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Abstract: Fruit and vegetable (FV) intake is often inadequate in food-insecure individuals, potentially increasing 
the risks of cardiometabolic diseases such as hypertension and diabetes. Donating rescued FVs to food pantries 
(FPs) can be a promising approach to address diet-related health disparities while reducing waste in the food system. 
Using data from FPs in New York’s Capital Region (2017–2018, n = 68) and a household survey (2021, n = 504), 
we modeled the health impacts of increased FV donations while accounting for food waste at the FP- and household-
level. Our analysis integrated individual-level odds ratios from prior research into a Microsoft Excel-based calculator 
to estimate FP-level outcomes. Results revealed that FP users currently receive around 6 pounds of produce monthly, 
and that doubling FV donations could reduce hypertension risk by 6% and diabetes risk by 3%, with a marginal 
BMI increase among FP clients. This study suggests that increasing the FV availability at FPs, coupled with waste 
reduction practices, is a practical way to lower cardiometabolic disease burdens in food-insecure populations. 
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Introduction
   Metabolic diseases pose a significant and accelerating 
health burden across the globe [1, 2]. Among these, 
hypertension, diabetes, and obesity are the leading 
modifiable ailments [1]. In 2021, hypertension posed 
the highest burden among common metabolic diseases, 
contributing 226 million disability-adjusted life years 
(DALYs). This was followed by obesity and type 2 
diabetes mellitus, which resulted in 129 and 75 million 
DALYs, respectively [1]. Many studies have linked these 
diseases to socio-economic determinants [3], as well as 
behavioral factors such as diet, physical activity, smoking, 
and alcohol consumption [4-6]. In particular, higher intake 
of fruits and vegetables is consistently associated with a 
lower risk of chronic diseases, including blood pressure, 
glycated hemoglobin (HbA1C) and Body Mass Index 
(BMI) [7-11]. 
   Fruit and vegetable (FV) consumption, akin to other 
health determinants, is distributed unevenly across 
subgroups of the population [12]. In 2019, only 12.3% and 
10.0% of the US adult population were able to meet the 
US Department of Agriculture (USDA) recommendations 
for daily FV intake, respectively. Individuals below the 
poverty line had lower FV intakes compared to those in 
higher income groups [13]. In 2018, an estimated 11.1% 
of households in the US experienced food insecurity 
[14], and the COVID pandemic in 2020 significantly 
increased the number of food insecure households [15], 
signifying that dietary patterns were disrupted due to 
financial constraints and other resource shortages, which 
has worsened in recent years [16]. Individuals living in 
these households are at higher risk of cardiometabolic 
diseases compared to food secure individuals. This is at 
least partly related linked to a lower FV consumption 
[17-20]. Our prior analysis confirmed these findings, 
in which we observed a reduced FV intake overall and 
in almost all subcategories of FVs in food pantry (FP) 
users compared to nonusers, except for 100% fruit juice 
[21]. For households experiencing food insecurity, food 
assistance programs including the Supplemental Nutrition 
Assistance Program (SNAP), group meals, soup kitchens, 
food pantries, and FP-based nutrition education can be 
important in providing the FVs to help households meet 
intake needs [22-24].
   Our previous analysis, which used a subset data of the 
SMART Behavioral Risk Factor Surveillance System 
(n=5,257) in the Northeastern United States revealed 
odds ratios (ORs) for hypertension, diabetes, and BMI 
associated with a one-cup increase in daily FV intake 
among estimated FP users and FP nonusers [21]. It 
has been shown that at the individual level, increased 
vegetable intake is associated with a lower risk of 
hypertension and a lower BMI, while increased fruit 
intake can reduce the risk of diabetes [21]. We also found 
that the health impact of increased fruit intake on BMI 
was dissimilar between FP users and nonusers: among 

