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Abstract

IMPORTANCE Bariatric surgery effectively treats severe obesity and metabolic diseases. However,
individual outcomes vary depending on sustainable lifestyle change. Little is known about lifestyle
patterns after bariatric surgery among the US population.

OBJECTIVE To compare the level of physical activity and eating behavior among postbariatric
surgery patients, individuals eligible for surgery, and those with normal weight.

DESIGN, SETTING, AND PARTICIPANTS A cross-sectional study using nationally representative
survey data from National Health and Nutrition Examination Survey 2015-2018. Respondents
included for analysis were age 18 years or older, and categorized by individuals with normal weight,
individuals who received bariatric surgery, and individuals clinically eligible for bariatric surgery.
Analyses were performed from February to October 2021.

MAIN OUTCOMES AND MEASURES Self-reported measures were used to assess physical activity
(moderate-to-vigorous physical activity [MVPA], sedentary activity, and whether PA guidelines were
met) and eating behaviors (total energy intake and Healthy Eating Index [HEI]-2015 diet

quality scores).

RESULTS Of 4659 study participants (mean [SD] age, 46.1[18.6] years; 2638 [weighted percentage,
58.8%] women; 1114 [weighted percentage, 12.7%] Black, 1570 [weighted percentage, 68.6%]
White), 132 (3.7%) reported that they had undergone any bariatric surgery. Median (IQR) time since
surgery was 7 (3-10) years. After propensity-score weighting, individuals who underwent bariatric
surgery reported more time spent in MVPA than those eligible for surgery (147.9 min/wk vs 97.4
min/wk). Among respondents with normal weight, 45.6% (95% Cl, 40.8% to 52.4%) reported
meeting PA guidelines, almost 2 times higher than those in the bariatric surgery (23.1%; 95% Cl,
13.8% to 32.4%) or in the surgery-eligible group (20.3%; 95% Cl, 15.6% to 25.1%). Propensity-score
weighted overall HEI was higher for individuals with normal weight (54.4; 95% Cl, 53.0 to 55.9) than
those who underwent bariatric surgery (50.0; 95% Cl, 47.2 to 52.9) or were eligible for the surgery
(48.0; 95% Cl, 46.0 to 50.0). Across all HEI components, mean scores were similar between the
bariatric surgery and surgery-eligible groups. Total energy intake was the lowest among those who
underwent bariatric surgery (1746 kcal/d; 95% Cl, 1554 to 1937 kcal/d), followed by those with
normal weight (1943 kcal/d; 95% Cl, 1873 to 2013 kcal/d) and those eligible for bariatric surgery
(2040 kcal/d; 1953 to 2128 kcal/d).

CONCLUSIONS AND RELEVANCE |In this cross-sectional study, individuals who underwent bariatric
surgery had beneficial lifestyle patterns compared with those eligible for surgery; however, these
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Abstract (continued)

improvements seemed suboptimal based on the current guidelines. Efforts are needed to
incorporate benefits of physical activity and a healthy, balanced diet in postbariatric care.
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Introduction

Obesity is a well-established risk factor for multiple chronic conditions, including metabolic
syndrome, cardiovascular disease (CVD), and some cancers'*; thus, the growing prevalence of
obesity poses a serious public health concern. As of 2017-2018, obesity affects more than 42% of the
US population, with 9% of adults having severe obesity (defined as BMI =40; calculated as weight
in kilograms divided by height in meters squared).>“ It has been estimated that nearly $210 billion
can be attributable to obesity alone, and when considering obesity-associated chronic diseases,
obesity accounts for an estimated $530 billion of US health care spending.®

Bariatric surgery is the most effective treatment for severe and complex obesity and metabolic
diseases such as type 2 diabetes.®® However, a growing body of the literature suggests that long-
term maintenance of health benefits requires long-term adherence to behavioral changes in physical
activity and diet following surgery.®"" According to the American Society for Metabolic and Bariatric
Surgery (ASMBS), more than 200 000 individuals undergo bariatric surgery in the US each year, and
this number is expected to grow.'> However, to date there is little known regarding physical activity
and dietary patterns among individuals receiving bariatric surgery at the population level. Many
patients receiving bariatric surgery maintain weight loss; however, about half of patients experience
weight regain within 2 years and regain a range of 8 to 10 kg within 60 months compared with their
lowest weight after the surgery overall.”™>"* While regaining lost weight is not necessarily harmful, a
deeper understanding of postoperative lifestyle patterns is needed to help inform preoperative
education programs and postsurgical interventions to maximize the clinical benefits of
bariatric surgery.”>'®

Using a nationally representative sample of the US population, we examined and compared
physical activity level, healthy eating behaviors, and total energy expenditure among US adults who
underwent bariatric surgery relative to those who were eligible for, but did not receive, bariatric
surgery and those with normal weight. We included the normal-weight group in addition to the
nonbariatric surgery group in the study population to see if the bariatric surgery group had similar
outcomes with the normal weight group (as a test for equivalency or normalization)”'® and
significantly different outcomes with the nonsurgery group.

Methods

Data Source

We conducted a cross-sectional study using data from the National Health and Nutrition Examination
Survey (NHANES) for the years 2015 through 2018. The NHANES is a nationally representative
survey that is conducted in 2-year cycles by the National Center for Health Statistics to assess the
health and nutrition status of the US population.'® We combined 2 NHANES survey cycles (2015-
2016 and 2017-2018) given the availability of information on bariatric surgery. More details about the
sampling frame and data structure of NHANES have been documented elsewhere.' In brief,
NHANES data were gathered using household surveys, medical examinations, and laboratory tests.
NHANES oversampled individuals aged 60 years or older, African American respondents, and
Hispanic respondents and uses a multilevel weighting system to account for complex survey design
and nonresponse. We adjusted for survey weights and followed recommended analysis strategy to
generate nationally representative population estimates for the US.2° This study was deemed
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exempt from review by the University of Florida institutional review board because we used
deidentified and publicly available data. To report our findings, we followed the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) reporting guideline.

Study Population

Our initial sample included 11848 participants aged 18 years or older. We categorized the individuals
into 3 mutually exclusive groups: (1) individuals with normal weight (BMI range, 18.5-24.9), (2)
individuals who received bariatric surgery (self-reported to have received bariatric surgery), and (3)
individuals clinically eligible for bariatric surgery but reporting no receipt of bariatric surgery.
Eligibility for bariatric surgery was identified according to the ASMBS recommendation of having a
BMI of 40 or higher (severe obesity) or a BMI of 35 or higher with at least 1 obesity-related
comorbidity (including hypertension, diabetes, chronic obstructive pulmonary disease [COPD], liver
disease, hyperlipidemia, and any CVD).?' Those who did not fall in these groups (those with
underweight BMI below 18.5, 188 respondents; did not meet the surgery eligibility, 6339
respondents) or with missing data on key study variables (662 respondents) were excluded (Table 1).
The final study sample included 4659 participants.

