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Abstract

The purpose of this meta-analysis was to examine the effects of yoga for glycemic control among
adults with type 2 diabetes (T2DM). Comprehensive electronic databases searches located 2559
unique studies with relevant key terms. Studies were included if they (1) evaluated a yoga
intervention to promote T2DM management, (2) used a comparison group, (3) reported an
objective measure of glycemic control at post-intervention, and (4) had follow-up length or post-
test of at least 8 weeks from baseline. Independent raters coded participant, design and
methodological characteristics and intervention content. Summary effect sizes and 95%
confidence intervals (Cl) were calculated. Twenty-three studies with 2473 participants (mean age
= 53 years; 43% women) met eligibility criteria. Compared with controls, yoga participants were
successful in improving their HbAlc (d + = 0.36, 95% CI = 0.16, 0.56; k = 16), FBG (d+ = 0.58,
95% CI = 0.40, 0.76; k = 20), and PPBG (d + = 0.40, 95% CI = 0.23, 0.56; k = 14). Yoga was also
associated with significant improvements in lipid profile, blood pressure, body mass index,
waist/hip ratio and cortisol levels. Overall, studies satisfied an average of 41% of the
methodological quality (MQ) criteria; MQ score was not associated with any outcome (Ps > 0.05).
Yoga improved glycemic outcomes and other risk factors for complications in adults with T2DM
relative to a control condition. Additional studies with longer follow-ups are needed to determine
the long-term efficacy of yoga for adults with T2DM.
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1. Introduction

About one out of every eleven adults in the United States currently has diabetes (Center for
Disease Control and Prevention, 2016). Type 2 diabetes (T2DM) accounts for 90-95% of all
diabetes cases in adults. Diabetes is a major risk factor for heart disease and stroke and is the
seventh leading cause of death in the United States (Center for Disease Control and
Prevention, 2011). In 2012, the total estimated economic cost of diagnosed diabetes was
$245 billion, a 41% increase from 2007 (American Diabetes Association, 2013a).

Controlling blood glucose level is fundamental to the management of T2DM (American
Diabetes Association, 2013b). Improved glycemic control is associated with a significant
decrease in long-term complications (Skyler et al., 2009; Stettler et al., 2006; UKPDS,
1998). Often pharmacological treatment alone is insufficient to achieve glycemic control;
adherence to dietary and physical activity recommendations is advised (Dyson et al., 2011;
Knutson et al., 2006; Surwit et al., 2002). However, these lifestyle changes are difficult to
achieve and maintain (Kim et al., 2013). One-third of diabetic patients use some type of
complementary or alternative medicine (CAM) therapy, and about 3-20% use CAM
specifically to treat their diabetes (Bell et al., 2006; Nahin et al., 2012). Yoga, an ancient
Indian practice with over 20 million users, is one of the most common CAM therapies used
among adults in the United States (Clarke et al., 2015).

Recent studies have demonstrated that yoga improves a variety of symptoms along with
physical functioning, depression, neurocognitive functions, and quality of life (D’Silva et al.,
2012; Froeliger et al., 2012; Patel et al., 2012; Shapiro et al., 2007). Yoga has received
considerable attention in cancer research as an approach for improving quality of life
(Levine and Balk, 2012). Studies in cardiac patients have found similar positive effects
including reduced blood pressure, cholesterol and body weight (Mamtani and Mamtani,
2005; Okonta, 2012). The benefit of yoga for diabetes management has also been found in
recent reviews. Innes and Selfe (2016) showed that yoga may improve glycemic control,
lipid levels, and body composition (weight, body mass index) among adults with T2DM.
Similarly, Cui et al.” (2016) meta-analysis reported a pooled weighted mean difference of
-23.72 mg/dL (95% CI = -37.78, —9.65) for fasting blood glucose (FBG) and —0.47% (95%
Cl =-0.87, -0.07) for HbA1c. In another meta-analysis, Kumar et al. (2016) reported
beneficial effects of yoga in comparison to standard treatment alone for FBG [Standardized
Mean Difference (SMD) -1.40, 95%CI = -1.90, — 0.90] and for HbAlc [SMD -0.64,
95%CI = -0.97, —0.30]. However, this meta-analysis included studies with short follow-up
duration (i.e., 40 days). Since HbALc reflects the average glycemia over the preceding 8-12
weeks (American Diabetes Association, 2016; Nathan et al., 2007), short follow-up duration
is insufficient to estimate changes among intervention participants. Furthermore, the authors
only examined glycemic parameters. The authors did perform subgroup analysis based on
difference in intervention (i.e. breathing practice alone or combination of asanas, breathing
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and meditation), but no other intervention or sample characteristics were examined as
moderators of intervention effect. Finally, a recently published meta-analysis by Vizcaino
and Stover (2016) examined lipid profile and blood pressure in addition to the glycemic
parameters. The authors found significant decreases in FBG for participants in the yoga
condition compared controls (mean difference = —=25.72 mg/dL, 95% CI = —-40.67, —10.76),
but no significant differences for HbAlc and postprandial blood glucose (PPBG). This meta-
analysis did not control for the baseline values in their analyses which may have biased the
findings.

