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ABSTRACT 

Objective: A chart review was performed to evaluate the effectiveness of the Medifast (MD) meal replacement (MR) 
plan in a Medifast Weight Control Center (MWCC) on body weight, body composition, and other health measures at 4, 
12, 24 weeks, and final weight loss visit. Methods: Charts included adults aged 18 - 70 (n = 446) with a BMI ≥ 25 
kg/m2 who attended one of three MWCCs and were following the MD MR program. Data were collected electronically 
and included weight, systolic and diastolic blood pressure, pulse, lean muscle mass (LMM), body fat mass, % body fat, 
and abdominal circumference. Compliance measures included attendance at weekly visits, intake of MRs and supple- 
ments, food journals, and ketone testing. Results: Significant weight loss and % weight loss were achieved at all time 
points with clinically significant weight loss (>5%) occurring in just 4 weeks. Additionally, significant improvements in 
body composition were seen at all time points coupled with increases in % total body weight as LMM (% LMM im- 
proved by 3.5%, 9.8%, 16.0%, and 13.9%, respectively). Blood pressure and pulse were significantly improved, dem- 
onstrating the clinical benefit for clients. Multivariate regression revealed a strong inverse relationship between weight 
change, % compliance with attendance, and the number of weeks that MRs were taken as recommended as well as a 
positive association with number of ketone tests. Conclusion: The MD MR plan, combined with the support and ac- 
countability available in the MWCC, is an efficacious program that promotes significant weight loss and improvements 
in body composition. These results reveal significant associations between components of compliance and weight loss, 
but particularly highlight the importance of attendance, a focus of the MWCC model compared to non-clinic models.  
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1. Introduction 

The number of overweight and obese Americans in the 
United States has increased dramatically over the last 
few decades. The US as a whole ranks ninth in the world 
standings of countries with the highest prevalence of 
overweight and obese adults, age 20 and over [1]. Ac- 
cording to the 2008 National Health and Nutrition Ex- 
amination Survey (NHANES), just over 74% of Ameri- 
cans are overweight, defined as having a body mass in- 
dex (BMI) of greater than or equal to 25 kg/m2. Of this 
population, more than 34% are obese with a BMI greater 
than or equal to 30 kg/m2 [2]. The etiology of obesity is 
multifaceted. Among many, the compulsive consumption 
of food, an inability to restrain from eating despite the 
desire to do so [3], the prevalence of easily accessible 

high-calorie food choices [4], and inactivity [5] are the 
main behavioral and environmental determinants of this 
epidemic. Emerging research suggests other factors may 
also contribute, such as the environment in utero [6], ge- 
netics [7], and the flora of the gut [8]. Being overweight 
or obese is linked to a multitude of comorbidities, in- 
cluding heart disease, stroke, diabetes, some forms of 
cancer, gallbladder disease, osteoarthritis, gout, breathing 
problems, high cholesterol, hypertension, complications 
of pregnancy, infertility, and depression [9]. The preva- 
lence of obesity continues to increase throughout our so- 
ciety despite significant action to combat this condition.  

Behavioral interventions to control food intake and in- 
crease physical activity are currently the most feasible 
and effective strategies for weight management [10]. 
Providing a structured approach to obesity management 
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has been found to further complement a restricted diet, 
resulting in successful weight loss and weight-loss main- 
tenance [11]. Previously, a dose-response relationship 
between the level of supervision and weight loss has 
been demonstrated: Individuals with the most supervi- 
sion lost more weight than those receiving less supervi- 
sion [12]. Along with other factors, researchers have 
concluded that empowering individuals to maintain sche- 
duled visits, adhere to meal replacement prescriptions, 
and keep daily records of food intake and physical activ-
ity promote significant weight loss [13]. The Medifast 
Weight Control Centers (MWCC) offer clients structured 
support, including the benefits described. 

As part of a structured approach to obesity treatment, 
meal replacements (MR) have been shown to be a safe 
and effective tool for limiting calorie intake and promot- 
ing weight loss and weight maintenance among over- 
weight and obese people. Benefits of MRs include built- 
in portion control, ease of use, and convenience. A meta- 
analysis of 6 randomized controlled trials using portion- 
controlled MRs as part of a reduced calorie diet (>800 to 
<1600 kcal) for weight management demonstrated their 
safety, weight loss efficacy, maintenance of weight loss 
efficacy, and improved weight-related risk factors of 
disease [14]. The Medifast (MD) MR plan features a 
combination of MD MRs and “conventional” food choi- 
ces; it has been shown to be safe and effective for weight 
loss in obese individuals [15]. Additionally, evidence 
supports the use of MD MRs combined with appetite 
suppressant medication as an effective strategy for help-
ing overweight or obese patients lose weight in a medi-
cally supervised weight-control program [16].  

The increasing population of overweight and obese 
people has led to exponential growth in the number of 
available commercial weight-loss programs. These em- 
ploy a variety of strategies, including the use of MRs. 
Several commercial programs have been studied; re- 
search publications include those of both proponents and 
critics [17-24]. In general, the main criticisms of com- 
mercial weight-loss programs include cost [25], attrition 
rates [26], modest weight loss results, and overall subop- 
timal evidence to support their use [25]. Programs that 
have been studied have reported varying weight loss re- 
sults of 5% - 15% [25-29].  

The MD MR plan is a low-calorie, nutritionally-bal- 
anced, commercially available weight loss plan that con- 
sists of 5 portion-controlled MD MRs plus one self-pre- 
pared “Lean and Green MealTM”. At Medifast Weight 
Control Centers (MWCC), the structured MD MR plan is 
offered along with individualized 1-on-1 counseling and 
support. No medications are prescribed at the MWCC 
and medical supervision is provided by the client’s own 
health care provider. Each MWCC client undergoes a 

health review, a screening service offered at the MWCC 
to evaluate health and help identify concerns that may 
need additional evaluation/management by the client’s 
healthcare provider. The health review includes a general 
overview of the client’s health history and lab work 
(comprehensive metabolic panel and complete blood 
count). The primary purpose of this service is to provide 
the client a comprehensive look at their current health 
status. In this study we seek to evaluate the MD MR plan 
used in the MWCC. 