Outcome Variables

Our primary outcomes were physical activity levels, diet quality, and total energy intake. Self-
reported physical activity measure was divided into 3 levels—moderate-to-vigorous physical activity
(MVPA), sedentary activity, and meeting physical activity guidelines.?? We calculated the minutes
per week of vigorous physical activity by multiplying the number of days of vigorous physical activity
in a week by minutes of vigorous physical activity in a day. Likewise, we calculated the minutes per
week of moderate physical activity by multiplying the number of days of moderate physical activity in
a week by minutes of moderate physical activity in a day. Total MVPA was calculated by summing the
minutes per week of vigorous physical activity and moderate physical activity. Self-reported
sedentary activity was recorded in minutes per day. Compliance with physical activity guidelines was
defined as engaging in at least 150 minutes a week of moderate-intensity or 75 minutes a week of
vigorous-intensity aerobic physical activity.??

To analyze diet quality, we merged 24-hour dietary recall data collected in NHANES with the
USDA Food Patterns Equivalents database for years 2015-2016 and 2017-2018 and calculated
Healthy Eating Index-2015 (HEI) scores.?>2* This measure included 13 dietary components; 9 were
adequacy components (total vegetables, greens and beans, total fruits, whole fruits, whole grains,
dairy, total protein foods, seafood and plant proteins, and saturated fatty acids) and 4 were
moderation components (sodium, refined grain, saturated fat, and added sugar). Higher intake of
adequacy components resulted in higher HEI scores, which corresponded to a healthier diet.
Conversely, higher intake of moderation components resulted in lower scores, corresponding to a
less healthy diet. An overall HEI score ranging from O to 100, with higher scores indicating better diet
quality, was calculated by adding the 13 component scores. More details on the HEI scoring standards
can be found in Reedy et al.?* We considered a 3-point or more difference in overall HEI score as a
clinically meaningful difference, consistent with previous studies.?>?® Total energy intake
(kilocalories per day) was calculated using NHANES dietary interview data.'®?” In brief, all variables
labeled energy (kilocalories) in the total nutrient intakes files were summed to estimate total energy
expenditure, including nutrients obtained from foods, beverages, and water (tap and bottled

water).%’

Matching Variables

Considering disparities in access to bariatric surgery (eg, by race and ethnicity and other

),%8 we used propensity score weighting to address selection bias and
confounding between receipt of bariatric surgery and outcomes of interest while retaining all study

socioeconomic status
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participants in the analysis.?®3° Covariates used in adjustments included participants'’ age, self-
reported race and ethnicity (non-Hispanic Black, non-Hispanic White, or other [Asian, Hispanic, and
multiple races]), education (high school or less, some college, college 4 years or more), family income
(low, below 100% of federal poverty level [FPL]; middle, 100%-200% of FPL; high, above 200% of
FPL), health insurance (private, public, uninsured), general health status (excellent or good, fair or
poor), current smoking status, mobility limitation (difficulty walking), diagnosis of cardiovascular
disease (CVD), cancer, diabetes, hypertension, hyperlipidemia, and COPD. We aggregated self-
identified Hispanic, Asian, or multiracial participants into other race and ethnicity group because of
small sample size. To create a propensity score for receiving bariatric surgery, we used a survey
design-adjusted logistic regression procedure.

Table 1. Characteristics of Study Participants

Propensity-score weighted respondents, No.

Respondents, No. (weighted %)® (weighted %)°
Had bariatric Eligible but Had bariatric Eligible but
Normal weight surgery no surgery Normal weight surgery no surgery P value bariatric

Characteristics (n = 2906) (n=132) (n=1621) P value (n = 2403) (n=121) (n = 1496) P value vs eligible group
BMI, mean (SD) 22.4(2) 35.6 (7) 41.9 (6) <.001 NA NA NA NA NA
Mean (SD) age, y 43.8 (20) 52.2 (12) 49.6 (16) <.001 51.8 (19) 52.8(12) 53.9 (16) .18 .45
Sex

Women 1536 (57.2) 105 (78.5) 997 (59.8) 1266 (78.4) 96 (77.5) 915 (76.5)

Men 1370(42.8) 27 (21.5) 624 (40.2) <001 1137 (21.6)  25(22.5) 581 (23.5) 9 85
Race

Non-Hispanic Black 576 (10.3) 40(12.7) 498 (16.2) 472 (8.9) 36 (12.7) 456 (18.1)

Non-Hispanic White 969 (64.7) 51 (69.3) 550(62.2) <.001 860 (71.5) 48 (69.6) 525 (66.3) 17 .32

Other® 1361 (25.0) 41 (18.0) 573 (21.5) 1071 (19.6)  37(17.7) 515 (15.6)
Education

High school or less 1106 (32.8) 40 (25.2) 704 (37.9) 990 (21.9) 37 (26.2) 664 (31.1)

Some college 721 (28.2) 53(28.2) 601 (38.0) <.001 661 (23.9) 48(29.1) 573 (34.9) .09 30

College 24y 831 (39.0) 39 (46.6) 282 (24.1) 752 (54.2) 36 (44.7) 259 (34.0)
Family income®

Low 866 (22.9) 29 (15.1) 529 (23.8) 683 (14.3) 27 (16.7) 472 (19.3)

Middle 680 (18.3) 26 (11.7) 422 (20.0) .08 568 (10.8) 23(11.5) 391(12.4) .85 .85

High 1340 (58.8)  77(73.2) 670 (56.2) 1152 (74.9)  71(71.8) 633 (68.2)
Health insurance

Private 1196 (51.0)  65(55.6) 557 (44.6) 977 (53.6) 57 (51.4) 532 (48.9)

Public 1247 (35.0) 58(35.7) 829 (43.2) .006 1050 (37.1) 56 (39.2) 751 (41.5) .98 .95