FP nonusers, increased fruit intake is associated with a 
lower BMI, whereas among FP users, it is associated with 
a higher BMI. (Figure S1, Table S1.1 to Table S1.3 in 
supplementary material detail these results) 
   Increasing access to FV among FP users can promote 
healthier dietary habits and mitigate health disparities 
among food insecure individuals. Despite the potential 
benefits, significant challenges persist due to food waste: 
about one-third of edible food is wasted globally [25], 
and in the U.S., 133 billion pounds of food are discarded 
annually, in which FVs have the highest rate of loss and 
waste at 52 percent [26, 27]. To date, there is a gap in 
research concerning the health impacts of increased FV 
access at FPs, particularly studies that consider the food 
waste at both FP and household levels. This study aims to 
fill this gap by modeling the potential health benefits of 
increased FV donations on reducing cardiometabolic risks 
such as hypertension, diabetes, and obesity among FP 
users in New York’s Capital Region. By incorporating the 
health impacts of increased FV intake at individual level, 
as well as food waste among FPs and households into our 
analysis, we seek to provide comprehensive estimations 
on health impacts of FV donations among FPs. This 
approach could provide evidence to inform future work, 
support the policy development on produce distribution 
to FPs, and evaluate the effectiveness of current nutrition 
assistance programs.

Methods

   To evaluate the health impacts at FP-level, we used 
two datasets to estimate food waste at the household- and 
FP-level. The first dataset was the Food Access Survey 
3 or "FAS3" (N=504), derived from the third survey of 
a series of online food access surveys for adults in the 
New York State Capital Region [28]. The FAS3 utilized 
a modified version of a survey questionnaire developed 
by the National Food Access and COVID Research Team 
that included additional questions asking about food 
waste at household level. The survey was conducted in 
October through December 2021. The goal of FAS3 was 
to understand and track food security, access, availability, 
and waste before and after the vaccine rollout of the 
COVID-19 pandemic in the 11 Capital Region counties. 
The second dataset is at the FP-level and was derived 
from another project named "Produce Availability in 
Food Pantries in the Greater Capital Region." The dataset 
contains information regarding the donations in the FPs, 
covering donation sources, food types, volume, usability, 
frequency, transportation logistics, and food waste. 
Surveys were distributed to FPs in four counties in the 
NYS Capital Region (Albany, Schenectady, Saratoga, 
and Rensselaer) in November 2017, February 2018, 
May 2018, and August 2018. A total of 78 FP operators 
responded to the survey, among which 68 FPs provided 
information on the amount of donations they received.
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   Based on these two datasets and the individual-level 
findings from our previous study [21], we computed the 
health impacts of increased FV intake at the FP-level . 
This was achieved using an equation that transitioned 
individual-level health impacts to the FP scale, factoring 
in the waste percentages at both the FP and household 
levels. The equation is presented in the Equation 1 below:

                                           Equation 1

where A indicates the amount (lbs. per month) of extra 
produce required for each FP to have a certain health 
impact on the FP users it serves. WFP and WH denote the 
proportions of food waste at the FP and household level, 
respectively. NFPuser indicates the number of FP users 
served. PFV represents the proportion of vegetables or 
fruits among produce donations, which we assumed to be 
51% and 49%, respectively. CupFV refers to the cups of 
fruits or vegetables needed (per day*person) to achieve 
a certain reduction in risk of hypertension and diabetes. 
Indexcupstolbs is the index we used [29] to convert cups to 
lbs.
   To proceed with our analysis, we first utilized the FP 
dataset to determine the amount (lbs.) of donated produce 
each FP received during the survey period - November 
2017, February 2018, May 2018, and August 2018. A one-
way ANOVA for repeated measures indicated no seasonal 
variation in donation amounts, leading us to utilize the 
monthly average for calculations.
   Upon obtaining the monthly average of donations for 
each FP, we consolidated them to determine the overall 
monthly donations across the sampled FPs. Using the 
defined equations, we deduced the additional produce 
donations required to attain a specific health impact 
among NYS FP users, accounting for food waste at both 
the FP and household levels. Food waste data at the FP 
level, indicated by the unusable percentage of donations, 
was sourced from the FP dataset, while individual-level 
waste was determined from the FAS3 dataset.

   We made three assumptions for the calculations:
1) Additive assumption: We assumed that FP users add 

all the produce they received from FP to their meals, 
instead of replacing some or all of the FVs in their 
meals.

2) We assumed that FP users are not selective and choose 
produce without preferences regarding the sources of 
the donations. 

3) No seasonal pattern: Monthly produce donation 
remains constant throughout the year. This is supported 
by the one-way ANOVA test using the FP dataset.

