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ABSTRACT
BACKGROUND: Obesity imposes a substan-
tial economic burden on the United States. 
The short-term value of nonsurgical weight 
loss (WL) and nonsurgical sustained WL  
(i.e., WL not resulting from bariatric surgery) 
is poorly understood. 

OBJECTIVES: To assess short-term (1 year) 
effect of nonsurgical WL and sustained  
nonsurgical WL (i.e., approximately 2 years) 
on per-patient-per-month (PPPM) total all-
cause health care costs among adults with 
obesity in the United States. 

METHODS: In this retrospective cohort study, 
we analyzed data from the IBM MarketScan 
Explorys Claims-EMR Data Set from January 
1, 2012, through June 30, 2018. Adults aged 

18-64 years with a body mass index (BMI) 
measurement ≥ 30 kg/m2 on the index 
date and BMI measurements at 12, 24, and 
36 months were classified into weight-gain 
(≥ 3%), no-weight-change (within ± 3%), and 
WL (≥ 3%-≤ 5%, > 5%-≤ 10%, and > 10%-≤ 20%) 
cohorts based on the change from first to 
second BMI measurements (baseline), and 
sustained nonsurgical WL based on WL 
during baseline and < 3% weight gain from 
second to third BMI measurement. PPPM 
all-cause health care costs were calculated 
for baseline, first year, and second year of 
follow-up. Generalized linear models were 
used to examine if PPPM all-cause health 
care cost change (ΔPPPM) from baseline 
to follow-up differed significantly between 
nonsurgical WL/sustained WL and no-weight-
change cohorts. Analyses were stratified by 

index obesity class (class 1: BMI 30- < 34.9 kg/m2,  
class 2: BMI 35- < 39.9 kg/m2, class 3: BMI  
≥ 40 kg/m2). Specific nonsurgical WL treat-
ments used by individuals in the study were 
not studied. 

RESULTS: The sample included 20,488 
adults who were grouped as follows: 
weight-gain cohort (24.8%), no-weight-
change cohort (56.6%), ≥ 3%- ≤ 5% WL cohort 
(8.2%), > 5%- ≤ 10% WL cohort (7.7%), and 
> 10%- ≤ 20% WL cohort (2.8%). Compared 
with the no-weight-change cohort, adjusted 
mean ΔPPPM all-cause health care cost 
from baseline to first year of follow-up 
was lower in all WL cohorts (≥ 3%- ≤ 5% WL: 
–$57.36, > 5%- ≤ 10% WL: –$135.35 [P < 0.05], 
> 10%- ≤ 20% WL: –$193.54 [P < 0.05]). In  
the second year of follow-up (n = 15,307),  
the cohorts were weight-gain (43.4%),  

What is already known  
about this subject

• Obesity is a leading contributor to 
rising health care costs in the  
United States.

• Approaches such as diet and exercise, 
antiobesity medications, and bariatric 
surgery can produce clinically 
meaningful weight loss (WL).

• The long-term effects of WL on health 
care costs, particularly for surgical 
WL, have been studied.

What this study adds

• There is uncertainty about the effect of 
nonsurgical WL on health care costs in 
the short term (i.e., less than 2 years).

• This study analyzed real-world data 
to estimate the effect of WL on total 
all-cause health care costs over 1 year 
for adults in the United States who had 
nonsurgical WL and those sustained (for 
an average of 2 years) nonsurgical WL.
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The increasing prevalence of obesity in the United States is 
a significant public health challenge. An estimated 39.8% of 
adults in the United States have obesity, which is clinically 
diagnosed as having a body mass index (BMI) measurement 
greater than or equal to 30 kg/m2.1,2 Conservative estimates 
suggest this statistic will rise to 42% of all U.S. adults by 2030.3 

As the most significant contributor to the burden of 
chronic disease,1 obesity is associated with increased blood 
pressure, greater insulin resistance, elevated low-density 
lipoprotein cholesterol levels, and high triglyceride levels.1 
In addition to well-known associated increased rates of 
type 2 diabetes mellitus (T2DM), hypertension, and dyslip-
idemia, other risks include end-stage renal disease (ESRD), 
heart disease, certain cancers, and respiratory diseases.1

Consequently, obesity imposes a significant economic 
burden. An estimated $480 billion in direct health care 
costs and $1.24 trillion in indirect costs (i.e., costs due to 
lost economic productivity) were attributed to obesity in 
2016.1 For people with obesity, per-patient-per-year health 
care expenditures are an estimated $4,217 (adjusted to 2019 
U.S. dollars [USD]) greater than in those without obesity.4 

Weight loss (WL) of 5%-10% body weight has been 
established as clinically meaningful and associated with  
a reduction in comorbidities such as hypertension, hyper-
lipidemia, and hyperglycemia, and others.5,6 Lifestyle 
interventions and antiobesity medications (AOMs) are 
nonsurgical options for obesity that can produce WL 
outcomes in this clinically meaningful range. Diet and 
exercise have been associated with WL of 5%-9% body 
weight at 6 months and 3%-6% body weight at 48 months 
in a randomized clinical trial.7 AOMs approved by the  

U.S. Food and Drug Administration (e.g., liraglutide 3.0 mg,  
naltrexone/bupropion, orlistat, lorcaserin, phentermine/
topiramate) have shown efficacy of 5%-10% WL in phase  
3 clinical trials.8-15 

The definition of sustained WL varies greatly but is most 
commonly described as that lasting 1 to 2 years, based on a 
2017 literature scoping review.16 Real-world costs or health 
care utilization associated with sustained WL were rarely 
reported16; however, economic models have explored long-
term (i.e., from 2 years to lifetime) economic benefits of 
WL.17,18 At the individual level, WL of 5% or 12% sustained for 
2 years was estimated to result in direct medical savings of 
$15,800 or $26,400, respectively, per patient over 15 years.18 

At the population level, the adoption of available AOMs 
among eligible adults aged ≥ 25 years was estimated to 
reduce total medical spending by $139.2 billion (2018 USD).17

Although models have explored long-term economic 
effects, short-term health care cost savings for a defined 
period (i.e., up to 1 year) as a result of nonsurgical WL or 
sustained nonsurgical WL with current treatments have not 
been well described.19 Also, while the efficacy and economic 
benefits of surgical WL have been demonstrated,20-23 the 
economic effect of nonsurgical WL has not been compre-
hensively investigated. 

