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ABSTRACT

Objective: To assess lifestyle patterns associated with weight loss in newly-diagnosed
type 2 diabetic patients (T2DM) in the St Carlos Study.

Design: A 3-year, randomized, interventional study with three parallel groups.

Setting: A single-center, outpatient clinic-based study.

Participants: 195 newly-diagnosed T2DM were randomized to either the intervention
group (self monitoring of blood glucose with-or-without an exercise program), or to the
HbA1c control group. The same lifestyle-intervention protocol was applied in all patients.
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A questionnaire was applied to evaluate adherence to recommended lifestyle changes.
Main outcome measures: Patients were grouped by quartiles of body-weight loss at the
end of follow-up.

Analysis:  Multivariate linear-regression analyses were conducted to identify the
independent effect of lifestyle patterns on three-year weight loss.

Results: Following a 3-year follow-up, median body weight loss was 2kg (IQR: -6/2.3). A
higher level and an increase on physical activity, both leisure-time activity and sport
exercise, and an increase in the nutrition score, mainly due to a higher consumption of
nuts in substitution of cured sausages as snacks, and to a higher consumption of
vegetables, legumes, whole grain cereals and fruits instead of juices, potatoes and white
cereals, were associated to a greater weight loss (p<0.05). There was no association
between low-fat diet and reduced body weight.

Conclusions and Implications:  The application of simple recommendations (enhanced
vegetable consumption, nuts for snacks, fruit instead of juices, wholegrain instead of
processed cereals, legumes instead of potatoes, increased daily walking and stair-
climbing) can achieve long-term, sustained weight loss in T2DM.
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1. INTRODUCTION

Several lifestyle models have been shown to be effective in preventing the development of
Type 2 Diabetes Mellitus (T2DM) [1-7]. Based on lifestyle patterns, different trials have
demonstrated that it is possible to reduce the rate of progression to T2DM in high-risk
individuals. Lifestyle interventions usually aim to achieve weight loss by reducing all fat
intake and undertaking a program of moderate physical activity [8,9]. However, a
Mediterranean diet that includes foods high in unsaturated fats has recently been shown
to decrease the incidence of diabetes by over 50% in individuals at high cardiovascular
risk [10].

Motivation to adhere to a healthy lifestyle is probably highest at the moment the initial
diagnosis of T2DM is made in overweight or obese patients. Recommendations usually
consist of the reduction of dietary energy and fat intake, together with the regular practice of
exercise, with a goal of a 5-7% long-term lowering of body weight [11]. Although structured
lifestyle programs have been effective in well-funded clinical trials [12], in routine practice,
lifestyle changes are often inadequate: patients do not lose weight or they regain weight they
have lost. Thus, the translation of results from clinical trials into routine clinical practice is
often difficult [13]. Accordingly, various scientific societies have developed recommendations
for the nutritional management of diabetes, in most cases with a goal of reducing body
weight [11,14-15]. In this context, the use of antihyperglycemic drugs with a beneficial effect
on weight is recommended, and bariatric surgery may be considered for some individuals
with T2DM and a BMI =235kg/m2 [11]. Yet the role of eating patterns and specific foods in the
management of diabetes and reduction of body weight have yet to be established [16]. Thus,
scientific Diabetes societies are unable to recommend one specific mix of macronutrients for
obese/overweight patients with diabetes.

A Mediterranean diet that includes extra-virgin olive oil or nuts is emerging as a dietary

model with beneficial effects. Glycemic control improves [10], and the need for
antihyperglycemic drug therapy in overweight patients with newly diagnosed T2DM is
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delayed [17]. Furthermore, cardiovascular events are reduced [18]. A Mediterranean diet is
currently recommended by the American Diabetes Association (ADA) for weight loss, in all
overweight or obese individuals who have or are at risk for diabetes [19].

The St Carlos study is an interventional trial in newly-diagnosed T2DM, aiming to achieve a
high level of adherence to nutritional and physical activity recommendations, through the use
of self-monitoring of blood glucose (SMBG) and a supervised exercise program, both easily
applied in routine clinical practice. This study [20], offers an opportunity to assess the dietary
patterns associated with weight loss.

The objective of the present study is to analyse the dietary and exercise models associated
with a reduction in body weight in patients with newly-diagnosed T2DM.

