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1 Model description 

 

1.1. Overview 

The model used in this study is a discrete-time microsimulation, which projects myocardial 

infarction and stroke deaths at the level of the individual. The model creates a series of individual life 

histories for members of each population cohort being studied within India, spanning the decade 

from 2014 to 2023. Unlike a typical Markov model, the microsimulation approach can capture the 

impact of interventions on individual risk factor profiles, not just the average population effect of an 

intervention—allowing for complex relationships among multiple co-morbid risk factors to be 

incorporated into the experiment. This is important because reducing total cholesterol in an 

individual with many other co-morbid risk factors (tobacco smoking and hypertension, for example) 

will have a different impact on ultimate mortality risk than reducing total cholesterol in someone 

without any other co-morbid risk factors. The modeling method adopted here was previously devised 

by the Institute for Health Metrics and Evaluation [1].  

 

The simulation begins by generating 10,000 individuals for each of 24 cohorts, where each 

cohort is defined by age (categorized into 10-year age clusters from 20-29 through 70-79 years old, 

with exact age distributed within the cluster according to Indian Census demography estimates as of 

2011, [2]), gender, and residence location (urban or rural). The choice of 10,000 people per cohort 

was an arbitrary large number conventionally used in heart disease models [1,3]; we found through 

repeated replication that this number was large enough to provide stable estimates of outcomes and 

changes in outcomes to the nearest 100 persons in the overall population. To account for individuals 

graduating from one cohort to the next, the age of each simulated individual determines his/her age-

specific risk of mortality from myocardial infarction and stroke (Appendix Table 10). To account for 

demographic shifts over the 10 years, individuals enter the youngest cohort (20-29 years old) and 

leave all cohorts (mortality) at different rates based on their age, gender and urban or rural location; 

these rates of entry and exit have been calculated and projected into the future by the Indian census 

[2] and World Health Organization [4], respectively (Appendix Table 11). 

 

Individual-level risk factor profiles are generated for each of the 10,000 individuals in each 
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cohort. The risk factor profiles consist of systolic blood pressure, total cholesterol, tobacco smoking 

(current), diabetes status, coronary heart disease history and cerebrovascular disease history. The risk 

profiles are generated by Monte Carlo sampling from the distributions of risk factors specific to each 

cohort (Appendix Tables 1 through 6) estimated by the World Health Organization [5]. The sampling 

procedure uses the correlation matrix between the risk factors (Appendix Table 7, [1]). The 

distributions of each risk factor are updated in each year of the simulation to reflect secular changes 

in risk (Appendix Table 8) [6].  

1.2 Sampling details 

To generate each individual’s risk factor profile, a random number r is sampled from a 

normal distribution of mean 0 and standard deviation 1. For each continuous risk factor i (systolic 

blood pressure, total cholesterol), the individual’s risk factor value (i.e., their individual systolic 

blood pressure in mmHg or total cholesterol in mmol/L) is determined by the following function, 

which was found to correct for the right-skewed distributions of these risk factors in a prior analysis 

[1]: 

 

(1) xi = e(rσ i+µi )  

 

where x is the continuous risk factor value (e.g., the systolic blood pressure) for the individual for 

risk factor i, σ is the transformed standard deviation of the risk factor in the individual’s cohort that 

year, and µ is the transformed mean value of the risk factor in the individual’s cohort that year. 

Transformations for the right-skewed nature of the risk factor distributions, derived previously [1], 

are as follows: 

 

(2) µi = ln(ωi

2 )−
ln(ωi

2 +δi

2 )

2
 

 

and 

 

(3) σ i = ln ln(δi

2 )+ e2ln(ωi ) − 2ln(ωi )  

 

where ω is the mean and δ is the standard deviation of risk factor i's distribution for the individual’s 
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cohort during the specific year of the simulation. 

 

For dichotomous risk factors (tobacco smoking, diabetes, coronary heart disease, and 

cerebrovascular disease), an individual is assigned to have that risk factor with a probability r equal 

to the prevalence of the risk factor in the individual’s cohort that year. To capture dependence among 

the risk factors (e.g., to capture the fact that individuals with diabetes are also more likely to have 

high cholesterol), a multivariate normal distribution is sampled from, using the covariance matrix 

given in Appendix Table 7. 

