7.78 4(2.6) 1.04 118 2(L3) 0.46 0.50 5(3.3) 136 1.12
46-50 N.C. N.C N.C. 2(1.3) 0.40 0.47 5(3.3) 0.64 0.70 14(9.3) 1.76 1.48
51-55 1(0.7) 357 5.20 8(5.3) 1.25 137 6(4.0) 0.62 0.70 11(7.3) 1.14 0.97
56-60 1(0.7) 253 4.06 7 (4.6) 1.16 123 7(46) 0.70 0.80 11(7.3) 1.16 0.97
61-65 NC. N.C. N.C. 4(2.6) 1.01 092  7(4.6) 1.04 1.24 5(3.3) 0.99 0.87
66-85 N.C. N.C. 13.91* 2(1.3) 1.03 0.83 N.C. N.C. 1.16 1(0.7) 031 0.33
Younger
Grou_p 3(2.0) 3.01 3.18 18(11.9) 0.74 0.87 16 (10.6) 0.61* 0.66 36 1.68** 134
(Subjects (23.8)
<50)
Older
Group 4 26 403~ 489~  22(146) 118 115  24(159) 079 0o1 28 101 089
(Subjects ' ' ' ' ' ' ' ' ' (18.5) ' '
>50)
2
PWID 5(3.3) 4.15* 4.37* 23(152) 0.75 0.94 25 (16.6) 0.81 0.91 (fg 2) 122 1.01
Non- 17 2.55 3.27 15(9.9)  1.02 109  35(232)  058* 0.65 4(26) 138 1.19
PWID (11.2) ' ' ' ' ' ' ' ' ' ' '

Note: Standardized Prevalence Ratios were calculated to examine differences between drug user cohort, NJBRFS, and NHIS data. Boldface indicates
statistical significance in two-tailed Fisher exact test (* p <0.05 and ** p < 0.01).

PWID: Persons who inject drugs.

N.C.: Non-Calculable due to absence of data in the reference database, which excluded data when those databases had small numbers of persons in the cells;

NH: Non-Hispanic.

The results of two risk ratio analyses comparing BMI categories for
regular cannabis use and alcohol use respectively are presented in (Table
3). 51.7% of our cohort reported using cannabis regularly (see Table 3).
Obese subjects were less likely to be regular cannabis users (RR=0.65,

J Food Nutr Metabol doi:10.31487/j.JFNM.2022.01.01

p=0.011, 95% CI: 0.47-0.90). Our cohort comprised heavy drinkers
(44.4%), light/moderate drinkers (27.8%), and abstainers (27.8%).
Obese subjects were less likely to be heavy drinkers (RR=0.63, p=0.030,
95% ClI: 0.43-0.91).

Volume 5(1): 5-11



Body Mass Index Trends among a Cohort of Subjects Enrolled in Medication-Assisted Treatment Programmes for Opioid Use Disorder

Table 3: The Association of BMI with Regular Cannabis Use and Alcohol Use.

