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Abstract
Background—Few studies have evaluated the long-term outcomes of bariatric surgery patients
in relation to obese individuals not participating in weight loss interventions. Our objective was to
evaluate the 6-year changes in health-related quality of life (HRQOL) in gastric bypass (GB)
patients versus 2 obese groups not undergoing surgical weight loss. The study setting was a
bariatric surgery practice.

Methods—A total of 323 GB patients were compared with 257 individuals who sought but did
not undergo gastric bypass and 272 population-based obese individuals using weight-specific
(Impact of Weight on Quality of Life-Lite) and general (Medical Outcomes Study Short-Form 36
Health Survey) HRQOL questionnaires at baseline and 2 and 6 years later.

Results—At 6 years, compared with the controls, the GB group exhibited significant
improvements in all domains of weight-specific and most domains of general HRQOL (i.e., all
physical and some mental/psychosocial). The 6-year percentage of excess weight loss correlated
significantly with improvements in both weight-specific and physical HRQOL. The HRQOL
scores were fairly stable from 2 to 6 years for the GB group, with small decreases in HRQOL
corresponding to some weight regain.

Conclusions—GB patients demonstrated significant improvements in most aspects of HRQOL
at 6 years compared with 2 nonsurgical obese groups. Despite some weight regain and small
decreases in HRQOL from 2 to 6 years postoperatively, the HRQOL was relatively stable. These
results support the effectiveness of weight loss achieved with gastric bypass surgery for improving
and maintaining long-term HRQOL.
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Numerous studies have reported the reduced health-related quality of life (HRQOL) of
patients seeking bariatric surgery compared with obese individuals seeking nonsurgical
weight loss interventions [1,2], obese individuals not seeking weight loss treatment [2], and
general population norms [3,4]. Likewise, a great many studies have reported improved
HRQOL after bariatric surgery [5]. With few exceptions, the studies of HRQOL outcomes
for bariatric surgery patients have not included comparison groups of nonsurgically treated
individuals, and, often, the comparison group has received some other type of bariatric
surgery [6–9]. Still other studies have used a cross-sectional design [10–12]. Another
limitation of many of these studies has been the absence of long-term follow-up (≥5 yr). An
important research question is whether early improvements in HRQOL are maintained over
time compared with nonsurgically treated obese individuals.

One prospective, nonrandomized intervention study (Swedish Obese Subjects study)
evaluated the 10-year HRQOL changes in obese individuals undergoing 3 types of bariatric
surgery compared with nonsurgically treated individuals undergoing conventional treatment
[1]. At 10 years, significantly better outcomes were shown for several aspects of HRQOL
among the surgically treated participants (n = 655) compared with the conventionally treated
participants (n = 621) [13]. During the 10-year period, the pattern of change in HRQOL
corresponded, for the most part, with the phases of weight loss, weight regain, and weight
stability. Peak improvements in HRQOL were observed for the surgical group during the
first year of weight loss. However, from years 1 to 6, a gradual decline occurred in HRQOL
that corresponded with weight regain. From years 6 to 10, the HRQOL and weight both
stabilized, and at 10 years, HRQOL remained improved compared with that at baseline.

A smaller study evaluated long-term HRQOL outcomes (yearly at 3–6 yr postoperatively)
for 21 patients who had undergone gastric banding compared with 29 obese individuals who
were evaluated for gastric banding but did not undergo the surgery [14]. Statistically
significant differences in favor of the surgical group were observed for all domains of the
Medical Outcomes Study Short-Form 36 (SF-36) [15] at all assessment points. Although the
mean body mass index (BMI) decreased during the entire 6-year period for the gastric
banding patients, the scores on the SF-36 were relatively unchanged from 3 to 6 years after
surgery.

Other studies have provide evidenced that early improvements in HRQOL after bariatric
surgery are maintained during long-term follow-up, regardless of continued weight loss or
weight regain; however, none of these studies include comparison groups. For example, both
Helmiö et al. [16] and Caiazzo et al. [17] reported no additional improvements in HRQOL
from 1 to 5 years after laparoscopic adjustable gastric banding despite increasing weight
loss. Suter et al. [18] reported no changes in HRQOL from 1 to 5 years after gastric bypass
surgery despite some weight regain.