The purpose of this systematic review and meta-analysis is to examine current evidence on
the effect of yoga for diabetes management. Our review updates and extends the scope of the
prior meta-analytic reviews in several ways. First, we expand the literature covered and
included in this meta-analysis by searching comprehensive list of databases and using an
extensive list of search terms. Second, we assess a broad range of outcomes related to
glycemic control and other markers of diabetes management including lipid profile, blood
pressure, body composition and fasting cortisol. Finally, we examine study (i.e. geographical
location, recruitment method), and sample characteristics (e.g. gender) and intervention
features (e.g. intervention duration and components) as potential moderators of the
intervention effect.

2. Methods

The current systematic review and meta-analysis is reported in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) (Moher et
al., 2009). The PRISMA checklist can be found in the Supplemental Materials 1.

2.1. Eligibility criteria

Studies were included if the study (1) examined a yoga intervention to promote T2DM
management, (2) used a randomized control trial or quasi-experimental design that included
a control or comparison group, (3) included adults =18 years of age, (4) reported an
objective measure of glycemic control (HbAlc, FBG), (5) provided relevant statistics to
calculate between-group effect size, and (6) had follow-up length or post-test of at least 8
weeks from baseline. Studies were excluded if (1) participants did not have T2DM at
baseline, (2) participants had type 1 or gestational diabetes, and (3) yoga was not the
primary intervention but a part of multimodal intervention (e.g. mindfulness-based stress
reduction).

2.2. Information sources and search

Several information sources were used to identify relevant studies: (1) Electronic
bibliographic databases (PubMed, PsyclInfo, The Cochrane Library, CINAHL, EMBASE,
Global Health, Academic Search Premier, PsycARTICLES, Proquest Dissertations and
Theses) were searched using a Boolean search strategy: ((yoga) OR (yogasan*) OR (yogi*)
OR (yog*) OR (pranayam*) OR (asana*) OR (dhyana) or (vinyasa) or (viniyog*)) NOT
((YOGURT) OR (YOGHURT)) AND ((diabetes) OR (diabetic) OR (NIDDM) OR
(“noninsulin-dependent diabetes mellitus”) OR (“noninsulin dependent diabetes mellitus™)
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OR (“diabetes mellitus”) OR (glycem*) OR (glycaem*) OR (hyperglycem*) OR
(hyperglycaem*) OR (glucose*) OR (glycosylated Hb) OR (haemoglobin A) OR
(hemoglobin A) OR (“glycated hemoglobin”) OR (HbA1c) OR (A1C) OR (T2DM) OR
(“type Il diabetes”) OR (“type 2 diabetes™) OR (“diabetes mellitus type 2”) OR (“diabetes
mellitus type 11”) OR (“type Il diabetes mellitus”) OR (“type 2 diabetes mellitus”) OR
(T2D) OR (DM2) OR (SUGAR) OR (INSULIN) or (FBS) OR (“fasting blood sugar”) OR
(PPBS) OR (“postprandial glucose test”) OR (FPG) OR (“fasting plasma glucose”) OR
(PPG) OR (“postprandial blood glucose™”) OR (“oral glucose tolerance™) or (metabolic
syndrome) OR (“diabetes control”)). The search fields were modified based on the search
parameters imposed on each electronic database. No language restrictions were applied. The
electronic reference databases were searched in February 2015 and updated in February
2016. We searched the database two months following the end of the calendar year due to
the delay in the indexing process of electronic bibliographic databases. This was done to
ensure that we retrieved all studies published and/or available through December 31, 2015.
(2) Reference lists of manuscripts (including published reviews and included studies) were
also reviewed. (3) Finally, we searched the tables of contents of relevant journals (e.g.,
International Journal of Yoga) for additional studies.

2.3. Study selection

Initial screening involved review of study titles and abstracts for possible inclusion. Full-text
manuscripts of potentially relevant records and references from relevant manuscripts were
reviewed for final inclusion. When study details or additional information (e.qg., results from
a pilot study) were published across multiple manuscripts, those manuscripts were linked in
the database and represented as a single unit and the manuscript reporting the most complete
data was selected as the primary manuscript. Authors were contacted for additional
information and/or clarifications when the study details were not reported in full.