 

To update the risk factor profiles between years of the simulation, pre-existing conditions 

(tobacco smoking, diabetes, coronary artery disease, and cerebrovascular disease) are carried over 

from one year to the next and individuals are tracked over time for consistency (e.g., an individual 

with high blood pressure will continue to have high blood pressure rather than a blood pressure 

randomly resampled from the population distribution each year), updating individual profiles for age-

related and secular trends (Appendix Table 8). To achieve this consistency between years, a rank 

variable is recorded to capture the rank of each individual’s risk in the cohort (e.g., the person with 

highest systolic blood pressure has rank #1 in the systolic blood pressure rank list). Then the 

individual with the highest risk factor value in one year will get the highest value sampled for that 

risk factor in the next year, and the individual with the second highest risk factor value will get the 

second highest sample, etc. This technique prevents survival bias during the subsequent mortality 

calculation described below, as individuals who are high risk are less likely to survive to later years.   

 

1.3 Hazard calculation 

An individual’s risk of myocardial infarction death, stroke death or other cause of death is 

calculated each year as a function of the individual’s risk profile. The individual’s relative hazard λ, 

the hazard of death from disease j in relation to the typical hazard in the cohort that year, is defined 

by: 

 

(4) λ j = e
βixi

i

∑
 

 

where β is the log of the relative risk of each disease contributed by each risk factor i (Appendix 
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Table 9) and x is the value of the risk factor for the individual that year. 

 

To determine individual mortality risk from myocardial infarction, stroke, or other causes of 

death for a particular year, the population-level cohort- and year-specific mortality rate ρ for each 

disease j is multiplied by the ratio of the individual’s relative hazard λ and the mean relative hazard 

ψ in that individual’s cohort that year for that disease: 

 

(5) κ j = ρ j

λ j

ψ j

 

 

where κ is the mortality rate for the given disease j (coronary disease, cerebrovascular disease, or 

other-cause mortality) for the individual that year (Appendix Tables 10 and 11). The probability of 

an individual’s death in a given year is given by the sum of the individual’s yearly mortality risk 

from myocardial infarction, stroke and other causes. The simulations were repeated 10,000 times to 

estimate mean mortality rates and 95% confidence intervals around each mortality rate estimate. All 

calculations and simulations were performed in MATLAB version R2012a (Cambridge, The 

MathWorks, Inc.).  

 

1.4 Palm oil tax effects 

 To estimate the reduction in total cholesterol in each individual’s risk factor profile that 

might result from a palm oil tax, a standard Quadratic Almost Ideal Demand System (QUAIDS) was 

employed to estimate own- and cross-price elasticities among the vegetable oils used for domestic 

consumption [8]. Data from the Indian National Sample Survey (NSS) was used. The NSS is a 

repeated annual cross-sectional survey that collects household food consumption data from 

populations in multiple social and economic strata in India. Years 2009 through 2010 of the survey 

(the most recent data available) reported vegetable oil prices paid and amount consumed based on 

surveys of 100,855 households, from which per-capita consumption (kilocalories per capita) and 

price (in 2010 Indian Rupees, adjusted through GDP price deflators) were estimated. The following 

demand system equations were used to then estimate the own-price elasticity of palm oil and cross-

price elasticities for other oils.  

The equations specify that the share of expenditures for a given good i in an n-good system is: 
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(6) ωi = αi + γ ij ln p j + βi ln
x

a(p)









+

λi

b(p)
ln

x

a(p)





















2

j=1

n

∑











Φ +κ iφ +τ i

 for i=1,…,k, 

where ωi is the share of expenditure associated with the ith oil, αi is is the constant coefficient to be 

estimated for the ith share equation, γi and κi are slope coefficients to be estimated for the jth good in 

the ith share equation, pj is the price on the jth good, βi is a parameter to be estimated that will enter 

into the elasticity estimate, x is the total expenditure on oils, τi  is the error term, and a, b, and λ are 

transformations of price specified below. Ф and φ are the univariate standard normal cumulative 

distribution function and the probability density function, respectively, estimated from equation 7 

below. Equation 7 is a standard probit regression to estimate the probability that a household will 

consume good i (to account for censoring and zero consumption): 

