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Impact of lifestyle modification on glycemic
control in patients with type 2 diabetes mellitus
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Background: Current treatment guidelines support the role of lifestyle modification, in terms of increasing the quantity and quality
of physical activity to achieve target glycemia in patients with type 2 diabetes mellitus. Objective: To assess the effect of structured
exercise training and unstructured physical activity interventions on glycemic control. Materials and Methods: This was a randomized
six-month exercise intervention study conducted with previously inactive 279 patients of type 2 diabetes mellitus. Before randomization,
all enrolled T2DM participants (n: 300; 30 to 60 year old, having diabetes for more than a year with HbA1c levels of 6.5% or higher)
entered a one-month run-in phase to reduce dropout and maintain adherence. Results: A recommendation to increase physical
activity was beneficial (0.14% HbA1c reduction; P = 0.12), but was not bringing significantly declines in HbA1c, whereas, structured
exercise training is associated with a significant HbA1c decline of 0.59%. (P = 0.030). In a subgroup analysis limited to participants
with a baseline HbA1c value > 7%, both the unstructured (0. 48%; P=0.04) and structured exercise training (0.77%; P<0.01) groups
experienced significant decline in HbA1c Vs the control, whereas among participants with baseline hemoglobin Alc values less
than 7%, significant reduction occurred only in the structured exercise training group. Changes in blood pressure; total cholesterol,
HDL-cholesterol (high-density lipoprotein), LDL-cholesterol (low-density lipoprotein) and the atherogenic index factors did not statistically
significantly differ within (baseline to follow-up) and among groups. Conclusion: Supervised structured training was more efficacious
than unstructured activity in achieving declines in HbA1c. Although both structured and unstructured training provide benefits, only
the former was associated with significant reductions in HbA1c levels. Therefore, T2DM patients should be stimulated to participate
in specifically designed exercise intervention programs.
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almost 50%.7% Tn 2000, it is estimated that 2.8% of world’s
population had diabetes mellitus and that by 2030 this
number will be 4.4% of the world’s population. According

INTRODUCTION

Diabetes, a global escalating public health problem, primarily
because of the increasing prevalence, is estimated to affect
285 million individuals wotldwide!" (Approximately 90%
have type 2 diabetes mellitus) and causes hundreds of
billions of dollars of economic damage each year. Global
estimates for the year 2030 predict a further growth of
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to WHOW the ‘top’ three countries in terms of the number
of type 2 diabetes mellitus (T2DM) individuals with
diabetes are India (31.7 million in 2000; 79.4 million in
2030), China (20.8 million in 2000; 42.3 million in 2030)
and the US (17.7 million in 2000; 30.3 million in 2030). This
increase is a warning sign for Indian health care system to
be vigilant for adequate diabetes mellitus management.

Type 2 diabetes mellitus is a complex and pleomorphic
metabolic disorder, characterized by defects in insulin
secretion and insulin action which lead to hyperglycemia.!
With the onset of this chronic condition and the associated
co-morbidities (hypertension, abdominal obesity,
dyslipidemia and insulin resistance; together termed as
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metabolic syndrome), a life-long reduction in quality of life
and premature mortality due to micro and macro-vascular
complications can be expected.l! Genetic background
and environment factors are likely to be important
in determining susceptibility to associated micro and
macro-vascular complications, but exposure of tissues
to chronic hyperglycemia is the main initiating factor.
Thus, the primary therapeutic goal is to reduce plasma
hyperglycemia. For many years, it is generally accepted
that exercise is a cornerstone of diabetes management,
along with dietary and pharmacological interventions.
Based on a number of large randomized controlled
trials, current guidelines from the American Diabetes
Association (ADA)P acknowledge the therapeutic strength
of exercise intervention. Although, there are guidelines on
treatment patterns for T2DM patients, it appears that most
patients with T2DM are treated pharmacologically.” It is
not known whether this is a reflection of poor adherence
to lifestyle modifications in T2DM patients or because
clinician’s perceptions of and experiences with lifestyle
recommendations and interventions are less effective (for
whatsoever reasons) for managing T2DM patients.

Presently available literature regarding the effects of
lifestyle modification, in terms of increasing the quantity
and quality of physical activity, on overall glycemic control
independently or in combination with hypoglycemic drugs
are scarce and less conclusive. The majority of studies
which supplement weight reduction and exercise programs
with appropriate drug therapy have been done on western
population. There is a paucity of such studies in Indian
population more so specifically in Gujarat population. In
India, considering the economic/time constraint and other
factors (such as availability of suitable training center,
awareness etc), structured exercise training may be available
only to a subset of patients with type 2 diabetes, increased
physical activity (unstructured activity) is more feasible and
can be easily followed.