Regular Cannabis Use Alcohol Use
BMI Category Never Regular Regular Cannabis Use RR for weight Abstained Light/ Heavy RR for weight category (heavy alcohol
Cannabis Use (N=78) category (N=42) Moderate (N=67) use vs. abstained)
(N=73) (N=42)
Underweight 3(2.0) 4(2.6) 0.76 3(2.0) 2(13) 2(13) 0.27
Normal Weight 14 (9.3 26 (17.2) 7(4.6) 10 (6.6) 23(15.2)
Overweight 16 (10.6) 24 (15.9) 0.90 10 (6.6) 9 (6.0) 21(13.9) 0.81
Obese 40 (26.5) 24 (15.9) 0.65* 22 (14.6) 21(13.9) 21 (13.9) 0.63*
Note: Risk ratio was calculated in comparison to “normal weight” as the reference group.
Boldface indicates statistical significance through two-tailed Fisher exact test, p <0.05.
Regular Cannabis Use RR compares risks of BMI categories Underweight, Overweight and Obese to Normal Weight between regular cannabis users and never cannabis users.
Alcohol Use RR compares risks of BMI categories Underweight, Overweight, and Obese to Normal Weight between heavy alcohol users and abstainers.
Table 4: BMI comparison: Drug User Cohort to NJBRFS Data. (N=151).
BMI Classifications
Underweight Normal Weight Overweight Obese
Cohort NJBRFS Cohort NJBRFS Cohort NJBRFS Cohort NJBRFS
Obs (% of 151) |Exp |Obs/Exp |p-value |95% CI Obs (% of 151) |Exp |Obs/Exp |p-value|95% CI |Obs (% of 151) [Exp |Obs/Exp|p-value|95% ClI |Obs (% of 151) |Exp |Obs/Exp |p-value|95% CI
Overall |7 1.99 3.52 0.009** [1.41-7.25 |40 (26.5) 429093 0.731 |0.67-1.27 |40 (26.5) 56.810.70 0.024* |0.50-0.96 |64 49.3(1.30 0.049* |1.00-1.66
(4.6) (42.4)
Hispanic |1 0.39|2.58 0.642 |0.07-14.40 |7 8.30(0.84 0.824 |0.34-1.74 |9 (6.0) 14.7|0.61 0.158 |0.28-1.16 |17 (11.3) 10.5(1.62 0.081 [0.94-2.59
(0.7) (4.6)
Black NH |4 0.60(6.71 0.007** {1.83-17.18 |14 (9.3) 11.7]1.20 0.578 |0.65-2.01 |14 (9.3) 22.3]0.63 0.084 |0.34-1.05 |27 (17.9) 2441111 0.649 [0.73-1.61
(2.6)
White NH |2 0.86|2.34 0422 (0.28-8.45 |19(12.6) 21.8|0.87 0.642 |0.52-1.36 |15 (9.9) 18.8|0.80 0.463 |0.45-1.32 |19 (12.6) 13.6(1.40 0.194 |0.84-2.18
(1.3)
Male 3 0.40|7.44 0.016* [1.54-21.76 |16 (10.6) 131(1.22 0.496 |0.70-1.98 |22 (14.6) 29.010.76 0.224 |0.48-1.15 |21 (13.9) 19.5(1.08 0.789 |0.67-1.65
(2.0)
Female |4 1.59|2.52 0.154 |0.69-6.45 |24 (15.9) 29.8|0.81 0.334 |0.52-1.20 {18 (11.9) 27.910.65 0.063 |0.38-1.02 |43 (28.5) 29.8|1.44 0.026* |1.05-1.95
(2.6)
21-35 1 0.55(1.83 0.844 ]0.05-10.17 |9 10.70.84 0.750 |0.38-1.60 |4 (2.6) 6.7910.59 0.386 |0.16-1.51 |9 497181 0.132 |0.83-3.44
(0.7 (6.0) (6.0
36-40 1 0.19|5.26 0.346 |0.13-29.33 |4 5.02|0.80 0.875 |0.22-2.04 |5 (3.3) 7.6010.66 0.461 |0.21-1.54 |8 5.18|1.54 0.306 [0.67-3.04
(0.7) (2.6) (53)
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41-45 1 0.11(9.26 0.205 |0.23-51.59 |4 3.83(1.04 1.000 |0.28-2.67 |2(1.3) 4.38|0.46 0.376 |0.06-1.65 |5 3.68(1.36 0.619 |0.44-3.17
(0.7) (2.6) (33)
46-50 N.C. N.C |N.C. N.C. N.C. 2 4.9910.40 0.250 [0.05-1.45 |5 (3.3) 7.86|0.64 0.409 |0.21-1.49 |14 (9.3) 7.96|1.76 0.066 |0.96-2.95
. (1.3)
51-55 1 0.28 (3.57 0.488 |0.09-19.90 |8 6.40 (1.25 0.626 |0.54-2.46 |6 (4.0) 9.66 [0.62 0.306 |0.23-1.35 |11 (7.3) 9.64(1.14 0.743 |0.57-2.04
(0.7) (53)
56-60 1 0.40(2.53 0.653 |0.06-14.11 |7 6.05(1.16 0.803 |0.47-2.38 |7 (4.6) 10.1/0.70 0.429 |0.28-1.43 |11 (7.3) 9.491.16 0.706 |0.58-2.08
(0.7) (4.6)
61-65 N.C. N.C |N.C. N.C. N.C. 4 3.97(1.01 1.000 |0.27-2.58 |7 (4.6) 6.7411.04 1.000 |0.42-2.14 |5 5.080.99 0.794 |0.32-2.30
. (2.6) (3.3
66-85 N.C. N.C |N.C. N.C. N.C. 2 1.95(1.03 1.000 [0.12-3.71 |N.C. N.C [N.C. N.C. [N.C. 1 3.2610.31 0.327 (0.01-1.71
. (1.3) . (0.7)
Younger |3 1.00(3.01 0.160 |0.62-8.79 |18 (11.9) 24.2(0.74 0.239 |0.44-1.18 |16 (10.6) 26.3]0.61 0.043* |0.35-0.99 |36 (23.8) 2141168 0.005* {1.18-2.32
Group (2.0 *
(Subjects
<50)
Older 4 0.99 [4.03 0.037* |1.10-10.31 |22 (14.6) 18.7|1.18 0.501 |0.74-1.78 |24 (15.9) 30.5(0.79 0.274 |0.50-1.17 |28 (18.5) 278101 1.000 (0.67-1.46
Group (2.6)
(Subjects
>50)
PWID 5 1.21(4.15 0.016* |1.35-9.68 |23(15.2) 30.7|0.75 0.183 |0.47-1.12 |25 (16.6) 30.7|0.81 0.345 [0.53-1.20 {29 (19.2) 23.8(1.22 0.334 |0.82-1.75
(33)
Non- 2 0.79]2.55 0.372 |0.31-9.20 |17 (11.3) 16.7 (1.02 1.000 |0.59-1.63 |15 (9.9) 26.1|0.58 0.027* [0.32-0.95 |35 (23.2) 25411.38 0.083 |0.96-1.91
PWID (1.3)