2. MATERIALS AND METHODS
2.1 Design and Ethical Approval

The study was a randomised outpatient clinic-based interventional study with parallel
groups. The study was approved by the St Carlos Hospital Ethics Committee, and all
participants provided written informed consent. We recruited patients between January 2006
and December 2007, inviting all type 2 diabetic patients who attended the Endocrinology
outpatient clinic and met the inclusion criteria to participate. The study design has been
published previously [20]. Newly-diagnosed type 2 diabetic patients who were eligible for
inclusion in the study were randomly assigned in a 2:1 ratio to one of two groups: (i) an
intervention group that used the SMBG as an educational tool to evaluate lifestyle changes,
as well as a therapeutic tool to apply step-by-step pharmacological treatment; or (ii) a control
group receiving standard therapy based on HbAlc values.

2.2 Subjects

Initially, 250 eligible newly diagnosed type 2 diabetic patients were recruited for the study.
Thirty-four patients were excluded and 21 patients declined to participate. The remaining
195 patients were randomized to the SMBG Intervention group (group I) (n=130) and to the
HbAlc Control group (group C) (n=65). In addition, a supervised exercise program was
offered to half the patients in the SMBG group (la: only SMBG and Ib: SMBG+supervised
exercise). One hundred and eighty five patients completed a 3-year follow-up.

2.3 Intervention

SMBG six-point glycemic profiles were initially recommended to all patients every 3 days, as
well as following any change in pharmacological therapy. After stabilization, defined as five
complete SMBG profiles on target in two consecutive visits, patients were recommended to
perform at least one profile every 2 weeks if they were on metformin or metformin plus
pioglitazone or at least one profile per week if they were receiving any treatment other than
metformin and/or pioglitazone. In the control group, SMBG was prescribed in all patients
when the diabetes team considered it appropriate.

The training program in the SMBG-with-supervised-exercise group (Ib) consisted of 50

minutes of progressive mixed (aerobic and resistance) training in two supervised weekly
sessions in the hospital, plus another two weekly sessions at home, for 20 weeks. Aerobic

5669



British Journal of Medicine & Medical Research, 4(35): 5667-5677, 2014

training was performed using cycle ergometer and treadmill. The aim was to reach 75% of
the maximum heart rate (220-age). Resistance training consisted of 3 sets of exercises
involving 8 to 10 repetitions for all main muscle groups. Each session included a warm-up
and cool-down period, 20 minutes of aerobic exercise, and 20 minutes of resistance training.
The first session was conducted by a physiotherapist who designed the exercise program for
each patient individually. After the program, patients were asked to continue indefinitely with
regular unsupervised training at home. The patients were asked to complete a logbook to
estimate physical activity for the sessions at home, both during and after the 20-week
supervised program. The parameters defined in the log-book were date, type and duration of
exercise, and heart rate before and after the exercise. These data were evaluated in the
following supervised session and/or used to modify the training plan in each patient.

2.4 Lifestyle Data Collection

All patients were received to a previously- published [20] lifestyle-intervention protocol,
consisting of a personal 2-hour session, reinforced at each follow-up visit. A questionnaire
was developed to evaluate adherence to recommended lifestyle changes as described
previously [21]. This questionnaire is based on the American Diabetes Association (ADA)
evidence-based nutrition recommendations [11] adapted to the Spanish population, following
the Diabetes Nutrition and Complications Trial (DNCT), as previously reported [22-24]. The
guestionnaire included 3 questions regarding the level of physical activity. Two questions
were related to daily leisure activity (walking and climbing stairs), and one to the frequency
of sports exercise (at least 30 minutes of moderate-intensity exercise). The questionnaire
also included 15 questions on the weekly frequency of consumption of vegetables, pieces of
fruit, nuts, olive oail, oily fish, ibérico ham, cereal fiber, legumes, low-fat milk and dairy
products, red meat, sauces, cookies and bakery products, juices and sugar-sweetened
beverages, coffee, alcohol units and water as the sole beverage. This questionnaire was
administered at the first visit and repeated at each follow-up visit.