Therefore, with the hypothesis that short-term six month
regular physical activity (structured exercise/unstructured
activity) undertaken by T2DM patients, with minimal diet
modification may boost glycemic control, an attempt has
been made in this study to assess the effect of structured
exercise training and unstructured activity interventions
on glycemic control along with other biochemical and
anthropometric parameters in T2DM patients.

Primary outcome for the result was change in
hemoglobin Alc value from baseline to the end of the
intervention and secondary outcomes were measures of
anthropometry, plasma lipid levels and blood pressure. In
addition, we assessed the proportion of T2DM patients

in whom cardiovascular risk factors (CVRFs)/profile
were not under control as established by the NCEP-ATP
ITI (National Cholesterol Education Program-Adult
Treatment Panel III) guidelines.!

MATERIALS AND METHODS

This was a randomized six month exercise intervention
study conducted from October 2011 to July 2012 (Box 1
shows the flow of participants from enrollment to
follow—up) [Figure 1]. Before randomization, all enrolled
T2DM participants (7 300) entered a one-month run-in
phase to reduce dropout and maintain adherence.
Participants performed 15 min of aerobic exercisel® and
one set of nine resistance exercises® {four upper body
exercises (bench press, seated row, shoulder press, and pull
down), 3 leg exercises (leg press, extension and flexion),
abdominal crunches and back extensions}, at moderate
intensity” under professional trainer and physiotherapist.
Only persons who attended >75% of the scheduled 24
run-in sessions were eligible for randomization. The study
protocol was approved by the human research ethical
committee and informed consent was obtained (after
providing a detailed study overview) from all the patients
before enrolling into the study.

Inclusion criteria for enrollment includes sedentary,
30 to 60 year old adults of either sex with type 2 diabetes
mellitus (for more than a year) of HbAlc levels of 6.5%
or higher, residing in and around Ahmedabad (Gujarat),
and attending the diabetic clinics at B. J. Medical College
and Civil Hospital, Ahmedabad (Gujarat). Sedentary was
defined as not exercising more than 20 min on three or
more days a week. The history of diabetes mellitus was
based on patient self report of a prior physician diagnosis.
Patients with overt albuminuria, congestive cardiac
failure, preexisting macro-vascular condition, any severe
illness (such as malignancy, severe infection, respiratory
disease, kidney disease, liver disease), impairment of
speech, hearing, vision or cognition, suffering from a
serious diabetes complication, using insulin, changes during
the previous three months in oral hypoglycemic agents,
continuous or periodic use of corticosteroids, pregnant
females or who had given birth within the preceding six
weeks, orthopedic constraints or any musculoskeletal
injury or joint or peripheral vascular disease sufficient
to impede exercise or who had participated in regular
physical exercise (more than two 30 min sessions/week
of moderate/vigorous acrobic exetcise or one 30 min
session/week of resistance training) during the preceding
six months, serious exertion hypertension or any medical
condition that prevented participants from adhering to the
protocol or exercising safely, lack of approval by physician
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300 T2DM patients enrolled in the month of October and November 2011
(having diabetes for more than year, 30 — 60 year old, HbA1c = 6.5%, sedentary)

A 4

run-in phases (December 2011)

300 enrolled T2DM patients entered a one month

Excluded: 21
(due to inadequate adherence)

A

Randomly allocated: 279

A4 A\ 4

A

Structured exercise Unstructured Control group: 93

group: 93 activity group: 93
Withdrew: 6 Withdrew: 8 Withdrew: 7
(due to lack of time or loss of (due to lack of time (due to lack of time
interest) or loss of interest) or loss of interest)
Excluded: 13 (for exercise

non-compliance)

A A

74 completed the study | |85 completed the study | | 86 completed the study |

Figure 1: Participant flow

and patients showing disinterest were excluded from the
study.

After one-month run-in phase, participants were randomly
allocated (randomization sequence was computer
generated) in equal numbers to the structured exercise
training, unstructured activity and control groups,
stratified by sex and age. Structured exercise training
was defined as an intervention in which patients were
engaged in planned, individualized and supervised exercise
programs (combination of aerobic and resistance exercise).
Unstructured activity was defined as an intervention in
which patients were not engaged in supervised exercise
training, but received advice to increase the “physical
activity” which refers to any bodily movement produced
by skeletal muscles that results in an expenditure of
energy and includes a walk for 45 min/day, broad range of
occupational, leisure and daily activities and control group
in which patients reverted to pre-study physical activity
levels. Later two groups were asked to maintain the said
activity during the six-month study period.

