


Erro, Miglioretti, & Deyo, 2005; Sherman et al., 2011; Tekur,
Singphow, Nagendra, & Raghuram, 2008).

Preliminary studies suggest that yoga practice may help
improve glucose control and ameliorate lesser-known compli-
cations and comorbid conditions for individuals with T2DM
(Aljasir et al., 2010; Innes & Vincent, 2007). It may also help
reduce symptoms of psychological stress and increase overall
quality of life.

Yoga for T2DM
The effect of yoga practice on glycemic control for individuals
with T2DM were examined under controlled conditions in this
pilot study. Changes in physiological and psychological markers
of stress and measures of self-care were also explored.

Participation in a yoga program was hypothesized to affect
two individual pathways. First, yoga practice was anticipated to
decrease psychological anxiety and stress and the stress hor-
mone cortisol, which can increase gluconeogenesis and insulin
resistance and diminish the insulin response from the pancreas.
Lower levels of circulating cortisol were anticipated to enhance
insulin response and insulin sensitivity and decrease glucose
levels. Second, stress relief related to yoga practice was predict-
ed to improve measures of regimen adherence and subsequent-
ly improve glycemic status. 

Methods

Participants
T he Instituti onal Revi ew Board of the Un ive rs ity of Te x as at El
Paso approved the stu dy protoc ol. Seve nteen parti c ipants (8
fe male) we re rec ru ited from and arou nd the unive rs ity com-
mu n ity. Parti c ipants had been previ ously diagno sed with
T 2 DM accord i ng to the guidel i nes of the ADA (Ame ri can
D iabe tes Assoc iati on, 2010) by their pe rsonal phy s i c ian .
Parti c ipants we re sed e ntary, ove rwe i ght or obe se, greater than
age 50 years, non – i nsulin depe nd e nt, and had no previ ous
e x pe ri e nce with yoga or med itati on. The majority of parti c i-
pants we re diagno sed with hy pe rte ns i on, thou gh none su ffe red
from card i ov ascular disease or diabe te s - related compl i cati ons .
Parti c ipants did not have med i cal cond iti ons that alter the 120-
day life span of red bl ood cells. All women we re po st-
me nopausal and we re not on hormone re pla c e me nt the r apy.
No major muscul o skel e tal disord e rs or inju ries we re re ported,
and ind ivi duals we re requ i red to be able to stand unass isted for
at least 30 minutes. A written state me nt from a phy s i c ian
authori z i ng parti c ipati on in an exe rc ise pro gr am was requ i red
from ea ch parti c ipant pri or to inte rve nti on onset. All parti c i-
pants signed an informed conse nt form pri or to the initiati on
of data coll ecti on. 

Of the 17 individuals who completed initial baseline test-
ing, 4 withdrew prior to the intervention because of schedule
conflicts or lack of physician approval to participate. Two indi-
viduals withdrew after the first week because of scheduling con-
flicts or health complications unrelated to the yoga program.
Data from one participant were excluded because of reported
use of insulin therapy, leaving a final study sample of 10 indi-
viduals (8 female). 

Characteristics of the final sample are shown in Table 1.
Ac c ord i ng to the Ame ri can Coll e ge of Sports Med i c i ne
(ACSM) and the World Health Organization (WHO), body
mass index (BMI), a measure of weight relative to height, is a
useful and practical approach to estimate body composition. A
BMI between 18 and 24.5 indicates normal body weight, 25 and
29.9 indicates overweight, and greater than 30 indicates obesity.
Several studies have found that those who are obese experience
greater insulin resistance than do those of normal weight (see
paragraph 3 in the Discussion section). Risk for coronary heart
disease, ischemic str oke, a nd T2DM also increases as BMI
increases. Similarly, a large waist circumference, more than 40
inches (102 cm) for men and more than 35 inches (88 cm) for
women, is associated with increased risk for heart disease and
T2DM. 

Table 1. 
Characteristics of Participants (N = 10) with T2DM

Measures
Each participant completed a battery of assessments at baseline
and at the end of the 6-week yoga inte rve nti on .
Anthropometric characteristics, such as height, body mass, and
waist circumference, were measured, as was blood pressure.
Glucose control was assessed using fasting venous blood sam-
ples, which included FBG, a short-term measure of glycemic
control, and HbA1c, a long-term measure of glycemic control.
Fasting insulin was also assessed from blood samples. 