(7) dih =θ0 + θij ln p j +
j

∑ θ x ln xh + θnknkh +
k

∑ µi
, 

where dih =1 if the hth household consumes the ith good and zero otherwise, and n are demographic 

variables (mean per-capita total expenditure as a marker of wealth, season in which the household 

reported consumption, household size, district of residence, household type that corresponds to major 

source of income, caste, and land ownership status). The corresponding Ф and φ are computed as 

instruments for the second-stage estimation of equation 6 [9]. The price transformations include the 

transcendental logarithm function: 

(8) ln a(p) = α0 + αk ln pk +
k=1

n

∑ 1

2
γ ij ln pk p j

j=1

n

∑
k=1

n

∑  

and a Cobb-Douglas price aggregator: 

(9)  b(p) = pk=1

βk

k=1

n

∏  

and 

(10) λ(p) = λi ln pi

i=1

k

∑  
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The demand system is constrained by the following restrictions on the parameters to ensure the 

parameters properly add up and follow homogeneity and Slutsky symmetry impositions: 

(11) αi =1
i=1

k

∑ , 

(12) βi = 0
i=1

k

∑ , 

(13) λi = 0
i=1

k

∑  

(14) γ ij = 0
i=1

k

∑  for all i (homogeneity), and 

(15) γ ij = γ ji
 for all i and j (symmetry). 

From this demand system, uncompensated price elasticities are estimated as: 

(16) εi, j =
1

ωi

γ ij − βi +
2λi

b(p)
(ln x − ln a(p))









 α j + γ kj ln pk

k=1

n

∑








−

βiλi (ln x − ln a(p))2

b(p)












−δij

, 

where δij is the Kronecker delta function equal to 1 if i=j (own-price elasticity) and equals zero (cross-

elasticity) otherwise. The demand system was estimated in Stata version MP12.1 (StataCorp, College 

Station, Texas), and the resulting parameters are listed in Appendix Table 12.  

Mustard/rapeseed, groundnut and coconut oils were separately catalogued in the NSS, while 

the fourth oil category is “other oils”; palm oil was extracted from an “other oils” category using 

FAO estimates of the proportion of domestic oil consumption for food (other than mustard/rapeseed, 

groundnut and coconut oil) that was made up by palm oil consumption [10]. As detailed in the main 

text, we simulated two scenarios to deal with the aggregate “other oil” category in NSS that also 

contains soybean, cottonseed, and sunflowerseed oils. In a “pessimistic” case, cottonseed oil would 

be the “other oil” substituted for palm oils (with perfect 1.0 elasticity) after accounting for the 

proportion substituted for mustard/rapeseed, groundnut and coconut oils, given that cottonseed oil 

has the next highest ratio of saturated fat to polyunsaturated fat per gram. In the “optimistic” case, 
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soybean oil would be the “other oil”, given that it has the lowest ratio of saturated fat to 

polyunsaturated fat per gram. 

 The updated Keys formula was used to convert changes in consumption of the various oils 

into estimated changes in serum cholesterol level [11]. The formula is: 

(17) ∆C =1.35(2∆S − ∆P) 

where C refers to serum cholesterol, S for change in saturated fat, and P for change in 

polyunsaturated fat. The equation calculates change in cholesterol in units of mg/100ml, which was 

converted to mmol/L by dividing by 38.7. The changes in fats were computed from the change in 

each oil consumed, and the saturated and polyunsaturated fat content per unit of each oil starting 

from an Indian average total consumption of 2.13 tablespoons of oil per day. The saturated and 

polyunsaturated fat content of each oil is given by the USDA Nutrient Database for Dietary Studies 

[12]. Further expressions were not included in the formula to reflect potential changes in dietary 

cholesterol concentration per kilocalorie or stearic acid content, given the absence of data regarding 

these properties of the oils, and limited or no added predictive value from including these oil 

components [11].  

1.5 Food insecurity 

 The risk of food insecurity was estimated using data from the UN Food and Agriculture 

Organization [10]. The FAO estimates price per ton of the above-mentioned oils, which was 

converted into consumer price per day based on the Indian consumption patterns described above. 

