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Abstract

Self-reported measures of health, in the context of developed countries, are well-

researched and commonly regarded as reliable predictors of the underlying health

of the population. However, the validity of these measures is under-researched and

questionable in the context of low- and middle-income countries. The authors used

Longitudinal Ageing Study in India (LASI) survey data from India to compare self-

reported hypertension with biometrically-measured hypertension. The results are

reported in terms of sensitivity, specificity, and kappa as a measure of agreement.

Logistic regression was undertaken to examine the characteristics of those who were

unaware of their hypertensive status.Our analysis showed a low sensitivity of 56%and

a high specificity of 90.5%. Agreement between self-reported data and biometric mea-

surement of hypertension was observed to be moderate (κ = 0.48). Large variations

were observed among states and sub-groups. The odds of false negative reporting of

hypertensionwere lower in the individualswith higher age, high education, and greater

wealth status. The authors conclude that self-reported hypertension has important

limitations and may be a source of systematic bias. It is recommended that planning

and policy-making in India be basedmore on an objective assessment of hypertension.
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1 INTRODUCTION

In spite of being subjective in nature, self-reported measures of health

are commonly used by policy makers and planners across developed

and developing countries. Unlike clinical assessment and biometric

measurement, self-reported questionnaires are cheap and easy to

administer and enable gathering of information directly from the

respondents.1 However, self-reported measures have limitations
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since respondents can misclassify their health status and provide

inaccurate responses owing to unawareness, cognitive bias, and poor

memory.2,3

The issue of accuracy of self-reported measures and the extent of

their divergence from the actual measurements is well-researched in

the developed country context.4–10 However, the performance of self-

reported measures in low- and middle-income countries is not clear

due to the limited evidence.
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In recent years, a small body of literature has emerged from low-

and middle-income countries, which has assessed the validity of self-

reported measures.11–13 However, even among these studies that

have analyzed the level of divergence between self-reported mea-

sures and biometric measurements, hardly any have attempted to

explain the reasons behind the discrepancy between the two mea-

sures. Thus, significant gaps remain with respect to our understanding

of issues around the validity of self-reported measures in low- and

middle-income countries.

Hypertension was used in this study as it is a leading preventable

cause of cardiovascular disease (CVD) and prematuremortality world-

wide. Notoriously known as a “silent killer”, as it tends to be asymp-

tomatic, it likely affects a significant proportion of the population,

especially in low- and middle-income countries, that may not be aware

of its condition and remains undetected for a prolonged period of time,

contributing to avoidable morbidity and mortality. The good news is

that hypertension, if detected early, can be treated with medication,

diet modification, and lifestyle changes. However, if untreated, it can

be a major risk factor for cardiovascular diseases, kidney failure, and

dementia.14,15

According to the World Health Organization, an estimated 1.28

billion adults, aged 30–79 years, have hypertension worldwide, and

a majority (two-thirds) of them live in low- and middle-income

countries.16 The Global Burden of Disease study has reported that in

2019, high systolic BP accounted for 10.8million deaths and 235.4mil-

liondisability-adjusted life years (DALYs) across theworld.17 In thepast

two decades, changes in the prevalence of hypertension have not been

uniformacross theglobe,withhigh-incomecountries (HICs) experienc-

ing a modest decrease and low- and middle-income countries (LMICs)

experiencing a significant increase.18 In India, an estimated 207 mil-

lion (25.3%) adults, aged18+ years and above, hadhypertension.19 The

number of deaths due to hypertension in India increased from0.64mil-

lion in 1996 to 1.4million in 2019, while the DALYs lost increased from

18.0 million in 1990 to 37.0 million in 2019.17 The trend and projec-

tions of hypertension are a cause for concern as its prevalence among

adults has risen in the last three decades and is expected to continue to

rise further.20,21

A recently published nationally-representative survey, the Longi-

tudinal Ageing Study in India (LASI), based on adults 45 years and

older,22 collected measured and self-reported information on hyper-

tension, allowing for us to determine the validity of the self-reported

hypertension data among Indian older adults. There is a paucity of

nationally-representative studies examining the validity of hyperten-

sion in India and exploring the reasons behind the divergence. Not

only that, hardly any study has looked into the factors associated with

false negative and positive reporting of hypertension among Indian

older adults. Given this background, the present study aims to mea-

sure the extent of disagreement between self-reported and objective

assessment of hypertension and to examine the determinants of false

negative and positive reporting of hypertension among Indian older

adults. Our study attempts to contribute to the limited empirical lit-

erature on the validity of self-assessment of hypertension in low- and

middle-income countries. The policy implications of reliance on self-

reportedmeasures are discussed in the context of India and other low-

andmiddle-income countries.