2. Methodology 

2.1. Medifast Weight Control Centers 

At the MWCC a high level of support is provided to cli- 
ents, including medical oversight and individual, weekly 
counseling sessions. These sessions include a number of 
features that create accountability and provide feedback 
to clients while still allowing for program personalization 
by MWCC counselors: ketone testing, weigh-ins, blood 
pressure (BP) measurement, food journal reviews, life- 
style lessons, time for comments or questions, and MR 
selection for the upcoming week. Clients who choose to 
purchase optional body composition analysis (lean mus- 
cle mass (LMM), body fat mass (BFM), and percent 
body fat (% BF)) as a part of their program are measured 
using bioelectrical impedance every four weeks. This 
measurement provides additional details about the cli- 
ent’s weight loss and serves as another tool counselors 
can use to provide personalized feedback.  

At the MWCC a three phase approach to weight man- 
agement is emphasized:  

Medifast Jump Start 5 & 1 Plan (MD Plan): Active 
weight loss using the MD Plan includes 5 MD MRs and 
one self-prepared “Lean and Green MealTM” which in- 
cludes 5 - 7 oz of lean protein, 3 servings (~1½ cups) of 
non-starchy vegetables, and up to 2 fat servings, for a 
total of 800 - 1000 kcal per day. The MD MRs range 
from 90 - 110 calories each, are low fat, low on the gly- 
cemic index, provide an approximate 1:1 ratio of carbo- 
hydrate to proteins, and are either soy or whey protein 
based. The length of the active weight loss phase (the 
MD Plan) is individualized for each client based on their 
weight loss goal. 

Transition: After active weight loss, clients gradually 
decrease their use of the MD MRs and begin increasing 
calories from a variety of food groups to meet estimated 
energy needs for weight maintenance. For charts used in 
this review, the length of the Transition phase was pre- 
determined by the amount of weight lost and was either 8, 
12, or 16 weeks for a weight loss of less than 50 pounds, 
51 - 100 pounds, and more than 100 pounds, respectively.  

Maintenance: Following Transition, each client is pro- 
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vided a structured meal plan lasting 52 weeks. Mainte- 
nance incorporates the ongoing use of MD MRs with 
conventional foods and is based on individual estimated 
energy needs to help maintain weight over time.  

2.2. Study Design 

This study is a systematic retrospective chart review of 
clients participating in the MD Plan at three different 
MWCC locations in Texas between 2007 and 2010. This 
study was conducted in two stages. A pilot study was 
performed using 75 charts to establish the data collection 
process and to determine the likely exclusion rate so the 
formal study could be adequately powered; otherwise 
data gathered from the pilot study were not used in the 
formal study. 

2.3. Subjects 

Client charts were considered “evaluable” if the follow- 
ing criteria were met: adult males and females aged 18 - 
70 years, following the MD Plan, had a BMI ≥ 25 kg/m2, 
entered a weight management program at one of the three 
selected MWCC locations between 2007 and 2010, and 
had a signed health information consent form. Exclusion 
criteria were as follows: following a plan other than the 
MD Plan, completed the initial consultation but did not 
participate further, did not get baseline labs performed, 
the program was stopped for medical reasons unrelated 
to the MD Plan, no signed health information consent 
form or the presence of a written request to revoke con- 
sent, or if clients were currently an active participant at 
the MWCC.  

2.4. Data Collection 

Electronic data collection using PASW Data Collection 
5.6 was used to reduce input error and negate the need 
for inputting data from a paper instrument, further re-
ducing input error. The data abstraction tool was evalu- 
ated during the pilot study for any necessary changes to 
improve accuracy and ease of data entry. To minimize 
data entry error, data gathered during the pilot study was 
checked by a second staff person. The same study staff 
that performed the pilot study performed the formal chart 
review. 

Primary endpoints included body weight and body 
composition (LMM expressed as a % of Total Body 
Weight (TBW), BFM, and % BF). Secondary endpoints 
included clinical measures (BP, pulse, and abdominal 
circumference (AC)), and compliance-related data (at- 
tendance, ketone testing, MR usage, food journal com- 
pletion, and omega-3 supplement usage). Data were col- 
lected for each time point: baseline, 4 weeks, 12 weeks, 

24 weeks, and final visit (FV). FV describes the last 
weekly visit each individual attended during active 
weight loss. Start and end dates and weights for Transi- 
tion and Maintenance were collected. Other data col- 
lected included demographics (age, gender, marital status, 
reason for weight loss), past medical history, medications, 
laboratory results, goal weight, goal date, and the pre- 
scribed number of program weeks. 

2.5. Power and Chart Extraction Procedure  

The sample was more than sufficiently powered to have a 
95% chance of detecting a 5% change in body weight 
(i.e., main outcome) from baseline to final visit, with an 
assumed standard deviation of 10%. The standard devia- 
tion was a conservative estimate based on previous re- 
search performed using MD products [15]. With an alpha 
of 0.05, 52 client charts were needed to power for the 
main outcome, weight. In an effort to ensure the sample 
was adequately powered to assess longitudinal changes 
of the secondary outcomes, a minimum of 117 charts was 
needed. This sample of 117 was the largest needed of the 
secondary outcomes and was necessary to assess changes 
in BP. This represented having a 95% chance to detect a 
5 mmHg change in BP, with an assumed standard devia- 
tion of 15 mmHg and an alpha of 0.05. 

In order to account for unusable charts (due to inade- 
quate or incomplete information or failure to meet inclu- 
sion/exclusion criteria), 250 client charts from three 
MWCC locations were reviewed, for a possible total of 
750 charts. Client charts were systematically selected for 
review such that every second chart dated January 2007 
and beyond was pulled until not more than 150 evaluable 
charts were obtained from each the 3 MWCC locations, 
for a total evaluable sample of not more than 450 charts.  

The total number of charts included in the analysis is 
446. A total of 730 were reviewed and 284 were removed 
based on the exclusion criteria. 

