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Abstract

Purpose Weak care cascade of diabetes from the time of screening, diagnosis, treatment initiation and attainment of optimal
glycemic control is a public health challenge particularly in resource limited settings. We aimed to assess the diabetes care
cascade in India and its determinants in the 15-49 age group.

Methods We conducted a secondary data analysis of the National Family Health Survey (NFHS-5, 2019-2021), a nationally
representative cross-sectional survey, including a total of 724,115 women and 101,839 men with mean (SD) age 30.6 (9.9)
years.

Results The prevalence of self-reported Diabetes Mellitus (DM) in the sample was 2.14% (n=14,116, 95% CI: 2.06, 2.21)
of which 55.13% (n=6990, 95% CI: 53.37, 56.88) were currently undergoing anti-diabetes therapy. The net prevalence
of DM including both old and new cases detected on screening was 2.9%. Poor glycemic control was observed in 52.43%
(n=3506, 95% CI: 50.69, 54.16) of patients with DM on anti-diabetes therapy. Patients from the richest wealth quintile
(aOR=5.17, 95% CI: 1.93, 13.84) had significantly higher odds of accessing private health facilities, while female patients
with DM were less likely to be on anti-diabetes therapy.

Conclusion The prevalence of self-reported DM in India has increased from 1.7% (NFHS-4, 2015-16) to 2.1% (NFHS-5,
2019-21) while more than half of existing patients continue to remain undiagnosed. Consequently, diabetes care cascade
have major lacunae at every stage from screening to diagnosis, initiation of effective treatment, and achievement of safe
blood glucose levels.
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Introduction

Diabetes Mellitus (DM) is a chronic illness with a global
burden of 537 million adults aged 2079 years in 2021 [1].
These estimates are projected to increase several folds by
2030 (643 million), and by 2045 (783 million) primarily
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attributing to the ageing world population [1, 2]. The global
prevalence of Type 2 DM is expected to increase to 7079
cases per 100,000 people by 2030 [3]. Diabetes has emerged
in the list of top ten causes of death globally and is linked
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to severe complications such as neuropathy, kidney disease,
cardiovascular diseases, foot amputations, etc. [4, 5].

Additionally, 10.6% of adults worldwide (~541 million
individuals) have impaired glucose tolerance (IGT), a con-
dition of raised glucose levels above the normal range while
below the diabetic threshold [1]. Screening and diagnosis
of undiagnosed asymptomatic patients with DM or IGT is
essential for preventing the premature onset and progression
of diabetes related vascular complications [6, 7]. India has
the second highest prevalence (67.8 million) of DM after
China whereas it ranks first in diabetes-related Disability
Adjusted Life Years (DALYs) accounting for 11.2 million
DALYs [8].

The rule of two-thirds in diabetes is well established in
India which suggests only two in three people with DM are
diagnosed, HbAIc is not assessed in two in three diagnosed
patients, and of those assessed, two in three do not achieve
target glycemic control. Furthermore, only two in three
patients with DM adhere to anti-diabetes therapy while only
one in three adhere to their exercise recommendations [9,
10]. A nationwide study from India above 12,000 house-
holds ascertained that among patients with DM, only 45.8%
were aware of their condition, 36.1% were on anti-diabetes
treatment, and just 15.7% achieved optimal glycemic con-
trol indicative of the high burden of undiagnosed cases,
medication non-adherence and adverse patient outcomes
[11]. A large nationally representative demographic and
health survey from India (2015-16) in more than 2,00,000
household found that 42% of individuals with high glucose
levels were unaware of their condition despite 45% of these
undiagnosed patients having access to healthcare services
suggestive of a combination of poor awareness and subop-
timal health seeking behaviors [12]. Delayed initiation of
treatment in new cases of DM with poor medication adher-
ence contributes to persistent suboptimal glycemic control,
complications and adverse patient outcomes with high bur-
den of treatment costs straining healthcare sustainability
particularly in resource challenged settings [13, 14].

Information from the updated round of the National Fam-
ily Health Survey (2019-21) in India which involved uni-
versal screening of blood pressure and blood glucose levels
of all participants aged 15-49 years can be utilized to assess
the population level cascade of care in patients with DM.

