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Lifestyle intervention reduces body weight and improves
cardiometabolic risk factors in worksites'™
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ABSTRACT

Background: Worksites are potentially effective locations for obe-
sity control because they provide opportunities for group interven-
tion and social support. Studies are needed to identify effective
interventions in these settings.

Objective: We examined the effects of a multicomponent lifestyle
intervention on weight loss and prevention of regain in 4 worksites
(2 intervention and 2 control sites).

Design: Overweight and obese employees (n = 133) enrolled in this
pilot worksite-randomized controlled trial with a 0—-6-mo weight-
loss phase and a 6-12-mo structured weight-maintenance phase. The
intervention combined recommendations to consume a reduced-
energy, low—glycemic load, high-fiber diet with behavioral change
education. Outcome measurements included changes in body weight
and cardiometabolic risk factors.

Results: The mean = SEM weight loss was substantial in interven-
tion participants, whereas control subjects gained weight (—8.0 =
0.7 compared with +0.9 *£ 0.5 kg, respectively; P < 0.001), and
89% of participants completed the weight-loss phase. Intervention
effects were not significant at the 0.05 level but would have been at
the 0.10 level (P = 0.08) in a mixed model in which the worksite
nested within group was a random factor. There were also significant
improvements in cardiometabolic risk factors in intervention com-
pared with control subjects regarding fasting total cholesterol, glu-
cose, systolic blood pressure, and diastolic blood pressure (P = 0.02
for each). No significant weight regain was observed in participants
who enrolled in the structured weight-maintenance program (0.5 *
0.7 kg; P = 0.65), and overweight and obese employees in interven-
tion worksites who were not enrolled in the weight-loss program lost
weight compared with subjects in control worksites (—1.3 = 0.5
compared with +0.7 * 0.2 kg, respectively; P = 0.02).
Conclusion: Worksites can be effective for achieving clinically
important reductions in body weight and improved cardiometabo-
lic risk factors. This trial was registered at clinicaltrials.gov as
NCT01470222. Am J Clin Nutr 2013;97:667-76.

INTRODUCTION

Rates of overweight and obesity remain at epidemic levels in
the United States (1), and national health care costs are ~$190
billion/y for the treatment of diseases associated with excess
weight (2). Worksites have the potential to become a central
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element in national efforts to reduce obesity because the ma-
jority of adults work (3), and worksites offer naturally occurring
social groups that, in theory, could facilitate weight control (4).
However, the effectiveness of worksite-based weight-loss pro-
grams has been modest to date, and recidivism has been high
(5-8). Because most obese persons are recommended to lose
5-10% of body weight to improve health (9), there is a recog-
nized urgent need to identify weight-loss interventions that are
both effective and sustainable in worksites (6, 7).

The majority of worksite-based weight-control interventions
in the past 15 y have focused on the prevention of weight gain and
have implemented environmental changes for physical activity
and foods offered in cafeterias and vending machines but have
usually documented no significant difference in body-weight
change between control and intervention groups (10-12). In
addition, some randomized controlled trials (RCTs) conducted
in North America have focused on weight loss in overweight and
obese employees (13—18). A variety of published best practices
for worksite interventions were used in interventions including
recommendations to decrease energy intake and/or increase
physical activity and, in some cases, lifestyle counseling, in-
centives, and/or weight-loss competitions (6, 19). Nevertheless,
the mean (*=SEM) weight change was low and ranged from
+1.8 to —2.8 kg for trials with durations from 12 wk to 2 y. In
contrast, the randomized trials of weight-management in-
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terventions conducted in research or health settings have fre-
quently reported a higher mean weight loss of 3.4-7.0 kg over
similar periods of time (20-26). Causes of low weight loss
in worksite interventions are not known, but one possible
explanation may be the relatively greater focus on environ-
mental factors rather than individual-level behavior changes.

The primary aim of this RCT was to pilot test a, to our
knowledge, new multicomponent lifestyle intervention for
weight loss in worksites that focused on changing both dietary-
intake and eating-behavior patterns in overweight and obese
employees. The primary outcome was the change in body weight,
and secondary outcomes included changes in cardiometabolic
risk factors. An additional post hoc analysis examined the effects
of the weight-loss intervention on body weight in employees who
did not participate in the weight-loss program.

SUBJECTS AND METHODS

Worksites and participants

Information on the study was sent to worksites with a reported
company size of 80 to 800 employees in greater Boston, MA, by
using a company profiling database (Capital 1Q; https://www.
capitaliq.com/), and interested worksites were interviewed to
confirm eligibility. Worksites were eligible if they had not

hosted a weight-loss program during the past 6 mo, were ac-
cessible by public transportation, had the infrastructure to hold
onsite meetings, and >50% employees responded to an online
survey about their willingness to participate in some aspect of
the study. The first 4 worksites that completed all screening re-
quirements and with the highest employee-interest responses
were enrolled (Figure 1).

Subject inclusion criteria for the weight-loss component of the
intervention were =21y of age, BMI (in kg/m?) =25.0, and
a letter from the primary care physician with approval for weight
loss. Exclusion criteria included being pregnant or having any
medical condition that could influence nutrient absorption or
restrict the intake of food. The study was approved by the In-
stitutional Review Board at Tufts Medical Center, and all par-
ticipants provided written informed consent.

