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ABSTRACT

Background: Cost-effective primary prevention of cardiovascular disease (CVD) in low-and middle-
income countries requires accurate risk assessment. Laboratory-based risk tools currently used in
high-income countries are relatively expensive and impractical in many settings due to lack of
facilities.

Objectives: This study sought to assess the correlation between a non-laboratory-based risk tool
and 4 commonly used, laboratory-basedrisk scoresin 7 countries representing nearly one-half of
the world’s population.

Methods: We calculated 10-year CVD risk scores for 47,466 persons with cross-sectional data
collected from 16 different cohorts in 9 countries. The performance of the non-laboratory-based
risk score was compared with 4 laboratory-based risk scores: Pooled Cohort Risk Equations (ASCVD
[Atherosclerotic Cardiovascular Disease]), Framingham, and SCORE (Systematic Coronary Risk
Evaluation) for high- and low-risk countries. Rankings of each score were compared using
Spearman rank correlations. Based on these correlations, we measured concordance between
individualabsolute CVD risk as measured by the Harvard NHANES (National Health and Nutrition
Examination Survey) risk score, and the 4 laboratory-based risk scores, using both the
conventional Framingham risk thresholds of >20% and the recent ASCVD guideline threshold of
>7.5%.

Results: The aggregate Spearmanrank correlations between the non-laboratory-based risk score
and the laboratory-based scores ranged from 0.915 to 0.979 for women and from 0.923 to 0.970
for men. When applying the conventional Framingham risk threshold of >20% over 10 years,
92.7% to 96.0% of women and 88.3% to 92.8% of men were equivalently characterized as “high”
or “low” risk. Applying the recent ASCVD guidelines risk threshold of >7.5% resulted in risk
characterization agreement for women ranging from 88.1% to 94.4% and from 89.0% to 93.7% for
men.

Conclusions: The correlation between non-laboratory-based and laboratory-based risk scores is
very high for both men and women. Potentially large numbers of high-risk individuals could be
detected with relatively simple tools.



Cardiovascular disease (CVD) remains a leading cause of death. However, many countries have
seen reductions in age-adjusted death rates over the last 4 decades. Although public health
measures such as smoking cessation cam-paigns and advancesin acute care are likely responsible
for a large portion of the decline, much of thisimprovement has been accomplished by identifying
individuals at high probability of developing CVD through many identifiable risk factors and
implementing targeted interventions to lower risk [1]. Initially, separate guidelines were
developedforeachindividual risk factor and treatment was recom-mended when the risk factor
reached a threshold above a specified level, such as blood pressure >140/90 mm Hg [2]. One
limitation, however, isthat forany given level of a risk factor, there is a broad range of overall risk
for CVD depending on the level of other known risk factors.

In contrast, absolute risk scores using multiple risk factors have better precision and have been
adaptedinto easily used score calculators that are more readily available [3]. Identifying those at
highestrisk with multiple risk factors willlead to the greatest benefitinterms of delaying onset of
disease [4]. In addition, efforts to using a multiple risk factor approach are more cost-effective
than basing interventions on single risk factors [5]. The calculation of the absolute CVD risk is
usually based on age, sex, tobacco use status, blood pressure levels, and blood cholesterol levels
as was done with data from the Framingham study and other cohorts [6e10].

Whereas the absolute risk determination approach holds particular promise for resource scarce
settings, blood lipid determinations for screening purposes are far too costly in most developing
country settings with limited resources and consequently are unlikely to be adopted as policy in
these settings. Therefore, an investigation into the possibility of using other known CVD risk
factors that are easier and less costly to measure instead of CVD risk factors that require costly
laboratory tests when calculating abso-lute CVDrisk scores has been proposed. This previous work
compared the ability to predict first-time fatal and nonfatal CVD events in the NHANES (National
Health and Nutrition Examination Survey) | follow-up study cohort by 2 risk prediction models: the
laboratory-based Framing-ham risk score and the Harvard NHANES non-laboratory-based model
[11], which requires only history and physical examination measures and no measure of
cholesterol. The exchangeability of the non-laboratory-based score with commonly used
laboratory-based approaches has been validatedina U.S. population and assessed for agreement
in South Africa [12,13], but not in other populations.

