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Abstract

Background

Type 2 diabetes mellitus and cardiovascular disease and have become leading causes of

morbidity and mortality among Palestinian refugees in the Middle East, many of whom live

in long-term settlements and receive grain-based food aid. The objective of this study was to

estimate changes in type 2 diabetes and cardiovascular disease morbidity and mortality

attributable to a transition from traditional food aid to either (i) a debit card restricted to food

purchases, (ii) cash, or (iii) an alternative food parcel with less grain and more fruits and veg-

etables, each valued at $30/person/month.

Methods and findings

An individual-level microsimulation was created to estimate relationships between food aid

delivery method, food consumption, type 2 diabetes, and cardiovascular disease morbidity

and mortality using demographic data from the United Nations (UN; 2017) on 5,340,443 reg-

istered Palestinian refugees in Syria, Jordan, Lebanon, Gaza, and the West Bank, food con-

sumption data (2011–2017) from households receiving traditional food parcel delivery of

food aid (n = 1,507 households) and electronic debit card delivery of food aid (n = 1,047

households), and health data from a random 10% sample of refugees receiving medical

care through the UN (2012–2015; n = 516,386). Outcome metrics included incidence per

1,000 person-years of hypertension, type 2 diabetes, atherosclerotic cardiovascular disease

events, microvascular events (end-stage renal disease, diabetic neuropathy, and prolifer-

ative diabetic retinopathy), and all-cause mortality. The model estimated changes in total

calories, sodium and potassium intake, fatty acid intake, and overall dietary quality (Mediter-

ranean Dietary Score [MDS]) as mediators to each outcome metric. We did not observe that

a change from food parcel to electronic debit card delivery of food aid or to cash aid led to a

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1002700 November 20, 2018 1 / 23

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPEN ACCESS

Citation: Basu S, Yudkin JS, Berkowitz SA, Jawad

M, Millett C (2018) Reducing chronic disease

through changes in food aid: A microsimulation of

nutrition and cardiometabolic disease among

Palestinian refugees in the Middle East. PLoS Med

15(11): e1002700. https://doi.org/10.1371/journal.

pmed.1002700

Academic Editor: Kazem Rahimi, University of

Oxford, UNITED KINGDOM

Received: May 31, 2018

Accepted: October 23, 2018

Published: November 20, 2018

Copyright: © 2018 Basu et al. This is an open

access article distributed under the terms of the

Creative Commons Attribution License, which

permits unrestricted use, distribution, and

reproduction in any medium, provided the original

author and source are credited.

Data Availability Statement: All relevant data are

within the paper and its Supporting Information

files.

Funding: SB is supported by the Stanford Junior

Faculty Research Grants for Work on Global

Poverty and Development (https://seedfunding.

stanford.edu/opportunities/junior-faculty-research-

grants-work-global-poverty-and-development). CM

is supported by the NIHR Research Professorship

(RP2014-04-32; https://www.nihr.ac.uk/funding-

http://orcid.org/0000-0002-0599-6332
http://orcid.org/0000-0003-1030-4297
http://orcid.org/0000-0002-1051-2136
https://doi.org/10.1371/journal.pmed.1002700
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pmed.1002700&domain=pdf&date_stamp=2018-11-20
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pmed.1002700&domain=pdf&date_stamp=2018-11-20
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pmed.1002700&domain=pdf&date_stamp=2018-11-20
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pmed.1002700&domain=pdf&date_stamp=2018-11-20
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pmed.1002700&domain=pdf&date_stamp=2018-11-20
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pmed.1002700&domain=pdf&date_stamp=2018-11-20
https://doi.org/10.1371/journal.pmed.1002700
https://doi.org/10.1371/journal.pmed.1002700
http://creativecommons.org/licenses/by/4.0/
https://seedfunding.stanford.edu/opportunities/junior-faculty-research-grants-work-global-poverty-and-development
https://seedfunding.stanford.edu/opportunities/junior-faculty-research-grants-work-global-poverty-and-development
https://seedfunding.stanford.edu/opportunities/junior-faculty-research-grants-work-global-poverty-and-development
https://www.nihr.ac.uk/funding-and-support/funding-for-training-and-career-development/training-programmes/nihr-research-professorships/


meaningful change in consumption, biomarkers, or disease outcomes. By contrast, a shift to

an alternative food parcel with less grain and more fruits and vegetables was estimated to

produce a 0.08 per 1,000 person-years decrease in the incidence of hypertension (95% con-

fidence interval [CI] 0.05–0.11), 0.18 per 1,000 person-years decrease in the incidence of

type 2 diabetes (95% CI 0.14–0.22), 0.18 per 1,000 person-years decrease in the incidence

of atherosclerotic cardiovascular disease events (95% CI 0.17–0.19), and 0.02 decrease

per 1,000 person-years all-cause mortality (95% CI 0.01 decrease to 0.04 increase) among

those receiving aid. The benefits of this shift, however, could be neutralized by a small (2%)

increase in compensatory (out-of-pocket) increases in consumption of refined grains, fats

and oils, or confectionaries. A larger alternative parcel requiring an increase in total food aid

expenditure by 27% would be more likely to have a clinically meaningful improvement on

type 2 diabetes and cardiovascular disease incidence.

Conclusions

Contrary to the supposition in the literature, our findings do not robustly support the theory

that transitioning from traditional food aid to either debit card or cash delivery alone would

necessarily reduce chronic disease outcomes. Rather, an alternative food parcel would be

more effective, even after matching current budget ceilings. But compensatory increases in

consumption of less healthy foods may neutralize the improvements from an alternative

food parcel unless total aid funding were increased substantially. Our analysis is limited by

uncertainty in estimates of modeling long-term outcomes from shorter-term trials, focusing

on diabetes and cardiovascular outcomes for which validated equations are available

instead of all nutrition-associated health outcomes, and using data from food frequency

questionnaires in the absence of 24-hour dietary recall data.

Author summary

Why was this study done?

• Type 2 diabetes mellitus and cardiovascular disease have become leading causes of mor-

bidity and mortality among Palestinian refugees.

• Traditional food aid is often primarily composed of grain, flour, and rice, which may

increase the risk of such chronic diseases.

• It remains unclear how much changes in food aid in delivery method and composition

may alter chronic disease risk.

What did the researchers do and find?

• We constructed a microsimulation model to estimate the impact of food aid delivery

methods on food consumption, type 2 diabetes, and cardiovascular disease outcomes

among the 20- to 79-year old subpopulation receiving food aid (43%) among 5.3 million

registered Palestinian refugees in Syria, Jordan, Lebanon, Gaza, and the West Bank.

Food aid and chronic disease
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• The simulation took into account the proportion who received food aid and the dietary

patterns among them, including the portion of food acquired and consumed from other

sources besides food aid.

• Using the simulation, we did not observe that a change from food parcel to electronic

debit card delivery of food aid or to cash aid led to a meaningful change in consumption,

biomarkers, or disease outcomes. We did observe that a shift an alternative food parcel

with less grain and more fruits and vegetables may avert hypertension and type 2 diabe-

tes but be neutralized through minimal compensatory (out-of-pocket) increases in con-

sumption of refined grains, fats and oils, or confectionaries.

• A larger alternative parcel requiring an increase in total food aid expenditure by 27%

would be more likely to have a clinically meaningful improvement on type 2 diabetes

and cardiovascular disease.

What do these findings mean?

• An alternative food parcel would be more effective than transitioning from traditional

food aid to either debit card or cash delivery from the perspective of reducing chronic

disease.

• But compensatory increases in consumption of less healthy foods may neutralize the

improvements from an alternative food parcel unless total aid funding were increased

substantially.

