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Abstract

Objectives: This study aimed to estimate clinical, economic (including productivity),

and health‐related quality of life (HRQoL) outcomes and associated individual

characteristics among adults with overweight (OW) or obesity in the United States.

Methods: This study included adult respondents with body mass index (BMI)

≥18.5 kg/m2 in the 2017–2018 National Health and Nutrition Examination Survey

(NHANES) and 2016 Medical Expenditure Panel Survey. Respondents were classi-

fied according to BMI. Individual characteristics were described by BMI categories.

Multivariable regression models estimated the association between BMI categories

and outcomes, adjusting for individual characteristics.

Results: Nearly three‐quarters (73.7%) of NHANES participants were OW or obese.

Relative to Normal weight (NW), respondents with Class 3 obesity had more

obesity‐related complications (2.07 vs. 4.62, p < 0.001). Higher BMI was associated

with significantly lower HRQoL, lower productivity, and higher healthcare expen-

ditures as well as more frequent weight loss attempts in the previous 12 months.

Weight loss surgery and prescription anti‐obesity medications (AOMs) were used

only by a very small proportion of individuals. Despite frequent weight loss at-

tempts, most respondents did not achieve clinically meaningful weight loss.

Conclusions: Adults with OW or obesity experienced worse clinical, economic and

HRQoL outcomes than those with NW. Better use of evidence‐based obesity

treatments, including prescription AOMs, should be considered to achieve more

clinically meaningful weight reduction and improved outcomes in individuals with

OW or obesity.
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1 | INTRODUCTION

Obesity is one of the biggest drivers of other preventable chronic

diseases,1 mortality,2,3 and healthcare costs and utilization in the

United States.4 In 2019, the estimated annual economic cost of

obesity in the US was $706 billion.4 Direct medical costs accounted

for $304 billion of the annual economic burden, and indirect costs

such as lost productivity and disability costs accounted for more than

half ($401 billion) of the annual economic burden. Obesity also has a

significant psychosocial burden and impact on individuals' health‐
related quality of life (HRQoL).5‐7 Over the past several decades,

an increased understanding of the underlying biological basis of

obesity and the obesity‐related comorbidities (ORCs), for example,

Type 2 diabetes, hypertension, cardiovascular disease (CVD), osteo-

arthritis, and cancer, has prompted innovation in obesity treatment,

including the development of several new safe and efficacious anti‐
obesity medications (AOMs).8

Lifestyle modification has long remained the cornerstone of

obesity treatment, with intensive interventions potentially yielding

a 5%–10% weight reduction. This degree of weight reduction has

been shown to reduce cardiovascular risk factors, prevent or delay

the development of Type 2 diabetes, and improve overall well‐be-

ing.5,6,9,10 However, lifestyle modification typically focuses on

caloric restriction, and such approaches have been shown to elicit

metabolic adaptive responses that lead to weight regain over time.

Current guidelines have thus evolved to recommend both lifestyle

modification and medications for initial weight reduction and long‐
term weight maintenance.11,12 Metabolic and bariatric surgery is

now recommended for consideration for individuals starting with a

body mass index (BMI) of 30 who do not achieve substantial or

durable weight loss or obesity disease‐related improvement using

nonsurgical methods.13 Despite these recommendations, utilization

of prescription AOMs remains very low—estimates suggest that

only 0.1%–1.3% of the eligible population use prescription

AOMs.14‐17

Current literature describes characteristics of persons in the US

with overweight (OW) or obesity (BMI ≥25 kg/m2).18‐23 However,

there is a lack of current, nationally representative estimates of

health outcomes, and clinical and behavioral characteristics such as

the utilization of weight‐related interventions (e.g., diet, exercise,

surgery, AOMs). A current assessment of the health and economic

outcomes in persons with OW or obesity is necessary to understand

the scale of unmet needs and to inform obesity‐related health policy.

In this study, nationally representative data were used to investigate

clinical, economic (including productivity), and HRQoL outcomes and

their association with individual characteristics among adults with

OW or obesity in the U.S. In addition, weight loss history within this

population was investigated.