Participants, physiotherapist and trainers could not feasibly
be blinded to group assignment after randomization,
but the main study outcomes were measured by blinded
objective methods. Dietician recommended (based on
standard guidelines)®” a diet (which was not greatly

different from individual’s routine diet) to all participants
that would not cause weight loss to minimize dietary
variability among groups. Physicians were requested not
to alter the medications (antihypertensive, lipid-altering,
or hypoglycemic) during the six month intervention
unless it was medically necessary and if any change occurs
throughout the study, it was well documented.

Structured exercise training group participants followed
an exercise plan consists of a combination of aerobic
and resistance exercise, conducted under supervision
of professional trainer and physiotherapist. Participants
exercised six-times weekly, !
45 min and training progressed gradually in intensity. Each
exercise session had a five minute warm-ups and cool-down

| Each session lasted for

period, consisting of very light exercises and stretching, to
allow a gradual warming/cooling of the muscles. During
12" week the exercise dose was reduced by one-third to
provide a recuperation week.

Nine resistance exercises were performed on three
non-consecutive days/week using weight-stacked machines
(Multi Station Gym Khare Enterprises Pvt. Ltd, Sangli.).
{The weight loading was set at 70-85% one repetition
maximum, determined for each exercise at week 0 to
assess the muscle strength.'! One repetition maximum
is defined and determined as: Following a low-intensity

Indian Journal of Endocrinology and Metabolism / Nov-Dec 2013 / Vol 17 | Issue 6



Sanghani, et al.: Physical activity and type 2 diabetes

warm-up, participants performed four trials (separated by a
one-minute resting interval) using varying moderate-heavy
weights to determine the highest weight that could be lifted
with only one repetition through the full range of motion
with correct technique}. Each session consisting of two
sets of four upper body exercises, three sets of three leg
exercises and two sets each of abdominal crunches and
back extensions (with one-min rest between sets). Each
set consisted of 12 repetitions. Weight or resistance was
increased by 5 to 10 pounds when the participant was able
to complete 12 repetitions for each set of exercises on
2 consecutive exercise sessions while maintaining proper
form. On other three days of week, acrobic activities were
performed on a bicycle ergometer or treadmill. At week 0,
participants self-selected a walking/cycling pace and the
grade increased by 2% every 2 min until exhaustion. The
same speed/grade was used for baseline and then the
intensity was increased on a weekly basis.

All patients were studied as outpatient. Patients were
interviewed for medical and nutritional history. Present and
past history of each case was recorded in detail regarding
their general information i.e., name, age, sex, address,
religion, occupation, economic status, nutritional and
personal habits, education, medication and history suggestive
of any systemic illness. Each patient was then examined
for various anthropometric parameters: Weight (Kg) and
height (meters) were measured (using Omron digital body
weight scale HN-286 and SECA 206 wall mounted metal
tapes respectively). Body mass index (BMI) was calculated
by weight (Kg)/height squared (m?).['”) Waist circumference
was assessed in the standing position, midway between the
highest point of the iliac crest and the lowest point of the
costal margin in the midaxillary line. Hip circumference was
measured at the level of the femoral greater trochanter. Total
body fat (%) was measured using bioelectrical impedance
analyzer (Omron HBF-362). All anthropometric measures
reflect the average of 3 measurements (measured by same
person on same instrument to avoid inter-instrument and
inter personal vatiation). Blood pressure was measured three
times in the seated position after 10 min of rest with a standard
manual mercury sphygmomanometer (Diamond Deluxe
Industrial Electronics and Products). The recorded pressure
of the three measurements was averaged. Patients were
assigned to a category of hypertensive status according to the
Seventh Report of the Joint National Committee, JNC 7.1
Age was defined as the age at the time of interview (though
no documentary proof had been entertained) and the date of
diagnosis of diabetes mellitus was obtained from the patient.

After an overnight fast of 12 h, venous sampling was done
at baseline and at 6 m (post-intervention). Serum and
plasma was separated by centrifugation of blood sample

and were subjected for analytical procedures. Glucose
(Glucose oxidase method, CV %: 3.4),Y cholesterol
(Cholesterol oxidase method, CV %: 3.9),I" triglycerides
(Enzymatic method, CV %: 3.6)," high-density lipoprotein
cholesterol (HDL-C) (Phosphpotungstic method,
CV %: 4.7)" low-density lipoprotein cholesterol (LDL-C)
(CV %: 3.6)" and HbA1c (Immunoturbidimetric method,
CV %: 3.9),”! were measured in fully automated analyzer
(Bayer express plus). Quality was controlled using standard
solutions. To ensure safety, participants had monthly visits
with a physician who reviewed glucose levels to identify
hypoglycemic risk (HbAlc, fasting and 2 h post prandial
glucose levels was assessed monthly for the same).