Introduction

Increasingly, refugee camps worldwide have become semipermanent or permanent, accompa-

nied by an epidemiologic transition with fewer traumatic injuries, infectious diseases, or mal-

nutrition as well as a much higher rate of chronic disease [1,2]. Type 2 diabetes mellitus and

cardiovascular disease have become leading causes of morbidity and mortality among refugees

in the Middle East [3–9], and are particularly prevalent among the>5 million registered Pales-

tine refugees who live in Syria, Jordan, Lebanon, Gaza, and the West Bank, with a prevalence

of 12.1% for type 2 diabetes and 18.6% for hypertension among adults over 40 years old [10].

Treatment for these chronic diseases now consumes a substantial part of the healthcare system

budgets of the United Nations (UN) agency responsible for support of this population [1].

Chronic diseases affecting long-term refugee settlements are commonly nutrition-related

conditions such as diabetes and cardiovascular disease; in addition, >40% of refugees (and, in

some “fields” [refugee settlement areas designated by the UN],>80%) receive food aid. This

aid is primarily composed of grain, flour, and rice, under a traditional model that emphasizes

maintenance of calorie intake rather than dietary diversity [11]. The reason for this composi-

tion of aid is 2-fold: first, because aid was traditionally designed for emergency situations to

address acute under-nutrition needs and second, because of supply-side pressures to dump

excess United States agricultural production on international markets through food aid [12].

Reducing chronic disease among refugees through modification of food aid packages for pri-

mary prevention has become a subject of intensive discussion and preliminary policy changes,

particularly because healthcare systems are so under-resourced in the region that funding for
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secondary prevention is severely constrained [13,14]. At least three reforms have been pro-

posed and piloted to different degrees in field-based trials: (i) partial replacement of traditional

food parcel delivery (“in-kind” food aid) with electronic debit cards (“e-vouchers”) restricted

to purchasing non-tobacco/alcohol foods [14–16], (ii) partial replacement of traditional food

parcel delivery with unrestricted cash [14,17], and/or (iii) an alternative food parcel that

replaces a portion of grain with fruits and vegetables (canned, dried, or—if locally available—

fresh) [18–20].

How much reduction in chronic disease, if any, would be expected from the proposed food

aid policy changes remains unclear because field-based trials or pilot demonstration projects

cannot be sustained for sufficient periods to track long-term outcomes. Increased dietary

diversity, food security, sense of agency, and local economic growth have been observed from

field-based randomized trials and pilot demonstration projects of alternative food aid. Diver-

sion towards non-food products, theft, corruption, or food price inflation have been minimal

or undetected in these studies, even under the cash delivery policy [14–16,21]. Hence, agencies

such as the World Food Program have begun to expand debit card or cash programs, despite

opposition from the US government and associated private contractors invested in traditional

food parcel delivery [22–24]. The World Food Program, World Health Organization, and oth-

ers working with large refugee populations in the Middle East have called for simulation mod-

els to help estimate the longer-term chronic disease consequences of alternative food aid

[14,20].

The principal aim of this study was to identify the potential changes in type 2 diabetes and

cardiovascular disease among Palestinian refugees transitioning from traditional food aid to

an alternative aid (debit card, cash, or alternative food parcel). Our primary a priori hypothesis

was that transitioning from traditional food parcel delivery to a debit card for food would

reduce the overall incidence and complications from type 2 diabetes and cardiovascular dis-

ease, given prior evidence that the debit card intervention was particularly effective at increas-

ing measures of dietary diversity [15,16]. The secondary hypotheses were that the transition to

debt card would be more effective than substitution to cash, but less effective than transition to

an alternative food parcel.

Methods

Ethical approval

Approval for this study was obtained from the Institutional Review Board of Stanford Univer-

sity (eProtocol number IRB-39274).

Study design and reporting was based on the Modeling Good Research Practice Guidelines

by the International Society for Pharmacoeconomics and Outcomes Research (ISPOR) [25].

S1 Text details the data underlying the results and provides the prospective analysis plan.

Model overview

An individual-level microsimulation was created to estimate the impact of food aid delivery

methods on food consumption, type 2 diabetes, and cardiovascular disease outcomes among

the 20- to 79-year-old subpopulation receiving food aid (43%) among 5.3 million registered

Palestinian refugees in Syria, Jordan, Lebanon, Gaza, and the West Bank. The simulation took

into account the proportion who received food aid and the dietary patterns among them,

including the portion of food acquired and consumed from other sources besides food aid.

Individual people were simulated by sampling from the large datasets specified below to cap-

ture the correlations among demographic, food consumption, and cardiometabolic variables,

Food aid and chronic disease
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including age, sex, nutrition profile, diabetes and cardiovascular disease biomarkers, chronic

disease history, and medication use.

The microsimulation (Fig 1) had the following 3 key components: (i) a demographic com-

ponent specifying features of the refugee population as of 2017, including age, sex, and loca-

tion; (ii) a food consumption component reflecting individual food consumption in major

categories based on the person’s demographics, incorporating both aid-based and non–aid-

based food, and conditional on whether the person received food parcel delivery or electronic

debit card delivery of food aid; and (iii) a health component, reflecting both demographics and

food consumption as well as detailing diabetes and cardiovascular disease history, biomarkers,

medications, and the estimated probability of subsequent outcome events, listed below.

Population data

Demographic data were obtained from the UN (2017) on 5,340,443 registered refugees in

Syria, Jordan, Lebanon, Gaza, and the West Bank, including age, sex, and location (the 5 loca-

tions above; Table 1) [26].

Food consumption data were obtained from the World Food Program (2011–2017) on reg-

istered refugees receiving food aid by the demographic variables listed above, categorized by

quantity and caloric value of major food group procured and consumed per person per day,

including aid and nonaid food (Table 1) [15,16]. Food procurement and consumption were

separately tabulated for persons receiving traditional food parcel delivery of food aid

(n = 1,507 households) and for persons obtaining electronic debit card delivery of food aid

(n = 1,047 households), as detailed further below.

Health data were obtained from a random 10% sample of people in the electronic health

record system of the UN Relief and Works Agency (UNRWA, the UN body responsible for

care of registered refugees in Syria, Jordan, Lebanon, Gaza, and the West Bank, who are treated

through 143 primary health facilities), stratified by age, sex, principal diagnosis, and location

(2012–2015; n = 516,386; Table 1). The health data included the most recent value of age, sex,

height, weight, systolic and diastolic blood pressure, hemoglobin A1c (percent), total and

high-density lipoprotein (HDL) cholesterol (mmol/L), tobacco smoking status, serum creati-

nine, urine microalbumin-to-creatinine ratio, cardiovascular and metabolic medications (anti-

coagulants, antihypertensives, lipid therapies, and glycemic treatment), and diabetes and

cardiovascular history (history of myocardial infarction or stroke).

Outcome metrics

Outcome metrics included key outcomes considered strongly attributable to changes in nutri-

tion per a recent systematic review and meta-analysis [27]: incidence per 1,000 person-years of

hypertension (systolic blood pressure�130 mmHg or diastolic�80 mmHg or prescription of

an antihypertensive medication), type 2 diabetes (hemoglobin A1c�6.5%, fasting plasma glu-

cose�126 mg/dL, random plasma glucose�200 mg/dL, or prescription of a diabetes medica-

tion), atherosclerotic cardiovascular disease events (first nonfatal or fatal myocardial

infarction or stroke), each of three microvascular complications (end-stage renal disease, dia-

betic neuropathy manifest as pressure sensation loss by 10 g monofilament test, and prolifer-

ative diabetic retinopathy leading to severe vision loss with Snellen test acuity <20/200), and

all-cause mortality.