In this study, we describe the short-term (1-year) effect 
of nonsurgical WL and sustained nonsurgical WL on  
per-patient-per-month (PPPM) all-cause health care costs, 
compared with no weight change (± 3%) in U.S. adults who 
have obesity. Objective 1 was to assess the short-term 
(1-year) effect of nonsurgical WL on PPPM all-cause health 
care costs compared with no weight change in adults 
who have obesity and how it differs by index obesity class 
(class  1: BMI 30- < 35 kg/m2; class 2: BMI 35- < 40 kg/m2; 
class 3: BMI ≥ 40 kg/m2).24 Objective 2 assessed the effect 
of nonsurgical WL sustained over an average of 2 years on 
PPPM all-cause health care costs compared with patients 
who had obesity but no weight change over time, and how 
it differs by index obesity class.

Methods
STUDY DESIGN 
This retrospective, longitudinal cohort study used data 
from January 1, 2012, through June 30, 2018, in the IBM  
MarketScan Explorys Claims-EMR (electronic medical rec- 
ord) Data Set. The dataset is obtained through linkage  
between an EMR database (IBM Explorys) and a claims data-
base (MarketScan Commercial and Medicare Supplemental  
Databases) of patients covered by U.S. employer-sponsored 
private health insurance.25,26 All patient-level data within 

no-weight-change (59.4%), ≥ 3%- ≤ 5% sustained WL (7.3%), ≥ 5%- ≤ 10% 
sustained WL (6.3%), and > 10%- ≤ 20% sustained WL (1.8%). Adjusted 
mean ΔPPPM all-cause health care cost was lower in all sustained 
WL groups (–$26.38, –$157.41 [P < 0.05], and –$185.41 for ≥ 3%- ≤ 5%, 
≥ 5%- ≤ 10%, and > 10%- ≤ 20% WL, respectively). Greater nonsurgical 
WL and sustained nonsurgical WL were generally associated with 
larger reduction in short-term all-cause health care costs. Results 
stratified by index obesity class were mixed, due to small samples.

CONCLUSIONS: Substantial all-cause health care cost savings were 
observed 1 year after nonsurgical WL and after sustained (on average 
for 2 years) nonsurgical WL in adults with obesity, with greater non-
surgical WL and sustained nonsurgical WL associated with greater 
cost savings. Comprehensive solutions to chronic weight manage-
ment, including improved access to antiobesity medications in com-
bination with lifestyle interventions, could be valuable to patients, 
employers, and payers.
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excluded. Individuals with capitated insurance at any time 
during the study period were also excluded because this 
type of insurance enables health care providers to receive 
the same PPPM payment regardless of health care resource 
utilization. Those with missing age and sex data were 
excluded from the adjusted analyses and descriptive tables. 
Attrition due to the application of the exclusion criteria to 
the dataset is shown in Table 1.

The index date was defined as the first instance of 
BMI measurement ≥ 30 kg/m2 from January 1, 2012, to 
June  30, 2014 (identification period). BMI measurements 
were identified by using code 39156-5 (Logical Observation 
Identifiers Names and Codes) in EMRs. If multiple measure-
ments were recorded on the same day for an individual, 
the highest value was recorded to be conservative in the 
measurement of weight change. As shown in Appendix A 
(available in online article), BMI measurements occurring 
1, 2, and 3 years following the index date (±6 months) were 
used to assess changes in PPPM all-cause health care costs 
from baseline to year 1 (objective 1) and baseline to year 2 
(objective 2). A 1-year span was used to capture BMI mea-
surements during the identification period and each year 
of follow-up to minimize selection bias due to excluding 
individuals lacking regularly recorded BMI measurements.

Study cohorts were classified based on the differ-
ence between the index and second BMI measurements 
(approximately 1 year [± 6 months] after index BMI mea-
surement). These cohorts were no-weight-change  
(< 3% WG to < 3% WL), ≥ 3%- ≤ 5% WL, > 5%- ≤ 10% WL, and 
> 10%- ≤ 20% WL. For objective 2, sustained WL was defined 

the MarketScan Research Databases are deidentified and 
contain synthetic identifiers to help maintain patient pri-
vacy. Given the study’s retrospective nature and the use of 
deidentified data, it was exempt from institutional review 
board approval.

Adults aged 18-64 years were eligible for inclusion if they 
had a BMI measurement ≥ 30 kg/m2 on the first instance 
(index date) of BMI measurement from January 1, 2012, to June 
30, 2014. At least 1 additional BMI measurement was required 
at 1, 2, and 3 years after the index date, each within ± 6 months. 
Continuous enrollment during follow-up was required.