Many countries are unlikely in the short term to have their own validated risk score because of the
time involved and/or expense of following a cohort with confirmed outcomes for a minimum of 5
to 10 years. As a result, countries have turned to other risk scores such as the laboratory-based
risk scores or the non-laboratory-based risk scores such as the Harvard NHANES score [11] or the
World Health Organization risk charts [14] based on individual risk factors. In the meantime,
countriesneed to understand whether these risk scores rank individuals comparably even if the
absolute risk scores may be over-estimated or underestimated. We compare a non-laboratory-
based risk score (Harvard NHANES) with 4 other commonly used laboratory-based risk scores to
assessthe level of correlations between themin 7 cohorts from 8 different countries representing
nearly one-half the world’s population.



METHODS

For the primary analysis, we needed to evaluate cohorts that had cross-sectional information to
calculate both the non-laboratory-based risk score as well as the laboratory-based risk scores. In a
secondary aim, assumingthere was a high level of correlation between the non-laboratory-based
riskand laboratory-based risk scores, we used the non-laboratory-based risk score to calculate the
absolute CVD risk predicted for a larger set of cohorts where just the non-laboratory-based risk
assessment data was available to estimate the overall risk in these populations representing 10
different countries.

Study population

Data for this study was obtained from 8 institutes that were part of the National, Heart, Lung and
Blood Institute (NHLBI)/United Health Group Centers of Excellence (CoE) for chronicdisease global
network [15]. Each CoE focused on enhancing the monitoring, prevention, and control of chronic
diseases by developingtheirinfrastructures for research and training. The studies contributed by
the CoE were conducted in both rural and urban populations, and the complete, combined
dataset contained records for 64,177 individuals. Each CoE had a primary coordinatingsite in 1 city
but collected datafrom either multipleloca-tions within 1 country or across multiple countries. In
all, a combination of 16 cross-sectional studies, longitudinal cohort studies, randomized trials, and
survey studies were conducted in 9 countries and administered by the CoE. For the primary
analysis, we evaluated 7 cohorts from 8 countries. The 7 populations include the following: the
“Southern Cone” with individuals from Argentina, Chile, and Uruguay; the “Bangalore” group
represents a rural

Indian population; the “New Delhi and Chennai” group is an urban Indian population; the
“Karachi” is an urban Pakistani population coordinated from the New Del-hiebased CoE; the
“Kenya” population is both rural and urban; the “Peru” group is mixed urban and rural; and the
“South Africa” population is from an urban township. More detailed descriptions of some of the
populations have been published elsewhere [15e19]. Not all CoE study protocols included the
collection of lipid information. Specifically, the “China” population from 120 villages and the
“Bangladesh” population did not measure cholesterol values and were notincludedinthe primary
analysis. All study protocols were reviewed by the NHLBI and approved by the respective local
institutional or ethics review boards. All adults aged 35 to 74 (n % 45,864) with complete risk
factor information were eligible for inclusion in these an-alyses and a dataset containing
sociodemographic and anthropometry variables, blood pressure measurements, self-reported
medical history, smoking status, and lipid levels was created. All of the risk factor data were
obtained using similar standardized methods for collecting self-reported data, anthropometry, and
lab assays for lipid levelvalues. Current smokers are defined as people who responded positively
to the question, “Which best de-scribes your history of tobacco use? (current, former, never)”
exceptforPeruwhere current smokers are people who reported daily smoking in response to the
question “Do you currently smoke tobacco on a daily basis, or less than daily?” The contents of the
original dataset and the data used for the analyses in this paper are described in the Online
Appendix (Online Table 1).



Risk scores

The primary analyses compared individual-level absolute 10-year CVD risk prediction scores
calculated with the non-laboratory-based Harvard NHANES risk score [11] to 4 laboratory-based
risk scores: Framingham 2008 [20]; Pooled Cohort Equations (ASCVD [Atherosclerotic Car-
diovascular Disease]) [21]; SCORE (Systematic Coronary Risk Evaluation)-High [7]; and SCORE-Low
[7]. Following Gaziano et al. [12], descriptions of the 5 risk scores, their underlying populations,
inputs, and outputs are describedin Table 1 [22e26]. Additional score calculation details, including
the beta-coefficients, for each score are provided inthe Online Appendix(Online Table 2). CVDrisk
scores predict CVD events, which are defined as either fatal or non-fatal myocardial infarction
(MI), angina, orischemicheart disease; peripheral artery disease; coronary artery bypass surgery;
percutaneous transluminal coronary an-gioplasty; transientischemicattack; congestive heart fail-
ure; and fatal or non-fatal cerebrovascular disease.

