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Abstract

One-fourth of death in India is attributed to cardiovascular disease (CVD) and more

than 80% is related to ischemic heart disease and stroke. The main risk factor for CVD

is hypertension. Every third person in India suffers from hypertension and the preva-

lence increased drastically in the past 20 years, especially among the youngest age

group of 20 and 44 years. Regardless of being under anti-hypertension medication,

the blood pressure (BP) control rate in the country is still low ranging between 6%

and 28% only. Assessing the “true BP control rate” should be performed using both

clinic BP measurement and out-of-office BP measurement as the latter shows bet-

ter prognosis for patients’ hypertension and CVD outcomes. Home blood pressure

monitoring (HBPM) shows superiority over ambulatory BP measurement as multiple

measurements can be collected at the patient’s convenience. Only limited evidence on

HBPM in India is available and it’s either lacking in hypertension participants or of a

small sample size. This study will investigate the real BP control status among 2000

hypertensive patients from 18 centers in 12 states across Pan-India. The outcome of

this study will emphasize the value of establishing BP control management practice

guidelines suitable for physicians and help policymakers in building proper strategies

for hypertension management to reduce the CVD burden on the health situation in

India.
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1 BACKGROUND

In India, almost one-fourth of all deaths are attributed to cardiovas-

cular disease (CVD), and 52% of CVD death happens before the age

of 70 years old.1–3 More than 80% of CVD mortality is from ischemic

heart disease and stroke, and themajor risk factor is hypertension.1,3–6

The prevalence of hypertension in India among adults-general popu-

lation aged 18 years and above is on average around 30%, meaning

that every third person in the country suffers from hypertension, and

this prevalence has increased drastically in the past 20 years in both

urban and rural areas.7,8 Despite the area of residency, the affected

individuals are mostly among the youngest group between the age of

20 and 44 years as revealed in the national survey, showing that hyper-

tension is not a disease for the older age exclusively.7,9 Even though

efforts are made in the country to diagnose and bring forth awareness

of hypertension, the blood pressure (BP) control rate did not improve

in the last two decades, ranging between 6% and 28% regardless of

being under anti-hypertensionmedications.6,7,10–13 From the available

national evidence, BP control rate is usually defined using clinic (office)

BP (CBP) which is mainly measured on one occasion. There lies the

shortcoming to using CBP as an index to BP control as it is impracti-

cal for patients tomonitor their BPmeasurement frequently but during

their visits to the clinic. Assessing the “true BP control rate” should

be deducted not only from a single visit to the clinic but from mul-

tiple measurements out of the clinic setting. Using out-of-office BP

measurements can relatively providemultiple numbers ofBPmeasure-

ments in the comfortable environment of each individual.14 Existing

global evidence supports the advantages of out-of-office BP measure-

ment for the diagnosis of subtypes of hypertension, contributes to

treatment efficacy evaluation, and assists in CVD prevention.14–15

Among the out-of-office BPmeasurements, homeblood pressuremon-

itoring (HBPM) shows preference over ambulatory blood pressure

monitoring (ABPM) from the perspective of the patients and clinical

practicality.16–20 A vast body of international evidence shows HBPM

to have a superior prognostic value and as a better predictor over CBP

for CVDoutcomes and target organ damage.21 A finding from the India

Heart Study which investigated the agreement of two visits CBP and 7

days home blood pressure (HBP) showed poor agreement between the

two readings, and stated the conclusion that when it comes to diagnos-

inghypertension,HBPshouldbe thepreferredmethod.22 Summarizing

the evidence thus far, HBPMappears to provide close to the true value

of an individual’s BP control better than CBP, while it shows bene-

fit over ABPM as the patient can measure their BP multiple times for

long period on several occasions at their own convenience.19–20 Indian

national evidence on HBPM is scarce either due to the limited number

of studies conducted with HBPM or having a small sample size.22,23 In

the IndiaHeart Study, they investigatedHBPM in the country, however,

the participants were of hypertension-naive background and there is

only limited evidence on HBPM in hypertensive patients in India.22 In

2018, Asia BP@Home study determined HBP control status across 11

Asia countries/regions, among the countries involved in this study was

India.23 The limitations of the study were the low sample size (n = 97)

and the data being collected from one center only. Therefore, there is

still a need for nationwideHBPMevidence in India amonghypertensive

patients and with a larger sample size to show the real BP control rate

in the country.