Adults were excluded if they had 1 or more diagnostic 
and procedural codes for conditions or procedures related 
to unintentional WL or weight gain (WG) at any time 
during the study period. These included acute or chronic 
pancreatitis, ESRD, dialysis or renal replacement therapy, 
feeding difficulty, cirrhosis, cancer, gestational diabetes, 
pregnancy, and total pancreatic failure. These diagnostic 
and procedural codes were used in a previous study assess-
ing the economic outcomes associated with weight change 
in adults who have T2DM.27 Individuals with one or more 
diagnostic and procedural codes for bariatric surgery at any 
time during the study period were excluded. Diagnostic and 
procedural codes related to unintentional weight change 
and bariatric surgery are available from the authors upon 
request. Those with WG or WL of > 20% between consecu-
tive BMI measurements were excluded, as extreme changes 
in weight may indicate bariatric surgery or inaccurate data. 
Furthermore, those with weight fluctuations (i.e., WG after 
initial WL or WL after initial weight maintenance) were 

Description n (%)

Enrolled in commercial insurance within the identification period from January 1, 2012, to June 30, 2014  2,644,909 (100)

Aged 18-64 years with BMI ≥ 30 kg/m2 in identification period  353,545 (13.4)

Additional 3 BMI measurements identified around 1, 2, and 3 years after index date  146,092 (0.06)

Continuous enrollment for commercial insurance from index date to date of the last BMI identified  56,119 (0.02)

Exclude participants with disease diagnosis related to unintentional WL  44,628 (0.02)

Exclude participants with capitated insurance  36,630 (0.01)

Exclude participants who have undergone bariatric surgery  35,592 (0.01)

Exclude participants with WL or WG 2 0%  34,124 (0.01)

Exclude participants with ≥ 3% WG in the first year of follow-up or weight fluctuation in the second year of follow-up  
(objective 1)a

 20,488 (0.01)

Exclude participants with ≥ 3% WG in the second year of follow-up or weight fluctuation in the second year or third  
year of follow-up (objective 2)a

 15,307 (0.01)

aWeight fluctuation refers to weight gain in the subsequent year of follow-up after initial WL, or WL in the subsequent year of follow-up after weight maintenance.
BMI = body mass index; WG = weight gain; WL = weight loss.

TABLE 1 Attrition Table for Study Population
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Costs were adjusted to December 2018 USD using the 
annual medical care component of the Consumer Price 
Index. All categorical data were assessed using chi-square 
tests and continuous measures using analysis of variance, 
with unadjusted comparisons made across weight-change 
groups. Assuming a power of 0.80 and alpha of 0.05, it 
was determined that a sample size of at least 282 would be 
required to observe a $1 reduction in PPPM costs between 
the ≥ 3%- ≤ 5% WL cohort and the no-weight-change cohort. 
All statistical analyses were conducted using R version 4.3.3 
(R Foundation for Statistical Computing, Vienna, Austria), 
assuming a 2-tailed test of significance and alpha level set 
a priori at 0.05.

Results
BASELINE DEMOGRAPHICS AND  
OBESITY-RELATED COMORBIDITIES
For objective 1, the analysis sample consisted of 15,416 adults 
aged 18-64 years with obesity (Table 2). Of these, 11,588 
patients (56.6%) had no weight change and 5,072 patients 
(24.8%) had WG. Among patients with WL, 1,683 (8.2%) lost 
≥ 3%- ≤ 5% body weight; 1,576 (7.7%) lost > 5%- ≤ 10% body 
weight; and 569 (2.8%) lost > 10%- ≤ 20% body weight. For 
objective 1, patients had an average of 1.98 years of follow-
up time, with the cohort contributing a total of 30,523.7 
person-years. For objective 2, patients had an average of 
2.96 years of follow-up time and contributed 30,295.6 total 
person-years.

Study cohorts were similar with respect to mean age 
and BMI class (i.e., class 2 obesity) at index (Table 2). The 
> 10%- ≤ 20% WL cohort had a higher (65.9%) proportion 
of women at baseline relative to other cohorts. Compared 
with the no-weight-change cohort, WL cohorts had higher 
prevalence of T2DM (range: 18.8%-26.4% vs. 18.5%), gastro-
esophageal reflux disease (range: 12.3%-14.0% vs. 11.2%), 
and musculoskeletal pain (range: 36.7%-42.9% vs. 35.5%), 
and lower prevalence of knee and/or hip osteoarthritis 
(range: 3.7%-4.1% vs. 4.5%) at baseline. 

For objective 2, 2,352 (61.4%) patients of all 3,828 (100%) 
of those with WL sustained it in the second year (Table 2). 
Sustained WL was observed in 1,113 (7.3%) patients with 
≥ 3%- ≤ 5% WL, 964 (6.3%) patients with > 5%- ≤ 10% WL, 
and 275 (1.8%) of patients with > 10%- ≤ 20% WL. As in the 
overall sample for objective 1, the proportion of women 
(63.3%) was higher in the > 10%- ≤ 20% sustained WL cohort 
than in other cohorts. Compared at baseline with the  
no-weight-change cohort, sustained WL cohorts 
had a higher prevalence of dyslipidemia (range: 46.1%-
48.6% vs. 43.2%), T2DM (range: 23.3%-30.1% vs. 17.5%), 

as WL during the baseline and < 3% WG from the second to 
third BMI measurement. To rule out the confounding effect 
of weight fluctuation on the association between WL and 
PPPM all-cause health care costs, participants in the WL 
groups were excluded if they had ≥ 3% WG following their 
initial or sustained WL. Likewise, subjects in the no-weight-
change group were excluded if they had ≥3% WL following 
initial or sustained weight maintenance.