This study compared a multicomponent intervention with
a wait-listed control (delayed intervention) in 4 worksites. The
intervention included a group-based weight-loss program for
overweight and obese employees and a low-intensity health and
nutrition education program open to all employees. A 6-mo
structured maintenance program was also offered to employees
who completed the weight-loss program. All program compo-
nents were provided cost free to participants.

Enrolled worksites completed baseline outcome assessments,
and participants in the weight-loss program were required to

14 worksites (100-600 employees) applied for enroliment
First 4 qualifying sites offered enrollment

|
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enrolled sites; additional baseline outcomes in weight-loss
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FIGURE 1. Flow of site and participant recruitment, screening, and assessment.
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enroll in their program before worksite-level random assignment
to the intervention or control. Worksites were each assigned
a number and a random order of numbers was generated (SAS
9.2; SAS Institute Inc). The first 2 numbers in the output were
assigned to the intervention, and the second 2 numbers were
assigned to the control. Control sites were wait-listed for a
weight-loss intervention as described below. To facilitate
worksite and employee retention in control sites, 2 informal
social events were held that did not involve the discussion
of nutrition or weight.

Intervention

A group weight-loss program that was based on a published
book was the main intervention component (27) and had the
goal of reducing energy intakes to achieve a weight loss
of 0.5-1.0 kg/wk through a lifestyle-modification program (28,
29) that was adapted to facilitate the use of portion-controlled
menus that contained =40 g dietary fiber/d and had a low gly-
cemic load. Macronutrient targets were 25% protein, 27% fat,
and 48% low—glycemic index carbohydrates (30), and thus, di-
etary recommendations were within acceptable macronutrient
distribution ranges of Dietary Reference Intakes (31) except for
dietary fiber, which was higher and similar to amounts reported
to lower cardiometabolic risk factors (32). Participants were
initially encouraged to maintain their usual levels of physical
activity and, over time, were encouraged to increase physical
activity.

The group program was based on an ecological model (33) that
emphasized both individual and environmental factors as areas to
identify practical tools for reducing energy intakes and changing
macronutrient and fiber intakes. There were a total of 19 sessions
(15 consecutive sessions followed by biweekly sessions), and one
intervention site completed all sessions, whereas the other site
completed 17 sessions (2 sessions were missed because of a snow
day and holiday). The 60-min didactic sessions, which were held
during the lunch hour, had up to 20 participants and were led by
nutritionists with experience in behavior modification. The nu-
tritionist addressed a variety of topics that are standard in lifestyle
interventions (34) as well as some topics specific to this program,
including dietary composition recommendations, portion control,
self-monitoring, stimulus control, dietary variety, holidays, eat-
ing out, social support, goals, and weight maintenance. In ad-
dition to group sessions, participants received a weekly e-mail for
individual support.

A structured maintenance program was implemented for 6 mo
after the end of the weight-loss program on the basis of requests
from worksites. Employees who completed the weight-loss
program were invited to reenroll in the 6-mo program, which was
identical to the original program except that the groups met once
per month.

In addition to the weight-loss program, there was a low-
intensity health and nutrition education program at intervention
sites that was open to all employees. The program consisted of 6
newsletters on healthy eating and monthly, open-access seminars
on general-interest topics including cardiovascular health, phy-
sical activity, and childhood nutrition. This intervention com-
ponent was designed to facilitate a supportive atmosphere for
participants in the weight-loss program and provide advice on
healthy nutrition to the whole worksite.

Study outcomes

The primary outcome was the change in body weight from
baseline to 6 mo in employees enrolled in the weight-loss program
(intervention sites) or the wait-listed weight-loss program
(control sites). Measurements were made with subjects wearing
light indoor clothing at baseline and 1.5, 2.5, 4, 5, and 6 mo at
intervention worksites and at baseline and 6 mo in control
worksites by team members not responsible for intervention
delivery. Weight was also measured at the end of the 6-mo
structured maintenance program. The same calibrated scales
were used at each time point (UC-321PL Precision Health Scale;
A&D Medical) and were accurate to 0.05 kg. One control par-
ticipant and one intervention participant did not have baseline
weight measurements, and thus, self-reported weights were used
in these cases. Height was measured only at baseline for em-
ployees interested in enrolling in the weight-loss program by
using a portable stadiometer (Model HM200P, Portstad Portable
Stadiometer; Quick Medical). Self-reported height was used for
employees who did not enroll in the weight-loss program and was
collected as part of an electronically administered demographic
and health-history questionnaire that was sent to all worksite
employees at baseline. In addition, electronic questionnaires for
self-reported weight were administered at intervention sites at
baseline and 2.5 and 6 mo and at baseline and 6 mo at control
sites. Participants in the weight-loss program were also asked
to report weekly changes in health or medications for safety
surveillance.

