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Summary

Background—The Endocrine Society Clinical Practice Guidelines recommend the avoidance
of medications that may cause weight gain (i.e., obesogenic medications) in individuals with
overweight or obesity. Obesity disproportionately affects people with lower socioeconomic status
(SES); however, it is unknown whether the use of obesogenic medications differs by SES.

Methods—We included adults with overweight or obesity and used prescription medications
from 2009-2018 of the US National Health and Nutrition Examination Survey. We examined

the associations between a composite measure of SES and use of obesogenic medications and anti-
obesity medications. The composite SES included <high school education (1 point), household
income below federal poverty level (1 point), no insurance (2 points), and public health insurance
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only (1 point). We defined 3 composite SES groups (0 [high], 1 [intermediate], and =2 points
[low]).

Findings—Among 10,673 US adults with overweight or obesity, 20.0% had low SES. Use of
obesogenic medications was common (37.7%). Low (vs. high) SES was associated with greater
obesogenic medication use, independent of demographic characteristics, prescription medication
burden, and comorbidities (OR 1.3 [1.2-1.5]). Among 12,133 eligible participants, utilization of
anti-obesity medications was very low overall (0.5%) and within all SES groups (low 0.27%,
intermediate 0.71, and high 0.65%).

Interpretation—Our findings highlight common and modifiable risk factors for obesity.
Clinicians should screen patient medications for those that may cause weight gain and increase
adoption of anti-obesity medications, especially among adults living in low SES.

Funding—The National Institute of Diabetes and Digestive and Kidney Disease (R01DK115534,
K24HL 155861, and KO1DK121825).
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Obesity; Obesogenic medications; Socioeconomic status; Disparities; Pharmacoequity

Introduction

Obesity is a serious and growing public health challenge in the US and worldwide.1-2 In the
US, nearly 1 in 3 adults are overweight (body mass index [BMI] 25.0-29.9 kg/m?), 42.4%
of adults have obesity (BMI =30 kg/m?), and nearly 1 in 10 have severe obesity (BMI =40
kg/m?2).3 Overweight and obesity are associated with higher risk of mortality, an expanding
set of chronic diseases, reduced quality of life, and social disadvantages.*~’ Halting and
reversing the obesity epidemic has been a top national priority for decades yet the epidemic
continues to worsen.

The cause of obesity is multifactorial and includes genetic, physiological, behavioral,
sociocultural and environmental factors.8 Emerging evidence suggests that commonly
prescribed medications can also cause weight gain (i.e., obesogenic medications) and
may contribute to the obesity epidemic.910 Many of these medications have alternatives
without obesogenic effects. In 2015, the Endocrine Society Clinical Practice Guidelines
recommended the avoidance of obesogenic medications in patients with overweight or
obesity, if possible.11 Weight gain secondary to medications is potentially avoidable and
could be an important target of action to control the obesity epidemic. For the large
population who are overweight in the US, avoidance of obesogenic medications may lower
the risk of additional weight gain and lower the burden of obesity in the population.
Recently, Hales et al. showed that use of obesogenic medications was common and
increasing over time in the US.12

Inequalities in access to high quality medical care are documented across a wide range of
diseases.13-17 Lower socioeconomic status (SES) is associated with lower immunizations,15
lower cancer screening,® and lower quality of ambulatory and hospital care.1” However, it is
unknown whether there are inequalities in the use of obesogenic medications. As obesity
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disproportionally affects people with lower SES,18 identifying and reducing potential
disparities in obesogenic medication use could be an important step to reduce obesity.
Further, appropriate use of anti-obesity medications is another important aspect in obesity
management as these medications produce durable weight loss over and above behavioral
interventions.19

In the current study, we sought to examine whether the use of obesogenic medications
differs by SES among US adults with overweight or obesity. We also examined the use of
anti-obesity medications and examined potential difference by SES. We hypothesized that
the population with lower SES is more likely to use obesogenic medications and less likely
to use anti-obesity medications.