STATISTICAL ANALYSIS
PPPM all-cause health care costs were calculated for the 
baseline, first year of follow-up, and second year of follow-
up (Appendix A). Baseline was defined as the period from the 
index date to the second BMI measurement. All-cause visits 
and services used were reported for each measure, includ-
ing inpatient visits (number of visits and average length of 
hospital stay), physician-office visits, and emergency room 
(ER) visits. The number and proportion of patients with such 
utilization were calculated. Direct medical costs per patient 
over the variable length of baseline and follow-up periods 
were measured as a monthly average (i.e., PPPM) and report-
ed for each measure, including inpatient visits, physician- 
office visits, ER visits, and pharmacy costs. 

PPPM all-cause health care costs were compared among 
WL cohorts, the WG cohort, and the no-weight-change 
cohort in unadjusted and adjusted analyses. Although the 
WL, WG, and no-weight-change cohorts were all included 
in the analysis sample, only the WL cohorts were compared 
with the no-weight-change cohort in the present study. 

Multivariable models were used to examine whether 
PPPM all-cause health care costs changed from baseline to 
first year of follow-up in the WL cohorts and whether PPPM 
all-cause health care costs from baseline to second year of 
follow-up in sustained WL cohorts differed significantly 
from the no-weight-change cohort. We fit generalized 
linear models, as the data and errors were normally dis-
tributed in our sample. Covariates included in the final 
models were age, sex, modified Elixhauser Comorbidity 
Index score,28 dyslipidemia, T2DM, osteoarthritis (knee, 
hip), gastroesophageal reflux disease, hypertension, and 
musculoskeletal pain. International Classification of 
Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) 
and International Classification of Diseases, Tenth Revision, 
Clinical Modification (ICD-10-CM) codes for comorbidities 
included in the Elixhauser Comorbidity Index, and obe-
sity-related comorbidities are available from the authors 
upon request. Adjusted PPPM all-cause health care costs 
were further stratified by index obesity class (class 1: 
BMI 30- < 35  kg/m2; class 2: BMI 35- < 40 kg/m2; class 3: 
BMI ≥ 40 kg/m2) to assess effect modification of baseline 
BMI measurements. 



41Economic value of nonsurgical weight loss in adults with obesity

Vol. 27, No. 1 | January 2021 | JMCP.org

follow-up (data not shown). A similar trend was observed in 
the unadjusted analysis for objective 2, with total PPPM all-
cause health care cost reductions ranging from $30.42 in the 
≥ 3%- ≤ 5% WL cohort to $263.01 in the > 10%- ≤ 20% WL from 
baseline to the second year of follow-up (data not shown). 

In both objectives, a small reduction in total unadjusted 
PPPM all-cause health care costs from the baseline to 
follow-up periods was observed. To understand why base-
line costs appeared to be higher overall, we investigated the 
number of expensive inpatient procedures and the propor-
tion of patients who received them during baseline and 
follow-up periods (Appendix B, available in online article). 

gastroesophageal reflux disease (range: 12.0%-14.2% vs. 
11.0%), hypertension (range: 46.9%-51.7% vs. 45.3%), and 
musculoskeletal pain (range: 36.6%-43.6% vs. 34.9%).

UNADJUSTED TOTAL PPPM ALL-CAUSE  
HEALTH CARE COSTS
In unadjusted analyses, total PPPM all-cause health care 
costs were lower during the follow-up periods compared 
with the baseline for all WL categories. For objective 1, 
unadjusted PPPM all-cause health care cost reductions 
ranged from $63.68 in the ≥ 3%- ≤ 5% WL cohort to $221.36 
in the > 10%- ≤ 20% WL cohort from baseline to first year of 

Variable Total Sample WG Cohort
No-Weight-

Change Cohort
≥ 3%-≤ 5% WL 

Cohort
≥ 5%-≤ 10% WL 

Cohort
≥ 10%-≤ 20% WL 

Cohort

Objective 1

Sample size, n (%)  20,488 (100)  5,072 (24.8)  11,588 (56.6)  1,683 (8.2)  1,576 (7.7)  569 (2.8)

Age, years, mean (SD)a  47.9 (9.9)  46.2 (10.5)  48.6 (9.5)  48.7 (9.6)  47.9 (10.4)  46.3 (11.2)

Female, %a 53.7 59.3 50.7 51.7 55.8 65.9

Index BMI, mean (SD)a  35.3 (5.4)  35.1 (5.0)  35.3 (5.3)  35.6 (5.6)  35.9 (6.0)  36.5 (6.4)

Elixhauser Comorbidity Index score, 
mean (SD)a  0.9 (1.1)  0.9 (1.2)  0.8 (1.1)  0.9 (1.1)  1.0 (1.2)  1.2 (1.5)

Obesity-related comorbidities, n (%)

Dyslipidemiaa  8,745 (42.7)  1,980 (39.0)  5,078 (43.8)  777 (46.2)  685 (43.5)  225 (39.5)

Type 2 diabetes mellitusa  3,854 (18.8)  766 (15.1)  2,139 (18.5)  444 (26.4)  398 (25.3)  107 (18.8)

Osteoarthritis (knee, hip)  880 (4.3)  204 (4.0)  527 (4.5)  62 (3.7)  65 (4.1)  22 (3.9)

Gastroesophageal reflux diseasea  2,397 (11.7)  595 (11.7)  1,294 (11.2)  236 (14.0)  194 (12.3)  78 (13.7)

Hypertensiona  9,283 (45.3)  2,201 (43.4)  5,294 (45.7)  841 (50.0)  701 (44.5)  246 (43.2)

