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Abstract

The potential negative effects of the COVID-19 pandemic on health-compromising behaviors 

including overeating, processed food intake, and alcohol use have been well documented. 

However, it is possible the COVID-19 pandemic has had positive effects on some health-

promoting behaviors like cooking and fruit and vegetable intake. The current study was a 

preregistered secondary data analysis using data from a U.S. national, crowdsourced study (n 
= 868) on eating behaviors during the early stages of the COVID-19 pandemic. The objectives 

of the current study were to compare levels of cooking, fruit and vegetable intake, and physical 

activity among U.S. adults during the early stages of the COVID-19 pandemic to pre-pandemic 

levels in reference groups of U.S. adults, and test whether subjective stress from the pandemic 

was associated with health-promoting behaviors by obesity status. During the early stages of 

the COVID-19 pandemic, participants cooked more often and ate 0.23 more cups of fruits 

and vegetables per day, but 28.8% fewer participants met federal physical activity guidelines. 

Greater COVID-19 stress was minimally to moderately associated with greater cooking, fruit and 

vegetable intake, and physical activity. The positive association between COVID-19 stress and 

fruit and vegetable intake was stronger for individuals with obesity. The COVID-19 pandemic 

might have encouraged U.S. adults, especially those at risk for complications, to engage in some 

health-promoting behaviors while creating barriers for other behaviors.
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Introduction

The COVID-19 pandemic may be impacting how often people engage in behaviors that 

affect their health(1). Several studies show that adults engaged in health-compromising 

behaviors like overeating, eating processed food, and drinking alcohol during the early 

stages of the pandemic(2–9). However, fewer studies have indicated whether adults shifted 

their engagement in health-promoting behaviors like cooking, eating fruits and vegetables, 

and being physically active in response to the early stages of the pandemic(7–12). Greater 

engagement in health-promoting behaviors may promote resilience in face of infectious 

diseases like COVID-19 and prevent chronic diseases including cardiovascular disease and 

diabetes(13).

The early stages of the COVID-19 pandemic may have impacted health-promoting behaviors 

through multiple pathways. First, measures to reduce viral spread created new contexts for 

behavior. For example, social distancing could have led adults to cook and eat at home more 

often; yet, it may have encouraged adults to stock up on non-perishable foods at the expense 

of fresh produce, and may have created barriers for physical activity (e.g., gym closures)(1). 

Second, there have been unprecedented subjective stress levels among adults in response to 

the early stages of the pandemic(14), and subjective stress is robustly associated with greater 

engagement in health-compromising behaviors(15). Subjective stress may, in parallel, be 

associated with less engagement in health-promoting behaviors(16). Third, during the early 

stages of the pandemic, adults may have been more motivated to engage in health-promoting 

behaviors to prevent infection. This may especially be true among at-risk populations such 

as those with obesity(17). However, individuals with obesity may be more likely to eat in 

response to subjective stress(18).

The current study adds to the growing empirical literature on the COVID-19 pandemic and 

health-promoting behaviors including cooking, fruit and vegetable intake, and exercise(7–12). 

Moreover, in a majority of prior studies on the influence of the pandemic on health-

compromising and health-promoting behaviors, participants retrospectively determined what 

their behaviors were like pre- and post-pandemic, which could introduce recall bias(2–4,6–10). 

The potential effect of recall bias on scientific understanding of the effect of the COVID-19 

pandemic was recently demonstrated by a longitudinal study from January to April 2020 

that found, while there were no significant changes in weight among participants, more 

than a quarter of participants reported they had gained weight in April 2020(19). In the 

current study, we therefore used the alternative approach of comparing data from a U.S. 

national, crowdsourced survey on March 31st, 2020 with publicly available data collected 

before 2020 from reference groups of U.S. adults. On March 31st, 2020, there were 186,101 

total reported cases of COVID-19 infection in the U.S., 32 states had executed statewide 

stay-at-home orders, and 12 states had executed partial stay-at-home orders(20,21).
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The current study was a secondary data analysis; the aims of the primary data analysis 

regarded examining the influence of the COVID-19 pandemic on health-compromising 

behaviors (e.g., added sugars intake) and are fully described in Cummings et al., 2021. 