Secondary outcomes were also measured at worksites and
included changes in blood pressure (OMRON HEM-907XL
Digital Blood Pressure Monitor; Omron Healthcare), fasting
glucose, total cholesterol (TC), LDL cholesterol, HDL choles-
terol, the TC:HDL ratio, non-HDL cholesterol, and triglycerides
[Cholestech LDX System; Alere (a Clinical Laboratory Im-
provement Amendments—waived, validated point-of-care device)]
from baseline to 6 mo (35).

Statistical analysis

Primary objectives of this study were to compare weight
changes between intervention subjects who were completing the
weight-loss program and control subjects who were completing
the wait-listed period and to obtain data for power calculations for
a future study to assess the variability in weight loss between
worksites. Statistical significance was set at a 2-sided P < 0.05,
and analyses were performed with SAS version 9.3 software
(SAS Institute Inc).

Baseline characteristics and differences between intervention
completers and dropouts were compared between groups by using
chi-square or Fisher’s exact tests for categorical variables, and ¢
tests were used for continuous variables. The change in weight
was the primary outcome and was skewed; therefore, the log
of the ratio of 6-mo to baseline weight was used for analyses.

The secondary objective of the study was to compare changes
in cardiometabolic risk factors between groups; subjects who
discontinued or started new medications that potentially affected
blood pressure (n = 4), cholesterol (n = 4), or fasting glucose
(n =1) were removed from those individual analyses. One subject
was removed from all blood analyses because of a technical error
in measurement.
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Changes in outcome measures are expressed as means = SEMs.
For all outcomes, ANCOVA models adjusted for age (catego-
rized by tertiles), sex, level of education (categorized as high
school, college, or graduate school), and baseline values were
used to compare mean changes between intervention and control
groups. The same analyses were repeated by using a mixed
linear model with the worksite nested within the randomly as-
signed group as the random factor because persons within
a worksite may have been correlated. In a post hoc analysis, data
for dropouts was imputed by using the fully conditional speci-
fication multiple-imputation method so that all subjects could be
included in the primary weight-change analysis. Imputation was
not necessary for the mixed model because it failed to reach
significance by using only completers. In another post hoc test,
the weight change of overweight and obese employees who did
not participate in the weight-loss program or wait-listed control
group was examined by using the log of the ratio of 6-mo to
baseline weight as the dependent variable in an ANCOVA model
adjusted for the covariates previously listed.

RESULTS

Worksites were office-based companies that enrolled in May
2010 and were studied between October 2010 and October 2011.
As summarized in Table 1, 466 employees (45% of the work-
force) completed the online surveys at baseline and 6 mo, and
133 employees enrolled in the weight-loss program (n = 94) or
wait-listed program at control sites (n = 39). In the all-worksite
surveys, intervention worksites differed from control sites in
the percentage of employees who completed the baseline survey
(48% compared with 41%, respectively; P = 0.03), age (44.7 = 0.6
compared with 39.3 £ 1.1y, respectively; P < 0.0001), mean
self-reported BMI at baseline (29.3 *= 0.4 compared with
27.9 £ 0.6, respectively; P = 0.02), sex (58% compared with
74% women, respectively; P = 0.001), education (P < 0.001),
income (P = 0.05), and marriage status (P = 0.05). Enrollees in
the weight-loss program also differed from nonenrollees in in-
tervention sites (Table 2). Compared with nonenrollees, en-
rollees were more likely to be women (78% compared with
49%, respectively; P < 0.0001), be older (47.9 = 1.1 compared
with 43.3 £ 0.7 y, respectively; P < 0.001), have a higher BMI
(33.2 = 0.7 compared with 27.7 = 0.4, respectively; P < 0.0001),
and be slightly less educated (P = 0.005).

Weight-loss program

The retention of subjects during the initial period of the 6-mo
weight-loss program was high with 89% of subjects in the inter-
vention group and 87% of subjects in the control group (Figure 1);
therefore, results are presented for completers unless noted.
Compared with control subjects, subjects who completed the
weight-loss program were well matched for age, BMI, sex bal-
ance, race, ethnicity, education, and family income (Table 1), and
characteristics of dropouts did not differ from those of completers
(Table 2). After the 6-mo weight-loss program, 48% of com-
pleters reenrolled in the requested 6-mo structured maintenance
program. One subject attended most group weight-loss sessions
and participated in the intervention but did not provide an out-
come assessment at 6 mo; this person was included in the re-
tention numbers (n = 84) because they were not lost to follow-up

but not for outcome data shown in Table 3 (n = 83). Compared
with nonenrollees in the structured maintenance program, en-
rollees were, on average, 5 y older (P = 0.05) and lost 3.9 kg
more body weight (P < 0.001) but were not different in baseline
BMI, sex, race, marriage status, education, or income (Table 2).