Musculoskeletal paina  7,482 (36.5)  1,904 (37.5)  4,112 (35.5)  617 (36.7)  605 (38.4)  244 (42.9)

Objective 2

Sample size, n (%)  15,307 (100)  2,201 (43.4)  9,097 (59.4)  1,113 (7.3)  964 (6.3)  275 (1.8)

Age, mean (SD)a  48.1 (9.9)  46.3 (10.4)  48.6 (9.5)  49.5 (9.2)  49.0 (10.0)  47.6 (11.0)

Index BMI, mean (SD)  35.3 (5.3)  35.1 (5.0)  35.2 (5.2)  35.6 (5.6)  36.1 (6.1)  36.5 (6.3)

Elixhauser Comorbidity Index score, 
mean (SD)a  0.9 (1.1)  0.9 (1.2)  0.8 (1.1)  0.9 (1.1)  1.0 (1.3)  1.4 (1.7)

Obesity-related comorbidities, n (%)

Dyslipidemiaa  6,560 (42.9)  1,514 (39.2)  3,932 (43.2)  541 (48.6)  444 (46.1)  129 (46.9)

Type 2 diabetes mellitusa  2,824 (18.4)  549 (14.2)  1,591 (17.5)  335 (30.1)  285 (29.6)  64 (23.3)

Osteoarthritis (knee, hip)  657 (4.3)  150 (3.9)  407 (4.5)  45 (4.0)  41 (4.3)  14 (5.1)

Gastroesophageal reflux diseasea  1,763 (11.5)  454 (11.8)  998 (11.0)  156 (14.0)  116 (12.0)  39 (14.2)

Hypertensiona  6,970 (45.5)  1,692 (43.9)  4,120 (45.3)  575 (51.7)  454 (47.1)  129 (46.9)

Musculoskeletal paina  5,507 (36.0)  1,445 (37.5)  3,174 (34.9)  407 (36.6)  361 (37.4)  120 (43.6)
aDifferences with P < 0.05 based on chi-square tests.
BMI = body mass index; SD = standard deviation, WG = weight gain; WL = weight loss.

TABLE 2 Baseline Characteristics and Comorbidities by Weight Change Status for Objective 1 and Objective 2
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the > 10%- ≤ 20% WL cohort (class 1: ∆–$202.77; class 2: 
∆–$166.62; class 3: ∆–$215.56). 

For objective 2 (n = 15,307), adjusted total PPPM all-
cause health care cost reductions ranged from $26.38 
PPPM in the ≥ 3%- ≤ 5% sustained nonsurgical WL cohort 
to $185.41  PPPM in the > 10%- ≤ 20% sustained nonsurgi-
cal WL cohort (Figure 2). As was seen with WL versus  
no-weight-change cohorts, the largest adjusted PPPM 
all-cause health care cost reduction occurred in the 
> 10%- ≤ 20% sustained nonsurgical WL cohort. The reduc-
tion of $157.41 PPPM in the > 5%- ≤ 10% sustained nonsurgical 
WL cohort was statistically significant. In the stratified 
analysis, the largest adjusted PPPM all-cause health care 
cost reduction (∆–$248.48) was observed in the > 10%- ≤ 20% 
sustained nonsurgical WL cohort in individuals with index 
obesity class 2. For the > 5%- ≤ 10% sustained nonsurgical 
WL cohort, the largest adjusted PPPM all-cause health 
care cost reduction (∆–$211.90; P < 0.05) was observed in 
individuals who were in index obesity class 1. 

ADJUSTED PPPM RESULTS BY TYPE  
OF HEALTH CARE COSTS 
Table 3 presents analysis results in the overall sample and 
stratified by index obesity class. In the overall sample for ob-
jective 1 (n = 20,488), statistically significant reductions in in-
patient costs were observed for the > 5%- ≤ 10% ($50.34) and 
> 10%- ≤ 20% ($93.22) WL cohorts (Table 3). Outpatient costs 

We noted more inpatient procedures in several major 
diagnostic categories, including diseases and disorders of 
the musculoskeletal system and connective tissue, diges-
tive system, and circulatory system, in the baseline than 
in follow-up periods for objectives 1 and 2. For example, 
for the first objective, 104 (0.7%) patients received 110 inpa-
tient procedures during baseline that were related to the 
diagnosis-related group (DRG) code for the musculoskeletal 
system and connective tissue. This decreased to 71 (0.5%) 
patients and 78 procedures in the first year of follow-up 
(Appendix B). This DRG code includes procedures such as 
major joint replacement or reattachment of lower extrem-
ity, spinal fusion except cervical, cervical spinal fusion, back 
and neck procedure excluding spinal fusion, and revision of 
hip or knee replacement.

ADJUSTED TOTAL PPPM ALL-CAUSE  
HEALTH CARE COSTS
For objective 1 (n = 20,488), adjusted total PPPM all-cause 
health care cost reductions ranged from $57.36 PPPM 
to $193.54 PPPM, with the greatest all-cause health care 
cost reduction observed in the > 10%- ≤ 20% WL cohort  
(Figure  1). These all-cause health care cost differences (Δ)  
were statistically significant in the > 5%- ≤ 10% WL  
(∆–$135.35) and > 10%- ≤ 20% (∆ –$193.54) WL cohorts. 
When stratified by index obesity class, the largest PPPM 
all-cause health care cost reductions were observed in 

aP < 0.05.
ΔPPPM = all-cause health care cost change per patient per month; WL = weight loss.