Data source and study population

The National Health and Nutrition Examination Survey (NHANES) data is a nationally
representative sample of the noninstitutionalized civilian residents of the US population.20
The NHANES uses a complex, stratified, multistage probability-cluster sampling design and
collected information on demographic, socioeconomic, dietary, and health-related questions.
The National Center for Health Statistics (NCHS) Research Ethics Review Board approved
NHANES. Written informed consent was obtained from all adult participants.

The population for the primary analysis included NHANES participants from 2009 through
2018 who were 20 years of age or older, nonpregnant, had overweight (BMI 25-29.9
kg/m?2) or obesity (BMI =30 kg/m?), took at least one prescription medication, and had
complete information on education, income, and insurance (Supplemental Figure 1). We
limited the study population to those with overweight or obesity because clinical guidelines
recommended avoidance of obesogenic medications in this population and not in the
population with under/normal weight.11

Exposure variables

Participants self-reported education, annual household income, and insurance status.
Education was classified as less than high school, high school graduate, some college,

or college graduate or above. Household income was classified as below vs. equal or
above federal poverty level. Health insurance status was classified as no insurance, public
insurance only (including Medicare, Medicaid, State Children’s Healthcare Plan, military
healthcare, Indian Health Service, State Sponsored Health Plan, or other government
program) or full or partial private insurance (including any private health insurance, Medi-
Gap, or single-service plan). We defined a composite SES score using the following
indicators of low SES: less than high school education (1 point), household income below
federal poverty level (1 point), no insurance (2 points) and public health insurance only (1
point). No insurance was given an extra point because no insurance may directly impact
access to prescription medication and have a larger impact on appropriate medication
management. We categorized participants into 3 composite SES groups (0, 1, and =2 low
SES points as high, intermediate, and low SES, respectively). The cutoffs of composite SES
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scores were chosen based on the approximately 50th (0) and 75th (2) percentiles of the
scores.

Outcome variables

Covariates

Prescription medication information was extracted from prescription medication data
according to the 3-level nested category system of Multum Lexicon.?! Participants were
asked during the home interview if they had taken any prescription medications in the past
month. Those who answered “yes” were asked to show the containers of all medications
to interviewers. When a container was unavailable, participants reported the name of the
medication. All medications were converted to a standard generic drug name. Obesogenic
medications were identified from current Endocrine Society Clinical Practice Guidelines,
further limited to those that has potential non-obesogenic alternatives,1:12:22 and included
certain anticonvulsants, antidepressants/antianxiety drugs, antipsychotics, beta-blockers,
corticosteroids, and antidiabetic medications (see detailed obesogenic medication list and
potential non-obesogenic alternatives in Supplemental Table 1).

Participants reported age, sex, and race/ethnic group (classified as non-Hispanic White,
non-Hispanic Black, Mexican American, or other). BMI was calculated from height and
weight (kg/m2). A priori, we chose to evaluate comorbidities that were the most common
indications for obesogenic medication use.12 Hypertension, diabetes, cardiovascular disease
(coronary heart disease, stroke, or heart failure), and arthritis were defined as a self-reported
physician diagnosis of the conditions. The presence of depressive symptoms was defined

as having five or more symptoms from the Patient Health Questionnaire, a nine-item
instrument (PHQ-9) to screen depression.23

Statistical analysis

We first examined whether the mean BMI levels differed by the composite SES groups
as well as individual SES indicators, using one-way Analysis of variance (ANOVA) tests.
Adults with normal BMI or underweight were further included with our primary study
population (i.e., adults with overweight or obesity) for this analysis.

Continuous variables were presented as mean (95% confidence interval [CI]) and categorical
variables were presented as percentage (95% CI). Differences in characteristics across SES
groups in our primary study population were compared using ANOVA test or Chi-square
test, as appropriate.