Uninsured 457 (14.0) 9(8.7) 232(12.2) 376 (9.3) 8(9.4) 213 (9.6)
Self-reported fair/poor 406 (10.8) 33(22.2) 665 (36.2) <.001 384 (11.2) 33(23.3) 648 (33.7) .001 11
general health
Mobility limitation 251 (6.4) 36 (26.2) 486 (23.9) <.001 225(9.7) 33(26.4) 455 (28.1) .007 .84
Current smoking 586 (18.1) 18 (24.3) 273(29.7) <.001 523 (18.8) 18 (16.8) 254 (14.4) 77 .49
CVD 224 (5.5) 19 (11.8) 243 (12.1) <.001 204 (11.3) 17 (12.7) 224 (16.5) .46 .37
Cancer 240 (9.5) 15 (15.5) 156 (11.6) 21 227 (23.7) 14 (14.0) 152 (17.0) 11 .58
Diabetes 203 (4.0) 37(23.9) 471 (24.0) <.001 185 (7.6) 37 (25.7) 448 (33.7) <.001 .10
Hypertension 633(17.2) 83(56.3) 993 (58.3) <.001 560 (31.7) 77 (59.5) 927 (70.1) <.001 .14
Hyperlipidemia 693 (22.7) 56 (48.9) 744 (45.2) <.001 628 (46.0) 52 (51.2) 701 (60.8) .16 .19
COPD 103 (3.1) 5(7.1) 107 (5.7) .007 97 (6.8) 5(7.8) 100 (7.4) .96 .92

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); COPD, chronic obstructive pulmonary disease; CVD, cardiovascular
disease; NA, not applicable.

2 Percentages weighted to be nationally representative and account for nonresponse.
b Propensity-score weighted estimates, adjusted for all characteristics listed in the Table except BMI.
¢ Includes Asian, Hispanic, and multiple races.

d Based on Federal Poverty Level: low income, Federal Poverty Level <200%; middle, Federal Poverty Level 200%-399%; high, Federal Poverty Level >399%.
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Statistical Analysis

To compare baseline characteristics across surgery and BMI groups, we used first-order Rao-Scott x>
tests. We fit multiple general linear models to examine the mean of physical activity levels (minutes
per week of MVPA, minutes per day of sedentary activity, and proportion of meeting physical activity
guidelines), HEI scores, and total energy intake between the 3 study groups. Each study outcome
was examined in a separate model. SAS PROCSURVEY procedures were used for population
estimation, which included weight, cluster, and strata statements and incorporated sampling
weights. We present both unweighted and propensity-weighted analysis results for the study
groups; percentages reflect weighted estimates (either for sample weight or propensity weight).
Statistical significance was estimated at P < .05 in 2-sided tests, and all analyses were conducted
using SAS software, version 9.4 (SAS Institute, Inc).

Results

Sample Characteristics

Of 4659 study participants (mean [SD] age, 46.1[18.6] years old; 2638 [58.8%] women; 1114 [12.7%]
Black, 1570 [68.6%] White), 132 (3.7%, representing 3.6 million US adults) reported that they had
undergone any type of bariatric surgery. Median (IQR) time since the surgery was 7 (3-10) years.
Compared with individuals eligible for bariatric surgery but who did not undergo surgery, individuals
who underwent bariatric surgery tended to be older, female, or identified as White (Table 1).
Compared with those with normal weight, those eligible for or who underwent bariatric surgery were
more likely to report fair or poor general health (33 of 132 [22.2%] vs 406 of 2906 [10.8%]), current
smoking (18 [24.3%] vs 586 [18.1%]), mobility limitations (36 [26.2%] vs 251[6.4%]), or more
chronic conditions (diabetes, 37 [23.9%] vs 203 [4.0%]; CVD, 19 [11.8%] vs 224 [5.5%]). After
applying propensity score-weighting, the differences between the groups were largely mitigated
except for general health status and some chronic conditions (diabetes and hypertension). All
standardized differences between the surgery group and the surgery-eligible group were minimal.

Physical and Sedentary Activity

After propensity-score weighting, individuals who underwent bariatric surgery reported more time
spent in MVPA than those eligible for surgery (147.9 min/wk; 95% Cl, 101.6 to 194.4 min/wk vs 97.4
min/wk; 95% Cl, 82.6 to 112.2 min/wk) (Table 2). For sedentary activity, there was no significant
difference between individuals in the bariatric surgery group and those in the surgery-eligible group.
Of those with normal weight, 45.6% (95% Cl, 40.8% to 52.4%) were estimated to meet PA
guidelines, which was almost 2 times higher than those in the bariatric surgery (23.1%; 95% Cl, 13.8%
t0 32.4%) or in the surgery-eligible group (20.3%; 95% Cl, 15.6% to 25.1%).

Healthy Eating and Total Energy Intake

Propensity-score weighted overall HEI score was higher for individuals with normal weight (54.4;
95% Cl, 53.0 to 55.9) than those who underwent bariatric surgery (50.0; 95% Cl, 47.2 t0 52.9;

P = .01) or were eligible for the surgery (48.0; 95% Cl, 46.0 to 50.0; P < .001) (Table 3). Across all
HEI components, mean scores were similar between the bariatric surgery and surgery-eligible
groups. Total energy intake was the lowest among those who underwent bariatric surgery (1746
kcal/d; 95% Cl, 1554 to 1937 kcal/d), followed by those with normal weight (1943 kcal/d; 95% Cl, 1873
to 2013 kcal/d) and those eligible for bariatric surgery (2040 kcal/d; 95% Cl, 1953 to 2128 kcal/d).

Discussion

Using a nationally representative sample of US adults, we found that individuals who underwent
bariatric surgery reported more time spent in physical activity (36 minutes more in a typical week)
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and had lower total energy intake (294 kcal/d lower) than those who were surgery-eligible but did
not receive surgery. However, further analysis showed that receipt of bariatric surgery was not
associated with meeting PA guidelines or higher dietary quality (as measured by HEI). Taken
together, our findings suggest that long-term weight loss achieved through bariatric surgery is
unlikely to result in individuals meeting the current minimum recommended levels of MVPA (over
150 min/wk) or diet quality recommendations and likely reflect significant physiological changes and
reductions in energy intake. Further intervention from health care professionals may be needed to
support higher levels of physical activity and diet quality in postoperative bariatric patients.

