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Immediate effect of passive static stretching versus
resistance exercises on postprandial blood sugar levels
In type 2 diabetes mellitus: a randomized clinical trial
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The prevalence of diabetes is rapidly rising all over the globe at an
alarming rate. In India, more than 61.3 million people have been pres-
ently diagnosed with type 2 diabetes mellitus. It is possible to control
the circulating blood glucose levels by reducing life style risk factors
through physical activities comprising of muscle stretches, aerobic
training, resistance exercises (REs), yoga, etc. The aim of this study is to
identify and compare the immediate effect of passive static stretching
(PSS) versus RE on blood glucose level in individuals with type 2 diabe-
tes mellitus. The present study included 51 participants between the
age of 40-65 years with type 2 diabetes mellitus, to study the immediate
effect of 60-min PSS (n=25) and 60-min RE (n=26). The outcome mea-
sure was blood glucose level which was checked by glucometer (free-
style neo). Blood sugar was assessed at 3 points of time that included

INTRODUCTION

Diabetes mellitus (DM) is characterized by chronic hypergly-
caemia with disturbances of carbohydrate, fat and protein metab-
olism resulting from defects in insulin secretion, insulin action or
both. The effects of DM include long-term damage, dysfunction
and failure of various organs, especially the kidneys, eyes, heart
and blood vessels (Khan et al., 2005). The prevalence of diabetes
is rapidly rising all over the globe at an alarming rate. Diabetes is
gaining the situation of a serious epidemic in India with more
than 61.3 million diabetic individuals presently diagnosed with
the disease (Kaveeshwar and Cornwall, 2014).

DM can be classified into two categories namely, type 1 and
type 2. Type 1 DM is also known as juvenile diabetes and it is a

fasting blood sugar level, 2 hr after the meal and immediately after the
exercise regimen. Results of this study showed significant reduction in
blood glucose level in subjects according to glucometer with PSS
(P=0.000) and RE (P=0.00). However, both groups demonstrated equal
effect in terms of lowering blood sugar level immediately after the exer-
cise. The conclusion is both PSS and RE are effective in reducing post-
prandial blood glucose level in type 2 diabetes mellitus and must be
prescribed for the patients who demonstrate difficulty in controlling
post prandial spike.

Keywords: Type 2 diabetes mellitus, Exercise prescription, Resistance
exercise, Passive stretching, Blood glucose level

disease of absolute insulin deficiency characterized by beta cell
failure. Type 2 DM is also called as adult-onset diabetes, which
involves relative insulin deficiency and is characterized by a com-
bination of three main metabolic problems - decreased beta cell
function with reduced insulin production, insulin resistance in the
peripheral tissues, and increased hepatic glucose production.
Among the people with diabetes, 90% to 95% have type 2 DM
(Oyos and Barkley, 2012).

There are various treatment options that are available for DM
that include mainly oral and intra venous drugs. Recent literature
has successfully proved that various physical activities and exercis-
es have an impact in reducing blood glucose levels (Oyos and Bar-
kley, 2012). American College of Sports Medicine and American
Diabetes Association recommend aerobic training for at least 150
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min per week and additionally resistance training at a minimum
of 2-3 days per week parallel with pharmacology treatment (Park,
2015). It is possible to control circulating blood glucose levels by
reducing life style risk factors through physical activities such as
muscle stretching, aerobic training, yoga, resistance exercises
(REs), etc. by improving tissue sensitivity to insulin (Mardberg
and Hasselgren, 2014; Metgud and Tamboli, 2014; Nelson et al.,
2011; Park, 2015). During exercise, glucose uptake in striated
muscles increases remarkably thus strategically reducing glucose
levels in the body (Canadian Diabetes Association Clinical Prac-
tice Guidelines Expert Committee et al., 2013; Cauza et al.,
2005; Solomen et al., 2015).

Static stretching involves holding a muscle in a challenging but
comfortable position for 30 sec without moving the extremity
during the stretch. It can be performed either actively or passively.
Active stretching is performed by the subject independently
whereas passive stretching involves a stretch applies by the thera-
pist or any other external force. Static passive stretching may be
more advantageous and beneficial for individuals with type 2 DM
who may not be able to perform regular physical activities due to
secondary complications such as, neuropathies, hypertension, and
limb amputation, etc. (Solomen et al., 2015). Passive static stretch-
ing (PSS) will cause sustained tension in the muscle through the
external force applied. It effectively has the benefit of exercising
without any physical stress. Previous studies have shown its benefit
in increasing cellular glucose uptake thus it can be effectively pre-
scribed in individuals with type 2 DM (Cheng and Kujala, 2012;
Nelson et al., 2011; Park, 2015). A study was done to investigate
the effect of twenty minutes of passive stretching in lowering
blood glucose level and the study revealed that passive stretching
is an effective intervention for reducing blood glucose level in indi-
viduals with type 2 DM (Nelson et al., 2011).