The prevalence of the metabolic syndrome was assessed
according to the NCEP-ATP III criteria;”! when three
or more of the following five conditions were present:
Abdominal obesity (waist circumference >102 cm in
men, >88 c¢cm in women); serum triglycerides equal to
or greater than 150 mg/dl; HDL cholesterol less than
39 mg/dl in men and 45 mg/dl in women; systolic
blood pressure equal to or greater than 130 mm Hg
and/or diastolic blood pressure equal to or greater than
85 mm Hg; and fasting plasma glucose >110 mg/dl or
use of hypoglycemic medication. In addition, we assessed
the proportion of participants in whom CVRFs were
not under control as established by the NCEP-ATP 111
guidelines.!”

All analyses were performed using SPSS statistical software
(SPSS, version 15.0). Prior to hypothesis testing, data
were examined for normality. Non—normally distributed
variables were logarithmically transformed before analysis.
Two-group compatisons were made using X* or Fishet’s
exact tests (when any expected cell frequency was <5)
for categorical variables and Student’s #tests or one-way
ANOVA for continuous variables. For all analyses, two-sided
probability values < 0.05 were considered statistically. Power
and sample size calculation yielded 61 patticipants/group.
It was based on a predicted HbAlc difference of 0.65
HbAlc units with an SD of effect of 1.2 HbAlc units,
0=0.05, 1— B=0.85 and an expected dropout rate of 15%.
This study exceeded this sample size.

REsuLTs

We enrolled 300 patients (56% males) with T2DM, 21 were
excluded during run-in phase due to inadequate adherence.
Of the 279 randomized participants, 21 withdrew {due to
lack of time or loss of interest (8 from unstructured activity
group; 6 from structured exercise training group and seven
from control group)} and 13 participants were excluded
for exercise noncompliance (Compliance with structured
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exercise training was defined as 75% of prescribed sessions
and was determined as the number of exercise sessions
completed at the prescribed training loads per total number
of prescribed sessions). There was no difference between
exercises versus non-exercise groups in the number of
participants who withdrew (P > 0.66). From baseline to
end, the median exercise training attendance was 84%.
Table 1 shows the clinical characteristics of the randomized
patients. One of every 6 patients reported to actively
smoke. The mean reported duration of diabetes mellitus
in the randomized participants was 6.1 + 4.2 years with a
HbA1lc level of 7.5 + 0.6% and there were no significant
differences in age, duration of the disease, weight,
BMI, and sex distribution between groups (P > 0.40) at
baseline. Elevated body weight was a concomitant health
disorder for most patients. Ninety two percent showed
a body mass index equal to or greater than 25.0 kg/m?

and 56% of the patients (95% confidence interval [CI],
51-61%) wete obese (BMI > 30.0 kg/m?). Baseline systolic
blood pressure was well controlled, most likely because
of the high percentage of patients taking medications.
Only 51 (18.27%) of the patients were not receiving
antihypertensive medications. Two or more antihypertensive
drugs were being taken by 57% of the patients and 12%
were treated with four different blood-pressure lowering
drugs. As for glycemic control, biguanides and sulfonylurea
group of drugs were taken by most patients.

Tables 2 and 3 shows overall results for baseline, post-
intervention and change in various primary and secondary
outcome parameters across the groups respectively,
providing details on within group changes and intergroup
analyses. Unstructured activity alone was not found to have
a statistically significant effect on HbAlc reduction (0.14%,

Table 1: Clinical characteristics of randomized patients at baseline

All participants

Structured exercise

Unstructured activity Control group

(n=279) group (n=93) group (n=93) (n=93)
Age (years) 44.91+8.27 45.60+10.68 44.29+7.18 44.86+8.46
Sex (males ) (%) 156 (55.91) 51 (54.83) 53 (56.98) 52 (55.91)
Active smokers, n (%) 47 (16.84) 17 (18.27) 14 (15.05) 16 (17.20)
HbA1c (%) 7.5+0.6 7.65+0.66 7.43+0.56 7.59+0.56
Antihypertensive medication*
Diuretic, n (%) 131 (46.95) 41 (44.08) 44 (47.31) 46 (49.46)
ACE inhibitor, n (%) 113 (40.50) 36 (38.70) 38 (40.86) 39 (41.93)
Calcium channel blockers, n (%) 108 (38.70) 30 (32.25) 40 (43.01) 38 (40.86)
Angiotensin receptor blocker, n (%) 101 (36.20) 28 (30.10) 37 (39.78) 36 (38.70)
Beta-blocker, n (%) 71(25.44) 24 (25.80) 22 (23.65) 25(26.88)
Alpha-blocker, n (%) 67 (15.9) 19 (20.43) 30 (32.25) 18 (19.35)
Oral hypoglycemic medication*
Biguanides, n (%) 141 (50.53) 46 (49.46) 39 (41.93) 56 (60.21)
Sulfonylurea, n (%) 129 (46.23) 41 (44.08) 54 (58.06) 34 (36.55)
Thiazolidinedione, n (%) 69 (24.73) 25 (26.88) 22 (23.65) 22 (23.65)
Other, n (%) 17 (6.03) 6 (6.45) 7 (7.52) 4 (4.30)