Change in physical activity and sedentary behavior after bariatric surgery is a growing area of
interest.3'33 Although earlier studies focused on postsurgery physical activity in the short-term, 323>
a novelty and strength of our study was that it captured physical activity in varying time frames
(median 7 years) after bariatric surgery in the general population. More in-depth understanding of
these lifestyle behaviors seems to be needed to maximize the long-term health benefits of surgical
weight reduction. Our findings appear to concur with previous studies that show improvements in
active time following bariatric surgery, given that the surgery group had a higher mean MVPA than
the surgery-eligible group.33® However, it is important to consider the activity intensity and
postsurgery time frame, as these may affect the interpretation of our results. For example, a 2016
study by Afshar and colleagues>® found no significant change in physical activity before and 6
months after bariatric surgery using subjective and device-based measures of physical activity.

Table 3. Comparison of HEI Component and Total Energy Expenditure Between Normal Weight, Bariatric Surgery, and Surgery Eligible Groups

Estimate (95% CI) Propensity-score weighted estimate (95% CI)
HEI, Had bariatric Eligible but Global Had bariatric Eligible but Global
Outcomes Max Score Normal weight surgery no surgery Pvalue Normal weight surgery no surgery P value
Total vegetables 5 3.1(2.9t03.2) 2.7 (2.4t03.0) 2.9(2.8t03.1) .03 3.4(3.2t03.5) 2.8(2.5t03.1) 3.1(2.8t03.3) <.001
Greens and beans 5 1.8(1.6t01.9) 1.6 (0.6t02.4) 1.5(1.3t01.7) .03 2.0(1.7t02.2) 1.4(0.5t02.4) 1.6 (1.3t01.8) .04
Total fruits 5 2.2(2.0t02.4) 1.8(1.1t02.5) 1.7(1.5t01.8) <.001 23(2.1to2.6) 1.8(1.1t02.4) 1.8(1.5t02.1) .008
Whole fruits 5 2.3(2.1t02.5) 1.6(1.0t02.2) 1.8 (1.6t02.0) <.001 25(.2t02.8) 1.6(1.0t0o2.1) 2.0(1.6t02.3) .005
Whole grains 10 2.7 (2.4103.0) 2.9(1.7t04.1) 2.1(1.9t02.4) .02 3.0(2.6t03.4) 3.0(1.8t04.2) 2.3(1.9t02.7) .03
Dairy 10 48(4.6t05.1) 4.1(3.0t05.3) 4.5(4.3t04.8) .08 49(4.5t05.2) 43(3.3t05.4) 4.5(4.1t04.9) 21
Total protein foods 5 4.2(4.1t04.3) 4.1(3.7t04.5) 4.3(4.2t04.3) .34 4.2(4.1t04.3) 4.2(3.9t04.5) 42(4.1t04.4) .70
Sea{o_od andplant 5 2.6(2.5t02.8) 22(14t03.1) 2.2(1.9t02.4) .003 28(2.6t03.0) 2.1(1.3t02.9) 2.3(2.0t02.6) .007
proteins
Fatty acids 10 5.1(4.8t05.4) 6.0(5.3t06.7) 4.7 (4.41t05.1) .01 5.1(4.7t05.5) 5.9(5.2t06.5) 4.7(4.2t05.2) .03
Sodium 10 45(4.3t04.7) 3.9(3.0t04.8) 3.9(3.6t04.2) .002 46(4.3t04.9) 4.0(3.1t04.8) 4.0(3.6t04.4) .07
Refined grain 10 6.5(6.21t06.7) 6.6 (5.3t07.9) 5.8(5.5t06.2) .01 7.0(6.7t07.3) 6.3(5.1t07.6) 5.8(5.3t06.4) .002
Saturated fat 10 5.8(5.6t06.0) 6.0(5.2t06.8) 5.0(4.7t05.3) <.001 5.6(53t059) 5.8(5.0t06.6) 4.9(4.5t05.3) .01
Added sugar 10 7.0(6.7t07.2) 7.0(6.0to0 8.0) 6.7 (6.4t07.0) .25 7.1(6.7t07.5) 6.8(5.8t07.9) 6.8(6.5t07.2) 44
Overall HEI 100 52.5 50.4 47.1 <.001 544 50.0 48.0 <.001
(51.0t053.9) (47.6t053.3) (45.7 to 48.5) (53.0t055.9) (47.21t052.9) (46.0t0 50.0)
Difference? NA [Reference] -2.0 -5.4 NA [Reference] -4.4 -6.4 NA
(-5.7t01.7) (-6.6 to -4.1)° (-7.8to-1.0)° (-8.5t0 -4.4)°
P value© NA NA .28 <.001 NA NA .01 <.001 NA
Difference® NA 5.4 3.3 [Reference] NA 6.4 2.0 [Reference] NA
(4.1t06.6)° (0.5 t06.6)° (4.4t08.5)° (-1.3t05.4)

P value© NA <.001 .047 NA NA <.001 .23 NA NA
Total energy NA 2122 1687 2145 <.001 1943 1746 2040 .002
intake, kcal/d (2054 to0 2190) (1486 to 1888) (2083 t0 2207) (1873t02013) (1554 t01937) (1953 t02128)

Difference® NA [Reference] -435 23 NA [Reference] -197 98 NA
(-640 to -229)° (-59to 106) (-392 to -2)° (-3t0199)
P value® NA NA <.001 .57 NA NA .047 .06 NA
Difference® NA -23 -458 [Reference] NA -98 -295 [Reference] NA
(-106 to 59) (-643 to -273)° (-199to 3) (-466 to -124)°
P value© NA .57 <.001 NA NA .06 .001 NA NA
Abbreviations: HEI, Healthy Eating Index; NA, not applicable. b Significant difference from the reference group.
2 Due to inadequate sample size issue, post hoc comparison was conducted only for ¢ Post hoc between-group comparisons.

overall HEI not each dietary component.
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Surgical recovery may impede engagement in MVPA while the body is healing and the patient is
adjusting to new eating patterns. A longitudinal study®” conducted in bariatric surgery patients found
that 47% of postoperative bariatric patients were sedentary or somewhat active, while 14% were
active and 6% were highly active. In those studies, participants mainly reported participating in
physical activity through activities in daily living (eg, playing with children, gardening) rather than
structured physical activity regimens, suggesting the importance of assessing daily activities as a
proxy for physical activities in patients who have undergone bariatric surgery. For example,
measuring total physical activity volume throughout the day, like step counts, may be a more useful
indicator of activity in this patient population given the focus of recent physical activity guidelines.3®

There are a few factors that may explain lower physical activity rates in bariatric surgery patients
compared with patients with normal weight. First and foremost, patients with obesity are more likely
to be stigmatized while participating in physical activity.3>*° Second, a recent study suggested that
physical activity recommendations applicable to the general population may not be realizable for
postbariatric surgery patients because of persistent physical and mental health challenges that
remain after bariatric surgery.36#! Additional support for setting realistic goals and achieving
behavioral change within the domain of physical activity (eg, incorporating lessons on SMART
[Specific, Measurable, Achievable, Relevant, and Time-bound] goals) may be beneficial components
for both preoperative and postoperative education programs.*2 More substantive, direct, intentional
work is necessary to promote dietary and lifestyle behaviors among postbariatric patients.