RE is a physical activity involving brief repetitive exercise with
weights, weight machines, resistance bands or own body weights
(e.g., push-ups) to increase muscle strength (Canadian Diabetes
Association Clinical Practice Guidelines Expert Committee et al.,
2013; Solomen et al., 2015). Resistance training results in in-
creased strength and enlarged muscle mass and has also been de-
scribed to improve insulin sensitivity and glycaemic control (Col-
berg et al., 2010; Sigal et al., 2007). Various studies have already
found that resistance training is a useful intervention to reduce
blood glucose levels in type 2 DM thus being an alternative form
of exercise for individuals with type 2 DM (Thomas et al., 2006).
A study was conducted to identify whether resistance training or
aerobic exercise lowers glycosylated hemoglobin (HbA.() level in
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adults with type 2 DM which concluded that RE has a better im-
pact on HbA\ level in type 2 DM (Sigal et al., 2007).

Ample scientific data exists where long term effects of different
forms of exercises (for example 6 weeks, 8 weeks, 12 weeks of ex-
ercise training) demonstrated a strong positive reduction in HbAj.
values. However, the main problem with type 2 DM patients in-
cludes a spike or sudden rise of blood sugar levels 1-2 hr post-
prandial. There is a need to the study the effect of exercises during
this postprandial period, whether it has any immediate effect in
controlling the sudden spike of blood glucose level which can be
determined by quantifying these levels before and after the exer-
cise. To the best of the literature search we found a study proved
the effect of 20 min of passive stretching in lowering glucose lev-
els in an at risk population. However, there are no comparative
studies to find out whether PSS or resistance training is more ef-
fective in immediate reduction of blood sugar level in postprandi-
al period in patients with type 2 DM. Therefore, the present study
was conducted to evaluate and compare the immediate effect of
PSS versus RE on postprandial blood sugar level.

MATERIALS AND METHODS

Study design and setting

The study was a double-blinded randomized controlled trial.
The assessor who assessed for blood sugar level was blinded from
the group to which subject was allotted and the therapist who
gave intervention was blinded from the values of outcome mea-
sure. The study was conducted at a tertiary care centre in Belagavi
city, Karnataka, India. Ethical clearance was obtained from the In-
stitutional Ethical Committee. A written informed consent was
taken from the subjects before the intervention.

Sampling technique

A total of 83 participants with known cases of diabetes were as-
sessed for eligibility to participate in the study. Fifty-one subjects
who met the inclusion and exclusion criteria were randomly as-
signed with concealed allocation to one of the treatment groups:
PSS group (n=25) and RE group (n=26) (Fig. 1). The subjects
randomly chose one of the two labelled and sealed envelopes to
determine their group allocation. The sample size was calculated
using formula n = 2(za+2B)* x S*/d’, where za is z value for a error
that is 1.96, zp is 0.84 with power 80%. S’ is the average stan-
dard deviation of blood sugar level form the reference article and d
is the mean difference from the reference article.
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l
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25 Passive static stretching group

26 Resistance exercise group

Fasting blood sugar assessment

Blood sugar assessment 2 hr after the meal/pre-exercise

l l

Blood sugar assessmentimmediately after exercise/postexercise

l l

25 Analysed 26 Analysed

Fig. 1. Flow diagram of the study.

Participants

This interventional study included 51 subjects (a) between the
age group of 40-65 years (b) diagnosed with type 2 DM for more
than 4 years (c) who were on oral hypoglycaemic drugs (d) who
have sedentary lifestyle, and (e) had recent baseline HbA . value of
greater than 6.6%. The study excluded subjects with (a) restricted
physical activity due to any recent fractures of the limb, (b) pre-ex-
isting disease or medical condition that made their participation
inadvisable, and (c) those who were undergoing insulin therapy or
any exercise program.

