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Abstract

Purpose This study aimed to validate the factor structure of the 12-item Short-Form (SF-12) health-related quality of
life (HRQOL) survey for Indian adults and assess the impact of lifestyle modification on the SF-12 of Indian adults with
prediabetes.

Methods To validate the context-specific construct of the SF-12, two-factor confirmatory factor analysis (CFA) was per-
formed using data from 1285 adults residing in Chennai, India, who screened for the Diabetes Community Lifestyle Improve-
ment Program (D-CLIP). D-CLIP was a randomized controlled trial of 578 participants with prediabetes (283 treatment, 293
control), focusing on the effect of lifestyle modifications on the prevention of diabetes. Physical and mental component scores
(PCS and MCS) were computed by using CFA standardized factor loadings. Multiple linear regression was subsequently
conducted to estimate the effect of lifestyle modification on post-study changes of PCS and MCS among D-CLIP participants.
Results Cronbach’s alpha and CFA fit indices demonstrated acceptable reliability and model fit of the SF-12 for Indian adults.
The intervention group showed greater mean change in PCS after study participation compared to the controls (1.63 +0.82,
p=0.046); no significant difference was observed for MCS between two groups (1.00 +0.85, p=0.242).

Conclusion The study confirmed that the SF-12 is suitable for assessing the physical and mental health dimensions of
HRQOL for Indian adults. Our findings suggest that the benefits of diabetes prevention lifestyle modification strategies
may primarily enhance the physical well-being of adults with prediabetes. Further studies validating the SF-12 in a broader
Asian Indian population are needed.

Trial registration Clinicaltrials.gov, NCT01283308.
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Introduction

India has an estimated 101 million adults with type 2 dia-
betes (T2DM) [1, 2]. Disease status alone is insufficient
to understand and address the challenges faced by indi-
viduals with T2DM or comprehensively assess and moni-
tor the impact of T2DM on an individual’s well-being
[3, 4]. Health-related quality of life (HRQOL) refers to
experienced physical, social, and psychological health,
and measurements of HRQOL offer greater insights into
the lived experiences of various diseases [5, 6]. HRQOL
surveys included two classes of measures: disease-spe-
cific descriptive measures of functional health status and
generic preference-based measures of health and well-
being [7-10]. While disease-specific HRQOL surveys
include questionnaires targeted to the symptoms and
functioning relevant to a certain disease, various disease
applications and cross-contextual comparisons are pos-
sible with generic measures. Currently, numerous generic
HRQOL instruments exist and have been extensively
applied to interventions and policies to quantify their pro-
gram efficacy and potential economic benefits. The com-
monly used examples are the WHO Quality of Life Ques-
tionnaire (WHOQOL) [11], the European Quality of Life
Five Dimension—Visual Analogue Scale (EQ5D-VAS)
[12], and the Short Form Health Survey 36 or 12 (SF-36,
SF-12) [13, 14].

The SF-12 is a 12-item self-reported HRQOL instru-
ment developed by QualityMetric Inc. as a modified ver-
sion from their 36-item survey, the SF-36 [13]. The SF-12
has been extensively used in diverse research and pro-
gram settings—particularly for large-scale interventions,
national surveys, and populations with limited cognitive
abilities—due to its low respondent burden [13-15]. The
SF-12 is widely recognized for its reliability and respon-
siveness for various health outcomes [16, 17]. However,
validating the survey is an especially important step when
applying HRQOL surveys to non-Western countries since
most of the existing instruments had been developed based
on the US and European populations who might perceive
social, cultural, and economical functioning differently
than other populations.

Despite its wide applications in India [18-22], there
are limited data on the validity of the SF-12 within Asian
Indian populations. One study used Spearman correla-
tions of the subdomains and reported Cronbach’s alpha to
estimate the internal reliability between the questionnaire
items or subdomains of the SF-12 [21]. However, to apply
the psychometric instrument to populations other than
the USA, it is crucial to investigate beyond the internal
reliability and assess the dimensions between the survey
items and the latent factors that the instrument is designed
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to measure. To investigate the latent factors explained by
a measurement, factor analysis such as principal compo-
nent analysis (PCA), exploratory factor analysis (EFA),
and confirmatory factor analysis (CFA) is commonly used
[23]. While exploratory approaches such as PCA and EFA
have been used in past studies when applying surveys to
new population contexts, CFA is considered the appropri-
ate method to validate the latent structures of a psycho-
metric instrument since this approach tests relationships
(or variance/co-variance structures) hypothesized a priori
between the survey items (subdomains in the case of the
SF-12) and the latent factor (or the SF-12 component
scores) in one model [24, 25].