The study aims to assess the diabetes care cascade in
India and their determinants in the 1549 age group con-
stituting the largest economically productive age-group in
whom a high burden of undiagnosed and untreated diabetes
contributes to the early onset and progression of DM related
complications with premature mortality and their associated
social and health costs [6, 7].

The specific objectives were to estimate the prevalence of
DM in India in the 15-49 age group and their determinants,
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ascertain the proportion of previously diagnosed DM cases
initiated on treatment and assess treatment preferences, esti-
mate the proportion of new (previously undiagnosed) DM
cases, and estimate the glycemic control of patients with
DM on anti-diabetes treatment. Furthermore, regional varia-
tion in the level of diabetes care across the states and union
territories of India were also assessed. Findings from this
analysis would also enable identifying gaps and strength-
ening of the National Program for Prevention and Control
of Cancer, Diabetes, Cardiovascular Diseases and Stroke
(NPCDCYS) in India by identifying key priority areas and in
the design and implementation of evidence-based interven-
tions [15].

Methods

This study is a secondary data analysis from the fifth round
of National Family Health Survey (NFHS-5), a nationally
representative household survey, conducted from 17 to 2019
to 30 April 2021. Details of the sampling method and sur-
vey questionnaires are reported in detail elsewhere [16]. A
total of 724,115 women and 101,839 men were interviewed
using a structured interview schedule using Computer
Assisted Personal Interviewing (CAPI). Along with survey
questions, there were measurements of height, weight, ran-
dom blood glucose and blood pressure in the participants.

Data Sources.

Men’s Recode dataset and Women’s Recode dataset was
appended and then merged with the Household Recode
dataset for the analysis. We considered both men and non-
pregnant women aged 15 to 49 years for the analysis. All
datasets used in the analysis were downloaded from DHS
(http://www.dhsprogram.com/) after obtaining necessary
permission.

Description of variables
Outcome variables

Treatment seeking behavior (public or private health facili-
ties) and diabetes control were selected as the dependent
variable in our regression models. Treatment seeking behav-
ior was assessed in terms of whether a previously diagnosed
patient with DM (defined as having awareness of person’s
DM status as yes) is currently taking anti-diabetes medica-
tion to lower blood glucose or not, and the type of treatment
facility accessed (public or private). “Other health facilities”
was excluded in the regression models owing to a smaller
number of observations in this category. Poor diabetes con-
trol was defined as participants who were currently taking
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prescribed medicine to lower their blood glucose but had
random blood glucose levels > 180 mg/dL.

Explanatory variables

We examined how the control of diabetes and treatment
seeking patterns are associated by the sociodemographic
and socioeconomic variables including participant age,
sex, education, marital status and wealth index. Other vari-
ables included in the regression models included body mass
index, smoking status, alcohol consumption, dietary pattern
and physical activity pattern representing the behavioral
risk factors. For health system factors, we considered type
of healthcare facility accessed, health insurance and Health
Index [17] as a surrogate for health system performance as
the relevant independent variables.

Operational definitions

Participants who answered “yes” to a question asking them
if they were told they had high blood glucose on two or
more occasions were categorized as previously diagnosed
patients with diabetes mellitus (DM). New cases of DM
were considered as those participants without a previous his-
tory of DM who were screened with Random Blood Sugar
(RBS)>200 mg/dL. High blood glucose levels suggestive
of impaired glucose tolerance were considered as those par-
ticipants without a previous history of DM screened with
RBS>160<200 mg/dL.

Wealth index score is derived from principal component
analysis of scores based on household performances as per
various indicators covered under various dimensions. Par-
ticipants were categorized into 5 categories of wealth index:
poorest, poor, middle, rich and richest.

For comorbidities, 3 categories were considered: (i) par-
ticipants without any comorbidity having only diabetes mel-
litus, (ii) having both DM and hypertension, and (iii) having
DM and any thyroid disorder, and/or heart disease and/or
chronic kidney disease (without hypertension). Smoking
status was categorized as smoker and non-smoker.