   In order to factor in food waste at the levels of 
household and FPs, we created a Microsoft Excel-based 
calculator (Table. 2) based on the Equation 1. After setting 

the expected risk reduction in hypertension and diabetes, 
this calculator returned the amount of extra produce 
donations needed for each FP user (lbs./(month*person)). 
By adjusting the calculator inputs, we evaluated various 
scenarios and chose the most applicable scenario for 
further interpretation. This calculator is included in the 
supplemental materials. 
   This study was conducted according to the guidelines 
established in the Declaration of Helsinki, and all 
procedures involving study participants were approved by 
the University at Albany Institutional Review Board.

Results

   Among 68 FPs in the NYS Caption Region, a total 
of 26,333 FP users were served from November 2017 
to August 2018. Each FP received varying amounts 
of produce [30]. Over 60 percent (41 FPs) reported 
receiving smaller produce donations (<800 lbs.) 
monthly. In contrast, a few large FPs serving over 2500 
clients per month received over 5000 lbs. per month, 
accounting for one-fifth (13 FPs) of the sample (Table 
1). Monthly fresh fruit and vegetable donations were not 
normally distributed across food pantries. After ln (loge) 
transformation, which normalized the distribution, the 
ANOVA test results (p=0.52) indicated no significant 
seasonal fluctuations in produce donations. 
   Further analysis of the survey responses from the FP 
dataset showed that the proportion of FPs responding 
to all four surveys was relatively low (8.82%; 6 FPs), 
suggesting potential variability in data reporting during 
the study period. Regarding produce wastage, a significant 
range was observed: around one third of the FPs (22 FPs) 
reported a wastage of 5% or less, whereas 15 percent (10 
FPs) reported high wastage rates exceeding 20%. The 
average produce waste rate at FP-level is 10%, while 
the FAS3 dataset revealed an average household-level 
produce waste rate of approximately 20%. 
   On average, FP clients in the NYS Capital Region 
received 6.07 pounds of produce monthly, without 
considering the FP-level food waste. This amount 
corresponds to a daily vegetable intake of 0.24 cups 
and a daily fruit intake of 0.16 cups (Figure 1; Table 2, 
column B). We used the calculator based on Equation 
1 to determine the amount of FV required to achieve 
specific risk reductions in hypertension and diabetes. To 
reduce the risk of hypertension and diabetes, by 6% and 
3%, respectively, each person needs an extra 3.05 lbs. of 
vegetables and an extra 3.04 lbs. of fruit per month, taking 
into account waste at the FP-level and the household-
level. This totals 6.09 lbs. of additional vegetables and 
fruits, which is almost equal to the amount of produce 
they currently receive from the FP each month (6.07 
lbs.). Such an increase in produce also corresponds to an 
increase in BMI of 0.04 units. For more details, please 
refer to Table 2.
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Table 1. Characteristics of the food pantries in the survey

Parameter Range Quantity Proportion

Number of 
Surveys Responded

Responded 1 of 4 surveys 34 50.00%
Responded 2 of 4 surveys 12 17.65%
Responded 3 of 4 surveys 16 23.53%
Responded 4 of 4 surveys 6 8.82%

Amount of Produce 
Received Monthly

<=800 lbs. 41 60.29%
800 - 2500 lbs. 8 11.76%
2500 - 5000 lbs. 6 8.82%

>5000 lbs. 13 19.12%

Produce Wasted %

<= 5% 22 32.35%
5 - 10% 25 36.76%
10 - 20% 11 16.18%

> 20% 10 14.71%

Number of 
People Served

<=500 48 78.69%
500 - 2500 7 11.48%
2500 - 5000 4 6.56%

>5000 2 3.28%

Figure 1. The logical model showing the connection between FP-level FV donations and individual-level health outcomes

Table 2. Calculator of food-pantry level health impact

Column A. Numbers for Input Results
Monthly Total Produce/Person (lbs/(month*person)) 6.07

Veg/Fruit Ratio 51/49
Risk Reduction of hypertension -6.00%

Risk Reduction of diabetes -3.00%
Beta of Veg intake, hypertension model -0.261

Beta of Fruit intake, diabetes model -0.181

Beta of Veg intake, BMI model -0.601

Beta of Fruit intake, BMI model 1.091

Pantry-level produce waste2 10%
Household-level produce waste 20.01%
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Discussion