*Total number of patients is more than 279 because many patients were taking two or more drugs, HbA1c: Hemoglobin A1c, ACE: Angiotensin converting enzyme

Table 2: Baseline and post-intervention values of primary and secondary outcomes variables

Parameters Unstructured activity group Structured exercise group Control group
Baseline 6 M Baseline 6 M Baseline 6 M
mean+SD mean+SD mean+SD mean+SD mean+SD mean+SD

Age (years) 44.29+7.18 44.29+7.18 45.60+10.68 45.60+10.68 44.86+8.46 44.86+8.46

BMI (kg/m?) 29.20+4.83 28.66+3.01 30.03+4.12 29.37+3.13 29.84+3.03 30.12+2.26

S.B.P. (mmHg) 132.82+12.44 130.32+£11.67 133.47+13.23 131.20+10.36 134.84+4.92 133.91+2.79

D.B.P. (mmHg) 84.93+8.64 84.03+8.79 84.29+9.38 83.24+9.02 83.42+3.36 84.15+1.84

HbA1C (%) 7.43+0.56 7.29+0.59 7.65%0.66 7.06£0.37 7.59+0.56 7.69+0.68

TG (mg/dl) 163.12+13.60 152.89+10.54 174.07£19.22 152.23+14.43 161.78+10.97 166.90£10.63

Total cholesterol (mg/dl) 207.48+20.60 203.93+20.48 213.95+£25.72 209.36+18.05 204.64+11.16 201.98+10.23

HDL-C (mg/dl) 43.54+4.88 44.81+3.12 43.90+3.87 45.19+3.94 43.84+3.06 44.2142.95

LDL-C (mg/dl) 121.31£10.07 118.22+10.37 126.72+14.68 122.39+26.36 113.19+11.06 109.64+9.95

T-C/HDL 4.59+0.55 4.13£0.35 4.87+0.89 4.29+0.81 4.24+0.45 4.11+£0.41

LDL/HDL 2.83+0.47 2.40+0.31 2.90+0.86 2.44%0.65 2.60+0.39 2.50+0.35

Waist circumference (cm) 99.14+11.60 98.77+10.90 98.54+9.66 96.11+9.87 99.88+9.61 99.79+9.65

Hip circumference (cm) 105.40£9.09 105.23£9.11 105.40+9.44 104.33+8.81 104.90+8.89 105.11£8.91

Total body fat % 31.22+6.10 30.99+6.01 32.44+5.90 30.01£6.10 31.65£7.10 31.59+6.89

BMI: Body mass index, HDL-C: High-density lipoprotein cholesterol, LDL-C: Low-density lipoprotein cholesterol, HDL: High-density lipoprotein, LDL: Low-density
lipoprotein, TG: Triglycerides, HbA1C: Hemoglobin A1c, T-C: Total-cholesterol, S.B.P: Systolic blood pressure, D.B.P: Diastolic blood pressure, SD: Standard deviation
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95% CI, 0.09-0.22%; P=0.12). Structured exercise training
reduced HbAlc by 0.59% (95% CI, 0.52-0.68; P = 0.03),
which is considered both statistically and clinically significant.
The absolute change in HbAlc in the structured exercise
training group Vs the control group was 0.69% (95% CI,
0.62-0.75%; P=0.02) whereas in unstructured activity group
changes in HbAlc was not significant compared with those
in the control group 0.24% (95% CI, 0.19 - 0.31%; P=0.09).
In a subgroup analysis limited to participants with a baseline
HbAlc value >7%, both the unstructured (0. 48% (95% CI,
0.42-0.54%; P = 0.04) and structured exercise training
(0.77% (95% Cl1, 0.69 -0.83%; P < 0.01)) groups experienced
significant decline in HbA1lc Vs the control, whereas among
participants with baseline hemoglobin Alc values less than
7%, significant reduction occurred only in the structured
exercise training group. Even after excluding 17 participants
due to any changes in oral hypoglycemic medications, results
were similar to those of the overall study sample.

