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ABSTRACT 

Background: Diet and exercise are recom- 
mended first line treatment for overweight, 
obese, and diabetic patients with the goal of 
decreasing weight and improving glycemic con- 
trol. The goal of this study was to determine the 
effect that a low calorie diet and behavioral 
modification program, as implemented by a me- 
dically supervised weight loss program, would 
have on the fasting blood sugar and hemoglobin 
A1c in overweight or obese diabetic and over- 
weight or obese non-diabetic participants. Me- 
thods: Charts from 2009 to 2010 were reviewed 
for 310 diabetic and non-diabetic patients en- 
rolled in the Via Christi Weight Management 
(VCWM) program in Wichita, Kansas. Data were 
collected before and after patients underwent a 
program of meal replacements and weekly phy- 
sical activity lasting 12 weeks. Variables included 
pre and post treatment fasting blood sugars, 
hemoglobin A1c, body mass index, percent 
body weight lost, and diabetes status. RESULTS: 
Diabetic participants lost an average of 11.7% of 
their initial body weight (IBW), and non-diabetic 
patients lost 12.5% of their IBW over the treat- 
ment course. Post-treatment average fasting 
blood glucose (FBG) decreased in both diabe- 
tics and non-diabetics by 15.53 mg/dL and 8.46 
mg/dL, respectively (p = 0.08). Diabetic patients 
experienced a significant decrease of 0.83% 
from pre to post-treatment in hemoglobin A1c. 
For diabetic and non-diabetic groups, the chang- 
es in FBG were correlated with the change in 
weight. Conclusions: Diet and exercise, as pre-
scribed by the VCWM program, is effective in 
reducing hemoglobin A1c in diabetics and re- 

ducing fasting blood sugars in both diabetic and 
non-diabetic patients.  
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1. INTRODUCTION 

Obesity and diabetes in the United States have high 
nationwide prevalence, are associated with increasing 
healthcare costs, and have a negative effect on quality of 
life [1]. In 2009 the national prevalence of obesity was 
26.7% [2]. For the state of Kansas, 2009 Behavioral Risk 
Factor System Surveillance data indicate self-reported 
obesity prevalence ranged between 25 and 29%, a range 
that both encompasses and surpasses the national average 
of 26.7% [2]. Obesity is also a costly condition with an 
estimated annual cost of $75 billion in medical expenses 
[3]. Obesity is a cause of increased mortality as well as 
an increased risk factor for many medical conditions 
from cardiovascular disease and diabetes to depression 
[4-7].  

Obesity is a risk factor of the development of diabetes 
mellitus, a disease marked by high levels of blood glu- 
cose and elevated hemoglobin A1c. In 2010, 8.3% of the 
US population was affected by diabetes, with 18.8 mil- 
lion individuals living with diagnosed diabetes and an 
estimated 7 million living with undiagnosed diabetes [8]. 
The coexistence of diabetes and obesity among individu- 
als is well established [5-6,9]. Further, it is established 
that lifestyle modification, specifically diet and exercise 
leading to weight loss, is a first line of treatment for new 
diagnoses of diabetes mellitus and for those at risk with 
metabolic syndrome [10,11]. However, the exact effect 
which any resulting weight loss from lifestyle modifica- 
tions has upon FBG is not as well established.  
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Statewide prevalence estimates of diagnosed cases of 
diabetes indicate 8.1% of all adults residing in the state 
of Kansas have been diagnosed as diabetic [8]. The 
medical costs and estimates of lost productivity due to 
the disease costs the U.S. an estimated $174 billion an- 
nually, as of 2007 [8,12]. Diabetes, especially when 
poorly controlled, is associated with microvascular dis- 
ease causing nephropathy, peripheral neuropathy, and 
retinopathy as well as significantly increased risk of car- 
diovascular disease [6,13-17]. 

