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The Impact of Gardening on Dietary Inflammation:

Mixed-Effect Models and Propensity Score Analyses
Callie M. Ogland-Hand, BA,1,2 Timothy H. Ciesielski, ScD, MD, MPH,1,2 Wyatt P. Bensken, PhD,1

Kathryn I. Poppe, MPH, RDN,2 Thomas E. Love, PhD,1,3 Darcy A. Freedman, PhD, MPH1,2
Introduction: Gardening has been found to increase vegetable intake and reduce BMI; this sug-
gests that it may improve diets by lowering inflammatory content. The goal of this study goal was
to evaluate the effect of gardening on Dietary Inflammatory Index scores.

Methods: Longitudinal data were collected annually between 2015 and 2018 from adults in low-
income, urban neighborhoods of Cleveland and Columbus, Ohio. The authors measured the associ-
ation between gardening and Dietary Inflammatory Index in the full data set using multivariable
mixed-effect models with a random intercept for participant (Model 1; n=409). To further explore
potential causation, the author used propensity score analyses in a subset of the data by building a
1-to-1 matched model (Model 2; n=339).

Results: Of 409 adults, 30.3% were gardeners with Dietary Inflammatory Index scores ranging
from �6.228 to +6.225. Participating in gardening was associated with lower Dietary Inflammatory
Index scores in the mixed-effects model (�0.45; 95% CI= �0.85, �0.04; Model 1) and the 1-to-1
matched model (�0.77; 95% CI= �1.40, �0.14; Model 2).

Conclusions: The analyses indicate that gardeners had lower Dietary Inflammatory Index scores
than nongardeners, implying lower diet-driven inflammation. These findings highlight the potential
for a causal relationship between gardening and Dietary Inflammatory Index, which should be con-
firmed in future studies. If this relationship is validated, strategies to increase gardening may be
worth testing as primary prevention tools for diet-driven chronic disease.
AJPM Focus 2024;3(5):100264. © 2024 The Authors. Published by Elsevier Inc. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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INTRODUCTION

Gardening and gardening interventions have been found
to improve diet diversity, increase vegetable consump-
tion, and decrease BMI.1−3 Although the physiologic
mechanisms for how gardening may improve health are
still being characterized, this paper addresses 1 potential
pathway through reducing diet-driven inflammation.
The Dietary Inflammatory Index (DII) is a literature-
derived index that categorizes the inflammatory poten-
tial of a person’s diet; higher DII scores indicate more
proinflammatory diets.4 Higher DII scores are associated
with higher risk of chronic diseases, including obesity,
cardiovascular disease, Type 2 diabetes, cancer, and all-
cause mortality.5 Given that inflammation is a known
driver of many chronic diseases, diet and healthy lifestyle
s.org/licenses/by-nc-nd/4.0/).
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choices that reduce inflammation may subsequently
reduce the incidence of these conditions6,7 and warrant
further investigation.
Prior studies of the relationship between gardening

and nutrition are largely cross-sectional and often rely
on low-accuracy methods of dietary assessments such as
food screener questionnaires.8−10 Previous work has lev-
eraged general measures of dietary quality but, to the
authors’ knowledge, has not evaluated hypotheses spe-
cific to diet-driven inflammation or DII scores.1,2,11,12

Therefore, the authors sought to examine the relation-
ship between gardening and dietary inflammation using
both cross-sectional and longitudinal data. The authors
used mixed-effect models and propensity score methods
because they have complementary strengths and thus can
provide convergent evidence for the causal relationship.
METHODS