Changes in blood pressure; total cholesterol, HDL
cholesterol, LDL-cholesterol and the atherogenic
index factors (total cholesterol/HDI.-cholesterol and
LDI-cholesterol/HDI~cholesterol ratio) did not statistically
significantly differ within (baseline to follow-up) and
among groups. However, structured exercise was related
to a significant decrease of 21.85 mg/dl post-intervention
(95% CI, 13.82-29.75; P < 0.05) in triglycerides.

The average baseline to post-intervention changes in body
weight were —0.5kg (P=0.79) in the control group, —3.7 kg
(P = 0.21) in the structured exercise training group and
1.4 kg (P = 0.48) in the unstructured activity group. In the
body mass index compatisons for the exercise groups Vs

control group, no significant post-intervention differences
were found. However, total body fat percentage did show
significant improvement in structured exercise training
group (P =0.04), as did waist circumference (P = 0.030).

At baseline, the metabolic syndrome was diagnosed
in 71.9% (95% CI, 67.1-76.8%) of participants, as per
NCEP-ATP I criteria.” Most patients showed at least one
uncontrolled CVRF [Figure 2 and Table 4]. In fact, only
17 patients (6.09%, 95% CI, 5.7-8.8%) had all CVRFs under
control. Approximately two thirds (192 patients, 68.81%;
95% Cl, 64.6-72.9%) showed two or more uncontrolled
CVRF's. Of the CVRFSs, lipids were not optimally controlled
in 60% of the patients (95% CI, 55-65%); diabetes was not
optimally controlled (HbAlc < 7.5%) in 61% (95% CI,
53-67%); arterial hypertension was not optimally controlled
in 36% (95% CI, 27-46%); weight was not optimally
controlled in 56% (95% CI, 45-55%); and 17% (95%
ClI, 13-20%) were active smokers. Intergroup differences
in prevalence of metabolic syndrome and CVRFs were
not statistically significant. Baseline to post-intervention
changes in the prevalence of CVRFs were significant only
in structured exercise training group (>4CVRFs: 2.15% Vs
1.35%, P < 0.05; 3CVRFs: 39.78% Vs 29.79%, P < 0.05;
2CVRF: 27.95% Vs 33.78%, P < 0.05) [Table 4], even here
changes in proportion was mainly because of significant
improved glycemic control.

DiscussioN

Based on a number of large randomized controlled
trials, current clinical guidelines?**"! acknowledge the
therapeutic strength of exercise intervention. Despite this

Table 3: Baseline to post-intervention changes in primary and secondary outcomes variables

Parameters Unstructured activity group (0 m) Structured exercise group (0 m) Control group (0 m)
6 months  Sig 95% 6 months  Sig 95% 6 months  Sig 95%
mean confidence mean confidence mean confidence
difference level difference level difference level
Lower Upper Lower Upper Lower Upper
bound bound bound bound bound bound
BMI 0.54 0.216  0.25 1.05 0.66 0.086 -0.70 2.11 -0.28 0.35 0.57 2.01
S.B.P. 2.50 0.150 -1.05 6.75 2.27 0.170 -1.08 6.48 0.93 0.00 1.99 5.31
D.B.P. 0.90 0.300 1.20 4.22 1.05 0.300 -1.50 5.40 -0.73 0.34 0.10 212
HBA1C 0.14 0.120  0.09 0.22 0.59 0.030 0.32 0.59 -0.10 0.53  -0.05 0.09
TG 10.23 0.083  0.010 9.82 21.85 0.010  9.82 19.75 -5.12 0.15  -0.23 1.48
Total cholesterol 3.55 0.313 0.85 17.82 4.59 0.360 0.98 14.99 2.66 0.65 -1.34 9.45
HDL-C -1.27 0.350 -1.44 3.80 -1.29 0.310 -1.38 3.85 -0.37 0.75 -2.13 2.87
LDL-C 3.09 0.330 -2.15 11.29 4.33 0.390 4.03 14.29 3.55 0.35 -2.88 9.03
T-C/HDL 0.46 0.210 0.17 0.68 0.58 0.070  0.17 1.00 0.12 0.40 -0.63 1.58
LDL/HDL 0.43 0.220 0.20 0.55 0.46 0.140 0.10 0.88 0.1 0.58 -0.43 0.77
Waist circumference 0.37 0.660 -0.23 1.32 2.43 0.030 0.98 3.50 0.09 0.960 -1.23 1.81
Hip circumference 0.17 0.920 -0.93 1.21 1.07 0.055  0.89 4.15 -0.21 0.85 -0.77 1.45
Total body fat 0.23 0.745  -0.11 1.04 2.43 0.040 0.67 2.44 0.06 0.99 0.01 1.40