The Utah Obesity Study is an ongoing prospective study of gastric bypass (GB) patients that
includes 2 obese control groups: those seeking gastric bypass surgery who did not undergo
the surgery (primarily as a result of insurance coverage restrictions) (no GB) and population-
based obese individuals (Pop OB) who did not seek bariatric surgery [19]. The first control
group is comparable to those who subsequently underwent gastric bypass surgery and
provides an opportunity to study the HRQOL outcomes of obese patients who sought but did
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not undergo gastric bypass surgery. The second control group allows for inferences about
the long-term HRQOL of the general obese subset of the population in relation to those
undergoing gastric bypass surgery. In our previous report of 2-year HRQOL outcomes [20],
308 GB patients were compared with 253 individuals who sought but did not undergo
gastric bypass (no GB group) and 272 population-based obese individuals (Pop OB) using
both weight-specific (Impact of Weight on Quality of Life-Lite [IWQOL-Lite]) [21] and
general (SF-36) [15] HRQOL measures. Dramatic improvements were observed in both
weight-specific and physical HRQOL for the GB group compared with the control groups.
The present study reports the 6-year changes in HRQOL for these 3 groups. In addition, we
examined whether the very large improvements in HRQOL observed in the GB patients at 2
years were maintained at 6 years or whether the initial improvements in HRQOL diminished
over time, perhaps because of weight regain.

Methods
Participants

The participants were recruited from a bariatric surgery practice in Salt Lake City, Utah,
from March 2001 to May 2004 as a part of the Utah Obesity Study [19]. Individuals who
were evaluated for and underwent gastric bypass surgery (GB group) were compared with
those who sought and were evaluated for gastric bypass surgery but did not have the surgery
(no GB) and obese individuals without a history of bariatric surgery randomly chosen from a
population database (Pop OB) representing >1 million first-degree relatives from 120,000
Utah families [22–24]. The exclusion criteria for all groups were previous gastric surgery for
weight loss, gastric or duodenal ulcers in the previous 6 months, active cancer (with the
exception of nonmelanoma skin cancer within the past 5 years), and myocardial infarction in
the previous 6 months.

Data for the present study were from participants who completed both HRQOL measures at
baseline and ≥1 measure at either the 2- or 6-year assessment. Using these criteria, a total of
323 participants were in the GB group, 257 in the no GB group, and 272 in the Pop OB
group. This sample size was slightly larger than that reported in the 2-year HRQOL report
[20] because some participants completed the 6-year but not the 2-year assessment. Also, 45
participants from the control groups (37 no GB and 8 Pop OB) underwent gastric bypass
surgery between the 2- and 6-year assessment and were analyzed in the GB group at the 6-
year assessment to be consistent with the methods used in the primary outcome study.

Methods
On initial evaluation and again at the 2- and 6-year assessments, the participants completed
demographic questionnaires and 2 measures of HRQOL. Their height and weight were
obtained by study personnel. Weight change was determined by computing the percentage
of excess weight loss (%EWL), using the midpoint of the 1983 Metropolitan Life Insurance
tables for a medium frame: [(operative weight – follow-up weight)/operative excess weight]
× 100.

The university institutional review board approved the study, and all participants provided
informed consent. All research was conducted in compliance with the Helsinki Declaration.

Measures
IWQOL-Lite questionnaire

The IWQOL-Lite [21] is a 31-item measure of weight-related quality of life. There are 5
domain scores (physical function, self-esteem, sexual life, public distress, and work) and a
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total score. The scores for all domains and the total score range from 0 to 100, with lower
scores indicating greater impairment. The IWQOL-Lite has demonstrated excellent
reliability and validity [21,25].

SF-36 questionnaire
The SF-36 [15] is a 36-item measure of general HRQOL, consisting of 8 subscales (physical
functioning, role physical, bodily pain, general health, vitality, social functioning, role
emotional, and mental health) and 2 summary scores (physical component summary [PCS]
and mental component summary [MCS]). The summary scores represent independent
(orthogonal) indexes based on factor analysis of subscale scores using the Medical
Outcomes Study data [15]. The scores for all subscales range from 0 to 100, where 100
represents the best HRQOL. The scores for PCS and MCS are norm-based, with a mean of
50 and standard deviation (SD) of 10, with higher scores representing better HRQOL.
Estimates of internal consistency for the SF-36 have typically exceeded .80 for all subscales
across diverse patient groups [26,27].