Study Sample
The analyses describe part of the Future of Food in Your
Neighborhood Study (foodNEST) from Mary Ann Swet-
land Center for Environmental Health.13,14 This study
was approved by the Case Western Reserve University
IRB, and written informed consent was obtained from
all participants. The sample included 409 participants
enrolled in a prospective cohort study in 2015 and fol-
lowed through 2018. Participants lived in low-income
urban neighborhoods known to have limited access to
stores selling fresh and healthy foods in Cleveland and
Columbus, Ohio. Eligibility criteria and data collection
procedures have been detailed previously.14,15 In brief,
participants were eligible if they lived in the targeted
neighborhoods and were not considering moving for at
least 1 year, were aged at least 18 years, spoke English,
and were responsible for at least half of the household
food shopping. A total of 1,395 residents were screened,
of whom 655 (47%) were eligible, and 516 (79%)
enrolled. Participants were then contacted with 3 phone
calls in each of the next 3 years. The first phone call
administered a survey (covariate data collection) and a
24-hour dietary recall. The second 2 phone calls con-
sisted of repeat 24-hour dietary recalls, and all 3 phone
calls were conducted within a 37-day window.
The analyses were limited to the 409 participants (79%

of those enrolled) who had complete data from at least 2
of the 3 years of the study. A participant was considered
to have complete dietary data if at least two 24-hour die-
tary recalls were conducted each year. Dietary intakes
were seasonally standardized by assuring that each partic-
ipant provided their recall within the same 37-day win-
dow of each year. Nutrition Data Systems for Research
software was then used to estimate the intakes for 31 diet
components at each assessment. These were averaged
across the 2−3 assessments in that year, which were then
multiplied by previously calculated inflammatory coeffi-
cients and summed as described below to yield 1 DII
score4 for each participant in each year.4,14 Additional
details are available in the authors’ prior publications.14,15
Measures
The exposure of interest was gardening status, opera-
tionalized as a binary variable. In the survey, participants
were asked, Over the last 12 months, did you take part in
any of the following activities in your neighborhood?
Potential responses were (1) Cooking club or classes, (2)
Nutrition or healthy eating class, (3) Weight loss class or
program, (4) Exercise class or program, (5) Community
gardening, (6) Home gardening, (7) Community arts
event, (8) Neighborhood meetings, (9) Neighborhood
events, and (10) Farmers markets. Those who indicated
yes to community gardening or home gardening at base-
line were marked as gardeners; all others were marked
as nongardeners. Although gardening status was reas-
sessed each year, the sample size was insufficient to ana-
lyze participants who stopped or started gardening.
The outcome of interest was DII score. DII generally

ranges from �9 to +8 (»25th percentile: �2.4; »75th

percentile: +1.9).4 Food components with an inflamma-
tory effect score below 0 are considered anti-inflamma-
tory, and those above 0 are considered proinflammatory.
These inflammatory effect scores are based on the evi-
dence from literature that links each diet component to
the raising (or lowering) of circulating markers of
inflammation (e.g., tumor necrosis factor-a, C-reactive
protein, IL-1b, IL-4, IL-6, or IL-10).4 The DII score was
calculated from the 31 available components as
described in the following Equation 1,4:

DII ¼
XN

j¼1

Dietary componentj

� Inflammatory Effect Scorej ð1Þ

where j indexes N dietary components.
Because overall energy consumption intake is thought

to impact net inflammation, some scholars have argued
that an energy-adjusted DII (E-DII) is necessary16; how-
ever, E-DII has not replaced DII to date. Similar out-
comes have been found in studies utilizing both DII and
E-DII.17,18 Although some researchers utilize the E-DII
scores in relation to health behaviors and health out-
comes,19−21 others do not adjust for energy and only uti-
lize DII.22−24 For this study, the authors present DII as
the main outcome and include energy adjustments in
the Appendix (available online).
www.ajpmfocus.org
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Statistical Analysis
Mixed models are a common analytic approach to longi-
tudinal data, and they implicitly control for confounders
that are stable through the time course of study. The sec-
ond approach based on propensity scores provides a
complementary assessment that differs in its strategy for
handling bias. Evaluating these data in 2 distinct ways is
important because it allows for convergence. Because
these methods do not depend on the same assumptions,
their weaknesses do not align. The mixed-model
approach has greater power and the ability to leverage
within person changes in gardening status; the propen-
sity score analysis accounts for temporality and features
a more comprehensive approach to residual confound-
ing. Thus, the 2 approaches can complement and cor-
roborate each other. All analyses were computed in R
Studio, Version 2023.06.2+561.
First, the authors used multivariable-adjusted linear