Physiological stress. Physiological stress (salivary cortisol)
was assessed based on salivary samples collected at home at
midnight by the participants. Research has indicated that night-
time salivary cortisol is as valid a measure of cortisol levels as
24-hour urinary free cortisol excretion (Viardot et al., 2005).
For the convenience of the participants, salivary samples were
collected using materials provided by the investigator, who had
previously explained in detail the data collection procedure.
Participants delivered the frozen samples the following day at
the laboratory. Samples were collected and analyzed according
to protocol specified by the manufacturer (Salimetrics, LLC,
State College, PA). 

Psyc h ological distre s s . T he 14-item ve rs i on of the
Perceived Stress Scale (PSS; Cohen & Williamson, 1988) was
used to measure stress. Seven positive and seven negative
assessment items were used to appraise participants’ experience
during the previous month, including the extent to which the
respondent has perceived life situations to be stressful, unpre-
dictable, and uncontrollable. Items were answered using a
Likert scale ranging from 0 (never) to 4 (very often). A total
score was obtained by reversing the scores on the positive items
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Measure Mean SD
Age (yrs) 61.40 ±6.68
Body mass index (kg/m2) 36.26 ±7.55
Waist circumference (cm) 108.50 ±16.29
Length of disease (yrs) 6.10 ±6.33
Systolic blood pressure (mmHg) 140.60 ±20.64 
Diastolic blood pressure (mmHg) 77.30 ±15.16



and then summing across all items. The higher the score, the
greater the individual’s perceived stress. The scale has shown
adequate internal reliability, as indicated by a Cronbach's alpha
coefficient of .75 (Cohen & Williamson, 1988). 

T he State - Trait An x iety Inve ntory ( STAI; Spi elbe rge r,
Gorsuch, & Lushene, 1970) was used to measure levels of anxi-
ety. The STAI consists of two subscales, the State scale (S-scale)
and the Trait scale (T-scale); each contains 20 items rated on a
4-point Likert scale. Higher scores represent higher levels of
anxiety. State anxiety is defined as a temporary emotional state,
and trait anxiety is defined as a relatively stable personal char-
acteristic of anxiety proneness. Previous research has indicated
that test–retest reliability tends to be high for trait anxiety and
low for state anxiety, with alpha coefficients between .73 and
.95, respectively (Spielberger et al., 1970).

Self-care. Self-care was assessed with the Summary of
Diabetes Self - Care Activities qu e sti on nai re devel oped by
Toobert & Glasgow (1994). The questionnaire is used to assess
dimensions of diabetes self-care, including blood glucose test-
ing and medication adherence. Questions record the number of
days during the previous week the individual engaged in a spe-
cific health behavior. The total score is obtained by summing
number of days across dimensions, minus the smoking status
and number of cigarettes smoked. Hence, the higher the score,
the greater the adherence to self-care behaviors. The validity
and reliability of the questionnaire have been previously exam-
ined with participants with T2DM (Toobert, Hampson, &
Glasgow, 2000).

Physical activity. Physical activity was documented pre-
and po sti nte rve nti on by us i ng the long ve rs i on of the
International Physical Activity Questionnaire (IPAQ; Craig et al.,
2003). The respondent is asked a series of questions regarding
various types of physical activity, including job-related, trans-
portation, and leisure. Each item is rated in number of days per
week and time expended each day on a particular activity. The
validity and reliability of the IPAQ has been previously demon-
strated in several studies (Craig et al., 2003). 

Diet log. Diet was documented using dietary software
(The Food Processor 2004, ESHA Research, Salem, OR) before
and after th e intervention through diet recalls as sessed for
caloric intake and macronutrient composition. Participants
were asked to describe every meal for a regular day in detail.
Information was entered into the program, which computed
calculated caloric intake and macronutrient composition. 

Medication log. A medication log documenting all pre-
scribed medication was completed at the beginning and at the
end of the intervention. 

Yoga Intervention
Six weeks of Hatha yoga classes consisting of physical postures
(asana), breathing exercises (pranayama), and meditation were
led by the author, a qualified registered yoga teacher (RYT).
Each class lasted approximately 50–60 minutes. Classes were
held 3 days per week, with 1 day of rest in between each session. 

Most postures were modified to accommodate partici-
pants’ limited flexibility, balance, and strength. Props, including
chairs, belts, or blankets, were use d to achieve appropriate
alignment, technique, and balance and to provide participants

the opportu n ity to obtain full be ne fit of the pr a cti c e s .
Participants were instructed to center their attention on their
breathing and to become aware of their body position in each
posture. Some of the classes focused on a particular topic such
as “yoga for the neck and shoulders,” “yoga for the back,” “yoga
for insomnia,” and “yoga as a meditative practice.” These special
sessions were designed based on the feedback provided by the
participants during the 6-week intervention. 