Exposures

Two exposures were compared in the base case analysis: food parcel delivery of food aid and

electronic debit card delivery of food aid. Food parcel delivery involved standardized monthly

Food aid and chronic disease
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Fig 1. Model diagram. Data are in dashed squares and simulation steps in solid squares. See Tables 1 and 2 for data sources and parameter values.

https://doi.org/10.1371/journal.pmed.1002700.g001
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Table 1. Demographic, food consumption, and health data from Palestinian refugees in the Middle East. Demo-

graphic data from the UN (n = 5,340,443; 2017), food consumption data from the World Food Program (n = 2,554

households; 2011–2017), and health data from UNRWA (n = 516,386; 2012–2015), specifically from the electronic

health record that is believed to be comprehensive given universal refugee registration procedures that establish a pop-

ulation denominator for each estimate [15,16,26]. The data are from pilot studies conducted among the affected popu-

lation in community-based settings to specifically address how much (or how little) responsiveness occurs in the

context of food availability in refugee cities and towns.

Characteristic Mean (IQR)

Demographics

Registered refugees, no. 5,340,443

Proportion in each location, % 25.3% in Gaza, 15.1% in the West Bank, 10.2% in Syria, 8.7%

in Lebanon, and 40.7% in Jordan

Age, years 32.5 (15.6–43.2)

Proportion female, % 60.1%

Proportion enrolled in food aid programs, % 43.0%

Traditional food parcel delivery (“in-kind” food aid)

Total food consumption, kcal/person/day 2,296 (845–2,362)

Consumption of cereals, kcal/person/day 1,239 (147–2,331)

Consumption of tubers, pulses, legumes, and nuts,

kcal/person/day

137 (7–266)

Consumption of fruits and vegetables, kcal/person/

day

230 (9–452)

Consumption of animal products, kcal/person/day 343 (38–648)

Consumption of additional oils and fats, kcal/person/

day

163 (95–230)

Consumption of sugars, kcal/person/day 184 (14–383)

Electronic debit card food aid (“e-voucher”)

Total food consumption, kcal/person/day 2,441 (1,227–2,840)

Consumption of cereals, kcal/person/day 1,209 (1,125–1,292)

Consumption of tubers, pulses, legumes, and nuts,

kcal/person/day

157 (15–300)

Consumption of fruits and vegetables, kcal/person/

day

374 (32–715)

Consumption of animal products, kcal/person/day 423 (33–813)

Consumption of additional oils and fats, kcal/person/

day

157 (127–188)

Consumption of sugars, kcal/person/day 178 (1–355)

Cardiovascular biomarkers

BMI, kg/m2 27.1 (22.5–31.7) among men, 30.2 (25.4–35.2) among

women

Systolic blood pressure, mmHg 131.7 (120.0–140.0) among men, 120.1 (110.0–130.0) among

women

Diastolic blood pressure, mmHg 80.9 (74.0–88.0) among men, 74.7 (70.0–80.0) among

women

Total cholesterol, mmol/L 187.0 (157.5–211.5) among men, 195.1 (165.0–218.0) among

women

HDL cholesterol, mmol/L 38.6 (31.0–45.0) among men, 44.5 (36.0–50.0) among

women

Diagnostic history and treatment profile based on

electronic health records

Proportion with type 2 diabetes mellitus, % 12.2%

Hemoglobin A1c among those with type 2 diabetes

mellitus, %

8.2 (6.7–9.6)

Diabetes treatment, of those with diabetes, % 86.0%

(Continued)
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food parcels for each household that could be obtained by the designated recipient for each

household at central locations in the community by participants. Each parcel contained wheat

flour, white rice, sugar, vegetable oil, chickpeas, lentils, dried whole milk, and canned sardines.

Electronic delivery involved $30 per household member per month in value (in 2017 US dol-

lars; roughly the same value as the food parcel) added via automated bank transfer to an elec-

tronic debit card, which could be used with an individual PIN code at participating store

locations in the community. Delivery was accompanied by a text message reminder to the

assigned card bearer’s phone for each household. Debit cards were electronically restricted to

permit food purchases, excluding chocolates, alcohol, cigarettes, soda, or non-food items [28].

Both exposures were directed to refugees with household income below the location-specific

definitions of absolute (approximately $3.7/person/day) or abject poverty (approximately

$1.5/person/day) by a means test, along with those enrolled in parallel aid programs or meet-

ing other definitions of socioeconomic marginalization (e.g., elderly, widowed, and living

alone) [29,30].

The change in food consumption attributable to a change from food parcel to electronic

debit card delivery was estimated from a series of field-based studies by the World Food Pro-

gram, comparing households after piloted roll-out of electronic debit card food aid to similar

households remaining on food parcel delivery within each location (n = 2,554 households)

[15,16]. Consumption in kilocalories (kcal) per person per day was obtained from quantitative

household food frequency questionnaires among registered refugees, specifying daily per per-

son consumption in each of 250 food categories (S1 Table). Major changes in consumption in

each of the major Food and Agriculture Organization food groups (cereals; tubers, pulses,

legumes, and nuts; fruits and vegetables; animal products; additional oils and fats (apart from

animal products); and sugars [31]) are summarized in Table 1.

Impact simulations

The estimated change in food consumption attributable to a change from food parcel to elec-

tronic debit card delivery was used to estimate changes in each outcome metric. Specifically, 4

intermediate variables were calculated to translate change in food consumption to change in

Table 1. (Continued)

Characteristic Mean (IQR)

Current tobacco smoking, % 25.1%

Serum creatinine, micromol/L 75.1 (67.3–83.0)

Urine microalbumin/creatinine ratio, mg/mmol 5.0 (3.7–6.3)

Blood pressure treatment, of those with

hypertension, %

84.9%

Statin treatment, % 6.1%

Cardiovascular disease history, % 1.6%

Nephropathy prevalence among persons with

diabetes, %

11.9%

Neuropathy prevalence among persons with diabetes,

%

19.5%

Retinopathy prevalence among persons with

diabetes, %

14.3%

All-cause mortality rate, per 1,000 person-years 3.0

Abbreviations: BMI, body mass index; HDL, high-density lipoprotein; IQR, interquartile range; kcal, kilocalories;

UNRWA, United Nations Relief and Works Agency.

https://doi.org/10.1371/journal.pmed.1002700.t001
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each outcome metric: change in total calories, change in sodium and potassium intake, change

in fatty acids (polyunsaturated, monounsaturated, and saturated fats), and change in overall

dietary quality (Mediterranean Dietary Score [MDS] [32]). The MDS was chosen because it is

predictive of incident type 2 diabetes independently from total calorie intake [33], and dietary

interventions corresponding to MDS improvements have resulted in reduced type 2 diabetes

incidence in prior trials among population in the Middle East [34,35]. Change in total calories

was calculated by summing change in each food category from the field-based studies cited

above. Change in sodium, potassium, and fatty acids were estimated based on the per-unit

content estimates of each food from standardized international databases [36,37], with boot-

strapping across the distribution of content variations within each food category to construct

95% confidence intervals (CIs) (S2 Table). Change in MDS was estimated by calculating the

score from the food patterns reported in quantitative food frequency questionnaires (S1 Text).

Change in total calories was used to estimate changes in body mass index (BMI), using the

National Institutes of Health/Hall model of body weight change, which conditions body

weight change estimates on age, sex, height, and starting weight, based on results of random-

ized controlled trials (S1 Text) [38–40]. Changes in sodium and potassium were used to esti-

mate changes in systolic blood pressure using regression models from a large, international

prospective epidemiological study (S1 Text) [41]. Changes in fatty acids were used to estimate

changes in total and HDL cholesterol using regression models from a meta-analysis of ran-

domized controlled trials (S1 Text) [42]. Changes in BMI and MDS were used to estimate

change in hemoglobin A1c based on regression models from meta-analyses of prospective

studies and risk projections (S1 Text) [43,44].