We used logistic regression models to assess the associations between SES and obesogenic
medication use. We fit an unadjusted model, a model adjusted for age, sex, race/

ethnicity, and number of prescription medications (Model 1), and a model further adjusted
for comorbidities (Model 2). We hypothesized that the associations between SES and
obesogenic medication use were mainly mediated through two pathways. First, people
with lower SES may have greater use of comorbidities such as diabetes and hypertension.
These comorbidities result in greater use of prescription medications and therefore a higher
likelihood of obesogenic medication use. Second, people with lower SES may have more
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limited access to optimal care and may have fewer opportunities to switch to non-obesogenic
alternatives (Supplemental Figure 2). To test the latter hypothesis (i.e., to determine if
limited access to optimal care partly explained obesogenic medication use among adults
living in lower SES, independent of comorbidities burden), we adjusted for number of
prescription medications (Model 1) and further adjusted for comorbidities (Model 2). Based
on the Model 2 (i.e., fully adjusted model), we plotted predicted probability of obesogenic
medication use by SES. The predicted probability of use of a specific class of obesogenic
medication was examined in the same way. Finally, since SES and race/ethnicity are closely
intertwined in the US and race/ethnicity is a social construct, we repeated the analysis
without adjusting for race/ethnicity in sensitivity analysis. We also stratified the analysis by
race/ethnicity to test if the associations between SES and obesogenic medication use were
consistent across race/ethnicity groups.

We examined a specific example of obesogenic medication use, sulfonylureas, one

of the most common obesogenic antidiabetic medications. We chose this example
because obesogenic antidiabetic medications have the largest impact on weight control
compared with other classes of obesogenic medications.24 We evaluated for differences
in sulfonylureas use by SES groups using Chi-square tests among people with diabetes,
overweight or obesity, and received non-insulin antidiabetic medications.

Analysis of anti-obesity medication use

Anti-obesity medications were defined as any one of the FDA-approved anti-obesity
medications (Supplemental Table 1). The population eligible for anti-obesity medications
included participants with a BMI =30 kg/m?, or with a BMI 27-29.9 kg/m? and at least
one obesity-related comorbidity (hypertension, diabetes, dyslipidemia, or cardiovascular
disease, Supplemental Figure 1).2% Trends of prevalence in population eligible for anti-
obesity medications were assessed using logistic regression with time being modeled as a
continuous variable. We compared the use of anti-obesity medications across SES groups
using Chi-square tests.

All analyses accounted for the complex survey design of NHANES and incorporated
survey weights.2® We used the Taylor series (linearization) method to obtain standard error
estimates and corresponding confidence intervals.2” All statistical analyses were conducted
with the use of SAS 9.4 (SAS Institute, Cary, NC) and R (www.R-project.org/).28 A two-
sided p value <0.05 was considered statistically significant.

Role of the funding source

Results

The funders have no role in study design, data collection, data analysis, interpretation, or
writing of the report.

Distribution of BMI by SES

Among 14,154 US adults who took at least one prescription medication (including all BMI
levels), 58.0% (95% ClI: 56.0, 59.9) were classified as high SES, 22.0% (20.9, 23.1) as
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intermediate SES, and 20.0% (18.4, 21.7) as low SES. The mean BMI was significantly
higher among people with lower composite SES: 29.7 (29.4, 30.0) kg/m? in the high SES
group, 30.0 (29.7, 30.3) kg/m? in the intermediate SES, and 30.6 (30.2, 31.0) kg/m? in

the low SES group (p < 0.01, Figure 1). Similarly, the mean BMI was significantly higher
among people with lower education, lower household income, and public insurance only or
no insurance (p < 0.01 for all).

Use of obesogenic medications by SES

Among 10,673 US adults with overweight or obesity and on prescription medications,
people with lower SES were older, more likely to be female, and more likely to be Mexican
American or Black (Table 1). During the study period, 37.7% (36.3, 39.0) used obesogenic
medications. Use of obesogenic medications was higher among people with lower composite
SES (low composite SES, 44.8% [42.6, 46.9]; intermediate composite SES, 45.6% [43.3,
47.9]; high composite SES, 32.3% [30.6, 34.0], p< 0.01). Commonly used obesogenic
medication classes were beta-blockers (18.2% [17.0, 19.3]), antidiabetic medications (10.7%
[9.9, 11.5], and antidepressant/antianxiety drugs (9.3% [8.6, 10.1]).