Studies in the USA have shown improvements in HRQOL
among participants in lifestyle intervention studies designed
to reduce the risk of diabetes [26, 27]. However, it is unclear
how lifestyle modification programs will impact HRQOL in
India, and limited research exists that explores the changes
in HRQOL in the intervened participants. While the impact
of a diabetes prevention program (DPP) on HRQOL has pre-
viously been assessed in the Indian population by the Kerela
Diabetes Prevention Programme (KDPP) using the Short
Form 6 Dimension (SF-6D), no other studies contribute to
this evidence base, and using the SF-12 instead the SF-6D
can provide more information on the multiple dimensions
of HRQOL [28, 29].

The Diabetes Community Lifestyle Improvement Pro-
gram (D-CLIP) implemented a group-based lifestyle DPP
among adults with prediabetes in Chennai, India; a detailed
protocol of the study can be found in a previous publication
[30] and on Clinicaltrials.gov (NCT01283308). The trial
found that the treatment group had a significantly lower rate
of developing T2DM compared to the control, highlighting
the effectiveness of lifestyle modifications against diabetes
prevention [31]. This study aims to expand our understand-
ing of the D-CLIP intervention outcomes by exploring the
impact of lifestyle strategies on HRQOL of those participat-
ing in the intervention. Hence, the objectives of this study
were (1) to first confirm the survey structure of the SF-12
for an Indian context using CFA and (2) assess the effect
of D-CLIP on the SF-12 of Indian adults at risk of T2DM.

Methods
Study design and participants

D-CLIP was a randomized controlled translation trial
(recruitment 2009-2012, n=578 adults with prediabetes
and overweight/obesity status) which aimed to prevent dia-
betes development among adults with prediabetes (impaired
glucose tolerance [IGT], impaired fasting glucose [IFG]
or IGT +IFG) by comparing expert recommendations for
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diabetes prevention (lifestyle modification with metformin
added as needed) to standard of care [30]. D-CLIP inclusion
criteria were: adults aged 20—65 years; weight status cat-
egorized as overweight or obese based on the World Health
Organization South Asian standards (BMI > 23 kg/m? and/
or waist circumference >90 cm for men and >80 cm for
women) [32]; having prediabetes (baseline fasting plasma
glucose, FPG, indicating IFG: 100-125 mg/dL and/or 2-h
post-load glucose indicating IGT: 140-199 mg/dL); and
not pregnant, breastfeeding, or reporting significant health
issues.

Recruitment occurred at large-scale community screen-
ings and referrals from the clinic databases in Chennai,
India. Detailed recruitment procedure has been described
previously [30]. After initial in-field screening, a non-ran-
dom sample of 1285 adults (the “baseline screening sam-
ple”) attended clinic-based testing, which served as a sec-
ondary screening step for D-CLIP participation and baseline
testing for eligibility. Subsequently, 578 individuals were
randomly assigned using a random number list to either the
treatment or the control group. The control group (n=293)
received standard of care, including a health visit and dia-
betes prevention classes. The treatment group (n=283)
received six months of intervention including: 4 months
of weekly group-based behavioral counseling for lifestyle
modifications, 2 months of group-based maintenance
classes, and for those at high risk of converting to diabe-
tes after four or more months of participation (IFG +IGT
or IFG+HbAlc >5.7%), twice daily prescription of up to
500 mg metformin. Due to the nature of the trial and the
group-specific assessments, it was not feasible to maintain
randomization blinding from the study participants, staff,
and investigators. Follow-up assessments were conducted
every 6 months for the duration of the trial. The primary
health outcome of the D-CLIP trial was T2DM incidence
which was diagnosed based on either annual oral glucose
tolerance test (OGTT) or semiannual fasting blood glucose
(FPG) [31]. D-CLIP participants who were diagnosed with
T2DM during follow-up were excluded from further study
activities and assessments. Sample size of 600 was calcu-
lated to detect a 35% group difference in T2DM incidence
with 80% power, assuming @ =0.05, 10% loss to follow-up,
and 9% T2DM incidence per year for the control [30].

