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Abstract

Diabetes and hypertension are common co-morbid associates and coexist in
many of the cases. The study attempts to understand the two-way transition
between diabetes and hypertension and the risk factors affecting the transi-
tion using the multistate model. The study used data from the first and
second waves of IHDS. There is a significant rise in the level of diabetes and
hypertension from 2004-05 to 2011-12. Except for transition from hyperten-
sion to diabetes, the probability of transition in all other transition decreases
and the mean waiting time to stay in the healthy state increases after adjust-
ing for several covariates. Increases in the level of smoking, drinking of alco-
hol, consumption of tobacco, body mass index, education and household in-
come quintile are the major transition specific risk factors affecting the tran-
sition between diabetes and hypertension. And the risk of transitioning from
a healthy state to hypertension is higher among females compared to males.
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1. Introduction

The burden of diabetes and hypertension is fast increasing across the globe and
is considered as the major risk factors of coronary artery disease (CAD), cardi-
ovascular and cerebrovascular diseases (CVDs) [1] [2]. They are also the risk
factors of dementia at old age [3]. Epidemiological, clinical and basic science
studies have also documented a significant association between diabetes and

cataract [4] [5] [6] [7]. The aetiology of diabetes is both genetic and environ-
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mental including lifestyle changes and limited physical activities. The burden of
diabetes in India by 2030 is predicted to be 79.4 million individuals while that
for China is 42.3 million and the United States 30.3 million [8]. India is also du-
biously known as the world’s capital of diabetes from the fact that every fifth Indian
is diabetic [9]. High blood pressure is another leading cause of non-communicable
diseases. WHO estimated that by 2025 the global burden of hypertension would
be 1.56 billion, increase of 60 percent and for India in 2000, individuals with
hypertension were estimated as 60.4 million males and 57.8 million females and
projected to increase to 107.3 million and 106.2 million respectively in 2025 [10].
Raised blood pressure is the risk factor of a host of diseases. Individuals with
high blood pressure are twice more likely to developed CAD, four times higher
risk of congestive heart failure and associated risk of CVDs and compared to
normotensive individuals, stroke is seven times higher among hypertensive indi-
viduals [11].

Diabetes and hypertension are common co-morbid associates and coexist in
approximately 40 to 60 percent of patients [12]. The most disturbing scenario of
these diseases in India is the shift in age of onset of diabetes to a younger age and
trickling down to rural areas in the recent years [13]. In early stage both these
diseases do not show any symptoms and go unnoticed to many of the victims of
these diseases. Steps to reorient public health programmes emphasizing on pre-
vention and early detection of diabetes and hypertension from early age can pave
way to reduce the burden of non-communicable diseases. Under the supervision
of Indian Council of Medical Research (ICMR), a study on diabetes called
“INdia DIABetes (INDIAB)” study was initiated and estimated the prevalence of
diabetes as 10.4 percent in Tamil Nadu, 8.4 percent in Maharashtra, 5.3 percent
in Jharkhand and 13.6 percent in Chandigarh [14]. The overall number of people
with diabetes mellitus in India in 2011 based on the same study was estimated to
be 62.4 million. Various studies estimated the prevalence of hypertension among
urban population ranging from 1.24 percent in 1949 to 36.4 percent in 2003 and
for rural people from 1.99 percent in 1958 to 21.2 percent in 1994 [15]. Recent
studies have shown that hypertension is present in 25 percent of urban and 10
percent of rural subjects in India [16].

In a vast country like India, there is considerable regional variation in the
prevalence of non-communicable diseases (NCD), due to fast changing food and
lifestyle morbidities pattern and its associated risk factors. Further it is also to be
noted that there is dearth of study on associated risk factors of NCD based on
morbidity assessment of individuals over time. Therefore, it is also the necessity
of repeated assessment of morbidities of same individuals over time to identify
the inter-relationship between diabetes and hypertension due to its coexistence
in many of the cases. Keeping this in view in this paper an attempt is made to
understand the two-way transition between diabetes and hypertension and the
risk factors affecting the transition using multistate model. The other accompa-

nying objective of the study is to provide an assessment of the increase in the
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prevalence of diabetes and hypertension in India. The cases of diabetes and
hypertension considered in this study are cases diagnosed by physician and not

reported cases.