After adjusting for demographic characteristics, number of prescription medications, and
comorbidities, greater predicted probability of obesogenic medication use was observed
among people with lower SES in all survey years (Figure 2). Consistently, after adjusting
for all the covariates, low composite SES was significantly associated with greater use of
obesogenic medications (compared to high composite SES, odds ratio [OR]=1.3, 95% CI:
1.2-1.5 for low composite SES, Table 2). Similar patterns were observed when individual
SES components were analyzed separately.

Greater predicted probabilities of obesogenic antidiabetic medication, antipsychotic
medication, and anticonvulsant medication use were demonstrated among people with lower
composite SES whilst similar use of beta-blockers, antidepressants, and corticosteroids were
observed across SES levels, after adjusting for patient characteristics (Supplemental Figure
3).

SES and use of sulfonylureas

Among 1992 adults with self-reported diabetes, overweight or obesity, and who took non-
insulin antidiabetic medications, the overall prevalence of sulfonylurea use was 40.0% (36.3,
43.7), with greater use among people with lower composite SES (43.0% [38.4, 47.6];
intermediate SES 41.5% [37.0, 47.9]; and high composite SES 37.1% [32.0, 42.2], p=0.04,
Figure 3a). Greater use of sulfonylureas was observed among people with lower education
(Figure 3b, p=0.004). No significant difference in use of sulfonylureas was observed across
income or insurance (Figure 3c, d).

SES and use of anti-obesity medications

Among non-pregnant US adults, 17.7% (16.9, 18.6) had BMI between 27 and 29.9
kg/m? and 41.6% (40.2, 43.0) had BMI =30 kg/m?2. After accounting for obesity-related
comorbidities, 54.6% (53.2, 55.9) were eligible for anti-obesity medication use. The
prevalence of eligible population increased from 53.0% (51.1, 54.8) from 2009-2010
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to 57.7% (54.0, 61.4) in 2017-2018 (p for linear trend=0.001, Supplemental Figure 4).
However, use of anti-obesity medications remained very low: only 0.5% (0.3, 0.8) of eligible
population used anti-obesity medication. The use was low irrespective of SES: 0.27% (0.07,
0.48) in the low SES group, 0.71% (0.29, 1.13) in the intermediate SES group, and 0.65%
(0.28, 1.03) in the high SES group, and the differences were not statistically significant
(Figure 4a). The results were consistent by individual SES components (Figure 4b—d).

Sensitivity analysis

The results were consistent when we did not adjust for race/ethnicity (Supplemental Table 2)
and consistent across race/ethnicity groups (p for interaction=0.39, Supplemental Table 3).

Discussion

In this nationally representative study, use of obesogenic medications was common among
US adults with overweight or obesity whilst the use of anti-obesity medications was
extremely low. Use of obesogenic medications was more common among people with
lower SES, even after adjusting for differences in number of prescription medications

and comorbidities. Our results suggest that clinicians need to carefully screen patients’
medications for those that may cause weight gain and increase prescription of anti-obesity
medications, especially among adults living with low SES.