2.4. Data collection process and reliability

Two independent coders (HT and RL) extracted study information (e.g., publication year),
sample characteristics (e.g., age, gender), design specifics (e.g., recruitment method),
intervention procedures (e.g., yoga style, number of classes), and yoga components (e.g.,
postures, breathing) from each study. The methodological quality of each study was assessed
using 15 items (total possible score of 21) adapted from validated measures (Downs and
Black, 1998; Jadad et al., 1996; Miller et al., 1995; Miller et al., 2003).

Inter-rater reliability was assessed for all study, sample, design, and intervention
characteristics. For categorical variables, raters agreed on 98% of the judgments (mean
Cohen’s x = 0.94; range = 0.55 to 1.00). Reliability for the continuous variables yielded an
average intra-class correlation coefficient (p) of 0.96 across categories (median = 1.00).
Disagreements between the coders were resolved with the help of the third investigator
(LAJSS).
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2.5. Study outcomes

The primary study outcomes included an objective measure of glycemic control (i.e. HbAlc,
FBG, or PPBG). Secondary outcomes included other markers of diabetes management such
as lipid profile, systolic and diastolic blood pressure, body composition, and fasting cortisol.

2.6. Summary measures

Effect sizes (a) were calculated as the mean difference between the intervention and the
control or comparison group divided by the pretest standard deviation (Cohen, 1998; Morris
and DeShon, 2002). Thus, we controlled for baseline when baseline measures were available
(Morris and DeShon, 2002). All effect sizes were corrected for sample size bias (Hedges,
1981). Positive effect sizes indicated that participants who received the yoga intervention
improved on measures of glycemic control (e.g., HbA1c) as well as lipid profile (e.g., lower
total cholesterol), body composition (e.g., lower weight), and blood pressure (e.g., lower
diastolic blood pressure) relative to controls. Two independent coders calculated effect sizes
for each study, and discrepancies were resolved through discussion.

2.7. Synthesis of results

Weighted mean effect sizes (and the corresponding 95% confidence intervals) were
calculated using random-effects procedures (Lipsey and Wilson, 2001). Heterogeneity in
effect sizes was assessed by computing Q and the associated degrees of freedom; a
significant Q indicates a lack of homogeneity and an inference of heterogeneity. To assess
the extent to which outcomes were consistent across studies, the /2 index and its
corresponding 95% Cls were calculated (Higgins and Thompson, 2002; Huedo-Medina et
al., 2006). The 2 values of 25%, 50%, and 75% are considered to be low, medium, and high
heterogeneity (Higgins et al., 2003). Moderator analyses were conducted using a modified
weighted regression analysis or the meta-analytic analogue to the ANOVA (following
random-effects assumptions) with weights equivalent to the inverse of the variance plus the
random variance component for each effect size (Hedges, 1994; Lipsey and Wilson, 2001).
All data analyses were conducted with Stata/SE 12.1 (StataCorp, 2013) using published
macros (Lipsey and Wilson, 2001; Wilson, 2001).

2.8. Assessment for publication bias

3. Results

The risk for publication bias was assessed by (a) inspecting funnel plots (Sterne and Egger,
2001), and (b) assessing the degree of asymmetry in the distribution of effect sizes using
Begg and Mazumdar’s (1994) and Egger et al.’s (1997) techniques. Trim and fill procedures
(Borenstein, 2005; Duval and Tweedie, 2000) were used to estimate and correct for the
possibility of missing studies when publication bias was detected using funnel plot
asymmetry tests (Begg and Mazumdar, 1994; Egger et al., 1997).

Our search strategy revealed 2559 unique records after excluding duplicates. After initial
screening of abstracts, 132 manuscripts were selected for full-text review. Of these 132
manuscripts, 98 were excluded because they did not meet inclusion criteria. The final sample
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included 23 studies. In addition, 11 supplemental manuscripts were retained with
intervention details for the 23 included studies (Fig. 1).

3.1. Study and sample characteristics

Details of the 23 studies included in the meta-analysis are provided in Table 1. Studies were
published in journals (including one published conference proceeding) from 1992 to 2015
with data collection occurring between 1991 and 2015. The majority of the studies were
conducted in India (18), two in London, one in Iran, one in Indonesia, and one in Cuba. The
sample of studies included 2473 adults with T2DM who consented to participate (mean age
= 53 years; 43% women). Participants were most frequently recruited from clinical settings
(e.g., hospital, outpatient clinics; 14/20, 70%); participants were also recruited via the
community (e.g., using flyers; 1/20, 5%), yoga centers (2/20, 10%), or from multiple venues
(e.g., clinic and community; 3/20, 15%). In most studies (20/23, 87%) participants with
medical complications (e.g., coronary artery disease, renal disease) were excluded. Only two
studies used HbA1c levels as inclusion criteria: Beena and Sreekumaran (2013) included
participants with HbAlc > 8% and Jyotsna et al. (2014) included participants with HbAlc
between 6 and 9%. The mean retention rate was 92% (SD = 0.13).