2. Methods and Materials
2.1. Data

This is a community-based study using panel data from the first and second
wave of the India Human Development Survey [IHDS-I (2004-05) & IHDS-II
(2011-12)]. THDS is a nationally representative survey covering multiple topics
of public health and community basic amenities. Both waves of IHDS were
jointly conducted by researchers from the University of Maryland, USA and the
National Council of Applied Economic Research (NCAER), New Delhi
(https://www.ihds.umd.edu/). The design of IHDS is a panel survey where

41,554 households in 1503 villages and 971 urban neighborhood were inter-
viewed on two occasions, first in 2004-05 and then for the second time in
2011-12. Data used in the study consists of 148,333 individuals of all ages fol-
lowed from 2004-05 to 2011-12.

2.2. Outcome & Predictor Variables

Respondents in the first wave (2004-05) were followed up and the same infor-
mation on their health and morbidities were reassessed again in the second wave
(2011-12). The respondents were asked if the doctor had diagnosed them for di-
abetes and hypertension. Based on their response, a respondent is identified as
having diabetes or hypertension or free from these diseases. Diabetes and hyper-
tension are the lifestyle diseases which can be catastrophic to one’s livelihood to
a great extent. Behavioural risk factors such as smoking, drinking, consumption
of tobacco and sedentary habits have been proved to increase the risk of diabetes
and hypertensions [17] [18] [19]. Other physical, social and economic condi-
tions are also found to be significant prognosticators of this lifestyle disease [20]
[21] [22]. Besides behavioural risk factors, the study also considers sex, place of
residence, level of education, body mass index and income quintile of the
household as the prognosticators of the transition from diabetes to hypertension

and vice-versa.

2.3. Statistical Analysis

Multistate models are often used to describe the progression of diseases [23]-[28].
The multistate model explains how an individual changes its states between a series
of states in continuous time. The study considers three states of transition viz.
healthy (0), diabetes (1) and hypertension (3) having the state space S(t)={0,1,2}.
We assume the probability of transition from state of diabetes to healthy (1 - 0)
and from state of hypertension to healthy (2 - 0) is zero as there is no complete
cure to diabetes and hypertension rather than controlling its intensity of burden.

Figure 1 shows the path of transition between the three states.
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Figure 2 shows the transition in the state space S(t) at different waves of
IHDS. Of all 148,333 respondents who entered in the first wave of IHDS, 224

respondents were diagnosed as having suffered from diabetes and 448 were di-

agnosed as having suffered from hypertension. Among those who were not di-

agnosed to be either diabetic or hypertensive in first wave of IHDS, 1468 res-

pondents develop diabetes and 3876 develop hypertension. Among those 224

respondents who were diagnosed as diabetic, 26 respondents develop hyperten-

sion. And among those 448 respondents who were diagnosed with hypertension,

58 respondents develop diabetes.

The respondents in the study move through the state space S(t)={0,1,2}

which is governed by the transition intensity, g (t, a(t)); i, j=0,1,2. Transition

intensities are the instantaneous risk of moving from state 7to jdefined as

P[S(t+ot)=jIS(t)=i]

qii (t’ a(t)) = (!tlfﬂ)o St
Ooo Oor Yoz
Such that the 3x3 transition intensity matrixis, Q=|0, 0; 0
O Oz O
Diabetes (1) < — Hypertension (2)

Figure 1. Paths of transition between healthy, diabetes and hypertension.

No. of Respondents

Entered in the Study THDS - 1(2004-05)

IHDS - 11 (2011-12)

0-0
(n=142,317)
Healthy (0) 0—1
(n=147,661) (n = 1468)
0-2
(n=3876)
1-1
= 148,333 Diabetes (1) (n=198)
e (n=224)
1-2
(n=26)
2—-1
: (n=58)
Hypertension (2)
(n=448)
2-2
(n=390)

Figure 2. Flow chart displaying the transition in the state space S(t) at different waves

of India human development survey.
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3
where Zqij =0.
i

Multistate model generally depends on Markov assumption that future
movement to next state jdepends on the current state 7[29].