2.6. Statistical Analysis  

Due to timing inconsistencies in the assessment of body 
composition and its optional nature, there were smaller 
sample sizes for this measurement than for other anthro- 
pometric indices. In order to maximize the sample size 
for body composition, measures taken at weeks 3, 4 and 
5 were pooled for week 4 data, weeks 11, 12 and 13 were 
pooled for week 12 data and weeks 23, 24 and 25 were 
pooled for week 24 data. This pooling of data allowed for 
a maximum sample without compromising the validity of 
the data or the conclusions drawn from the results. 

For anthropometric and biochemical outcomes, aver- 
age change(s) from baseline were calculated (both abso- 
lute and % change) for the following time-points: weeks 
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4, 12, 24, and FV. To examine within-person longitudi- 
nal changes, Wilcoxon signed-rank tests were employed. 
The Wilcoxon test is used to test changes in a single 
sample with non-parametric data (i.e., non-parametric 
paired t-test).  

For assessment of compliance, the attendance variable 
(i.e., % of time compliant with prescribed attendance) 
was created using the number of weeks a client actually 
attended appointments divided by the number of weeks a 
client was prescribed to attend. Percent compliance vari- 
ables were also created for the other 4 compliance factors 
using the total incidences of each variable over the period 
of the program divided by number of weeks attended 
(e.g., 15 food journals received over 20 weeks attended = 
75% compliant). Alternatively, all compliance variables 
(with the exception of attendance) were examined as 
count variables (i.e. number of occurrences) in a second 
set of multivariate regression analyses (described below). 

Random effects regression models were used to exam-
ine the association between compliance factors and weight 
change (i.e., between baseline and final visit). Random 
effects allows for robust modeling with a subject-specific 
interpretation, and adjustment for unmeasured between- 
individual heterogeneity (with the assumption that het- 
erogeneity does not correlate with outcome). % compli- 
ance variables were first examined individually in bivari- 
ate models. Then, all compliance variables were added to 
one multivariate model, using two approaches: one ap- 
proach in which all % compliance variables were used 
(i.e., each individual variable controlled for attendance) 
and one in which all compliance factors were simply count 
variables (described above). A stepwiselike approach 
was used for multivariate modeling during which vari- 
ables were dropped or kept after examining proxies for 
model efficiency (Wald Chi2 and number of variables). 

Significance was defined as p < 0.05. Analyses were 
conducted using SPSS Version 14.0 and Stata Version 10. 

3. Results 

3.1. Subjects 

Client charts were obtained from 3 MWCC locations in 
Texas: Plano, Allen and Highland Village (35%, 30.9% 
and 33.9%, respectively). The majority of clients in the 
446 person sample were female (86.5% vs. 13.5% male) 
and married (70.6%). The average age was 47 years (Ta-
ble 1). Most (95.7%) reported that it was a personal deci-
sion (vs. spousal or doctor encouragement) that prompted 
their first visit to a MWCC.  

3.2. Prescribed Program Length, Attendance, 
and Retention  

Clients were prescribed active weight loss programs  

Table 1. Baseline characteristics. 

Age, Years Range Mean ± SD 

 18 - 70 47 ± 10.1 

Gender n % 

Male 60 13.5 

Female 386 86.5 

Anthropometrics n Mean ± SD 

Weight (lbs) 446 209.5 ± 44.8

BMI (kg/m2) 443 34.3 ± 6.2 

Abdominal Circ (in) 409 46.3 ± 5.8 

Body Fat % 412 44.3 ± 28.8 

Body Fat Mass (lbs) 412 93.2 ± 28.8 

Lean Muscle Mass (LMM) (lbs) 412 115.0 ± 23.8

Systolic BP (mmHg) 421 126.3 ± 16.3

Diastolic BP (mmHg) 421 84.9 ± 11.8 

Pulse (bpm) 417 76.3 ± 16.3 

 
ranging from 5 to 67 weeks (x̅ = 18.2 ± 9.2) based on the 
estimated time needed to achieve individualized goal 
weights. The average length of time spent in the active 
weight loss phase was 19.6 ± 13.5 weeks. 87.7% of those 
prescribed at least 4 weeks of active weight loss attended 
the Week 4 visit (Table 2). 64.4% of those prescribed at 
least 12 weeks attended the Week 12 visit (Table 3) and 
43.8% of those prescribed at least 24 weeks attended the 
Week 24 visit (Table 4). Results are shown for clients 
that attended at 4, 12, and 24 weeks during the active 
weight loss phase. Results for the final visit (during ac- 
tive weight loss), for which time varies by client, are also 
shown and include data for clients whose final visit oc- 
curred: 1) before week 4; 2) on week 4, 12, or 24; and 3) 
between or after weeks 4, 12, or 24 (Table 5). (As stated 
above, the average length of time from baseline to final 
visit was 19.6 ± 13.5 weeks. The range for baseline to 
final visit was 3 days to 85 weeks.) As part of their over- 
all weight management program, clients were provided 
Transition and Maintenance plans to follow after com- 
pletion of the active weight loss phase (described above, 
in the Methods section). One hundred fifty-four indi- 
viduals began, and spent an average of 7.9 ± 5.4 weeks, 
in the Transition phase. Ninety-one individuals started 
the Maintenance phase; the average length of Mainte- 
nance was 16.3 ± 16.3 weeks (range: 0 to 63 weeks). 
There were no adverse events noted during the review of 
the charts. The most common side effects were constipa- 
tion and fatigue, reported by 15.4% (n = 67) and 8.3% (n 
= 36) of clients, respectively. 
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Table 2. Weeks 0 - 4. 