The GeogRaphic And socioecoNomic Distribution of real-world

Indian data of home blood pressure monitoring (GRAND Study) aims

to create the first massive scale real-world India data of HBPM among

hypertensive patients which will answer various pertinent questions

about hypertension and BP control, socioeconomic, demographic, and

lifestyle factors affecting it, the distribution and variation of data of

home and office measurement of BP, and the awareness and behavior

of hypertensive patients regarding hypertension andHBPM in India.

2 METHODS AND STUDY DESIGN

2.1 Overview

This registry is amulti-center, non-interventional cross-sectional study

planned to recruit 2000 hypertensive patients in 18 medical centers

across 7 regions and 12 states in India (Figure 1). We will investi-

gate the BP control status and provide Indian real-world data of BP

monitoring by CBP and HBP. The study aims to determine the follow-

ings: (1) demographic comparison of CBP versus HBP, and BP control;

(2)demographic, anthropometric, socioeconomic, medical, and lifestyle

factors affecting hypertension subtypes which are white-coat hyper-

tension, masked hypertension, sustained uncontrolled hypertension,

controlled hypertension, morning hypertension and evening hyperten-

sion in India; (3)BP and heart rate (HR) variability of visit-to-visit CBP

and day-by-day HBP, morning HBP, and evening HBP and factors cor-

related to them; (4)regional differences in BP control; (5)hypertension

patients’ behavioral association with BP control. The findings from this

study will have an impact on filling the gap in the diagnostic dilemma

of hypertension management and BP control in India, paving the path

to developing guidance for physicians to be used in clinical practice,

and building strategies by policymakers to improve the BP control and

prevention of CVD outcomes.

2.2 Study design and setting

The protocol and term of consent were approved by Independent Eth-

ical Committee Narayana Diagnostics, Lucknow, Uttar Pradesh, India

(Approve number: NIEC/INDT/APP/08/28/22-02). The ethics commit-

tee is organized and operates according to the requirements of Good

Clinical Practice (GCP), Indian Council of Medical Research (ICMR),

and NewDrug and Clinical Trial Rule 2019.

The study is designed to include two visits to the study center and

at least 7 days of HBPM by the participants. Figure 2 shows the study

schedule and data collected at each visit. The investigator or research

nursewill recruit the patients and obtain the following list of items dur-

ing the visit1: (1) written informed consent, (2) relevant background

information filled in the registration form, and (3) patient Home BP

survey. The patient Home BP survey is composed of 16 questions that
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F IGURE 1 GRAND study centers’ distribution and the number of participants.

F IGURE 2 The study procedure and flow chart.

will be used to understand the participants’ awareness and knowledge

of hypertension, the practice of regular BP monitoring, their knowl-

edge of HBP, and the measuring practice of HBP. Each study center

will receive minimum 10 validated BP measurement devices (Omron

HEM-9210T) and these devices will be used in all the BP measure-

ment data (CBP and HBP) throughout the study. The conditions for

measuring CBP and HBP were based on the global instructions from

guidelines18–20 withminor adjustments to the resting time prior to the

measurement from the standard 5 min to 2−5 min to accommodate

practicality in measuring BP, limited time of consultation, and suitable

alteration for the common cultural behavior by patients. The inves-

tigator or research nurse will measure CBP and (HR) following the

instructionof thepatient being in a sittingposition in aquiet roomwith-

out moving or talking while resting for 2−5 min and the cuff wrapped

around the upper-arm and positioned at the same level as the heart.