Statistical procedures

We calculated descriptive statistics of the cohorts within the 8 CoE for age, sex, systolic blood
pressure, body massindex, smoking prevalence, diabetes mellitus status, history of hypertension
medication use, and total and high-density lipoprotein cholesterol levels. We recognize that many
of the populations were not nationally representative by design, but we report the values as
illustrative of the range of risk factor prevalences that existed between countries as well as to
show what may have driven different predicted CVDrisks in the countries. We then compared the
corre-lation between the Harvard NHANES [11] absolute CVDrisk scores toindividual-level, score-
specificrankings of absolute CVDriskforthe other4 laboratory-based scores. Individual-level risk
predictions for each of the 5 scores were calculated and then subsequently assigned ranks for
each risk score by sex. These ranks were used to assess Spearman rank correlation coefficients
between the risk characterizations for the Harvard NHANES score compared with each of the 4
laboratory-based scores for each cohort. Pearson correlation coefficients were not re-ported
because CVD risk prediction values were not nor-mally distributed [27].

Next, individuals were divided into either “high” or “low” risk for each model based on theirscore-
specificrank, and the threshold dividing the 2 risk categories was set to a risk >20% using the 10-
year Framingham (2008) CVD risk score as this is a common level of risk used for treatment
thresholdsin many countries. Using this threshold, we then determined the risk level equivalent
equal tothe same proportion of individuals using each of the 4 other scores. In other words, if the
CVD risk score identified 15% of the population above this risk threshold, then we used the
equivalent risk threshold of the Harvard NHANES score to identify 15% of the population. For
example, when comparing the risk scores, a 20% Fra-mingham CVD risk for fatal and nonfatal
events is equiv-alent to a SCORE risk score of approximately 5% for fatal events only. Similar to
analyses in a previous publication [12], the percentage agreement or concordance between
Harvard NHANES score and each of the 4 laboratory-based scores was calculated by adding the
proportions of in-dividuals who were equivalently characterized as “high” or “low” risk by both
scores. We then determined percentage agreement between Harvard NHANES score and the
other 4 laboratory-based risk scores by comparing their Spearman rank correlation coefficients.



For our secondary aim, we calculated the mean 10-year CVD risk for each cohort using the
Harvard NHANES non-laboratory-based score. In order to assess the generalizability of our
findings, we standardized each cohort’s risk to country-specific age distributions for 2015, as well
as to the global age distribution for 2015.

RESULTS
Overall 45,864 personswere included in the overall dataset foranalyses of non-laboratory-based

risk score calculation. Of these, 19,647 had data available to calculate all 4 laboratory-based risk
scores, whereas 35,450 had data available to calculate the Harvard NHANES risk score.

Descriptive statistics

The distribution of risk factors for CVD by CoE is provided in Table 2. Bangladesh had the lowest
mean body mass index of 22.6 kg/m?* whereas South Africa had the highest (30.6 kg/m?). Smoking
prevalence varied from a low of 4.6% in Kenya to a high of 47.5% in Bangladesh. The aggregate
mean systolic blood pressure (SBP) was 135.0 Hg with the lowest mean SBP in Peru (117.5 mm
Hg), whereas China (145.0 mm Hg) and Bangalore (148.9 mm Hg) had the 2 highest means for
SBP. China (60.8 years) and Bangalore (58.1 years) also had the highest mean ages. The mean
high-density lipoprotein cholesterol level for Kenya fell well below the aggregate mean (35.3 vs.
44.2 mg/dl).