Measurement Week 
MD Group 
Mean ± SD 

Within Group
∆ p-value 

Weight Δ (lbs) 
0 (n = 373) 
4 (n = 373) 

210.2 ± 45.1 
197.5 ± 42.2 

p ≤ 0.0001 

% Weight Δ 
0 (n = 373) 
4 (n = 373) 

0.0% ± 0.0% 
6.0% ± 2.0% 

p ≤ 0.0001 

Abdominal  
Circ (in) 

0 (n = 153) 
4 (n = 153) 

47.0 ± 6.1 
44.7 ± 5.5 

p ≤ 0.0001 

% BF 
0 (n = 90) 
4 (n = 90) 

44.0% ± 7.3% 
41.8% ± 8.3% 

p ≤ 0.0001 

BF Mass (lbs) 
0 (n = 90) 
4 (n = 90) 

93.8 ± 30.2 
83.7 ± 29.9 

p ≤ 0.0001 

LMM (LMM) 
0 (n = 90) 
4 (n = 90) 

117.0 ± 21.3 
112.9 ± 19.6 

p ≤ 0.0001 

Systolic BP 
(mmHg) 

0 (n = 345) 
4 (n = 345) 

126.1 ± 16.1 
118.1 ± 14.6 

p ≤ 0.0001 

Diastolic BP 
(mmHg) 

0 (n = 345) 
4 (n = 345) 

84.7 ± 12.0 
79.4 ± 9.6 

p ≤ 0.0001 

Pulse (bpm) 
0 (n = 341) 
4 (n = 341) 

76.4 ± 11.5 
73.6 ± 10.8 

p ≤ 0.0001 

 
Table 3. Weeks 0 - 12. 

Measurement Week 
MD Group 
Mean ± SD 

Within Group
∆ p-value 

Weight Δ (lbs) 
0 (n = 240) 
12 (n =240) 

216.7 ± 44.1 
190.5 ± 39.8 

p ≤ 0.0001 

% Weight Δ 
0 (n = 373) 

12 (n = 240) 
0.0% ± 0.0% 

12.1% ± 4.2% 
p ≤ 0.0001 

Abdominal  
Circ (in) 

0 (n = 104) 
12 (n = 104) 

47.0 ± 5.3 
43.0 ± 5.5 

p ≤ 0.0001 

% BF 
0 (n =65) 

12 (n = 65) 
44.4% ± 5.6% 
39.2% ± 7.0% 

p ≤ 0.0001 

BF Mass (lbs) 
0 (n = 65) 
12 (n = 65) 

92.7 ± 23.1 
72.5 ± 22.8 

p ≤ 0.0001 

LMM (lbs) 
0 (n = 65) 
12 (n = 65) 

114.6 ± 20.6 
110.2 ± 20.2 

p ≤ 0.0001 

Systolic BP 
(mmHG) 

0 (n = 217) 
12 (n = 217) 

126.0 ± 15.9 
117.4 ± 15.2 

p ≤ 0.0001 

Diastolic BP 
(mmHG) 

0 (n = 217) 
12 (n = 217) 

84.9 ± 13.2 
78.5 ± 10.4 

p ≤ 0.0001 

Pulse (bpm) 
0 (n = 216) 

12 (n = 216) 
75.9 ± 12.1 
71.8 ± 11.5 

p ≤ 0.0001 

Table 4. Weeks 0 - 24. 

Measurement Week 
MD Group 
Mean ± SD 

Within Group
∆ p-value 

Weight Δ (lbs)
0 (n = 87) 
24 (n = 87) 

225.3 ± 44.2 
187.0 ± 40.9 

p ≤ 0.0001 

% Weight Δ 
0 (n = 446) 
24 (n = 87) 

0.0% ± 0.0% 
17.0% ± 6.2% 

p ≤ 0.0001 

Abdominal 
Circ (in) 

0 (n = 40) 
24 (n = 40) 

48.5 ± 5.5 
42.5 ± 5.6 

p ≤ 0.0001 

% BF 
0 (n = 28) 
24 (n = 28) 

44.0% ± 6.9% 
35.5% ± 9.5% 

p ≤ 0.0001 

BF Mass (lbs)
0 (n = 28) 
24 (n = 28) 

95.9 ± 25.8 
64.3 ± 25.3 

p ≤ 0.0001 

LMM (lbs) 
0 (n = 28) 
24 (n = 28) 

121.7 ± 26.6 
115.5 ± 25.6 

p ≤ 0.0001 

Systolic BP 
(mmHG) 

0 (n = 76) 
24 (n = 76) 

130.6 ± 17.8 
115.0 ± 13.0 

p ≤ 0.0001 

Diastolic BP 
(mmHG) 

0 (n = 76) 
24 (n = 76) 

85.8 ± 11.2 
76.6 ± 9.0 

p ≤ 0.0001 

Pulse (bpm) 
0 (n = 76) 
24 (n = 76) 

75.1 ± 11.1 
71.4 ± 9.2 

p ≤ 0.0001 

 
Table 5. Weeks 0 - FV. 

Measurement Week 
MD Group 
Mean ± SD 

Within Group
∆ p-value 

Weight Δ (lbs)
0 (n = 436) 

FV (n = 436)
209.3 ± 44.0 
183.7 ± 39.7 

p ≤ 0.0001 

% Weight Δ 
0 (n = 436) 

FV (n = 436)
0.0% ± 0.0% 

12.0% ± 7.1% 
p ≤ 0.0001 

Abdominal 
Circ (in) 

0 (n = 311) 
FV (n = 311)

46.5 ± 6.0 
41.8 ± 5.7 

p ≤ 0.0001 

% BF 
0 (n = 232) 

FV (n = 232)
44.4% ± 7.0% 
37.8% ± 8.3% 

p ≤ 0.0001 

BF Mass (lbs)
0 (n = 232) 

FV (n = 232)
93.2 ± 28.3 
69.5 ± 26.5 

p ≤ 0.0001 

LMM (lbs) 
0 (n = 232) 

FV (n = 232)
114.4 ± 22.8 
110.3 ± 21.8 

p ≤ 0.0001 

Systolic BP 
(mmHG) 

0 (n = 383) 
FV (n = 383)

126.6 ± 16.4 
117.8 ± 14.9 

p ≤ 0.0001 

Diastolic BP 
(mmHG) 

0 (n = 383) 
FV (n = 383)

85.2 ± 12.0 
79.2 ± 9.7 

p ≤ 0.0001 

Pulse (bpm) 
0 (n = 381) 