In a time homogeneous Markov model, where q; are independent of £ the
mean waiting time in each state /is exponentially distributed with mean -1/q; .
And the likelihood for the Markov model is calculated from the transition
probability matrix, P(X,t+ X) . The (i, j) entry of P(X,t+ X) is the proba-
bility of being in state jat time 7+u, given the state at time uis 7 This matrix is
calculated in terms of Q using Kolmogorov differential equations. If Q is con-
stant over the interval (X,t + X) as in a time homogeneous process, then
P(x,t+x)=P(t) and the equation is solved by the matrix exponential of Q

scaled by the time interval,
P(t)=Exp(tQ)

We used “msm” package in R-Software to produce the desired outputs. The
package “msm” was specifically developed to model the progression of diseases
[30]. It allows time homogeneous Markov models to be fitted to processes like
that of disease progression which can be observed continuously. In a multistate
model, the relationship between the time-varying characteristics of individuals
to their transition probabilities or intensities is of vital importance. Thus a form
of a proportional hazard model was developed to describe this relationship [25].
The package also allows us to model the relationship between individual specific
or time dependent characteristics with transition intensities [30]. It also allows
us to estimate the transition probabilities, the probability that each state is next

and the mean waiting time.

3. Results

Table 1 presents the percentage distribution of 148,333 respondents included in
the study by their socioeconomic and demographic backgrounds for two waves
of IHDS. The proportion of respondents who had never taken alcohol and never
consumed tobacco have declined over time from 2004-05 to 2011-12. Whereas
the proportion of respondents who had never smoked increases over time. No
appreciable and little change is noticed in distribution of respondents by sex,
place of residence and income quintile between the surveys. But there is an in-
crease in the proportion of respondents whose body mass index is greater than
24.9. Similarly, the respondent’s level of education also increases between the

surveys.

3.1. Change in the Distributions of Diabetes
and Hypertension from 2004-05 to 2011-12

Table 2 and Table 3 present the unadjusted assessment of prevalence of diabetes
and hypertension respectively from both waves of the IHDS. Compared to the
first wave of IHDS in 2004-05, the prevalence of diabetes and hypertension
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Table 1. Percentage distribution of sampled respondents by socioeconomic and demo-
graphics in two occasions, 2004-05 and 2011-12.

IHDS I (2004-05) IHDS II (2011-12)
N % N %
Behavioral Characteristics
Status of Drinking Alcohol
Never 140,998 95.06 137,676 92.82
Not Frequent 5326 3.59 8554 5.77
Frequent 2009 1.35 2103 1.42
Status of Tobacco Consumption
Never 133,767 90.18 128,646 86.73
Not Frequent 2086 141 2897 1.95
Frequent 12,480 8.41 16790 11.32
Status of Smoking
Never 134,573 90.72 142767 96.25
Not Frequent 2561 1.73 3565 2.40
Frequent 11,199 7.55 2001 1.35
Individual Characteristics
Sex
Male 77,929 52.54 77,968 52.56
Female 70,404 47.46 70,365 47.44
Level of Education
Illiterate 59,626 40.20 38,645 26.05
Primary 35,152 23.70 34,386 23.18
Secondary 47,028 31.70 63,687 42.94
Higher Education 6527 4.40 11,615 7.83
Body Mass Index
Less than 18.5 77,712 52.39 57,271 38.61
18.5 to 24.9 54,216 36.55 67,803 45.71
24.9 & Above 16,405 11.06 23,259 15.68
Place of Residence
Rural 104,486 70.44 101,096 68.15
Urban 43,847 29.56 47,237 31.85
Household Characteristics
Income Quintile
Lowest Income 25,069 16.90 25,285 17.05
Lower Income 25,664 17.30 28,775 19.40
Middle Income 28,571 19.26 30,083 20.28
Higher Income 32,750 22.08 31,501 21.24
Highest Income 36,276 24.46 32,689 22.04
Total 148,333 100.00 148,333 100.00

Source: Authors computation from Indian human development survey.
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Table 2. Prevalence of Diabetes (per 1000) in two waves of India Human Development
Survey (2004-05, 2011-12).