To validate the survey constructs of the SF-12 in Indian
adults at risk of diabetes, we used the SF-12 data collected
from the baseline screening sample with self-reported
overweight and obesity but no previously known diagno-
sis of diabetes; four individuals (0.3% of the sample) were
excluded from the analysis due to missing SF-12 data. For
our secondary objective to assess the effect of D-CLIP on
HRQOL, data from D-CLIP participants (N=578) were
used; only 3 participants had missing SF-12 data either
at baseline. Sample selection is summarized in Fig. 1.

Reporting of this study and the original randomized con-
trolled trial was guided by the Consolidated Standards of
Reporting Trials extension to randomized controlled trials
(Supplementary Table S1) [33].

Measures

Descriptive characteristics of the recruited sample were
collected by using administrator-assisted surveys. Body
mass index (BMI, kg/m?) was classified into four weight
status categories according to the World Health Organiza-
tion Asian-specific cut points [32]: BMI < 18.5 kg/m? for
underweight, BMI 18.5 to <23 kg/m? for normal weight,
BMI 23 to < 27.5 kg/m? for overweight, BMI > 27.5 kg/m?
for obese. Mean minutes of exercise at baseline were esti-
mated with a 2-item questionnaire and categorized by the
physical activity goal (= 150 min/week) of the intervention
[31]. Duration of study participation was calculated in the
number of months between baseline and the last study visit
with the participant’s follow-up data (distribution shown in
Supplementary Figure S1).

Short-Form 12 version 2 (SF-12) of 1-week recall was
translated into Tamil, back-translated to English, and
administered in either English or Tamil based on the par-
ticipant’s preference. The survey consists of twelve ques-
tions answered in 3- or 5-level Likert scales as originally
developed by QualityMetric Inc. [13]. The questions were
then grouped into eight subdomains: physical functioning
(PF), role limitations due to physical health (RP), bodily
pain (BP), general health (GH), vitality (VT), social func-
tioning (SF), role limitations due to emotional health (RE),
and mental health (MH). Z-scores of the subdomains were
then aggregated into component scores, Physical Compo-
nent Score (PCS) and Mental Component Score (MCS), as
weighted sums (Supplementary Equation S1), which were
standardized as mean of 50 and standard deviation of 10 for
interpretability and cross-cultural comparisons.

Statistical analysis

Sample characteristics at clinical screening and baseline
were compared by using one-way analysis of variance
(ANOVA) or chi-squared test. We assessed the reliability
of SF-12 and reported Cronbach's alpha (0.70 or greater
was considered satisfactory internal reliability) [34] and
Spearman correlations of the questionnaire items in rela-
tion to the subdomains and the two component scores
(PCS, MCS) by using SAS software, Version 9.4. To
confirm the latent constructs of PCS and MCS for the
Indian context, a two-factor CFA was used, with subdo-
mains PF, RP, BP, and GH as input variables for factor
PCS, and variables VT, SF, RE, and MH for factor MCS.
Using the lavaan package in R, the following fit indices
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Fig. 1 Flow chart of the study

Direct referrals from clinic and
other study databases (n=521)

Community-based initial screening
for eligibility (n=19,377)

Excluded (n=707):

Not meeting inclusion
criteria (n=575); declined to
participate (n=35); other
reasons (n=73)

Excluded (n=18,613):

Not meeting self-reported
inclusion criteria
(n=16,296); declined to
participate (n=1718); other
reasons (n=599)

A4

A

Baseline Screening
Sample for CFA (n=1,285)

A

A 4

D-CLIP Sample (n=578)

A 4

Control (n=295)

Month 6 (n=241)

Month 12 (n=233)

Month 18 (n=187)

Month 24 (n=191)

Month 28 (n=128)

Month 36 (n=67)

were estimated to determine the model fit of this factor
structure [35]: chi-squared (Xz, considered good fit if p >
0.05), square error of approximation (RMSEA, <0.08),
comparative fit index (CFI, > 0.90), Tucker-Lewis index
(TLI, > 0.95), and standardized root mean squared resid-
ual (SRMR, < 0.08). Modification fit indices were also
estimated to re-specify the model with appropriate error
covariances that were theoretically justified and sig-
nificantly improved overall model fit of the two-factor
structure.