2 METHODS

2.1 Data

Data were drawn from the recently released first wave of Longitudi-

nal Ageing Study in India (LASI), conducted in 2017–2018. LASI is a

full-scale nationally-representative survey of more than 72 000 indi-

viduals aged 45 years and above, conducted across all states andUnion

Territories of India (excluding Sikkim). The primary objective of the

LASI survey was to scientifically investigate the health, economic, and

social determinants of population aging in India. Face-to-face inter-

views were conducted in respondent households with the help of

computer-assisted personal interviews (CAPI). The LASI survey was

conducted through a partnership among the International Institute for

Population Sciences (IIPS), theUniversity of SouthernCalifornia (USC),

and the Harvard T. H. Chan School of Public Health (HSPH). Further

details on themethodology used by the LASI survey can be found in the

LASI survey report.22

2.2 Outcome variable

In the LASI questionnaire, self-reported data on hypertension was

obtained by the question: “Has any health professional ever told you

that you have hypertension or high blood pressure?” The participant

was identified as hypertensive if s/he answered “Yes.” As part of

biomarker measurements, an electronic monitor (Omron model HEM-

7121) was used to measure the blood pressure three times (with a

1-min gap). We took the average of the last two readings of systolic

blood pressure (SBP) and diastolic blood pressure (DBP). Following the

JNC-7 guidelines, hypertension was defined as average SBP≥140mm

Hg or/and DBP≥90 mm Hg or as current use of any antihypertensive

medication.23

2.3 Covariates

We included various individual, household and community level char-

acteristics in the analysis. Individual-level characteristics were age

group (45–54, 55–64, 65–74, 75+ years), sex (man, woman), educa-

tional level (no education, primary, secondary, higher), working status

(never worked, currently working, not currently working), marital

status (currently married, widowed, divorced/ separated/ deserted)

and body mass index (underweight (< 18.5 kg/m2), normal (18.5–

24.9 kg/m2), overweight/obese (> 25.0 kg/m2). For analytical purposes,

we combined the overweight and obesity categories. The behavioral

factors were ever smoked or chewed tobacco (no, yes) and ever used

alcohol (no, yes). Households factors were, religion (Hindu, Muslim,

Christian, others), caste (Scheduled Caste, Scheduled Tribe, Other
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Backward Class (OBC), others) and monthly per capita expenditure

(MPCE) (poorest, poorer, middle, richer, richest). Community level fac-

tors considered were place of residence (rural, urban) and region

(North, Central, East, Northeast,West, and South).

2.4 Statistical methods

LASI provides information on both self-reported and objective mea-

sures of hypertension. To assess the accuracy of self-reported hyper-

tension, we calculated sensitivity, specificity, and kappa (κ) coefficient.
For assessing sensitivity and specificity, the biometrical data on hyper-

tension was considered the ‘gold standard’ for diagnosing hyperten-

sion. Sensitivity was defined as the proportion of participants who

had self-reported hypertension among thosewith hypertension onbio-

metric measurements. Specificity was defined as the proportion of

participants who self-reported no hypertension among those with no

hypertension on biometric measurements. Kappa statistics (k) were

calculated to assess the degree of agreement between self-reported

hypertension and biometrical data on hypertension. The scores were

divided into four categories: (i) ≤.40 (poor agreement), (ii) .41–.60

(moderate agreement), (iii) .61–.80 (substantial or good agreement),

and (iv) .81–1.0 (excellent agreement). We further assessed the dif-

ferent error outcomes, including false negative and false positive

reporting. False negative reporting was defined as the proportion of

participants who reported no hypertension out of total diagnosed

with hypertension, whereas false positive reporting was defined as

the proportion of participants who reported hypertension out of total

diagnosed with no hypertension. Since the outcome variable has three

categories: correct reporting (this includes sensitivity and specificity),

false negative and false positive reporting,we usedmultinomial logistic

regression to ascertain the role of different socio-economic and demo-

graphic factors in explaining the correct reporting of hypertension. In

multinomial logistic regression correct reportingwas considered as the

‘base’ category. Stata software version15.0was used to calculated sen-

sitivity, specificity, and κ coefficients, along with their 95% confidence

intervals.