Note: Standardized Prevalence Ratios were calculated to examine differences between drug user cohort and NJBRFS data. Boldface indicates statistical significance in two-tailed Fisher exact test (* p <0.05 and ** p < 0.01).
PWID: Persons Who Inject Drugs; N.C.: Non-Calculable due to insufficient data; NH: Non-Hispanic.

Table 5: BMI comparison: Drug User Cohort to NHIS Data. (N=151).

BMI Classification

Underweight Normal Weight Overweight Obese
Cohort NHIS Cohort NHIS Cohort NHIS Cohort NHIS
Obs (% of 151) |[Exp |Obs/Exp|p-value |95% CI Obs (% of 151) |Exp |Obs/Exp |p-value|95% CI  |Obs (% of 151) |[Exp |Obs/Exp |p-value|95% CI |Obs (% of 151) |Exp |Obs/Exp |p-value|95% CI
Overall |7 1.76 |13.98 0.005** 11.60-8.19 |40 (26.5) 40.2|1.00 0.936 |0.71-1.36 |40 (26.5) 50.80.79 0.141 |0.56-1.07 |64 (42.4) 58.3|1.01 0.488 [0.85-1.40
(4.6)
Hispanic |1 0.18 |5.52 0.332 |0.14-30.73 |7 7.66(0.91 0.997 |0.37-1.88 |9 13.7|0.66 0.246 [0.30-1.24 {17 (11.3) 12.4(1.37 0.253 |0.80-2.19
(07 (4.6) (6.0)
Black 4 0.54 |7.36 0.005** |2.00-18.83 |14 12.0(1.17 0.633 |0.64-1.96 (14 (9.3) 19.1(0.73 0.287 |0.40-1.23 |27 (17.9) 27.410.99 0.952 |0.65-1.44
NH (2.6 (9:3)
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White 2 091221 0459 ]0.27-7.98 |19 (12.6) 19.0(1.00 0.883 |0.60-1.56 |15 (9.9) 17.2|0.87 0.708 |0.49-1.44 |19 (12.6) 17.9/1.06 0.853 [0.64-1.66

NH 1.3

Male 3 0.39(7.69 0.015* |1.59-22.48 |16 (10.6) 141(1.13 0.685 |0.65-1.84 |22 (14.6) 26.2(0.84 0.477 ]0.53-1.27 |21 (13.9) 21.3]0.99 0.931 |0.61-1.51
(2.0

Female |4 1.3712.92 0.101 |0.80-7.48 |24 (15.9) 26.0(0.92 0.786 |0.59-1.37 |18 (11.9) 24.6(0.73 0.213 |0.43-1.16 |43 (28.5) 37.0|1.16 0.365 [0.84-1.57
(2.6)