BMI: Body mass index, HDL-C: High-density lipoprotein cholesterol, LDL-C: Low-density lipoprotein cholesterol, HDL: High-density lipoprotein,
LDL: Low-density lipoprotein, TG: Triglycerides, HbA1C: Hemoglobin Alc, T-C: Total-cholesterol, S.B.P: Systolic blood pressure, D.B.P: Diastolic blood pressure,
SD: Standard deviation
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Figure 2: (a): At baseline; (b): Post-intervention: Number of uncontrolled CVRFs. Values are number of patients (%)

Table 4: Number of uncontrolled cardiovascular risk factors

Characteristics All participants Control group

Unstructured activity group Structured exercise group

% (n=279) % (n=93) % (n=93) % (n=93)
At baseline
0 CVRF 6.09 (17) 5.37 (5) 6.45 (6) 6.45 (6)
1 CVRF 25.08 (70) 26.88 (25) 24.73 (23) 23.65 (22)
2CVRF 29.03 (81) 29.03 (27) 30.10 (28) 27.95(26)
3CVRF 37.99 (106) 36.55 (34) 37.63 (35) 39.78 (37)
>4CVRF 1.79 (5) 2.15(2) 1.07 (1) 2.15(2)
Characteristics All participants Control group Unstructured activity group Structured exercise group
% (n=245) % (n=86) % (n=85) % (n=74)
Post-intervention
0 CVRF 6.53 (16) 5.81(5) 7.05 (6) 6.75 (5)
1 CVRF 26.53 (65) 27.90 (24) 23.52 (20) 28.37 (21)*
2CVRF 31.02 (76) 29.06 (25) 30.58 (26) 33.78(25)*
3CVRF 34.28 (84) 34.88 (30) 37.64 (32) 29.79 (22)*
>4CVRF 1.63 (4) 2.15 (2) 1.07 (1) 1.35 (1)*

*P<0.05 (Post-intervention VS baseline)

recommendation, it is estimated that only 30-40% of people
with T2DMP engage in regular exercise program indicating
that their rate of participation is significantly below.

The primary finding from this randomized, exercise
trial involving individuals with type 2 diabetes is that
supervised structured (combination of aerobic and
resistance exercises) exercise training were more efficacious
than unstructured activity (increased physical activity) in
achieving declines in HbAlc. Although both structured
and unstructured training provide benefits, only the
former was associated with significant reductions in
HbAlc levels. Though in subgroup analysis (in either
the structured or the unstructured group), we found that
exercise-induced improvements in glycemic control were
greater among persons with higher baseline hemoglobin
Alc values (>7%). Among persons with lower baseline
hemoglobin Alc values (<7%), only combined aerobic
and resistance training improved values; unstructured
training alone did not. The potential importance of good

&

glycemic control for the reduction of cardiovascular disease
risk was supported in a meta-regression study,” which
demonstrated an exponential relationship between fasting
glucose concentrations and the incidence of cardiovascular
events. Furthermore, cumulative benefit across other
outcomes was also greater in the structured training group
compared with other participating groups, thus may results
in substantial improvement in CVD risk factors.

To our knowledge, this is the first randomized trial in
Gujarat population involving individuals with type 2
diabetes to assess the effect of structured exercise training
and unstructured activity interventions on glycemic control
and to determine whether unstructured activity is associated
with similar declines in HbAlc as compared with those
associated with structured exercise. Our results demonstrate
that in patients with type 2 diabetes, a recommendation to
increase physical activity was beneficial (0.14% HbAlc
reduction), but was not bringing significantly declines in
HbAlc, whereas, structured training is associated with
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a HbAlc decline of 0.59%. (P = 0.030). A reduction in
HbA1lc of this magnitude is clinically significant and close
to the difference between conventional and intensive
glucose-lowering therapy in the United Kingdom Prospective
Diabetes Study (UKPDS).* In the UKPDS, subjects
receiving intensive treatment with insulin or sulfonylurea's
had HbAlc averaging 0.9% below the conventional
treatment (7.0% vs 7.9%; P < 001) and had significant
reduction in diabetes-related clinical end points (40.9 Vs
46 events per 1000 patient-years; P =0.03).12

For each 1% increase in the level of HbAlc, the relative
risk of CVD increases by 1.18%,* whereas each 1%
decrease in HbAlc levels is associated with a 37% reduction
in micro-vascular complications and a 14% reduction
in myocardial infarctions.” Thus, our observed 0.59%
reduction in HbAlc levels might be expected to produce
21% decrease in risk of micro-vascular complications and
an 8% reduction in cardiovascular disease risk.