Attendance of group program sessions averaged 84%. The
mean weight change from baseline to 6 mo was —8.0 = 0.7 kg in
subjects who completed the weight-loss program compared with
+0.9 £ 0.5 kg in control subjects (P < 0.001). This difference
remained significant after we input values for and including
dropouts (P < 0.0001); in a mixed model that accounted for the
nested worksite variable, the difference was not significant at the
0.05 level but would have been at the 0.10 level (P = 0.08)
(Figure 2A). Mean BMI decreased by —2.8 *= 0.2 compared
with +0.3 = 0.2 in the intervention and control groups, re-
spectively (P < 0.0001 and P = 0.07, respectively, in the mixed
model). Participants continued to lose weight throughout the
intervention period, which included Thanksgiving, Christmas,
and the New Year. Individual variability in weight loss from
baseline to 6 mo is shown in Figure 2B. There was also no
significant gain in body weight during the structured mainte-
nance program (0.5 = 0.7 kg; P = 0.65) as shown in Figure 2A.

Weight loss in support-group participants in the intervention
group was accompanied by significant improvements in most
measured cardiometabolic risk factors, including fasting serum
TC, non—-HDL cholesterol, glucose concentrations, and systolic
and diastolic blood pressures; all effects except for TC remained
significant when the nested worksite variable was included as
a random factor in the model (Table 3).

Employees who did not participate in the
weight-loss program

In a post hoc analysis, there was a significant difference in the
weight change from baseline to 6 mo in overweight and obese
employees in intervention sites who did not participate in the
weight-loss program compared with the change in those who did
not participate in the wait-listed weight-loss program at control
sites (—1.3 = 0.5 compared with +0.7 = 0.6 kg, respectively;
P = 0.02; Table 4).

DISCUSSION

This RCT, which evaluated a worksite weight-loss intervention
that was offered free of cost to overweight and obese employees,
measured significant effects of the intervention on body weight
and cardiometabolic risk factors over 6 mo. In addition, the
worksites requested to continue the program, and 48% of subjects
reenrolled in a structured maintenance program from 6 to 12 mo
that documented no significant weight regain. In contrast to
relatively small changes documented in previous worksite in-
terventions (6, 7), mean changes in body weight and cardi-
ometabolic variables were substantial in this study, which
suggested that worksites have the potential to become effective
dissemination points for weight-management programs that re-
duce disease risk and health care costs associated with excess
body weight (22, 24, 36).

The net loss of body weight of participants in this weight-loss
program averaged —8.0 kg, and the intervention also appeared
to be favorably received as judged by the 89% retention of
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TABLE 2
Characteristics of participants within intervention worksites’
Enrolled in  Did not enroll Completed  Dropped out Enrolled in Did not enroll
6-mo in 6-mo 6-mo of 6-mo 6-mo structured  in 6-mo structured
weight-loss weight-loss weight-loss  weight-loss maintenance maintenance
program program program program program program

Characteristics (n =94y (n =228y P (n = 84) (n =10y P (n = 40) (n = 44)° P

Age (y) 479 * 1.1° 433 £ 0.7 <0.001 486 £ 12 41830 0.07 51.0 = 1.5 464 £ 1.7 0.05

Baseline BMI 33.2 = 0.7 27.7 04 <0.0001 333 *0.7 373*x31 0.06 33.7 = 1.0 329 =09 0.49

(kg/m?)

Change in weight — — — — — — —10.0 = 1.1 —6.1 £ 0.9 <0.001

at 6 mo (kg)

Sex [n (%)] 0.61
F 73 (78) 111 (49) <0.0001 63 (75) 10 (100) 0.20 29 (73) 34 (77)

M 21 (22) 114 (51) 21 (25) 0 (0) 11 (28) 10 (23)

Race [n (%)] 0.39
African American 18 (8) 18 (19) 0.10 16 (4) 2 (20) 0.60 6 (15) 10 (23)

American Indian/ 0 (0) 1(0.4) 0 (0) 0 (0) 0 (0) 0 (0)
Alaskan Native
Asian 6 (6) 23 (10) 5(6) 1 (10) 3(8) 2 (5
White 63 (67) 165 (72) 57 (63) 6 (60) 30 (75) 27 (61)
More than one 303 10 (4) 34 0 (0) 0 (0) 3(7)
race
Unknown 4 4) 11 (5) 34 1 (10) 3(8) 2 (5)

Ethnicity [n (%)] 0.21
Hispanic 5(5) 8 (4) 0.72 5(6) 0 (0) 0.79 13 49
Non-Hispanic 77 (82) 193 (85) 69 (82) 8 (80) 36 (90) 33 (75)

Unknown 12 (13) 27 (12) 10 (12) 2 (20) 3(8) 7 (16)

Marriage status 0.11

[n (%)]

Married or living 50 (53) 139 (61) 0.11 46 (55) 4 (40) 0.15 26 (65) 20 (45)
with partner

Divorced, 19 (20) 23 (10) 17 (20) 2 (20) 8 (20) 9 (21)
separated,
or widowed

Never married 24 (26) 62 (27) 21 (25) 3 (30) 6 (15) 15 (34)

Not reported 1(1) 4(2) 0 (0) 1 (10) 0 (0) 0 (0)

Education 0.99

High school or 11 (12) 18 (8) 0.005 11 (13) 0 (0) 0.10 5(13) 6 (14)
GED’ [n (%)]

College 64 (63) 161 (71) 56 (67) 8 (80) 27 (68) 29 (66)

Graduate degree 18 (19) 46 (20) 17 (20) 1 (10) 8 (20) 9 (20)