Although not statistically significant, we showed a potentially meaningful difference in
sedentary behavior between those who underwent surgery and those who were eligible but did not,
which may show a decrease in sedentary behavior (36 minutes less per day) and a corresponding
increase in light intensity physical activity for those who underwent surgery. Vatier and colleagues*®
also found a decrease in sedentary behavior after bariatric surgery independent of differences in
physical activity, and suggested that this may be a result of favorable changes in body composition.
The latest PA guidelines suggest “a strong relationship between time in sedentary behavior and the
risk of all-cause mortality and cardiovascular disease mortality in adults."® Because the risk related
to sedentary behavior is not dependent on the duration of MVPA, a decrease in prolonged periods of
sedentary behavior would be an important goal for the postbariatric population. Future research
studying activity behavior in persons who underwent bariatric surgery should measure sedentary
behavior time, physical activity achieved through daily activities, bouts of prolonged sedentary time,
and light-intensity physical activity, as these may be more relevant indicators of behavior change for
this population. Future research should also investigate telemonitoring and use of mobile health
lifestyle applications (known as mHealth) as interventions to increase physical activity and weight
maintenance after bariatric surgery.

Our findings also indicated the lowest daily energy intake among bariatric surgery patients
compared with respondents with normal weight and surgery-eligible respondents. However, overall
HEI scores of patients undergoing bariatric surgery were lower than respondents with normal
weight. Although studies have documented misreporting or underreporting of dietary consumption
among individuals with obesity,**4° changes in energy intake and diet quality after bariatric surgery
may be because of alterations in the gut following bariatric surgery, which may result in physiological
changes (such as "dumping syndrome” or feeling ill after consuming foods high in fat or sugar) that
affect food consumption or adherence to certain dietary patterns.3'#¢ Additionally, the eating index
is based on achieving recommended levels of portion sizes for specific food groups, which may be
challenging to consume given the physiological changes to the gut that limit food consumption. This
also results in overall energy intake being lower because all bariatric procedures have a restrictive
component.#749 |n the long term, however, these changes could revert to presurgical levels and
possibly cause an increase in energy intake over time.>° Taken together, our findings suggest that
postsurgical patients may need more continual support for engaging in healthy lifestyle behaviors to
maintain the effects of the surgery.
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Strengths and Limitations

The primary strength of this study was that we used data from a recent nationally representative
sample from the NHANES (representing 100 million US adults), which included validated measures
of diet and physical activity-related assessments. Nevertheless, this study has several limitations.
First, we were not able to run analyses that incorporated time since the surgery date due to the
manner in which this would limit the sample size and generate unreliable estimates.> Given that
most weight regain occurs between 2 and 5 years after surgery,'>'* additional studies with a greater
sample size are needed to further understand lifestyle patterns during early postsurgery period and
long-term health outcomes.™'® Second, information on the type of surgery (eg, gastric sleeve, gastric
bypass, duodenal switch) was not available in the NHANES data. Third, since we used self-reported
data, our findings may be subject to recall bias. For example, self-reported MVPA data often have a
right-skewed distribution, resulting in overreporting of MVPA. Thus, average minutes of physical
activity reported should be interpreted with caution. Moreover, we relied on self-reported 24-hour
dietary recall data to assess energy intake. Although NHANES dietary data are validated and
considered reliable, %2 it may be inadequate to assess total usual energy intake because of the
timeframe of measure (eg, seasonal variation) and variations in individual intake.>? Fourth, this was a
cross-sectional study, which limited causal inference of study findings. Lastly, we used the propensity
score-weighting approach to minimize the selection bias of receipt of bariatric surgery?>>°; however,
this was based on available data, and we could not adjust for unobserved factors (eg, insurance
coverage, provider information). Future studies with longitudinal data are warranted to confirm
findings in this study.

Conclusions

The current study examined physical activity and eating behavior in a representative sample of US
adults who either were normal weight with no history of bariatric surgery, underwent bariatric
surgery, or were eligible for bariatric surgery but had not undergone the procedure. Results
demonstrated that individuals who underwent bariatric surgery showed higher engagement in
physical activity and lower total energy intake compared with those eligible for the surgery. However,
these improvements were not aligned with the current physical activity recommendations. By
incorporating behavior change strategies that focus on reducing sedentary behavior and increasing
total physical activity volume, bariatric programs could achieve better long-term benefits for this
unique population.

ARTICLE INFORMATION
Accepted for Publication: April 29, 2022.

Published: June 16, 2022. doi:10.1001/jamanetworkopen.2022.17380

Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2022 Hong YR
et al. JAMA Network Open.

Corresponding Author: Young-Rock Hong, PhD, MPH, Department of Health Services Research, Management
and Policy, College of Public Health and Health Professions, University of Florida, PO Box 100195, University of
Florida, Gainesville, FL 32610 (youngrock.h@phhp.ufl.edu).

Author Affiliations: Department of Health Services Research, Management and Policy, College of Public Health
and Health Professions University of Florida, Gainesville (Hong, Yadav); University of Florida Health Cancer Center,
Gainesville (Hong); Department of Management, Policy and Community Health, University of Texas Health Science
Center at Houston School of Public Health, Houston (Suk); Department of Kinesiology, Pennsylvania State
University, University Park (Lee); Department of Health Outcomes and Biomedical Informatics, University of
Florida College of Medicine, Gainesville (Newsome, Cardel); Department of Surgery, University of Florida College
of Medicine, Gainesville (Johnson-Mann); WW International, Inc, New York, New York (Cardel); Department of
Clinical and Health Psychology, College of Public Health and Health Professions University of Florida,

[5 JAMA Network Open. 2022;5(6):€2217380. doi:10.1001/jamanetworkopen.2022.17380 June 16, 2022

9/12


https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2022.17380&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.17380
https://jamanetwork.com/pages/cc-by-license-permissions/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.17380
mailto:youngrock.h@phhp.ufl.edu

JAMA Network Open | Nutrition, Obesity, and Exercise Physical Activity and Healthy Eating Behaviors Among US Adults Receiving Bariatric Surgery

Gainesville (Ross).