FV (n = 381)
76.8 ± 11.8 
73.3 ± 11.4 

p ≤ 0.0001 
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3.3. Weight 

At baseline, the average weight of clients was 209.5 ± 
44.8 lbs with an average BMI of 34.3 ± 6.23 kg/m2. One 
hundred twelve (25.3%) were overweight (BMI ≥ 25 and 
<30 kg/m2), 160 (36.1%) had Class I Obesity (BMI ≥ 30 
and <35 kg/m2); 105 (23.7%) had Class II Obesity (BMI 
≥ 35 and <40 kg/m2), and 66 (14.9%) had Class III Obe- 
sity (BMI ≥ 40 kg/m2). At 4 weeks, clients had lost an 
average of 12.7 ± 5.1 lbs (−6.0%) from baseline weight 
(z = 16.7, n = 373, p < 0.0001). At 12 weeks, clients had 
lost an average of 26.2 ± 11.7 lbs (−12.1%) from baseline 
(z = 13.4, n = 240, p < 0.0001). Among those remaining 
at 24 weeks (n = 87), an average loss of 38.2 ± 16.0 lbs 
(−17.0%) was achieved. As previously noted, final visit 
(FV) describes the last weekly visit each individual at- 
tended during active weight loss. At FV, an average de- 
crease of 25.7 ± 17.1 lbs (−12.0%) from baseline had 
been achieved among all participants (n = 436) (Tables 
2-5). 

Following active weight loss, 154 clients entered tran- 
sition with a mean weight of 169.6 ± 32.2 lbs. During 
Transition, clients regained a modest amount of weight 
(1.0 ± 4.4 lbs; z = 2.8, p = 0.005); however, at the end of 
Transition, significant weight loss from baseline was sus- 
tained (−33.9 lbs, −16.2%; z = 10.8, p < 0.0001). 

Ninety-one individuals entered Maintenance, starting 
this phase of the program with an average weight of 
169.0 ± 28.2 lbs. Participants gained an average of 4.1 
lbs (+2.5%; z = −6.0; p < 0.0001); however, significant 
weight loss was maintained from baseline (−31.5 lbs, 
−15.1%; z = 8.2; p < 0.0001). 

3.4. Body Composition, Percent Body Fat and 
Lean Muscle Mass 

Following the first 4 weeks of weight loss, % BF de- 
creased on average 2.2%, representing a 5.6% reduction 
from baseline (z = −7.6, n = 90, p < 0.0001). LMM, in 
lbs, decreased 3.3% from baseline (z = −7.2, n = 90, p < 
0.0001); however, when examining LMM as a proportion 
of TBW, percent lean muscle (% LMM) increased 3.5% 
from baseline (z = −7.0, n = 86, p < 0.0001) (Table 2, 
Figure 1). 

By 12 weeks, % BF decreased from 44.4% to 40.2%, 
representing a 12.1% reduction from baseline (z = 7.0, n = 
65, p < 0.0001). Similar to results seen at 4 weeks, total 
LMM decreased at 12 weeks; however, the % LMM in 
relation to TBW increased by 9.8% from baseline (z = 
6.5, n = 56, p < 0.0001). By 24 weeks, BFM was reduced 
by 31.6 lbs (z = 4.1, n = 28, p < 0.0001) and % BF had 
decreased by 8.5% from baseline (z = 4.6, n = 28, p < 
0.0001). Consistent with weeks 4 and 12, total LMM 
decreased (−6.3 lbs; z = 4.1, n = 28, p < 0.0001); how-

ever, % LMM as a proportion of TBW increased by 16.0% 
(z = 3.4, n = 17, p = 0.001) (Tables 3 and 4, Figure 1). 

Overall, clients lost significant amounts of BFM and 
LMM between baseline and final visit (−23.5 lbs and 
−4.1 lbs, respectively); however, when expressed as a 
proportion of TBW, % BF decreased over the course of 
the program, while % LMM increased. Specifically, % 
BF was reduced from 44.3% to 37.8%, representing a 
15% reduction between baseline and final visit (z = 13.1, 
n = 232, p < 0.0001). LMM, as a proportion of TBW, 
rose from 55.4% to 62.9%, representing a 13.9% increase 
during the program (z = 12.9, n = 233, p < 0.0001) (Ta- 
ble 5, Figure 1). 

3.5. Abdominal Circumference  

In the first 4 weeks of active weight loss, AC (inches) 
was reduced from an average of 46.3 ± 5.8 inches to 44.7 
± 5.4 inches, representing a 4.6% decrease (z = −10.1, n = 
153, p < 0.0001). At 12 weeks, AC had decreased by an 
average of 4 inches or 8.5% from baseline (z = −8.8, n = 
104, p < 0.0001). By 24 weeks, clients had lost an aver-
age of 6 inches or 12.3% of their baseline AC (z = −5.5, 
n = 40, p < 0.0001). When all FV data were considered, 
clients reduced their abdominal measurements an aver-
age of 4.7 inches (−9.9%) from baseline (z = −15.0, n = 
311, p < 0.0001) (Tables 2-5). 

3.6. Blood Pressure 

At baseline, systolic BP (SBP) was 126.3 ± 16.3 milli- 
meters of mercury (mmHg), and diastolic BP (DBP) was 
84.9 ± 11.8 mmHg. After 4 weeks of active weight loss, 
SBP decreased by 8.0 ± 15.3 mmHg and DBP decreased 
by 5.3 ± 11.7 mmHg (z = −8.7, n = 345, p < 0.0001 and z 
= 8.7, n = 345, p < 0.0001, respectively), reducing aver- 
age BP to 118/79 mmHg (Table 2). Average BP contin- 
ued to significantly decrease over time from baseline. By  
 

 % in %LBM % in %BF

 