2 | MATERIALS AND METHODS

2.1 | Data sources

This study utilized the 2017–2018 National Health and Nutrition

Examination Survey (NHANES) and 2016 Medical Expenditure Panel

Survey (MEPS) data. NHANES is a continuous biennial survey that

collects demographic, socioeconomic, dietary, and health‐related

data through interviews and physical examinations from approxi-

mately 9000 persons each year.24 MEPS is an annual survey designed

to understand the cost and utilization of healthcare among families

and individuals across the US. A new panel of approximately 15,000

households is selected from those participating in the National

Health Interview Survey each year. The 2016 MEPS data were also

used in this study, the most recent year with BMI data available.

2.2 | Study samples

Two separate study cohorts were assembled with respondents from

the 2017–2018 NHANES and 2016 MEPS databases. Those aged

≥18 years with a BMI ≥18.5 kg/m2 were included. Respondents were

classified according to BMI—calculated using current body weight

and height for all outcomes. Normal weight (NW) was defined as BMI

18.5–24.9 kg/m2, OW as BMI 25–29.9 kg/m2, class 1 (C1) obesity as

BMI 30–34.9 kg/m2, class 2 (C2) obesity as BMI 35–39.9 kg/m2, or

class 3 (C3) obesity as BMI ≥40 kg/m2. Respondents with incomplete

information on weight, height, or age were excluded. Women who

reported being pregnant at the time of the survey were also

excluded.

2.3 | Measures

2.3.1 | National Health and Nutrition Examination
Survey

Within the NHANES cohort, demographic, and socioeconomic char-

acteristics (sex, age, race/ethnicity, education, health insurance) and

clinical characteristics (BMI, weight history, ORCs, weight manage-

ment methods utilized, clinically meaningful weight reduction) were

summarized and compared across BMI categories (NW, OW, and C1,

C2, C3 obesity). Clinically meaningful weight reduction was defined

as a loss of ≥ 5% of body weight over the previous 12 months. To

describe a clinically meaningful weight reduction by BMI category,

the respondent's BMI category prior to their subsequent weight loss

was used. This was calculated using the individual's self‐reported

body weight from the previous year and their current measured
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height. Weight management methods reported by NHANES re-

spondents were grouped into the following categories: commercial,

general dietary guidelines, evidence‐based, and unhealthy methods

(see Table 1 for each group's respective weight management

methods). The full list of NHANES’ obesity‐related comorbidities and

their definitions are provided in Supplemental Table S1. The

comorbidities were identified through self‐reported medical his-

tories, clinical lab testing, or inferred via self‐reported prescription

drug use.

2.3.2 | Medical Expenditure Panel Survey

Within the MEPS cohort, measures of productivity, healthcare ex-

penditures, and quality of life were summarized and compared across

BMI categories. Productivity was represented by self‐reported

inability to work, limited ability to work (regardless of employment

status), and missing days of work due to illness or injury. Inability to

work was defined as an impairment that incapacitates an individual,

preventing them from gainful employment. Limited ability to work

was defined as an individual's inability to complete a role in a similar

manner before their impairment. Health‐related quality of life was

measured by the SF‐12 mental (mental functioning (MCS)) and

physical component summary (PCS) scores. SF‐12 scores are norm‐
based to the US population average (50 � 10), with higher scores

indicating better health status. Additionally, within MEPS, BMI is

calculated using self‐reported height and weight. As self‐reported

data are at increased risk of bias, resulting in either under or over-

estimations, a previously reported adjustment method to more

accurately predict BMI was used.25,26

2.4 | Data analyses

All analyses were conducted separately for each study cohort (i.e.,

data for NHANES and MEPS cohorts were not combined). This study

summarized measures by current BMI category using descriptive

statistics, with the exception of weight management methods and

clinically meaningful weight reduction, which were summarized by

the previous year's BMI category for the NAHNES cohort. For

continuous variables, both means and medians are reported. Statis-

tical significance across BMI categories was evaluated using analysis

of variance tests for the differences in the means of the continuous

variables and assessed by chi‐squared tests for categorical variables.

In addition, multivariable regression was conducted to estimate the

association between BMI categories and (1) total number of obesity‐
related comorbidities, (2) number of weight management methods

used, and (3) clinically meaningful weight reduction over the pre-

ceding 12 months in the NHANES cohort, as well as (1) SF‐12 MCS

and SF‐12 PCS scores, (2) limited ability to work, and (3) inability to

work in the MEPS cohort. Negative binomial regression was used to

model the number of obesity‐related comorbidities in the NHANES

cohort. A generalized linear model with a log link was used to model

SF‐12 PCS and MCS scores in the MEPS cohort. Logistic regression

was used to model the probability of inability to work and limited

ability to work in the MEPS cohort, as well as achieving clinically

meaningful weight reduction in the NHANES cohort.