Author Contributions: Drs Hong and Yadav had full access to all the data in the study and take responsibility for
the integrity of the data and the accuracy of the data analysis.

Concept and design: Hong, Yadav, Suk.

Acquisition, analysis, or interpretation of data: All authors.

Drafting of the manuscript: Hong, Yadav, Lee, Newsome, Ross.

Critical revision of the manuscript for important intellectual content: All authors.
Statistical analysis: Hong, Yadav, Suk.

Obtained funding: Hong.

Administrative, technical, or material support: Hong.

Supervision: Cardel, Ross.

Conflict of Interest Disclosures: Dr Lee reported receiving personal fees from WW International Inc outside the
submitted work. Dr Newsome reported receiving personal fees from Novo Nordisk outside the submitted work. Dr
Cardel reported employment at WW International, Inc outside the submitted work. Dr Ross reported receiving
grants from National Institutes of Health (Nos. RO1DK119244, RO3HL154272, and R18HL112720) outside the
submitted work. No other disclosures were reported.

REFERENCES
1. Monteiro R, Azevedo I. Chronic inflammation in obesity and the metabolic syndrome. Mediators Inflamm. 2010;
2010(Atp Ill). doi:10.1155/2010/289645

2. Garg SK, Maurer H, Reed K, Selagamsetty R. Diabetes and cancer: two diseases with obesity as a common risk
factor. Diabetes Obes Metab. 2014;16(2):97-110. doi:10.1111/dom.12124

3. Hales C, Carroll M, Fryar C, Ogden C. Prevalence of obesity and severe obesity among adults: United States,
2017-2018. NCHS Data Brief, no 360. Published February 2020. Accessed April 30, 2021. https://www.cdc.gov/nchs/
products/databriefs/db360.htm

4. Ogden CL, Fryar CD, Martin CB, et al. Trends in obesity prevalence by race and Hispanic origin—1999-2000 to
2017-2018. JAMA. 2020;324(12):1208-1210. doi:10.1001/jama.2020.14590

5. Waters H, Graf M. America's Obesity Crisis. Milken Institute. Published October 2018. Accessed June 13, 2021.
https://milkeninstitute.org/sites/default/files/reports-pdf/Mi-Americas-Obesity-Crisis-WEB.pdf

6. Mingrone G, Panunzi S, De Gaetano A, et al. Bariatric-metabolic surgery versus conventional medical treatment
in obese patients with type 2 diabetes: 5 year follow-up of an open-label, single-centre, randomised controlled
trial. Lancet. 2015;386(9997):964-973. doi:10.1016/S0140-6736(15)00075-6

7. Adams TD, Davidson LE, Litwin SE, et al. Weight and metabolic outcomes 12 years after gastric bypass. N Engl J
Med. 2017;377(12):1143-1155. doi:10.1056/NEJM0a1700459

8. Pataky Z, Carrard |, Golay A. Psychological factors and weight loss in bariatric surgery. Curr Opin Gastroenterol.
2011;27(2):167-173. doi:10.1097/MOG.0b013e3283422482

9. Coen PM, Carnero EA, Goodpaster BH. Exercise and bariatric surgery: an effective therapeutic strategy. Exerc
Sport Sci Rev. 2018;46(4):262-270. doi:10.1249/JES.0000000000000168

10. King WC, Bond DS. The importance of preoperative and postoperative physical activity counseling in bariatric
surgery. Exerc Sport Sci Rev. 2013;41(1):26-35. doi:10.1097/JES.0b013e31826444e0

11. Kanerva N, Larsson I, Peltonen M, Lindroos A-K, Carlsson LM. Changes in total energy intake and macronutrient
composition after bariatric surgery predict long-term weight outcome: findings from the Swedish Obese Subjects
(SOS) study. Am J Clin Nutr. 2017;106(1):136-145. doi:10.3945/ajcn.116.149112

12. American Society for Metabolic and Bariatric Surgery. Estimate of Bariatric Surgery Numbers, 2011-2019.
Published March 2021. Accessed November 30, 2021. https://asmbs.org/resources/estimate-of-bariatric-
surgery-numbers

13. Monaco-Ferreira DV, Leandro-Merhi VA. Weight regain 10 years after Roux-en-Y gastric bypass. Obes Surg.
2017;27(5):1137-1144. doi:10.1007/s11695-016-2426-3

14. Magro DO, Geloneze B, Delfini R, Pareja BC, Callejas F, Pareja JC. Long-term weight regain after gastric bypass:
a 5-year prospective study. Obes Surg. 2008;18(6):648-651. doi:10.1007/s11695-007-9265-1

15. Hanapi NHM, Yuliawiratman BS, Lai LL, Halil H, Koo JG, Suhaimi A. Optimising the bariatric patients’ outcome
through cardiac rehabilitation approach. Obes Surg. 2018;28(7):2130-2134. doi:10.1007/s11695-018-3256-2

[5 JAMA Network Open. 2022;5(6):€2217380. doi:10.1001/jamanetworkopen.2022.17380 June 16,2022

10/12


https://dx.doi.org/10.1155/2010/289645
https://dx.doi.org/10.1111/dom.12124
https://www.cdc.gov/nchs/products/databriefs/db360.htm
https://www.cdc.gov/nchs/products/databriefs/db360.htm
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2020.14590&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.17380
https://milkeninstitute.org/sites/default/files/reports-pdf/Mi-Americas-Obesity-Crisis-WEB.pdf
https://dx.doi.org/10.1016/S0140-6736(15)00075-6
https://dx.doi.org/10.1056/NEJMoa1700459
https://dx.doi.org/10.1097/MOG.0b013e3283422482
https://dx.doi.org/10.1249/JES.0000000000000168
https://dx.doi.org/10.1097/JES.0b013e31826444e0
https://dx.doi.org/10.3945/ajcn.116.149112
https://asmbs.org/resources/estimate-of-bariatric-surgery-numbers
https://asmbs.org/resources/estimate-of-bariatric-surgery-numbers
https://dx.doi.org/10.1007/s11695-016-2426-3
https://dx.doi.org/10.1007/s11695-007-9265-1
https://dx.doi.org/10.1007/s11695-018-3256-2

JAMA Network Open | Nutrition, Obesity, and Exercise Physical Activity and Healthy Eating Behaviors Among US Adults Receiving Bariatric Surgery