BMI was classified based on the WHO Pan Asian clas-
sification as underweight (<18.5 kg/m2), normal weight
(18.5-22.9 kg/m2), overweight/obese (>23.0 kg/m2).

No information on physical activity was directly avail-
able in the NFHS-5 datasets. Hence, we employed occupa-
tion as a surrogate variable to measure the physical activity
level. Physical activity was assessed on the basis of type of
occupation of the respondent, wherein not working, clerical
and sales jobs were classified as having inadequate physical
activity, while other job types were considered to involve
adequate physical activity. Dietary pattern was assessed
based on the frequency of fruit and vegetable consumption.

Never, weekly, occasionally consumption of both fruit and
vegetable was considered as unhealthy, while daily con-
sumption of these items was considered a healthy diet.

Health Index is a tool to assess performance for states and
union territories (UTs) based on 24 indicators under ‘Health
Outcomes’, ‘Governance and Information’ and ‘Key Inputs/
Processes’ domains. Health Indices for each state and union
territory of India was derived as per the government of
India’s apex public policy think-tank NITI Aayog Round 4
(2019-2020). The indices were then categorized as Index
score > 62, Index score >48 and <62 and Index score <48
[15]. Since financing diabetes care may be more feasible
in richer states as compared to poorer states of India, we
considered each state’s/UTs gross domestic product (GDP)
as an independent variable. State per capita income was cat-
egorized as high (>Rs. 3,00,000), medium (Rs. 1,00,000-
Rs. 2,99,999) and low (< Rs. 1,00,000).

Statistical analysis

We have reported the summary statistics of the outcome vari-
ables including frequencies and proportions for categorical
variables and where applicable, means along with standard
deviations for continuous variables, accounting for the sur-
vey design and sampling weights. We expressed proportions
with 95% Confidence Intervals (C.I.) after applying pre-
specified sampling weights to account for the survey design.
Bivariate analysis was conducted using the chi-square test
and the variables found significantly associated (P <0.05)
were selected for the multivariate regression model. Further,
any non-significant variable not selected for the multivariate
model was added to the model one at a time in a stepwise
manner along with the significant variables retained earlier.
Model with the best fit (P> 0.05) was chosen as the final
model for multivariate regression for determining associa-
tions between socio-demographic factors, lifestyle charac-
teristics, and the treatment seeking behavior of patients with
DM. All assumptions and prerequisites were checked for
logistic regression analysis, including diagnostic methods
to check for strong influential outliers in the model. Predic-
tor variables were assessed for multicollinearity. Analysis
was performed using Stata version 15.1 (StataCorp LLC,
Texas, USA) and a P-value<0.05 was considered statisti-
cally significant.

Ethics statement

The ethical approval for NFHS 5 survey was obtained from
ethics review board of the International Institute of Popula-
tion Sciences, Mumbai, India. Written and informed con-
sent was obtained from each respondent before participating
in the survey. The de-identified datasets were obtained after
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a written permission from the DHS which also approved the
study proposal. Since the NFHS-5 dataset is an anonymous
publicly available dataset with no identifiable informa-
tion about the participants, no separate ethical approval is
required for this secondary data analysis.

Results

We included 788,974 individuals aged 15-49 years
(695,707 women and 93,267 men) in the analysis. Table 1
presents the socio-demographic and lifestyle characteristics
of the participants. The mean (SD) age of the participants
was 30.6 (9.9) years. Most of the participants were women
(88.2%) while a majority (51.0%) had at least a secondary
education. Almost 70% of the participants were currently
married. More than half (58%) of the participants reported
accessing public health facilities while nearly 70% of the
participants were not covered under any health insurance.
Overall, 8.3% and 3.3% of the participants reported tobacco
smoking and alcohol consumption, respectively. Nearly one
in four participants (24.5%) were overweight or obese. Not
working, clerical and sales jobs with presumed low physical
activity levels were observed in a majority (52.1%) of the
participants.