Yoga mats and chairs were provided to all participants.
Participants supplied props such as belts, towels, or blankets.
Handouts describing yoga poses and meditation exercises were
provided approximately every 2 weeks so tha t participants
could continue practice at home during and after the interven-
tion. All participants were encouraged to closely monitor their
glucose levels before and after practice as a precautionary meas-
ure. A detailed description of the components of the classes is
provided in Table 2.

Table 2. 
Sample Yoga Class for Participants with T2DM

Statistical Analysis 
Data were analyzed using the Statistical Package for the Social
Sciences (version 20.0, Chicago, IL). Because data on glucose
control, cortisol, insulin, and physical activity were not normal-
ly distributed and because of th e limited s ample size, the
Wilcoxon Signed Rank Test was used to assess changes between
pre- and postintervention values in these variables. Paired-sam-
ples t-test analysis was conducted to assess changes in measures
of perceived stress, anxiety, and self-care. Similarly, a paired-
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Element Approximate time
Short meditation 5 min
Warm-up 6–8 min

Neck rolls
Shoulder rolls
Mirror stretch*
Open wing stretch*

Seated asanas 6–8 min
Spinal twist
Head-to-knee forward bend
Wide-angle seated forward bend

Standing asanas 15 min
Warrior II
Triangle pose
Warrior I
Intense side stretch
Tree pose
Dancer’s pose

Restorative asanas 6–8 min
Puppy pose
Child’s pose
Lying arm raise with bent leg*
Savasana

Closing meditation 10 min
Note. *These exercises are described in detail in Payne, L., &
Usatine, R. (2002). Yoga Rx. New York, NY: Broadway Books.



samples t-test analysis was conducted to assess changes in
dietary intake. Signi�cance was set at alpha level .05. E�ect sizes
for normally distributed data were estimated with the formula,
d = µgroup1 – µgroup2 / SDpooled. E�ect sizes for nonnormally dis-
tributed data were estimated with the formula, r = Z / √ N. 

Results

Data regarding 10 participants were included in the �nal analy-
sis. �e average attendance rate of the yoga classes was 81.6%.
Type of medication used by participants included metformin (n
= 9), sulfonylureas (n = 1), alpha-glucosidase inhibitors (n = 1),
meglitinide (n = 1), incretin (n = 1), and glitazone (n = 1). 

Results are reported in Table 3. There was a trend toward
improved glucose control (FBG and HbA1c) and increases in
plasma insulin, but the changes were not statistically signi�cant
(FBG, Z = –1.36, p = .17; HbA1c, Z = – .9, p = .37; Z = –1.27, p
= .20, respectively). Paired-samples t-tests revealed statistically
signi�cant pre- to posttest improvements in perceived stress,
t(9) = 2.59, p = .03; state anxiety, t(9) = 3.20, p = .01; and self-
care, t(9) = –3.19, p = .01. Nonsigni�cant decreases in cortisol,
Z = –1.68, p = .09, and trait anxiety, t(9) = 1.87, p = .09, were
also found. 

Medication log reports indicated no changes in medica-
tion. Similarly, results from the physical activity questionnaire
indicated no signi�cant change in physical activity patterns, Z =
–.36, p = 0.72. The dietary analysis revealed a decrease in pro-
tein consumption, t(9) = 2.39, p = .04. However, changes in total
calorie consumption, t(9) = 1.71, p = .12; calories from fat, t(9)
= 1.43, p = .19; saturated fat, t(9) = 1.39, p = .20; and total fat
consumption, t(9) = 1.43, p = .19; were not signi�cant. 

Participants did not report any injuries or adverse health
events as a result of the yoga intervention. Similarly, no hypo-
glycemic events occurred during any of the yoga classes.  

Discussion

�e primary purpose of this pilot study was to investigate the
impact of a therapeutic yoga practice on glycemic control for
participants with T2DM. A trend toward improved glycemic
control was found following the 6-week intervention. �ese
results di�er from those of previous studies conducted in India
that found signi�cant decreases in glycemic control parameters, 

such as FBG, HbA1c, and postprandial glucose (Amita,
Prabhakar, Manoj, Harminder, & Pavan, 2009; Malhotra, Singh,
Tandon, & Sharma, 2005; Singh, Kyizom, Singh, Tandon, &
Madhu, 2008; Singh, Malhotra, Singh, Madhu, & Tandon, 2004;
Singh et al., 2001) following yoga practice. �e length of the
intervention in these studies was approximately 40 to 45 days,
similar to the 42-day intervention of this investigation, with the
exception of the Amita et al. (2009) study, which included a 3-
month yoga-nidra intervention. 