16. Lier HG, Biringer E, Stubhaug B, Tangen T. The impact of preoperative counseling on postoperative treatment
adherence in bariatric surgery patients: a randomized controlled trial. Patient Educ Couns. 2012;87(3):336-342.
doi:10.1016/j.pec.2011.09.014

17. Hong YR, Kelly AS, Johnson-Mann C, Lemas DJ, Cardel MI. Degree of cardiometabolic risk factor normalization
inindividuals receiving bariatric surgery: evidence from NHANES 2015-2018. Diabetes Care. 2021;44(3):e57-€58.
doi:10.2337/dc20-2748

18. Leahey TM, Bond DS, Raynor H, et al. Effects of bariatric surgery on food cravings: do food cravings and the
consumption of craved foods “normalize” after surgery? Surg Obes Relat Dis. 2012;8(1):84-91. doi:10.1016/j.soard.
2011.07.016

19. US Centers for Disease Control and Prevention. NHANES 2017-2018 Overview. Published 2020. Accessed
August 15, 2021. https://wwwn.cdc.gov/nchs/nhanes/continuousnhanes/overview.aspx?BeginYear=2017

20. NHANES Survey Methods and Analytic Guidelines. Accessed September 22, 2021. https://wwwn.cdc.gov/
nchs/nhanes/analyticguidelines.aspx

21. American Society for Metabolic and Bariatric Surgery. Bariatric Surgery Guidelines and Recommendations.
Published June 2012. Accessed January 15, 2021. https://asmbs.org/resources/bariatric-surgery-guidelines-and-
recommendations

22. US Department of Health and Human Services. Physical Activity Guidelines for Americans 2nd edition.
Published 2018. Accessed July 1, 2021. https://health.gov/sites/default/files/2019-09/Physical_Activity Guidelines_
2nd_edition.pdf

23. US Department of Agriculture. Healthy Eating Index (HEI). Updated April 27, 2022. Accessed July 15, 2021.
https://www.fns.usda.gov/healthy-eating-index-hei

24. Reedy J, Lerman JL, Krebs-Smith SM, et al. Evaluation of the Healthy Eating Index-2015. J Acad Nutr Diet.
2018;118(9):1622-1633. doi:10.1016/j.jand.2018.05.019

25. Berkowitz SA, O'Neill J, Sayer E, et al. Health center-based community-supported agriculture: an RCT. Am J
Prev Med. 2019;57(6)(suppl 1):555-564. doi:10.1016/j.amepre.2019.07.015

26. Kirkpatrick SI, Reedy J, Krebs-Smith SM, et al. Applications of the Healthy Eating Index for surveillance,
epidemiology, and intervention research: considerations and caveats. J Acad Nutr Diet. 2018;118(9):1603-1621.
doi:10.1016/j.jand.2018.05.020

27. Centers for Disease Control and Prevention. National Health and Nutrition Examination Survey 2015-2016
Data Documentation, Codebook, and Frequencies: Dietary Interview—Individual Foods, First Day (DR1IFF_I).
Published 2018. Accessed November 1, 2021. https://wwwn.cdc.gov/Nchs/Nhanes/2015-2016/DRIIFF_I.htm

28. Bhogal SK, Reddigan JI, Rotstein OD, et al. Inequity to the utilization of bariatric surgery: a systematic review
and meta-analysis. Obes Surg. 2015;25(5):888-899. doi:10.1007/s11695-015-1595-9

29. Thomas LE, Li F, Pencina MJ. Overlap weighting: a propensity score method that mimics attributes of a
randomized clinical trial. JAMA. 2020;323(23):2417-2418. doi:10.1001/jama.2020.7819

30. Thomas L, Li F, Pencina M. Using propensity score methods to create target populations in observational
clinical research. JAMA. 2020;323(5):466-467. doi:10.1001/jama.2019.21558

31. Sjostrom L, Lindroos A-K, Peltonen M, et al; Swedish Obese Subjects Study Scientific Group. Lifestyle,
diabetes, and cardiovascular risk factors 10 years after bariatric surgery. N Engl J Med. 2004;351(26):2683-2693.
doi:10.1056/NEJM0a035622

32. Josbeno DA, Kalarchian M, Sparto PJ, Otto AD, Jakicic JM. Physical activity and physical function in individuals
post-bariatric surgery. Obes Surg. 2011;21(8):1243-1249. doi:10.1007/511695-010-0327-4

33. Possmark S, Sellberg F, Willmer M, Tynelius P, Persson M, Berglind D. Accelerometer-measured versus self-
reported physical activity levels in women before and up to 48 months after Roux-en-Y Gastric Bypass. BMC Surg.
2020;20(1):39. doi:10.1186/512893-020-00699-7

34. King WC, Hsu JY, Belle SH, et al. Pre- to postoperative changes in physical activity: report from the longitudinal
assessment of bariatric surgery-2 (LABS-2). Surg Obes Relat Dis. 2012;8(5):522-532. doi:10.1016/j.s0ard.2011.
07.018

35. Bond DS, Jakicic JM, Unick JL, et al. Pre- to postoperative physical activity changes in bariatric surgery
patients: self report vs. objective measures. Obesity (Silver Spring). 2010;18(12):2395-2397. doi:10.1038/oby.
2010.88

36. Herring LY, Stevinson C, Davies MJ, et al. Changes in physical activity behaviour and physical function after
bariatric surgery: a systematic review and meta-analysis. Obes Rev. 2016;17(3):250-261. doi:10.1111/0br.12361

[5 JAMA Network Open. 2022;5(6):€2217380. doi:10.1001/jamanetworkopen.2022.17380 June 16,2022 1/12