Statistical analysis
The GB, no GB, and Pop OB groups were compared on baseline demographic and weight
characteristics using analysis of variance with Tukey's honestly significant difference [28]
post hoc comparisons for age, years of education, weight, and BMI and the chi-square test
for gender, marital status, and race. An α of .05 was used for omnibus tests and .0167 (.
05/3) for post hoc chi-square comparisons.

Baseline differences in the demographic characteristics and HRQOL scores were compared
between participants who did and did not complete the 6-year follow-up assessment
separately by group using analysis of variance or the chi-square test. The groups were
compared by the %EWL at 6 years using analysis of variance with Tukey's honestly
significant difference post hoc comparisons. Pearson's correlations were calculated between
the %EWL from baseline to 6 years and the changes in the HRQOL scores. A regression
analysis based on a general linear model was used to evaluate the relationship between the
%EWL and change in HRQOL scores, controlling for age, gender, baseline BMI, and
baseline HRQOL.

Analysis of covariance was used to compare the groups on the changes in the 6-year
HRQOL scores, controlling for age, baseline BMI, gender, and baseline scores. An α of .
003 (.05/16) was used for omnibus tests and .001 (.003/3) for covariate-adjusted post hoc
comparisons. Between-group effect size information for these comparisons is reported in
terms of partial eta squared (η2), which expresses the proportion of unique variance in the
outcome measure accounted for by group. Within-group effect sizes were calculated as the
mean change from baseline to 6 years divided by the baseline SD.

The number and percentage of participants in each group demonstrating meaningful
improvement in the IWQOL-Lite total score from baseline to 6 years were calculated using
the algorithm described by Crosby et al. [29], in which meaningful improvements are
defined as an increase in the IWQOL-Lite total score of 7–12 points, depending on baseline
severity. The percentage of patients demonstrating meaningful improvement, no change,
deterioration was compared across the groups using chi-square analysis. Finally, analysis of
covariance was used to compare groups for the changes in HRQOL scores from 2 to 6 years,
controlling for age, baseline BMI, gender, and 2-year scores. Within-group effect sizes from
2 to 6 years were calculated using the baseline SD to allow direct comparisons with the
baseline to 6-year effect sizes. All analyses were conducted using the Statistical Package for
Social Sciences, version 19.0.0 (SPSS, Chicago, IL).

Kolotkin et al. Page 4

Surg Obes Relat Dis. Author manuscript; available in PMC 2013 September 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Results
Baseline demographic and weight characteristics

The baseline characteristics are presented in Table 1. The GB group had a significantly
greater weight and BMI than did the no GB and Pop OB groups but did not differ from the
no GB on other characteristics. The Pop OB group was significantly older, more likely to be
white, and more likely to be married than the no GB group. The groups differed significantly
by gender; however, post hoc comparisons revealed no significant pair wise differences.

Six-year HRQOL completion rates
The 6-year HRQOL completion rate was 72.3% overall (616 of 852), 71.2% GB (230 of
323), 64.2% no GB (165 of 257), and 81.3% Pop OB (221 of 272). The GB patients who
completed the 6-year assessment were significantly older but did not differ significantly on
any other demographic characteristics or baseline HRQOL scores. The Pop OB group
completers had a significantly lower BMI and greater IWQOL-Lite scores at baseline. No
statistically significant differences were found between the completers and non-completers
in the no GB group.

Weight loss
Figure 1A shows the mean BMI adjusted for age, gender, and baseline BMI for each of the 3
groups at baseline and 2 and 6 years compared with the World Health Organization cutoff
for obesity [30]. At 2 years after surgery, the GB group had a mean adjusted BMI (29.6 ±
6.4 kg/m2) just below the cutoff for obesity; however, at 6 years, the mean adjusted BMI
was in the obese range (32.9 ± 7.4 kg/m2).

The average %EWL at 6 years was 56.4% ± 21.4% for the GB group, .3% ± 22.2% for the
no GB group, and .2% ± 23.3% for the Pop OB group (F2,614 = 458.09; P < .001; partial η2

= .599; GB greater than no GB equal to Pop OB). The %EWL at 6 years correlated
significantly with changes in the IWQOL-Lite total score (r = −.78, P < .001) and SF-36
PCS (r = −.55, P < .001) but did not correlate significantly with the SF-36 MCS (r = −.07, P
= .10). After controlling for age, gender, baseline BMI, and baseline HRQOL, the %EWL at
6 years explained 59.0% of the variance for changes in the IWQOL-Lite total score and
28.5% of the variance for changes in the SF-36 PCS.