Figure 1. Changes in body composition. *%Δ was significant 
at all time points at p ≤ 0.001. 
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week 12, average SBP was 117.2 ± 15.2 mmHg and av- 
erage DBP was 78.4 ± 10.3 mmHg (p < 0.0001) (Table 
3). By week 24, average SBP decreased to 115.1 ± 12.8 
mmHg (down 15.6 mmHg and 10.9% from baseline; z = 
−6.1, n = 76, p < 0.0001) and average DBP was 76.5 ± 
9.0 mmHg (down 9.2 mmHg and 9.6% from baseline; z = 
−6.1, n = 76, p < 0.0001) (Table 4). For the 383 mem- 
bers with baseline and final visit measurements, both 
SBP and DBP were significantly reduced from baseline. 
SBP decreased to an average of 117.8 mmHg (6.1%; z = 
9.6, n = 383, p < 0.0001) and DBP to 79.2 mmHg (6.0%; 
z = 9.7, n = 383, p < 0.0001) (Table 5). At baseline, 90 
(21.4%) of 421 clients had a normal BP reading (SBP < 
120 and DBP ≤ 80 mmHg), whereas 331 (78.6%) had an 
elevated BP reading (SBP ≥ 120 and/or DBP ≥ 80 
mmHg). Of those with elevated BP, 173 (41.1%) had 
prehypertension (SBP ≥ 120 and < 140 or DBP ≥ 80 and 
<90 mmHg), and 158 (37.5%) had hypertension (SBP ≥ 
140 or DBP ≥ 90). From baseline to week 4, of the 345 
available BP measurements, 44.3% (n = 153) showed 
improvement, 45.5% (n = 157) showed no change, and 
10.1% (n = 35) showed poorer BP results (Table 6). Of 
those with BP improvement, 43.8% (n = 67) improved 
from prehypertension to normotension, 19.0% (n = 29) 
improved from hypertension to normotension, and 37.3% 
(n = 57) improved from hypertension to prehypertension 
(Table 6). 

This trend continued through the 12 and 24 week time 
points. For the 383 clients that had baseline and final 
visit measurements, 43.3% (n = 166) showed no change, 
45.4% (n = 174) showed improvement, and 11.2% (n = 
43) showed poorer BP results. For the 174 that saw a 
positive change, 39.7% (n = 69) improved from prehy- 
pertension to normotension, 23.0% (n = 40) improved 
from hypertension to normotension, and 37.4% (n = 65) 
improved from hypertension to prehypertension (Table 
6).  

3.7. Pulse 

At baseline, average resting pulse was 76.7 ± 11.5 beats 
per minute (bpm). By week 4, pulse was significantly 
reduced by 2.9 bpm to an average of 73.5 ± 10.8 bpm, a 
3% reduction from baseline (z = −5.1, n = 341, p < 
0.0001). By week 12, average pulse was 71.8 ± 11.5 bpm, 
a decrease of 4.1 bpm (4.5%) from baseline (z = −4.9, n 
= 216, p < 0.0001); representing an additional (and sta- 
tistically significant) 1.1% reduction from the 4 week 
measurement. While there were no significant changes in 
pulse between weeks 12 and 24, the reductions achieved 
during the first 12 weeks were sustained, for an average 
pulse at 24 week of 71.2 ± 9.4 bpm, a 3.7% decrease 
from baseline (z = −2.8, n = 76, p = 0.005). At the final  

Table 6. Changes in blood pressure category. 

 
Weeks  

0 - 4 n (%)
Weeks  

0 - 12 n (%) 
Weeks  

0 - 24 n (%) 
Weeks  

0 - FV n (%)

Total n 345 217 76 383 

Improved 153 (44.3) 99 (45.6) 44 (57.9) 174 (45.4)

Prehyper to 
Normal 

67 (43.8) 45 (45.5) 12 (27.3) 69 (39.7) 

Hyper to 
Normal 

29 (19.0) 20 (20.2) 16 (36.4) 40 (23.0) 

Hyper to 
Prehyper 

57 (37.3) 34 (34.3) 16 (36.4) 65 (37.4) 

No Change 157 (45.5) 93 (42.9) 25 (32.9) 166 (43.3)

Worsened 35 (10.1) 25 (11.5) 7 (9.2) 43 (11.2) 

Prehyper to 
Hyper 

10 (28.6) 12 (48) 1 (14.3) 20 (46.5) 

Normal to 
Prehyper 

22 (62.9) 11 (44) 6 (85.7) 22 (51.2) 

Normal to 
Hyper 

3 (8.6) 2 (8) - 1 (2.3) 

 
visit, pulse was reduced by 3.5 bpm from baseline to 73.3 
± 11.4 bpm (−3.4%; z = -5.5, n = 381, p < 0.0001). 

3.8. Compliance 

Compliance was assessed using 5 different factors: at- 
tendance at weekly visits, weekly food journal comple- 
tion, the number of times omega-3 supplements were 
taken as recommended, the number of times 5 meal re- 
placements were consumed as recommended, and the 
number of ketone tests taken.  

On average, clients attended one weekly visit as pre- 
scribed throughout the entire course of treatment (±0.7). 
Compliance with attendance was highest during the first 
4 weeks of active weight loss and decreased over time; 
86.5% of individuals (n = 351/406) attended all 4 visits 
during the first four weeks, with an average of 4.6 ± 1.6 
visits during this time frame. Just under half of those still 
in the study (n = 142/285; 49.8%) attended all 8 visits 
during weeks 5 - 12, with an average of 7.7 ± 2.8 visits 
during these 8 weeks. During weeks 13 - 24, 31.3% (n = 
35/112) attended all 12 weekly visits, with an average of 
10.6 ± 4.0 visits during this time. 

Overall, clients returned a food journal for an average 
53% of the weeks they attended. During the first 4 weeks, 
32.3% (n = 131/406) returned a food journal at each visit, 
with an average of 3.1 ± 2.0 during this time. During 
weeks 5 - 12, 18.2% (n = 52/285) returned a food journal 
at each weekly visit with an average of 4.7 ± 3.8 food 
journals during this time. During the final 12 weeks of 
active weight loss, an average of 6.4 ± 5.6 food journals 
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were returned, with only 10.7% (n = 12/112) returning a 
food journal for all of these weeks.  