This research seeks to answer several questions about 
the effect that lifestyle changes implemented by a medi- 
cally supervised weight loss program have on FBG and 
hemoglobin A1c in obese/overweight diabetics and non- 
diabetics. First, what is the difference between obese/ 
overweight non-diabetic patients in FBG before medical 
weight loss treatment and immediately after medical 
weight loss treatment? Second, what is the difference 
between obese/overweight diabetic patients in FBG at 
baseline and immediately post-medical weight loss treat- 
ment? Third, in diabetic patients, what is the difference 
between hemoglobin A1c before weight loss treatment 
and immediately after weight loss treatment? Finally, do 
the changes in FBG and hemoglobin A1c correlate with 
weight loss? 

2. METHODS 

2.1. Weight-Loss Program 

The medically supervised weight loss program evalu- 
ated was the Via Christi Weight Management (VCWM) 
program in Wichita, Kansas, which was first established 
in 1994 as a partnership between Via Christi Health In- 
corporated and Health Management Resources (HMR) 
Corporation, Boston, Massachusetts. The program func- 
tioned as a low-calorie diet (LCD) coupled with inten- 
sive behavioral modification program. For some patients, 
medical supervision was necessitated. The methodology 
of HMR medical supervision has been described previ- 
ously [18] as have the exact details of the weight-loss 
program [19]. As such, presented here is a summary of 
main components of the medically supervised LCD pro- 
gram as administered by VCWM: 1) food choices limited 
to HMR meal replacements (shakes, soup or cereal pack- 
ets and entrees) during the initial weight loss phase; 2) 
intake a minimum of five meal replacement packets and 
two vitamin-mineral tablets per day and choice to intake 
HMR entrees as needed (minimum consumption of 800 
kcal per day); and 3) patients seen biweekly by the pro- 
gram’s medical team. 

A thorough pre-program examination (including a 
medical history, laboratory, primary care approval, and 
electrocardiogram) was required for medically super- 
vised participants prior to starting the weight loss inter- 

vention program. Height, weight, blood pressure, and 
waist circumference were collected and verified by me- 
dical staff during the initial screening period prior to the 
start of the program. Verified weights were recorded and 
entered into a clinical dataset every four weeks and be- 
havioral data, blood pressure, waist circumference, and 
follow up laboratory were entered after week 12. Blood 
was also collected at baseline and after twelve weeks to 
monitor fasting blood sugar and hemoglobin A1c levels. 

2.2. Patient Selection and Electronic Chart  
Reviews 

This study was approved by the Institutional Review 
Board of Via Christi Health Incorporated and the Human 
Subjects Committee at the University of Kansas School 
of Medicine-Wichita. Weight loss and blood glucose out- 
comes for all patients enrolled between January 1, 2009 
and December 31, 2010 were assessed via VCWM’s 
electronic clinical dataset. A de-identified version of the 
dataset containing patient records, including baseline 
assessment totals and post-treatment measurements and 
blood test results, was accessed for analysis. Patients 
selected from the dataset were aged 18 years or older and 
either overweight, as defined by a Body Mass Index 
(BMI) of 25 - 29.9, or obese, as defined by a BMI of 30 
or greater [20]. Patients younger than 18 years of age 
were excluded as were those who had a BMI of 24.9 or 
less. In addition, patients were excluded if they did not 
complete the baseline treatment period, gained weight 
during the treatment period, or had data missing for one 
of the measures studied. 

2.3. Variables 

The following data elements were extracted from the 
clinical dataset for analysis: patient age, gender, race, 
ethnicity, initial diabetes type 2 diagnostic status, and 
number of treatment weeks completed. Additionally, 
height, weight, blood glucose, hemoglobin A1c, and self- 
reported diabetic medications used were collected before 
and after treatment. 

Pre- and post-treatment weights were measured at the 
VCWM clinic on a calibrated scale. Height was mea- 
sured with a stadiometer. Blood samples were drawn at 
baseline and after completion of the treatment course. 
From these samples the patients’ FBG and hemoglobin 
A1c were recorded pre and post treatment. Patient age, 
gender, race, ethnicity as well as diabetic medication 
were gathered from patient’s history and physical exam 
on the initial visit. 