The prevalence of self-reported Diabetes Mellitus (DM)
in the sample was 2.14% (n= 14,116, 95% CI: 2.06, 2.21) of
which 55.13% (n=6990, 95% CI: 53.37, 56.88) were cur-
rently undergoing anti-diabetes therapy (Fig. 1).

Factors that were associated with being on treatment
status in previously diagnosed patients with DM included
male compared to female gender (aOR=2.76, 95% CI:
1.70, 4.51), middle-age compared to younger age-groups
(aOR=2.18, 95% CI: 0.73, 6.52), and overweight/obese
compared to normal and underweight (aOR =1.68, 95% CI:
0.75, 3.76) patients (Fig. 2, Table S1).

Among the patients on anti-diabetes therapy, high blood
glucose resulting in poor glycemic control was observed
in 52.43% (n=3506, 95% CI: 50.69, 54.16) participants
(Fig. 1). On adjusted analysis, middle-aged (aOR=3.71,
95% CI: 1.83, 7.52) and overweight/obese participants
(aOR=1.90, 95% CI: 1.36, 2.64) had significantly higher
odds of having uncontrolled blood glucose levels. Further-
more, participants with the richest wealth index were found
to have significantly higher odds of having uncontrolled
glucose levels (aOR=2.33, 95% CI: 1.67, 3.26) (Fig. 3,
Table S2).

Among participants without a prior history of DM
(n=735,277), the magnitude of newly diagnosed DM
(RBS>200 mg/dL) was 0.94% (n=5656, 95% CI: 0.90,
0.99), and likely prediabetes (RBS>160<200 mg/dL)
was 1.96% (n=12,987, 95% CI: 1.90, 2.02). High blood
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glucose (RBS >160) was therefore cumulatively observed
in 291% (n=18,643, 95% CI: 2.84, 2.98) participants
without previous history of DM on screening. On adjusted
analysis, males compared to females (aOR=1.37, 95% CI:
1.12, 1.66) and middle-aged compared to younger partici-
pants (aOR=10.57, 95% CI: 7.17, 15.56) had significantly
higher odds of being detected with high blood glucose lev-
els. Furthermore, those having a higher education had com-
paratively lower odds of having high blood glucose levels
(aOR=0.90, 95% CI: 0.67, 1.21) as compared to those with
secondary education (aOR=1.26, 95% CI: 1.02, 1.55) and
this difference was statistically significant (P=0.03) (Fig. 4,
Table S3).

The type of health facility accessed by participants who
were on treatment for diabetes were also compared (Fig. 5,
Table S4). Overweight/obese participants (aOR =4.69, 95%
CI: 1.16, 13.50), those with higher education (aOR =1.04,
95% CI: 0.49, 2.19), those belonging to the richest wealth
index (aOR=5.17, 95% CI: 1.93, 13.84) and those comor-
bid or multimorbid (aOR =1.66, 95% CI: 1.02, 2.73) were
found to have significantly higher odds of accessing private
compared to public facilities for treatment.

Figure 6 assesses the regional variation in the care cas-
cade of DM among the different states and union territories
of India. Southern states report a higher proportion of newly
diagnosed DM cases as compared to the northern states of
the country. A majority of the states and UTs had more than
50% of patients living with diabetes, and having poor glyce-
mic control despite being on anti-diabetes therapy.

Discussion

This large-cross sectional survey suggests that nearly one
in two young and middle-aged patients with previously
diagnosed DM in India were not on regular anti-diabetes
treatment, and of those on treatment, nearly half had uncon-
trolled blood sugar levels. The net prevalence of DM was
2.9% while the prevalence of self-reported DM was 2.1%
which is slightly higher than that observed in the previ-
ous round of NFHS (2015-16) (1.7%) [12] and in another
national survey (2017) (1.8%) [18]. Our study suggests that
30.54% of the existing cases of DM in the country were
undiagnosed which is nearly in agreement with the rule of
two thirds [8] and consistent with previous round of the sur-
vey [12]. However, in comparison, to the ICMR-INDIAB
study, the proportion of undiagnosed DM cases in this study
is substantially lower (47.3%) [19]. Furthermore, the pro-
portion of previously diagnosed patients with DM with con-
trolled blood sugar levels was lower compared to the pooled
estimate from previous Indian studies (56.4%) [20].
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Table 1 Socio-demographic and lifestyle characteristics of the study participants

Variables

Females (%, 95% CI)?