IHDS I (2004-05) IHDS II (2011-12)
Prevalence 95% CI x>  Prevalence 95% CI X
Behavioral Characteristics

Status of Drinking Alcohol

Never 2.04 1.80 2.27 11.29 10.74 11.85
Not Frequent 1.88 0.71 3.04 1.12 13.91 11.43 16.39 5.96*
Frequent 1.00 0.38 2.37 9.03 4.99 13.08

Status of Tobacco Consumption

Never 1.97 1.73 2.20 11.35 10.77 11.93
Not Frequent 2.40 0.30 4.50 1.67 10.70 6.95 14.45 0.74
Frequent 2.48 1.61 3.36 12.03 10.38 13.68
Status of Smoking
Never 2.04 1.80 2.28 11.05 10.50 11.59
Not Frequent 0.39 0.37 1.16 3.42 14.59 10.65 18.52  79.93**
Frequent 2.05 1.22 2.89 31.98 24.27 39.70

Individual Characteristics

Sex
Male 2.03 1.71 2.34 0.01 11.81 11.05 12.57 2.32
Female 2.00 1.67 2.33 10.97 10.20 11.74
Level of Education
Illiterate 1.11 0.84 1.37 11.13 10.08 12.17
Primary 1.62 1.20 2.04  78.09** 8.81 7.82 9.80  45.78**
Secondary 3.08 2.58 3.58 12.15 11.30  13.00
Higher Education 4.75 3.08 6.42 16.01 13.73 18.30
Body Mass Index
Less than 18.5 0.11 0.01 0.23 2.30 1.82 2.79
18.5 to 24.9 1.09 0.62 1.55  80.89** 11.54 10.55 12.53 868.49**
24.9 & Above 3.93 2.33 5.54 31.93 29.15 34.72

Place of Residence

Rural 1.22 1.00 1.43 7.76 7.22 8.31

Urban 3.92 3.34 4.51 112.53** 19.22 17.98 20.46 374.55**
Household Characteristics

Income Quintile

Lowest Income 1.48 1.00 1.95 7.24 6.19 8.28
Lower Income 0.74 0.41 1.07 5.87 4.99 6.76
Middle Income 1.72 1.24 2.19  71.71%* 9.51 8.41 10.60 333.48**
Higher Income 1.92 1.45 2.40 13.05 11.79  14.30
Highest Income 3.61 2.99 4.23 19.70 18.19 21.21

Note: ** p-value < 0.01 & * p-value < 0.05; CI - Confidence Interval.
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Table 3. Prevalence of Hypertension (per 1000) in two waves of India Human Develop-
ment Survey (2004-05, 2011-12).

IHDS I (2004-05) IHDS II (2011-12)
Prevalence 95% CI X  Prevalence 95% CI X2
Behavioral Characteristics
Status of Drinking Alcohol
Never 4.60 4.24 4.95 28.47 27.59  29.35
Not Frequent 2.82 1.39 4.24 3.98 28.06 24.56  31.56 0.35
Frequent 5.48 2.25 8.70 30.43 23.09 37.78

Status of Tobacco Consumption

Never 4.58 4.22 4.94 28.10 27.20  29.00
Not Frequent 3.36 0.87 5.84 0.82 36.93 30.07 43.8.0 9.38**
Frequent 4.33 3.18 5.48 29.90 27.32 3247
Status of Smoking
Never 4.63 4.27 4.99 28.23 27.38  29.09
Not Frequent 5.08 2.32 7.83 3.65 28.61 23.14 34.08 21.21**
Frequent 3.39 2.32 4.47 45.48 36.35 54.61

Individual Characteristics

Sex
Male 2.60 2.25 2.96 136.46** 18.96 18.00 19.91 538.43**
Female 6.69 6.09 7.29 39.03 37.59 40.46
Level of Education
Illiterate 4.33 3.80 4.85 42.20 40.20 44.21
Primary 4.35 3.66 5.04 32.62** 24.08 2246  25.70  382.79**
Secondary 4.32 3.72 491 22.11 20.97  23.25
Higher Education 9.19 6.88 11.51 30.74 27.60 33.88
Body Mass Index
Less than 18.5 0.29 0.09 0.49 8.28 7.37 9.20
18.5 to 24.9 3.16 2.37 3.95  367.57**  30.67 29.07 3227  2000%*
24.9 & Above 154 12.24  18.55 80.62 76.31  84.93

Place of Residence
Rural 3.38 3.03 3.73  106.13**  23.25 2232 2417  314.02**
Urban 7.32 6.52 8.12 39.67 3791 41.43
Household Characteristics