3 RESULTS

Table S1 provides details of the sample characteristics and the

prevalence of self-reported and measured hypertension. The overall

prevalence of self-reported, measured, and overall hypertension was

27.4%, 31.5%, and 42.3% respectively. Figure 1 present the prevalence

of self-reported and measured hypertension among the individuals

aged 45 years and above. Overall, the prevalence of self-reported and

measured hypertension is seen to increase with age, but the preva-

lence decreases drastically at ages 49, 55, and 70 years. There is

an underestimation of the prevalence of hypertension based on self-

reported response. The prevalence of hypertension is 17.6% based on

respondents’ reported data and 28% based on measurement at age

45, showing an underestimation of 37.1%. The underestimating of self-

reported hypertension peaks at age 50 (53.6%) and tapers downby age

60 (37.8%).

Table 1 presents the sensitivity, specificity, and agreement between

self-reported and measured hypertension. The overall sensitivity of

self-reported hypertension is 56% for the age group 45 years and

above (45+). It can be observed from the table that the sensitivity of

self-reportedhypertension is positively correlatedwith increase in age,

level of education, and economic status. The sensitivity is higher among

females, those who are obese, those who do not consume alcohol and

do not smoke or chew tobacco, and those who reside in urban areas.

The sensitivity of self-reported hypertension is comparatively higher in

Northern and Southern regions and lower in Central andNortheastern

regions of India.
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TABLE 1 Sensitivity, specificity, and κ-coefficients of self-reported hypertension comparedwith biomedical data, LASI, 2017–2018

45+Years

Sensitivity %

(95%CI) Specificity % (95%CI) κ (95%CI)

Overall 56.0 (55.4, 56.6) 90.5 (90.1, 90.8) .48 (.47, .49)

Background characteristics

Individual factors

Sex

Male 49.8 (48.9, 50.7) 92.2 (91.7, 92.6) .45 (.44, .46)

Female 61.2 (60.4, 61.9) 89.0 (88.5, 89.4) .50 (.50, .51)

Education level

No education 51.9 (51.0, 52.8) 90.1 (89.6, 90.5) .44 (.43, .45)

Primary 57.3 (56.2, 58.5) 90.7 (90.0, 91.3) .49 (.47, .50)

Secondary 59.0 (57.7, 60.3) 91.2 (90.4, 91.9) .55 (.54, .57)

Higher 64.0 (62.3, 65.7) 90.7 (89.6, 91.8) .53 (.51, .55)

Working status

Never worked 65.5 (64.5, 66.6) 88.1 (87.4, 88.8) .55 (.53, .56)

Currently working 43.3 (42.4, 44.2) 92.2 (91.8, 92.6) .38 (.37, .39)

Not currently working 62.4 (61.3, 63.4) 89.0 (88.2, 89.7) .52 (.51, .53)

Marital status

Currently married 54.4 (53.7, 55.1) 90.9 (90.5, 91.2) .47 (.46,.48)

Widowed 60.9 (59.8, 62.0) 88.7 (87.9, 89.5) .49 (.48, .51)

Othersa 51.4 (48.1, 54.7) 90.0 (88.1, 91.7) .38 (.33, .42)

MPCE

Poorest 44.8 (43.4, 46.2) 91.4 (90.7, 92.0) .39 (.37, .41)

Poorer 52.1 (50.7, 53.4) 91.1 (90.4, 91.7) .45 (.44, .47)

Middle 55.8 (54.5, 57.1) 90.6 (89.9, 91.3) .46 (.45, .48)

Richer 60.2 (59.0, 61.5) 89.6 (88.8, 90.3) .52 (.51, .54)

Richest 64.5 (63.3, 65.7) 89.5 (88.7, 90.2) .55 (.53, .56)

BMI categories

Normal 49.3 (48.4, 50.2) 91.9 (91.5, 92.3) .43 (.42, .44)

Underweight 37.4 (35.8, 39.1) 92.9 (92.3, 93.5) .37 (.35, .39)

Overweight/obese 64.9 (63.9, 65.8) 90.0 (89.3, 90.7) .51 (.50, .52)

Behavioral factors

Ever smoke or chew tobacco

No 59.9 (59.2, 60.6) 90.2 (89.7, 90.6) .51 (.50, .52)

Yes 48.0 (47.0, 49.1) 91.1 (90.6, 91.6) .42 (.41, .43)

Alcohol use

No 58.7 (58.1, 59.4) 90.3 (89.9, 90.6) .50 (.49, .51)