Not reported 1(1) 3(1) 0 (0) 1 (10) 0 (0) 0 (0)

Family income [n (%)] 0.98
=$20,000-$39,999 8(9) 23 (10) 0.05 5(6) 3 (30) 0.17 2 (5) 3(7)
$40,000-$59,999 19 (20) 25 (11) 17 (20) 2 (20) 8 (20) 9 (20)
$60,000-$79,999 12 (13) 23 (10) 11 (13) 1 (10) 5(13) 6 (14)
$80,000-$99,999 9 (10) 13 (14) 8 (10) 1 (10) 3(8) 5(1)
=$100,000 38 (40) 81 (36) 36 (43) 2 (20) 18 (45) 18 (41)

Not reported 8(9) 45 (20) 7 (8) 1 (10) 4 (10) 3(7)

"'t tests were used for continuous variables, and chi-square or Fisher’s exact tests were used for categorical variables. Percentages may not add to 100%
because of rounding.

2 One enrollee did not report age and BMI.

7 Six nonenrollees did not report age and BMI, and 3 nonenrollees did not report sex.

#One dropout did not provide age and BML.

° One participant who did not enroll in the structured maintenance program did not provide 6-mo outcome measures.

®Mean * SEM (all such values).

7GED, General Educational Development.
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TABLE 3
Body weight and cardiometabolic risk factors’
Outcome measures Weight-loss program Control P P (mixed model)
Weight
n 83 34 — —
Baseline (kg) 93.6 + 2.3° 90.2 *= 3.9 — —
6 mo (kg) 85.7 £ 2.0 91.1 £ 42 — —
Difference (6 mo — baseline) (kg) —8.0 £ 0.7 0.9 £ 0.5 <0.0001 0.08
BMI
n 837 34 — —
Baseline (kg/mz) 333 0.7 333+t 1.2 — —
6 mo (kg/m?) 30.5 = 0.6 33.6 + 1.3 — —
Difference (6 mo — baseline) (kg/mz) —-28 £02 03 +02 <0.0001 0.07
Systolic blood pressure
n 74 27 — —
Baseline (mm Hg) 132 =2 125 £ 2 — —
6 mo (mm Hg) 123 =2 130 £ 3 — —
Difference (6 mo — baseline) (mm Hg) -9 +*2 6*2 <0.0001 0.01
Diastolic blood pressure
n 74 27 — —
Baseline (mm Hg) 84 £ 1 82+ 2 — —
6 mo (mm Hg) 75 £ 1 81 =2 — —
Difference (6 mo — baseline) (mm Hg) -8+ 1 -1 *1 0.001 0.001
Total cholesterol
n 72 25 — —
Baseline (mg/dL) 197 £ 4 196 = 9 — —
6 mo (mg/dL) 183 = 4 197 £ 9 — —
Difference (6 mo — baseline) (mg/dL) —13 £ 3 1+4 0.02 0.09
LDL cholesterol
n 68 20 — —
Baseline (mg/dL) 125 £ 4 133+ 7 — —
6 mo (mg/dL) 112 = 4 128 £ 7 — —
Difference (6 mo — baseline) (mg/dL) —13 3 —-5=*4 0.06 0.06
HDL cholesterol
n 72 25 — —
Baseline (mg/dL) 47 £ 2 53+£3 — —
6 mo (mg/dL) 49 = 2 55 4 — —
Difference (6 mo — baseline) (mg/dL) 2+1 1x1 0.99 0.99
Non-HDL cholesterol
n 66 23 — —
Baseline (mg/dL) 149 £ 4 149 = 8 — —
6 mo (mg/dL) 134 = 4 148 =7 — —
Difference (6 mo — baseline) (mg/dL) —14 =3 -1=*4 0.02 0.05
Triglycerides
n 72 25 — —
Baseline (mg/dL) 129 = 7 107 = 11 — —
6 mo (mg/dL) 121 = 8 110 = 14 — —
Difference (6 mo — baseline) (mg/dL) =-7+7 3+ 725 0.70 0.70
Total cholesterol:HDL cholesterol ratio
n 72 23 — —
Baseline 50 4+0 — —
6 mo 4+0 4*+0 — —
Difference (6 mo — baseline) -1*+0 0+x0 0.06 0.12
Glucose
n 73 26 — —
Baseline (mg/dL) 101 =2 107 = 8 — —
6 mo (mg/dL) 95 =1 113 = 11 — —
Difference (6 mo — baseline) (mg/dL) -6 +2 6*+4 <0.001 0.04

"Data are presented for completers only. SI conversion factors are as follows: to convert total cholesterol, LDL cholesterol, HDL cholesterol, and non—-HDL
cholesterol values from milligrams per deciliter to millimoles per liter, multiply by 0.0259; to convert triglyceride values from milligrams per deciliter to millimoles per
liter, multiply by 0.0113; and to covert glucose values from milligrams per deciliter to millimoles per liter, multiply by 0.0555. P values were calculated in a model
controlled for age (tertiles), sex, education (categorical), and baseline values. Weight-difference P values were calculated by using the log of the ratio of 6-mo to
baseline weight. Transformations of other variables were not required. The mixed model included worksite nested within randomly assigned group as a random factor.