Correlation between ranks of Harvard NHANES risk score and 4 lab-based risk scores. The
Spearman rank correlation coefficients for the comparison of the non-laboratory-based (Harvard
NHANES) CVDrisk score to the 4 laboratory-based scores are presented in Table 3. The aggregate
Spearman correlation forwomen was >0.91 forall laboratory-based scores when compared to the
non-laboratory-based score, and the aggregate Spearman cor-relation for men was >0.92. The
correlation between both the high- and low-SCORE risk scores, respectively, and the Harvard
NHANES scores were consistently higher than both the ASCVD and Framingham risk scores. The
high-(aggregater’ 0.98 forwomen; aggregate r % 0.97 formen) and low-SCORE scores (aggregate
r % 0.98 for women; aggregate r % 0.97 for men) were almost identical for all populations.

Using the 20% Framingham risk threshold, we find there is for women and men over 93%
agreementand 88% concordance, respectively, in aggregate across the centers between the non-
laboratory-based risk score and the 4 laboratory-based risk scores (Table 4). The percentage
agreement was lowest for the Framingham risk score for men and women. However, all
percentage agreement levels were above 80% for all populations. Figures 1A and 1B compare the
rank variables forthe Harvard NHANES risk score (y-axis), set at a 20% risk score threshold, to the
Framingham risk score (x-axis), also using a threshold of 20%. Throughout the figures, we depict
the subjectsinagreementaseitherhigh orlowrisk based onthe thresholdin the shaded portions
for eachrisk score. Those in disagreement are unshaded and represent on average of <10% of the
population. Giventhe new risk guidelines used in the United States [21,28], we characterized the
agreement across the centers between the non-laboratory-based risk score and the 4 laboratory-
based risk scores when the ASCVD risk threshold is set at 7.5% (Table 5). At this threshold, the
aggregate level of concordance is 88% for both women and men. We also reproduced additional
scatter plots (Figures 2A and 2B), which compare the rank variables for the Harvard NHANES risk
score (y-axis) to the ASCVD risk score (x-axis), for the 7.5% ASCVD risk threshold. In all these
graphs, largerranks indicate higher CVDrisk and each risk categorizes individuals as either “high”
or “low” risk using the individual risk thresholds as described. These figures show a larger



proportion of the population that would be eligible for treatment if this lower threshold is used.
However, the percentage agreements were similar for different levels of risk.

The Harvard NHANES risk score was calculated for 35,450 persons for whom the required data
were available (Table 6). Average non-laboratory-based (Harvard NHANES) 10-year risk was
18.58%, ranging from 12.24% in Bangladesh to 29.32% in China. The China population’s risk is
higher largely due to the older mean age of the population and its higher mean blood pressure.
Figure 3 displays the individual groups’ CVD risk scores by age using the Harvard NHANES risk
score. As expected, risk scores increased by age in all the cohorts. Risk of CVD was <5% for those
under 45-years-old and ranged from 35% to 60% for those ages 74 or older.

DISCUSSION

In this study, we showed that a non-laboratory-based CVD risk score compared with 4 risk scores
commonly used throughout the world similarly ranked individuals in all the cohorts studied, which
represent 8 different countries. Furthermore, we observed strong agreement in the risk
characterization between the laboratory-based risk scores and the non-laboratory-based risk
scores. Spearmen cor-relation was >0.9 for the aggregate of all the cohorts as well as for most of
the cohorts for all the risk scores compared. The level of CVD risk characterized in each of the
cohorts and between cohorts was quite wide, sug-gesting the non-laboratory-based risk score
performed wellacross a broad range of at-risk populations. The greatest correlation with Harvard
NHANES risk prediction tool was with the European SCORE [7] prediction tool with levels of
agreement of approximately95% or higher in most of the cohorts. For any particular country, the
percentage correlation was higherforwomenthanfor men when comparing the non-laboratory-
based score to the SCORE tools, and the correlation was higher for men than for women when
comparingthe U.S. laboratory-based scores in comparison to the non-laboratory-based risk score.

