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CVD risk stratification for population health

Assessment of a person’s total or absolute risk of a cardiovascular disease (CVD) event based

on multiple risk factors is superior to assessment of single risk factors when identifying who is

at greatest risk of a CVD event [1]. In this issue of PLOS Medicine, a study by Rifat Atun and

colleagues outlines the use of CVD risk prediction equations for population health rather than

for clinical purposes [2]. This has inherent appeal because risk stratification of a population

could be used to drive policy and health service planning, inform funding decisions around

subsidising treatments, and identify particular subgroups for more intensive intervention

strategies.

Atun and colleagues used 2012 and 2014 household health survey data to assess sociodemo-

graphic and geographic variation in CVD risk profiles across most states and union territories

in India. Cross-sectional estimates of 10-year CVD risk were derived using the Framingham

risk equation (FRE) for people aged 30 to 74 years, calibrated for India using 2015 Global Bur-

den of Disease data. Sensitivity analyses were conducted using three other risk prediction

equations that have also been calibrated with Indian data. The main finding is the identifica-

tion of regional ‘hotspots’ of relatively higher CVD risk scores regardless of which risk predic-

tion equation was used. Furthermore, positive associations were found with increasing

household and district wealth in both rural and urban areas. Although urban areas overall had

a stronger positive association with higher CVD risk scores, the district wealth gradient was

more pronounced in rural compared with urban areas, and the household wealth gradient was

greater for females compared with males.

The multivariable, absolute risk paradigm is now commonplace in many management

guidelines around the world; however, there remain challenges with its implementation. First,

the validity of cohort-derived risk prediction equations applied to other populations is fre-

quently questioned [3]. Second, when risk factor prevalence rates and CVD incidence rates are

rapidly changing due to demographic and socioeconomic changes in the community, the need

to recalibrate such equations becomes important [4]. Third, when assessing the effectiveness of

risk-based interventions, most studies are based on simulation studies [5] rather than empiri-

cal trial data [6]. Finally, although risk prediction equations were designed to guide decisions

on management and intervention, the evidence that use of risk scores improves clinical out-

comes remains unclear [7].

The limitations of Atun and colleagues’ study are related to these broader challenges of

implementing the risk-based paradigm. First, none of the equations used have been validated
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with longitudinal data from Indian cohorts. Consequently, the absolute values of the risk pro-

files presented in this paper cannot be relied on. The wide variation in risk estimates between

the FRE scores and WHO risk charts and Globorisk scores is concerning, and there is cur-

rently no way of knowing which is the most accurate. Second, the survey data that were relied

on are now over 5 years old, and, given rapid demographic transitions across India, the risk

estimates may not reflect the contemporary situation. This is a general limitation with risk pre-

diction equations. WHO risk charts are currently being recalibrated with country-specific

data, but this is the first time this has been done since the original risk charts were published in

2007. Third, 27% of the survey sample did not have sufficient information to assess risk, and

males with missing data appear to be a little better educated, wealthier, and more likely to

reside in an urban setting. Finally, the surveys did not ascertain a history of a prior CVD event.

Assuming that the entire population studied are event free will greatly underestimate risk

profiles.

Implications for cardiovascular risk reduction in India

The implications of this work are complex and inevitably will mean different things for differ-

ent sectors. Epidemiologists may be unimpressed by the variation in risk profiles generated by

the four equations and conclude that, in the absence of a gold standard equation, the principal

findings are of questionable value. Clinicians and health service administrators may be

focussed on the challenges of implementing absolute risk assessments in clinical practice.

India, like many countries, uses hybrid guidelines that include a combination of risk scores

and single risk factor thresholds for determining treatment decisions. For example, those with

an elevated blood pressure of greater than or equal to 160/100 mmHg are considered to be

clinically high-risk regardless of their risk scores [8]. This approach seeks to strike a middle

ground for those who may have reservations about a pure risk-based approach and may make

it easier for nonphysician workers when conducting household screening assessments [9].

These implementation challenges highlight the need for reliable equations with variables that

can be easily and cheaply measured by staff with low levels of training. An important implica-

tion from Atun and colleagues’ study is that cohort derived-equations in India that incorporate

measures of wealth and geographic location, such as those derived in the United Kingdom and

Scotland, may be needed [10].

For policy makers, however, it would be unwise to wait for perfect data to create the perfect

policies. Access gaps to essential care are large, and action is needed now. There are broadly

two main policy levers to lower CVD risk—population- and individual-level approaches. Pop-

ulation-level approaches attempt to shift the distribution of risk of the whole community

through policies, laws, and regulations (e.g., improved food supply, healthy environments,

tobacco control). The risk profile heat maps generated in Atun and colleagues’ study could

guide where the most intensive efforts are needed. Individual-level approaches consist of CVD

risk assessment programs implemented in healthcare facilities with thresholds set for defining

intervention intensity. A universal screening program for all adults is unlikely to be the best

use of scarce resources, and targeted programs are likely to be more cost-effective [11]. A more

detailed appraisal of regional risk profiles, such as those generated in Atun and colleagues’

study, could therefore assist with economic modelling and investment decisions.