FIGURE 1 Adjusted ΔPPPM Total All-Cause Health Care Cost from Baseline to First Year of Follow-up for 
Nonsurgical WL Compared with No-Weight-Change Cohorts (n = 20,488)
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Discussion
In this linked EMR-claims database analysis, we found con-
siderable short-term all-cause health care savings 1 year af-
ter nonsurgical WL and sustained nonsurgical WL in U.S. 
adults who had obesity. Overall, greater magnitudes of non-
surgical WL and sustained nonsurgical WL were associated 
with increased savings. For those achieving > 10%- ≤ 20% 
WL and > 10%- ≤ 20% sustained WL, PPPM all-cause health 
care costs were reduced by $193.54 (P < 0.05) from baseline 
to the first year and by $185.41 (not statistically significant) 
from baseline to the second year, respectively. Although a 
trend of total health care cost savings was clear in most WL 
cohorts, the major drivers to cost savings were mainly inpa-
tient and outpatient costs. 

While the present observational study could not assess 
the causal relationship between nonsurgical WL or sus-
tained nonsurgical WL with comorbidity burden, clinical 
trials have demonstrated that WL can improve outcomes in 
T2DM and cardiovascular disease. In a meta-analysis of ran-
domized clinical trials of lifestyle interventions, WL of > 5% 
was associated with beneficial effects on hemoglobin A1c, 
lipid, and blood pressure levels in patients with T2DM.29 The 
Look AHEAD randomized clinical trial also demonstrated 
that WL of ≥ 10% can reduce the risk of cardiovascular 
events (a composite of cardiovascular death, nonfatal acute 

were also an important contributor, with savings ranging 
from $31.33 PPPM among those with ≥ 3%- ≤ 5% WL to $88.84 
PPPM in those with > 10%- ≤ 20% WL. Reductions in ER costs 
(ranging from $1.48 in individuals with > 10%-≤ 20% WL to 
$31.41 in those with > 5%- ≤ 10% WL) and pharmacy costs 
($10.00 in individuals with > 10%- ≤ 20% WL) were smaller 
contributors to the reductions in total health care costs. 
Stratified by index obesity class, results were more mixed, 
likely due to small samples in the stratified subgroups. 

A similar trend was seen for objective 2 (n = 15,307), with 
statistically significant reductions in inpatient costs for the 
> 5%- ≤ 10% ($67.63) and > 10%- ≤ 20% ($123.22) WL cohorts 
(Table 3). The greatest outpatient cost savings were in 
the > 5%- ≤ 10% WL cohort ($97.75 [P < 0.05]); reductions 
were $1.87 in the ≥ 3%- ≤ 5% WL cohort and $46.62 in the 
> 10%- ≤ 20% WL cohort. There was a small, but statistically 
significant, reduction ($1.18 [P < 0.05]) in pharmacy costs for 
the ≥ 3%- ≤ 5% WL cohort. 

Results were mixed for the analysis stratified by index 
obesity class, likely due to small samples. We observed 
increases in health care costs, rather than cost savings, in 
some cases; however, most of these results did not reach 
statistical significance. Among the results that reached 
statistical significance, most showed that WL was associ-
ated with cost reduction.

aP < 0.05.
ΔPPPM = all-cause health care cost change per patient per month; WL = weight loss.

FIGURE 2 Adjusted ΔPPPM Total All-Cause Health Care Cost from Baseline to Second Year of Follow-up for 
Sustained Nonsurgical WL Compared with No-Weight-Change Cohorts (n = 15,307)
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Type of  
Health Care Cost

No-Weight-Change 
Cohortb

≥ 3%-≤ 5% WL 
Cohort

> 5%-≤ 10% WL 
Cohort

> 10%-≤ 20% WL 
Cohort

Objective 1

Overall sample

N 11,588 1,683 1,576 569

Total costs Reference –57.36 –135.35 −193.54

Inpatient costs Reference –20.45 –50.34 –93.22

Outpatient costs Reference –31.33 –65.22 –88.84

ER costs Reference –14.86 –31.41 –1.48

Pharmacy costs Reference 9.28 11.61 –10.00

Index obesity class 1

N 6,870 991 909 303

Total costs Reference 11.38 –133.22 –202.77

Inpatient costs Reference –19.86 –61.06 –45.71

Outpatient costs Reference 16.16 –71.81 –140.92

ER costs Reference –2.34 –16.44 –20.46

Pharmacy costs Reference 17.43 16.08 4.32

Index obesity class 2

N 2,855 376 353 137

Total costs Reference –143.43 –127.81 –166.62

Inpatient costs Reference 3.54 –24.12 –86.34

Outpatient costs Reference –125.25 –14.91 –56.70

ER costs Reference –35.14 –87.67 11.29

Pharmacy costs Reference 13.41 –1.11 –34.87

Index obesity class 3

N 1,863 316 314 129

Total costs Reference –164.15 –150.99 –215.56

Inpatient costs Reference –55.71 –50.98 –210.05

Outpatient costs Reference –60.58 –94.65 3.82

ER costs Reference –29.78 –17.25 9.46

Pharmacy costs Reference –18.08 11.89 –18.79

Objective 2

Overall sample

N 9,097 1,113 964 275

Total costs Reference –26.38 –157.41 –185.41

Inpatient costs Reference 3.39 –67.63 –123.22

Outpatient costs Reference –1.87 –97.75 –46.62

ER costs Reference –26.73 –18.95 –39.57

Pharmacy costs Reference –1.18 26.91 24.01

Effect of Weight Loss on Health Care Costs (USD) in Overall 
Sample and by Index Obesity Classa

TABLE 3

continued on next page

myocardial infarction, nonfatal stroke, 
and hospital admission for angina) in 
patients with T2DM.30 It is plausible 
that some health care cost reductions 
that were observed may be attribut-
able to alleviated comorbidity burden 
among adults who had WL or sus-
tained nonsurgical WL. Furthermore, 
our study focused on direct health 
care costs associated with obe-
sity, but indirect costs account for 
approximately two thirds of the total 
costs associated with obesity.1 Thus, 
the total cost savings of WL, from a 
societal perspective, are potentially 
greater than our estimates.