Income Quintile

Lowest Income 3.27 2.56 3.98 24.56 22.65 2647
Lower Income 2.42 1.82 3.02 19.98 18.37  21.60
Middle Income 3.50 2.82 4.18 131.18**  23.93 2221 25.66  322.32**
Higher Income 4.40 3.68 5.11 29.94 28.05 31.82
Highest Income 7.88 6.97 8.79 41.76 39.59 4393

Note: ** p-value < 0.01 & * p-value < 0.05; CI - Confidence Interval.
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increased in the second wave in 2011-12. The behavioral risk factors viz. smok-
ing, drinking and chewing tobacco does not show statistically significant associ-
ation with these lifestyle diseases in the first wave. But, there is an evidence of
strong association in the second wave. Comparatively those respondents who
drink, smoke and consume tobacco frequently have the higher prevalence of di-
abetes and hypertension. The prevalence of diabetes in the second wave who
drink, consume tobacco and smoke frequently are 9.03, 12.03 and 31.98 per one
thousand respectively. Whereas the prevalence of hypertension in the second
wave who drink, consume tobacco and smoke frequently are 30.43, 29.90 and
45.48 per one thousand respectively. Sex is not showing significant association
with diabetes. But a strong association can be seen between sex and hyperten-
sion. The prevalence of hypertension in first wave for males and females are 2.60
and 6.69 per one thousand respectively. And the prevalence of hypertension in
second waves for males and females are 18.96 and 39.03 per one thousand re-
spectively. The association between respondent place of residence, level of edu-
cation, body mass index and income quintile of the household with diabetes and
hypertension is highly statistically significant. The prevalence of diabetes and
hypertension is higher among urban residents as compared to rural residents.
The prevalence of diabetes in rural and urban place of residence in second wave
are 7.76 and 19.22 per one thousand respectively. Similarly, the prevalence of
hypertension in rural and urban place of residence are 23.25 and 39.65 per one
thousand respectively. The prevalence of diabetes and hypertension increases as
the level of education increases in the first wave. But the pattern is not the same
in the second wave. The prevalence of diabetes in second wave among the illite-
rates and respondents who have attained primary, secondary and higher educa-
tion are 11.13, 8.81, 12.15 and 16.01 per one thousand respectively. Similarly, the
prevalence of hypertension in second waves among illiterates and respondents
who have attained primary, secondary and higher education are 42.20, 24.08,
22.11 and 30.74 per one thousand respectively. In both waves of IHDS, the pre-
valence of diabetes and hypertension increases as the level of body mass index
and the income quintile of the household increase. The prevalence of diabetes
and hypertension among the respondents with body mass index greater than
24.9 in second wave are 31.93 and 80.62 per one thousand respectively. While
the prevalence of diabetes among the lowest, lower, middle, higher and highest
income quintile household in second wave are 7.24, 5.87, 9.51, 13.05 and 19.70
per one thousand respectively. And the prevalence of hypertension among the
lowest, lower, middle, higher and highest income quintile household in second
wave are 24.56, 19.98, 23.93, 29.94 and 41.76 per one thousand respectively.

3.2. Transition Probabilities

Table 4 gives the unadjusted and adjusted fitted transition probability in transi-
tioning from one state to other over the time interval, 2004-05 to 2011-12. The

unadjusted probability to remain in a healthy state during the interval is 0.964

DOI: 10.4236/health.2019.118083

1063 Health


https://doi.org/10.4236/health.2019.118083

W. B. Meitei, L. Ladusingh

compared to the adjusted probability of 0.971. It also gives us the probability of
0.010 and 0.026, for an individual who are currently healthy will be diabetic and
hypertensive respectively. Whereas the probability that an individual who is
currently healthy will be diabetic and hypertensive after adjusting for several co-
variates are 0.007 and 0.022 respectively. Also the probability that an individual
who is diabetic will be hypertensive and vice versa are 0.058 and 0.044 respec-
tively compared to 0.024 and 0.024 respectively after adjusting for several cova-

riates.