Because HbAlc reduction in type 2 diabetes is associated
with improved insulin resistance™ and increased physical
workout (structured exercise/unstructured activity) have
distinct mechanisms to elicit these effects,”” it is expected
that these interventions would result in greater metabolic
effects, virtually bringing beneficial effects on all aspects
of metabolic syndrome, one way or other. However,
we did not find statistical support for the existence of a
relationship between these exercise approaches (short term
structured/unstructured) and an improved weight/BMI, or
blood pressure, total cholesterol, HDL-C and LDL-Clevels.
There are two possible reasons for this discrepancy. Firstly,
because many patients were on antihypertensive and lipid
lowering drugs, and over the last decade, both lipid lowering
therapy®-"l and blood pressure lowering therapies”** have
been proven effective to improve cardiovascular outcome
in T2DM patients. The effectiveness of these drugs may
explain why the additive benefits of intensive glycemic
control were not observed in this study. Similar results were
obtained in even large and long-term clinical trials such as
ACCORD, ADVANCE and VADT.P"! Other reason may
be that exercise approaches employed in this study were
of short duration. To achieve greater changes, perhaps
exercise interventions prescribing higher levels of exercise
quantity might be necessary?® to positively affect body
composition (Weight/ BMI) and lipid levels in individuals
with T2DM on antihypertensive and/or lipid loweting
drugs. Despite this, one of the important outcomes of this
study is that exercise does not need to reduce body weight
to have a beneficial impact on glycemic control. Exercise
training decreases hepatic and muscle insulin resistance
and increases glucose disposal through a number of
mechanisms that would not necessarily be associated with

body weight changes. The mechanisms were extensively
reviewed by Ivy ¢#al,’ and include increased post-receptor
insulin signaling,” increased glucose transporter protein
and messenger RNA,P" increased activity of glycogen
synthaseP® and hexokinase,”” decreased release and

¥l increased

increased clearance of free fatty acids,!
muscle glucose delivery due to increased muscle capillary
density™?*! and changes in muscle composition favoring

increased glucose disposal.l***!

Nonetheless, this study has few limitations. Firstly, sampling
may not be representative to all T2DM patients as the
participants were probably more adherent to exercise and
healthier on average than the general population with type 2
diabetes, as we excluded patients who were receiving insulin
or who had advanced diabetes complications thus findings
cannot be generalized to patients who cannot or do not
wish to undertake exercise programs. Secondly, effect of
different medications (antihypertensive, hypoglycemic
and lipid lowering) were not taken into account, and fact
is that a significant number of patients were receiving
antihypertensive and lipid lowering drugs along with
hypoglycemic medication and it well known that different
drugs individually or in combination affect glucose
metabolism (e.g,, diuretics and beta blockers negatively affect
glucose metabolism. In contrast, angiotensin-converting
enzyme inhibitors, angiotensin-receptor blockers, calcium
antagonists, and alpha-receptor blockers are thought to
be metabolically neutral.). Still, the results of our study
are particularly relevant, as our trial was not designed to
study effects of different medications, rather our study
have contributed to disclose metabolic changes in T2DM
patients on routinely prescribed drugs. Thirdly, the proxy
definition of diabetes mellitus was used in the study and
auto antibodies screening such as Anti-GAD analyses was
not assessed for patients. Fourthly, unstructured activity
group did not receive a similar amount of supervision.
Still, taken together, these results provide important
information for clinical practice. Future research should
include longer interventions with better quantification of
body composition changes.

CoNcLUSION

This RCT demonstrates important findings regarding the
prescription of exercise training. First, unstructured activity
and structured training, each are associated with HbAlc
decrease, but the magnitude of this reduction is different
across the two training modalities. Second, the extent of
HbA1c reduction is positively related to the baseline value
of HbAlc, combined aerobic and strength training, may
be the preferred first-line treatment option for individuals
with lower baseline HbAlc values, but if glycemic control
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is poor, then even increased physical activity would also
improve the hemoglobin Alc value, but the structured
training having combination of aerobic and resistance
exercise would be better. Based on this, it is concluded
that T2DM patients should be stimulated to participate in
specifically designed exercise intervention programs. More
clinical research is warranted to establish the efficacy of
exercise intervention in a more differentiated approach
for type 2 diabetes subpopulations within different stages
of the disease and various levels of co-morbidity. In
the interim, our analysis adds support to the idea that
exercise is a cornerstone of diabetes therapy and findings
of this study strongly support the ADA guidelines®”
recommendation that in the treatment regimen of T2DM,
optimal physical activity programs consist of regular
physical activity combined with structured training must
be added to supplement the effect of pharmacological
intervention.
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