All the models included age, race/ethnicity, sex, education, and

type of health insurance (private health insurance, Medicaid, Medi-

care, other health insurance, none) as covariates. Education was (1)

less than high school level, (2) less than bachelor's level (high school

degree, some college—no degree, or an associate degree), and (3)

bachelor's level and higher. As smoking is reported as a weight

management method, there will be a direct relationship between the

number of weight management methods and being a smoker. Only

NHANES included the variable for smoking status; this was

controlled for in models using this data source, but not controlled in

the analysis of weight management methods.27

Unless indicated otherwise, analyses of NHANES and MEPS data

were conducted using the survey weights and primary sampling

units/strata for the respective survey to account for the complex

survey designs. Survey weights determined how much each respon-

dent would count in a statistical procedure, ensuring that the per-

centages of count variables and the means and medians of

continuous variables presented in this study represent national es-

timates. Effect differences between groups were assessed using two‐
sided chi‐squared and two‐sided t‐tests, with a threshold of 0.05 to

assess statistical significance in all analyses. All analyses were con-

ducted using Stata‐MP 16.0.28

3 | NATIONAL HEALTH AND NUTRITION
EXAMINATION SURVEY COHORT RESULTS

3.1 | BMI and patient characteristics

Patient characteristics by BMI category for the NHANES cohort are

displayed in Table 1. In the NHANES 2017–2018 survey, there were

5279 respondents who met the study inclusion criteria. Nearly three‐
quarters of NHANES participants had OW or obesity (3905, 73.7%),

including over 4 in 10 with obesity (42.3%). Specifically, 31.3% (1708;

95% CI: 28.6%–33.9%) had OW, 22.3% (1144; 95% CI: 20.0%–24.7%)

had C1 obesity, 11.1% (580; 95% CI: 9.8%–12.3%) had C2 obesity,

and 8.9% (474; 95% CI: 7.0%–10.8%) had C3 obesity. The remaining

were NW (1373; 26.3% [95% CI: 23.4%–29.1%]). The majority of

individuals with NW, C2, and C3 obesity were female ([NW: 734;

53.5%] [C2: 326; 56.2%] [C3: 304; 64.1%]), while a majority of those

with OW and C1 obesity were male ([OW: 930; 54.3%] [C1: 587;

51.3%]). Individuals with NW and C3 obesity were the youngest, with

a median age of 41 (95% CI: 37.5–44.4) and 45 (95% CI: 41.6–48.43),

respectively. Individuals with OW, C1, and C2 obesity were signifi-

cantly older with median ages at 50 (95% CI: 47.1–52.9), 52 (95% CI:

49.1–54.9), and 52 (95% CI: 49.1–54.9) respectively. As BMI

increased, Black respondents accounted for increasingly higher pro-

portions of each category (OW: 328, 19.2%; C1: 276, 24.1%; C2: 174,

30.0%; C3: 161, 34.0%).
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Educational attainment varied significantly across BMI cate-

gories. The proportion of respondents categorized as having a high

school diploma without a bachelor's degree increased as BMI

increased (NW: 645 (47.0%); OW: 849 (49.7%); C1: 654 (57.2%); C2:

355 (61.2%); C3: 314 (66.2%)–p = 0.006). The proportion of re-

spondents categorized with a bachelor's degree or higher decreased

as BMI increased (NW: 380 (27.7%); OW: 436 (25.5%); C1: 223

(19.5%); C2: 100 (17.2%); C3: 78 (16.5%), p = 0.018). Medicare

coverage differed significantly across BMI categories, with trends

appropriate to the age distribution.