21-35 1 052191 0.814 |0.05-10.66 |9 9.4910.95 0.955 [0.43-1.80 |4 6.34|0.63 0.484 |0.17-1.62 |9 6.64|1.35 0.452 |0.62-2.57
0.7) (6.0) (2.6) (6.0)

36-40 1 0.15(6.65 0.279 |0.17-37.07 |4 4.69(0.85 1.000 (0.23-2.19 |5 6.90(0.72 0.627 [0.24-1.69 |8 6.26|1.28 0.586 [0.55-2.52
(0.7 (2.6) (33 (53)

41-45 1 0.13(7.78 0.241 ]0.20-43.33 |4 3.39(1.18 0.878 [0.32-3.02 |2 4.01/0.50 0.472 |0.06-1.80 |5 447(1.12 0.924 [0.36-2.61
0.7 (2.6) 13 (33

46-50 N.C. N.C.|N.C. N.C. N.C. 2 4.30(0.47 0.396 [0.06-1.68 |5 7.12|0.70 0.571 |0.23-1.64 |14 (9.3) 9.4411.48 0.197 (0.81-2.49

(13) (33

51-55 1 0.19 (5.20 0.350 |0.13-28.97 |8 5.85(1.37 0.470 [0.59-2.70 |6 8.56|0.70 0.499 |0.26-1.53 |11 (7.3) 11.4(0.97 0.936 |0.48-1.73
0.7) (5.3) (4.0)

56-60 1 0.25 |4.06 0436 |0.10-22.64 |7 5.72(1.23 0.696 [0.49-2.52 |7 8.7410.80 0.710 |0.32-1.65 |11 (7.3) 11.3]0.97 0.912 [0.49-1.74
0.7) (4.6) (4.6)

61-65 N.C. N.C.|N.C. N.C. N.C. 4 4.34|0.92 0.874 |0.25-2.36 |7 5.661.24 0.679 |0.50-2.55 |5 5.76 |0.87 1.000 |0.28-2.02

(2.6) (4.6) (33

66-85 2 0.14 1391 |0.019* |1.68-50.24 |2 2.4010.83 0.860 [0.10-3.01 |4 3441116 0.902 |0.32-2.98 |1 3.01|0.33 0.394 |0.01-1.85
13 13 (2.6) (0.7

Younger |3 0.94 (3.18 0.140 |0.66-9.30 (19 (12.6) 21.9|0.87 0.633 [0.52-1.36 |16 (10.6) 24.410.66 0.097 |0.38-1.07 |36 (23.8) 26.8(1.34 0.104 |0.94-1.86

Group [(2.0)

(Subjects

<50)

Older 4 0.82 4.89 0.020* [1.33-12.53 |21 (13.9) 18.3|1.15 0.587 |0.71-1.75 |24 (15.9) 26.4|0.91 0.731 |0.58-1.35 |28 (18.5) 31.5|0.89 0.611 [0.59-1.29

Group |((2.6) 113

(Subjects

>50)

PWID 5 1.15|4.37 0.013* [1.42-10.19 (23 (15.2) 2451094 0.864 [0.60-1.41 |25 (16.6) 275|091 0.719 [0.59-1.34 |29 (19.2) 28.8|1.01 1.000 |0.67-1.45
(33

Non- 2 0.61(3.27 0.252 |0.40-11.80 |17 (11.3) 15.7(1.09 0.800 |0.63-1.74 |15 (9.9) 23.3|0.65 0.094 |0.36-1.06 |35 (23.2) 295|1.19 0.353 [0.83-1.65

PWID [(1.3)

Note: Standardized Prevalence Ratios were calculated to examine differences between drug user cohort and NHIS data. Boldface indicates statistical significance in two-tailed Fisher exact test (* p <0.05 and ** p <0.01).
PWID: Persons Who Inject Drugs; N.C.: Non-Calculable due to insufficient data; NH: Non-Hispanic.
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Table 6: The Association of BMI with Regular Cannabis Use and Alcohol Use.