3.2. Intervention and control conditions

Details of the intervention and control conditions are provided in Table 1. Few studies (6/23,
26%) identified the style of yoga used in the intervention. Of the six studies reporting the
style of yoga intervention, three used hatha yoga (Gordon et al., 2008b; Pardasany et al.,
2010; Sri et al., 2014) and three used Sudarshan-kriya yoga (Agte and Tarwadi, 2004; Balaji
and Thirumaran, 2015; Jyotsna et al., 2014). The sampled studies reported using several
yoga components (not mutually exclusive) including postures (22/23, 96%), breathing
exercises (21/23, 91%), relaxation techniques (16/23, 70%), meditation (9/23, 39%), and
yogic philosophy (2/23, 9%). The median number of yoga sessions was 50 (range = 1-182);
the median duration of each session was 60 min (range = 50-240), with a total dose of 60 h
(range = 12-182). The entire yoga intervention was delivered over a median of 12 weeks
(ranging from < 1 week — 26 weeks). Home yoga practice was encouraged in 45% of the
interventions (10/22).

The control conditions were most often a treatment-as-usual or wait-list control (21/23,
91%). Comparison conditions in the remaining two studies included exercise only (Giri et
al., 2015) and exercise plus lifestyle education (i.e., education, stress management, and
medication adherence) (Nagarathna et al., 2012). The two exercise comparison conditions
were delivered over a median of 11 weeks (range = 10-12) and included a median of 43
sessions (range = 25-60) of 60 min in length with a total median dose of 43 h (range = 25—
60).

3.3. Efficacy of the yoga intervention compared to controls

The effect sizes for each outcome were examined for possible outliers prior to analyses
using box plots (Emerson and Strenio, 1983). All outlier(s) were removed from the final data
analyses for the specific measure indicated (see Table 2 note). The overall weighted mean
effect sizes and homogeneity statistics are provided for measures of glycemic control, lipid
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profile, blood pressure, body composition, and fasting cortisol in Table 2. Forest plots of the
overall summary effect sizes for the primary outcomes are found in Figs. 2—4.

3.3.1. Glycemic control—The yoga intervention was successful in reducing HbAlc,
FBG, and post-prandial blood glucose (PPBG) relative to controls. The hypothesis of
homogeneity was not supported for HbAlc, FBG, or PPBG (s < 0.03).

3.3.2. Lipid profile—Compared to controls, participants in the yoga intervention reduced
their total cholesterol, very-low density lipoprotein (VLDL), low-density lipoprotein (LDL),
and triglyceride levels and increased high-density lipoprotein (HDL) levels. The hypothesis
of homogeneity was not supported for any lipid profile measure (s < 0.001).

3.3.3. Blood pressure—Participants in the yoga interventions decreased both systolic and
diastolic blood pressure relative to controls. The hypothesis of homogeneity was not
supported for diastolic blood pressure (p < 0.001); however, the hypothesis of homogeneity
was supported for systolic blood pressure (Q[3] = 1.67, p = 0.644; F = 0) but uncertainty
limits were wide (95% CI = 0, 89), exceeding the 50% threshold.

3.3.4. Body composition—Individuals who participated in a yoga intervention had a
lower body mass index (BMI) and lower waist-to-hip ratio at post-intervention compared to
controls. There was no significant difference in weight between intervention and control
participants post-intervention. The hypothesis of homogeneity was not supported for BMI (p
< 0.001) or weight (p = 0.005); however, the hypothesis of homogeneity was supported for
waist-to-hip ratio (Q[3] = 0.65, p= 0.884; /2= 0) but uncertainty limits were wide (95% ClI
=0, 70) and exceeded the 50% threshold.

3.3.5. Fasting cortisol—Levels of fasting cortisol were lower among intervention vs.
control participants at post-intervention. The hypothesis of homogeneity was not supported
for fasting cortisol (p < 0.001).

3.4. Moderator analyses

Moderator tests were conducted to determine whether geographical location, recruitment
method, sample (proportion women, age), and intervention characteristics (e.g., yoga
components, dose) explained the variability in the effect sizes. These tests were conducted
only for outcomes with sufficient sample size (k = 5). Therefore, moderator tests were not
conducted for the following outcomes: systolic blood pressure, waist-to-hip ratio, and
fasting cortisol. Results from the moderator analyses can be found in Supplemental
Materials 2.