(N=6,95,707)

Males (%, 95% CI)*
(N=93,267)

Total (%, 95% CI)®
(N=7,88,974)

Age group (n=788,974)

Adolescent (15-19)

Young (20-39)

Middle aged (40—49)
Respondents’ education (n=788,974)
No education

Primary education

Secondary Education

Higher Education

Marital Status (n=788,974)
Never in union

Currently married
Widowed/Divorced/Separated
Type of healthcare facility accessed (n=2,67,331)
Public facility

Private facility®

Other

Covered with health insurance (n =788,974)
No

Yes

Wealth Index (n=788,974)
Poorest

Poorer

Middle

Richer

Richest

Comorbidities (n =788,974)
Hypertension

Heart Disease

Smoking (n=788,974)
Smoker

Non-Smoker

Alcohol usage (n=788,974)
No

Yes

BMI (n=7,60,234)
Underweight

Normal weight
Overweight/Obese
Recommended Physical activity pattern (n=1,97,605)
Inadequate

Adequate

Diet%(n =788,974)

Unhealthy

Healthy

87.92 [87.45,88.38]
88.25 [87.87.88.61]
88.33 [87.92,88.73]

94.19 [93.90,94.47]
88.41 [87.82,88.97]
86.55 [86.14,86.96]
85.42 [84.72.,86.10]

82.50 [81.92,83.06]
89.91 [89.60,90.21]
96.33 [95.95,96.68]

90.33 [89.87,90.77]
89.26 [88.62,89.87]
88.92 [86.39,91.03]

88.69 [88.29,89.08]
87.11 [86.62,87.58]

89.11 [88.58,89.62]
88.27 [87.78,88.75]
87.84 [87.36,88.30]
87.55 [86.99,88.09]
88.41 [87.67,89.11]

93.18 [92.60,93.73]
85.87 [83.85,87.67]

43.70 [42.59,44.82]
92.23 [91.96,92.50]

90.54 [90.24,90.84]
20.19[19.11,21.32]

89.93 [89.50,90.35]
87.98 [87.61,88.34]
88.97 [88.52,89.42]

72.51 [71.84,73.17]
31.41 [30.81,32.01]

88.32 [87.96,88.66]
87.00 [85.96,87.98]

12.08 [11.62,12.55]
11.75[11.39,12.13]
11.67 [11.27,12.08]

5.81[5.53,6.10]
11.59 [11.03,12.18]
13.45 [13.04,13.86]
14.58 [13.90,15.28]

17.50 [16.94,18.08]
10.09 [9.79,10.40]
3.67 [3.32,4.05]

9.67[9.23,10.13]
10.74 [10.13,11.38]
11.08 [8.97,13.61]

11.31[10.92,11.71]
12.89 [12.42,13.38]

10.89 [10.38,11.42]
11.73 [11.25,12.22]
12.16 [11.70,12.64]
12.45 [11.91,13.01]
11.59 [10.89,12.33]

6.82[6.27,7.40]
14.13 [12.33,16.15]

56.30 [55.18,57.41]
7.77[7.50,8.04]

9.46 [9.16,9.76]
79.81 [78.68,80.89]

10.07 [9.65,10.50]
12.02 [11.66,12.39]
11.03 [10.58,11.48]

27.49 [26.83,28.16]
68.59 [67.99,69.19]

11.68 [11.34,12.04]
13.00 [12.02,14.04]

17.17 [17.03,17.30]
58.92[58.75,59.1]
23.91 [23.76,24.06]

21.23120.97,21.50]
11.76 [11.61,11.91]
50.97 [50.72,51.22]
16.04 [15.76,16.33]

26.39 [26.21,26.57]
69.58 [69.40,69.77]
4.02[3.95,4.10]

57.70 [57.15,58.26]
41.21 [40.67,41.76]
1.08 [1.01,1.16]