To assess how differences in lifestyle factors were associated with diabetes onset, each
lifestyle risk factor was scored as follows: when consumption frequency of certain foods or
the amount of physical activity were considered to be beneficial to lower diabetes risk, a
value of +1 was assigned, and if the consumption or physical activity frequency was
considered to be detrimental, with an increase in diabetes risk, a value of -1 was assigned.
Intermediate frequencies had a value of 0 [7]. We denominated the total sum from questions
on the weekly frequency of consumption of foods the “nutrition score.” An increase in a score
was defined as the difference between the three years and baseline scores.

2.5 Dietary and Physical Activity Patterns

To address the combined impact of several lifestyle factors, several composite variables
were obtained:

- Alow total-fat pattern (LTF) including: lean fish and seafood instead of oily fish, <20
cc of olive oil daily, <1 serving of nuts per week, >6 servings of skimmed milk and
reduced fat dairy products per week, <2 servings of red meat per week, <2 servings
of sauces including mayonnaise per week, and <2 servings of bakery products and
pastries per week. This pattern represents the classic recommendations for weight
loss.
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— A low saturated fat pattern (LSF) including: >6 servings of skimmed-milk dairy
products per week, <2 servings of red meat per week, <2 servings of sauces,
excluding mayonnaise, per week, and <2 servings of bakery products and pastries
per week.

— Nuts pattern: A non-calorie-restricted Mediterranean diet enriched with high-fat
foods of vegetable origin, including a high nut intake instead of a processed-meat
shack >3 times per week.

— Low density pattern: >12 servings of whole-grain cereals and legumes instead of
white cereals and potatoes per week, >12 servings of vegetables per week and >12
servings of fresh fruit instead of juices per week.

— Dalily life physical activity pattern: Walking at least 1 hour >5 days per week and
climbing at least 4 floors of stairs, 4 times a day >5 days per week, as a
representation of a leisure-time physically active lifestyle versus a sedentary
lifestyle.

2.6 Laboratory Analysis and Data Collection

In addition, we measured changes in weight and waist circumference, glycemic control
(including HbA1c, serum insulin, a homeostasis model assessment of insulin sensitivity, and
antihyperglycemic drugs), and coronary risk factors (including lipid levels, blood pressure
and hypolipemic and antihypertensive treatments). A venous blood sample was collected
with a Vacutainer system (Becton Dickinson, Franklin Lakes, New Jersey) after overnight
fasting (>10 h.). After 30 minutes, samples were centrifuged for 10 minutes in a refrigerated
centrifuge, and serum was frozen at —80°C until analysis. Total cholesterol (mg/dl), and low
density lipoprotein (LDL, mg/dL), and triglycerides (mg/dL) (enzymatic autoanalyzer), and
high-density lipoprotein (HDL, mg/dL) (enzymatic method modified with PEG—cholesterol
oxidase, cholesterol esterase and peroxidase) were assessed. Hemoglobin Alc was
measured in whole blood collected in an EDTA-3K tube. Hemoglobin Alc (standard-ized
International Federation of Clinical Chemistry) was determined by high-performance liquid
chromatography of ionic exchange in gradient with a Tosoh G8 analyzer (Tosoh Co, Tokyo,
Japan). The interassay coefficients of variation were 0.7% and 1.2% for hemoglobin Alc
values of 38.8mmol/mol (5.7%) and 87.98mmol/mol (10.2%), respectively. Insulin was
determined by a sandwich-type chemiluminescence immunoassay in solid phase in an
Immulite 2000 Xpi (Siemens Healthcare Diagnostics, Munich, Germany). The method uses
an insu-lin murine monoclonal antibody fixed in the solid phase and an insulin polyclonal
antibody from sheep conjugated with alkaline phosphatase. Homeostasis model assessment
of insulin resistance (HOMA-IR) was assessed according to equation HOMAIR=(Fasting
serum insulin (mcUIl/mL) x Fasting serum (glucose mmol/L))/22.5.

2.7 Statistical Analysis

Qualitative variables were summarized by their frequency distribution. The continuous
variables were summarized by the median and interquartiie range (IQR:P25-P75).
Comparisons between group differences for quantitative variables were evaluated through
the Student’s t test. Multivariate linear regression analyses were conducted to identify the
independent effect of the patterns in the three years weight loss. We performed seven linear
regression models, one for each of the increasing patterns, adjusted by baseline pattern
score, BMI and HbAlc baseline values. Finally, a multivariate linear regression model was
adjusted introducing the patterns that were significant in the previous model. Significance
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was set at p<0.05. The data were processed with the STATA V.9.0 (STATA Corp. LP,
Texas, USA) statistical package.