Patients were categorized as either diabetic or non- 
diabetic. Patients were considered diabetic if they had a 
prior diagnosis of diabetes. Patients not meeting any of 
the above criteria were classified as non-diabetic. 
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2.4. Statistical Analysis 

Data were analyzed using SAS (version 9.2, Cary, NC). 
Descriptive statistical measurements were used to char- 
acterize the data. A paired t-test was performed to com- 
pare FBG and HbA1c before and after treatment. A re- 
gression analysis was also conducted using the difference 
before and after treatment in FBG as the response vari- 
able and the difference in weight before and after treat- 
ment as the explanatory variable. A correlation analysis 
was conducted to determine the relationship before and 
after treatment between the difference in FBG and the 
difference in HbA1c.  

3. RESULTS 

The patient data was obtained from 440 charts. Sixty- 
nine percent (215 of 313) non-diabetic and seventy-five 
percent (95 of 127) diabetic patients completed the 11 
week treatment period and provided blood samples for 
week 11 FBG data. Mean age for diabetics was 54 years 
(SD = 11) and for non-diabetics was 50 years (SD = 12). 
Gender distribution was 42% male and 58% female for 
diabetics, with 35% male and 65% female for non-dia- 
betics. Ethnic composition was 92% non-Hispanic Cau- 
casian for diabetics and 93% non-Hispanic Caucasian for 
non-diabetics. The pre-treatment mean body mass index 
(BMI) for diabetics was 44.5 and post-treatment mean 
was 39.3. For non-diabetics the pre-treatment mean BMI 
was 44.8 and post-treatment was 38.3. The mean percent 
IBW loss for diabetics was 11.7% and for non-diabetics 
was 12.5%. 

For diabetic patients (n = 95), the mean pre-treatment 
FBG was 137 and post-treatment FBG was 121, (p < 
0.01). For non-diabetic patients (n = 215), the mean pre- 
treatment FBG was 100, and post-treatment FBG was 91, 
(p < 0.01). 

Among diabetic patients with available measurements 
(n = 71), the mean pre-treatment HbA1C was 7.4, and 
the post-treatment HbA1C was 6.6, with a paired-sample 
correlation of 0.720 (p < 0.001), and a significant mean 
difference of 0.832 (p =< 0.001). Pearson correlation 
analysis of the relationship between the change in FBG 
and the change in HbA1C for diabetic patients with 
HbA1C measurements (n = 71) was 0.619 (p =< 0.001). 
For diabetic patients (n = 93), GLM procedure analysis 
of the relationship between the %IWL and the pre- and 
post-treatment difference in FBG showed F-value of 30.2 
(p < 0.001). 

4. DISCUSSIONS 

This study demonstrates that diet and exercise in a 
medically supervised weight loss program can be effec- 
tive in inducing weight loss, decreasing FBG levels in 
diabetics and non-diabetics, and decreasing the hemo- 

globin A1c in diabetics. The finding of weight loss after 
the diet and exercise intervention is consistent with other 
similar studies [21-24]. 

Fasting blood glucose decreased for diabetics and non- 
diabetic participants. This decrease in fasting blood glu-
cose after diet and exercise is consistent with prior stud-
ies in other populations [23,25-27]. We found no signifi-
cant difference between diabetics and non-diabetics in 
the degree of decrease in fasting blood sugars. 

The Look AHEAD trial corroborates the findings of 
the present study, suggesting that diet and exercise can 
result in a clinically significant decrease in hemoglobin 
A1c in type two diabetics [21-22]. For non-diabetic pa-
tients who are at risk for developing diabetes, findings of 
the Diabetes Prevention Program also suggest that life-
style intervention in the form of diet and exercise is ef-
fective in preventing development of hyperglycemia 
[27]. 