Assessing CVD risk in the general population without the additional costs and inconvenience of
measuring cholesterol could be valuable in many low- and middle-income settings. The non-
laboratory-based risk score al-lows health providers to correctly classify those at high versus low
risk, which can guide treatment or otherintervention decisions that may limit scarce resources to
those at highestrisk. Furthermore, the ability to make decisions on treatment during asingle clinic
visit could improve compliance and reduce inefficiencies associated with a required follow-up
visit. Many patients have to give up a full day of work to queue incliniclines, and return visits can
discourage further follow-up and engagement and thus could reduce the number of individuals
lost to follow-up. In some of the countries, cholesterol testing and the follow-up visit can cost
more than $10 pervisit [29]. Individuals can now be treated with a year’s supply of simvastatin for
less than one-half that price [30]. Further-more, the risk tool can be used by community health
workers to assess riskin the community, which can offset demands of busy primary health centers
[31].

Although notall the cohorts evaluated were repre-sentative samples, evaluation of all the cohort
participants showed that there is significant risk of CVD that exists in many of the populationsin



the countries evaluated in the analysis. After adjustment to either the country’s popula-tion
structure or the world population, the mean 10-year-CVDrisk was about 15%, which is commonly
considered as being at “intermediate” risk. Furthermore, after adjust-ment for age over one-
quarter of the population had a risk >20%, which is used by many countries for a threshold for
initiating treatment with medications such as statins. If countries begin to adopt lower treatment
thresholds such as the United Kingdom (>10%) or the United States (>7.5%) have [28], then up to
50% of these populations could be considered at high enough risk to warrant inter-vention. Risks
were particularly highinthe Chinesegroup that had higher mean blood pressure and mean age as
well asrelatively high smoking rates. Even after adjustment to a standard age-distribution, more
than 50% of the Chinese had >20% risk using the Framingham equation or the non-laboratory-
basedrisk score. It has been shown that the Framingham risk score overestimates risk in China by
as much as 97% [32], so it isimportant to acknowledgethat the actual risks reported here may be
an overestimation. However, our results show that many countries have asignificant proportion of
their population at risk especially among the elderly. An additional value of the non-laboratory-
based risk score was that in this study w44,000 individuals were able to have their risk score
calculated compared with just then w20,000 using the laboratory-based scores. Thus for many
countries, in practice asin thisresearch, the potential foraccess toriskassessmentisincreased by
the non-laboratory-based risk scores.

One limitation of our analysis is that the risk discrimi-nation and performance of the non-
laboratory-based risk score has not been validated in these cohorts from these multiple countries.
The lack of reliable death data and non-fatal event data in these cross-sectional datasets make it
impossible tovalidate the risk scores. Itis possible that any of the risk scores may overestimate or
underestimate risk in any of the centers’ cohorts. Unfortunately, few of the countries have the
cohortsor the linked death and event datato vali-date risk scores. However, our results show that
in the absence of such validations, use of the non-laboratory-based risk score will identify up to
95% of the same people without the millions of dollars required to achieve the laboratory testing.
Furthermore, the ability to make treatment or referral decisions on the spot in the community by
com-munity health workers could dramatically improve the outcome of those at highest risk
without issues of loss to follow-up or inordinate costs.

The risk scores we compared all had different out-comes for the prediction tool. The U.S.-based
risk scores used both fatal and non-fatal CVD events as their outcome measures, whereas the
European-based SCORE tool used only fatal CVD events. We cannot with cer-tainty say how the
different outcomes could affect the results but the highest correlations with the non-laboratory
Harvard NHANES score were with the SCORE risk scores, which use only fatal outcomes. In
general, the risk scores based on fatal events only generally produce lower absolute risk scores
compared withthose calculated using the U.S.-based risk scores. Therefore, a country using a risk
score resultfor initiating therapy may wish to have a higher threshold for those risk scores based
on a combination of fatal and non-fatal CVD events.

CONCLUSIONS

A non-laboratory-based risk assessment tool appears to correlate very highly with the most
commonly used laboratory-based CVD risk assessment tools in multiple countries across multiple
regions of the world. Further-more, these populations appear to show large portions of the



populations at risk for which there are cheap and generically availableinterventions such as statin
and blood pressure treatment. Efforts should begin soon forlow-and middle-income countries to
increase their screening programs and should include pragmatic screening tech-niques such as
non-laboratory-based multivariate risk tools.
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TABLE 1. Study populations, inputs, and outcomes used to constructthe risk scores