HRQOL results
IWQOL-Lite questionnaire—Changes in the IWQOL-Lite scores from baseline to 6
years are reported by group in Table 2. The GB group experienced significantly greater
improvement than both the no GB and Pop OB groups in all IWQOL-Lite scores. The
between-group differences were large, with partial η2 values ranging from .253 (sexual life)
to .448 (physical function) for the 5 domain scores and was .473 for the total score. Within-
group changes for the GB group were large to very large—ranging from 1.24 (sexual life) to
2.44 (physical function) for the 5 domain scores and was 2.61 for total score. In contrast, the
within-group changes for the no GB and Pop OB groups were small to medium.

An examination of the changes in the IWQOL-Lite scores from 2 to 6 years revealed no
significant between-group differences, although the change for self-esteem approached
significance. The IWQOL-Lite total score and 3 of the 5 domain scores showed small
decreases from 2 to 6 years for GB, with an effect size of −.31 for self-esteem and −.23 for
the total score.

Figure 1B shows the mean IWQOL-Lite total scores by group adjusted for age, gender, and
baseline BMI. Although at 2 years, the mean IWQOL-Lite score for the GB group slightly
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exceeded the score obtained by a nonobese community reference sample [29], at 6 years, the
mean score was somewhat below this reference score.

SF-36 questionnaire—The changes in SF-36 scores from baseline to 6 years are
presented in Table 2. The GB group experienced significantly greater improvement than the
no GB and Pop OB groups for all scores, except for role emotional and MCS. In terms of the
between-group differences, the partial η2 values for the SF-36 scores ranged from .023
(mental health) to .311 (physical functioning) for the domain scores that changed
significantly and was .220 for the PCS. The within-group changes for the GB group ranged
from .38 (role emotional) to 1.48 (physical functioning) for domain scores and was 1.17 for
PCS and .33 for MCS.

The only significant difference between the groups in the changes in SF-36 scores from 2 to
6 years was for physical functioning, for which the scores for the GB group were relatively
unchanged (effect size = .02) compared with to the no GB group (effect size = −.50) and
Pop OB group (effect size = −.33), who experienced a small-to-moderate decline. The 2- to
6-year changes were small for the GB group, with effect sizes ranging from −.39 (minus
sign indicates a decline) for general health to .02 for physical functioning.

Figure 1C shows the mean PCS scores by group adjusted for age, gender, and baseline BMI.
The PCS score obtained by the GB group at 6 years remained somewhat below the U.S.
norms [15].

Meaningful change for IWQOL-Lite total score
At 6 years, 223 (97.4%) of 229 GB patients had experienced meaningful improvements from
baseline in the IWQOL-Lite total score compared with 77 (47.5%) of 162 in the no GB
group and 77 (34.8%) of 221 in the Pop OB group (chi-square(4) = 205.55, P < .001). Only 1
GB patient (.4%) experienced meaningful deterioration in the IWQOL-Lite total score
compared with 27 (16.7%) in the no GB group and 38 (17.2%) in the Pop OB group.

Discussion
Similar to the results obtained at the 2-year follow-up point [20], greater improvements in
both weight-specific and general HRQOL were observed at 6 years for the GB patients
compared with the no GB group and Pop OB group. The improvements exhibited by the GB
patients occurred with respect to all aspects of weight-specific and physical HRQOL and
some aspects of mental/psychosocial HRQOL. The changes in weight-specific HRQOL
were much larger (2.61 SD for the IWQOL-Lite total score) than the changes in the physical
HRQOL (1.17 SD for PCS), consistent with other HRQOL research [31]. The %EWL at 6
years, which was 56.4% for the GB group and negligible for the control groups, correlated
significantly with changes in the IWQOL-Lite total score and PCS, but not the MCS.
Because weight loss explained 59.0% of the variance in the IWQOL-Lite total score and
28.5% of the variance in the PCS, this suggests that factors other than weight loss might
account for the HRQOL changes, such as increased attention to food intake/physical activity
or improved self-efficacy (although these were not measured).