The health implications of the change from food parcel to electronic debit card delivery of

food aid were estimated among a simulated refugee population of 5.3 million people. To pro-

duce the simulated population, Monte Carlo sampling with copulas was used [45], which is a

strategy to repeatedly sample with replacement from the distribution of each variable in the

demographic and health datasets: baseline age, sex, height, weight, systolic and diastolic blood

pressure, hemoglobin A1c (percent), total and HDL cholesterol (mmol/L), tobacco smoking

status, serum creatinine, urine microalbumin-to-creatinine ratio, cardiovascular and meta-

bolic medications, and diabetes and cardiovascular history as of 2015. When sampling, the

approach of Monte Carlo sampling with copulas captures both the marginal distribution of

each factor as well as the correlations among the factors (S1 Fig).

Following current modeling guidelines [46], the full life course of the population was simu-

lated for any persons alive during a 10-year policy planning horizon (2016–2025). The out-

come metrics among the population were simulated with traditional food aid delivery

(baseline simulation), and then after transition to electronic debit card delivery of food aid

(intervention simulation). In each simulation, UN birth rate estimates were used to simulate

new births, the age- and sex-specific linear secular trend in each biomarker was used to simu-

lated biomarker changes over time in each population, and both cardiovascular and all-cause

mortality equations calibrated to the death statistics at each location were used to estimate

deaths conditional on demographics and biomarkers [47]. Incidence of type 2 diabetes and

hypertension were defined each year of the simulation based on blood pressure and hemoglo-

bin A1c, respectively [48,49]. The incidence of cardiovascular disease events—first nonfatal or

fatal myocardial infarction, first nonfatal or fatal stroke—was estimated from the Globorisk

equations for each location, which used age, sex, smoking status, diabetes status, systolic blood

pressure, and total cholesterol to estimate risk [50,51]. The incidence of each of three micro-

vascular complications—end-stage renal disease, diabetic neuropathy, and diabetic retinopa-

thy—and all-cause mortality were estimated by recalibrating the baseline hazard rate in the

Risk Equations for Complications of Type 2 Diabetes (RECODe) to the observed rate of each
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complication from the most recent UNRWA health audits (Table 1) [52,53]. To account for

uncertainty in the effect sizes of diet on health outcomes, we bootstrapped across the distribu-

tion of 95% CIs around each coefficient in the input equations to construct 95% CIs around

each outcome metric. We note these estimation approaches attempt to focus on previously val-

idated physiological models of causality from specific nutritional components to the outcomes

of interest, at the risk of underestimating indirect correlational effects for which causal path-

ways are not yet clearly established.

As an alternative to the debit card program, we simulated 2 other potential interventions.

First, we simulated transitioning from debit card delivery of food aid to transitioning to cash

aid, which has been introduced at several sites. The change in food consumption attributable

to a change from food parcel to cash aid was estimated by food frequency questionnaires in a

field-based study (n = 1,041 households receiving a debit card compared to 1,507 receiving

cash aid) and included analysis of diversion of cash for non-food uses [14].

Second, we simulated a proposed alternative food parcel that would reduce the amount of

grain within the food parcel but increase the amount of fruits and vegetables (canned, dried,

and—where possible—fresh) included by way of both regional and local sourcing [20,24]. We

specifically performed a threshold analysis to estimate how much decrease in grain and

increase in fruits and vegetables would be needed to reduce the rate of the chronic disease out-

comes in our model without increasing the total aid budget, given the exchange rate in budget-

ary dollars of bundled grain costs versus bundled fruit and vegetable costs. The latter costs

incorporated the additional procurement, labor, transport, and storage costs of increased fruit

and vegetable inclusion; correction for seasonal price variations; and (for noncanned/nondried

fresh fruits and vegetables) additional refrigerated transport and storage and increased delivery

frequency to avoid spoilage (Table 1) [54,55]. We restricted the threshold analysis to ensure

that the lower 95% CI bounds of total available food per person per day from the alternative

food parcel would always remain above the World Health Organization/Food and Agricultural

Organization goals to avoid food insecurity (>2,100 kcal/person/day, >10% from protein,

>17% from fat [11]).

Sensitivity analyses

Mis-reporting biases. In a sensitivity analysis, we re-estimated differential outcomes in all

3 scenarios (transition to debit card, cash delivery, or alternative food parcel) when sampling

from the empirical distributions of observed bias in how much food frequency questionnaires

may under- or overestimate true consumption (S3 Table). We adjusted consumption estimates

from the food frequency questionnaires to correct for under- or overconsumption based on

comparisons of food frequency questionnaire responses to 12-day weighted food records over

a 12-month period, which estimated typically 47.6 kcal/person/day (SE: 0.8 kcal/person/day)

underreporting of cereal consumption, 2.8 kcal/person/day (SE: 0.2) overreporting for tubers,

257.5 kcal/person/day (SE: 3.4) overreporting for fruits and vegetables, 2.1 kcal/person/day

(SE: 1.1) underreporting for animal products, 20.4 kcal/person/day (SE: 0.1) underreporting

for oils and fats, and 1.2 kcal/person/day (SE: 0.1) underreporting for sugars [56].

Compensatory behaviors. In a second sensitivity analysis, specific to the alternative food

parcel simulation, we estimated the degree of compensatory increase in nonaid food consump-

tion—particularly of refined grains, oils and fats, and confectionaries—that would be necessary

from out-of-pocket food purchases to fully neutralize any benefits of the alternative food

parcel.

Enhanced aid budget. In a third sensitivity analysis, also specific to the alternative food

parcel simulation, we estimated the degree of increase in funding for the parcel that would be
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necessary to achieve a 1.0-point absolute increase in the MDS, which is the point increase asso-

ciated with a clinically meaningful improvement in cardiovascular disease event incidence

(myocardial infarction and stroke) [57].

Cost-effectiveness analysis

Following recently updated cost-effectiveness guidelines [46], the incremental cost-effective-

ness of transitioning away from traditional food parcel delivery of food aid to alternative strat-

egies (debit card, cash, or alternative food parcel) was calculated from both a healthcare system

and a societal perspective (S4 Table). Costs from each of the healthcare and societal perspec-

tives are itemized in Table 2 and were computed from the same life-course perspective over a

10-year policy planning horizon, as with the impact simulation above. Costs for both delivery

mechanisms included formal and informal healthcare sector expenditures (reflecting observed

trends in service provision, pharmaceutical dispensation, and utilization at UNRWA facilities),

and nonhealthcare expenditures (including overhead expenditure and costs of in-kind food or

debit card expenditures). Disability-adjusted life-years (DALYs; the sum of years of life lost

and utility-weighted years of life lived with disability) were calculated based on utility weights

for each outcome metric from a prior international survey (Table 2) [58]. Both costs and

Table 2. Input parameters for estimating the cost-effectiveness of shifting from traditional food parcel delivery

(“in-kind” food aid) to electronic debit card delivery of food aid (“e-vouchers”). Costs are in 2017 US dollars and

reflect negotiated prices for UN Relief and Work Agency facilities, including out-of-pocket costs to patients and costs

absorbed by UN facilities. See S2 Table for impact inventory. Health utilities refer to the degree of disability on a scale

from 0 to 1 conferred by a given disease (with larger disutilities indicating more disabling disease, and 1 indicating

death).