During active weight loss 5 MRs were to be consumed 
daily as part of the MD Plan. Each week, clients self- 
reported their compliance with the MRs. Among those 
who attended weekly visits, average compliance with 
MRs was 70%. Similar to attendance and food journals, 
compliance with MRs was best during the first 4 weeks 
with 42.6% (n = 173/406) reporting perfect (i.e., 100%) 
compliance. During weeks 5 - 12, this dropped to 27% (n 
= 77/285); however, this proportion remained relatively 
stable for the remainder of the active weight loss phase 
with 25% reporting perfect compliance (n = 28/112) 
during weeks 13 - 24.  

As part of the weight loss regimen, two omega-3 sup- 
plements (providing 2440 mg of fish oil) were to be 
taken daily. As with the MRs, clients self-reported their 
compliance each week. Overall, clients reported perfect 
compliance an average of 76% of the weeks they at- 
tended. During the first 4 weeks, 54.2% (n = 220/406) of 
clients reported 100% compliance with the supplements. 
This remained relatively consistent through the next 8 
week period (weeks 5 - 12) at 51.9% (n = 148/245) and 
decreased slightly during weeks 13 - 24 with 42.9% (n = 
48/112) having reported taking all prescribed supple- 
ments.  

Ketone testing at each visit was also part of the com-
pliance assessment. For the duration of the active weight 
loss phase, clients were tested for ketones 96% of the 
weeks attended. During the first 4 weeks, 83.7% (n = 
340/406) were tested for ketones with an average of 4.4 ± 
1.5 tests during this time frame. During weeks 5 - 12, 
81.1% (n = 231/285) of clients were tested weekly for 
ketones, with an average of 7.4 ± 2.8 during this 8 week 
period. Ketone testing remained high during the final 12 
weeks of the weight loss phase at 77.7% (n = 87/112), 
with an average of 10.2 ± 2.8 tests during this period.  

Using bivariate random effect (RE) regression models, 
the relationship between weight change (baseline to FV) 
and each of the 5 compliance factors was examined. 
Weight change was inversely associated with clients’ % 
compliance with attendance, food journals, MRs, and 
omega-3 supplementation (see statistical analysis section 
above for details regarding variable creation); however, it 
was not associated with ketone testing (Table 7).  

Two sets of multivariate regressions were employed. 
In the first set, all % compliance factors were entered as 
variables in a multivariate regression in order to examine 
the independent effects of the individual compliance 
components on weight change (dependent variable), while 
controlling for the remaining factors. The only % com- 
pliance factors that remained statistically associated with 
weight change were attendance (β = −17.0, p < 0.0001) 

and omega-3 supplementation (β = −11.5, p = 0.05; Model 
Wald Chi-Square = 46.9, df = 5, R2 = 0.087). In the sec- 
ond set of multivariate regressions, the compliance fac- 
tors were represented as count measures with one excep- 
tion, attendance; this variable remained as % compliance 
so as to control for the varying lengths of prescribed pro- 
grams (i.e., number of weeks attended/number of weeks 
prescribed to attend). In all of the models using the sec- 
ond approach, the R-squared values (a measure of the 
ability of the independent variables to explain the vari- 
ance in the dependent variable) were significantly higher 
compared to that from the first set. Using this second set 
of compliance variables, a stepwise-like approach was 
used to decide which variables to keep and drop. 

The most efficient model revealed a strong inverse re- 
lationship between weight change and % compliance 
with attendance (β = −41.5, p < 0.0001) and the number 
of weeks that MRs were taken as recommended (β = −1.3, 
p = 0.001). Additionally, a positive association with 
number of ketone tests was found (β = 2.9, p < 0.0001; 
Model Wald Chi-Square = 147.7, df = 3, R2 = 0.224) 
(Table 8).  

4. Discussion 

The use of portion-controlled MR plans [14] and struc- 
tured weight loss programs that provide a high level of  
 

Table 7. Predictors of weight change-bivariate RER†. 

Predictor (% compliance)* β p-value 

Percent Attendance −18.62 <0.0001 

Meal Replacements −15.57 0.048 

Food Journals −14.96 0.014 

Omega-3 −16.81 0.003 

Ketone Testing 2.35 0.91 

†Random effects regression; Outcome variable = weight change between 
baseline and final visit; *Predictors: Percent Attendance = number of visits ÷ 
number of prescribed visits, all other predictor variables were the number of 
times; summed over the course of time in the program. 

 
Table 8. Predictors of weight change-multivariate RER†. 

Predictor* β p-value Wald Chi2 (df) Overall R2

Multivariate   147.70 (3) 0.224 

Percent Attendance −41.51 <0.0001   

Meal Replacements −1.30 0.001   

Ketones 2.89 <0.0001   

†Random effects regression; Outcome variable = weight change between 
baseline and final visit; *Predictors: Percent Attendance = number of visits ÷ 
number of prescribed visits, all other predictor variables were the number of 
times; summed over the course of time in the program. 
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support [30] have both been shown to independently pre- 
dict weight loss success in the short- and long-term. This 
study sought to evaluate the combined effect of using 
MRs with a structured weight-loss plan and lifestyle pro- 
gram on body weight, body composition, and health- 
related outcomes. 

The combination of portion-controlled meal replace- 
ments and a structured lifestyle program featuring indi- 
vidual weekly visits offered through the MWCC yielded 
robust weight loss and weight maintenance results. 
Clinically significant weight loss, defined by the Institute 
of Medicine as a loss of at least 5% of starting body 
weight in one year [31,32], was achieved by clients at all 
time points (4, 12, 24 wks and FV). After 24 weeks, cli- 
ents reduced their total body weight by an average of 38 
lbs, representing a 17% decrease. Weight loss of this 
nature is comparable to that obtained with double-drug 
obesity pharmacotherapy [33], yet without the potential 
health risks and side effects. Moreover, considering the 
phenomenon of universal weight regain, clients were 
able to keep off an average of 97.5% of lost body weight 
by the end of the maintenance phase, which lasted 16 
weeks. This is significantly better than maintenance re- 
sults noted in the literature for other commercial diet 
plans [34,35]. 