Regular Cannabis Use Alcohol Use
BMI Regular_ Never Regular 95% Abstained Light Heavy 95%
Cannabis Use Cannabis Use RR p-value Moderat RR p-value
Category Cl (N=42) (N=67) Cl
(N=78) (N=73) e (N=42)
Underweig 0.19- 0.05-
ht 4(2.6) 3(2.0) 0.76  0.998 208 3(2.0) 2(1.3) 2(1.3) 0.27 0.256 136
Normal
Weight 26 (17.2) 14 (9.3) 7(4.6) 10 (6.6) 23(15.2) ----
. 0.58- 0.49-
Overweight 24 (15.9) 16 (10.6) 090 0.818 1.40 10 (6.6) 9 (6.0) 21(139) 081 0.624 134
0.47- 0.43-
Obese 24 (15.9) 40 (26.5) 065 0.011* 0.90 22 (14.6) 21(139) 21(139) 0.63 0.030* 0.91

Note: Risk ratio was calculated. Boldface indicates statistical significance through two-tailed Fisher exact test, p <0.05.

Confidence interval calculated as Taylor Series.

Regular Cannabis Use RR compares BMI categories Underweight, Overweight, and Obese to Normal Weight.
Alcohol Use RR compares BMI categories Underweight, Overweight, and Obese to Normal Weight.

Discussion

Our study found significant differences in BMI prevalence in subjects
enrolled in MAT programmes compared to state and national trends. We
found a higher overall prevalence of overweight (26.5%) and obese
(42.4%) individuals in our cohort compared to state surveillance data.
Additionally, the overall underweight prevalence (4.6% of the study
population) was significantly higher in our cohort compared to state and
national data. These trends may provide insight for future physicians to
assess high-risk factors for proper prevention and intervention.

We were surprised to find unexpected racial and ethnic trends that were
strikingly different among these OUD than among state and national
surveillance populations. National studies examining BMI show Black
non-Hispanic adults have higher prevalence of overweight and obesity.
In contrast, Black non-Hispanic cohort subjects were significantly more
likely to be underweight than what was predicted by either NJBRFS
(SPR=6.71, p=0.007) or NHIS data (SPR=7.36, p=0.005) [31, 32].
Additionally, half of the Hispanic subjects were obese. Hispanic subjects
comprised a little over a fifth of the cohort population and although in
our study the observed obesity prevalence in adult Hispanic subjects was
not statistically significant, it was higher than reported in other studies
done in the general adult Hispanic population of New Jersey (27.5%)
and in the US (42.5%) [33].These findings highlight the need to screen
and treat OUD as part of a strategy to manage the opioid and obesity
epidemic. Age, race, and ethnicity should be used to stratify risk in
individuals with OUD, especially considering their increased likelihood
for more severe disease and mortality from contracting infections like
COVID-19 and HIV.

Gender differences observed may be a result of different drug use
history, age of initiation, duration, and type of drugs utilized. Our study
found men tended to be more underweight than NJBRFS (SPR=7.44,
p=0.016) or NHIS (SPR=7.69, p=0.015) rates, similar to a comparable
study conducted among male drug addicts vs non-addicts in Dhaka,
Bangladesh [34]. In contrast, females in our study had a higher
prevalence of obesity than those calculated from NJBRFS data
(SPR=1.44, p=0.026). This phenomenon could be due to the fact that

J Food Nutr Metabol doi:10.31487/j.JFNM.2022.01.01

older women are more likely to have a different drug use history than
men, leading to a different set of health outcomes in the long term. For
example, a 2014 study on the gender differences in self-reported BMI in
drug users in Latin America found a positive BMI correlation with older
women who were more likely to use over-the-counter analgesics and
tranquilizers [35]. In the United States, which is a developed country,
there is an inverse relationship between education and obesity observed
especially for women [36]. Low education level is one of many
socioeconomic factors that have been shown to be strong predictors for
the risk of obesity [36, 37].

Persons who inject drugs (PWID) comprise 54.3% of our drug user
cohort, all of whom have a history of opioid addiction. Previous studies
have associated PWID using opioids with being underweight [34, 38,
39]. One plausible explanation may be that opioids may take precedence
over seeking nutritional food, leading to long-term poor dietary patterns
and nutritional deficiency [34, 38]. The combination of being a PWID
and underweight poses a significant health risk. Nutritional deficiencies
and malnourishment increase susceptibility to infections. Particularly
with PWID, the risk and management of HIV is of great concern [34, 38,
40].