3.2 | Obesity‐related comorbidities

Most cardiometabolic, inflammatory and mechanophysical compli-

cations of obesity were positively associated with the BMI category

(Table 1 and Figure 1). Particularly, the presence of hypertension,

metabolic syndrome, pre‐diabetes, non‐alcoholic fatty liver disease

(NAFLD), Type 2 diabetes, gout, CVD, heart failure (HF), sleep ap-

nea, and osteoarthritis (p < 0.05 for all of these categories) were all

positively associated with BMI category. Compared to NW, obesity‐
related complications in respondents with C3 obesity were over

40% higher for pre‐diabetes (33.9% vs. 47.9%), nearly doubled for

CVD, OSA, and osteoarthritis (18.6% vs. 30.80%, 14.1% vs. 39.9%,

and 8.0% vs. 16.6% respectively), and approximately tripled for

NAFLD (10.7% vs. 36.7%). Rates of hypertension and metabolic

syndrome were over 50% and 100% higher (47.3% vs. 78.7%, and

25.6% vs. 55.3%, respectively). Gout and HF was 4 times more

common in C3 obesity than NW (12.7% vs. 44.5%, and 1.6% vs.

7.4%, respectively), and Type 2 diabetes was 3.5 times more com-

mon (10.5% vs. 35.0%, respectively). Psychological comorbidities,

including depression and anxiety, became more common with

increasing BMI category, but these were not statistically significant.

In addition, dyslipidemia, asthma, and chronic kidney disease/end‐
stage renal disease, although not higher with each increase in BMI

category, were significantly higher in those with obesity compared

to NW and/or OW. Overall, relative to NW respondents, those with

C3 obesity had more obesity‐related complications (2.07 vs. 4.62,

respectively; p < 0.001). In the multivariable regression, the inci-

dence rate ratios (IRRs) of the total number of obesity‐related

complications were 1.237 (p < 0.001), 1.464 (p < 0.001), 1.700

(p < 0.001), and 1.967 (p < 0.001) for those with OW, C1, C2 and

C3 obesity, respectively, relative to those with NW (Table 2).

3.3 | Weight loss history

The proportion of respondents reporting weight loss attempts in the

previous 12 months significantly increased with increasing BMI

category (NW: 16.0%; OW: 35.2%; C1: 43.5%; C2: 46.9%; C3:

57.4%, p < 0.001). The mean total number of weight loss methods

attempted followed the same pattern (NW: 1.3; OW: 2.9; C1: 3.4;

C2: 3.7; C3: 4.2 p < 0.001). Across all BMI categories, followingT
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general dietary guidelines and using an evidence‐based lifestyle

modification were the most frequently reported weight loss

methods, while commercial and unhealthy methods were the least

common. Only 5.2% of respondents with C3 obesity used pre-

scription AOMs in the previous 12 months and 3.7% had a lifetime

history of weight loss surgery (Table 1). Controlling for demographic

and socioeconomic variables, regression results indicate that the

number of weight loss attempts increased with increasing BMI.

Relative to respondents with NW, the IRRs of the total number of

weight loss attempts were 2.015 (p < 0.001), 2.925 (p < 0.001),

3.452 (p < 0.001), and 3.831 (p < 0.001) for those with OW, C1, C2

and C3 obesity, respectively (Table 2). Correspondingly, the pro-

portion of respondents who achieved clinically meaningful weight

loss (≥5% body weight) over the previous 12 months significantly

increased with increasing BMI category up to C2 obesity (NW:

0.8%; OW: 2.9%; C1: 4.3%; C2: 4.8%; C3: 4.0%, p = 0.005) (Table 1).

However, respondents across all BMI categories, on average, gained

weight over the previous 12 months. Weight gain tended to be

positively skewed as there were outliers who gained over 100 lbs.

thus, the mean estimates tended to be higher. Median weight

gained in the previous 12 months for NW individuals was 6.68 lbs.,

whereas individuals with OW or obesity gained 3–4 lbs., (OW: 3.95

lbs., C1: 3.57 lbs., C2: 4.15 lbs., C3: 3.15 lbs., p < 0.001 across all

BMI categories) (Table 1).

4 | MEDICAL EXPENDITURE PANEL SURVEY
COHORT RESULTS

4.1 | Health‐related quality of life

Higher BMI was associated with significantly lower scores on both

SF‐12 PCS and MCS (Table 3). The median PCS score was 55.86 for

NW respondents, while respondents with OW, C1, C2 and C3 obesity

had a median PCS score of 54.52, 52.83, 51.28, and 47.21,

respectively (p < 0.001). The median MCS score for respondents who

were NW, OW, C1, C2, and C3 obesity was 54.74, 54.96, 54.59,

54.20, and 52.41, respectively (p < 0.001) (Table 3). When controlling

for demographic and socioeconomic factors, the multivariable

regression analysis showed that as BMI severity increased, both PCS

and MCS scores decreased. Relative to the NW group, higher BMI

had an increasing adverse and significant effect on physical func-

tioning (PCS) in the OW, C1, C2, and C3 groups, and on MCS in the

C1, C2, and C3 groups (Table 2).