Overweight and obesity are associated with higher risk of chronic diseases such as
hypertension, diabetes, and cardiovascular disease.8 Some of the most frequently prescribed
medications for these conditions, such as beta-blockers and sulfonylureas, are obesogenic.1!
Use of obesogenic medications is associated with lower chance of achieving successful
weight loss after both behavioral interventions and bariatric surgery and may contribute to
the obesity epidemic.910:24.29.30 | response to these data, the Endocrine Society Clinical
Practice Guidelines recommend leptogenic medications (i.e., medications that promote
weight loss) and weight-neutral medications as alternatives to obesogenic medications for
people with overweight or obesity.11 However, our results showed that almost 40% of
people with overweight or obesity took at least one obesogenic medication, even when there
were non-obesogenic alternatives. Indeed, we found that sulfonylureas remained commonly
used among people with diabetes and overweight or obesity, despite there being myriad
non-obesogenic alternatives such as dipeptidyl peptidase-4 inhibitors, sodium glucose co-
transporter 2 inhibitors (SGLT2i), and glucagon-like peptide 1 receptor agonists (GLP1RA).
Even though others have shown a decrease in the use of sulfonylureas and an increase

in SGLT2i and GLP1RA over time,3! we found that sulfonylurea use was still common
among people with overweight or obesity, suggesting better pharmacotherapy strategies are
needed. Our work should raise awareness about the obesogenic effect of some commonly
used medications and call for closer scrutiny of medical regimens. The work also calls for
efforts to increase utilization of weight-neutral or leptogenic alternatives and to minimize the
dose and duration of obesogenic medication, if possible, when alternatives are not available.

In contrast to the use of obesogenic medications, the utilization of anti-obesity medications
was extremely low. This finding is consistent with a previous study using outpatient
visit data in the US.32 Our findings highlight substantial gaps between guideline
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recommendations and the real-world use of anti-obesity medications. A previous survey
suggested that physicians may have a limited knowledge of evidence-based guideline
recommendations for obesity management, including pharmacotherapy, and the limited
knowledge may contribute to the low utilization of anti-obesity medications.33 Other factors
that may have contributed to the low use of anti-obesity medications may include obesity-
related bias and stigma, limited resources, and the competing demands of managing other
chronic conditions common in obesity.3* Our work emphasizes the need to increase the
adoption of anti-obesity medications.

We demonstrated that use of obesogenic medications was more common in adults with
lower SES, who have a disproportionately higher burden of obesity.18 Inequalities in quality
of care as well as medication management by SES are well documented.13 To improve
equity in health care, Essien et al.35 proposed the goal of “pharmacoequity” and called

for access to the highest-quality of medications regardless of race and ethnicity, SES,

or availability of resources.3> Our data emphasized potential socioeconomic disparities in
obesogenic medication use. Factors including limited access to care, medication cost, and
differential quality of care can drive disparities in medication management.3® For patients
with low-quality insurance, increased administrative demands such as prior authorization
requirements may result in prescriber’s hesitation to use more non-obesogenic alternatives.
In addition, alternatives are often more expensive for the patient: SGLT2i and GLP1RA
resulted in annual out-of-pocket costs for those with Medicare Part D plans in 2019 of $1298
to $1615, and $2102 to $2520, respectively, compared to $31 for sulfonylureas.3® Pricing

is further complicated by the use of rebates and discounts provided by the pharmaceutical
industry.3” In addition, patients with lower SES tend to have lower health literacy and lower
trust of the health care systems,38 while clinicians tend to believe that patients with lower
SES are less likely to comply with medical advice.3? Similar barriers may drive the low
uptake of anti-obesity medications.34 Innovative solutions that address access to care, cost,
and quality of care are needed to achieve pharmacoequity.

Our study has strengths. The NHANES is a national representative survey and provides
national representative estimates. To our knowledge, our study is the first to systematically
evaluate use of obesogenic medications as well as anti-obesity medications by SES. Our
study also has limitations. First, there is no consensus list of obesogenic medications.
There may be misclassification of medication due to lack of evidence and may result in

an underestimated obesogenic medication use.22:40.41 Similarly, there is no high-quality
evidence on weight change effects of some leptogenic and weight-neutral alternatives.*2
Future studies are needed to provide more high-quality evidence on weight change