Furthermore, given the wide variation in risk profile, the resource implications for inter-

vention similarly will vary greatly by region. Health technology assessments could play a vital

role in driving these decisions. India’s new Medical Technology Assessment Board will engage

multisectoral representatives to provide recommendations on the value of particular health

interventions, programs, and technologies [12]. These assessments could better inform
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strategic purchasing arrangements and the design of benefit packages that are based on popu-

lation need rather than simply trying to meet service demand [13].

Although better risk profile data are critical for the design and funding of evidence-based pro-

grams, an equally important challenge is overcoming implementation barriers of these programs.

The National Programme For Prevention and Control of Cancer, Diabetes, Cardiovascular Dis-

ease and Stroke, established in 2008, has faced major resource challenges to build primary health-

care workforce capacity and address both supply and demand side barriers to implementation

[14]. The recently announced Ayushman Bharat National Health Protection Scheme plans to pro-

vide publicly funded health insurance to cover over 100 million poor families in India and

upgrade over 150,000 subcentres to health and wellness centres [15]. Although there are major

questions regarding the resourcing and management of such an ambitious program, it does pro-

vide the opportunity for revitalisation of the primary healthcare system, new workforce initiatives,

and improved access to affordable treatments. Data-informed, regionally specific CVD risk pro-

grams could play a central role in such programs and drive system improvements across India.

References
1. Jackson R, Lawes CM, Bennett DA, Milne RJ, Rodgers A. Treatment with drugs to lower blood pressure

and blood cholesterol based on an individual’s absolute cardiovascular risk. Lancet. 2005; 365

(9457):434–41. https://doi.org/10.1016/S0140-6736(05)17833-7 PMID: 15680460

2. Geldsetzer P, Manne-Goehler J, Theilmann M, Davies JI, Awasthi A, Danaei G, et al. Geographic and

sociodemographic variation of cardiovascular disease risk in India: A cross-sectional study of 797,540

adults. PLoS Medicine. 2018; 15(6):e1002581. https://doi.org/10.1371/journal.pmed.1002581

3. Selvarajah S, Kaur G, Haniff J, Cheong KC, Hiong TG, van der Graaf Y, et al. Comparison of the Fra-

mingham Risk Score, SCORE and WHO/ISH cardiovascular risk prediction models in an Asian popula-

tion. Int J Cardiol. 2014; 176(1):211–8. https://doi.org/10.1016/j.ijcard.2014.07.066 PMID: 25070380

4. Chow CK, Joshi R, Celermajer DS, Patel A, Neal BC. Re-calibration of a Framingham Risk Equation for

a Rural Population in India. J Epidemiol Community Health. 2009; 63(5):379–85. https://doi.org/10.

1136/jech.2008.077057 PMID: 19179368

5. Gaziano TA, Opie LH, Weinstein MC. Cardiovascular disease prevention with a multidrug regimen in

the developing world: a cost-effectiveness analysis. Lancet. 2006; 368(9536):679–86. https://doi.org/

10.1016/S0140-6736(06)69252-0 PMID: 16920473

6. Karmali KN, Lloyd-Jones DM, van der Leeuw J, Goff DC Jr., Yusuf S, Zanchetti A, et al. Blood pres-

sure-lowering treatment strategies based on cardiovascular risk versus blood pressure: A meta-analy-

sis of individual participant data. PLoS Med. 2018; 15(3):e1002538. https://doi.org/10.1371/journal.

pmed.1002538 PMID: 29558462

7. Karmali KN, Persell SD, Perel P, Lloyd-Jones DM, Berendsen MA, Huffman MD. Risk scoring for the

primary prevention of cardiovascular disease. Cochrane Database Syst Rev. 2017;(3). https://doi.org/

10.1002/14651858.CD006887.pub4 PubMed PMID: CD006887. PMID: 28290160

8. Ministry of Health and Family Welfare. National Programme for Prevention and Control of Diabetes,

Cardiovascular Disease and Stroke—A Manual for Medical Officer: Government of India; 2009. Avail-

able from: http://www.searo.who.int/india/topics/cardiovascular_diseases/NCD_Resources_

COMBINED_MANUAL_for_medical_officer.pdf. [cited 24 May 2018].