Parameter Mean (95% CI)

Health state utilities

Cardiovascular disease events (myocardial infarction or stroke) 0.28 (0.02–0.58)

End-stage renal disease 0.57 (0.40–0.75)

Diabetic neuropathy 0.10 (0.07–0.13)

Diabetic retinopathy 0.19 (0.13–0.25)

Healthcare costs

Blood pressure treatment, per patient per year $6.42 ($5.69–$7.15)

Diabetes treatment, per patient per year $14.14 ($7.72–$35.55)

Lipid treatment, per patient per year $5.96 ($4.72–$7.20)

Management of atherosclerotic cardiovascular disease events, per patient per

event

$11,663.46 ($8,170.22–

$15,143.86)

Management of end-stage renal disease, per patient per year $14,128.68 ($12,896.10–

$15,365.10)

Management of diabetic neuropathy, per patient per year $995.26 (430.67–2,421.47)

Management of diabetic retinopathy, per patient per year $3,519.97 ($665.95–$6,364.90)

Food aid costs

Food parcel food material costs, per recipient per month $37.00 ($31.00–$43.00)

Food parcel overhead and infrastructure costs, per recipient per month $11.50 ($9.64–$13.36)

Electronic debit card food costs, per recipient per month $30.00 ($13.50–$47.00)

Electronic debit card overhead and infrastructure costs, per recipient per month $3.30 ($2.77–$3.83)

Relative costs of fruits and vegetables per pound versus grain per pound for

procurement (ratio) (per kilogram)

$0.58 ($0.30–$1.20) ($1.29

[$0.67–$2.67])

Additional food parcel overhead and infrastructure costs under alternative food

parcel with more fruits and vegetables, per recipient per month

$1.16 ($0.90–$1.80)

Abbreviations: CI, confidence interval; UN, United Nations.

https://doi.org/10.1371/journal.pmed.1002700.t002
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DALYs were discounted at a 3% annual rate, and 2 incremental cost-effectiveness ratios (one

for the healthcare sector perspective, the other for the societal perspective) were expressed in

2017 US dollars per DALY.

Uncertainty analysis

Uncertainty analysis was performed by Monte Carlo sampling with replacement 10,000 times

from the probability distribution of all input parameters listed in the Tables, from which 95%

CIs were calculated [59]. Analyses were weighted by frequency weights estimated to convert

the healthcare input data to a representative Palestinian population sample (S5 Table). Simula-

tions were performed in R (version 3.3.3; The R Foundation for Statistical Computing, Vienna,

Austria) with the MASS [60] and tidyverse [61] packages, using the code uploaded at https://

sdr.stanford.edu concurrent with publication.

Results

Population data

Demographic data from the UN indicated that, among the 5,340,443 registered refugees in

Gaza, West Bank, Syria, Lebanon, and Jordan, the mean age was 32.5 years old (interquartile

range [IQR] 15.6–43.2 years), with 60.1% female and 25.3% located in Gaza, 15.1% in the West

Bank, 10.2% in Syria, 8.7% in Lebanon, and 40.7% in Jordan; 43.0% were enrolled in food aid

programs (Table 1).

Food consumption data from the World Food Program among the population of refugees

receiving traditional food parcel delivery of food aid averaged 2,296 kcal/person/day (IQR

845–2,362), including 1,239 kcal/person/day from cereals; 137 kcal/person/day from tubers,

pulses, legumes, and nuts; 230 kcal/person/day from fruits and vegetables; 343 kcal/person/day

from animal products; 163 kcal/person/day from additional/added oils and fats; and 184 kcal/

person/day from sugars. Food consumption among the population of refugees receiving elec-

tronic debit card delivery of food aid averaged 2,441 kcal/person/day (IQR 1,258–3,623),

including 1,209 kcal/person/day from cereals; 100 kcal/person/day from tubers, pulses,

legumes, and nuts; 271 kcal/person/day from fruits and vegetables; 526 kcal/person/day from

animal products; 157 kcal/person/day from additional oils and fats; and 178 kcal/person/day

from sugars (Table 1).

Health data from UNRWA indicated a mean BMI of 29.2 kg/m2 (IQR 23.5–34.1), a mean

systolic blood pressure of 124.6 mmHg (IQR 111.7–136.5), a mean diastolic blood pressure of

76.5 mmHg (IQR 66.7–85.3), a mean total cholesterol of 4.9 mmol/L (IQR 4.6–5.2), a mean

HDL cholesterol of 1.1 mg/dL (IQR 0.8–1.4), and a current prevalence of 12.2% for type 2 dia-

betes mellitus, with people with type 2 diabetes mellitus averaging a hemoglobin A1c of 8.2%

(IQR 6.7–9.6) (Table 1). We note that the UNRWA data cover all locations with Palestinian

refugees (not only the West Bank and Gaza but also the fields in Syria, Jordan, and Lebanon).

Impact simulations

We did not find that the change from food parcel to electronic debit card delivery of food aid

led to a meaningful change in consumption, biomarkers, or disease outcomes in our simula-

tion model (Table 3). Among those receiving food aid in our model, the change from food par-

cel to electronic debit card delivery of food aid was estimated to produce an overall 145 kcal/

person/day increase in calorie consumption (95% CI 647 decrease to 929 increase, from the

baseline of 2,296), 641 mg/person/day increase in sodium consumption (95% CI 2,321

decrease to 2,793 increase, from a baseline of 4,288), 258 mg/person/day increase in potassium
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consumption (95% CI 2,277 decrease to 3,102 increase, from a baseline of 3,834), 2,014 mg/

person/day increase in saturated fatty acid consumption (95% CI 7,507 decrease to 11,429

increase, from a baseline of 26,124), 2,689 mg/person/day increase in monounsaturated fatty

acid consumption (95% CI 10,039 decrease to 15,293 increase, from a baseline of 28,567), 938

mg/person/day increase in polyunsaturated fatty acid consumption (95% CI 5,860 decrease to

7,657 increase, from a baseline of 26,871), and a 0.1 point increase in the MDS on a scale from

0 to 14, such that higher values indicate better adherence to the Mediterranean diet (95% CI

−1.0 to 1.0, from a baseline of 7.9).

The changes in food consumption among those receiving food aid, attributable to the

change from food parcel to electronic debit card delivery of food aid, were estimated by our

model to produce a 2.5 kg/m2 increase in BMI (95% CI 11.4 decrease to 17.0 increase, from a

baseline of 29.2), 0.58 mmHg increase in systolic blood pressure (95% CI 5.61 decrease to 6.81

increase, from a baseline of 124.6), 0.29 mmHg increase in diastolic blood pressure (95% CI

2.14 decrease to 2.71 increase, from a baseline of 76.5), 0.06 mmol/L increase in total choles-

terol (95% CI 0.17 decrease to 0.29 increase, from a baseline of 4.9), and a 0.11 mmol/L

Table 3. Estimated changes in nutrition from a change in food aid. Model-derived estimates of changes in dietary intake measures attributable to a change from food

parcel to electronic debit card delivery of food aid; a change from food parcel to cash aid; or a change from food parcel to alternative food parcel with less grain and

increased fruit and vegetable content.