The CBPmeasurementwill be observed readings as the investigator or

research nurse will operate measuring office BP. For a practical proce-

dure, and to reflect the common practice and accommodate for limited

consultation time by the investigators, CBP will be measured only two

times within a gap of 1 min without removing the cuff. The two read-

ings of each visit will be used in the analysis without discarding the first

reading. The patients then will be provided with the same device used
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TABLE 1 HBPmorning and evening instructions to the participants.

HBPmorning (6:00–12:00) HBP evening (18:00–24:00)

∙ Within 1 h after waking up
∙ After urination
∙ Before taking anymedications
∙ Before eating breakfast
∙ After 2–5min resting in a sitting position (lean against the seat

back and rest both feet on the floor, nomoving or talking)

∙ Just before going to bed
∙ After 2–5min resting in a sitting position (lean against the seat

back and rest both feet on the floor, nomoving or talking)

to measure their CBP along with the patient’s Quick Guide on how to

measure HBP and HBP measurement sheet. The day the patient will

be recruited is considered day 0 in the study format and the next day

will be considered day 1 of the HBPM and the participants will record

their HBP for at least 7 days. HBP will be measured in the morning

and evening; two times each occasion using provided BP device which

will automatically store the measurement in the device memory digi-

tally and the patientswill alsowrite down the readingsmanually on the

HBPmeasurement sheet. The instructions for both measurements are

described in Table 1.

Prior to CBP measurement, the investigator or research nurse will

decide the arm BP will be measured by firstly measuring BP from both

arms, starting from the non-dominant upper arm (primarily the left

arm). If the BP in the right and left arms differed considerably, the arm

with the highest BP will be defined at the visit1 and used throughout

the HBP measurements. After the 7 days of HBP measurement, and

giving a buffer time, the patients will returnwithin 15 days to the study

center tovisit2with theBPdevice and the filled-outHBPmeasurement

sheet. Patientswith less than3days ofmeasurement recorded for both

morning and evening will be excluded from the further data analysis.

During visit2, the investigator or research nurse upon obtaining the

BP device and HBP measurement sheet will measure CBP (two times

within a gap of 1min) and HR following the samemethod performed in

measuring CBP at visit1, and the patients will answer a feedback sur-

vey. The feedback survey is composed of 3 questions on the behavior

change after experiencing 7 days of HBPM, and knowledge of HBPM

benefits. The digitally stored BP recording in the device will be com-

posed of 4 CBP measurements and at least 7 days HBP which will

be transferred to a data management system prior to passing the BP

device to the next patient.

Each patient’s registration form, patient Home BP survey, and BP

measurements (manually recorded and digitally) will be logged into a

GRAND study datamanagement system.

2.3 Participant recruitment

The total target sample size is a minimum of 2000 hypertension

patients from 18 study centers across 12 states from 7 regions, and

100 patients per centerwith the exception of two centers in theNorth-

East and Northern Himalaya region which will collect 150 patients per

center to balance out the number of patients per region (Figure 1).

In this study, the participants will be hypertensive patients under

anti-hypertensive medication treatment for more than 3 months. Eli-

gible patients will be those who have understood, agreed, and signed

the informed consent form for this study. The inclusion and exclusion

criteria are shown in Table 2.

2.4 Study withdrawal

Patients may withdraw or decide to discontinue the study at any time

at their own request or at the discretion of the investigator for safety,

behavioral, or administrative reasons. The investigator will act upon

the withdrawal/discontinuation decision by requesting the participant

or related family to fill in the proper form.When the patient withdraws

from the study, this actionwill withdraw their consent for disclosure of

future information, and no further evaluations nor additional data will

be collected.

2.5 Outcomes

2.5.1 Primary outcomes/Clinical

Distribution of patients based on BP control status using hypertension

diagnosis threshold by the difference in the clinic and home BP thresh-

olds as shown inFigure3. TheBPcontrol statuswill alsobe investigated

by regions and expressed with graphical bars.