Although our study did not assess 
the economic effect of specific WL 
treatments, health care providers 
may consider a holistic treatment 
approach to obesity. This approach 
may cover a full spectrum of WL strat-
egies, including lifestyle interventions 
and AOMs, and bariatric surgery. A 
recent report by the U.S. Government 
Accountability Office found that fewer 
than 1 million adults per year of more 
than 71 million adults with obesity 
used an AOM from 2012 to 2016. The 
report also noted that health insur-
ance coverage was variable and often 
dependent on prior authorizations or 
first trying other treatments, such as 
behavioral modification.31

Our results are comparable with 
prior studies that examined the asso-
ciation between WL and health care 
cost savings.18,32 Using a two-part 
model of medical expenditures with 
survey data from noninstitutionalized 
individuals in the United States, Cawley 
and Meyerhoefer (2012) examined the 
relationship between WL and health 
care costs over 2  years.32 Findings 
indicated substantial decreases in 
total annual health care costs associ-
ated with WL. For instance, health 
care cost reductions ranged from 
$69 for an index BMI measurement 
of 30 to $10,031 for an index BMI 
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Another claims-EMR analysis in 
patients with T2DM found reductions 
in short-term (6-month and 12-month) 
health care costs associated with WL. 
Annual all-cause health care costs 
were approximately $500, $800, and 
$1,100 lower among patients with 3%, 
5%, and 7% WL, respectively, com-
pared with the no-weight-change 
cohort.27 These results are gener-
ally comparable with the present 
study if the results are annualized 
for the ≥ 3%- ≤ 5% WL ($688.32) and 
> 5%- ≤ 10% WL cohorts ($1,624.20). As 
in the present study, a greater mag-
nitude of WL was associated with a 
greater reduction in all-cause health 
care costs.27

Our analysis has several strengths. 
This is the first large-scale observa-
tional study to examine short-term 
economic effect after nonsurgical WL 
and sustained nonsurgical WL, using 
real-world data of working-aged adults 
with obesity in the United States. Our 
study comprehensively examined total 
health care costs, including inpatient 
visits, physician-office visits, ER visits, 
and pharmacy costs, in a large sample 
of patients with WL or no weight 
change. The linked claims-EMR data-
sets provided rich clinical context for 
interpreting utilization and health 
care costs observed in claims data. 
Lastly, to reduce potential confound-
ing due to weight fluctuations, the 
analysis excluded individuals who had 
subsequent weight regain after their 
initial WL. 

LIMITATIONS 
Our study has several limitations. The 
study population comprised adults 
who had obesity and sought care at 
tier 1 medical facilities, which are 
centers of excellence, offering com-
prehensive medical, surgical, psycho-
logical, nutritional, and other care. 
Therefore, results may not be gener-
alizable to patients who seek care in 
ambulatory or primary care settings. 

savings of $150.99-$215.56) compared 
with class 1 obesity (range: cost 
increase of $11.38 to cost savings of 
$202.77) on the index date. A trend of 
greater health care cost savings for 
higher index obesity class was also 
reported in univariate analyses in the 
economic model by Su et al. (2018) 
(class 1: $2,581; class 2: $2,912; class 
3: $4,069); however, in multivariable 
analyses, health care cost savings for 
obesity classes 2 and 3 were lower 
by 5%-24% versus those for obesity 
class 1.18

measurement of 45 (2010 values) for 
individuals with 5% WL compared 
with no WL.32 The study estimated 
greater cost savings in those who 
had class 2 (range: $528-$1,608) and 
class 3 obesity (range: $2,137-$10,031) 
compared with those who had class 1 
obesity (range: $69-$394); this trend 
was consistent for WL of 10%, 15%, 
and 20%.32 This is generally consistent 
with our results for objective 1, which 
showed a trend of higher all-cause 
health care cost savings in patients 
who had class 3 obesity (range: cost 

Type of  
Health Care Cost

No-Weight-Change 
Cohortb

≥ 3%-≤ 5% WL 
Cohort

> 5%-≤ 10% WL 
Cohort

> 10%-≤ 20% WL 
Cohort

Index obesity class 1

N 5,442 654 546 147

Total costs Reference 14.09 –211.90 –205.01

Inpatient costs Reference 11.61 –100.65 –53.39

Outpatient costs Reference 24.54 –132.59 –129.60

ER costs Reference –8.91 0.11 –65.58

Pharmacy costs Reference –13.15 21.23 43.56

Index obesity class 2

N 2,224 244 214 69

Total costs Reference –127.05 45.91 –248.48

Inpatient costs Reference –27.67 3.09 –42.15

Outpatient costs Reference –33.30 48.32 –16.91

ER costs Reference –86.52 –46.48 –107.36

Pharmacy costs Reference 20.43 40.98 –82.05

Index obesity class 3

N 1,431 215 204 59

Total costs Reference –19.98 –207.37 –90.58

Inpatient costs Reference 9.84 –47.91 –390.51

Outpatient costs Reference –35.24 –150.53 139.96

ER costs Reference –8.61 –35.17 64.81

Pharmacy costs Reference 14.04 26.24 95.15

Note: Bold indicates P value <0.05; italic indicates P value < 0.1. 
aCovariates include age, sex, adjusted Elixhauser Comorbidity Index score, dyslipidemia, type 2 diabetes 
mellitus, osteoarthritis, gastroesophageal reflux disease, hypertension, and musculoskeletal pain.
bNo-weight-change cohort was the reference category in the generalized linear model.
ER = emergency room; USD = U.S. dollars; WL = weight loss. 