The differential prices between palm oil and other oils were multiplied by the changes in 

consumption to reflect the new “price burden” among the percent of the population who defer palm 

oil consumption due to the tax. The price burden was inflated by the percent increase in demand for 

each oil to reflect higher prices from higher demand. This price burden was then compared to the 

price burden of the 20% palm oil tax among those who remain consuming palm oils, to find the 

maximum price burden. Using the income elasticity estimate of 0.65 (S.E. = 0.12) among the “very 

poor” (the change in kilocalorie consumption for each change in income among households less than 

75% of the poverty level) [13], the maximum reduction in kilocalories per day from the maximum 

price burden was estimated to be 13.1 kcal/person/day (95% CI: 9.4 to 16.7 kcal/person/day). The 

FAO estimates that mean kilocalorie consumption per day in India is 2,323 kcal/person/day, and is 

approximately normally distributed with a coefficient of variation of 0.25 [10]. The cumulative 
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distribution function (cdf) of the normal distribution of kilocalorie consumption was computed 

before and after the 13.1 kcal reduction; this cdf estimates the percent of the population that falls 

below a particular kilocalorie level of consumption. The cdf was calculated at 1780 kcal/person/day, 

which is defined by the FAO as the threshold for food insecurity.  
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Appendix Table 1: Population distribution of systolic blood pressure 

 

Age 

(years) 

Male urban Female urban Male rural Female rural 

Mean SD Mean SD Mean SD Mean SD 

20-29  119.3  13.1  111.4  13.8  110.1  13.3  110.2  14.0 

30-39  121.9  20.3  114.3  16.3  112.5  19.5  113.1  16.0 

40-49  121.0  24.3  118.6  17.1  111.6  22.5  117.4  17.0 

50-59  125.2  21.0  123.6  15.2  115.4  20.8  122.4  15.1 

60-69  127.2  17.7  128.0  12.1  117.4  17.8  126.6  12.2 

70-79  130.5  23.8  129.9  12.6  120.3  22.7  128.5  12.5 

Systolic blood pressure is described in mmHg from a population-representative study across Indian 

districts. Source: [5]. SD: standard deviation. For all Appendix Tables, estimates are given for the 

year 2013, and for subsequent years the secular trends listed in Appendix Table 8 are applied.   
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Appendix Table 2: Population distribution of total cholesterol 

 

Age 

(years) 

Male urban Female urban Male rural Female rural 

Mean SD Mean SD Mean SD Mean SD 

20-29 5.45 1.01 5.33 0.96 4.82 0.93 4.70 0.52 

30-39 5.51 1.01 5.46 1.00 5.08 0.92 4.89 0.66 

40-49 5.67 1.06 5.75 1.12 5.13 0.74 5.10 0.89 

50-59 5.80 1.15 5.94 1.15 4.80 0.52 4.96 0.75 

60-69 5.81 1.19 5.97 1.09 4.68 0.47 4.81 0.52 

70-79 5.81 1.19 5.97 1.09 4.68 0.47 4.81 0.52 

Total cholesterol is described in mmol/L from a study across Indian districts. Source: [6]. SD: 

standard deviation. For all Appendix tables, estimates are given for the year 2013, and for subsequent 

years the secular trends listed in Appendix Table 8 are applied.  
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Appendix Table 3: Population distribution of tobacco smoking 

 

 

Age 

(years) 

Male urban Female urban Male rural Female rural 

Mean SD Mean SD Mean SD Mean SD 

20-29 11.9% 0.9% 0.7% 0.0% 8.7% 1.2% 2.2% 0.1% 

30-39 22.7% 2.5% 1.7% 0.1% 15.5% 3.3% 3.1% 0.2% 

40-49 32.1% 3.3% 3.3% 0.2% 26.6% 5.3% 4.1% 0.5% 

50-59 36.6% 3.4% 3.9% 0.2% 32.9% 5.9% 6.8% 0.6% 

60-69 32.6% 2.0% 3.4% 0.2% 24.1% 3.9% 7.3% 0.9% 

70-79 32.6% 1.6% 3.4% 0.2% 24.1% 3.8% 7.3% 0.9% 

 

Smoking includes both cigarette and bidi smoking prevalence rates based on 2013 estimates from a 

population-representative survey of adults in Indian districts. Source: [14]. SD: Standard deviation. 