2.5.2 Secondary outcomes/Clinical

∙ The distribution of BP control status using target threshold of CBP

andHBP as<130/80mmHg.

∙ The distribution of BP control status for the population with dia-

betes mellitus using the target threshold of CBP <130/80 mmHg

andHBP<125/75mmHg.24

∙ The distribution of BP control status for the high-risk population

with diabetes mellitus, cardiovascular disease and chronic kidney

disease using the target threshold of CBP <130/80 mmHg and

HBP<125/75mmHg.

∙ To find out the correlation of demographic, anthropometric, socioe-

conomic, medical condition, medication use, and lifestyle factors
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TABLE 2 GRAND study participants’ inclusion and exclusion criteria.

Inclusion criteria Exclusion criteria

1. Patients living in India.

2. Patients diagnosedwith hypertension and on stable

hypertensionmedication≥3months.

3. Age between≥20 and≤70 years.

4. Patients who are thoroughly informed about the study and

signed an informed consent form.

1. Patients with Pregnancy-InducedHypertension.

2. Shift workers or patients working for odd hours (working between

5 pm and 9 am).

3. Patients with arm circumference of<22 cm or>42 cm.

4. Patients deemed unfit to participate in the study due to a health

condition.

F IGURE 3 A plot template showing the
distribution of uncontrolled, well-controlled,
masked, andwhite-coat hypertension
according to home and clinic systolic BP
measurements. The cut-off of average home
SBP 135 and average clinic SBP 140were
assigned as proposed in the IGH-IV 2019 and
2020 ISHGlobal Hypertension Practice
Guidelines.

to BP control status and HR, including data collected from unique

demographics in India.

∙ To examine BP and HR variability for visit-to-visit CBP, day-by-day

HBP, morning HBP, and evening HBP.

∙ Comparison between the digitally recorded BP measurement and

manually recorded.

2.5.3 Secondary outcomes/Behavioral

∙ To investigate the knowledge, attitude and practice (KAP) of HBPM

by hypertensive patients in India.

∙ Determine the association between KAP, physicians’ instructions of

HBPM and prescription usage to BP control among hypertensive

patients.

∙ To investigate the change in patient’s KAP regarding HBP

from visit1 patient Home BP survey and visit two feedback

surveys.

2.6 Data management

All the study-related documents and database hardcopy will be main-

tained in a locked secured area under the study principal investigator

(PI). All digital data will be stored securely under the responsibility of

the study PI at King George’s Medical University (KGMU), Lucknow,

Uttar Pradesh, India. During the data collection, the project coordi-

nation, the tracking of study progress, follow-up on the recruitment

process, digital datamanagement, and statistical analyseswill be under

the supervision and responsibility of the study PI and in coordination

with TATAConsultancy Services.

2.7 Statistical method

The data will be collected centrally, and all data processing and statis-

tical analyseswill be done by using the software SAS 9.4 (SAS Institute;

Cary,NC) and SPSS21.0 (Release 21.0.0.0, IBM,USA). All the statistical
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TABLE 3 GRAND study strength and limitation.

Strength Limitation

1. Investigate the real BP control rate from the agreement between CBP and

HBP among hypertensive patients.

2. Assessing BP control by HBPMwhichmight reflect the real reading of BP.

3. Determine the BP andHR variability (visit-to-visit of CBP, day-by-day,

morning and evening of HBP).

4. Comparison between patients’ HBP recorded digital andmanual readings.

5. Association of BP control with patients’ KAP of hypertension andHBPM.

6. Correlation of BP control with patients’ characteristics among hypertension

in India.

7. Association between physicians’ Instructions with BP control and patients’

characteristics.

8. Patients’ behavior change after experiencing 7 days of HBPM.

9. Prescription usage for hypertension treatment.

10. Provide new evidence of hypertension from unique demographics in India.

1. Selection Bias: participants are under hypertension treatment,

and consulting with physicians. The participants are not

randomized.