69.55[69.11,70.00]
30.45[30.00,30.89]

18.14 [17.76,18.53]
19.96 [19.66,20.25]
20.64 [20.37,20.92]
21.00 [20.69,21.32]
20.26 [19.78,20.75]

4.56 [4.47,4.65]
0.76 [0.72,0.79]

8.28 [8.09,8.48]
91.72[91.52,91.91]

96.68 [96.56,96.81]
3.32[3.19,3.44]

18.37 [18.18,18.56]
57.14 [56.90,57.39]
24.49 [24.22,24.75]

52.07 [51.50,52.63]
47.93 [47.37,48.50]

91.86 [91.66,92.06]
8.14 [7.94,8.34]

Abbreviations: BMI, Body Mass Index; CI, Confidence Interval

“Row-wise percentages
Column-wise percentages

“Private health facilities comprise of private hospital, pharmacy/drugstore, clinic and AYUSH

dConsumption of fresh fruits and vegetables
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50.00
45.00
_ 39.81 38.70 40.01

40.00
35.00
3000 25.32
25.00 21.95 21.52
20.00

15.00 10.44 11.46 10.32
10.00

Weighted percentage (%

5.00
0.00
Total Male Female

Aware On Treatment Under Control

Fig. 1 Diabetes care cascade in India in previously diagnosed cases
(1549 years, N=14,116)

Our study found that treatment seeking behavior for DM
increases proportionally with age, which is comparable to
other studies conducted in Asia, including Nepal, China and
Bangladesh [21-23]. Our analysis also indicated that men
when diagnosed with DM are more likely to be on treat-
ment. Poor treatment seeking behavior in women can be

attributed to poor awareness and difficult treatment access
signifying the need for engendering public health programs
for DM management [11]. Furthermore, overweight/obese
participants have higher odds of having uncontrolled gly-
caemia, a finding consistent with the “Investigation of the
Glycosylated Hemoglobin on Therapy in Indian diabetics”
(TIGHT) study [24]. Our analysis showed that age, educa-
tion, BMI and wealth index are the most important risk fac-
tors associated with glycemic control in patients with DM,
a finding consistent with previous studies [25]. The pres-
ent study also corroborates sparse evidence that patients
with DM in India having higher socioeconomic status do
not necessarily achieve better glycemic control suggestive
of differential medical adherence characteristics [26]. Our
analysis also finds preference of private health facilities for
treatment by the participants belonging to the richest wealth
index, like the findings from a study in South Africa, sug-
gesting of factor mediated to treatment affordability [27].
Southern states of India have a higher prevalence of
DM than Northern India possibly due to correlation with
their improved economic status, a finding consistent with

Characteristies Categories

YRArs oung (20-3
Middle aged(40-48
Male
Education Primary Education
Secondary Education
Higher Education
Marital Status Currently married
Widowed/Divorced/Separated
Type of healtheare facility accossed Private facility
Others
Covered with heslth insurance Yes
Nealth Inde FPoarer
Middle
Richer
Richest
State percapita income Medium (Rs. 1,00,000-Rs. 2,009,000

Heslth Inde Indexscore 248 and

Smoking status Non-Smoker
Alcohol usage Yes

BMI Normal weight

Recommended Physical activity pattem

PR, JAN ey

&

Noton Treatment On Treatment

Fig. 2 Distribution of Socio-demographic and lifestyle characteristics
of previously diagnosed patients with Diabetes and their treatment
status