Comparison with previous studies

   Our study found that FPs in the NYS Capital Region 
typically distribute approximately 3.09 lbs. of vegetables 
and 2.97 lbs. of fruit to each client per month. Previous 
studies have shown that FPs contribute to increased daily 
FV consumption among low-income populations, but 
the amount of fresh produce distributed by FPs varies, 
largely depending on the sources [31, 32]. For instance, 
a study in central Texas [31] reported a higher monthly 
distribution of fruit (3.8 kg/person, equivalent to 8.38 lbs./
person) but a slightly lower distribution of vegetables (1.2 
kg/person, equivalent to 2.64 lbs./person) compared to 
the FPs in our study. Availability of fresh produce can be 
influenced by seasonal agricultural patterns, but counter-
seasonal imports are used to assure constant availability of 
FVs in the retail sector [33, 34]. FPs in the Capital Region 
receive food primarily from regional food banks, where the 
majority of fresh produce are donated by the retail stores. 
In our seasonal pattern analysis, we observed no significant 
seasonal fluctuation in the amount of fresh FV donations 
at FPs. Therefore, it is reasonable to apply the no seasonal 
pattern assumption in our analysis. 

"Double the donation, lower the risk"

   After evaluating various scenarios, a clear and actionable 
finding emerged: "Double the donation, lower the risk." 
Specifically, a reduction of 6% in hypertension risk 
and 3% in diabetes risk requires an additional 6.09 lbs./
(month*person) of produce, with additive assumption 
applied. This mirrors the monthly amount distributed to 
each FP user in the NYS Capital Region (6.07 lbs.), as 
shown in our dataset. Notably, this approach is associated 
with a negligible BMI increase (0.04 kg/m2), assuming 

that FP users add the donated produce to their diets. 
Compared to the scenarios targeting a fixed risk reduction 
in both hypertension and diabetes, such as "5% reduction", 
the following communication messages are more 
straightforward and can mitigate the risk of increased BMI.
• Doubling the current produce donations at FPs in 

the NYS Capital Region may reduce the risk of 
hypertension and diabetes among FP users by 6% and 
3%, respectively, assuming the number of FP users 
remains constant.

• FPs can safely increase current fruit and vegetable 
donations without changing the proportions they 
already provide. Similarly, FP users can enjoy the 
same fruit-to-vegetable balance in their meals without 
changing their fruit-to-vegetable ratio.

Strengths and limitations

   Our study possesses notable strengths. To our knowledge, 
it is the first study to quantitatively evaluate the health 
impacts of increased FV consumption at the FP level. 
This approach includes the development of a calculator 
that integrates both FP and household food waste into 
the estimation of the health impacts of increased produce 
donations. This tool allows for a more accurate and 
comprehensive assessment of how increased produce 
donations at FPs could improve health outcomes among 
food insecure individuals. Furthermore, the findings can be 
relevant not only to the NYS Capital Region, but also to 
regions in the Northeastern US and beyond with similar 
climates and demographics. To apply the findings, the 
calculator can be adapted based on the local conditions 
in other regions. Another notable strength of our study 
is the relatively large sample size of the modeling data, 
allowing for significant discernment of the health impacts 
of increased FV consumption.
   However, there are limitations. Our analysis employed 
assumptions which might not hold well in practice. For 

Column B. Individual-level Estimations Results
Monthly Total Veg from FP/Person (lbs./(month*person)) 3.09
Monthly Total Fruit from FP/Person (lbs./(month*person)) 2.97

Daily Veg Intake from FP/Person (cups/(day*person)) 0.24
Daily Fruit Intake from FP/Person (cups/(month*person)) 0.16

Veg needed for HYP risk reduction (cups/(day*person) 0.24
Fruit needed for DM risk reduction (cups/(day*person) 0.17

BMI increase 0.04
Column C. FP-level Estimations Results

Veg needed for HYP risk reduction (lbs./(month*person)) 3.05
Fruit needed for DM risk reduction (lbs./(month*person)) 3.04

Total Produce needed for risk reduction (lbs./month) 6.09
Increase compared to current donations at food pantry 100.30%