Score Population* Inputs Outcome

Pooled Cohort U.S. population ages 40 to 79 Age, sex, smoking, diabetes, Non-fatal Ml or CHD death,
Equations drawn from ARIC [22], systolic blood pressure, or fatal or non-fatal
(ASCVD) [21] Cardiovascular Heart Study treatmentfor stroke

Framingham CVD
2008 (D’Agostino
etal., 2008) [20]

SCORE, high risk
(Conroyetal,,

2003)[7]
SCORE, low risk
(Conroyetal,,
2003)[7]
Non-laboratory-
based (Gaziano
aial 200210111

[23], CARDIA[24],
Framingham (1968 t01987)
[25], Framingham Offspring
Study Cohorts [26]

Framingham, MA, USA (1968 to
1987)

High-risk European cou ntries’

. . z
Low-risk Europeancountries

NHANES | (USA, 1971 to 1975)

hypertension, race, total
cholesterol, HDL
cholesterol

Age, sex, smoking, diabetes,
systolic blood pressure,
treatmentfor
hypertension, total
cholesterol, HDL
cholesterol

Age, sex, smoking, systolic
blood pressure, total
cholesterol

Age, sex, smoking, systolic
blood pressure, total
cholesterol

Age, sex, smoking, diabetes,
systolic blood pressure,
treatmentfor

Ml, angina, coronary
insufficiency, CHD death,
stroke, TIA, CHF,PVD,
CVD death

Death from hypertensive
disease, IHD,

cerebrovasculardisease
Death from hypertensive
disease, IHD,
cerebrovasculardisease
CVD death, M, stroke, CHF,
coronary bypass, PTCA

hypertension, BMI

ARIC, Atherosclerosis Risk in Communities; ASCVD, Atherosclerotic Cardiovascular Disease; BMI, body mass index; CARDIA, Coronary Artery Risk
Development in Young Adults; CHD, coronary heart disease; CHF, congestive heart failure; CVD, cardiovascular disease; HDL, high-density lipo-protein|
IHD, ischemic heart disease; MI, myocardial infarction; NHANES, National Health and Nutrition Examination Survey; PTCA, percutaneous transluminal
coronary angioplasty; PVD, peripheral vascular disease; SCORE, Systematic Coronary Risk Evaluation; TIA, transient ischemic attack. *Years indicate

when baseline values were collected.

Y

Applicable for all non-low-risk European countries.

Applicable for Belgium, France, Greece, Italy, Luxembourg, Portugal, Spain, and Switzerland.




TABLE 2. Summary of CVD risk factors by CoE study populations (35to 74 years)

Blood
Current  Pressure Mean Mean HDL Mean Total
Female Age BMI zSD Diabetes Smokers Treatment SBP SD  Cholesterd Cholesterol
Center n (%) SD (yrs) (kg/m) (%) * (%) (%) (mm Hg) SD (mg/dl) SD (mg/dl)
Southern Cone, Latin 7,436 5738 54.210.6 29.2 5.7 11.1 26.8 30.1 130.2 20.6 46.6 12.9 2039 429
America’
Bangladesh 4,380 521 534 92 226 4.8 110 475 0.0 1207 213 NA' NA”
China 4,938 515 60.8 85 245 3.6 11.5 30.2 31.2 1450 223 NA' NA®
India—Bangalore 14,676 253 58.19.4 23.6 5.5 9.7 21.4 16.4 148.932.0 43.1 13.7 176.6 44.9
India—New Delhi and 7,179 507 48.29.7 259 5.1 18.8 23.6 16.0 128.6 20.5 441 11.5 187.8 39.4
Chennai
Pakistan—Karachi 2,617 531 47.910.0 26.2 5.5 14.0 29.1 22.1 125.221.7 42.2 11.6 177.2 39.2
Kenya 610 493 55.110.3 26.1 6.8 5.1 4.6 33.1 135.430.1 35.3 16.4 166.9 56.1
Peru 3,286 513 53.410.6 27.8 4.6 7.4 14.7 13.9 117.518.2 41.2 11.3 200.2 40.3
South Africa 742 635 49.910.1 30.6 8.7 12.9 25.7 28.8 131.624.5 47.3 18.7 179.6 45.4
l %slﬂgdle ’-OD,OKﬂ 858.0 24.0 1U. 0O Z20.0 .7 11.7 £0.J 13J.2 100.U Z27.U a98.Z2 1Z.7 1J1.7 840.2

CoE, Center of Excellence; NA, not available;

SBP, systolic blood pressure; other abbreviations as in Table 1.