Outcome measure

Blood sugar level was analysed using a hand held glucometer
from a finger prick drop of blood. The assessment of blood sugar
levels was done three times for each subject during the study. First-
ly, values were obtained for fasting blood sugar (FBS) levels/baseline,
then 2 hr after the meal (postprandial) i.e., pre-exercise level and
lastly immediately after the regimen/postexercise level (60 min).

Intervention
The subjects in PSS and RE groups were assessed for fasting
blood glucose level using a glucometer (Freestyle Neo) and the
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exercise regimen was carried out 2 hr after the meal according to
their allocated group. Pre- and postexercise blood glucose levels
were measured and documented. The exercise regimen consisted
of 10-min warm up phase, 40-min intervention phase and 10 min
of cool down phase. The muscle groups targeted for intervention
were same in both the groups to avoid confounding factor if any.

PSS was performed as previous method (Nelson et al., 2011;
Park, 2015).

The interventions were carried out on four muscles of the upper
body and lower body bilaterally which included Trapezius, Biceps
brachii, Triceps brachii, Pectoralis Major and Quadriceps, Ham-
strings, Calf muscles, Glutei respectively. PSS was performed with
30-sec hold and 10-sec rest period. In each instance, the therapist
received verbal acknowledgement about the stretch felt by the
participants.

RE was performed as previous method (Cheng and Kujala,
2012; National Strength and Conditioning Association, 2008).

REs were performed with weight machines, dumbbells and
theraband. The intensity of resistance was determined by testing
the 10-repetition maximum of each subject. Accordingly, the
subjects were asked to perform three sets of the exercise with 10
repetitions per set along with a rest period of 30 sec between the
sets for each muscle. The muscles selected for the exercise were
similar to the stretching group.

Statistical analysis

The statistical analysis was done by using IBM SPSS Statistics
ver. 23.0 (IBM Co., Armonk, NY, USA). Normality of the data was
checked by using Shaprio-Wilk test, which indicated the data fol-
lows normal distribution with 95% of confidence. Hence, the para-
metic test of significance of paired sample s-test was performed for
intra- and intergroup comparisons. Descriptive analysis was used to
calculate mean and standard deviation. Value of P <0.05 was con-
sidered statistically significant at 5% level of significance.

RESULTS

In the present study, 51 subjects who were eligible participated
in the study. Twenty-five subjects underwent PSS whereas 26 un-
derwent resistance training.

There was no statistically significant difference observed in the
demographic characteristics (Table 1). The baseline FBS level and
HbA . values indicate fair to poor control of diabetes in all the
subjects. The body mass index (BMI) of the subjects also shows to
be on higher side, which indicates the subjects to fall under obese
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Table 1. Demographic characteristics of participants

Variable PSS group (n=25) RE group (n=26) Pvalue
Age (yr) 55.36+7.02 52.34+6.36 0.1
Height (m) 1.61£0.09 1.62+0.13 0.75
Weight (kg) 71.32+894 75.07+£12.14 0.21

BMI (kg/m?) 27.55+2.91 28.66+3.88 0.25
HbA: (%) 821+£1.35 890+1.27 0.06
Values are presented as mean + standard deviation.

PSS, passive static stretching; RE, resistance exercise; HbAx, glycosylated hemoglobin.

Table 2. Pair wise comparison of blood sugar level for passive static stretching group

Pair wise comparison Mean+SD 95% ClI tvalue Pvalue
PR.EX and PO.EX. 32.32+25.83 21.65t042.98 6.25 0.000*
FBS and PR.EX. 44.96+25.02 -55.29t0 -34.62 -890 0.000*
FBS and PO.EX. 12.64+24.45 -22.73t0-2.54 -2.58 0.016
SD, standard deviation; Cl, confidence interval; PR.EX, pre-exercise; PO.EX, postexercise; FBS, fasting blood sugar.

*P<0.05, statistical significance.

Table 3. Pair wise comparison of blood sugar level for resistance exercise group

Pair wise comparison Mean+SD 95% ClI tvalue Pvalue
PR.EX. and PO.EX. 53.53+24.45 4365t063.41 11.16 0.000*
FBS and PR.EX. 5342+28.28 -64.84t0-41.99 963 0.000*
FBS and PO.EX 0.11+£20.53 -8.171t0840 0.029 0977
SD, standard deviation; Cl, confidence interval; PR.EX, pre-exercise; PO.EX, postexercise; FBS, fasting blood sugar.

*P<0.05, statistical significance.