3. RESULTS

Initial characteristics of the study participants: 96 were female and 86 male, with a median
age of 60 years (IQR:50-67), with a body mass index of 30 (27-33), and a HbAlc level of
6.6% (6.4-6.9) at baseline. After 3 years of follow-up there was a median reduction in body
weight of -2kg (IQR: -6;2.3).

Patients were grouped by quartiles of body weight loss at the end of follow-up into four
groups: Q1: total responders with a median weight loss of 9.5kg (-12.43;-7.73) and Q2:
partial responders with a median weight loss of 4.2kg (-5.33;-3.18), Q3: no change in body
weight (-1.10;1kg), and Q4: median increase in body weight of 5.0kg (3.60;7.50). Patients in
groups Q1 and Q2 were classified as responders, patients in Q3 and Q 4 as non-
responders. Total responders lost weight progressively through the three years of follow-up.
Partial responders lost most of the weight in the first year of follow-up and then were stable
in the third year. Patients in the Q3 group had mild weight loss the first year but re-gained
weight afterwards. Patients with weight gain increased progressively through the three years
of follow-up (Table 1).

There was a statistically significant reduction in waist circumference, total cholesterol,
diastolic blood pressure, and HbAlc levels in the responder patients, as well as a lower
degree of use of lipid-lowering and antihypertensive drugs. The reduction in body weight was
not associated with differences in age, gender, initial BMI or the use of antihyperglycemic
drug therapy (Table 2).

A higher level of physical activity was associated with greater weight loss, as were the nuts
and the low density patterns, following multivariate regression analysis adjusted for basal
pattern, basal BMI and basal HbAlc, taking the reduction in body weight as a continuous
variable as was an increment in leisure-time activity alone (Table 3).

Both total and leisure physical activity were significantly associated with weight loss, with a
reduction in body weight of 7.0 (Cl 95%: -9.8;-4.18) and of 6.67kg (Cl 95%: -9.65;-3.69)
respectively.

A higher score for consumption of vegetables, nuts, whole grain cereals, and legumes was
associated with greater weight loss, as was an increased nutrition score. An increase in the
latter score >5 versus <2 was associated with a weight loss of 5.15kg (CI95%: -7.7;-2.59;
p<0.001). This effect was mainly due to a higher consumption of nuts in substitution of cured
sausages as shacks: 3-4 servings of nuts per week were associated with-5.52kg (CIl 95%: -
9.16;-2.18), and with a higher consumption of legumes and whole grain cereals instead of
white cereals or potatoes, and whole fruits instead of white cereals or potatoes, and whole
fruits instead of juices: 4-6 servings of legumes, whole grain cereals and whole fruits per
week were associated with-5.49kg (Cl 95%: -8.8;-2.18). The low fat pattern was not
associated with a reduction in body weight.
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Table 1. Quartiles of body weight loss during follo w-up
N All DPts Q1 (<-6.2) Q2 (-6.0;-2.2) Q3 (-2.0;2.2) Q4 (>2.3) P trend
185 46 46 47 46

1st-year WL(KQ) -2.00(-4.73;1.00) -6.4 0(-8.77;-3.68) -3.00(-5.00;-1.40) -0.40(-2.00;1.00) 1.40(-0.40;3.50) 0.001

2nd-year WL(Kg) -2.00(-5.60;1.00) -7.00(-10.48;-5.60) -4.25(-5.25;-2.00 -0.10(-2.0;1.00) 3.00(0.40;5.00) 0.001

3th-year WL(Kg) -2.00(-6.00;2.30) -9.50(-12.43;-7.73) -4.20(-5.33;-3.18) 0.20(-1.10;1.00) 5.00(3.60;7.50) 0.001

Data are median (IQR) or number. WL: weight loss
Table 2. Changes in laboratory and clinical data af  ter 3 years