Adjusted analysis to determine the factors associated with being
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on treatment status in previously diagnosed

patients with DM

(N=14,116). Private health facilities comprise of private hospital,

pharmacy/drugstore, clinic and AYUSH.
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Fig. 3 Distribution of sociode-

mographic and lifestyle factors
. . . Adiusted Odds Ratio
associated with glycemic control — Salsgories e
in previously diagnosed patients
with Dlabetes Age (years) Young (20-39 el —— 239(121,473
Adjusted analysis to determine Middle aged (=40) ——— 371875
the factors associated with Male - 114 (0,90, 1.46
glycemic control in previously Education Primary Education . 104 (081, 1.4
diagnosed patients with DM on Secondary Education - 0.91(0.74, 1.12)
treatment (N=6968) Higher Education @
Marital Status Currently married -
Widowed/Divorced/Separated e
Wealth Index Poorer -
Middle -
Richer -
Richest —
State per capita income Medium (Rs 1,00,000-Rs. 2,99 999 -+
Low (< Rs. 1,00,000) 1 1.22 (0.86
State Health Index Index score =48 and <62 +* 0.99(083 1.18)
Index score <48 * 0.78 (0.60,1.03)
BMI Normal = 1.43(1.04 198
Overweight/Obese —— 1.90 (1.36, 2.64
1
Controlled Uncontrolled
ds Ratio
Characteristics Categories (95% ClI)
Age (years) Young (20-39) e 354(241,518
Middle aged (40-49) 10.57 (7.17, 15.56
Sex Male - 1.37 (1.12, 1.66)
Education Primary education > 1.18 (0.92, 1.50)
Secondary Education > 1.26 (1.02, 1.55)
Higher Education -« 0.90 (0.67.1.21)
Wealth Index Poorer - 0.90 (0.69, 1.17
Middle + 093072 119)
Richer > 110 (0 85, 1. 44)
Richest 1> 1.26 (0.95, 1.67)
Health facility access Private . 1.12 (0.95, 1.32)
Other - 1.62 (0.94, 2.79)
Diet Healthy . 4 093071 120)
Recommended physical activity pattern Adequate < 0.91(0.75 1.10)
I
01

Normogly cemic

Fig.4 Distribution of sociodemographic and lifestyle characteristics of
participants detected with high blood glucose levels (without previous

history of DM)

Adjusted analysis to determine the factors associated with high blood

High blood glucose levels
glucose levels (RBS > 160 mg/dL) among participants without a prior

history of DM (N =735,277). Dietary pattern is based on consumption
of fresh fruits and vegetables
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Fig.5 Distribution of factors
associated with choice of treat-
ment facility in patients with

Diabetes
Adjusted analysis to determine Adjusted Odds Ratio
the factors associated with choice Characteristics Categories (95% ClI)
of treatment facility in patients
with DM. Public versus private Age (years) Young (20-39) o 10.47)
fa01'11t.1es were gompared for the Middle-aged (40-49) s 0.53)
logistic regression analysis. Other ;
g s . Sex Male -~ 9, 1.49)
morbidities include any thyroid
; : cati rimary Educatio 71)
dlsorder; heart dlSCaSC; and Education Primary Education - 1.71)
chronic kidney disease Secondary Education - 7,1.06)
Higher Education -+ 2 19)
Wealth Index Poorer
Middle
Richer
Richest 517(1.93,13 84)
Comorbidities DMwith Hypertension - 1.34(0.85,2.12)
DM with any other morbidity —— 1.66(1.02,2.73)
BMI Norma 3.43(1.19, 9.86)
eight/Obese 4.69(1.16, 13.50)
T
01
Pubkc Private

Figure 6A: Prevalence of DM,

Figure 6B: Incidence of DM, Figure 6C: Treatment Status of patients with DM,

Figure 6D: Glycemic control

Indian Ocean

Fig. 6 Comparison of diabetes care cascade among Indian states and
UTs
6A6B6C 6D

another national ICMR-INDIAB study [19, 28]. Improved
implementation of opportunistic and community screen-
ing processes recommended by the NPCDCS can improve
screening yield, but that factor could not be assessed in this
study [15]. Furthermore, we observed that in states with
comparatively poor socioeconomic indicators known as the
empowerment action group states such as Uttarakhand and
Bihar, more than 50% of the previously diagnosed patients
with DM had poor glycemic control despite being on anti-
diabetes therapy. These findings are suggestive of the high
burden of clinical inertia and medication non-adherence

@ Springer
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[29] that deleteriously affect diabetes care in low-resource
settings. Consequently, strengthening the primary health
systems in the country may translate into effective treatment
cascade for diabetes care in India [30].