Effect of Weight Loss on Health Care Costs (USD) in Overall 
Sample and by Index Obesity Classa (continued)

TABLE 3
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BMI = body mass index; ΔPPPM = all-cause health care cost change per patient per month.

APPENDIX A Assessment of the Effect of Nonsurgical Weight Loss on Health Care Costs

First BMI ≥ 30 Second BMI Third BMI Fourth BMI

1 year ± 6 months 1 year ± 6 months 1 year ± 6 months

Baseline PPPM cost First-year PPPM cost

∆PPPM cost between baseline  
and first year

Objective 1

Objective 2

Baseline PPPM cost First-year PPPM cost

∆PPPM cost between baseline  
and second year

Second-year PPPM cost
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Major Diagnostic Categories

Baseline First-Year Follow-up Second-Year Follow-up
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Objective 1 (N = 15,416)

Diseases & Disorders of the Musculoskeletal System & Connective Tissue 104 110 32,946.15 71 78 30,865.72 – – –

Diseases & Disorders of the Digestive System 45 46 19,155.12 23 24 22,873.53 – – –

Diseases & Disorders of the Circulatory System 45 48 37,095.98 28 29 51,374.47 – – –

Diseases & Disorders of the Female Reproductive System 28 28 14,268.57 15 15 13,812.90 – – –

Diseases & Disorders of the Skin, Subcutaneous Tissue & Breast 13 14 8,202.99 7 8 15,967.63 – – –

Diseases & Disorders of the Respiratory System 10 10 36,193.13 10 10 12,226.65 – – –

Factors Influencing Health Status & Other Contacts with Health Services 10 10 12,447.56 6 6 10,170.44 – – –

Diseases & Disorders of the Nervous System 9 11 21,848.60 7 7 24,343.36 – – –

Endocrine, Nutritional & Metabolic Diseases & Disorders 8 8 19,380.62 2 3 12,698.93 – – –

Diseases & Disorders of the Kidney & Urinary Tract 7 7 13,251.66 3 3 9,030.41 – – –

Mental Diseases & Disorders 7 7 6,343.75 7 10 4,941.96 – – –

Infectious & Parasitic Diseases, Systemic or Unspecified Sites 7 7 15,214.29 3 3 12,424.11 – – –

Diseases & Disorders of the Hepatobiliary System & Pancreas 4 4 19,745.94 2 2 17,044.14 – – –

Injuries, Poisonings & Toxic Effects of Drugs 3 3 64,924.43 4 4 30,555.70 – – –

Alcohol/Drug Use & Alcohol/Drug-Induced Organic Mental Disorders 3 3 5,176.86 4 7 5,254.05 – – –

Diseases & Disorders of the Ear, Nose, Mouth & Throat 2 2 19,823.62 4 4 9,153.77 – – –

Objective 2 (N=11,449)

Diseases & Disorders of the Musculoskeletal System & Connective 
Tissue

73 76 32,578.31 49 55 31,206.16 52 56 37,828.21

Diseases & Disorders of the Circulatory System 38 41 37,452.95 24 25 45,331.69 21 23 4,7281.07

Diseases & Disorders of the Digestive System 35 36 16,851.25 17 18 24,231.86 12 12 24,802.92

Diseases & Disorders of the Female Reproductive System 19 19 15,716.39 9 9 11,891.30 10 10 12,577.34

Diseases & Disorders of the Respiratory System 9 9 37,167.51 5 5 13,835.26 7 7 14,502.04

Factors Influencing Health Status & Other Contacts with Health 
Services

8 8 13,150.09 6 6 10,170.44 0 0 0.00

Diseases & Disorders of the Nervous System 7 9 14,699.97 7 7 24,343.36 7 9 20,534.03

Endocrine, Nutritional & Metabolic Diseases & Disorders 6 6 21,479.93 1 1 95,46.34 3 3 42,807.62

Mental Diseases & Disorders 6 6 6,496.80 6 9 48,46.08 6 8 4,626.75

Diseases & Disorders of the Skin, Subcutaneous Tissue & Breast 6 7 9,803.96 5 6 19,011.07 3 3 13,723.11

Diseases & Disorders of the Kidney & Urinary Tract 5 5 11,154.56 2 2 8,652.52 5 5 25,047.21

Infectious & Parasitic Diseases, Systemic or Unspecified Sites 4 4 14,881.85 3 3 12,424.11 2 3 34,927.55

Alcohol/Drug Use & Alcohol/Drug-Induced Organic Mental Disorders 3 3 5,176.86 3 3 6,181.81 4 7 5,845.70

Diseases & Disorders of the Hepatobiliary System & Pancreas 3 3 14,480.01 1 1 15,724.03 1 1 17,882.36

Injuries, Poisonings & Toxic Effects of Drugs 2 2 90,621.29 3 3 39,668.20 0 0 0.00

Diseases & Disorders of the Ear, Nose, Mouth & Throat 2 2 19,823.62 2 2 6,020.46 1 1 8,364.48
aMean cost per patient represented in U.S. dollars per major diagnostic code category.

APPENDIX B Number of Inpatient Procedures and Average Costs During Baseline and Follow-up Periods
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