https://dx.doi.org/10.1016/j.pec.2011.09.014
https://dx.doi.org/10.2337/dc20-2748
https://dx.doi.org/10.1016/j.soard.2011.07.016
https://dx.doi.org/10.1016/j.soard.2011.07.016
https://wwwn.cdc.gov/nchs/nhanes/continuousnhanes/overview.aspx?BeginYear=2017
https://wwwn.cdc.gov/nchs/nhanes/analyticguidelines.aspx
https://wwwn.cdc.gov/nchs/nhanes/analyticguidelines.aspx
https://asmbs.org/resources/bariatric-surgery-guidelines-and-recommendations
https://asmbs.org/resources/bariatric-surgery-guidelines-and-recommendations
https://health.gov/sites/default/files/2019-09/Physical_Activity_Guidelines_2nd_edition.pdf
https://health.gov/sites/default/files/2019-09/Physical_Activity_Guidelines_2nd_edition.pdf
https://www.fns.usda.gov/healthy-eating-index-hei
https://dx.doi.org/10.1016/j.jand.2018.05.019
https://dx.doi.org/10.1016/j.amepre.2019.07.015
https://dx.doi.org/10.1016/j.jand.2018.05.020
https://wwwn.cdc.gov/Nchs/Nhanes/2015-2016/DR1IFF_I.htm
https://dx.doi.org/10.1007/s11695-015-1595-9
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2020.7819&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.17380
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2019.21558&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.17380
https://dx.doi.org/10.1056/NEJMoa035622
https://dx.doi.org/10.1007/s11695-010-0327-4
https://dx.doi.org/10.1186/s12893-020-00699-7
https://dx.doi.org/10.1016/j.soard.2011.07.018
https://dx.doi.org/10.1016/j.soard.2011.07.018
https://dx.doi.org/10.1038/oby.2010.88
https://dx.doi.org/10.1038/oby.2010.88
https://dx.doi.org/10.1111/obr.12361

JAMA Network Open | Nutrition, Obesity, and Exercise Physical Activity and Healthy Eating Behaviors Among US Adults Receiving Bariatric Surgery

37. Ahlich E, Verzijl CL, Cunning A, Wright E, Rancourt D. Patient motivations and goals for bariatric surgery:
a mixed methods study. Surg Obes Relat Dis. 2021;17(9):1591-1602. doi:10.1016/j.soard.2021.05.017

38. Piercy KL, Troiano RP, Ballard RM, et al. The physical activity guidelines for Americans. JAMA. 2018;320(19):
2020-2028. doi:10.1001/jama.2018.14854

39. Thiel A, John JM, Carl J, Thedinga HK. Weight stigma experiences and physical (in)activity: a biographical
analysis. Obes Facts. 2020;13(3):386-402. doi:10.1159/000507936

40. Pickett AC, Cunningham GB. Body weight stigma in physical activity settings. Am J Health Stud. 2018;33(1). doi:10.
47779/ajhs.2018.53

41. King WC, Chen J-Y, Belle SH, et al. Change in pain and physical function following bariatric surgery for severe
obesity. JAMA. 2016;315(13):1362-1371. doi:10.1001/jama.2016.3010

42. Swann C, Rosenbaum S, Lawrence A, Vella SA, McEwan D, Ekkekakis P. Updating goal-setting theory in
physical activity promotion: a critical conceptual review. Health Psychol Rev. 2021;15(1):34-50. doi:10.1080/
17437199.2019.1706616

43. Vatier C, Henegar C, Ciangura C, et al. Dynamic relations between sedentary behavior, physical activity, and
body composition after bariatric surgery. Obes Surg. 2012;22(8):1251-1256. doi:10.1007/511695-012-0619-y

44. Jackson KA, Byrne NM, Magarey AM, Hills AP. Minimizing random error in dietary intakes assessed by 24-h
recall, in overweight and obese adults. Eur J Clin Nutr. 2008;62(4):537-543. doi:10.1038/sj.ejcn.1602740

45. Poslusna K, Ruprich J, de Vries JHM, Jakubikova M, van't Veer P. Misreporting of energy and micronutrient
intake estimated by food records and 24 hour recalls, control and adjustment methods in practice. BrJ Nutr.
2009;101(S2)(suppl 2):573-S85. doi:10.1017/SO0071145099906 02

46. Banerjee A, Ding Y, Mikami DJ, Needleman BJ. The role of dumping syndrome in weight loss after gastric
bypass surgery. Surg Endosc. 2013;27(5):1573-1578. doi:10.1007/s00464-012-2629-1

47. GiustiV, Theytaz F, Di Vetta V, Clarisse M, Suter M, Tappy L. Energy and macronutrient intake after gastric
bypass for morbid obesity: a 3-y observational study focused on protein consumption. Am J Clin Nutr. 2016;103
(1):18-24. doi:10.3945/ajcn.115.111732

48. Madsbad S, Dirksen C, Holst JJ. Mechanisms of changes in glucose metabolism and bodyweight after bariatric
surgery. Lancet Diabetes Endocrinol. 2014;2(2):152-164. doi:10.1016/52213-8587(13)70218-3

49. HeshkaS, Lemos T, Astbury NM, et al. Resting energy expenditure and organ-tissue body composition 5 years
after bariatric surgery. Obes Surg. 2020;30(2):587-594. doi:10.1007/s11695-019-04217-4

50. Shah M, SimhaV, Garg A. Review: long-term impact of bariatric surgery on body weight, comorbidities, and
nutritional status. J Clin Endocrinol Metab. 2006;91(11):4223-4231. doi:10.1210/jc.2006-0557

51. National Center for Health Statistics. National Health and Nutrition Examination Survey-Module 5: Reliability
of Estimates. Published 2020. Accessed November 11, 2021. https://wwwn.cdc.gov/nchs/nhanes/tutorials/
module5.aspx

52. MaY, Olendzki BC, Li W, et al. Seasonal variation in food intake, physical activity, and body weight in a
predominantly overweight population. Eur J Clin Nutr. 2006;60(4):519-528. doi:10.1038/sj.ejcn.1602346

[5 JAMA Network Open. 2022;5(6):€2217380. doi:10.1001/jamanetworkopen.2022.17380 June 16,2022 12/12


https://dx.doi.org/10.1016/j.soard.2021.05.017
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2018.14854&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.17380
https://dx.doi.org/10.1159/000507936
https://dx.doi.org/10.47779/ajhs.2018.53
https://dx.doi.org/10.47779/ajhs.2018.53
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2016.3010&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.17380
https://dx.doi.org/10.1080/17437199.2019.1706616
https://dx.doi.org/10.1080/17437199.2019.1706616
https://dx.doi.org/10.1007/s11695-012-0619-y
https://dx.doi.org/10.1038/sj.ejcn.1602740
https://dx.doi.org/10.1017/S0007114509990602
https://dx.doi.org/10.1007/s00464-012-2629-1
https://dx.doi.org/10.3945/ajcn.115.111732
https://dx.doi.org/10.1016/S2213-8587(13)70218-3
https://dx.doi.org/10.1007/s11695-019-04217-4
https://dx.doi.org/10.1210/jc.2006-0557
https://wwwn.cdc.gov/nchs/nhanes/tutorials/module5.aspx
https://wwwn.cdc.gov/nchs/nhanes/tutorials/module5.aspx
https://dx.doi.org/10.1038/sj.ejcn.1602346