The strengths of this study include the large sample size
ensuring adequate power and narrow confidence intervals of
the study outcomes. Since the survey coverage was across
all states of India, the study findings are representative of
the population, and reflect high generalizability. Neverthe-
less, this study has certain limitations. First, the cross-sec-
tional nature of this study does not permit the establishment
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of causal and temporal relationships. Second, since individ-
ual data on HbAlc and fasting blood glucose levels were
unavailable in the public domain, we employed random
blood glucose as a biomarker for diagnosis of DM which
does not account for the presence or absence of symptoms
which may cause less reliability of the disease burden
estimate. Furthermore, the accuracy of glycemic control
established through RBS will be much lower compared
to HbAlc, which is the recommended gold standard [31].
Furthermore, we could not assess the implementation of
adherence phenomenon such as frequency of missed dosing
which is not captured in this survey. Moreover, there was
no data to distinguish whether the treated patients were on
insulin, or oral hypoglycemic agents alone, or both. Third,
our analysis and findings are limited to 15-49-year-old non-
pregnant women and men although the prevalence of DM
and related complications will be significantly higher in the
elderly population as observed in the Global Burden study
[32]. Lastly, this study does not differentiate between Type
2 Diabetes and other variants of diabetes, such as Latent
Autoimmune Diabetes of Adults (LADA), Type 1 diabetes,
Post pancreatitis DM, etc. in which case the patients would
be expected to be on insulin, and their BMI may not cor-
relate with their glycemic control as a predictor, since these
patients may be phenotypically ectomorphic or belong to
low BMI category.

A slight reduction in proportion of adults remaining
undiagnosed with DM although a large proportion still
remains undiagnosed and exhibits poor treatment seek-
ing behavior despite efforts in strengthening the NPCDCS
[33]. Implementing community-wide screening, strengthen-
ing primary care and identifying high-risk groups through
this programme is recommended. Our study results sug-
gest that in India screening of a naive population with RBS
alone is expected to yield nearly one new patient of DM
and another two cases of pre-diabetes every hundred par-
ticipants screened. Early initiation of diabetes care in new
cases, and lifestyle modifications in pre-diabetes cases can
significantly reduce the burden of complications and disease
burden while improving the quality of life with enhanced
economic productivity. These findings may call for strength-
ening attention on non-communicable diseases during the
monitoring and implementation of national health policies.

Our study has certain other important public health policy
implications. First, a large subset of the population in India
remains undiagnosed with DM indicative of lack of effec-
tive screening and missed opportunities in primary care out-
patient settings despite the NPCDCS recommending both
opportunistic screening by doctors and nurses, and commu-
nity screening by frontline and community health workers.
As none of the sociodemographic factors except education
were linked to newly diagnosed DM in this study, hence

future operational research should be directed towards iden-
tifying specific public health system barriers that reduce the
efficiency and effectiveness of population-based screening
for DM.

Second, in this study, glycemic control was negatively
associated with high BMI. Consequently, physicians should
provide enhanced focus on overweight/obese individuals
with DM who are less likely to have control over their blood
glucose levels that further accelerates their risk of disease
progression. Third, there has been a significant improve-
ment in the proportion of patients on anti-diabetes treatment
(55.13%) compared to that in the NFHS-4 2015-16 (40.5%)
[34] suggestive of improved drug accessibility that could be
secondary to schemes such as the Pradhan Mantri Jan Aus-
hadi Yojana (PMJAY) that promote people’s access to high
quality generic medicines at affordable prices. Third, nearly
one in two patients on anti-diabetes medication had random
blood glucose < 180, suggestive of improved control reflect-
ing the positive correlation between increased drug acces-
sibility and drug adherence in the Indian context.

In conclusion, diabetes care cascade in younger and mid-
dle-aged groups in India have major lacunae at each stage
from screening and diagnosis, initiation of effective anti-
diabetic treatment, and achievement of safe blood glucose
levels. Identification of high-risk groups for opportunistic
screening, implementation of community-based screening,
and strengthening primary care and sensitizing medical
practitioners are urgently warranted.
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