The subdomains were summarized into PCS and MCS
by using a weighted sum of the corresponding subdomain
z-scores with standardized factor loading estimates from
CFA as their weights [13, 36]. The component scores were
then standardized to a mean of 50 with standard deviation
of 10 for each study visit. Mean PCS and MCS scores
of the D-CLIP screening sample were compared between
baseline sociodemographic characteristics, key lifestyle
risk factors of chronic diseases, and prevalence of diag-
nosed diabetes by using t-test and analysis of variance
(ANOVA). Mean SF-12 scores for the screening sample
were also computed by using the original US-based norm
scoring algorithm as described by the SF-12 manual in

@ Springer

Enrolled and randomized v

Intervention (n=283)

Month 6 (n=237)
Month 12 (n=239)
Month 18 (n=214)
Month 24 (n=212)
Month 28 (n=151)
Month 36 (n=97)

order to compare using t-test against the mean scores of
the US population from which the instrument was devel-
oped [13].

To assess the effect of D-CLIP’s lifestyle intervention
on HRQOL, multiple linear regression was conducted to
estimate the mean difference in the change of SF-12 com-
ponent scores between intervention and control groups
after study participation. The outcome of the regression
model was determined by the changes in PCS and MCS
scores from baseline to the final visit of each participant,
with the random assignment to either control or inter-
vention group being the main predictor. Since the time
between baseline and the final study visit varied among
the participants due to rolling enrollment, the model was
adjusted for the number of months participating in the
study. Another covariate was included to account for par-
ticipant’s T2DM diagnosis during the study period, as the
development of diabetes during the study is associated
with changes in the SF-12 scores, duration of study par-
ticipation, and intervention exposure. Linear regression
was conducted by using PROC GLM procedure in SAS
9.4; p values under 0.05 were considered statistically sig-
nificant for all analyses.
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Ethical approval

Emory University Institutional Review Board (IRB-
00016503) and the Madras Diabetes Research Foundation
Ethics Committee approved the study. All participants gave
written consent before screening and randomization. Analy-
sis and reporting are based on the Consolidated Health Eco-
nomic Evaluation Reporting Standards (CHEERS) reporting
guidelines [37, 38]. No significant harm or adverse effects
were reported during the trial period.

Results
Sample characteristics

Baseline characteristics of the study samples were previ-
ously published [31, 39]. To summarize, for the screening
sample of 1285 adults, the mean age was 44.2 years and
63.7% were male. Mean BMI of the screening sample was
27.4 kg/m?, with over 90% with overweight/obesity, which
were consistent with the inclusion criteria of the initial com-

munity screening. For key lifestyle risk factors, 19.2% of

the screened participants ever smoked and 78.3% reported
exercising 150 min per week or less. Similarly, D-CLIP par-
ticipants (N =576) were on average 44.4 years of age, 63.2%
male, 94.3% with overweight or obesity (mean BMI 27.9 kg/
mz), 19.8% ever smoked, and 75.2% reported to exercise less

than 150 min/week. Participant characteristics did not differ
significantly by trial arm (Supplementary Table S2).

Construct validity and reliability of SF-12

When applying the standard loading values derived from
the 1998 US sample population used for the development
of SF-12, the mean of all subdomains and PCS were sig-
nificantly different between the Indian and the US standard
samples (Fig. 2). Mean scores of seven subdomains were
significantly lower in the India sample than in the US stand-
ard; vitality was the only subdomain where the D-CLIP
participants scored significantly higher. While the mean of
MCS component scores were similar between the two popu-
lations, the mean PCS score was significantly higher for the
US than the Indian sample.

All SF-12 items showed significant correlations to all
corresponding subdomains and component scores, while
showing moderate to low correlations (<10.60l) with sub-
domains other than their own (Supplementary Table S3).
All items had moderate to high correlations, with absolute
values ranging from 0.51 to 0.78, to the same component
scores as originally developed; PF items had a relatively low
correlation of 0.51 to their appropriate component score,
PCS. Internal consistency of the scale items to their respec-
tive component score was high with Cronbach’s alpha of
0.80 overall, and 0.64 and 0.71 for PCS and MCS items,
respectively.