�e dramatic di�erence in anthropometric characteristics
between the participants in this investigation and those in pre-
vious studies may account for the discrepancy. BMI classi�ca-
tions (ACSM, 2010) of subjects in the Amita et al. (2009) study
were in the normal range, that is, 22.64 kg/m2 (no standard
deviation provided), and participants in the Malhotra et al.
(2005) and Singh et al. (2008) studies were marginally over-
weight, 26.81 ± 0.90 kg/m2 and 26.12 ± 1.54 kg/m2, respective-
ly. Two participants in our study were in the obesity Class II cat-
egory, 37.67 ± 2.82 kg/m2, and four were in the obesity Class III
category, 43.73 ± 1.18 kg/m2. It is possible that these marked
di�erences were associated with our discrepant findings.

Insulin resistance has been shown to be more prevalent
among individuals with obesity and abdominal adiposity
(Vanhala, Pitkajarvi, Kumpusalo, & Takala, 1998). Fasting
insulin and insulin responses to an oral glucose challenge are
observed to be signi�cantly higher for obese patients with dia-
betes than for diabetes patients of normal weight (Turkoglu et
al., 2003). Increases in insulin secretion may not fully compen-
sate the degree of insulin resistance in obese patients
(Bonadonna et al., 1990). It is likely that participants in this
study possessed a higher degree of insulin resistance as a func-
tion of their obesity status. It may be more di�cult for them to
experience signi�cant changes in glycemic control than for nor-
mal-weight and marginally overweight participants. 

Previous studies investigating the e�ect of exercise training
on insulin sensitivity and responsiveness in obese T2DM
patients have found signi�cant improvements in peripheral
insulin sensitivity and better glucose control following 7 days of
training (O’Gorman et al., 2006; Winnick et al., 2008), even in
the absence of weight reduction (Kirwan, Solomon, Wojta,
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Preintervention Postintervention E�ect sizes
FBG (mg/dL) 130.59 ±81.83 119.81 ±65.57 –0.30
HbA1c (%) 8.35 ±2.79 8.28 ±2.44 –0.20
Insulin 
(pmol/l) 97.85 ±73.55 112.86 ±80.63 –0.28
Note. FBG = fasting blood glucose; HbA1c = glycated hemo-
globin. No signi�cant di�erences between pre- and postinter-
vention values (p > 0.05).

Table 4.  
Physiological and Psychological Measures of Stress and
Self-care Measure of Participants with T2DM at Baseline
and Following the 6-week Yoga Intervention

Preintervention Postintervention E�ect sizes
Cortisol 
(mg/dL) 0.25 ±0.28 0.10 ±0.25 –0.38
PSS 22.80 ±7.96 17.50 ±7.12 0.70
State anxiety 39.80 ±13.27 29.20 ±8.56 0.95
Trait anxiety 36.80 ±11.22 31.10 ±8.13 0.58
SDSC 42.96 ±12.88 56.04 ±15.26 –0.93
Note. PSS = Perceived Stress Scale; state and trait anxiety
determined from State and Trait Anxiety Inventory; SDSC =
Summary of Diabetes Self-Care questionnaire.
*p < 0.05.

Table 3.  
Glycemic Control Measures of Participants with T2DM at
Baseline and Following the 6-week Yoga Intervention

*
*

*
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Staten, & Holloswy, 2009). These studies used moderate exer-
cise intensity, or approximately 70% of maximal aerobic capac-
ity. Clay, Lloyd, Walker, Sharp, and Pankey (2005) found that
Hatha yoga practice requires low aerobic intensity, correspon-
ding to 14.5% of maximal oxygen uptake reserve. The intensity
of yoga may not b e sufficient enough to elicit significant
changes in glucose control in a 6-week intervention.  

Mi ch ish ita, Shono, Kasahara, & Tsu ruta (2008) fou nd sig-
n i fi cant improve me nts in fasti ng glu c o se, glu c o se tol e r anc e, and
i nsulin sec re ti on in ove rwe i ght diabe tes pati e nts foll owi ng 12
weeks of low - i nte ns ity exe rc ise the r apy. They re ported a
d ec reas i ng tre nd in fasti ng glu c o se in a 2-hour glu c o se tol e r anc e
te st after 7 days of exe rc ise. The se dec reases we re not statisti cal-
ly sign i fi cant (Mi ch ish ita et al., 2008). Pe rhaps ove rwe i ght ind i-
vi duals with diabe tes requ i re pr a ctices that involve longer pe ri-
ods of ti me at low card i ov ascular inte ns ities, su ch as yoga, to
e x pe ri e nce sign i fi cant changes in glu c o se control. It is likely that
the obe se parti c ipants in th is stu dy need ed more ti me to bec ome
i nsulin re spons ive and may have be ne fited from a longer yo g a
i nte rve nti on. Fu rther studies are need ed to te st th is propo s iti on.      