In drug cohort studies during the 1980s, the opioid epidemic was
primarily manifested among PWID. However, the opioid epidemic has
evolved, perhaps explaining the increase in non-PWID seen in our
current cohort. Addiction to post-surgical pain medications has emerged
as a common introduction to OUDs. Purity of street opioids has
increased, minimizing the extent to which tolerance builds, and costs
have plummeted. The introduction of fentanyl to the illegal drug markets
has provided many with extreme highs and increasing mortality. In line
with the changing demographics of the opioid epidemic, the younger
group, who are more likely to have non-PWID patterns of use, showed
increased tendency to be overweight (SPR=0.61, p=0.043) or obese
(SPR=1.68, p=0.005) than the New Jersey population from NJBRFS.
We found the older group (subjects > 50 years old), who tended to use
more injection opioids than the younger group (subjects < 50 years old).
Older subjects were also more likely to be underweight than rates
calculated from NJBRFS and NHIS data (SPR=4.03, p=0.037 and
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SPR=4.89, p=0.02 respectively). In our data persons who did not inject
drugs (non-PWID), which are 45.7% of our cohort, were more likely to
be overweight compared to general population calculated from NJBRFS
data (SPR=0.58, p=0.027). This is a surprising result, since previous
studies have not found a significant relationship between non-PWID and
BMI [39].

Our study found that obese subjects were less likely to be regular
cannabis users than subjects of normal weight (p=0.011). Cannabis is
thought to be an appetite stimulant in low-weight individuals; a
phenomenon colloquially termed as “the munchies” [41]. Overeating
could be in competition with cannabis in brain reward sites [42]. Our
finding suggests that the effect of regular cannabis use may not be a
primary contributing factor to the increased obesity prevalence in this
cohort; instead, the increased obesity prevalence observed in this cohort
is likely multifactorial. Several studies have reported alcohol
consumption to be associated with an increased BMI, however in our
study we found obese individuals were less likely to be heavy drinkers
(p=0.030) [38, 43]. Barry et al. found BMI is positively associated with
a lifetime risk for alcohol abuse in men and inversely associated with the
risk of drinking in the last year for women [43]. Patterns of drinking such
as frequency and quantity (ex. binge drinking) must be key
considerations in epidemiological research studying alcohol and BMI
and illicit drug use [43].

Limitations

Our paper describes significant epidemiological trends, that have crucial
clinical applications. Since this is a prevalence study, we did not collect
data regarding environmental factors such as physical activity, nutrition,
and dietary habits, all of which are implicated in the etiology of obesity.
Future studies should examine the causal relationships between weight
gain and methadone doses as patterns differ by race/ethnicity, gender,
and age.

Since we used medical records from the MAT facilities, we were unable
to verify the consistency of weight and height measurements (i.e., time
of day, shoes on or off), which could lead to some degree of error in the
BMI calculations. Further, for this analysis we only used the BMI data
we had closest to the date of interview, meaning that trends were not
assessed. In future surveys, patients should be asked to recall their
weight at different points in their lives. Having two points of BMI
measurement, one at the time of enrollment and one several years later,
would allow documentation of longitudinal changes in BMI trends. Also,
BMI cannot account for differences in body makeup, so a fat percentage
should also be calculated for each patient.

It is possible that there is some bias in the sampling of the survey data
used. For NHIS in particular, 90% of selected participants chose to
respond, but the 10% who chose not to, could not be replaced; therefore,
their demographics may be underrepresented. It is impossible for us to
determine in which direction this would cause the data to be skewed.

Conclusion

We found varying BMI trends by race/ethnicity, gender, and age in
patients with OUD on methadone enrolled in MAT programmes. The

J Food Nutr Metabol doi:10.31487/j.JFNM.2022.01.01

prevalence of obesity in females was much higher than in the US
population. Also, subjects less than 50 years old were significantly more
overweight and obese compared to New Jersey. Surprisingly, persons
who did not inject drugs were more overweight. Prevalence of
underweight was significantly higher among Black non-Hispanic
minorities, males, older subjects aged 66-85, and persons who inject
drugs. The BMI variation by race/ethnicity, gender, and age suggests a
need for tailoring screening and prevention strategies. MAT clinics and
primary care providers must identify vulnerable OUD patients and
provide them with education on risk mitigation and implement
interventions to improve health outcomes.
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