100
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Fig.2 Mean age- and sex-standardized scores for the 8§ domains of SF-12 of the United States (1998 General US population) and the DCLIP

Indian sample. Error bars indicate 95% confidence intervals. *p <.001
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The CFA results showed that the SF-12 survey construct
had an overall good fit for the screening sample: y>=110.832
(»<0.0001), RMSEA =0.066, CF1=0.962, TL1=0.937,
SRMR =0.036. The two pairs of error covariances, RP-RE
and VT-MH, were added to the model to optimize model fit
since both pairs had two of the highest modification indices
when added to the model (Supplementary Table S4). The
languages used to frame the questions of RP and RE are also
similar to each other, and VT and MH are within the same
MCS factor (Supplementary Figure S2). The estimated fac-
tor loadings of all subdomains were also meaningfully high
(Noadingl> 0.30) for their respective latent factors (Table 1).
For PCS, PF was loaded the lowest of 0.398 while loadings
of other subdomains, RP, BP, and GH, were 0.667, 0.666,
and 0.516, respectively. The subdomains of MCS had a simi-
lar pattern where one subdomain (VT) had a substantially
lower loading value of 0.478 while other domains had higher
and similar loading estimations: SF with 0.617, RE 0.713,
and MH 0.612.

Figure 3a and b shows the mean PCS and MCS scores
by socio-demographic characteristics. Compared to men,
women showed significantly lower scores in both PCS
(mean+95% CI 46.7+0.94 vs. 51.3+0.64, p<0.0001)
and MCS (48.2+0.97 vs. 51.0+0.65, p<0.001). While
the mean PCS scores were significantly lower in older
age groups compared to participants 30 years or younger
(»=0.03), mean MCS did not differ significantly (p =0.22).
Both mean PCS and MCS scores differed significantly
by educational attainment: those with no formal educa-
tion (n=25) had the lowest mean PCS and MCS scores of
45.0+4.23 and 46.3 +4.04, respectively, while those with
high school or higher education had the highest (51.8 +0.67
and 51.0+0.65, respectively). Mean PCS and MCS also dif-
fered significantly by weight status, with lower mean scores
for individuals with obesity (48.6 +0.84 and 49.2 +0.88,
respectively). Individuals who reported at least 150 weekly

Table 1 Standardized factor loading estimates for the Short Form 12
(SF-12) health survey derived from the US standard population (prin-
cipal component analysis performed by Ware et al. [13]) and D-CLIP
screening sample of Indian adults (two-factor confirmatory factor
analysis)

SF-12 domain US standard India D-CLIP
PCS-12 MCS-12 PCS-12 MCS-12

Physical functioning (PF) 0424 —-0.230 0.398 0

Role physical (RP) 0351 -0.123  0.667 0
Bodily pain (BP) 0318 —0.097 0.666 0
General health (GH) 0250 -0.016 0.516 0
Vitality (VT) 0.029 0.235 0 0.478
Social functioning (SF) —-0.008 0.269 0 0.617
Role emotional (RE) —-0.192 0434 0 0.713
Mental health (MH) —-0.221 0.486 0 0.612
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exercise minutes scored higher on both PCS and MCS
(53.0+1.10 and 51.2 + 1.06, respectively) compared to those
who did not (49.2+0.62 and 49.4 +0.63, respectively). PCS
and MCS scores did not differ significantly by smoking sta-
tus or fasting plasma glucose diabetes category.

Intervention effect of D-CLIP on HRQOL

Table 2 describes the adjusted mean difference between the
intervention and control group regarding the longitudinal
change in PCS and MCS scores and the raw scores of their
subdomains. Results from the multiple linear regression
indicated that compared to the control, the intervention
group experienced a greater mean change in PCS scores
after study participation. On average, the PCS scores of
the intervention group resulted in an increase of 0.25 from
baseline to the final study visit, while the control group
experienced a mean decrease of 1.51 in their PCS scores
(mean difference [95% CI] 1.63 [0.03, 3.24], p =0.046). For
MCS, no significant group difference was observed for the
mean pre/post-study change (1.00 [0.67, 2.67], p=0.242).
Conclusions remained consistent across various standardiza-
tion methods for computing PCS and MCS (Supplementary
Table S5).