For all Appendix tables, estimates are given for the year 2013, and for subsequent years the secular 

trends listed in Appendix Table 8 are applied. 
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Appendix Table 4: Diabetes prevalence 

 

Age 

(years) 

Male urban Female urban Male rural Female rural 

Mean SD Mean SD Mean SD Mean SD 

20-29 5.5% 1.1% 1.2% 1.1% 3.8% 0.9% 0.8% 0.9% 

30-39 10.6% 1.1% 2.2% 1.1% 4.2% 0.9% 0.9% 0.9% 

40-49 14.0% 1.1% 2.9% 1.1% 6.4% 0.9% 1.3% 0.9% 

50-59 14.8% 1.1% 3.1% 1.1% 6.0% 0.9% 1.3% 0.9% 

60-69 18.2% 1.1% 3.8% 1.1% 15.7% 0.9% 3.3% 0.9% 

70-79 18.2% 1.1% 3.8% 1.1% 15.7% 0.9% 3.3% 0.9% 

Diabetes prevalence is estimated from a random multistage cross-sectional population survey [15], 

updated to 2013 using secular trend estimates from a Bayesian analysis of diabetes prevalence trends 

[16]. SD: standard deviation. For all Appendix tables, estimates are given for the year 2013, and for 

subsequent years the secular trends listed in Appendix Table 8 are applied. 
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Appendix Table 5: Coronary heart disease prevalence 

 

Age 

(years) 

Male urban Female urban Male rural Female rural 

Mean SD Mean SD Mean SD Mean SD 

20-29 1.38% 0.82% 1.65% 1.37% 1.56% 0.27% 1.24% 0.28% 

30-39 3.01% 1.85% 3.57% 1.80% 1.56% 0.45% 1.34% 0.37% 

40-49 6.53% 2.55% 8.56% 2.79% 1.93% 0.20% 3.10% 1.10% 

50-59 12.78% 4.91% 13.23% 2.89% 2.89% 0.31% 5.04% 0.07% 

60-69 17.37% 6.67% 17.54% 3.83% 7.11% 0.77% 6.74% 0.10% 

70-79 17.37% 6.67% 17.54% 3.83% 7.11% 0.77% 6.74% 0.10% 

Coronary heart disease prevalence is from a prior WHO meta-analysis of Indian district surveys [9], 

updated to the year 2013 based on WHO estimates of secular trends [6]. SD: standard deviation. For 

all Appendix tables, estimates are given for the year 2013, and for subsequent years the secular 

trends listed in Appendix Table 8 are applied. 
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Appendix Table 6: Cerebrovascular disease prevalence 

 

Age 

(years) 

Male urban Female urban Male rural Female rural 

Mean SD Mean SD Mean SD Mean SD 

20-29 0.00% 0.00% 0.02% 0.51% 0.00% 0.00% 0.02% 0.51% 

30-39 0.00% 0.00% 0.02% 0.02% 0.00% 0.00% 0.02% 0.02% 

40-49 0.05% 0.32% 0.05% 0.32% 0.05% 0.32% 0.05% 0.32% 

50-59 0.58% 0.42% 0.58% 0.42% 0.58% 0.42% 0.58% 0.42% 

60-69 0.88% 0.18% 0.88% 0.18% 0.88% 0.18% 0.88% 0.18% 

70-79 0.91% 0.02% 0.91% 0.02% 0.91% 0.02% 0.91% 0.02% 

Cerebrovascular disease prevalence is from a prior WHO meta-analysis of Indian district surveys [9], 

updated to the year 2013 based on WHO estimates of secular trends [6]. SD: standard deviation. For 

all Appendix tables, estimates are given for the year 2013, and for subsequent years the secular 

trends listed in Appendix Table 8 are applied. 
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Appendix Table 7: Correlation matrix among risk factors described in Appendix Tables 1-6 

 