3 year-baseline All Q1 (<-6.2) Q2 (-6.0;-2.2) Q3 (-2.0-;2.2) Q4 (>2.3) P trend
Weight loss (Kg) -2.00(-6.00;2.30) -9.50(-12.43;-7.73) -4.20(-5.33;-3.18) 0.20(-1.10;1.00) 5.00(3.60;7.50) 0.001
WC (cm) -4(-9;4)/ -13(-15;-8)/ -6(-9;-4)/ 2(-1;4)/ 9(5;12)/ 0.001
Men/Women -3(-8;4) -12(-16;-7) -7(-10;-4) 0(-3;2) 6(4;11) 0.001
Total Chol. (mg/dl) -12(-34;3) -29(-46:2) -8(-34:4) -8(-19;14) -16(-38;3) 0.03
LDL Chol. (mg/dL) -11(-32;4) -24(-42;-4) -11(-32;1) -8(-22;11) -9.6(-36;7) 0.09
HDL Cholesterol (mg/dL) 1(-4;5) 2(-4,9) 1(-4;6) 1(-5;5) 0(-6;4) 0.43
Triglycerides (mg/dL) 2(-26;27) -1(-56;16) -1(-30;27) 4(-9;26) 16(-27;42) 0.11
Hipolipemic treatment N (%) 125(68) 19(41) 20(43) 44(94) 42(91) 0.04
HbAlc (%) -0.4(-0.9;0) -0.8(-.3;0.2) -0.7(-1.0;0.4) 0.2(-0.1;0.7) 0(-0.5;0.5) 0.001
HOMA-IR -1(-2.4;0.1) -2(-4.3;0.3) -1.1(-1.7;0.2) 0.8(0.2;2.9) 1(-0.3;2.1) 0.04
Antidiabetic therapy 0.11
Metformin alone 102(55.1) 27(58.7) 32(69.6) 21(44.7) 22(47.8)
- add Pioglitazone 4(2.1) 2(4.4) 0 2(4.4) 0
- add DPP4-| 19(10.3) 5(10.9) 3(6.5) 7(14.9) 4(8.7)
- add Sulfonylurea 23(12.4) 4(8.7) 0 8(17.0) 11(23.9)
- add insulin 9(4.9) 1(2.2) 2(4.3) 3(6.4) 3(6.4)
- triple combination 28(15.1) 7(15.2) 9(22.5) 6(12.8) 6(12.8)
SBP (mm Hg) -11(-22;1) -10(-21;0) -17(-29;9) -15(-22;6) 6(-1;17) 0.06
DBP (mm Hg) -6(-12;0) -6(-14;1) -10(-17;5) -6(-10;1) 2(-2;8) 0.02
Antihypertensive treatment N (%) 69(37) 9(20) 12(26) 23(49) 25(54) 0.04
CRP (mg/dL) -0.1(-0.27;0.06) -0.16(-0.29;0.02) -0.13(-0.36; 0.02) 0.1(-0.19;0.27) 0.02(-0.05;0.22) 0.41

Data are median (IQR) or number (%), WC, waist circumference; sBP, systolic blood pressure; dBP; diastolic blood pressure
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Table 3. Multivariate linear regression analyses of food consumption patterns and
physical activity adjusted by baseline pattern, BMI and HbAlc values, and 3-year
weight loss as continuous variable

Model Pattern B coefficient Cl 95% P
Increase in nutrition 2-5vs.<2 -1.43 -3.96;1.10 0.26
Pattern score >bvs.<2 -5.15 -7.7;-2.59 0.001
Increase in 1-3vs<0 1.66 -0.96;4.18 0.19
Low fat pattern score 4-6vs<0 4.03 -0.22;8.29 0.06
Increase in 1-3vs<0 -0.30 -3.30;2.69 0.84
Saturated fat pattern score 4-8vs<0 -1.92 -6.20;2.33 0.37
Increase in 1-2vs<0 -1.50 -4.12;1.12 0.26
Nuts pattern score 3-4vs<0 -5.52 -9.16;-1.89 0.003
Increase in 1-3vs<0 -4.17 -6.84;-1.50 0.002
Low density pattern score 4-6vs<0 -5.49 -8.80;-2.18 0.001
Increase in 1-2vs<0 -4.80 -7.14;-2.47 0.001
Leisure pattern score 3-4vs=0 -6.67 -9.65;-3.69 0.001
Increase in physical 1-3vs=<0 -3.14 -5.56;-0.71 0.01
Activity pattern score 4-6vs<0 -7.0 -9.80;-4.18 0.001