Discussion

This study is the first to report the construct validity of the
SF-12 survey structure for Indian adults, and its applica-
tion yielded important discussions on the effect of a lifestyle
modification intervention on HRQOL of Indian adults with
prediabetes. When using the US standard weights [13], the
mean of all subdomains except vitality was overestimated,
and subsequently the mean PCS score (Fig. 2). The discrep-
ancy found between using the standard versus the Indian
scoring weights highlighted the need to assess the suitability
of the measurement structure and determine new scoring
weights to compute the aggregated scores, PCS and MCS,
that are specific to the context of our study population.

The subdomains of the Indian/Tamil version of the SF-12
used in our study demonstrated suitable internal reliability
(Cronbach’s alpha: 0.64 for PCS and 0.71 for MCS), suggest-
ing strong consistency in measurement. This was consistent
with Wind et al.’s findings (0.80 and 0.68, respectively) in
a Northern Indian population exposed to recurring natural
disasters [21]. The confirmatory factor analysis also demon-
strated that all eight subdomains loaded sufficiently (>0.3)
onto their respective component scores with good model fit,
suggesting that the SF-12 indicators were appropriate for
the two-factor structure (i.e., PCS and MCS, each explained
by four subdomains) for Indian adults. The CFA loadings
also differed from those of the US sample used for survey
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Fig.3 Forest plot comparing a
mean SF-12 component scores,

a physical component score and

b mental component score, of

the D-CLIP screening sample

by sociodemographic charac-

teristics
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Fasting Plasma Glucose
Normal, <100 mg/dL (n=558) 49.8£0.8 0.79
Prediabetes, 100-125 mg/dL (n=610) 50.1+0.8
Diabetes, >125 mg/dL (n=117) 50.5+1.9
. T - : : } - - T -
40 50 60

Lower mental health and social functioning

Higher mental health and social functioning
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Table 2 Linear regression of the

: . Unadjusted model Adjusted model

effect of D-CLIP intervention

on the component scores of Mean diff +SE p Value Mean diff +SE p Value

SF-12, physical component

score (PCS), and mental PCS 1.76 +0.81 0.03* 1.63 +0.82 0.05%

component score (MCS) Physical functioning (PF)  4.96 +2.96  0.09 4.40 +3.00  0.14
Role physical (RP) 0.81 +2.30 0.73 0.63 +2.32 0.79
Bodily pain (BP) 451 +2.38 0.06 4.21 +2.41 0.08
General health (GH) 297 +1.79 0.10 2.09 +1.80 0.25

MCS 1.00 +0.84 0.24 1.00 +0.85 0.24

Vitality (VT) 2.81 +2.20 0.20 2.00 +2.22 0.37
Social functioning (SF) 1.71 +2.49 0.49 1.47 +2.52 0.56
Role emotional (RE) 1.89 +2.12 0.37 1.81 +2.15 0.40
Mental health (MH) 3.28 +1.82 0.07 3.07 +1.84 0.10

Each parameter estimation refers to a mean difference of intervention to control groups of longitudinal
change in SF-12 score of each participant. The change in SF-12 scores was measured by the difference in
scores between baseline and participant’s final follow-up visit before dropout or termination of the study

%p<0.05

development (Table 1): the loading values were the lowest
for GH, VT, and SF in the US standard sample, whereas
in the D-CLIP sample, PF and VT loaded the least to their
respective factors. Therefore, our study suggests using CFA
loadings specific to the study sample, as opposed to using
the standard weights [13], when computing PCS and MCS
for the Indian context.

The mean PCS and MCS scores of the screening sample
showed similar trends across multiple population charac-
teristics: the scores did not differ significantly by income
category or smoking status, while they were significantly
higher among women versus men, and among those with
high school diploma or higher. Past studies of other popula-
tion contexts also found that men and adults with higher edu-
cation scored higher in PCS and MCS, which may highlight
health disparities among women and those without higher
education [40—43]. Both scores were significantly lower for
those reporting two of the major lifestyle risk factors for
T2DM (i.e., overweight/obesity and low physical activity),
although PCS and MCS did not differ by fasting blood glu-
cose levels. Similar to our results, existing literature suggests
that risk factors of metabolic disorders are negatively associ-
ated with the HRQOL [44-46].