 Systolic 

blood 

pressure 

Cholestero

l 

Tobacco 

exposure 

Diabetes Coronary 

heart 

disease 

Cerebrovascul

ar disease 

Systolic blood 

pressure 

1.000 0.174 -0.096 0.087 0.037 0.045 

Cholesterol 0.174 1.000 -0.107 0.098 0.014 0.012 

Tobacco 

exposure 

-0.096 -0.107 1.000 -0.034 -0.003 -0.003 

Diabetes 0.087 0.098 -0.034 1.000 0.037 0.031 

Coronary heart 

disease 

0.037 0.014 -0.003 0.037 1.000 0.200 

Cerebrovascul

ar disease 

0.045 0.012 -0.003 0.031 0.200 1.000 

Correlation coefficients between risk factors in the model, as provided by the Institute for Health 

Metrics and Evaluation from a prior assessment of risk factors based on population surveys [1]. 
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Appendix Table 8: Secular trends in risk factor levels (% change in prevalence per year). These are 

relative increases in the prevalence rate (not absolute increases). 

 

Age Gender Location SBP Chol Tob exp DM IHD Stroke 

20-29 Male Urban 0.42% 0.21% -0.01% 0.17% 0.05% 0.00% 

30-39 Male Urban 0.58% 0.07% -0.02% 0.23% 0.05% 0.00% 

40-49 Male Urban 0.32% 0.04% 0.00% 0.30% 0.03% -0.27% 

50-59 Male Urban 0.29% 0.06% 0.02% 0.07% 0.04% -0.01% 

60-69 Male Urban 0.29% 0.07% 0.11% 0.29% 0.05% 0.01% 

70-79 Male Urban 0.29% 0.07% -0.50% 0.15% 0.04% -0.03% 

20-29 Male Rural 0.42% 0.21% -0.01% 0.17% 0.03% 0.00% 

30-39 Male Rural 0.58% 0.07% -0.02% 0.23% 0.05% 0.00% 

40-49 Male Rural 0.32% 0.04% 0.00% 0.30% 0.02% -0.27% 

50-59 Male Rural 0.29% 0.06% 0.02% 0.07% 0.02% -0.01% 

60-69 Male Rural 0.29% 0.07% 0.11% 0.29% 0.01% 0.01% 

70-79 Male Rural 0.29% 0.07% -0.50% 0.15% 0.03% -0.03% 

20-29 Female Urban 0.28% 0.25% -0.15% 1.00% 0.05% -0.18% 

30-39 Female Urban 0.48% 0.18% -0.19% 0.37% 0.05% -0.47% 

40-49 Female Urban 0.25% 0.08% -0.01% 0.66% 0.02% -0.11% 

50-59 Female Urban 0.18% 0.21% 0.22% 0.09% 0.01% 0.00% 

60-69 Female Urban 0.20% 0.13% 0.19% 0.16% 0.05% 0.00% 

70-79 Female Urban 0.20% 0.13% 0.19% 0.07% 0.04% 0.05% 

20-29 Female Rural 0.28% 0.25% -0.15% 1.00% 0.04% -0.18% 

30-39 Female Rural 0.48% 0.18% -0.19% 0.37% 0.05% -0.47% 

40-49 Female Rural 0.25% 0.08% -0.01% 0.66% 0.03% -0.11% 

50-59 Female Rural 0.18% 0.21% 0.22% 0.09% 0.04% 0.00% 

60-69 Female Rural 0.20% 0.13% 0.19% 0.16% 0.04% 0.00% 

70-79 Female Rural 0.20% 0.13% 0.19% 0.07% 0.03% 0.05% 
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Numbers listed describe percentage change in prevalence rates per year in each cohort from the 

sources described in Appendix Tables 1-7. SBP = systolic blood pressure; Chol = total cholesterol; 

Tob exp = tobacco exposure; DM = diabetes; CHD = coronary heart disease; Stroke = 

cerebrovascular disease.  Sources: [5,6,14–17]. 
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Appendix Table 9: Relative risk per unit increase in each risk factor 

 

Estimates are from a prior series of meta-analyses using international data [1,18]. A “unit increase” is 

defined as a 1mmHg increase for systolic blood pressure, a 1mmol/L increase in total cholesterol, 

and for the dichotomous variables (any kind of tobacco use and diabetes), a unit increase is defined 

as going from not exposed to exposed (e.g., becoming newly diabetic, or newly starting tobacco 

smoking). 