3.3. Mean Waiting Time

Table 5 gives the unadjusted and adjusted mean waiting time for the three state
of transition. The unadjusted waiting time to remain in the healthy state, diabet-
ic state and hypertensive state are 27.13 years (95% CI = [26.41, 27.87]), 16.23
years (95% CI = [5.09, 11.07]) and 21.8 years (95% CI = [5.18, 8.74]) respective-
ly. Whereas the mean waiting time after adjusting for several covariates to re-
main in the healthy state, diabetic state and hypertensive state are 32.23 years
(95% CI = [32.60, 36.43]), 39.90 years (95% CI = [2.82, 20.52]) and 40.77 years
(95% CI = [3.52, 7.45]) respectively.

3.4. Transition Specific Risk Factors of Transition
between Diabetes and Hypertension

Table 6 presents the transition specific hazard ratio of different socioeconomic
and demographic characteristics on different paths of transition. Compared to

respondents who never drink alcohol, respondents who drink alcohol but not

Table 4. Estimated transition probabilities while moving through the state space,
S(t)={0,1,2}.

Unadjusted Adjusted”
State 0 State 1 State 2 State 0 State 1 State 2
State 0 0.964 0.010 0.026 State 0 0.971 0.007 0.022
State 1 0 0.884 0.116 State 1 0 0.888 0.112
State 2 0 0.129 0.871 State 2 0 0.167 0.833

Note: *Adjusting for several behavioral, individual and household level characteristics. State 0: Healthy;
State 1: Diabetes & State 2: Hypertension.

Table 5. Mean waiting time in the transient states and their confidence intervals.

Unadjusted Adjusted”
Estimate 95% CI Estimate 95% CI
State 0 27.13 26.41 27.87 State 0 34.46 32.60 36.43
State 1 7.51 5.09 11.07 State 1 7.60 2.82 20.52
State 2 6.73 5.18 8.74 State 2 5.12 3.52 7.45

Note: *Adjusting for several behavioral, individual and household level characteristics. State 0: Healthy;
State 1: Diabetes & State 2: Hypertension.
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Table 6. Transition specific hazard ratios of different socioeconomic and demographic characteristics on different path of transition.

0-1 0-2 1-2 2-1
HR 95% CI HR 95% CI HR 95% CI HR 95% CI
Behavioral Characteristics
Status of Drinking Alcohol
Never®
Not Frequent 2.42%* 1.49 3.94 0.76 0.54 1.08 4.56%* 1.73 12.02 0.66 0.25 1.76
Frequent 2.41 0.82 7.08 0.71 0.34 1.46 9.85%* 2.35 41.22 1.17 0.21 6.52
Status of Tobacco Consumption
Never®
Not Frequent 0.31 0.05 1.97 2.11% 1.62 276 0.05 0.00 1.90 2.59** 1.38  4.85
Frequent 0.91 0.56 1.50 1.78** 1.51 2.10 0.71 0.31 1.62 1.02 0.54 1.92
Status of Smoking
Never®
Not Frequent 1.77** 1.03 3.04 1.93** 139  2.68 0.75 0.22 2.61 1.30 0.56 3.02
Frequent 1.31 0.83 2.06 2314 194 274 0.24 0.02 2.38 1.08 0.53 221
Individual Characteristics
Sex
Male®
Female 0.72%* 0.52 0.98 2.59** 2.28 293 0.66 0.30 1.42 0.93 0.59 1.47
Level of Education
Iliterate®
Primary 1.43 0.80 2.56 0.84** 0.75 0.95 1.90 0.59 6.06 1.01 0.59 1.71
Secondary 3.08** 1.86 5.11 1.03 0.92 1.15 1.91 0.65 5.62 0.79 0.47 1.32
Higher Education 5.93*%* 3.42 10.28 1.01 0.75 1.36 4.70%* 1.48 14.91 0.25%* 0.08 0.83
Body Mass Index
Less than 18.5%
18.5 to 24.9 0.94 0.63 1.40 1.13** 1.02 1.25 0.56 0.16 1.94 0.39%* 0.18 0.82
24.9 & Above 1.66 0.95 291 2.12%* 1.82 2.47 0.24 0.03 1.72 0.97 0.54 1.75
Place of Residence
Rural®
Urban 2.16%* 1.70 2.75 1.26** 1.15 1.38 1.43 0.67 3.08 0.97 0.69 1.37
Household Characteristics
Income Quintile
Lowest Income®
Lower Income 1.19 0.76 1.87 0.74** 0.64 0.85 0.53 0.06 4.68 0.44 0.16 1.22
Middle Income 1.00 0.63 1.58 0.99 0.87 1.13 1.16 0.31 4.30 1.43 0.83 248
Higher Income 1.59** 1.05 2.41 1.19%* 1.06 1.36 1.51 0.54 4.22 1.33 0.77 230
Highest Income 1.89** 1.18 3.05 1.52%* 1.32 1.74 1.54 0.53 4.53 1.53 0.89 2.64