Table 4. Between group analysis of blood sugar level

Variable PSS group (n=25) RE group (n=26) Pvalue
Fasting blood sugar level 205.44+44.39 212.57+38.01 054
Pre-exercise (postprandial) 250.40+51.69 266.00+51.55 0.28
Postexercise (immediately after exercise) 218.08+47.08 212.46+42.99 0.65

Values are presented as mean + standard deviation.
PSS, passive static stretching; RE, resistance exercise.

class according to World Health Organization classification.

On pair wise comparison for both the groups, blood sugar levels
demonstrated statistical significant difference between FBS level
and postprandial/pre-exercise (P <0.000). Thus, it can be inferred
that the blood sugar levels had increased significantly 2 hr after
the meal or pre-exercise levels compared to FBS values. Further,
the results revealed significant difference between postprandial/
pre- and postexercise blood sugar levels (P <0.000) which means
after the exercise the blood sugar levels significantly dropped.
However, the comparison of blood sugar levels between fasting
and postexercise values, results showed no statistical significance,
which indicates that the drop or decrease in blood sugar levels due
to exercises, came almost close to FBS values (Tables 2, 3).

584 http://www.e-jerorg

However, on between group or intergroup comparison no sta-
tistical significance was observed for blood sugar level. In the PSS
group, a mean difference of 32 mg/dL was found pre- and postex-
ercise indicating that PSS effectively reduces blood sugar level in
the postprandial period. In the RE group, a difference of 54 mg/
dL was noted. The blood glucose level postexercise, nearly
dropped down to the FBS level indicating a larger difference be-
tween the mean values after performing REs (Table 4).

DISCUSSION

The present study aimed to find out the immediate effect of
PSS versus REs on blood sugar levels in sedentary type 2 DM pa-
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tients. The baseline demographic variables taken were age, height,
weight, recent HbA . value and BMI.

The demographic data of the present study showed that majori-
ty of the subjects had a higher BMI, that is, above 27 kg/m”. Pre-
vious literatures state that the relationship between high BMI and
DM is not absolute. It could depend on the presence of pathogen-
ic adipose tissues, which may either cause obesity due to the exist-
ing metabolic disease or vice versa (Bays et al., 2007)

The mean value of HbA,. values in RE is relatively higher than
the PSS group. Several studies revealed that PSS and RE are effec-
tive treatment in reducing blood sugar level. The current study
was conducted to evaluate which treatment is more effective in re-
ducing blood sugar level immediately.

According to a study by Park (2015), PSS of the skeletal muscle
is an alternate to exercise which helps to regulate blood sugar level
in diabetic patients. A study showed that passive stretching in-
creases heat production and oxygen consumption in muscles. This
leads to an increase in the metabolic activity in these muscles thus
causing reduction in the blood glucose level due to the incorpora-
tion of glucose transporter type-4 (GLUT-4) into the stretched
muscles. Stretching increases the level of nitric oxide by single
passive stretch of 20%. Nitric oxide also influences the incorpora-
tion of GLUT-4 thus facilitating its activity. PSS is also known to
alter the microcirculation thereby reducing tissue oxygen ex-
change. This resultant ischemia facilitates the translocation of
GLUT+ into the sarcolemma. Additional related studies on PSS
demonstrate an increase in glycogen breakdown at the cellular
level and support the effectiveness of PSS in reducing blood sugar
level by stimulating the activity of protein kinase B, further im-
proving glucose uptake by the stretched muscle cells. These
mechanisms provide a possible explanation to the positive effect
of PSS on blood sugar level (Nelson et al., 2011; Park, 2015).

A study was conducted to compare the effects of active and pas-
sive stretching exercises in type 2 DM patients. It concluded that
passive stretching yielded better results than active stretching.
This was probably due to the maintenance of a constant tension
throughout the passive stretch as compared to the active stretch.
The tension produced, increased the metabolic activity of the
muscles thereby reducing blood glucose level by the mechanism
mentioned above (Solomen et al., 2015). Another study was con-
ducted to analyse the effect of twenty minutes PSS in a similar
target population by comparing two groups. The first group un-
derwent PSS whereas the second group underwent mock PSS i.e.,
no tension was applied to the muscle. This study concluded that
PSS is an effective intervention in reducing blood sugar level in
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individuals with type 2 DM (Nelson et al., 2011)

The present study indicates that RE is an effective intervention
in immediately reducing blood glucose level in this population. A
systematic review on effect of resistance training in patients with
type 2 DM in 2014 which supports the use of resistance training
for improving glycaemic control (Mdrdberg and Hasselgren,
2014). Another study in 2005 on relative benefits of endurance
and strength training on the metabolic factors and muscle func-
tion of people with type 2 DM reported that there was a signifi-
cant reduction of HbA:. value in resistance training group as
compared to aerobic training group (Cauza et al., 2005).