In contrast, the aims of this secondary data analysis regarded examining the influence of 

the COVID-19 pandemic on health-promoting behaviors. Aim 1 was to compare levels 

of cooking, fruit and vegetable intake, and physical activity among U.S. adults during 

the COVID-19 pandemic to pre-pandemic levels. We hypothesized that U.S. adults would 

cook more frequently during the early stages of the pandemic; however, we hypothesized 

that U.S. adults would eat fewer fruits and vegetables and be less physically active. Aim 

2 was to investigate associations of subjective stress from the COVID-19 pandemic with 

cooking, fruit and vegetable intake, and physical activity. We hypothesized that greater 

COVID-19 stress would be associated with less cooking, fruit and vegetable intake, and 

physical activity. Aim 3 was to investigate whether associations between COVID-19 stress 

and variables of interest would differ by obesity status; here, there was no hypothesis. 

Hypotheses for this secondary data analysis were preregistered separately from the primary 

data analysis on the Open Science Framework: https://osf.io/m3hfk

Methods

The current study used data from a national, crowdsourced study on eating behaviors 

during the early stages of the COVID-19 pandemic(22). Relevant details of the method are 

summarized below; see Cummings et al., 2021 for full details.

Participants

On March 31st, 2020, a sample of 1,038 participants >18 years old, living in the U.S., and 

who were highly rated by other investigators (≥95% approval ratings) agreed to participate 

in “A Study on Beliefs about Eating and Drinking #2” in which they would “complete 

questionnaires that ask about your beliefs, behaviors, thoughts, and feelings related to eating 

and drinking” via Amazon’s Mechanical Turk platform. Approval ratings represent the 

proportion of completed studies by an Amazon Mechanical Turk worker that have been 

approved by other investigators in the past. According to preregistration plans, participants 

were removed from final analysis if they did not follow instructions, completed the study in 

< 3 minutes, reported improbable values for height/weight, or incorrectly answered quality 

control questions (n = 170).

The final sample comprised 868 participants (51.9% women; 71.2% White). Participants 

were on average 39.32 years old (SD = 12.86), and had an average body mass index (BMI) 

of 25.99 (SD = 5.98; 4.3% “underweight,” 45.3% “normal,” 32.9% “overweight,” and 

17.4% “obese”). Education levels among participants were 0.3% < high school, 7.2% high 

school graduate, 17.2% some college, 11.7% associate degree, 46.2% bachelor’s degree, and 

17.4% advanced degree.

Procedure

The University Institutional Review Board approved the procedure in accordance with the 

provisions of the World Medical Association Declaration of Helsinki. Participants provided 
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informed consent, answered questionnaires, and were compensated $1.00 for, on average, 

14.63 minutes of their time.

Measures

Cooking.—Participants reported how many times they cooked breakfast, lunch, and dinner; 

made a meal from fresh ingredients, packaged products, and frozen products; and used a 

recipe to make a meal during the past 7 days. Cooking frequency questions were model after 

questions from prior national surveys and the National Health and Nutrition Examination 

Survey(23).

Fruit and vegetable intake.—Participants reported fruit and vegetable intake (i.e., fresh, 

frozen, or canned fruit; salad; potatoes; beans; other vegetables; salsa; tomato sauce) in the 

past month via the National Cancer Institute’s Dietary Screener Questionnaire(24). Cups of 

fruits and vegetables/day were estimated based on publicly available scoring algorithms(24).

Physical activity.—Participants responded to: “During the past 7 days, how many days 

have you engaged in at least 30 minutes of exercise, to the point of being at least moderately 

out of breath?” The physical activity question was modeled after questions from the National 

Health Interview Survey used to calculate individuals who met federal physical activity 

guidelines based on moderate-intensity physical activity(25).

Subjective stress.—We modified the Impact of Event Scale – Revised, which measures 

subjective stress in response to a specific traumatic event(26), to assess subjective stress in 

response to the ongoing COVID-19 pandemic(22). This modification included (1) revising 

the prompt to emphasize the ongoing nature of the COVID-19 pandemic and to ask 

participants to indicate how distressing each difficulty had been for them in the past 7 days 

(March 25th-March 31st), (2) revising items to reflect the ongoing nature of the COVID-19 

pandemic (e.g., “I had trouble staying asleep” was modified to “I am having trouble staying 

asleep”), and (3) removing three not-applicable items (“Any reminder brought back feelings 

about it,” “I found myself acting or feeling like I was back at that time,” and “I tried to 

remove it from my memory”). Participants reported their subjective stress during the past 

7 days by ranking items on a scale from 1 (“Not at all”) to 5 (“Extremely”). Sample items 

include, “I have been jumpy and easily startled,” “I have been thinking about it when I don’t 

mean to,” and “I am aware that I am having a lot of feelings about it, but I have not been 

dealing with the feelings.” Items were averaged such that higher COVID-19 stress scores 

indicated greater subjective stress from the pandemic (M(SD) = 2.31(1.03), min-max = 1–5, 

α = .96).