3.4.1. Glycemic control—Compared to controls, yoga interventions were more
successful in lowering FBG in older (vs. younger) patients (B = 0.05, SE = 0.02, p=0.018;
adjusted R? = 41%), if all or some of the participants were recruited from non-clinic settings
(Qg[1] = 12.00, p < 0.001; d +¢|inic = 0.43, 95% CI = 0.23, 0.63; d+pon-clinic = 0.96, 95% CI
=0.69, 1.24), and if home practice was not advised or encouraged (Qg[1] = 7.15, p=0.008;
d+home Practice = 0.31, 95% CI = 0.07, 0.55; d+no home practice = 0-75, 95% CI = 0.54, 0.95).
There were no significant moderators of HbAlc and PPBG.
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3.4.2. Lipid profile—Yoga interventions (vs. controls) were more successful in reducing
total cholesterol when some or all participants were recruited from non-clinic (vs. clinic)
settings (Qg[1] = 8.00, p=0.005; d+¢jinic = 0.48, 95% CI = 0.27, 0.69; d+non-clinic = 1.00,
95% CI = 0.65, 1.36). Compared to controls, interventions were more successful in
decreasing LDL when some or all of the participants were recruited from non-clinic (vs.
clinic) settings (Qg[1] = 5.20, p=0.023; d+¢jinic = 0.58, 95% CI = 0.33, 0.83; d+non-clinic =
1.03, 95% CI = 0.67, 1.40) and home practice was not advised or encouraged (Qg[1] = 7.77,
p=0.005; d +home practice = 0-31, 95% CI = 0.06, 0.57; d+ng home practice = 0.78, 95% CI =
0.57, 0.98). Interventions were less successful in increasing HDL when the intervention
advised or encouraged home yoga practice (Qg[1] = 8.96, p= 0.003; d+nome practice = 014,
95% Cl = -0.16, 0.43; d+no home practice = 0.73, 95% CI = 0.47, 0.98). Yoga interventions
(vs. controls) were more successful in reducing triglycerides levels when yoga intervention
components included meditation practices (Qg[1] = 8.65, p= 0.003; d+megitation = 1.17, 95%
Cl1=0.74, 1.60; d +ng meditation = 0.35, 95% CI = 0.01, 0.69). There were no significant
moderators of VLDL levels.

3.4.3. Body composition—Individuals who participated in a yoga intervention were
more likely to have a lower BMI compared to controls when the intervention included
relaxation techniques (Qg[1] = 5.38, p=0.020; d +gjaxation = 0-70, 95% CI = 0.36, 1.05; d
*no relaxation = —0.15, 95% CI = -0.78, 0.48). Compared to controls, the yoga intervention
lowered body weight if the intervention content included meditation exercises (Qg[1] = 6.36,
p=0.011; d+megitation = 0.76, 95% CI = 0.32, 1.19; d+no meditation = 0.09, 95% CI = -0.20,
0.37). No other significant moderators were found.

3.5. Methodological quality

The studies satisfied an average or 41% (SD = 13%) of the methodological quality (MQ)
criteria; total MQ scores ranged from 5 to 13 out of a possible 21 (mean = 8.53, SD = 2.81).
Details of the MQ ratings are presented in Table 3. The total MQ score was not associated
with any outcome (Ps > 0.05). Furthermore, as shown in Table Supplementary material 3 in
the Supplementary Materials, exploratory analyses did not reveal any differences between
RCTs or non-RCTs (Ps > 0.14).

3.6. Risk of publication bias

Tests (graphical and statistical) to assess for the possibility of publication bias were
conducted only for the outcomes in which the minimum threshold for the number of studies
(i.e., 210 studies) was achieved (Lau et al., 2006). Both graphical and statistical tests
revealed asymmetries that might be interpreted as small-study effects for FBG, LDL,
triglyceride, and BMI. Trim-and-fill procedures were used to estimate an overall effect size
(using random-effects procedures) if the “omitted” studies were included. These tests
indicated that seven studies assessing FBG, six studies assessing LDL, three studies
assessing triglycerides, and four studies assessing BMI might have been omitted. The
summary effect size estimates were similar to the original estimates for all outcomes (except
for BMI) suggesting that adding the additional studies would not change our overall
conclusions (FBG: original d + =0.58, 95% CI = 0.40, 0.76 and estimated d+ =0.38, 95% ClI
=0.20, 0.57; LDL.: original d+ =0.62, 95% CI = 0.43, 0.81 and estimated d+ = 0.42, 95% CI
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=0.22, 0.62; and triglycerides: original d+ = 0.67, 95% CI = 0.40, 0.93 and estimated d+
=0.47, 95% CI = 0.19, 0.75). Trim-and-fill analyses indicated that the estimated summary
effect size differed from the original estimate (original: d+ = 0.52, 95% CI = 0.19, 0.85;
estimated: d+ =0.15, 95% CI = -0.22, 0.52); therefore, caution should be used when
interpreting our findings for BMI. Funnel plots and results of the statistical tests appear in
the Supplementary Materials (S4).