Change in consumption, per person per day Mean change (95% CI) attributable to change in aid

Change from traditional (in-kind) food aid to: Debit card Cash Alternative parcel

Calories (kcal) +145 (−647 to +929) +238 (−603 to +1,077) −33 (−27 to +38)

Sodium (mg) +641 (−2,321 to +2,793) +865 (−2,236 to +3,861) −64 (−68 to −60)

Potassium (mg) +258 (−2,277 to +3,102) +517 (−2,194 to +3,179) −1 (−18 to +15)

Saturated fatty acid (mg) +2,014 (−7,507 to +11,429) +2,773 (−7,407 to +12,840) +345 (+340 to +350)

Monounsaturated fatty acid (mg) +2,689 (−10,039 to +15,293) +3,779 (−9,837 to +17,268) +358 (+349 to +367)

Polyunsaturated fatty acid (mg) −938 (−5,860 to +7,657) +1,588 (−5,623 to +8,728) +342 (+336 to +347)

MDS (absolute scale) +0.1 (−1.0 to +1.0) +0.1 (−1.0 to +1.0) +0.2 (0 to +2.0)

Abbreviations: CI, confidence interval; MDS, Mediterranean Dietary Score.

https://doi.org/10.1371/journal.pmed.1002700.t003

Table 4. Estimated changes in biomarkers from a change in food aid. Model-derived estimates of changes in dietary

intake measures attributable to a change from food parcel to electronic debit card delivery of food aid; a change from

food parcel to cash aid; or a change from food parcel to alternative food parcel with less grain and increased fruit and

vegetable content.

Change in biomarkers Mean change (95% CI) attributable to change in aid

Change from traditional (in-kind) food

aid to:

Debit card Cash Alternative parcel

BMI (kg/m2) +2.5 (−11.4 to

+17.0)

+4.2 (−10.6 to

+19.8)

−0.6 (−0.8 to −0.4)

Systolic blood pressure (mmHg) +0.58 (−5.61 to

+6.81)

+0.35 (−6.15 to

+6.89)

−0.12 (−0.16 to −0.08)

Diastolic blood pressure (mmHg) +0.29 (−2.14 to

+2.71)

+0.23 (−2.33 to

+2.77)

−0.05 (−0.07 to −0.03)

Total cholesterol (mmol/L) +0.06 (−0.17 to

+0.29)

+0.07 (−0.17 to

+0.32)

−0.004 (−0.014 to

+0.006)

HDL cholesterol (mmol/L) +0.11 (−0.55 to

+0.75)

+0.17 (−0.53 to

+0.85)

−0.03 (−0.04 to −0.02)

Abbreviations: BMI, body mass index; CI, confidence interval; HDL, high-density lipoprotein.

https://doi.org/10.1371/journal.pmed.1002700.t004
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increase in HDL cholesterol (95% CI 0.55 decrease to 0.75 increase, from a baseline of 1.1;

Table 4).

The changes in biomarkers, attributable to the change from food parcel to electronic debit

card delivery of food aid, were estimated by our model to produce a 0.14 per 1,000 person-

years increase in the incidence of hypertension (95% CI 3.03 decrease to 2.61 increase, from a

baseline of 35.06), 0.77 per 1,000 person-years increase in the incidence of type 2 diabetes

(95% CI 3.14 decrease to 6.98 increase, from a baseline of 12.24), 0.40 per 1,000 person-years

increase in the incidence of atherosclerotic cardiovascular disease events (95% CI 1.03 decrease

to 1.14 increase, from a baseline of 6.58), 0.11 per 1,000 person-years incidence in the inci-

dence of end-stage renal disease (95% CI 0.34 decrease to 0.72 increase, from a baseline of

1.56), 0.24 per 1,000 person-years incidence in the incidence of diabetic neuropathy (95% CI

1.17 decrease to 2.10 increase, from a baseline of 4.41), 0.36 per 1,000 person-years incidence

in the incidence of proliferative diabetic retinopathy (95% CI 1.52 decrease to 2.66 increase,

from a baseline of 4.53), and 0.16 increase per 1,000 person-years all-cause mortality (95% CI

0.51 decrease to 1.11 increase, from a baseline of 3.50) among those receiving food aid

(Table 5).

Cash aid

Among those receiving food aid in our model, a change from food parcel to cash aid was esti-

mated to produce an overall 238 kcal/person/day increase in calorie consumption (95% CI 603

decrease to 1,077 increase, from the baseline of 2,296), 865 mg/person/day increase in sodium

consumption (95% CI 2,236 decrease to 3,861 increase, from a baseline of 4,288), 517 mg/per-

son/day increase in potassium consumption (95% CI 2,194 decrease to 3,179 increase, from a

baseline of 3,834), 2,773 mg/person/day increase in saturated fatty acid consumption (95% CI

7,407 decrease to 12,840 increase, from a baseline of 26,124), 3,779 mg/person/day increase in

monounsaturated fatty acid consumption (95% CI 9,837 decrease to 17,268 increase, from a

baseline of 28,567), 1,588 mg/person/day increase in polyunsaturated fatty acid consumption

(95% CI 5,623 decrease to 8,728 increase, from a baseline of 26,871), and a 0.1 point increase

in the MDS on a scale from 0 to 14 such that higher values indicate better adherence to the

Mediterranean diet (95% CI −1.0 to 1.0, from a baseline of 7.9).

The changes in food consumption among those receiving food aid, attributable to the

change from food parcel to cash aid, were estimated by our model to produce a 4.2 kg/m2

increase in BMI (95% CI 10.6 decrease to 19.8 increase, from a baseline of 29.2), 0.35 mmHg

Table 5. Primary outcome estimates. Model-derived estimates of changes in chronic disease outcome measures attributable to a change from food parcel to electronic

debit card delivery of food aid; a change from food parcel to cash aid; or a change from food parcel to alternative food parcel with less grain and increased fruit and vegeta-

ble content.

Outcome, per 1,000 person-years Mean change (95% CI) attributable to change in aid

Change from traditional (in-kind) food aid to: Debit card Cash Alternative parcel

Hypertension incidence +0.14 (−3.03 to +2.61) +0.04 (−3.33 to +2.60) −0.08 (−0.11 to −0.05)

Type 2 diabetes incidence +0.77 (−3.14 to +6.98) +1.28 (−2.96 to +8.05) −0.18 (−0.22 to −0.14)

Cardiovascular disease events (myocardial infarction or stroke) +0.40 (−1.03 to +1.14) +0.52 (−0.94 to +1.31) −0.18 (−0.19 to −0.17)

End-stage renal disease +0.11 (−0.34 to +0.72) +0.22 (−0.33 to +0.84) −0.14 (−0.24 to −0.04)

Diabetic neuropathy +0.24 (−1.17 to +2.10) +0.43 (−1.09 to +2.42) −0.05 (−0.08 to −0.03)

Diabetic retinopathy +0.36 (−1.52 to +2.66) +0.60 (−1.45 to +3.05) −0.08 (−0.11 to −0.05)

All-cause mortality +0.16 (−0.51 to +1.11) +0.26 (−0.45 to +1.31) −0.02 (−0.04 to −0.01)

Abbreviation: CI, confidence interval.

https://doi.org/10.1371/journal.pmed.1002700.t005
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increase in systolic blood pressure (95% CI 6.15 decrease to 6.89 increase, from a baseline of

124.6), 0.23 mmHg increase in diastolic blood pressure (95% CI 2.33 decrease to 2.77 increase,

from a baseline of 76.5), 0.07 mmol/L increase in total cholesterol (95% CI 0.17 decrease to

0.32 increase, from a baseline of 4.9), and a 0.17 mmol/L increase in HDL protein cholesterol

(95% CI 0.53 decrease to 0.85 increase, from a baseline of 1.1).