2 One intervention participant completed the weight-loss program but was not available for weight measurements.

Mean + SEM (all such values).
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FIGURE 2. A: Mean (*SEM) changes in weight for intervention (n = 84) and control (n = 34) groups during the 6-mo weight-loss program and 6-mo
structured weight-maintenance program (n = 40). P values were calculated by using the log of the ratio of 6-mo:baseline weight controlled for age, sex, and
log-transformed baseline weight. Weights during the structured weight-maintenance (months 6—12) were obtained for a subset of subjects whose weight loss at
month 6 was slightly greater than that of the full intervention group. The subset gained 0.5 % 0.7 kg (P = 0.65) from months 6—12. B: Change in weight from
baseline to 6 mo for each subject in intervention (filled bars) and control (open bars) groups.

participants in the weight-loss program through 6 mo and an
84% session attendance. One possible explanation for the sub-
stantial weight loss observed in this study compared with in
previous worksite studies is that the lifestyle intervention was
particularly effective in making changes to the energy balance
that are necessary for weight loss (37). In addition, the office-
based worksites that enrolled in the study may have been par-
ticularly receptive to on-site weight-management programs. In
addition, important criterion for eligibility and selection of
worksites was the requirement that >50% of employees had to
respond to an online survey. It was possible that the worksites
included in this study were representative of workplaces where
there is substantial worker enthusiasm for weight loss, which, if
so, may have limited the generalizability of our results. How-
ever, although both intervention worksites lost significant weight
over time, the magnitude of weight loss differed between the 2

worksites, which suggested that worksite type alone does not
predict uniform success. The inclusion of site in the statistical
analysis removed the significance of the intervention effects on
weight change and underscored the variability in weight loss. It
may also have been relevant that there were notable differences
in intervention components between this trial and previous ones.
For example, our intervention prioritized a reduction of energy
intake rather than both the reduction of energy intake and an
increase in energy expenditure during the initiation of the in-
tervention on the basis of a concern that the cognitive challenge
and time requirement of targeting 2 goals at once might have
reduced the ability of subjects to adhere to the requested dietary
and behavioral changes. This intervention also recommended
a dietary profile with higher fiber and a lower glycemic load than
used in previous worksite interventions and had both a behav-
ioral component and an all-worksite component. In terms of



WORKSITE-BASED WEIGHT-LOSS INTERVENTION 675

TABLE 4
Self-reported body weight of overweight and obese employees not enrolled
in the weight-loss program

Intervention Control
Weight (n = 68) (n=41) P
Baseline (kg) 923 +22 88.2 £ 24 —
6 mo (kg) 91.0 £ 2.1 88.9 = 2.6 —
Difference (6 mo — baseline) (kg) -13 *+05 0.7 = 0.6 0.02?

" All values are means + SEMs.

2 P value was calculated with the log of the ratio of 6 mo to baseline
weight with age (categorical), sex, education (categorical), and log-trans-
formed baseline weight controlled for.

program effectiveness, the mean weight loss compared favor-
ably to a weight loss of 0.6 kg (unweighted mean, values range
from +1.8 to —2.8 kg) in RCTs conducted in worksites in the
United States over the past 15 y (13-18), and also resulted
a comparable or greater mean weight loss than in most-effective
nonworksite research trials that have used intensive lifestyle
counseling in one-on-one or group settings (20-26).

An additional finding in this study was weight loss in em-
ployees at intervention sites who did not participate in the weight-
loss program. Specifically, overweight and obese employees in
intervention sites who did not participate in the weight-loss
program reported a mean weight loss of 1.3 kg, whereas over-
weight and obese employees who did not sign up for the wait-
listed weight-loss program in control worksites reported a mean
weight gain of 0.7 kg. Although this finding was based on self-
reported data, we have previously documented the accuracy of
self-reported weight for adults with a similar demographic profile
(38). If confirmed in a future study that measures weight, this
result would constitute an additional benefit of conducting
weight-management interventions at worksites. There are several
possible explanations for the observed effects that range from
a benefit of the low-intensity health and nutrition education
program that ran in parallel to the weight-loss program to active
sharing of weight-control strategies between program partici-
pants and nonparticipants. This latter suggestion is analogous to
that seen in spouses of nonworksite weight-loss interventions
(39) and is consistent with the observation that social networks
tend to share similarities in BMI and presumably lifestyle
practices (40).

In conclusion, this study shows that worksites can be suc-
cessful locations for the implementation of interventions that
cause substantial mean weight loss and improve cardiometabolic
risk factors. Additional research is needed to study the sustain-
ability of worksite programs beyond 12 mo and to identify pre-
dictors of success that will allow the targeting of worksites that
can benefit most from on-site programs.

We thank the human resources staff at each of the worksites who did not
receive payment. We also thank the following individuals, all from the Jean
Mayer USDA Human Nutrition Research Center on Aging, Tufts University,
Boston, MA, who received compensation in the form of regular payroll from
Tufts University: Lesley Fisher, who helped deliver the intervention and co-
ordinated the study; Allison Martineau, who helped coordinate the study; and
Paul Fuss, who performed some of the outcome measurements.