Demographics.—Participants reported their age, gender, race/ethnicity, highest education 

level, height, and weight.

Analytic Plan & Reference Groups

Data are publicly available on the Open Science Framework: https://osf.io/myfts. The 

analytic plan for this secondary data analysis was preregistered on the Open Science 

Framework: https://osf.io/m3hfk. For Aim 1, we compared cooking, fruit and vegetable 
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intake, and physical activity data to publicly available data collected before 2020 from 

reference groups of U.S. adults. Specifically, we used a one-sample t-test to compare the 

means of cooking items to those from a nationally representative sample collected in April 

2015(27); a one-sample t-test to compare the mean of fruit and vegetable intake to that from a 

recruitment-matched sample1 collected in February 2019(28); and a one-sample binomial 

test to compare the percentage of adults who met federal physical activity guidelines 

(≥ 150 minutes a week of moderate-intensity physical activity) to early release physical 

activity estimates based on data from the nationally representative National Health Interview 

Survey collected in 2018(25). We chose these reference groups because they, respectively, 

had completed the cooking, fruit and vegetable intake, and physical activity measures that 

were completed by participants in the current study and were nationally representative or 

recruitment-matched. The current study authors were involved with prior data collection 

from the cooking and fruit and vegetable intake reference groups.

The demographics of the cooking and fruit and vegetable intake reference groups 

are provided in Table S1 in Supplemental Materials. Details on the physical 

activity reference group are provided at: https://www.cdc.gov/nchs/data/nhis/earlyrelease/

earlyrelease201905_tech.pdf. There were differences in age, race/ethnicity, education, and 

BMI between the cooking reference group and the current study sample, and there were 

differences in age, gender, and annual household income between the fruit and vegetable 

intake reference group and the current study sample (see Table S1). Therefore, in addition to 

conducting the Aim 1 preregistered analyses for cooking and fruit and vegetable intake, we 

conducted post hoc sensitivity analyses using a stepwise regression approach controlling for 

these differences and including a dummy code to compare between samples (0 = Reference 

Group, 1 = March 2020 Group).

For Aim 2, we conducted bivariate correlations among COVID-19 stress, cooking, fruit 

and vegetable intake, and physical activity. For Aim 3, we conducted multiple regressions 

predicting variables of interest from COVID-19 stress and obesity status (main effect and 

interaction). Obesity status was dummy coded (0 = Without obesity, 1 = With obesity).

Cooking and physical activity variables were normally distributed. The fruit and vegetable 

intake variable showed skew and kurtosis. We thus conducted analysis using the original 

and log-transformed fruit and vegetable intake variables; results were consistent across 

models. For ease of unit interpretation, we report estimates from analysis using the original 

fruit and vegetable intake variable. All analyses were conducted in SPSS Version 25 (IBM 

Corporation, Armonk, NY). For t-tests and multiple regressions, statistical significance was 

set at p < .0028 in accordance with a Bonferonni adjustment.

1 In February 2019, we conducted a national, crowdsourced survey in which we measured fruit and vegetable intake with the National 
Cancer Institute’s Dietary Screener Questionnaire. We used a near-identical recruitment procedure, recruiting participants >18 years 
old, living in the U.S., and with ≥95% approval ratings to participate in “A Study on Beliefs about Eating and Drinking” in which 
they would “complete questionnaires that ask about your beliefs, behaviors, thoughts, and feelings related to eating and drinking” via 
Amazon’s Mechanical Turk platform.
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Results

Aim 1

Table 1 presents descriptives and test statistics. There were significant differences in 

cooking, fruit and vegetable intake, and physical activity compared to reference groups. 

During the pandemic, participants cooked breakfast, lunch, and dinner 0.79, 1.27, and 0.60 

more times per week, respectively. Participants cooked with fresh, packaged, and frozen 

ingredients 1.04, 1.08, and 0.56 more times per week, respectively, and used a recipe to 

make a meal 1.00 more times per week. Participants ate 0.23 more cups of fruits and 

vegetables per day, but 28.8% fewer participants met federal physical activity guidelines. 

Post hoc sensitivity analyses results for cooking and fruit and vegetable intake are provided 

in Table S2 in Supplemental Materials; controlling for sample differences in demographics 

did not change the direction, magnitude, or significance patterns of the results.

Aim 2

Table 2 presents correlation coefficients. COVID-19 stress was significantly correlated with 

all variables of interest except for cooking dinner. There were small positive associations 

between COVID-19 stress and cooking breakfast, cooking lunch, cooking with fresh 

ingredients, fruit and vegetable intake, and physical activity. There were moderate positive 

associations between COVID-19 stress and cooking with packaged ingredients, cooking 

with frozen ingredients, and using a recipe to make a meal.