 

(A) of coronary heart disease 

 

Age Gender Location SBP Chol Tob DM 

20-29 Male Urban 1.08 3.65 2.43 2.03 

30-39 Male Urban 1.07 3.65 2.43 2.03 

40-49 Male Urban 1.06 2.08 2.43 2.03 

50-59 Male Urban 1.05 1.55 1.84 2.03 

60-69 Male Urban 1.03 1.42 1.70 2.03 

70-79 Male Urban 1.02 1.42 1.38 2.03 

20-29 Male Rural 1.08 3.65 2.43 2.03 

30-39 Male Rural 1.07 3.65 2.43 2.03 

40-49 Male Rural 1.06 2.08 2.43 2.03 

50-59 Male Rural 1.05 1.55 1.84 2.03 

60-69 Male Rural 1.03 1.42 1.70 2.03 

70-79 Male Rural 1.02 1.42 1.38 2.03 

20-29 Female Urban 1.08 3.65 2.18 2.54 

30-39 Female Urban 1.07 3.65 2.18 2.54 

40-49 Female Urban 1.06 2.08 2.18 2.54 

50-59 Female Urban 1.05 1.55 2.12 2.54 

60-69 Female Urban 1.03 1.42 1.70 2.54 

70-79 Female Urban 1.02 1.42 1.31 2.54 

20-29 Female Rural 1.08 3.65 2.18 2.54 
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30-39 Female Rural 1.07 3.65 2.18 2.54 

40-49 Female Rural 1.06 2.08 2.18 2.54 

50-59 Female Rural 1.05 1.55 2.12 2.54 

60-69 Female Rural 1.03 1.42 1.70 2.54 

70-79 Female Rural 1.02 1.42 1.31 2.54 

SBP = systolic blood pressure; Chol = total cholesterol; Tob = smoking; DM = diabetes. 
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(B) of cerebrovascular disease 

 

Age Gender Location SBP Chol Tob DM 

20-29 Male Urban 1.10 1.48 2.43 2.00 

30-39 Male Urban 1.09 1.35 2.43 2.00 

40-49 Male Urban 1.08 1.42 2.43 2.00 

50-59 Male Urban 1.07 1.35 1.84 2.00 

60-69 Male Urban 1.05 1.25 1.70 2.00 

70-79 Male Urban 1.03 1.09 1.38 2.00 

20-29 Male Rural 1.10 1.48 2.43 2.00 

30-39 Male Rural 1.09 1.35 2.43 2.00 

40-49 Male Rural 1.08 1.42 2.43 2.00 

50-59 Male Rural 1.07 1.35 1.84 2.00 

60-69 Male Rural 1.05 1.25 1.70 2.00 

70-79 Male Rural 1.03 1.09 1.38 2.00 

20-29 Female Urban 1.10 1.48 2.18 2.04 

30-39 Female Urban 1.09 1.35 2.18 2.04 

40-49 Female Urban 1.08 1.42 2.18 2.04 

50-59 Female Urban 1.07 1.35 2.12 2.04 

60-69 Female Urban 1.05 1.25 1.70 2.04 

70-79 Female Urban 1.03 1.09 1.31 2.04 

20-29 Female Rural 1.10 1.48 2.18 2.04 

30-39 Female Rural 1.09 1.35 2.18 2.04 

40-49 Female Rural 1.08 1.42 2.18 2.04 

50-59 Female Rural 1.07 1.35 2.12 2.04 

60-69 Female Rural 1.05 1.25 1.70 2.04 

70-79 Female Rural 1.03 1.09 1.31 2.04 

SBP = systolic blood pressure; Chol = total cholesterol; Tob = smoking; DM = diabetes.  



Palm oil and CVD in India   Appendix Page 22 of 29 

Appendix Table 10: Mortality rates from coronary heart disease, cerebrovascular disease, and other 

causes (per year). The denominator is total population (data reflect the % of population per year 

dying from each cause). 