The authors’ responsibilities were as follows—SBR, SKD, TCS, LMR,
and PB: designed and developed the research and conducted the study; SKD,
SBR, AGP, ES, and AHL: oversaw study conduct; SBR, SKD, AHL, TCS,

PB, and LMR: provided technical, administrative, and material support; TCS
and PB: collected data; TCS, PB, LEU, SBR, and SKD: performed data
analyses; TCS, SKD, SBR, and LEU: drafted the manuscript; and all au-
thors: had primary responsibility for the final content of the manuscript. SBR
is the author of the weight-loss book used in the study and has equity in
a weight-management company. TCS, PB, LEU, LMR, AGP, AHL, TD, ES,
and SKD had no conflicts of interest.

REFERENCES

1. Mitchell NS, Catenacci VA, Wyatt HR, Hill JO. Obesity: overview of
an epidemic. Psychiatr Clin North Am 2011;34:717-32.

2. Cawley J, Meyerhoefer C. The medical care costs of obesity: an in-
strumental variables approach. J Health Econ 2012;31:219-30.

3. US Bureau of Labor Statistics. Table A-1: employment status of the
civilian population by sex and age. Available from: http://www.bls.gov/
news.release/empsit.tO1.htm (cited 9 July 2012).

4. Terborg JR, Hibbard J, Glasgow RE. Behavior change at the worksite:
does social support make a difference? Am J Health Promot 1995;10:
125-31.

5. Hennrikus DJ, Jeffery RW. Worksite intervention for weight control:
a review of the literature. Am J Health Promot 1996;10:471-98.

6. Archer WR, Batan MC, Buchanan LR, Soler RE, Ramsey DC,
Kirchhofer A, Reyes M. Promising practices for the prevention and
control of obesity in the worksite. Am J Health Promot 2011;25:¢12-26.

7. Anderson LM, Quinn TA, Glanz K, Ramirez G, Kahwati LC, Johnson
DB, Buchanan LR, Archer WR, Chattopadhyay S, Kalra GP, et al. The
effectiveness of worksite nutrition and physical activity interventions
for controlling employee overweight and obesity: a systematic review.
Am J Prev Med 2009;37:340-57.

8. Benedict MA, Arterburn D. Worksite-based weight loss programs:
a systematic review of recent literature. Am J Health Promot 2008;22:
408-16.

9. National Heart, Lung, Blood Institute. Facts about healthy weight.
Available from: http://www.nhlbi.nih.gov/health/prof/heart/obesity/
aim_kit/healthy_wt_facts.htm (cited 5 May 2012).

10. French SA, Harnack LJ, Hannan PJ, Mitchell NR, Gerlach AF, Toomey
TL. Worksite environment intervention to prevent obesity among
metropolitan transit workers. Prev Med 2010;50:180-5.

11. Lemon SC, Zapka J, Li W, Estabrook B, Rosal M, Magner R, Andersen
V, Borg A, Hale J. Step Ahead a worksite obesity prevention trial
among hospital employees. Am J Prev Med 2010;38:27-38.

12. Linde JA, Nygaard KE, Maclehose RF, Mitchell NR, Harnack LJ,
Cousins JM, Graham DJ, Jeffery RW. HealthWorks: results of a multi-
component group-randomized worksite environmental intervention
trial for weight gain prevention. Int J Behav Nutr Phys Act 2012;9:14.

13. Barham K, West S, Trief P, Morrow C, Wade M, Weinstock RS. Di-
abetes prevention and control in the workplace: a pilot project for
county employees. J Public Health Manag Pract 2011;17:233-41.

14. Brehm BJ, Gates DM, Singler M, Succop PA, D’Alessio DA. Envi-
ronmental changes to control obesity: a randomized controlled trial in
manufacturing companies. Am J Health Promot 2011;25:334-40.

15. Linde JA, Jeffery RW. Testing a brief self-directed behavioral weight
control program. Behav Med 2011;37:47-53.

16. Racette SB, Deusinger SS, Inman CL, Burlis TL, Highstein GR,
Buskirk TD, Steger-May K, Peterson LR. Worksite Opportunities for
Wellness (WOW): effects on cardiovascular disease risk factors after
1 year. Prev Med 2009;49:108-14.

17. Siegel JM, Prelip ML, Erausquin JT, Kim SA. A worksite obesity in-
tervention: results from a group-randomized trial. Am J Public Health
2010;100:327-33.

18. Tate DF, Wing RR, Winett RA. Using Internet technology to deliver
a behavioral weight loss program. JAMA 2001;285:1172-7.

19. Kahn EB, Ramsey LT, Brownson RC, Heath GW, Howze EH, Powell
KE, Stone EJ, Rajab MW, Corso P. The effectiveness of interventions
to increase physical activity. A systematic review. Am J Prev Med
2002;22(suppl):73-107.