Yes 42.9 (41.6, 44.3) 91.7 (90.9, 92.4) .37 (.35, .38)

Household factors

Religion

Hindu 55.0 (54.3, 55.7) 90.6 (90.3, 91.0) .47 (.46, .48)

Muslim 63.7 (62.1, 65.2) 89.7 (88.6, 90.6) .53 (.51, .54)

Christian 49.6 (47.8, 51.4) 91.4 (90.4, 92.3) .52 (.50, .54)

Othersb 62.6 (60.2, 65.0) 87.3 (85.4, 89.0) .49 (.46, .52)

(Continues)
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TABLE 1 (Continued)

45+Years

Sensitivity %

(95%CI) Specificity % (95%CI) κ (95%CI)

Caste

Scheduled caste 53.3 (51.8, 54.8) 90.2 (89.4, 90.9) .45 (.43, .47)

Scheduled tribe 39.7 (38.2, 41.1) 92.6 (91.9, 93.3) .32 (.30, .34)

OBCc 57.4 (56.4, 58.4) 90.6 (90.1, 91.1) .48 (.47, .50)

Others

Community factors 64.3 (63.2, 65.4) 88.8 (88.1, 89.6) .52 (.51, .53)

Place of residence

Rural 49.7 (49.0, 50.5) 90.6 (90.2, 90.9) .43 (.42, .43)

Urban 64.8 (63.9, 65.6) 90.2 (89.6, 90.8) .55 (.54, .56)

Region

North 62.7 (61.4, 64.0) 86.3 (85.4, 87.1) .48 (.47, .50)

Central 43.0 (41.1, 44.8) 91.0 (90.2, 91.8) .39 (.37, .41)

East 52.7 (51.2, 54.2) 89.7 (89.0, 90.4) .45 (.43, .47)

Northeast 47.5 (45.8, 49.1) 89.7 (88.8, 90.6) .45 (.43, .47)

West 57.5 (55.9, 59.0) 93.5 (92.7, 94.2) .48 (.46, .50)

South 61.2 (60.1, 62.3) 93.2 (92.6, 93.8) .55 (.53, .56)

aDivorced, separated, and deserted.
bIncludes Sikh, Buddhist/neo-Buddhist, Jain, Parsi/Zoroastrian, and others.
cOther Backward Classes.

Abbreviations:MPCE,Monthly Per Capita Expenditure; BMI, BodyMass Index; κ, Kappa coefficient; CI, Confidence Interval.

The overall specificity of self-reported hypertension is 90.5% for

ages 45 years and above. In contrast to sensitivity, which showed a

significant variation across sub-groups, no significant differences were

observed with respect to specificity. Our findings suggest that the

overall k-coefficient of self-reported hypertension is 0.48 suggesting

moderate agreement between self-reported and measured hyperten-

sion. Significant differences are observed in k-coefficients between

sub-groups in the study.

Table 2 provides the sensitivity, specificity, and k-coefficients of

self-reported hypertension compared with measured hypertension in

different Indian states and Union Territories. There are significant dif-

ferences in sensitivities but no significant differences in specificities of

self-reported hypertension among the age groups above 45 years in

the Indian states andUTs. The sensitivity of self-reported hypertension

is the highest in Jammu & Kashmir (79%) and the lowest in Naga-

land (24%). Sensitivity is high in Goa (76%), Chandigarh (71%), Kerala

(68%), Punjab (66%), and Puducherry (70%), and low in Chhattisgarh

(31%), Dadra & Nagar Haveli (32%), Nagaland (24%), and Arunachal

Pradesh (33 %). The low sensitivity in states can be viewed in the con-

text of the shortfall in the health infrastructure in India, the details

of which are presented in Table S2. At the national level, the shortfall

of PHCs is 29%, while that of CHCs is 38%. It may be observed that

various states with a large shortfall of PHCs, including Chhattisgarh,

Jharkhand, Madhya Pradesh, Odisha, and Uttar Pradesh, had lower

sensitivity of self-reported hypertension.

Table 2 also presents the k-coefficient which was used to measure

theagreementbetween self-reportedandmeasuredhypertension. Sig-

nificant differences in k-coefficients are observed across states. States

with a high sensitivity tend to have a high degree of agreement (k-

coefficient). Self-reported hypertension shows low sensitivity and high

specificity in all the states of India. The UTs of Jammu & Kashmir,

Chandigarh, and Puducherry report a high sensitivity and specificity

and high k-coefficient values for all age categories, whereas Dadra &

Nagar Haveli and Lakshadweep have low values. The Southern region

has a better sensitivity and specificity and higher k-coefficient values

than the other regions.