 
1.Source of beta values: derived from our previous FVs individual health impact study [21]. More details are available in the 
Supplemental Tables S1.x. Exponential calculation is needed for beta values to odds ratios transformation.
2.Pantry-level produce waste: 10% estimated from Food Pantry data.
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instance, the additive assumption posits that FP users 
incorporate all received produce without replacement. 
However, some studies [22] indicate that supermarket 
purchases decrease after FP donations. Moreover, our study 
assumes that FP users are not selective and choose the 
donated products randomly, without preferences regarding 
the sources of the donations. In reality, many FPs operate 
under a client-choice model, where individuals select 
food based on personal or household preferences [35] and 
the quality of donated produce. Although client-choice 
model may help reduce household-level food waste [36], 
the produce donated to food pantries is often unsellable 
in markets due to its condition, leading to lower pickup 
rates among FP users [37]. This can further influence the 
effectiveness of such interventions. For future research, the 
questionnaires that prioritize FP clients should be expanded 
to include questions on FV replacement, preferred FV 
categories, and preferred distribution methods (client-
choice or packaged). Questionnaires distributed to FP 
managers should collect detailed information on FP 
distribution patterns and the availability and content 
of on-site nutritional education programs. These added 
questions would enhance the accuracy of health outcome 
assessments, provide insights into client behaviors, waste 
management practices, and educational needs, and enhance 
the understanding of how FP operations affect client 
outcomes, thereby helping to inform the development 
of future FP interventions, including on-site education 
programs.
   The information of food waste at household-level was 
collected in the end of 2021, when people’s normal food-
related behaviors were still disrupted by the COVID 
pandemic. However, our data indicated that overall food 
waste behavior was unchanged: 27% of people wasted 
less fresh produce compared to the pre-pandemic period, 
another 22% wasted more fresh produce, but 51% did 
not change their food waste behavior. When analyzing 
seasonal variation, only complete cases were included 
in our ANOVA test, with only eight FPs completing all 
surveys, potentially limiting our findings. Although our 
data showed consistent produce donations over seasons, 
there are seasonal patterns in the FV consumption and 
production in the literature [35, 36]. Furthermore, the FP 
dataset, which relies on self-reporting by operators or 
volunteers, is subject to individual recall and reporting 
biases. There was a smaller respondent pool in February 
2018 (N=15) due to staffing shortages, which potentially 
increased the inaccuracy of the reported information. 
In contrast to structured programs such as SNAP, many 
FPs operate on a flexible "come and go" basis, which 
complicates participant counts [17]. Finally, our cross-
sectional approach does not allow for causal analysis; 
the odds ratios merely represent associations between 
increased FV intake and chronic disease risks. 

Public health implications

   The study delivers a clear message for FPs and the 
communities that support them: doubling produce 
donations can help to decrease the risk of chronic diseases 
among FP clients. While the aim of doubling donations 
may seem overly ambitious given the limited resources and 
logistical challenges faced by FPs. However, this aim was 
set to provide a clear benchmark for assessing the potential 
health benefits of increased FV availability and to offer a 
quantifiable goal for public health interventions.
   Given the vast amounts of food wasted and sent to landfills, 
there is a potential for FPs in the NYS Capital Region to 
increase produce donations. One example is the Nourish 
NY Program [19], which redirects surplus produce from 
regional farms to those in need via New York's network of 
food banks, exemplifies a successful program of boosting 
donations to increase donations from regional growers 
and producers. Under this initiative, the state government 
furnishes incentives to farmers who donate their produce 
to food banks [19]. Furthermore, several strategies can 
contribute to "doubling the donation" and help to increase 
daily FV intake among FP users. Promoting client-choice 
model at FPs could help reduce food waste at household 
level and promote healthier diets among FP clients [36]. 
FP-based nutrition education interventions can also help 
to increase daily FV intakes among FP users [38, 39]. By 
providing cooking and nutrition education, food-use tips, 
and taste tests [40], FPs could provide their clients with 
both the ingredients and the knowledge to prepare healthier 
meals that incorporate more FV while reducing fat and salt 
content. Though evaluating the mediating effect of on-site 
nutrition education and its interaction with client-choice 
model was not one of our objectives, those would be 
important areas for future researchers to investigate further.

Supplementary material

   Table S1.1, Table S1.2, Table S1. 3.1, Table S1. 3.2 and 
Figure S1 can be found at https://file.luminescience.cn/
FNDS-379%20Supplemental%2BMaterials.pdf.
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