20. Appel LJ, Champagne CM, Harsha DW, Cooper LS, Obarzanek E,
Elmer PJ, Stevens VJ, Vollmer WM, Lin PH, Svetkey LP, et al. Effects
of a comprehensive lifestyle modification on blood pressure control:
main results of the PREMIER clinical trial. JAMA 2003;289:2083-93.

21. Wadden TA, Volger S, Sarwer DB, Vetter ML, Tsai AG, Berkowitz RI,
Kumanyika S, Schmitz KH, Diewald LK, Barg R, et al. A two-year



676

22.

23.

24.

25.

26.

217.

28.

29.

30.

SALINARDI ET AL

randomized trial of obesity treatment in primary care practice. N Engl J
Med 2011;365:1969-79.

Ebbeling CB, Leidig MM, Feldman HA, Lovesky MM, Ludwig DS.
Effects of a low-glycemic load vs low-fat diet in obese young adults:
a randomized trial. JAMA 2007;297:2092-102.

Foster GD, Wyatt HR, Hill JO, McGuckin BG, Brill C, Mohammed
BS, Szapary PO, Rader DJ, Edman JS, Klein S. A randomized trial of
a low-carbohydrate diet for obesity. N Engl J Med 2003;348:2082-90.
Knowler WC, Barrett-Connor E, Fowler SE, Hamman RF, Lachin JM,
Walker EA, Nathan DM, Diabetes Prevention Program Research
Group. Reduction in the incidence of type 2 diabetes with lifestyle
intervention or metformin. N Engl J Med 2002;346:393-403.

Sacks FM, Bray GA, Carey VJ, Smith SR, Ryan DH, Anton SD,
McManus K, Champagne CM, Bishop LM, Laranjo N, et al. Com-
parison of weight-loss diets with different compositions of fat, protein,
and carbohydrates. N Engl J Med 2009;360:859-73.

Wing RR, Hamman RF, Bray GA, Delahanty L, Edelstein SL, Hill JO,
Horton ES, Hoskin MA, Kriska A, Lachin J, et al. Achieving weight
and activity goals among diabetes prevention program lifestyle par-
ticipants. Obes Res 2004;12:1426-34.

Roberts SB, Sargent BK. The “I” diet. New York, NY: Workman
Publishing, 2010.

‘Wadden TA, Neiberg RH, Wing RR, Clark JM, Delahanty LM, Hill JO,
Krakoff J, Otto A, Ryan DH, Vitolins MZ, et al. Four-year weight
losses in the Look AHEAD study: factors associated with long-term
success. Obesity (Silver Spring) 2011;19:1987-98.

National Heart, Lung, and Blood Institute. The practice guide: iden-
tification, evaluation, and treatment of overweight and obesity. Wash-
ington, DC: Department of Health and Human Services, 2000.
Jenkins DJ, Wolever TM, Taylor RH, Barker H, Fielden H, Baldwin
M, Bowling AC, Newman HC, Jenkins AL, Goff DV. Glycemic index
of foods: a physiological basis for carbohydrate exchange. Am J Clin
Nutr 1981;34:362-6.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Institute of Medicine. Dietary Reference Intakes: the essential guide to
nutrient requirements. Washington, DC: National Academy of Sci-
ences, 2006.

Jenkins DJ, Jones PJ, Lamarche B, Kendall CW, Faulkner D,
Cermakova L, Gigleux I, Ramprasath V, de Souza R, Ireland C, et al.
Effect of a dietary portfolio of cholesterol-lowering foods given at 2
levels of intensity of dietary advice on serum lipids in hyperlipidemia:
a randomized controlled trial. JAMA 2011;306:831-9.

Sallis JF, Cervero RB, Ascher W, Henderson KA, Kraft MK, Kerr J. An
ecological approach to creating active living communities. Annu Rev
Public Health 2006;27:297-322.

Brownell KD. The LEARN Program for Weight Management, 10th ed.
Dallas, TX: American Health Publishing, 2004.

Carey M, Markham C, Gaffney P, Boran C, Maher V. Validation of
a point of care lipid analyser using a hospital based reference labora-
tory. Ir J Med Sci 2006;175:30-5.

Pittas AG, Das SK, Hajduk CL, Golden J, Saltzman E, Stark PC,
Greenberg AS, Roberts SB. A low-glycemic load diet facilitates greater
weight loss in overweight adults with high insulin secretion but not in
overweight adults with low insulin secretion in the CALERIE Trial.
Diabetes Care 2005;28:2939-41.

Hill JO, Peters JC. Environmental contributions to the obesity epi-
demic. Science 1998;280:1371-4.

Hays NP, Bathalon GP, McCrory MA, Roubenoff R, Lipman R,
Roberts SB. Eating behavior correlates of adult weight gain and
obesity in healthy women aged 55-65y. Am J Clin Nutr 2002;
75:476-83.

Gorin AA, Wing RR, Fava JL, Jakicic JM, Jeffery R, West DS, Brelje
K, DiLillo VG. Weight loss treatment influences untreated spouses and
the home environment: evidence of a ripple effect. Int J Obes (Lond)
2008;32:1678-84.

Christakis NA, Fowler JH. The spread of obesity in a large social
network over 32 years. N Engl J Med 2007;357:370-9.