Table 3 shows the estimated effects of the predictor variables on

false negative reporting and false positive reporting of hypertension

using multinomial regression model. The propensity of false nega-

tive and false positive reporting goes down as age increases. Sex of

individual has a significant association with false negative but no

significant association with false positive reporting. Compared to

males, females have a 23% lower rate of false negative reporting.

Educational level has a significant effect on false negative and false

positive reporting. For example, secondary education has 38% less

false positive reporting and higher education has 40% less false

positive reporting of hypertension compared to no education. MPCE

has a significant effect on false negative reporting but not on false

positive reporting. Interesting to observe that underweight individuals

have 44% higher false negative reporting, while obese individuals have
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TABLE 2 Sensitivity, specificity, and κ-coefficients of self-reported hypertension comparedwith biomedical data, by Indian states, LASI,
2017–2018

45+ years

State

Sensitivity %

(95%CI) Specificity % (95%CI) κ (95%CI)

Andaman&Nicobar Islands 60.0 (56.1, 63.8) 87.7 (84.0, 90.7) .44 (.39, .49)

Andhra Pradesh 63.2 (60.4, 65.9) 93.0 (91.2, 94.6) .55 (.51, .58)

Arunachal Pradesh 33.2 (28.4, 38.3) 86.3 (83.2, 89.0) .27 (.21, .33)

Assam 56.5 (53.1, 59.9) 87.8 (85.6, 89.7) .47 (.43, .51)

Bihar 49.1 (46.0, 52.2) 85.2 (83.6, 86.7) .36 (.32, .39)

Chandigarh 70.7 (66.4, 74.8) 87.9 (84.2, 91.0) .60 (.54, .65)

Chhattisgarh 30.9 (27.7, 34.2) 94.5 (92.9, 95.9) .27 (.23, .31)

Dadra &Nagar Haveli 32.2 (27.5, 37.3) 94.7 (92.5, 96.4) .32 (.27, .38)

Daman &Diu 60.4 (55.5, 65.1) 92.3 (89.5, 94.6) .51 (.45, .56)

Delhi 61.6 (57.3, 65.9) 87.2 (84.4, 89.7) .49 (.44, .54)

Goa 75.7 (72.3, 78.8) 95.5 (93.2, 97.1) .67 (.63, .71)

Gujarat 49.3 (45.9, 52.7) 90.4 (88.5, 92.1) .43 (.39, .46)

Haryana 64.8 (61.1, 68.3) 77.2 (74.4, 79.8) .41 (.36, .45)

Himachal Pradesh 54.1 (50.1, 58.1) 88.8 (86.0, 91.2) .42 (.37, .47)

Jammu&Kashmir 79.0 (75.7, 82.0) 92.4 (90.2, 94.2) .73 (.69, .77)

Jharkhand 43.7 (40.4, 47.1) 92.4 (90.8, 93.8) .40 (.36, .44)

Karnataka 51.3 (47.9, 54.7) 95.0 (93.5, 96.2) .56 (.53, .60)

Kerala 67.8 (65.2, 70.4) 93.4 (91.6, 95.0) .56 (.53, .59)

Lakshadweep 56.0 (52.2, 59.8) 93.3 (90.1, 95.7) .36 (.31, .40)

Madhya Pradesh 46.2 (42.9, 49.6) 90.8 (89.3, 92.2) .39 (.35, .42)

Maharashtra 58.9 (56.5, 61.2) 94.9 (93.7, 95.9) .50 (.48, .53)

Manipur 52.7 (48.3, 57.1) 90.2 (87.6, 92.4) .51 (.46, .56)

Meghalaya 44.9 (40.0, 49.8) 91.4 (88.2, 93.9) .41 (.35, .46)

Mizoram 58.3 (52.9, 63.5) 89.6 (87.0, 91.7) .53 (.47, .58)

Nagaland 24.3 (20.7, 28.1) 95.3 (93.2, 96.8) .20 (.17, .24)

Odisha 48.2 (44.8, 51.5) 92.1 (90.7, 93.4) .42 (.38, .46)

Puducherry 69.6 (65.8, 73.2) 92.3 (89.8, 94.3) .59 (.55, .63)

Punjab 65.5 (62.7, 68.3) 86.7 (84.1, 89.1) .49 (.45, .53)