Aim 3

Associations of COVID-19 stress with cooking behaviors and physical activity did not 

significantly differ by obesity status (ps > .05). Associations between COVID-19 stress 

and fruit and vegetable intake did differ by obesity status [B(SE) = 0.04(0.01), p < .001, 

95% CI (0.02, 0.06)]. Figure 1 presents predicted values for fruit and vegetable intake as 

a function of COVID-19 stress in participants with and without obesity. For participants 

without obesity, the simple slope between COVID-19 stress and fruit and vegetable intake 

was not significant [B(SE) = 0.09(0.06), p = .088, 95% CI (−0.02, 0.21)]. For participants 

with obesity, there was a significant simple slope between COVID-19 stress and fruit and 

vegetable intake [B(SE) = 0.72(0.14), p < .001, 95% CI (0.44, 1.00)]. For each 1-unit 

increase in COVID-19 stress, participants with obesity ate 0.72 more cups of fruits and 

vegetables per day.

Discussion

The current study results suggest that the early stages of the COVID-19 pandemic may 

have impacted engagement in health-promoting behaviors among U.S. adults. In accordance 

with our hypothesis, results suggest U.S. adults cooked more frequently during the early 

stages of the pandemic but were less physically active. More frequent engagement in 

cooking and less frequent engagement in physical activity may have been a byproduct of 

social distancing that encouraged adults to eat more often at home but created barriers for 

physical activity(1). U.K. adults similarly reported they were less physically active during the 

government-mandated social lockdown(9).

Cummings et al. Page 6

Appetite. Author manuscript; available in PMC 2023 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



In contrast to our hypothesis, results suggest U.S. adults ate more fruits and vegetables 

during the early stages of the pandemic. Although adults may have purchased less fresh 

produce during the early stages of the pandemic, they may have compensated by buying 

more frozen/canned produce. Moreover, frequent cooking is associated with better diet 

quality so more frequent engagement in cooking may have prompted shifts in fruit and 

vegetable intake(29). The current study finding that U.S. adults may have eaten more fruits 

and vegetables during the early stages of the pandemic is consistent with results from the 

only existing longitudinal study (to our knowledge) assessing healthy eating during the early 

stages of the pandemic(12). From June 2019-February 2020 to April-May 2020, adults in 

Quebec, Canada reported small but significant improvements on the Healthy Eating Index, 

including increased intake of vegetables(12). In international cross-sectional studies where 

participants reported on their perceptions of how their fruit and vegetable intake changed 

during the pandemic, 28–49% reported their intake increased but 38–56% of respondents 

reported it was unchanged and 11–16% reported it decreased(7,8).

Also in contrast to our hypothesis, COVID-19 stress was minimally to moderately associated 

with greater cooking, fruit and vegetable intake, and physical activity. Subjective stress 

has been associated with less engagement in health-promoting behavior in some prior 

research(16). One possible explanation for the current results is that a subgroup of individuals 

used health-promoting behaviors to cope with their stress. Habitually active individuals do 

exercise more frequently in response to subjective stress(30). Another possible explanation 

is that the effects of subjective stress on behavior may be modified by contexts like food or 

time availability, which were impacted by the pandemic. While practicing social distancing 

and staying at home, individuals may have responded to their stress by eating more of 

whatever food was available to them, leading them to cook more and eat more canned/frozen 

produce. Individuals also may have had more time to cook or exercise in response to 

their stress because they lost their jobs or were not commuting to work or social events. 

Rodent models demonstrate that the effects of stress on food intake are modified by food 

availability; rodents typically eat more lard or sucrose (not chow) when exposed to stressors, 

yet in the absence of lard or sucrose, will eat more chow when exposed to stressors(31). 

Future research in humans should translate these findings and explicitly test how contexts 

like food and time availability modify the relations of stress with health-compromising and 

health-promoting behaviors. It is also possible people ate more fruits and vegetables in 

addition to eating more processed food and drinking alcohol in response to subjective stress 

from the pandemic(2–9). One study in Bavaria found that those with increased mental stress 

during the pandemic reported greater increases in overall food intake(7).

People might also have been more motivated to engage in health-promoting behaviors in 

response to COVID-19 stress to build resilience against infection. Indeed, the current study 

found the link between COVID-19 stress and fruit and vegetable intake was much stronger 

for those with obesity; these findings are comparable to results from two other recent 

studies(10,12) and may reflect increased motivation among a vulnerable group(17). However, 

this might also reflect that those with obesity are more likely to eat in response to stress, and 

may have simultaneously eaten more of other foods in addition to fruit and vegetables(18). 