Note: **p-value < 0.01 & *p-value < 0.05; HR: Hazard Ratio; CI: Confidence Interval. Transition from healthy to diabetes (0 - 1); Transition from healthy to
hypertension (0 - 2); Transition from diabetes to hypertension (1 - 2); Transition from hypertension to diabetes (2 - 1).
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frequently are more likely to have diabetes (HR = 2.42; 95% CI = [1.49, 3.94]).
While among the respondents who are diabetic, respondents who drink alcohol
but not frequently (HR = 4.56; 95% CI = [1.73, 12.02]) and who drink alcohol
frequently (HR = 9.85; 95% CI = [2.35, 41.22]) are more likely to have hyperten-
sion. Similarly, compared to respondents who had never consumed tobacco,
respondents who consumed tobacco but not frequently (HR = 2.11; 95% CI =
[1.62, 2.76]) and who consumed tobacco frequently (HR = 1.78; 95% CI = [1.51,
2.10]) are more likely to have hypertension. Among those who are hypertensive,
respondents who consumed tobacco but not frequently are more likely to have
diabetes (HR = 2.59; 95% CI = [1.38, 4.85]). Compared to respondents who had
never smoked, respondents who smoked but not frequently are more likely to
have diabetes (HR = 1.77; 95% CI = [1.03, 3.04]). While respondents who
smoked but not frequently (HR = 1.93; 95% CI = [1.39, 2.68]) and respondents
who smoked frequently (HR = 2.31; 95% CI = [1.94, 2.74]) are more likely to
have hypertension. Sex of the respondents is also significantly associated with
transition from healthy state to diabetic state and hypertensive state. Compared
to male, female are less likely to suffer from diabetes (HR = 0.72; 95% CI = [0.52,
0.98]) but more likely to suffer from hypertension (HR = 2.59; 95% CI = [2.28,
2.93]). Compared to illiterate respondents, respondents who have attained sec-
ondary (HR = 3.08; 95% CI = [1.86, 5.11]) and higher education (HR = 5.93;
95% CI = [3.42, 10.28]) are more likely to have diabetes. Also respondents who
are diabetic and have attained higher education are more likely to have hyper-
tension (HR = 4.70; 95% CI = [1.48, 14.91]). But respondents who have attained
primary education are less likely to have hypertension compared to illiterate
respondents (HR = 0.84; 95% CI = [0.75, 0.95]). Similarly respondents who are
hypertensive and have attained higher education are less likely to have diabetes
(HR = 0.25; 95% CI = [0.08, 0.83]). Compared to respondents with body mass
index less than 18.5, respondents having higher body mass index are more likely
to have hypertension. But, respondents who are hypertensive and having body
mass index 18.5 to 24.9 are less likely to have diabetes (HR = 0.39; 95% CI =
[0.18, 0.82]). Respondents living in urban are more likely to suffer from diabetes
(HR = 2.16; 95% CI = [1.70, 2.75]) and hypertension (HR = 1.26; 95% CI = [1.15,
1.38]) than those living in rural areas. Compared to respondents from household
with lowest income quintile, respondents from household with higher income
quintile (HR = 1.59; 95% CI = [1.05, 2.41]) and highest income quintile (HR =
1.89; 95% CI = [1.18, 3.05]) are more likely to suffer from diabetes. Similarly,
respondents from household with higher income quintile (HR = 1.19; 95% CI =
[1.06, 1.36]) and highest income quintile (HR = 1.52; 95% CI = [1.32, 1.74]) are

more likely to suffer hypertension.