One of our research questions was whether early improvements in HRQOL obtained by the
GB patients would persist over time. Although the HRQOL scores for the GB group
decreased for most HRQOL subscales from 2 to 6 years, these decreases were generally
small. Thus, the HRQOL was fairly stable during this period for the GB group, despite some
weight regain (%EWL 69.1% at 2 yr and 56.4% at 6 yr) and some small decreases in
HRQOL scores. That the HRQOL scores remained relatively high at 6 years for the GB
group, especially in contrast to the control groups, is encouraging and perhaps can be used to
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motivate patients to continue healthy habits and weight maintenance. If these same patients
considered their BMI only, they might become discouraged at the “failure” to maintain a
nonobese BMI (mean adjusted BMI was 32.9 ± 7.4). Furthermore, it is worth noting that the
3 scales showing the greatest declines in the 2- to 6-year period were weight-related self-
esteem, general health, and vitality, perhaps suggesting that health providers should pay
particular attention to these areas of HRQOL in the long term.

Other studies examining whether the initial improvements in HRQOL are maintained at
long-term follow-up have yielded conflicting results, perhaps because of the varying
surgical procedures and HRQOL outcome measures used. Although the Swedish Obese
Subjects study found that the pattern of change in HRQOL scores corresponded for the most
part to phases of weight loss, regain, and weight stability [13], several studies have reported
stable HRQOL scores accompanying continuing long-term weight loss [14,16,17] and
another reported stable HRQOL scores accompanying weight regain [18].

Our prospective study is unique in its use of 2 nonsurgically treated comparison groups and
adds to the sparse data on HRQOL outcomes in prospective trials of bariatric surgery versus
nonsurgically treated obese groups [1,14]. Other strengths of the present study include the
long-term follow-up of 6 years, the large sample size, and statistical adjustment for multiple
tests. Because of the many areas of life that are considered when assessing HRQOL, most
scientists and scholars agree that it is a multidimensional construct [32], and assessment
with multiple measures is generally recommended [33]. Thus, another strength of the
present study was the use of both general and weight-specific measures. Both the Swedish
Obese Subjects study [1] and the Helmiö study [16] used both types of HRQOL measures,
but others used only a single measure [14,18].

Despite a very high response rate at 6 years, not all participants completed the 6-year
HRQOL assessment, a limitation that possibly resulted in bias. However, no systematic
differences were found between those who did and did not complete the HRQOL assessment
at 6 years. Another limitation was the lack of diversity with respect to demographic
characteristics and geographic location, which might limit the generalizability of our
findings. In addition, 45 participants in the control groups ultimately underwent gastric
bypass surgery, which decreased the sample size of the control groups and could have
potentially diminished the differences between the GB and control groups.

Conclusion
At 6 years of follow-up, greater improvements in HRQOL were reported by GB patients
compared with the 2 nonsurgical obese groups. These improvements occurred in multiple
aspects of HRQOL and closely paralleled the amount of weight loss. Despite some weight
regain between the 2- and 6-year assessments, the GB patients sustained most of the positive
changes reported at 2 years. Although the present study supports the long-term efficacy of
gastric bypass surgery with respect to HRQOL, it is possible that individuals achieving the
same degree of weight loss with nonsurgical methods would demonstrate similar
improvements in HRQOL.
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Fig. 1.
(A) Mean BMI at baseline and 2 and 6 years, adjusted for age, gender, and baseline BMI.
(B) Mean IWQOL-Lite total score at baseline and 2 and 6 years, adjusted for age, gender,
and baseline BMI. (C) Mean SF-36 PCS score at baseline and 2 and 6 years, adjusted for
age, gender, and baseline BMI. WHO = World Health Organization; GB = Gastric bypass
patients; no GB = Obese individuals seeking gastric bypass surgery who did not have the
surgery; Pop OB = Population-based obese individuals not seeking gastric bypass surgery.
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Table 1

Baseline demographic and weight characteristics by group

Characteristic GB (n = 323) No GB (n = 257) Pop OB (n = 272) Significance*

Women† 271 (83.9) 217 (84.4) 209 (76.8) χ2
(2) = 6.66, P = .036

Age (yr) 43.4 ± 10.7a 44.7 ± 10.9a 49.7 ± 10.5b F2,849 = 27.45, P < .001

Married 206 (63.8)a,b 145 (56.4)a 189 (69.5)b χ2
(2) = 9.75, P = .008

White 289 (89.5)a 236 (91.8)a 266 (97.8)b χ2
(2) = 15.95, P < .001

Education (yr) 14.2 ± 2.3 14.0 ± 2.4 13.9 ± 2.3 F2,806 = .83, P =.44

Weight (kg) 134.3 ± 27.1a 128.5 ± 25.6b 123.0 ± 22.7c F2,849 = 14.67, P < .001

BMI (kg/m2) 47.4 ± 7.7a 45.9 ± 7.9a 43.6 ± 6.4c F2,849 = 19.55, P < .001

GB = gastric bypass; no GB = obese individuals seeking gastric bypass surgery who did not undergo the surgery; Pop OB = population-based
obese individuals not seeking gastric bypass surgery; BMI = body mass index.