There could be various possible explanations to this outcome.
Firstly, type 2 DM is known to occur due to a pathological de-
crease in the number of beta cells in the liver leading to increased
blood glucose level (Donath et al., 2005; Inzucchi and Sherwin,
2011). A study has proved significant effects of RE in improving
beta cell function (Eriksson et al., 1991; Nieuwoudt et al., 2017).
Secondly, previous studies have stated that RE causes changes in
the metabolic activity due to increased heat production and oxy-
gen consumption by the skeletal muscles (Nelson et al., 2011;
Eves and Plotnikoff, 2006). These exercises can increase the ex-
pression of protein kinase B, thereby improving the insulin-sig-
nalling pathway. This further leads to the regulation of GLUT-4
activity, increasing its translocation at the cellular level (Cheng
and Kujala, 2012; Holten et al., 2004). Thirdly, scientific litera-
ture has determined that RE can increase the rate of glucose up-
take by skeletal muscles upto 7-20 times more than the basal lev-
el, depending on the intensity of the exercise (Messina et al.,
2015). Finally, RE is known to increase muscle insulin sensitivity
in the postexercise period, thereby improving glycaemic control
in individuals with type 2 DM (Cheng and Kujala, 2012). A
study by Perseghin et al. (1996) found that exercise increases in-
sulin-dependent glucose transport and hexokinase II activity.

According to the results of the present study, both the groups
show equal reduction in blood sugar level after the exercise regi-
men. This equal effectiveness could be attributed to the fact that
both forms of exercises have similar mechanisms of reduction in
blood glucose levels in both forms of exercises. This may be the
reason for the immediate effect of both the intervention methods
in reducing blood sugar level in patients with type 2 DM. How-
ever, according to the mean difference values of blood sugar at
post exercise (Tables 2, 3) demonstrates slightly greater reduction
with REs (54 mg) than passive stretching exercises (32 mg) which
is although not statistically significant but might be clinically
significant. However, the literature that indicates how much of
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reduction in blood sugar level that can be termed, as clinically
significant difference is lacking and unclear.

The postprandial spike in blood sugar is always a difficult thing
for the patients to manage and control. In the present study blood
sugar levels demonstrated statistical significant difference be-
tween FBS level and postprandial/pre-exercise blood sugar levels
(P<0.000). A study was conducted which suggests spike in the
blood sugar level at 1-2 hr of postprandial period (Monnier et al.,
2003). Hence, in the present study exercise session was scheduled
at 2 hr after meals in order to evaluate effect of exercise interven-
tion at postprandial time. Although suggestions are given to do
light exercises immediately after meals there is lack of literature,
which proves this effect of exercise. Previous literature have stud-
ied long-term effects of exercises on blood sugar levels. However,
there are no studies, which assess effect of exercise intervention at
2 hr after the meal to abate the postprandial spike.

The present study had a few limitations. Due to the time con-
straint for study conducted, immediate effect of exercise was com-
pared and long-term effects were not studied. HbA was not as-
sessed postexercise because the study was aimed on the immediate
effect of exercises and HbA,. is ideally checked every 2 to 3 months.

A prospective study could be taken up to evaluate the long-term
effects of the exercises specifically during the postprandial period.
A similar study can be done to evaluate the pre- and posteffects of
exercise interventions on the HbA. test and glucose tolerance tests
values. This study can also be repeated by using a different target
population such as patients with hypertension or other metabolic
conditions with comparisons of different forms of exercises.

Hence, the present study concluded that both PSS and REs are
equally beneficial interventions in reducing postprandial blood
glucose level that was close to FBS levels, immediately after exer-
cise in subjects with type 2 DM. Further, PSS can be of advantage
for patients who are bed ridden and who cannot perform move-
ments actively whereas REs are suitable for patients who are rela-
tively young and have no associated comorbid conditions (e.g.,
hypertention, cardiac problems). Both RE and PSS are effective
interventions that can be prescribed specifically at post prandial
stage i.e., 2 hr after the meal for diabetic individuals who have
problem or difficulty in controlling the postprandial spike in
blood sugar.
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