 

Age Gender Location Coronary heart disease Cerebrovascular disease Other 

20-29 Male Urban 0.137% 0.115% 0.235% 

30-39 Male Urban 0.137% 0.115% 0.235% 

40-49 Male Urban 0.286% 0.486% 3.071% 

50-59 Male Urban 0.286% 0.486% 3.071% 

60-69 Male Urban 0.435% 0.857% 5.907% 

70-79 Male Urban 0.435% 0.857% 5.907% 

20-29 Male Rural 0.137% 0.115% 0.235% 

30-39 Male Rural 0.137% 0.115% 0.235% 

40-49 Male Rural 0.286% 0.486% 3.071% 

50-59 Male Rural 0.286% 0.486% 3.071% 

60-69 Male Rural 0.435% 0.857% 5.907% 

70-79 Male Rural 0.435% 0.857% 5.907% 

20-29 Female Urban 0.009% 0.154% 0.123% 

30-39 Female Urban 0.009% 0.154% 0.123% 

40-49 Female Urban 0.053% 0.498% 2.540% 

50-59 Female Urban 0.053% 0.498% 2.540% 

60-69 Female Urban 0.097% 0.842% 4.957% 

70-79 Female Urban 0.097% 0.842% 4.957% 

20-29 Female Rural 0.009% 0.154% 0.123% 

30-39 Female Rural 0.009% 0.154% 0.123% 

40-49 Female Rural 0.053% 0.498% 2.540% 

50-59 Female Rural 0.053% 0.498% 2.540% 

60-69 Female Rural 0.097% 0.842% 4.957% 

70-79 Female Rural 0.097% 0.842% 4.957% 
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Mortality rates are from World Health Organization estimates [4]. For all Appendix tables, estimates 

are given for the year 2013, and for subsequent years the secular trends listed in Appendix Table 11 

are applied. 
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Appendix Table 11: Secular trends in mortality rates (% change in mortality rate per year)  

 

Age Gender Location Coronary heart disease Cerebrovascular disease Other 

20-29 Male Urban 2.7% 8.0% -2.5% 

30-39 Male Urban 2.7% 8.0% -2.5% 

40-49 Male Urban -0.9% 4.3% -0.3% 

50-59 Male Urban -0.9% 4.3% -0.3% 

60-69 Male Urban -4.5% 0.6% 2.0% 

70-79 Male Urban -4.5% 0.6% 2.0% 

20-29 Male Rural 2.7% 8.0% -2.5% 

30-39 Male Rural 2.7% 8.0% -2.5% 

40-49 Male Rural -0.9% 4.3% -0.3% 

50-59 Male Rural -0.9% 4.3% -0.3% 

60-69 Male Rural -4.5% 0.6% 2.0% 

70-79 Male Rural -4.5% 0.6% 2.0% 

20-29 Female Urban -5.6% 6.4% -1.0% 

30-39 Female Urban -5.6% 6.4% -1.0% 

40-49 Female Urban -7.0% 12.1% -3.9% 

50-59 Female Urban -7.0% 12.1% -3.9% 

60-69 Female Urban -8.5% 0.6% 1.9% 

70-79 Female Urban -8.5% 0.6% 1.9% 

20-29 Female Rural -5.6% 6.4% -1.0% 

30-39 Female Rural -5.6% 6.4% -1.0% 

40-49 Female Rural -7.0% 12.1% -3.9% 

50-59 Female Rural -7.0% 12.1% -3.9% 

60-69 Female Rural -8.5% 0.6% 1.9% 

70-79 Female Rural -8.5% 0.6% 1.9% 
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Appendix Table 12: Indian vegetable oil demand elasticities, 2009-2010. The element in row i, 

column j of the table contains the elasticity of good i with respect to changes in the price of good 

j. Standard errors in parentheses. Asterisks refer to significant elasticities at the p<0.05 level. 

 

 Uncompensated price elasticities 

Oil Palm Mustard/rapeseed Groundnut Coconut 

Palm -0.71 (0.14)* 0.09 (0.06) 0.64 (0.21)* 0.60 (0.20)* 

Mustard/rapeseed 0.70 (0.21)* -0.18 (0.02)* 0.13 (0.04)* 0.88 (0.20)* 

Groundnut 0.67 (0.15)* 0.02 (0.03) -0.09 (0.04)* 0.30 (0.18) 

Coconut 0.45 (0.48) 0.59 (0.45) 0.26 (0.12)* -0.31 (0.02)* 
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Appendix Figure 1. Face validity of the model against historical data from 2004 and 2008, when 

inputting year 2000 data into the model.  

 

(A) 

 

 

(B) 
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(C) 

 

 Data are from independent estimates [19]. 
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