Data presented as numbers, with percentages in parentheses, or mean ± standard deviation.

Data without superscript letters are not significantly different at P < .05; data with superscript letters that are not in common are significantly
different at P < .05 according to Tukey's honestly significant difference (F test) or Bonferroni (chi-square test).

*
α Levels for omnibus tests = .05; α levels for post hoc comparisons = .0167 (.05/3).

†
No pair wise differences between groups using Bonferroni-corrected contrasts.
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Table 2

Changes in IWQOL-Lite and SF-36 by group

Variable Baseline* Change from baseline to 6 yr Change from 2 to 6 yr

Mean ± SD† Effect size Significance Mean ± SD‡ Effect size Significance

IWQOL-Lite scale

 Physical function

F2,605 =
245.23, P < .

001, partial η2

= .448

F2,528 = .49, P
= .62, partial
η2 = .002

  GB 30.1 ± 18.8
(n = 322)

45.8 ± 20.1a (n
= 229)

2.44 −2.3 ± 13.4 (n =
200) −.12

  No GB 33.6 ± 21.0
(n = 257)

10.0 ± 23.8b (n
= 162)

.48 −4.7 ± 20.3 (n =
127) −.22

  Pop OB 49.1 ± 20.6
(n = 272)

8.2 ± 18.1b (n =
221)

.40 −4.3 ± 18.1 (n =
208) −.21

 Self-esteem

F2,607 =
137.48, P < .

001, partial η2

= .312

F2,527 = 5.45,
P = .005,

partial η2 = .
020

  GB 30.1 ± 21.1
(n = 323)

43.9 ± 27.7a (n
= 230)

2.08 −6.6 ± 21.7 (n =
200) −.31

  No GB 31.4 ± 22.0
(n = 257)

12.2 ± 21.1b (n
= 163)

.55 −.3 ± 17.4 (n=
126) −.01

  Pop OB 48.9 ± 25.6
(n = 272)

12.5 ± 18.5b (n
= 221)

.49 −.8 ± 17.5 (n =
208) −.03

 Sexual life

F2,503 = 85.29,
P < .001,

partial η2 = .
253

F2,440 = .39, P
= .68, partial
η2 = .002

  GB 44.4 ± 29.4
(n = 292)

36.6 ± 32.0a (n
= 200)

1.24 −1.5 ± 22.7 (n =
176) −.05

  No GB 49.0 ± 32.8
(n = 232)

4.5 ± 25.6b (n =
130)

.14 −4.0 ± 32.4 (n =
99) −.12

  Pop OB 69.1 ± 29.7
(n = 246)

7.1 ±24.9b (n=
180)

.24 −3.6 ± 21.3 (n =
172) −.12

 Public distress

F2,605 =
239.97, P < .

001, partial η2

= .442

F2,526 = 1.86,
P = .16,

partial η2 .007

  GB 42.9 ± 23.5
(n = 323)

44.3 ± 22.0a (n
= 229)

1.89 1.1 ± 13.9 (n =
199) .05

  No GB 45.0 ± 25.7
(n = 257)

7.1 ± 22.2b (n =
162)

.28 −3.5 ± 18.5 (n =
126) −.14

  Pop OB 59.8 ± 24.0
(n = 272)

11.1 ± 18.1b (n
= 221)

.46 −.8± 17.7 (n =
208) −.03

 Work

F2,591 =
102.22, P < .

001, partial η2

= .257

F2,516 = .72, P
= .49, partial
η2 = .003

  GB 50.8 ± 26.4
(n = 322)

37.3 ± 28.2a (n
= 227)

1.41 1.4 ± 14.8 (n=
198) .05

  No GB 51.1 ± 26.9
(n = 253)

11.0 ± 24.9b (n
= 159)

.41 −1.4 ± 22.0 (n =
125) −.05
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Variable Baseline* Change from baseline to 6 yr Change from 2 to 6 yr

Mean ± SD† Effect size Significance Mean ± SD‡ Effect size Significance

  Pop OB 68.7 ± 23.8
(n = 268)

12.7 ± 20.7b (n
= 212)

.53 .2 ± 19.3 (n =
200) .01

 Total

F2,605 =
271.15, P < .