The changes in biomarkers, attributable to the change from food parcel to cash aid, were

estimated by our model to produce a 0.04 per 1,000 person-years increase in the incidence of

hypertension (95% CI 3.33 decrease to 2.60 increase, from a baseline of 35.06), 1.28 per 1,000

person-years increase in the incidence of type 2 diabetes (95% CI 2.95 decrease to 8.05

increase, from a baseline of 12.24), 0.52 per 1,000 person-years increase in the incidence of ath-

erosclerotic cardiovascular disease events (95% CI 0.94 decrease to 1.31 increase, from a base-

line of 6.58), 0.22 per 1,000 person-years increase in the incidence of end-stage renal disease

(95% CI 0.33 decrease to 0.84 increase, from a baseline of 1.56), 0.43 per 1,000 person-years

increase in the incidence of diabetic neuropathy (95% CI 1.09 decrease to 2.42 increase, from a

baseline of 4.41), 0.60 per 1,000 person-years increase in the incidence of proliferative diabetic

retinopathy (95% CI 1.45 decrease to 3.05 increase, from a baseline of 4.53), and 0.26 increase

per 1,000 person-years all-cause mortality (95% CI 0.45 decrease to 1.31 increase, from a base-

line of 3.50) among those receiving aid (Table 5).

Alternative food parcel

We observed that a food aid parcel would need to divert 8.5% of the current grain parcel to

fruits and vegetables to reduce all chronic disease outcome measures while maintaining the

same total aid budget, after accounting for uncertainty in fruit and vegetable procurement and

delivery costs. In particular, such a shift would be expected to reduce supply of grain in food

aid parcels by 40 kcal/person/day and increase fruit and vegetable supply by 7 kcal/person/day

in food aid parcels. If the supply were fully consumed and did not result in any shift in non–

aid-based food consumption, the change from the traditional to alternative food parcel would

be expected to produce an overall 33 kcal/person/day decrease in calorie consumption (95%

CI 27–38, from the baseline of 2,296), 64 mg/person/day decrease in sodium consumption

(95% CI 60–68, from a baseline of 4,288), 1.3 mg/person/day decrease in potassium consump-

tion (95% CI 18 decrease to 15 increase, from a baseline of 3,834), 345 mg/person/day increase

in saturated fatty acid consumption (95% CI 340–350, from a baseline of 26,124), 358 mg/per-

son/day increase in monounsaturated fatty acid consumption (95% CI 349–367, from a base-

line of 28,567), 342 mg/person/day increase in polyunsaturated fatty acid consumption (95%

CI 336–347, from a baseline of 26,871), and a 0.2 point increase in the MDS on a scale from 0

to 14 such that higher values indicate better adherence to the Mediterranean diet (95% CI 0.0–

2.0, from a baseline of 7.9).

The changes in food consumption among those receiving food aid, attributable to the

change from traditional food parcel to alternative parcel, were estimated by our model to pro-

duce a 0.57 kg/m2 decrease in BMI (95% CI 0.37–0.84, from a baseline of 29.2), 0.12 mmHg

decrease in systolic blood pressure (95% CI 0.08–0.16, from a baseline of 124.6), 0.05 mmHg

decrease in diastolic blood pressure (95% CI 0.03–0.07 from a baseline of 76.5), 0.004 mmol/L

decrease in total cholesterol (95% CI 0.014 decrease to 0.006 increase, from a baseline of 4.9),

and a 0.03 mmol/L decrease in HDL cholesterol (95% CI 0.02–0.04, from a baseline of 1.1).

The changes in biomarkers, attributable to the change from traditional food parcel to alter-

native parcel, were estimated by our model to produce a 0.08 per 1,000 person-years decrease

in the incidence of hypertension (95% CI 0.05–0.11, from a baseline of 35.06), 0.18 per 1,000

person-years decrease in the incidence of type 2 diabetes (95% CI 0.14–0.22 from a baseline of
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12.24), 0.18 per 1,000 person-years decrease in the incidence of atherosclerotic cardiovascular

disease events (95% CI 0.17–0.19, from a baseline of 6.58), 0.14 per 1,000 person-years decrease

in the incidence of end-stage renal disease (95% CI 0.04–0.24, from a baseline of 1.56), 0.05 per

1,000 person-years decrease in the incidence of diabetic neuropathy (95% CI 0.03–0.08, from a

baseline of 4.41), 0.08 per 1,000 person-years decrease in the incidence of proliferative diabetic

retinopathy (95% CI 0.05–0.11, from a baseline of 4.53), and 0.02 decrease per 1,000 person-

years all-cause mortality (95% CI 0.01 decrease to 0.04 increase, from a baseline of 3.50)

among those receiving aid (Table 5).

Sensitivity analyses

Mis-reporting biases. When we adjusted for potential mis-reporting biases in food fre-

quency questionnaires, the results of our comparative analyses were not qualitatively different

from those of the primary analysis (S3 Table).

Compensatory behavior. In the alternative food parcel simulation, we estimated that

only a small degree of compensatory increase in nonaid food consumption—particularly of

refined grains, oils and fats, and confectionaries—would be necessary from out-of-pocket food

purchases to fully neutralize any benefits of the alternative food parcel. If refugees receiving

the alternative food parcel equally increased their consumption of all 3 categories of refined

grains, oils and fats, and confectionaries by only 2.1%, the cardiometabolic benefits of the alter-

native food parcel shown in Table 5 would be fully neutralized (95% CIs crossing 0).

Enhanced aid budget. By contrast, we estimated that an increase in the alternative food

parcel budget total aid budget (including procurement and overhead costs) by 27% (an addi-

tional $10.40 per person per month) would be necessary to meet the goal of an average

1.0-point absolute increase in the MDS. This increase would be accompanied by a 1.73 per

1,000 person-years decrease in the incidence of hypertension (95% CI 0.87–2.59, from a base-

line of 35.06), 4.49 per 1,000 person-years decrease in the incidence of type 2 diabetes (95% CI

1.34–5.83 from a baseline of 12.24), 1.25 per 1,000 person-years decrease in the incidence of

atherosclerotic cardiovascular disease events (95% CI 0.61–1.89, from a baseline of 6.58), 0.62

per 1,000 person-years decrease in the incidence of end-stage renal disease (95% CI 0.30–0.94,

from a baseline of 1.56), 0.55 per 1,000 person-years decrease in the incidence of diabetic neu-

ropathy (95% CI 0.26–0.81, from a baseline of 4.41), 1.74 per 1,000 person-years decrease in

the incidence of proliferative diabetic retinopathy (95% CI 1.23–2.25, from a baseline of 4.53),

and 0.55 decrease per 1,000 person-years all-cause mortality (95% CI 0.16–1.02, from a base-

line of 3.50) among those receiving aid.

Cost-effectiveness analysis

Because transitioning from food parcel to either electronic debit card delivery or cash aid

delivery of food aid was not effective at improving the chronic disease outcomes, we restricted

the cost-effectiveness analysis to examining the transition from food parcels to alternative food

parcels. The changes in health outcomes—attributable to a 10-year policy change from food

parcels to alternative food parcels—were estimated by our model to avert 3,034 discounted

DALYs per 100,000 population, over the life courses of the simulated individuals both receiv-

ing and not receiving food aid (95% CI 2,532–3,617, from a baseline of 1,194,868 DALYs accu-

mulated in the overall population; Table 6). From a healthcare sector perspective that included

the 10-year costs of disease management but not the costs of the parcel food aid or debit card

expenditures and infrastructure, the change from traditional to alternative food parcels was

estimated to save $1,255,370 in discounted healthcare expenditures per 100,000 population

(95% CI $1,047,389–$1,496,447, from a baseline of $150,631,285 in expenditures for the overall
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population; Table 6), including both out-of-pocket and healthcare delivery system costs. From

a societal perspective that included the 10-year cost savings of traditional to alternative food

parcel procurement and delivery, the cost-effectiveness of alternative food parcel was esti-

mated to save the same amount, $1,255,370, because (by design) the alternative food parcel

was designed to have the same overall food aid budget in discounted expenditures per 100,000

population (including overhead), from a baseline of $336,848,228 when including food aid

and associated overhead costs (Table 6). The change from traditional to alternative food par-

cels was estimated to have an incremental cost-effectiveness ratio of $414 saved per DALY

averted from either a healthcare sector or a societal perspective (95% CI $290–$591). If the

alternative food parcel was increased in funding level by 27% (as in the “enhanced aid budget”

scenario described above), the incremental cost-effectiveness ratio increased to $70,223 spent

per DALY averted (95% CI $58,223–$121,746).