4.2 | Productivity

The proportion of respondents who reported an inability to work

increased significantly (p < 0.001) with increasing BMI category (NW:

10.3%; OW: 11.2%; C1: 14.6%; C2: 17.8%; C3: 26.9%) (Table 3). In

models controlling for demographic and socioeconomic variables, the

odds‐ratio of reporting an inability to work did not differ significantly

between OW and NW respondents (p = 0.77) (Table 2). In contrast,

the odds‐ratio of reporting an inability to work among respondents

with obesity was higher when compared to NW individuals (C1:

1.251, p = 0.005; C2: 1.612, p < 0.001; C3: 2.55, p < 0.001) (Table 2).

Having a limited ability to work was significantly (p < 0.001)

more likely to increasing BMI category. Respondents with C3 obesity

(426, 28.1%) were more than twice as likely to have a limited ability

to work compared to those with OW (940, 11.9%) or NW (687,

11.0%) (Table 2). After controlling for demographic and socioeco-

nomic factors, respondents with obesity had higher odds of having a

limited ability to work relative to NW respondents (OR C1: 1.330,

p < 0.001; OR C2: 1.596, p < 0.001; OR C3: 2.731, p < 0.001)

(Table 2). The odds‐ratio of having limited ability to work did not

differ significantly between OW and NW respondents (OR: 0.958,

p = 0.87).

Compared to NW respondents (1.71 days per 6 months), the

respondents in all the other BMI categories missed significantly more

F I GUR E 1 The prevalence of obesity‐
related complications among the population

with overweight (OW) or obesity using body
mass index (BMI) category, National Health
and Nutrition Examination Survey (NHANES)

2017–2018. ‡ Among females only, † among
males only. CVD, cardiovascular disease; ESRD,
end‐stage renal disease; HF, heart failure;
NAFLD, non‐alcoholic fatty liver disease.
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days of work due to illness or injury (OW: 2.30; C1: 2.47; C2: 2.66,

C3: 2.92 days per 6 months; p < 0.001). After adjusting for de-

mographic and socioeconomic factors, results from the negative

binomial regression indicate that respondents with OW or obesity

had higher rates of missing days of work due to illness or injury

relative to respondents with NW (IRR of OW: 1.488, p < 0.001; C1:

1.696, p < 0.001; C2: 1.436, p < 0.001; C3: 1.606, p < 0.001)

(Table 2).

4.3 | Healthcare expenditures

Healthcare expenditures, adjusted to the 2019 consumer price in-

dex, significantly increased with increasing BMI category (Table 2).

The average total annual expenditures among respondents with C3

obesity were 60% higher than for NW respondents ($9212 vs.

$5,236, respectively; p < 0.001). Also, the average annual prescrip-

tion drug expenditures were more than double for respondents with

C3 obesity compared to NW respondents ($2954 vs. $1,232,

respectively; p < 0.001). Annual expenditures were driven largely by

inpatient and pharmacy costs, which increased with increasing BMI

(Table 2).

5 | DISCUSSION

Using recent nationally representative data, this study found that

health and economic burden is higher among respondents with OW

or obesity compared to those with NW, and that this burden in-

creases significantly with increasing BMI category. Relative to NW

respondents, those with C3 obesity had more obesity‐related com-

plications (2.07 vs. 4.62, respectively; p < 0.001) and were up to 4

times as likely to have the following conditions: hypertension,

metabolic syndrome, NAFLD, Type 2 diabetes, gout, CVD, HF, sleep

apnea, and osteoarthritis. Studies using national survey data have

previously documented a substantially increased risk of certain

obesity‐related complications, such as Type 2 diabetes, with

increasing BMI.28,29 In the 2001 Behavioral Risk Factor Surveillance

System survey, for example, 7.3% of respondents who were OW and

25.6% of respondents with C3 obesity had self‐reported Type 2

diabetes.29 The current study used national survey data to assess the

presence of 18 obesity‐related complications to comprehensively

capture the multimorbidity associated with obesity.