4. Discussion

The sustainable burden of diabetes and hypertension is on the rise in India [31].
They are the leading cause of CAD and CVDs and also the major co-morbid

conditions contributing highly to the burden of non-communicable diseases
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[32]. The associations between these two lifestyle diseases embark considerable
interest worldwide. Diabetes and hypertension are one of the most prevalent
chronic diseases and a major public health problem in India with its prevalence
rapidly increasing in both urban and rural populations [33] [34]. The study
highlights the significant increase in the prevalence of diabetes and hypertension
in India from 2004-05 to 2011-12. The prevalence of diabetes and hypertension
are on a rise in both rural and urban place of residence and in both males and fe-
males. And the prevalence of hypertension is comparatively higher in females than
males. Similarly increase in the prevalence of these lifestyle diseases can be seen
across all households with different levels of income quintile, individual’s with dif-
ferent levels of educations and body mass index and across all levels of behavioral
risk factors such as smoking, consumption of tobacco and drinking of alcohol.

There are several evidences to support the association between diabetes and
hypertension. Compared to people without diabetes, the risk of developing co-
ronary diseases is two to four time higher among people with diabetes [19]. And
diabetes was almost two and half times more likely to develop among people
with hypertension as in people with normal blood pressure [35] [36] [37].
Hyperinsulinsm and insulin resistance may lead to hypertension through altered
intracellular calcium metabolism, which will enhance renal sodium reabsorption
or through an effect of insulin upon lipid and catecholamine metabolism [38].
The United Kingdom Prospective Diabetes Study (UKPDS) and other study
groups found each 10 mmHg decrease in the mean systolic blood pressure was
associated with reduction in risk of 12 percent for any complication related to
diabetes mellitus and 15 percent for deaths related to diabetes mellitus [39] [40].
The above mentioned relationship between diabetes and hypertension are based
on its prevalence. But, here in our study, a different approach was adopted to es-
tablish the relationship between diabetes and hypertension. We estimated the
transition probability to quantify the relationship between diabetes and hyper-
tension. Except for transition from hypertension to diabetes, the probability of
transition decreases in all other transition after adjusting for several behavioral,
individual and household level characteristics. Similarly, the mean waiting time
to the healthy state increases while the mean waiting time to diabetes and
hypertension decreases.

Tobacco use, unhealthy diet, harmful use of alcohol and physical inactivity are
some of the main behavioral risk factors of these diseases [17] [18] [41] [42]
[43]. Similarly, various other physical and socio-economic conditions play a sig-
nificant role in increasing the risk of these lifestyle diseases [20] [21] [22]. Like-
wise, the study highlights the transition specific risk factors affecting the transi-
tion between diabetes and hypertension. Behavioral risk factor like drinking of
alcohol significantly increases the risk of transitioning from healthy to the state
of diabetes state and from the state of diabetes to the state of hypertension.
While smoking significantly increases the risk of transitioning from healthy to

both state of diabetes and hypertension. And consumption of tobacco is mainly
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associated with transition from healthy state to the state of hypertension and
from the state of hypertension to the state of diabetes. The risk of transitioning
from healthy state to the state of hypertension is higher among females than
males. And the risk of transitioning from healthy state to the state of diabetes or
hypertension and transitioning from diabetes to hypertension is higher among
the urban areas than rural areas. Similarly, as the level of education, body mass
index and household income quintile increases, the risk of transitioning between
these lifestyle diseases increase.

Like the other study, the study does not simply consider the cases of diabetes
and hypertension reported by the respondents. The study includes only those
cases which have been diagnosed as having diabetes or hypertension by a physi-
cian. And this is the first ever study in India, attempting to establish the proba-
bility of transition between these lifestyle diseases and provide the transition
specific risk factors. Despite this major strength of the study, it is also subject to
the limitation of not able to include more waves for addressing the transition
from diabetes to hypertension and vice-versa due to non-availability of further
waves of IHDS. While previous study suggests the importance of inclusion of

more waves to increase the statistical power [44].

5. Conclusion

The study highlights the rise in the level of diabetes and hypertension from
2004-05 to 2011-12. The transition probability for different transitions between
diabetes and hypertension decreases and the mean waiting time of staying in
healthy state increases after controlling for several behavioral, individual and
household level characteristics. Increase in the level of smoking, drinking of al-
cohol, consumption of tobacco, body mass index, education and household in-
come quintile are the major transition specific risk factors affecting the transi-
tion between diabetes and hypertension. And gender wise, the risk of transi-

tioning from healthy state to hypertension is higher among females.
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