2. HBPmeasurement for 7 days only.

3. Moderate number of hypertensive patients (2,000 participant),

however, the sample will be recruited from across India which

might be representative of the country.

4. Recruitment centers are well-distributed by 7 regions, however,

in India, there are 29 states and 8Union territories. This study

covers less than half the number of states (12 states).

analyses will be performed for the overall population and by the seven

regions. Continuous and categorical variables will be presented as

mean ± standard deviation (SD), and number (%), respectively. The

average of all HBP readings versus the average of all CBP readings

will be plotted to show the hypertension subtypes as in Figure 3. The

chi-square will be used to test the prevalence differences among the

hypertension subtypes and regression analyses will be performed to

describe the association between socio-demographical, lifestyle, and

clinical factors and each hypertension condition and hypertension

subtype. From the aforementioned factors, determinants influenc-

ing each hypertension subtype will be identified. Additionally, the

patient’s Home BP awareness survey answers will be expressed as

descriptive statistics of number (%). Both the demographic/clinical

characteristics and the patient Home BP survey answers will be

explored for association with hypertension subtypes. The change in

patients’ behavior between visit 1 and visit 2 will be determined using

paired proportions (McNemar’s test). To analyze the BP variability of

visit-to-visit CBP, day-by-day HBP, morning HBP, and evening HBP,

the following parameters will be calculated which are SD, coefficient

of variation (CV) calculated as SD divided by the average BP level and

multiplying by 100, and average real variability (ARV) calculated as the

average of absolute differences between successive measurements.

We will also investigate the agreement for the diagnosis of hyper-

tension among the aforementioned variables using the chi-square

test and kappa coefficient. Two-sided p values will be presented

for all analyses, and the significance of differences will be set at

p< 0.05.

3 DISCUSSION

Results from other studies in India show that 42% of patients have a

risk of misdiagnosis of hypertension because of the high percentage of

masked hypertension andwhite-coat hypertension.22 Out-of-office BP

measurement is an important tool for physicians to diagnose masked

hypertension and white-coat hypertension. Local evidence for ABPM

is available in India,25–27 and there is evidence of HBPM too, however,

the available evidence is limited or the sample size is small.23 National

evidence fromLongitudinal Ageing Study in India (LASI) exploredmany

variables including hypertension situation. However, BP control was

determined on only one occasion during the study, and no measure-

ments at homewere collected.28–30 Data fromthe IndianHypertension

Control Initiative (IHCI) also lacked HBP measurement.31 To find out

the real BP control rate and medication efficacy, BP value measured

at home is needed in India. Another aspect of India is, as a country, it

is unique with multiple cultures and habits, and for that variation, it

ranges widely in the non-communicable disease (NCD) burden from

47.6% in the state of Bihar to 74.6% in Kerala. The life expectancy

also has more than 10 years different with the lowest being in Uttar

Pradesh for women (66.8 years old), and Assam for men (63.5 years

old) to the highest in Kerala for both women and men, 78.7 years old

and 73.8 years old, respectively.32 Therefore, establishing an effective

strategy tomitigatehypertension in the countrymust be tailoredbased

on the area level of hypertension condition, keeping in mind each par-

ticular area’s influencing factors to hypertension disease. Herein, the

GRAND study will identify the real BP control rate, the factors associ-

ated with BP control, and the attitude of hypertensive patients in their

hypertension management journey. From this study, addressing all the

true factors that associatewith hypertensionmay give a greater insight

into howbest to allocate resources to reduce the problemof hyperten-

sion and alleviate the burden of CVD on India’s health situation. The

study has notable strengths and limitations which were summarized in

Table 3.

3.1 Impact of study outcome

The study will help in conceptualizing the direction and strategies

of policymaking for hypertension management and NCD burden mit-

igation projects in the country. Additionally, it will highlight the

importance of establishing BP controlmanagement practice guidelines

suitable for physicians and an educational opportunity for patients to

practice HBPM in India.
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