The decrease in hemoglobin A1c of 0.8% in this study 
is of clinical importance in the diagnosis of diabetes as 
well as in the potential for development of complications 
from the disease. New ADA guidelines have added that a 
hemoglobin A1c of 6.5% or greater is diagnostic of dia- 
betes [28]. Research by the United Kingdom Prospective 
Diabetes Study suggests that a decrease in hemoglobin 
A1c of 1.0% had significant morbidity and mortality 
benefits [29]. Gaede et al. (2008) more recently found 
fewer cardiovascular events, decreased need for retinal 
photocoagulation, and less progression to end stage renal 
disease in diabetic patients whose hemoglobin A1c de- 
creased 0.7% when treated with oral hypoglycemic medi- 
cations [30]. 

The decrease in hemoglobin A1c of 0.8% in this study 
is of clinical importance in positively affecting the man-
agement of diabetes as well as in reducing the potential 
for development of complications from the disease. One 
study reported that of fifteen participants enrolled in a 
similar HMR based medically supervised weight loss 
program eleven were able to discontinue their diabetes 
medications [23]. The expected decrease in hemoglobin 
A1c on monotherapy ranges from 1.0% - 2.0% for met- 
formin and sulfonylureas, 1.5% - 3.5% for insulin, and 
0.5% - 1.4% for thiazolidinediones [11,31]. These drugs 
come with a financial cost as well as potential side ef- 
fects. The reduction in hemoglobin A1c produced by the 
medically supervised program in this study may be an 
effective alternative to the cost and side effects of dia- 
betic medications.  

The 11.7% decrease in IBW for diabetics and the 
12.5% decrease in IBW for non-diabetics were correlated 
with the decrease in FBG and hemoglobin A1c. There is 
evidence in both the surgical and medical literature sug- 
gesting a correlation between weight loss and improved 
FBG levels. Surgical literature reports that weight loss 
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after Roux-en-Y gastric bypass can be effective in im- 
proving hyperglycemia for a majority of the patients who 
undergo the procedure [32]. Research correlating im- 
provements in hemoglobin A1c with weight loss has 
been in existence for some time [33]. Recent studies such 
as the Look Ahead trial also have shown similar im- 
provements in hemoglobin A1c after lifestyle interven- 
tion designed to induce weight loss [21-22]. Studies us- 
ing diet and weight loss medications have also found 
improvement in fasting blood sugar in patients who have 
lost weight [34]. The previously cited research by Ander- 
son (2007) also reported an improvement in FBG in pa-
tients who had lost weight on a similar HMR based 
medically supervised weight loss program [23]. 

There is research that has not found a correlation be- 
tween change in weight and improvement in FBG or 
hemoglobin A1c [25-26]. The weight loss intervention 
cited in this literature, where there was no correlation 
between weight and improved hyperglycemia, did not 
require the same degree of calorie restriction, intensity of 
exercise, or frequency of education classes as the present 
study. 

Limitations 

Potential confounders include diabetic patients on hy- 
poglycemic agents with a change in regimen effecting 
their FBG and/or hemoglobin A1c. Considering that par- 
ticipants enrolled in the study may have stopped or had a 
reduction in the dosage of hypoglycemic medications 
during the intervention phase, there may be a greater 
potential for decrease in the hemoglobin A1c than this 
study was designed to reveal. This study included a rela- 
tively narrow population consisting mostly Caucasians in 
one location in the Midwest United States, however this 
somewhat homogenous population make these results 
generalizable to other similar populations.  

5. CONCLUSION 

Diet and exercise, as prescribed by the VCWM pro- 
gram, is effective in reducing hemoglobin A1c in diabet- 
ics and reducing fasting blood sugars in both diabetic and 
non-diabetic patients. Future research is needed to quan- 
tify the effect of hypoglycemic medication adjustments 
in medically supervised weight loss programs. Quantifi- 
cation of the benefits of decreased need and cost for 
medication could provide a powerful motivator for pa- 
tients to participate in a medically supervised diet and 
exercise program. The improvement in hyperglycemia 
found in this study suggests that a medically supervised 
weight loss program has potential for overweight and 
obese individuals to reduce the morbidity and cost asso- 
ciated with high blood sugars. 
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