International studies have shown that those with higher BMI reported greater increases in 

overall food intake and appetitive drive in response to the pandemic(7–9). It will be important 
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for future research to explore whether health motivations mediate associations between 

stress and engagement in health-promoting behaviors, especially among those with obesity.

Although levels of health-promoting behaviors during the early stages of the pandemic 

were compared to pre-pandemic levels in reference groups to limit recall bias, sample 

differences might explain the current study results. The current study sample was not 

nationally representative whereas the reference groups for cooking and physical activity 

were. However, we recruited participants through Amazon’s Mechanical Turk, which is a 

national, crowdsourced platform, and several studies document that recruiting participants 

through this platform versus traditional methods (e.g., department subject pools, other 

Internet panel samples) results in more demographically varied participants(32). The gender 

and race breakdown of the current study sample is fairly consistent with U.S. census 

estimates(33). Due to data availability, we were able to conduct post hoc sensitivity analysis 

comparing cooking and fruit and vegetable intake between the current study sample and 

the reference groups using a regression controlling for sample differences in demographics. 

Results were consistent with the alternative approach. Overall, the current study methods 

improve the existing literature on the COVID-19 pandemic and health-promoting behaviors 

by limiting recall bias(2–4,6–10), but future research should nonetheless recruit more 

representative samples or use repeated measures designs.

Associations between COVID-19 stress and variables of interest were cross-sectional so 

causal conclusions about the effect of COVID-19 stress on health-promoting behaviors 

cannot be inferred from this study. In assessing cooking in the current study, the healthiness 

of the foods that participants cooked was not assessed. Although greater cooking frequency 

has been associated with better diet quality in multiple studies(34–36), participants in the 

current study may have cooked nutrient-poor foods. In addition, the current study methods 

preclude investigating whether health benefits of pandemic-driven increases in cooking 

and fruit and vegetable intake are negated by potentially simultaneous increases in health-

compromising behavior. Future research should consider approaches like administering 

comprehensive dietary intake measures and calculating summative diet scores (e.g., Healthy 

Eating Index) as well as measuring health outcomes (e.g., disease diagnosis) to examine the 

net effect of pandemic-driven behavior on health. It is also important to note that the data 

for this study was collected at one time point early on in the COVID-19 pandemic. As the 

pandemic and the associated stressors have evolved and circumstances have changed over 

time, it is unknown whether the associations we observed in this study have remained. It 

will be important for additional research to examine subjective stress levels and their role in 

shaping Americans’ behavior as the pandemic continues.

Focusing on the impact of the COVID-19 pandemic on health-promoting behaviors may 

shed light on beneficial effects of the pandemic in addition to health-compromising effects. 

The current study results suggest that the unique circumstances of the pandemic might have 

encouraged U.S. adults to cook more frequently and eat more fruits and vegetables while 

creating barriers for physical activity. Work of this kind is important given the broad impacts 

of health-promoting behavior(13).
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
The predicted values for fruit and vegetable intake in March 2020 as a function of 

COVID-19 stress in participants with and without obesity.
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Table 1

Comparison of Health-Promoting Behaviors Among U.S. Adults in March 2020 to Reference Groups

95% CI

M or % SD t or Z p Lower Upper

Cooked breakfast 9.00 <.001 0.61 0.96

 March 2020 3.59 2.56

 April 2015 2.80

Cooked lunch 15.32 <.001 1.10 1.43

 March 2020 3.95 2.43

 April 2015 2.68

Cooked dinner 8.53 <.001 0.46 0.74

 March 2020 5.05 2.05

 April 2015 4.45

Cooked with fresh ingredients 13.45 <.001 0.89 1.19

 March 2020 3.92 2.27

 April 2015 2.88

Cooked with packaged products 15.04 <.001 0.94 1.23

 March 2020 2.44 2.11

 April 2015 1.36

Cooked with frozen products 8.03 <.001 0.42 0.70

 March 2020 2.79 2.05

 April 2015 2.23

Used a recipe to make a meal 12.55 <.001 0.84 1.16

 March 2020 2.64 2.33

 April 2015 1.64

Fruit and vegetable intake 4.24 <.001 0.12 0.34

 March 2020 1.88 1.59

 February 2019 1.65

Physical activity (% meeting federal guidelines) −16.93 <.001 0.22 0.28

 March 2020 24.50

 2018 53.30
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