001, partial η2

= .473

F2,524 = .84, P
= .43, partial
η2 = .003

  GB 36.7 ± 16.6
(n = 323)

43.4 ± 19.3a (n
= 229)

2.61 −3.8 ± 13.4 (n =
199) −.23

  No GB 39.1 ± 18.8
(n = 257)

9.9 ± 18.6b (n=
162)

.53 −1.5 ± 15.8 (n =
124) −.08

  Pop OB 55.7 ± 18.9
(n = 272)

8.9 ± 14.3b (n =
221)

.47 −1.5 ± 13.8 (n =
208) −.08

SF-36 scale

 Physical functioning

F2,606 =
136.70, P < .

001, partial η2

= .311

F2,529 = 10.72,
P < .001,

partial η2 .039

  GB 41.5 ± 22.3
(n = 323)

32.9 ± 24.8a (n
= 227)

1.48 .4 ± 26.1a (n=
198)

.02

  No GB 45.4 ± 24.7
(n = 257)

.3 ± 25.0b (n =
165)

.01 −12.4 ± 23.3b (n
= 129)

−.50

  Pop OB 59.5 ± 23.2
(n = 272)

1.8 ± 21.9b (n =
221)

.08 −7.7 ± 21.8b (n
= 209)

−.33

 Role physical

F2,604 = 14.32,
P < .001,

partial η2 = .
045

F2,525 = 1.78,
P = .17,

partial η2 = .
007

  GB 38.5 ± 35.7
(n = 323)

28.3 ± 47.4a (n
= 227)

.79 −4.7 ± 40.7 (n =
195) −.13

  No GB 40.9 ± 39.7
(n = 257)

10.7 ± 47.3b (n
= 164)

.27 −10.4 ± 47.2 (n=
129) −.26

  Pop OB 60.4 ± 38.9
(n = 272)

11.4 ± 37.1b (n
= 220)

.29 −2.7 ± 38.4 (n =
208) −.01

 Bodily pain

F2,608 = 17.29,
P < .001,

partial η2 = .
054

F2,529 = 1.61,
P = .20,

partial η2 = .
006

  GB 46.2 ± 22.4
(n = 323)

12.0 ± 26.2a (n
= 230)

.54 −6.2 ± 24.8 (n =
200) −.28

  No GB 45.9 ± 21.6
(n = 257)

1.0 ± 23.2b (n =
165)

.05 −7.5 ± 24.2 (n =
207) −.35

  Pop OB 61.0 ± 22.8
(n = 272)

1.2 ± 22.2b (n =
220)

.05 −3.4 ± 20.6 (n =
129) −.15

 General health

F2,606 = 65.77,
P < .001,

partial η2 = .
178

F2,527 = 2.49,
P = .08,

partial η2 = .
009

  GB 42.0 ± 19.4
(n = 323)

19.3 ± 21.3a (n
= 230)

.99 −7.6 ± 17.0 (n =
200) −.39

  No GB 40.5 ± 20.5
(n = 257)

1.6 ± 22.5b (n =
164)

.08 −9.4 ± 18.0 (n =
128) −.46
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Variable Baseline* Change from baseline to 6 yr Change from 2 to 6 yr

Mean ± SD† Effect size Significance Mean ± SD‡ Effect size Significance

  Pop OB 53.1 ± 21.3
(n = 272)

1.1 ± 18.2b (n =
219)

.05 −5.4 ± 15.0 (n =
206) −.25

 Vitality
F2,607 = 26.41,

P < .001,
partial η2 .080

F2,528 = 1.97,
P = .14,

partial η2 = .
007

  GB 29.7 ± 17.1
(n = 323)

19.4 ± 22.6a (n
= 230)

1.13 −6.2 ± 19.6 (n =
200) −.36

  No GB 30.6 ± 19.7
(n = 257)

7.5 ± 21.4b (n =
164)

.38 −3.2 ± 20.0 (n =
128) −.16

  Pop OB 42.4 ± 20.6
(n = 272)

6.7 ± 19.2b (n =
220)