Following our previous finding that the D-CLIP inter-
vention significantly reduced diabetes incidence [31], we
hypothesized its potential positive impact on the HRQOL.
Compared to the control, the intervention group indeed
resulted in a significantly greater increase in their PCS
scores from baseline to study completion (#=1.63+0.82,
p=0.046) and a greater improvement in MCS albeit no sta-
tistical significance (f=1.00+0.85, p=0.24). This finding
may result from D-CLIP’s greater focus on dietary changes
and physical activity, which are integral to physical func-
tioning. While physical and emotional wellbeing are closely

@ Springer

interrelated, we were limited to assess whether the non-sig-
nificant intervention effect on MCS is attributable to the
behavioral focus of the intervention, the cultural perceptions
toward negative responses to survey questions, or limited
mental health awareness.

It is also essential to consider the clinical significance of
the intervention effect. While the intervention group exhib-
ited greater improvement in their physical functioning, the
group difference on a scale of 0-100 may lack clinical rel-
evance to prediabetes and diabetes. The KDPP study that
implemented a similar lifestyle intervention in Indian adults
with prediabetes found similar parameter estimates for the
component scores (for their study, neither score showed sta-
tistically significance) [28]. Meanwhile, studies evaluating
the effect of DPP in European countries and in the USA
reported significant and clinically relevant improvements in
HRQOL (measured by EuroQol, SF-36, and 15D-HRQOL)
following program participation [47-51]. These interven-
tions showed greater improvements in HRQOL compared
to D-CLIP, possibly due to the different cultural context
affecting how participants perceive and rate their physical
and mental functioning levels. The mode of delivery was
also different between studies; for instance, the Dwibedi
study used self-paced digital education, whereas D-CLIP
provided in-person group-based education. While we sus-
pect heterogeneity of impact by intervention strategies [52];
further research is needed to understand which mode of
delivery achieves greater and clinically meaningful impact
on HRQOL.

Another plausible explanation of the similar mean change
of the SF-12 scores between the intervention and control
groups of the D-CLIP trial is due to the inherent design of
the SF-12 to primarily measure a generalized physical and
mental functioning rather than disease-specific symptoms.
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Past studies mostly used disease-specific surveys to measure
the HRQOL in relation to diabetes [44]. In some studies,
generic measures such as the SF-12 and WHOQOL were
also used to measure the HRQOL of patients with T2DM
and found that diabetes-related risk factors, symptoms,
and co-morbidities were correlated with the survey scores
[51, 53-55]. While past studies found inverse correlation
between the SF-12 and diabetes and its risk factors, more
evidence is needed on whether the SF-12 measurements are
sensitive enough to capture the changes of HRQOL among
those who participate in DPPs.

In summary, this study contributes valuable initial evi-
dence regarding the impact of lifestyle modifications on the
HRQOL of Indian adults with prediabetes. Our findings
emphasize the need for further intervention studies investi-
gating various lifestyle modification tools that may enhance
both the physical and mental components of HRQOL. This
study was also the first to confirm that the two-factor struc-
ture of the SF-12 (i.e., PCS and MCS each explained by four
subdomains) was suitable to measure the HRQOL of adults
residing in Chennai, India. By using CFA, we have provided
robust validation of the hypothesized latent structure of the
instrument. The large sample size and minimal missingness
(<0.5%) of the SF-12 data also strengthened our analyses.
However, the study was not without limitations. Despite the
large sample size, the participants were recruited based on
pre-determined eligibility from a single city in south India,
limiting the generalizability of the SF-12 construct validity
to the broader Indian population. Also, as D-CLIP was a pre-
vention study, our study solely assessed the SF-12 changes
before a T2DM diagnosis, unable to capture any post-diag-
nosis impact. Therefore, further study is needed to assess its
construct validity in a broader Asian Indian population, and
future research should include longitudinal HRQOL meas-
ures, spanning both pre- and post-T2DM diagnosis.
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