The frequency of yoga practice may be of vital importance
to changes in glycemic control. Studies that reported a signifi-
cant decrease for FBG, postprandial glucose, or HbA1C involved
daily yoga practice (Amita et al., 2009; Malhotra et al., 2005;
Singh et al., 2004; Singh et al., 2001; Singh et al., 2008). In con-
tr ast, Skoro - Kondza, Tai, Gadel r ab, Dri nc evic, and
Greenhalgh’s (2009) 2 times per week, 3-month yoga therapy
intervention for individuals with T2DM led to no significant
changes in HbA1c. Although participants in this study were
encouraged to practice daily, the intervention provided struc-
tured yoga sessions only 3 days per week. Because home prac-
tice sessions were not recorded during this study, the extent of
participants’ independent practice is not known. 

Because of its small sample, this pilot study was consider-
ably statistically underpowered, which seriously limited the
ability to detect statistically significant effects for any of the
study variables. Previous studies used much larger samples.
Gokal and colleagues (2007) implemented a 7-day yoga inter-
vention to 258 participants with a variety of medical conditions,
including T2DM, and found a modest but significant decrease
in FBG (∆ ≈ 5.4 mg/dL) following the intervention, approxi-
mately one half of that observed in this study (∆ ≈ 10.8 mg/dL).
A posthoc, two-tailed power analysis conducted with G*Power
(Faul, Erdfelder, Lang, & Buchner, 2007) indicated that our
study possessed a power of 0.29 based on a sample of 10 partic-
ipants, which represents a medium effect size of .50 (± = .05). It
is possible that significant changes may have been detected if
the study had included a larger sample size.

This study also examined the extent to which a therapeutic
yoga intervention would affect psychological stress. Significant
decreases were observed in perceived stress and state anxiety,
both of which showed strong effect sizes (d = 0.70 and d = 0.95,
respectively). Trait anxiety did not change, but this outcome
had been anticipated because trait anxiety reflects a relatively
stable personality characteristic. 

The reduction in psychological stress may have accounted
for the dec reased circulati on of the hormone cortisol.
Reductions in cortisol, may in turn, be related to the decreasing
trend in FBG and HbA1c vis-à-vis diminished glucose output
from the liver and enhanced peripheral insulin sensitivity.
Lower levels of circulating cortisol may also account for the
increased trend in insulin production, in that insulin secretion
from the panc reas inc reased, wh i ch can contribute to an
improved glycemic status. Because changes in cortisol, FBG,
HbA1c, and insulin were not statistically significant, these ideas
are speculative. Further studies are needed to assess the rela-
tionship between yoga-related stress relief and cortisol, and glu-
cose control in those with T2DM.

Stress relief may have contributed to improvements in
measures of self-care. Cohen and Kanter (2004) found that
adherence to self-care behaviors, such as regular clinic atten-
dance, blood tests, medication, diet, and physical activity, was
negatively associated with psychological distress. Yoga prac-
tices, including meditation, may reduce chronic disease and
improve adherence to a diabetes regimen. Effective self-care
behaviors are likely to decrease glucose levels and contribute to
improvements in glycemic status. A reduction in psychological
stress may account for decreases in cortisol levels and enhance-
ment of self-care behaviors, which alone or in combination may
contribute substantially to the improvement of glycemic status.
Improved glycemic status decreases the risk for cardiovascular
disease and diabetes complications, which may significantly
contribute to overall quality of life. Hypothesized pathways for
these potential beneficial effects of yoga on glucose control are
shown in Figure 1 (page 64). 

Conclusion

Hatha yoga practice may be a complementary therapeutic
option for individuals with T2DM. Potential benefits include
improvements in glycemic control through decreases in psy-
chological stress, which in turn may decrease levels of the stress
hormone cortisol and enable greater compliance with self-care
behavi ors. This stu dy provi d ed support for the be ne fi c ial
impact of yoga on perceived stress and state anxiety and on
measures of self-care. Future longitudinal investigations that
use longer interventions; refined experimental designs, such as
randomized, controlled trials and repeated measurement over
time; and advanced statistical te chniques, such as structural
equation modeling, are needed. These investigations will lend
greater insight into the long-term impact of yoga practice on
the glycemic control and psychological well-being of individu-
als with T2DM.  
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