4. DISCUSSION

This study shows that lifestyle interventions can produce long term weight loss in type 2
diabetic patients (median 2kg), slightly lower than what has been observed in other lifestyle
intervention trials [9,12]. In our study a higher consumption of nuts in substitution of cured
sausages as shacks was associated with a higher degree for weight loss (Table 3). This
effect may be due not only to the beneficial effects of unsaturated fatty acids, but to the
reduction in consumption of cured sausages. In fact, consumption of processed meats has
been associated with higher incidence of coronary heart disease and diabetes mellitus [25,
26]. Since we did not find an association between the reduction in the total fat consumption
and weight loss (Table 3), we believe that recommendations that limit the intake of
unsaturated fatty acids from olive oil or oily fish to reduce fat consumption are not beneficial.
One group of patients lost weight progressively over the three years of follow-up (Table 1).
Given the fact that maintenance of weight loss has been a major problem in behavioural
treatments of obesity, with most trials indicating that weight initially lost is regained after the
first year of follow-up [9,12-13], we set out to identify dietary factors associated with
sustained weight loss. This study, identifying eating patterns associated with body weight
loss, indicates that a Mediterranean pattern diet is able to achieve sustained weight
reduction as opposed to a diet based on restriction of all fat intake. Nevertheless, eating
patterns are not easy to control and subjective reports of consumption might be sometimes
inaccurate.

Our study failed to identify an association between progressive weight loss and other factors
such as age, gender, initial BMI or the type of antidiabetic medication. However, at the time
of the study, GLP-1 analogues were not available. It is likely that the use of these drugs
would have had an added effect, although experience with their long-term use is limited.

Previous studies did not find any statistically significant relationships between resistance
training or aerobic exercise and changes in BMI in T2DM [27]. Nevertheless, a combination
of aerobic and resistance training improves HbAlc levels in patients with T2DM [28].
Furthermore, leisure physical activity has been associated with a higher degree of weight
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loss [9], and walking is decreased in obesity and declines with weight gain [29]. Minimal
intensity physical activity of longer duration improves insulin action and plasma lipids more
than shorter periods of moderate to vigorous exercise [30]. We found that an increase in
physical activity, both leisure-time activity and sports exercise, was associated with greater
weight loss. But an increase in leisure physical activity (walking and climbing stairs) was
independently associated with a reduction in body weight of 6.67kg (Table 3). Leisure
physical activity is easier to maintain long-term in daily life, and therefore, more likely to
induce beneficial effects.

In the responders group, weight loss was accompanied by improvements in cardiovascular
risk factors (Table 2). Whereas drug therapy usually addresses only one risk factor, lifestyle
intervention produced positive changes in glycemic control, blood pressure, and lipids
simultaneously. Thus, across the time period of the study, responder patients had a lower
exposure to a number of potentially negative effects of elevated cardiovascular risk factors.
Furthermore, fewer patients in this group used lipid- lowering and antihypertensive drugs to
achieve this control. In addition to health benefits, the intervention may have resulted in cost
savings due to a reduced need for medication.

Over 50% of our type 2 diabetes study patients lost weight, a higher rate than would be
expected, when comparing with results obtained in the general population [13]. Adherence to
lifestyle intervention is a key factor. We have previously shown that using SMBG [20] as an
educational tool improves adherence to lifestyle recommendations, since the information
provided by blood glucose testing can be a powerful motivating factor, encouraging self-
management of diabetes by allowing patients to measure directly the impact of their
behaviour, such as the effect of eating on postprandial glucose or the glucose-lowering
effect of exercise.

5. CONCLUSION AND IMPLICATIONS FOR RESEARCH AND PRA CTICE

Long-term weight loss in T2DM can be achieved with dietary and exercise interventions.
Improving patients’ adherence to lifestyle interventions is a cornerstone in T2DM therapy.
Based on our results, the best strategy would be to give simple, easily-followed
recommendations that increase the consumption of vegetables, substitute nuts for snacks,
fruit instead of juices, wholegrain instead of processed cereals, legumes instead of potatoes,
together with climbing stairs and taking walks daily.

Clinical Trial Number ISRCTN81672669 (available at http://www.controlled-
trial.com/ISRCTN81672669 (accessed June 18th, 2014).
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