Rajasthan 55.0 (51.3, 58.6) 87.1 (85.1, 88.8) .45 (.41, .49)

Tamil Nadu 57.4 (54.8, 59.9) 92.9 (91.6, 94.2) .49 (.45, .52)

Telangana 63.3 (60.2, 66.2) 94.3 (92.7, 95.7) .59 (.55, .62)

Tripura 57.8 (53.1, 62.5) 89.1 (86.2, 91.6) .48 (.43, .54)

Uttar Pradesh 48.6 (45.8, 51.5) 89.9 (88.7, 91.0) .42 (.38, .45)

Uttarakhand 48.1 (43.8, 52.5) 86.6 (83.8, 89.1) .38 (.33, .43)

West Bengal 63.0 (60.6, 65.5) 91.4 (89.9, 92.7) .55 (.52, .58)

Abbreviations: κ, Kappa coefficient; CI, Confidence Interval.

39% lower false negative reporting compared to persons of normal

weight.

Lastly, place of residence too has a significant effect on false neg-

ative and false positive reporting. Urban residents have a 30% lower

rate of false negative reporting and a 27% lower rate of false positive

reporting compared to rural residents.

4 DISCUSSION

Hypertension is a major public health concern globally, and especially

in low- and middle-income countries. For effective local and national

level policy making and implementation of strategies for the preven-

tion and control of hypertension, information on the distribution of the
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TABLE 3 Multinomial logistic regression results for false negative
and positive reporting (with respect to correct reporting) of
hypertension among older adults in India, LASI, 2017–18

False negative

reporting

False positive

reporting

Background characteristics OR (95%CI) OR (95%CI)

Individual factors

Age groups (in years)

45–54 1.00 1.00

55–64 .63*** (.48,.83) .45*** (.36,.56)

65–74 .54*** (.41,.71) .30*** (.24,.39)

75+ .51*** (.39,.67) .25*** (.18,.34)

Sex

Male 1.00 1.00

Female .77*** (.69,.87) 1.12 (.91,1.38)

Education level

No education 1.00 1.00

Primary .79*** (.70,.89) .87 (.72,1.04)

Secondary .68*** (.56,.84) .62*** (.47,.81)

Higher .82 (.55,1.21) .60*** (.45,.79)

Working status

Never worked 1.00 1.00

Currently working 1.62***

(1.41,1.87)

1.36**

(1.12,1.65)

Not currently working .91 (.80,1.04) .94 (.77,1.13)

Marital Status

Currently married 1.00 1.00

Widowed .91 (.80,1.04) .71*** (.61,.84)

Othersa 1.29 (.95,1.74) 1.55 (.86,2.78)

MPCE

Poorest 1.00 1.00

Poorer .76*** (.66,.88) .82 (.63,1.05)

Middle .76*** (.66,.87) .82 (.64,1.05)

Richer .60*** (.52,.70) .82 (.63,1.06)

Richest .56*** (.49,.65) .79 (.57,1.09)

BMI categories

Normal 1.00 1.00

Underweight 1.44***

(1.25,1.65)

1.88***

(1.57,2.24)

Overweight/obese .61*** (.55,.68) .49*** (.40,.60)

Behavioral factors

Ever smoke or chew tobacco

No 1.00 1.00

Yes 1.13 (1.00,1.28) 1.05 (.91,1.21)

Alcohol use

No 1.00 1.00

Yes 1.18* (1.02,1.36) .85 (.68,1.07)

(Continues)

TABLE 3 (Continued)

False negative

reporting

False positive

reporting

Background characteristics OR (95%CI) OR (95%CI)

Household factors

Religion

Hindu 1.00 1.00

Muslim .83* (.72,.96) .82 (.64,1.05)

Christian .89 (.72,1.11) .82 (.55,1.22)

Othersb .92 (.74,1.15) .69* (.50,.93)

Caste

Scheduled Caste 1.00 1.00

Scheduled Tribe 1.69***

(1.37,2.08)

.92 (.67,1.26)

OBCc 1.11 (.95,1.28) 1.23*

(1.03,1.48)

Others

Community factors 1.01 (.86,1.18) 1.09 (.89,1.33)

Place of residence

Rural 1.00 1.00

Urban .70*** (.63,.78) .73** (.61,.89)

Region

North 1.00 1.00

Central 1.63***

(1.36,1.96)

1.12 (.90,1.39)

East 1.11 (.94,1.30) .89 (.72,1.10)

Northeast .87 (.70,1.08) .66** (.49,.90)

West 1.37***

(1.16,1.61)

.43*** (.33,.56)

South 1.18* (1.00,1.39) .36*** (.28,.47)

aDivorced, separated, and deserted.
bIncludes Sikh, Buddhist/neo-Buddhist, Jain, Parsi/Zoroastrian, and others.
cOther Backward Classes.