*Current smokers are people who responded positively to the question “Which best describes your history of tobacco use? (current, former, never),”

except for Peru where current

1
L§mokers are people who reported a daily smoking in responseto the question “Do you currently smoke tobacco on a daily basis, or less than daily?”

,Representing Argentina, Chile, and Uruguay.

No data available for this COE.



TABLE 3. Spearman rankcorrelations (r) results comparing Harvard NHANES non-laboratory-based risk score

to 4 laboratory-based risk scores, by sex

i

Pooled Risk Equations Framingham SCORE SCORE
CoE n (ASCVD) [21] 2008 [20] High [7] Low [7]
Women
Southern Cone, Latin America* 4,197 093 0.92 0.97 097
India—Bangalore 553 0.94 0.81 0.94 0.94
India—New Delhi and Chennai 2,659 0.89 091 098 098
Pakistan—Karachi 950 0.87 091 0.97 0.97
Kenya 130 0.79 0.85 0.96 0.96
Peru 1,458 0.93 091 0.98 0.98
South Africa 454 091 091 0.97 0.97
Aggregate 10,401 0.92 0.92 0.98 0.98
Men
Southern Cone, Latin America* 3,054 0.95 094 0.96 097
India—Bangalore 1,297 093 0.87 0.94 0.94
India—New Delhi and Chennai 2,317 0.92 093 0.96 0.96
Pakistan—Karachi 836 0.93 093 0.97 0.97
Kenya 112 0.94 0.82 0.95 0.96
Peru 1,369 0.95 093 0.98 0.98
South Africa 261 0.94 0.94 0.97 0.98
=Agcregate 9,246 097 0393 0397 0397

All missing CVD risk scores were excluded from analysis (n % 19,647), as well as data from China and Bangladesh because

these sites did not have lipid information available.

Abbreviations as in Tables 1 and 2.

*Representing Argentina, Chile, and Uruguay.



TABLE 4. Concordance between Harvard NHANES non-laboratory-based riskscore and 4 laboratory-based

risk scores using a Framingham (20%) CVD risk threshold

Pooled Risk Equations Framingham SCORE SCORE
CoE n (ASCVD) [21] 2008* [20] Highy (7] Low" [7]
Women
Southern Cone, Latin America” 4,197 95.3 90.8 93.5 93.8
India—Bangalore 553 924 83.7 86.6 86.8
India—New Delhi and Chennai 2,659 97.8 95.2 97.2 97.2
Pakistan—Karachi 950 97.2 94.6 973 97.2
Kenya 130 86.2 90.0 915 915
Peru 1,458 976 95.7 953 95.4
South Africa 454 96.0 934 95.6 95.4
Aggregate 10,401 96.2 927 94.8 949
Men
Southern Cone, Latin AmericaZ 3,054 91.2 88.6 92.6 933
India—Bangalore 1,297 89.2 84.7 89.1 90.7
India—New Delhi and Chennai 2,317 90.7 89.2 92.7 929
Pakistan—Karachi 836 92.0 89.4 93.1 933
Kenya 112 85.7 82.1 893 929
Peru 1,369 93.1 89.8 934 93.7
South Africa 261 87.7 889 93.1 93.1
I ABBIegdlie 7,240 J1U 80.4 JL.5 JL.7

All missing CVD risk scores were excluded from analysis (n % 19,647), as well as data from China and Bangladesh because

these sites did not have lipid information available. Values are percentages. Abbreviations as in Tables 1 and 2.

*Agreement is based on dichotomous risk categorization corresponding to 10-year Framingham (2008) CVD risk >20%.

Y

ZRepresenting Argentina, Chile, and Uruguay.