4. Discussion

This meta-analysis examined the effects of yoga on glycemic control among adults with
T2DM. Twenty-three studies with 2473 adults comparing the yoga intervention to a control
or comparison condition were evaluated. Overall, the yoga interventions improved glycemic
control (i.e., reduced HbAlc, FBG, PPBG) compared to the control conditions. Participants
in the yoga interventions also showed improvements in their lipid profile (e.g., total
cholesterol, LDL), blood pressure, BMI, waist/hip ratio, and cortisol levels. The magnitude
of the effect sizes ranged from small to large (d+s = 0.22 to 0.73). These findings related to
glycemic control are notable given that we restricted our review to studies with post-
intervention assessments at least 8 weeks following baseline to allow for sufficient time for
the intervention to have an impact on HbAlc. Nonetheless, heterogeneity observed between
studies was high, potentially due to methodological differences in the reviewed articles. Our
findings are consistent with other meta-analyses assessing the effects of yoga on glycemic
control among type 2 diabetics (Cui et al., 2016; Kumar et al., 2016). Consistent to Vizcaino
and Stover (2016), we found a positive impact of yoga for lipid profile and blood pressure.
We also found significant changes in other markers of diabetes management such as BMI,
waist-hip ratio and cortisol.

Our meta-analysis also examined several moderators to explain the variability in the effect
sizes. Recruitment setting was significantly associated with glycemic control. Studies that
recruited some or all participants primarily from non-clinical setting showed a larger
decrease in FBG compared to studies that recruited from clinical settings. Participants
recruited from non-clinic setting also had lower total cholesterol and LDL. It is possible that
participants recruited from clinics may have had better glycemic control at baseline and
therefore had weaker, although still significant, improvements in FBG compared to those
recruited from non-clinical setting.

Interventions where yoga practice at home was encouraged were less successful in
improving FBG, LDL cholesterol, and HDL cholesterol. However, these findings should be
interpreted with caution. Studies with interventions of short duration were more likely to
request home practice (r=-0.55, p= 0.02). Furthermore, compliance to yoga practice was
reported by only 35% (8/23) studies, where adherence to in-person yoga classes ranged from
50% to 90-95% (Gordon et al., 2008a). Adherence to home practice was reported by only
Gordon et al. (2008a) (80-85%). Thus, it is possible that the weaker effects seen among
studies promoting home practice were due to poor adherence, short study duration, or both.

When examining the moderator effects of different yoga components, meditation was found
to have a significant effect on lowering weight and reducing triglyceride levels; relaxation

Prev Med. Author manuscript; available in PMC 2018 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Thind et al.

Page 10

techniques were associated with reduction in BMI. This finding is consistent with studies
conducted in different populations where meditation practice was associated with
improvement in diet (Alberts et al., 2012; Daubenmier et al., 2011; Katterman et al., 2014),
which could be the reason for improved body composition measures. Similarly, the
relaxation techniques used in the yoga practice might help with stress reduction. Prior
evidence suggests that stress related activation of the hypothalamic-pituitary-adrenal axis
and resulting excess of circulating cortisol leads to abdominal adiposity (Bjorntorp and
Rosmond, 2000; Pasquali et al., 2006). Furthermore, numerous studies have shown that
stress is associated with increased consumption of energy-dense foods high in sugar and fat,
emotional eating and ineffective attempts to control eating (Costarelli and Patsai, 2012;
Groesz et al., 2012; Oliver et al., 2000; Tryon et al., 2013). Thus, by reducing stress, yoga
practice may positively influence BMI (Block et al., 2009; Smith et al., 2007). Findings
from our meta-analysis emphasize the need to include meditation and relaxation components
to a yoga practice for diabetics.

It is noteworthy that majority of the studies were conducted in India. Our searches revealed a
single study conducted in the United States, but this study used a single-group pretest-
posttest design and was therefore not included in the review (Vizcaino, 2013). Geographic
location (India vs. other countries) was not found to have effect on any of the examined
outcomes in this meta-analysis. But as Cramer et al. (2015) has noted it cannot be denied
that familiarity with the yoga tradition could have resulted in favorable outcomes in the
studies conducted in India. There is definitely a need to examine the efficacy of yoga as a
complementary therapy for diabetes in the context of the American culture and the U.S.
healthcare system.