Abbreviations: MPCE, Monthly Per Capita Expenditure; BMI, Body Mass

Index; OR, Odds Ratio; CI, Confidence Intervals.

*P< .10, **P< .05, ***P< .01.

prevalence of hypertension in the population is an essential starting

point. Although self-reported measures of health are well-researched

and commonly regarded as reliable predictors of the underlying health

of the population in the developed countries, the validity of thesemea-

sures is under-researched and questionable in the context of low- and

middle-income countries. Due to the high costs and time-consuming

process of the clinical diagnosis in the surveys, information on hyper-

tension is likely to be based on self-reported data. A number of studies

have relied on the use of self-reported information on hyperten-

sion while studying its influence on various health-related outcomes,

including quality of life,24 depression and anxiety,25 chronic health

conditions,26 andmortality.27

Comparing the subjective and objective measurements of a health

condition allows for assessing its precision of measurement and
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reliability.28 This paper contributes to the limited but growing body

of literature that assesses the validity of self-reported hypertension

and tracks inconsistent reports. Using nationally-representative data

on individuals aged 45 years and older, we investigated the accu-

racy of self-reported hypertension. Our analysis shows a sensitivity

of 56% and a specificity of 90.5%. Agreement between self-reported

data and measured hypertension was observed to be moderate

(κ = 0.48). Large variations, particularly in sensitivity of self-reported

hypertension, were observed among states and sub-groups. Age, sex,

education, wealth status, body mass index, and place of residence

were the strongest explanatory predictors of accurate self-reported

hypertension. Similar to other studies that have analyzed the valid-

ity of self-reported hypertension, our study too found disagreement

between self-reported disease status and the corresponding clinically

diagnosed measures and confirms that self-reported hypertension

underestimates the true prevalence of hypertension.11,13

Previous studies examining the validity of self-reported hyper-

tension have found the sensitivity of self-reported hypertension

to range from 34.5% to 83.9% and the specificity from 92.0% to

98.7%.8,9,35–37,11,12,29–34 Literature suggests that self-reported hyper-

tension generally exerts high sensitivity and specificity and amoderate

level of agreement.38

A number of countries have reported higher sensitivity and

specificity of self-reported hypertension compared to our aggregate

national-level findings. For example, a study conducted in the United

States,8 based on the data from the Health and Retirement Study

(HRS), reported a higher level of sensitivity (83.9%) and specificity

(92.0%) than our study. Similarly, a study based on Korean older adults

(31) aged 50 years and above, reported a higher sensitivity (73.0%)

and specificity (98.5%) and higher k-agreement (0.72) as compared

to our study. Other studies to have reported a higher sensitivity and

specificity of self-reported hypertension include those from Thailand

(82.4% and 70.7%),39 South Korea (73.0% and 98.5%),31 Brazil (77.1%

and 93.4%),40 and Russia (73.1% and 72.1%).38 A comparative study

based on Chinese older adults, which used data from the China Health

and Retirement Study (CHARLS),11 reported a sensitivity, specificity,

and κ-agreement of self-reported hypertension of 56.3%, 96.3%, and

.57, respectively, similar to our findings. Only South Africa (31.4% and

78.4%) and Ghana (13.7% and 97.3%)38 have reported sensitivity and

specificity lower than our findings for India as a whole.

Healthcare in India is a state patient and, hence, the responsibility of

individual states to provide effective and efficient health care of high

quality to their respective populations. However, there is a huge varia-

tion among the states of India in terms of their level of socio-economic

development, size of population, health transition, and health systems

capacities with respect to physical and human resources. All these fac-

tors are likely to influence the health status experienced by a state’s

population. It is, therefore, not surprising thatweobserve large and sig-

nificant variations in the sensitivity of self-reported measures among

the states of India.