Discussion

Contrary to the supposition in the literature, our findings do not robustly support the theory

that transitioning from traditional food aid to either debit card or cash delivery alone would

necessarily reduce chronic disease outcomes. Rather, an alternative food parcel would be more

effective, even after matching current budget ceilings. But compensatory increases in con-

sumption of less healthy foods may neutralize the improvements from an alternative food par-

cel unless total aid funding were increased substantially.

Table 6. Cost-effectiveness analysis. The table shows DALYs and costs (in 2017 US dollars) averted by shifting from

traditional food parcel delivery to a food parcel with less grain and increased fruits and vegetables. The parcel has the

same total food aid costs, including food material and overhead costs for procurement and delivery. DALYs and costs

are discounted at a 3% annual rate and reflect the life-course DALYs averted per 100,000 population from a 10-year

policy change.

Outcome estimate Mean (95% CI), per 100,000 population

DALYs averted from. . .

Cardiovascular disease events 2,809 (2,344–3,349)

End-stage renal disease 204 (171–243)

Diabetic neuropathy 3 (2–4)

Diabetic retinopathy 18 (15–21)

Total DALYs averted 3,034 (2,532–3,617)

Healthcare costs averted from. . .

Blood pressure treatment $493 ($411–$588)

Diabetes treatment $64,625 ($53,918–$77,035)

Lipid treatment $519 ($433–$618)

Management of atherosclerotic cardiovascular disease events $653,103 ($544,902–$778,523)

Management of end-stage renal disease $495,007 ($412,999–$590,067)

Management of diabetic neuropathy $3,582 ($2,989–$4,270)

Management of diabetic retinopathy $38,041 ($31,739–$45,346)

Food aid costs averted from. . .

Food material, overhead and infrastructure costs $0 ($0–$0) (by design)

Total societal (healthcare + food aid) costs averted $1,255,370 ($1,047,389–$1,496,447)

�Negative numbers indicate increased costs in the new alternative food parcel scenario compared with the traditional

food parcel aid scenario.

Abbreviations: CI, confidence interval; DALY, disability-adjusted life-year.

https://doi.org/10.1371/journal.pmed.1002700.t006
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In this study, we created a simulation model for forecasting changes in type 2 diabetes and

cardiovascular disease incidence and complications from a transition from traditional food aid

to an alternative aid format (debit card, cash, or alternative food parcel) among Palestinian ref-

ugees. One contribution of simulation models is to quantify the degree of certainty or uncer-

tainty in making a policy decision based on available evidence. We incorporated the most

comprehensive data available from the comprehensive healthcare provider for Palestinian ref-

ugees and from the main food aid providers among Palestine refugees in the Middle East; by

repeatedly sampling from these data sources, we rejected our primary a priori hypothesis that

transitioning from traditional food parcel delivery to a debit card for food would reduce the

overall incidence and complications from type 2 diabetes and cardiovascular disease. Contrary

to our hypothesis and to the supposition in the literature [22–24], we observed large variation

in the possible trajectories of chronic disease from the changes in diet observed among refu-

gees receiving alternative food aid delivery strategies, spanning the spectrum from both

increased to decreased chronic disease morbidity and mortality. This addresses the request

from policymakers to understand the degree to which proxy outcomes observed from short-

term field-based trials may translate into long-term chronic disease outcomes and costs, par-

ticularly accounting for uncertainties around the estimated results [14,20]. Our findings sug-

gest that the dietary measures and observations in extant studies do not robustly support the

idea that chronic disease incidence would necessarily be reduced by a transition from tradi-

tional food aid to either debit card or cash delivery alone.

We did find, however, that transitioning to an alternative food parcel could reduce chronic

disease morbidity and mortality with less uncertainty in the projected outcomes if the alterna-

tive food parcel transitioned to slightly less grain and more fruits and vegetables. We found, in

particular, that small changes at the individual level in cardiometabolic risk factors would be

expected to translate into larger population-level health gains and cost savings given the high

prevalence of these diseases. The magnitude of the gains are somewhat higher than that antici-

pated, for example, from general sodium reduction in the food supply [62]. The alternative

food parcel would be expected to be both effective and cost-effective even if the total aid bud-

get—including additional infrastructure costs for fruit and vegetable procurement and deliv-

ery—were unchanged. Uncertainty was lower in this simulation due in part to the narrowed

set of food content available for the food aid parcel, as opposed to the large range of content

available in local stores. Our analyses importantly accounted for the proportion of the overall

refugee population who receive food aid and the dietary patterns among them, including the

portion of food acquired and consumed from other sources besides food aid. The microsimu-

lation was also strengthened by using individual participant data from large datasets capturing

the correlations among demographic, food consumption, and cardiometabolic variables,

including age, sex, nutrition profile, diabetes and cardiovascular disease biomarkers, chronic

disease history, and medication use.

Our analysis has important caveats and limitations. There is much uncertainty around our

estimates due to the task of modeling long-term outcomes from shorter-term trials while

accounting for the wide variation in nutrient profiles of available foods and their cardiometa-

bolic consequences. While we focused on the chronic disease implications of transitions in

food aid, there are other important reasons why food aid transitions might be important—

including improved agency and choice among refugees, stimulus to local economies in semi-

permanent or permanent settlements, and avoidance of international dumping of undesired

or extra crops under the guise of food aid [12]. Importantly, the primary analysis assumed that

the nonaid portion of food consumption would not change with the change in aid, such that

people would not compensate for the change by buying more grain and less fruits or vegetables

with their own limited income; this assumption must be tested in field studies. An additional
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limitation is that we focused on a narrow subset of nutritional outcomes—type 2 diabetes and

cardiovascular disease risk factors and outcomes—for which validated equations are available

to translate food intake estimates into outcomes [50, 52–53]. Nutrition plays an important role

in additionally reducing cancers and other diseases and improving infant health, for which

equations are not yet well established [62,63]. Furthermore, our results are based on food fre-

quency questionnaires, which are known to be less reliable and subject to underreporting com-

pared to 24-hour dietary recalls. Finally, it is important to note that interventions that are

effective in providing nutritional support in many locales may not be effective in the Gaza

Strip, where blockades, conflict, and funding crises can limit quantities of goods distributed

through the UN and humanitarian organizations. Additionally, prior detailed qualitative stud-

ies suggest that the supply chains for locally produced food versus internationally supplied

food must undergo substantial review and modification to achieve the aim of an alternative

food aid intervention [64–67].

The next logical step following this analysis is to perform field-based randomized studies of

the alternative food parcel to identify unanticipated barriers to achievement, the role of season-

ality and spoilage, and the degree to which refugees do or do not alter their diets in the context

of an alternative food parcel. Prior to such randomized studies, our findings do not robustly

support the theory that transitioning from traditional food aid to either debit card or cash

delivery alone would necessarily reduce chronic disease outcomes. We did find, however, that

transitioning to an alternative food parcel could be effective and should be explored further.
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