The greater proportion of respondents attempting to lose weight

in each higher BMI category, as well as the greater number of weight

loss methods used in each higher category, suggests that there may

be an increased desire to reduce weight as BMI increases. Weight

loss strategies that focus on lifestyle modification (changing diet,

eating less, exercising more) were more frequently used by those

with higher BMI and in some instances unhealthy methods, such as

skipping meals, were used more frequently as well. Weight loss

surgery and the use of prescription AOMs also increased with

increasing BMI, but relative to the other methods, they were utilizedT
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only by a very small proportion of those with OW or obesity. Our

estimates of prescription AOM utilization in the last 12 months

among those with OW or obesity were consistent with previous es-

timates.14,15 As the number of weight loss attempts increased with

higher BMI categories, there was a modest increase in the likelihood

of these respondents (OW, C1, C2, C3) achieving clinically mean-

ingful weight loss. However, the overall success rate was low, and on

average, respondents in each BMI category gained weight. This is

consistent with the progressive and chronic nature of obesity, and

the known limited effectiveness of lifestyle modification alone for the

treatment of this disease. Physician understanding of and confidence

in AOM prescribing need to be improved along with initiatives to

improve access to AOM treatment, including their costs and

coverage may also be warranted.

In addition, this study contributes to the existing body of

evidence demonstrating the adverse impact of obesity on

HRQoL,5‐7,30,31 mobility,30,32,33 and productivity/disability.22,32,34‐40

The evidence suggests that weight reduction improves HRQoL,5‐

7,10,41 particularly the physical domains of HRQoL,41,42 consistent

with our finding that the decline in HRQoL associated with higher

obesity class was greater for the SF‐12 PCS than MCS. A review

of the literature found that the odds of missing work due to

illness or injury ranged from 1.15 to 2.8 for those with obesity

relative to those with OW.37 Our estimated odds of having a

limited ability to work, which could include missing work, for

those with obesity relative to NW ranged from 1.3 to 2.7.

A systematic review found that direct costs (treatment and

management of the diseases, e.g., inpatient or outpatient care)

related to obesity represented a significant amount of cost to the

system.43 Another study estimated that the total costs of OW and

obesity could cost up to 2.90% of a country's gross domestic product

on average and rise to 3.29% by 2060.44 Intervention with AOM has

the potential to reduce the cost burden related to ORCs and lost

workplace productivity.

This study had some limitations. First, information on obesity‐
related complications, historical body weight, and weight loss

methods attempted was self‐reported in NHANES, as were current

height and weight (and therefore BMI) in MEPS, and thus subject to

recall bias and misreporting. We have attempted to correct for

reporting bias in current BMI in the MEPS cohort, but some bias

could remain. Moreover, regarding how obesity‐related complica-

tions were collected, some conditions could have been misreported.

Additionally, BMI is not a perfect measure of obesity/adiposity, and it

is possible that the study missed unmet needs and high‐risk groups

within each BMI category based on other measures of adiposity.

Given the cross‐sectional design of NHANES, our multivariable

analysis could not identify causal relationship of OW and obesity

with health, HRQoL, and economic outcomes. Lastly, not all the

outcomes of interest were available in a single data source or for the

same patient cohort, hence we evaluated outcomes for patients

meeting the same inclusion/exclusion criteria using two nationally

representative surveys.

In conclusion, the health and economic burden of excess body

weight in the United States between 2017 and 2018 was high

among individuals with OW or obesity and increased with higher

BMI categories. Severe obesity, measured by BMI category, was

associated with a greater number of obesity‐related complications,

loss of productivity, lower HRQoL, and higher healthcare expendi-

tures. While weight loss strategies that focus on changing diet and

exercise were commonly utilized by those with greater obesity

severity, evidence‐based weight management strategies such as

prescription AOMs and bariatric surgery were underutilized.

Despite high counts of weight loss attempts, most respondents with

OW or obesity did not achieve clinically meaningful weight loss.

Greater utilization of existing and future evidence‐based treatment

strategies may lead to more clinically meaningful weight reduction

and better health and economic outcomes in individuals with OW

or obesity.
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