.33 −2.5 ± 17.9 (n =
207) −.12

 Social functioning

F2,608 = 13.06,
P < .001,

partial η2 = .
041

F2,531 = .79, P
= .45, partial
η2 = .003

  GB 54.1 ± 25.7
(n = 271)

17.4 ± 29.7a (n
= 230)

.68 −3.9 ± 22.2 (n =
201) −.15

  No GB 54.9 ± 27.3
(n = 257)

6.9 ± 27.0b (n =
165)

.25 −4.5 ± 28.7 (n =
129) −.16

  Pop OB 73.1 ± 24.4
(n = 272)

6.3 ± 27.7b (n =
220)

.26 −1.6 ± 25.0 (n =
208) −.07

 Role emotional

F2,604 = 1.13,
P = .32,

partial η2 = .
004

F2,525 = .68, P
= .51, partial
η2 = .003

  GB 54.8 ± 42.7
(n = 323)

16.1 ± 51.4 (n =
227) .38 −4.7 ± 42.5 (n =

196) −.11

  No GB 49.1 ± 43.2
(n = 257)

10.4 ± 48.5 (n =
164) .24 −3.2 ± 46.0 (n =

128) −.07

  Pop OB 66.5 ± 39.5
(n = 272)

12.5 ± 44.4 (n =
220) .32 −.2 ± 44.4 (n =

208) −.01

 Mental health

F2,607 = 7.27,
P = .001,

partial η2 = .
023

F2,528 = .53, P
= .59, partial
η2 = .002

  GB 63.8 ± 18.6
(n = 323)

8.4 ± 19.9a (n =
230)

.45 −2.0 ± 17.5 (n =
200) −.11

  No GB 61.2 ± 20.7
(n = 257)

2.8 ± 19.2b (n =
164)

.14 −.5 ± 19.7 (n =
128) −.02

  Pop OB 71.1 ± 18.4
(n = 272)

3.1 ± 16.4a,b (n
= 220)

.17 −.4 ± 17.3 (n =
207) −.02

 PCS

F2,595 = 83.84,
P < .001,

partial η2 = .
220

F2,516 = 3.21,
P = .04,

partial η2 = .
012

  GB 32.5 ± 9.6 (n
= 323)

11.3 ± 10.6a (n
= 223)

1.17 −2.3 ± 9.8 (n =
192) −.24

  No GB 33.9 ± 10.0
(n = 257)

.7 ± 11.3b (n=
162)

.07 −4.9 ± 9.3 (n =
127) −.49

  Pop OB 40.0 ± 10.3
(n = 272)

.7 ± 9.0b (n =
217)

.07 −2.8 ± 8.1 (n =
204) −.27
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Variable Baseline* Change from baseline to 6 yr Change from 2 to 6 yr

Mean ± SD† Effect size Significance Mean ± SD‡ Effect size Significance

 MCS

F2,0595 = .13,
P = .88,

partial η2 = .
000

F2,516 = 3.00,
P = .05,

partial η2 = .
011

  GB 43.8 ± 11.4
(n = 323)

3.8 ± 12.5 (n =
223) .33 −1.7 ± 10.7 (n =

192) −.15

  No GB 42.1 ± 12.4
(n = 257)

3.3 ± 11.9 (n =
162) .27 .4 ± 11.9 (n=

127) .03

  Pop OB 47.7 ± 11.4
(n = 272)

3.3 ± 11.0 (n =
217) .29 .6 ± 10.8 (n =

204) .05

IWQOL-Lite = Impact of Weight on Quality of Life-Lite; SF-36 = Medical Outcomes Study Short-Form 36; SD = standard deviation; GB = gastric
bypass; no GB = obese individuals seeking gastric bypass surgery who did not undergo the surgery; Pop OB = population-based obese individuals
not seeking gastric bypass surgery; BMI = body mass index; PCS = physical component summary; MCS = mental component summary.

Data without superscript letters are not significantly different at P < .001; data with superscript letters not in common are significantly different at P
< .001.

*
Data presented as baseline mean ± SD, adjusted for age, gender, and baseline BMI.

†
Data presented as mean change ± SD, adjusted for age, gender, baseline BMI, and baseline score.

‡
Data presented as mean change ± SD, adjusted for age, gender, baseline BMI, and 2-year score; α levels for omnibus F tests = .003 (.05/16); α

levels for post hoc comparisons = .001 (.003/3).
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