One of the distinguishing features of the MD plan, 
perhaps more important than the weight loss itself, is the 
targeted loss of body fat. Consistent with previously pub- 
lished research results [15], favorable changes in body 
composition, particularly loss of the body fat compart- 
ment, were observed at all time points by MWCC clients. 
By week 24, clients had achieved an 8.5% decrease in 
body fat, which was equivalent to a 31.5 lbs reduction of 
fat tissue. Other MR plans have shown much less favor- 
able results; in one, only a 2.9% decrease in body fat was 
reported over the same period in a sample with a similar 
baseline BMI [36]. In another study comparing a MR 
program and a structured diet and exercise program, % 
body fat decreases were only 0.6% and 1.4% respectively 
after 22 weeks [37].  

Even more astounding than the targeted loss of body 
fat was the proportional gain in lean muscle mass at all 
time points. Sustaining lean muscle mass is a critical 
physiologic mechanism for maintaining weight loss, as 
muscle provides a higher contribution to resting meta- 
bolic rate than does fat [38-40]. The preservation of lean 
muscle tissue and targeted elimination of fat is fostered 
by the balanced macronutrient composition of the MD 
plan. 

Rivaling the significance of targeted fat loss and si- 
multaneous preservation of lean muscle tissue is the ac- 
companying reduction in visceral fat from the midsection, 
with significant reductions in abdominal circumference 

at all time points measured. Abdominal fat has been 
shown to be an independent risk factor for metabolic 
syndrome and cardiovascular disease [41], and contrib- 
utes to health disease risk comparable to smoking [42]. 
Previous research has shown that a relatively modest 
decrease in waist circumference (WC) of ≥3 cm yielded 
significant improvement in cardiometabolic risk factors 
[43]. This magnitude of decreasing AC was exceeded at 
all time points, highlighting the potential clinical benefit 
for MWCC clients. These results are consistent with pre- 
vious findings obtained by the MD plan versus an iso- 
caloric control group [15]. In that study, reductions in 
markers of inflammation and oxidative stress, two known 
risk factors for cardiovascular disease and cancer [44], 
were also found. 

In alignment with previously published health-related 
outcomes for the MD Plan, statistically significant im- 
provements were obtained for all cardiovascular outcome 
variables (systolic and diastolic BP, pulse, and AC) at all 
time points throughout the study. Reductions in systolic 
and diastolic BP were robust enough to shift many clients 
from a prehypertensive state to a normotensive state 
(120/80 mmHg). These improvements in BP and the re- 
sulting shift in BP categories occurred for some after 
only 4 weeks of weight loss, indicating improvements in 
health outcomes can occur quickly on this program. Ad- 
ditionally, between 44.3% and 57.9% of clients saw an 
improvement in their blood pressure category at the 
various time points, with nearly 2/3 of those becoming 
normotensive by their final visit. 

4.1. Limitations  

While the time frame and sample size of this study are 
sufficient to demonstrate significant improvements in 
weight and other relevant outcomes for the overall clini- 
cal benefit of MWCC clients, there are limitations. This 
study is a retrospective chart review of the MD plan in 
the MWCC, making randomization and the use of a con- 
trol group impossible. While the majority of the sample 
is female, this is representative of the persons who typi- 
cally become clients at the MWCC. There is a decreasing 
sample size over time and lack of long-term follow-up 
beyond the maintenance period recorded here. The sam- 
ple size decreased over time for two main reasons: 1) 
Over time there were fewer clients with prescribed 
weight-loss programs of longer lengths (i.e. 12 and 24 
weeks) and 2) Clients who chose to leave the program 
before the end of their prescribed number of program 
weeks for a variety of reasons (e.g. goal achievement, 
lack of results, financial and time constraints, etc.) How- 
ever, attrition is common for commercial weight-loss 
plans and long-term weight loss research in general [21, 
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45].  
In addition to program attrition, due to the optional 

nature of body composition testing along with client time 
constraints at the appointed measurement visit, instru- 
ment availability, or client refusal; body composition 
analysis may have occurred at different intervals, or not 
at all, which resulted in an even smaller sample size for 
these measurements. To evaluate potential bias because 
body composition testing was a purchasable option, we 
examined characteristics and other relevant outcomes for 
those with any body composition data and those without. 
Interestingly, it was found that those who opted to have 
body composition measured at baseline did not lose sig- 
nificantly more body weight than those who did not. 
However, when those with follow-up body composition 
measurements were compared to those without, it was 
found individuals with follow-up data had significantly 
better compliance and significantly greater weight loss 
results. While these findings reveal that the body compo- 
sition results are not representative of the study sample as 
a whole, the magnitude and significance of the results are 
consistent with previously published results [25]. 

Lastly, although the data for weight maintenance were 
recorded, the sample size is relatively small compared to 
the baseline sample, and the duration in the maintenance 
period is relatively short. Additional prospective studies 
with defined body composition measurement parameters 
and follow-up of clients through a longer defined main- 
tenance period would serve to confirm the body compo- 
sition results and the program’s ability to maintain 
long-term weight loss.  

4.2. Summary 

Robust weight- and health-related results were achieved 
by adherence to MD MR recommendations and atten- 
dance at weekly 1-on-1 support sessions offered through 
the MWCC. The weight loss and fat loss achieved by 
MWCC clients was not only significant, but translated 
into concrete health benefits, as demonstrated by im- 
provements in BP. Adherence to MR recommendations 
(β = 15.57, p = 0.048) and attendance (β = 18.62, p < 
0.001) were the strongest predictors of weight-loss suc- 
cess. The MD plan may bolster success by fostering ease 
of use among clients, and therefore compliance, on both 
a short- and long-term basis [14,46]. This supports the 
existing research demonstrating the benefit of MRs in 
weight management [47]. Simply speaking, “showing 
up” was found to be the strongest predictor of weight 
loss. Clients who attended appointments at least once a 
week lost significantly more weight at 6 months (17.5%) 
than those who attended appointments less frequently 
(13.3%). These results underscore the importance of 

combining a structured MR program with a highly sup- 
portive environment to promote clinically significant 
weight loss, successful weight loss maintenance, and im- 
provements in cardiovascular health outcomes. 
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