4.1. Limitations

The studies included in this meta-analysis were found to be of low to medium
methodological quality. Most of the studies (20/23, 87%) conducted post-test assessments
only at the end of the intervention and had no long-term follow-up. There was inadequate
reporting of participants that withdrew after randomization or those lost to follow-up. In a
large majority of studies, the statistical analysis did not report controlling for baseline values
of the outcomes or other characteristics (18/23, 78%). (The effect sizes calculated for the
current meta-analysis did account for baseline when baseline values were provided.) The
majority of studies reported using a manual with information on yoga components (i.e.
postures, breathing, relaxation, etc.) used in the intervention (18/23, 78%). However, none of
the studies assessed treatment fidelity. It is noteworthy, though, that the methodological
quality score was not associated with any outcome in this meta-analysis.

Insufficient reporting of study details was another major concern. Studies did not provide
detailed information on demographics of participants. Only 65% (15/23) reported age and
gender, and only three studies reported the length of time since diabetes diagnosis.
Particulars about yoga intervention were also not reported. Most of the studies reported on
the various yoga components (postures, etc.) included in the trial. However, the style of yoga
used was not described. Depending on the style, the intensity of yoga practice may vary;
some styles are more vigorous (i.e. Vinyasa, Ashtanga), some are gentle (i.e. lyengar,
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Kripalu), some are more focused on spiritual or meditative aspects (i.e. Kundalini). Each
style might have different effects on important mediating variables such as aerobic fitness
and stress levels, which are in turn associated with diabetic outcomes.

The total duration of intervention was reported in all studies; however, minutes of individual
session were not reported (4/23, 17%). Future studies should adhere to standard reporting
guidelines such as CONSORT statement (Schulz et al., 2010) for RCTs or TREND
statement (Des Jarlais et al., 2004) for nonrandomized trials to avoid incomplete reporting. It
is also important that studies record and report any adverse event related to the yoga
intervention. In a large-scale survey of yoga class attendees in Japan, 28% reported
undesirable symptoms after taking a yoga class; 64% of these adverse events were mild and
did not interfere with yoga practice (Matsushita and Oka, 2015). The absence of adverse
event reporting precludes a determination of the safety of yoga for patients with chronic
conditions such as diabetes.

5. Conclusion

The current meta-analysis revealed that yoga improves glycemic outcomes, lipid profile,
blood pressure, and waist/hip ratio in adults with T2DM. However, rigorously designed
randomized controlled trials are needed to examine the long-term effects of yoga in this
population. There is also a need to study the mechanism by which yoga can affect glycemic
control. Future studies should include assessments of behavioral (e.g., diet, physical activity)
and psychological (e.g., stress, depression) factors which may act as potential mediators of
the effect of yoga for improved clinical outcomes in patients with T2DM.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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3,077 records identified through electronic database
searching

|| 195 additional records identified
through journal searches

v

] 713 duplicates removed

A 4

{ 2,559 records screen for potential inclusion
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2,133 - did not meet any inclusion criteria
187 — reviews, unrelated
120 - reviews, relevant

13 additional manuscripts identified from

h 4

reference lists of review papers

132 full-text manuscripts assessed for eligibility

98 additional manuscripts excluded:
26 — no control/comparison group
17 — results include non-NIDDM
16 — measurement/data issues

Y

12 — inadequate post-test length
8 — non-diabetics
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7 — qualitative study/case study
3 — type of diabetes not specified
1 — article retracted

11 supplemental manuscripts retained

Y

h 4

(intervention details for the 23 included
studies)

23 studies (26 interventions) included in the meta-
analysis

Fig. 1.
Study retrieval and selection.

Prev Med. Author manuscript; available in PMC 2018 December 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Thind et al.

Page 18

Study name Statistics for each study Hedges's g and 95%Cl
Hedges's Lower  Upper
g limit limit
Agrawal et al. (2003) 0381 0062 0701 ——
Agte & Tarwadi (2004) 0200 -0201 0780 O
Balaij et al. (2011) [OHAS + Insuiin] 035 1262 0553 =
Balaji et al. (2011) [OHAs Only] -0477 1130 0176 -
Bindra et al, (2013) 0327 -0068 0721 i
Gordon et al. (2008) 0647 0323 0971 —t—l—
Hegde et al. (2011) 0405 0048 0762 ——
Jyotsna et al. (2014) -0249 0609 011 =
Kurmer & Kalidasan (2014) 1400 0601 2199 E—
Kunrpatla et al. (2015) 0566 0307 0824 —LI—
Mbnro et al. (1992) 0514 -03% 1334
Nagarathna et al. (2012) 0688 0446  0.961 ——
Pardasany et al. (2010) 0589 -0.143 1320 &
Skoro-Kondza et al. (2009) 0196 -0576 0969 =
Srietal (2014) 0265 0773 0244 L]
Vaishall et al. (2012) 0924 0377 1471 mE—
0361 0159 0562 e
-1.00 -0.50 0.00 0.50 1.00
Favors Control Favors Intervention
Fig. 2.