effect of commonly used medications. Second, it is worth emphasizing that some
obesogenic medications may be unavoidable for certain therapeutic purposes, such as
corticosteroids for autoimmune disease. We were not able to differentiate whether the use
of obesogenic medications had non-obesogenic alternatives for each individual patient’s
clinical scenario. Nevertheless, the high prevalence of obesogenic medication use in people
with overweight or obesity should prompt scrutiny of medications. Third, self-reported
use of prescription medications was not necessarily verified with medication bottles for

all NHANES participants. A previous study reported that 20% of prescription medications
in NHANES were not confirmed with a medication bottles.*3 Fourth, only prescription
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medication use in the prior 30 days of interview was asked. Therefore, we were not

able to examine prescription medication before this period and may have underestimated
obesogenic medication use. Fifth, information about over-the counter medications was

not available. Sixth, comorbidities were self-reported in the survey, and we only adjusted
for certain comorbidities due to data availability. Seventh, we may have underestimated
populations eligible for anti-obesity medications as information about some obesity-related
comorbidities was not available in NHANES data (e.g., obstructive sleep apnea). Eighth,
the sample size for sulfonylurea and anti-obesity medication use analysis was relatively
small and limited our ability to capture differences by SES. Ninth, we did not have
information about prescription medication coverage by insurance, which may impact
medication utilization patterns. In addition, we could not examine the association by states.
The association between SES and use of obesogenic and anti-obesity medications may vary
across states with different insurance policies.**

In conclusion, our study demonstrated substantial gaps between guideline recommendations
and the real-world use of obesogenic medications and anti-obesity medications in the

US. Obesogenic medications were used more often among adults living in lower SES,
independent of comorbidity and medication burden. These results suggest the need for closer
scrutiny of patient medications that may cause weight gain and increased adoption of anti-
obesity medications, especially among adults living in low SES who bear a disproportionate
burden of obesity.
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Research in context
Evidence before this study

We searched PubMed and Google scholar for relevant articles in English, published
since 2000, using the search terms “obesogenic medication”, “medications that cause
weight gain”, “antiobesity medication”, “anti-obesity pharmacotherapy”, “anti-obesity
medication”, “anti-obesity phamarcotherapy”. To our knowledge, there is only one study
on the use of obesogenic medication in the US by Hales et al. There are several

studies on the trend of use of anti-obesity medication in the US. There is no study

on the association between socioeconomic status and use of obesogenic medication or

anti-obesity medication.
Added value of this study

We systematically assessed the use of obesogenic medication and anti-obesity medication
among US adults with overweight or obesity. We found that among US adults with
body-mass indices over 25 kg/m?, use of obesogenic medications was more common
among people with lower socioeconomic status, even after accounting for differences in
the numbers of prescription medications and comorbidities. Utilization of anti-obesity
medications was limited, irrespective of socioeconomic status, with less than 1% of
eligible adults receiving these medications.

Implications of all the available evidence

There are substantial gaps between guideline recommendations and the real-world use of
obesogenic medications and anti-obesity medications in the US. There are socioeconomic
disparities in use of obesogenic medications in the US. Clinicians should carefully

screen patients’ medical regimens for obesogenic medications that can be replaced by
other medications that do not cause weight gain, and increase utilization of anti-obesity
medications, especially among adults with low socioeconomic status.
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Figurel.
Mean (95% confidence interval) body mass index (BMI) by socioeconomic status,

NHANES 2009-2018.
Significant differences in BMI across composite SES and individual SES groups (p < 0.05
for all).
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Adjusted* predicted probability of use of obesogenic medications among US adults who had
overweight or obesity and took at least one prescription medication by (a) composite SES,
(b) education, (c) household income, and (d) type of health insurance, NHANES 2009-2018.
*The model adjusted for age, sex, race/ethnicity, number of prescription medications,
diabetes, depression, hypertension, cardiovascular disease, and arthritis.
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education, (c) household income, and (d) type of health insurance, NHANES 2009-2018.
Significant difference in prevalence of sulfonylurea use by composite SES (p=0.03) and
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health insurance, NHANES 2009-2018.
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