TABLE 5. Concordance between Harvard NHANES non-laboratory-based riskscore and 4 laboratory-based
risk scores using an ASCVD (7.5%) CVD risk threshold

Pooled Risk
Equations Framingham SCORE SCORE
CoE n (ASCVD) [21] 2008 [20] High* [7] Low* [7]
Women
Southern Cone, Latin America’ 4,197 91.7 86.5 92.6 92.8
India—Bangalore 553 919 78.1 89.9 90.1
India—New Delhi and Chennai 2,659 96.1 91.8 96.5 96.6
Pakistan—Karachi 950 94.2 90.8 96.6 96.4
Kenya 130 854 89.2 94.6 94.6
Peru 1,458 95.1 90.2 94.1 94.1
South Africa 454 92.7 87.7 94.7 94.7
Aggregate 10,401 935 884 94.2 94.2
Men
Southern Cone, Latin America’ 3,054 914 90.4 94.0 94.4
India—Bangalore 1,297 88.0 86.6 92.7 93.6
India—New Delhi and Chennai 2,317 89.1 89.2 92.1 924
Pakistan—Karachi 836 904 894 949 95.2
Kenya 112 85.7 839 93.8 929
Peru 1,369 90.9 88.7 94.0 943
South Africa 261 93.5 92.7 943 95.0
'| Aggregate 9,245 90.Z 89.Z 934 9338

All missing CVD risk scores were excluded from analysis (n % 19,647), as well as data from China and Bangladesh because
these sites did not have lipid information available. Values are percentages. Abbreviations as in Tables 1 and 2.

*Agreement is based on dichotomous risk categorization corresponding to 10-year Pooled Cohort Equations (ASCVD) risk >7.5%.
Y



TABLE 6. Unadjusted and adjusted non-laboratory-based (Harvard NHANES) predicted CVD risk by CoE

Overall 10-Year Risk of CVD (Harvard NHANES

Non-Laboratory-Based Score)*

Proportion of People With CVD
Risk >20% Over 10 Years*

Age-
Age- Adjusted
Age-Adjusted Risk Age-Adjusted Adjusted Risk to
to Country Risk to World Risk to World
Population Population Unadjusted Country Population
CoE n Unadjusted Risk (2015)" (2015)° Risk (2015)" (2015)*
Southern Cone, 7,416  19.04(18.59e19.49) 15.34 (14.94e15.74) 13.99 (13.61e14.36) 36.14 28.07 24.69
Latin
America”
Bangladesh 3,569 12.24(11.76e12.71) 8.54 (8.18e8.90) 9.33 (8.95e9.71) 19.78 10.87 12.69
China 4,936 29.32(28.76€29.88) 24.68 (24.16e25.20) 24.62 (24.10e25.15) 60.90 51.07 50.66
India—Bangalore 8,156 24.27(23.85e24.70) 18.43 (18.06e18.81) 19.39 (19.01e19.78) 47.82 34.00 36.44
India—New 5,247 10.42(10.03e10.80) 7.09 (6.80e7.38) 7.82 (7.51e8.13) 16.45 8.94 10.45
Delhiand
Chennai
Pakistan— 1,965 9.87(9.24e10.51) 6.53 (6.06e7.01) 7.24 (6.74e7.74) 15.57 8.25 9.67
Karachi
Kenya 507 17.63(16.11e19.16) 11.16 (9.97e12.35) 13.31 (12.01e14.61) 3393 17.68 22.75
Peru 2,918 13.01(12.45e13.57) 9.02 (8.58e9.47) 9.38 (8.93e9.83) 22.04 12.86 13.54
South Africa 736 13.85(12.60e15.10) 10.69 (9.65e11.73) 10.37 (9.36e11.39) 22.69 15.81 15.04
I %ICdet‘ 29,40U 10.00(10.506€106.70) 15.01(15.08€15.00) 15.01 \J.D.DH-CJ.D.:JI] 20.1U £0.09 £4.1U

——

National Heart, Lung, and

YRisk standardized to individual country population (2015).
ZAge standardized to world population (2015).

xRepresenting Argentina, Chile, and Uruguay.

Blood Institute; other abbreviations as in Tables 1 and 2.

Values are mean % (95% Cl) or %. All missing NHLBI CVD risk scores were excluded from this analysis (n % 35,450). Cl, confidence interval(s); NHLBI,

*CVD risk is the risk of experiencing CVD over the 10 years following risk assessment using the non-laboratory-based Harvard NHANES score.