9. Joshi R, Chow CK, Raju PK, Raju KR, Gottumukkala AK, Reddy KS, et al. The Rural Andhra Pradesh

Cardiovascular Prevention Study (RAPCAPS): A Cluster Randomized Trial. J Am Coll Cardiol. 2012;

59(13):1188–96. https://doi.org/10.1016/j.jacc.2011.10.901 PMID: 22440219

10. Hippisley-Cox J, Coupland C, Brindle P. Development and validation of QRISK3 risk prediction algo-

rithms to estimate future risk of cardiovascular disease: prospective cohort study. BMJ. 2017; 357:

j2099. https://doi.org/10.1136/bmj.j2099 PMID: 28536104

11. Selvarajah S, Haniff J, Kaur G, Guat Hiong T, Bujang A, Chee Cheong K, et al. Identification of effective

screening strategies for cardiovascular disease prevention in a developing country: using cardiovascu-

lar risk-estimation and risk-reduction tools for policy recommendations. BMC Cardiovasc Disord. 2013;

13(1):10. https://doi.org/10.1186/1471-2261-13-10 PMID: 23442728

12. Prinja S, Downey LE, Gauba VK, Swaminathan S. Health Technology Assessment for Policy Making in

India: Current Scenario and Way Forward. Pharmacoecon Open. 2018; 2(1):1–3. https://doi.org/10.

1007/s41669-017-0037-0 PMID: 29464668

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1002582 June 19, 2018 3 / 4

https://doi.org/10.1016/S0140-6736(05)17833-7
http://www.ncbi.nlm.nih.gov/pubmed/15680460
https://doi.org/10.1371/journal.pmed.1002581
https://doi.org/10.1016/j.ijcard.2014.07.066
http://www.ncbi.nlm.nih.gov/pubmed/25070380
https://doi.org/10.1136/jech.2008.077057
https://doi.org/10.1136/jech.2008.077057
http://www.ncbi.nlm.nih.gov/pubmed/19179368
https://doi.org/10.1016/S0140-6736(06)69252-0
https://doi.org/10.1016/S0140-6736(06)69252-0
http://www.ncbi.nlm.nih.gov/pubmed/16920473
https://doi.org/10.1371/journal.pmed.1002538
https://doi.org/10.1371/journal.pmed.1002538
http://www.ncbi.nlm.nih.gov/pubmed/29558462
https://doi.org/10.1002/14651858.CD006887.pub4
https://doi.org/10.1002/14651858.CD006887.pub4
http://www.ncbi.nlm.nih.gov/pubmed/28290160
http://www.searo.who.int/india/topics/cardiovascular_diseases/NCD_Resources_COMBINED_MANUAL_for_medical_officer.pdf
http://www.searo.who.int/india/topics/cardiovascular_diseases/NCD_Resources_COMBINED_MANUAL_for_medical_officer.pdf
https://doi.org/10.1016/j.jacc.2011.10.901
http://www.ncbi.nlm.nih.gov/pubmed/22440219
https://doi.org/10.1136/bmj.j2099
http://www.ncbi.nlm.nih.gov/pubmed/28536104
https://doi.org/10.1186/1471-2261-13-10
http://www.ncbi.nlm.nih.gov/pubmed/23442728
https://doi.org/10.1007/s41669-017-0037-0
https://doi.org/10.1007/s41669-017-0037-0
http://www.ncbi.nlm.nih.gov/pubmed/29464668
https://doi.org/10.1371/journal.pmed.1002582


13. Patcharanarumol W, Panichkriangkrai W, Sommanuttaweechai A, Hanson K, Wanwong Y, Tangchar-

oensathien V. Strategic purchasing and health system efficiency: A comparison of two financing

schemes in Thailand. PLoS ONE. 2018; 13(4):e0195179. https://doi.org/10.1371/journal.pone.

0195179 PMID: 29608610

14. Elias MA, Pati MK, Aivalli P, Srinath B, Munegowda C, Shroff ZC, et al. Preparedness for delivering

non-communicable disease services in primary care: access to medicines for diabetes and hyperten-

sion in a district in south India. BMJ Glob Health. 2018; 2(Suppl 3):e000519. https://doi.org/10.1136/

bmjgh-2017-000519 PMID: 29527334

15. Government of India. Ayushman Bharat—National Health Protection Mission 2018. Available from:

https://www.india.gov.in/spotlight/ayushman-bharat-national-health-protection-mission. [cited 24 May

2018].

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1002582 June 19, 2018 4 / 4

https://doi.org/10.1371/journal.pone.0195179
https://doi.org/10.1371/journal.pone.0195179
http://www.ncbi.nlm.nih.gov/pubmed/29608610
https://doi.org/10.1136/bmjgh-2017-000519
https://doi.org/10.1136/bmjgh-2017-000519
http://www.ncbi.nlm.nih.gov/pubmed/29527334
https://www.india.gov.in/spotlight/ayushman-bharat-national-health-protection-mission
https://doi.org/10.1371/journal.pmed.1002582