Forest plot for hemoglobin Alc.

Note. The sizes of the boxes are proportional to the weight of each individual study in the
analyses.

The summary effect size is represented by a diamond. OHAs, oral hypoglycemic agents.
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Study name Statistics for each study Hedges's g and 95% Cl
Hedges's Lower  Upper
g limit limit
Agraval et al. (2003) 0.7%8 0.471 1.128
Agte & Tarved (2004) 0.837 0.329 1.346
Balgji et a. (2011) [OHA + Insulin] 0468 0443 1.31
Balaji et a. (2011) [OHA Only] 0.840 0.169 1.511 —_—
Beena & Screskumaran (2013) [Group 1) 1277 0.763 1.792 b
Beena & Screekurmaran (2013) [Group 2 1.127 0.509 1.746
Beena & Screekurmaran (2013) [Group 3] 1.012 0193 1.830
Bindra et al. (2013) 0463 0.086 0.861 e E—
Giri et . (2015) 0.228 0.867 0411 L
Gordon et al. (2008) 0.649 0.325 0973 —a—
Hegde et d. (2011) 0.431 0.074 0.789 _—
Jyotsa et . (2014) 0054 0412 0305 ——
Kurrer & Kalidasan (2014a) 1.072 0.307 1.837
Kumer & Kalidasan (2014b) 0658 0077 1.3%2 =
Morro et dl. (1992) 0720 0184 1.608 =
Nagarathna et . (2012) 0087 0149 0323 —i—
Pardasany et al. (2010) 0780 0087 1522 _—
Rast et al. (2013) 097 0.165 1.670 —
Shantakumean et al. (2012) 038 002  0.7M =
Sni et al. (2014) 0.288 0.220 0.797 L
0.580 0.3%6 0.765 B
-1.00 £0.50 0.00 0.50 1.00
Favors Control Favors Intervention
Fig. 3.

Forest plot for fasting blood glucose.

Note. The sizes of the boxes are proportional to the weight of each individual study in the
analyses.

The summary effect size is represented by a diamond. OHAs, oral hypoglycemic agents.
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Study name Statistics for each study Hedges's g and 95%Cl
Hedges's Lower Upper
g limit limit
Agte & Tarwadi (2004) 0302 0188 0793 ——-I—r
Balaji et al. (2011) [OHA + Insulin] 0522 0391 1435
Balaji et al. (2011) [OHA only] 0.879 0206  1.553 .
Giri et al. (2015) 0258 -0.381  0.898 =
Hegde et al. (2011) 0330 -0.026 0.686 L
Jyotsna et al. (2014) 0.3%4 0031 075 ——
Kumar & Kalidasan (2014a) 0738  -0.001  1.478 B—
Kumar & Kalidasan (2014b) 0631 0102  1.364 =
Kumpatla et al. (2015) 0271 0016 0525 —l—
Nagarathna et al. (2012) 0133 0103  0.369 ——
Pardasany et al. (2010) 0491 0235  1.218 &
Popli et al. (2014) 1.037 0662 1.412 —
Shantakuman et al. (2012) 0318 -0.076  0.713 i)
Sri et al. (2014) 0.148  -0.655  0.359 =
0395 0228 0562 =
-1.00 -0.50 0.00 0.50 1.00
Favors Control Favors Intervention
Fig. 4.

Forest plot for post-prandial glucose.

Note. The sizes of the boxes are proportional to the weight of each individual study in the
analyses.

The summary effect size is represented by a diamond. OHAs, oral hypoglycemic agents.
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Table 3
Methodological quality items endorsed.

Item %
Random assignment of participants 52%
Treatment standardized (e.g., manual) 22%
Pretest post-test design 100%
Follow-up rate (k= 17)

<70% completed 6%

70-84% completed 24%

2>85% completed 71%
Follow-up length

<3 months 87%

3-5 months 9%

26 months 4%
Representative sample 4%
Participant who withdrew after randomization reported (k=8)  13%
Participants lost to follow-up after treatment reported (k= 9) 22%
Anonymity 0%
Intervention compliance 35%
Treatment fidelity 0%
Collateral verification 9%
Objective measures used 100%
Follow-up assessments blind to group assessment 17%
Analyses controlled for baseline 22%
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