As a significant proportionof thepopulation in India is unawareof its

hypertensive status, self-reportedmeasures tend tounderestimate the

true prevalence of hypertension. A number of factors contribute to this

large awareness gap between the self-reported and the true burden

of hypertension. Literature suggests issues with respect to recall bias

in survey questionnaires.41,42 In a country like India, low levels of self-

reported hypertension indicate significant limitations of the country’s

health policy and health care systems. Our opinion is that the low sen-

sitivity in India is largely due to the barriers in access to health services

that result in an under-diagnosis of hypertension. Given the low public

health spending in India, with the resultant weak public health systems

and amassive expansion of the private sector in the recent years, India

is one of the countries with the highest out-of-pocket payments. Liter-

ature abounds with issues around financial barriers to access to health

services and equity implications in terms of the regressive nature of

health systems largely dependent on out-of-pocket payments. In addi-

tion to financial barriers in terms of affordability and access to health

services, low levels of literacy, low health insurance coverage, and huge

inequalities in financing and delivery of health care further aggravate

the situation.

India spends only 3.5% of its Gross Domestic Product (GDP) on

health as compared to China that spends 5.2%, with a much lower

public spending on health (27% of total health expenditure), and has

nine doctors per 10 000 population when compared to 20 in China.43

Although home to 67% of India’s population, rural areas have only 33%

of hospital beds.44 Chronic underinvestment in health over decades

has resulted in weak public health care systems in India. For India as

a whole, there is a shortfall of over 75% specialist doctors at CHCs in

the rural areas.44 In addition, there is a large shortfall of the health

infrastructure itself – PHCs and CHCs – in rural India.44

With a private sector that is unaffordable formany on the one hand,

and a weak public health care system – in terms of availability of man-

power, equipment, and drugs – on the other, it is not surprising that

one out of two hypertensives in India are not aware of their hyper-

tensive status. Although India launched a national-level program for

controlling NCDs, with a particular focus on diabetes, cancer, stroke,

and cardiovascular diseases, in 2010, the program’s outcomeswere not

satisfactory.45

It is crucial to examine the disagreement between self-reported

and measured hypertension as it has potential policy implications,

including serving as a misleading basis for evidence-based policy and

health service planning.46 For example, if resources are allocated

based on the self-reported measures, it would result in a significant

under-investment in budgeting for hypertension prevention and con-

trol programs as almost half of all hypertensive individuals (44%)would

remain undetected by this approach. In addition, as a result of the

systematic bias, planning, programming and developing hypertension

control strategies based on self-reportedmeasureswould discriminate

against the younger population, those residing in rural areas, those

who are uneducated, those belonging to lower socio-economic groups,

and those who consume alcohol and are smokers, as these groups

disproportionately under-report hypertension as observed from the

low sensitivity of self-reported hypertension. Our results confirm that

well-developed states like Kerala and Goa, with high literacy rates and

better access to health services, have significant advantages in terms

of awareness of hypertension than the less-developed states, where
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access to health care services may be a major concern. Resource allo-

cation, based on self-reportedmeasure, would placemore resources in

the hands of the developed states at the cost of the underdeveloped

states.

This study contributes to the existing literature in a number of

ways. It makes an empirical contribution to the limited existing liter-

ature by providing estimates of disagreement between self-reported

hypertension status and the corresponding clinically diagnosed mea-

sure of the same individuals in a nationally-representative sample of

elderly population over 45 years in India. It also assesses the validity

of self-reported measure in terms of sensitivity, specificity, and level

of agreement between the two measures of hypertension. In addition,

through the use ofmultinomial logistic regression, this study estimates

the effects of predictor variables on false negative and false positive

reporting of hypertension and thus attempts to explain the reasons

behind this divergence between the twomeasures. The strength of this

paper is that it attempts to understand whether the deviation in self-

reported hypertension is a random occurrence or there are underlying

factors contributing to this variation in a systematic manner.

5 CONCLUSIONS

Our findings are consistent with other studies in the literature, in that

self-reported measures of hypertension can grossly underestimate

the true prevalence of the condition, especially in low- and middle-

income countries. Almost half of all patients identified with biometric

hypertension would not be identified by self-reported measures, with

significant variations across the states of India. This is more so for

some sub-groups and the less developed states, where the use of

self-reported measures would miss seven out of 10 hypertensives.

The large awareness gap between self-reports and the true burden

of disease indicates major deficiencies in India’s health care system,

including issues relating to access to health services as a result of finan-

cial affordability. Self-reported hypertension has important limitations

and may be a source of systematic bias, under-representing individu-

als who are illiterate, belong to lower socio-economic groups, reside

in rural areas, and are from the less-developed states. Therefore, it

is recommended that in countries like India, planning, budgeting, and

program prevention and control activities be based on an objective

assessment of hypertension.
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