mixed models to estimate the association between gar-
dening status and DII score using all 3 years of data.
This method compares gardening with DII within the
same year over the 3 consecutive years of the study,
which allows the authors to quantify DII changes with
concurrent gardening. To maximize the effective sample
size and reduce potential confounding,14,25 the authors
included a random intercept for each participant. Six of
the 409 participants had 1 missing DII score, and the
remaining participants had 3 values per person (1 per
year). This design controls for within-participant charac-
teristics that are stable during the study, which accounts
for confounding. The authors utilized Satterthwaite’s
method t-tests (alpha=0.05) to draw conclusions on sig-
nificance.
Model 1 adjusts for age (in years), education (high

school or less, some college, college graduate or more),
income (<$10,000; $10,001−$20,000; $20,001−$30,000;
≥$30,001), self-identified race (3 categories: Black, white,
other), Supplemental Nutrition Assistance Program sta-
tus (recipient versus not), and car available for shopping
(yes/no). These variables were chosen because they may
be common prior causes of exposure and outcome and
thus may act as confounders. To handle this ambigu-
ity,26 the authors present adjusted and unadjusted results
to clarify that the conclusions are not changed by these
adjustment differences. The E-DII sensitivity analyses
found in the Appendix (available online) also adjust for
total daily energy intake (kcal).
In addition, the authors used propensity score match-

ing methods to identify evidence of causation while
addressing temporality and the potential for residual
confounding.27 This method utilizes gardening at base-
line to predict DII in the following year. The propensity
score was estimated as the probability of the exposure
October 2024
(gardening) given 27 covariates that likely impact gar-
dening status (measures of demographics, family com-
position, financial security, physical health, food
perceptions, and food accessibility) (Appendix Table 1,
available online) measured at baseline (2015−2016). It is
recommended to include all measured baseline charac-
teristics in propensity score models to best balance expo-
sure groups and account for both true and potential
confounders.27 The outcome, DII, was measured 12
months later (2016−2017). The propensity score analy-
sis was limited to the 339 participants (82.9% of all par-
ticipants) with data for both time periods. Of those 339
participants, 108 (30.3%) were gardeners, and 231
(69.7%) were not. The propensity score was then used
for matching and weighting to estimate the impact of
gardening on DII. To compare gardeners with nongard-
eners on DII, the authors examined the covariate balance
with 2 approaches: 1-to-1 propensity-matched pairs
without replacement and propensity weighting to obtain
average treatment effect on the treated estimates, which
can be found in the Appendix (available online). After
matching, the authors used a generalized model
(alpha=0.05) to examine the association between gar-
dening and DII on the matched pairs.
RESULTS

Characteristics of all 409 participants have been pub-
lished previously,13,14 and details of the subset of 339
participants are provided in Table 1. Within the subset
at baseline, the majority of participants were female
(76.4%), were non-White (70.2%), and had annual
incomes below $30,000 (82.3%). On average, partici-
pants were aged 51 years. Almost one third of partici-
pants (30.3%) were gardeners. DII scores in the sample
ranged from �6.228 to +6.225. Several covariates varied
considerably between gardeners and nongardeners as
seen in Table 1, including education; annual income;
age; race; renting home; Supplemental Nutrition Assis-
tance Program status; Special Supplemental Nutrition
Program for Women, Infants, and Children status;
employment status; neighborhood perceptions; trans-
portation method for shopping; and effort to eat fresh
and healthy foods.
In Model 1, an unadjusted mixed-effect model, being

a gardener was associated with a lower DII score by 0.44
points (95% CI= �0.75, �0.12) than being a nongard-
ener. The estimated effect size was similar after adjusting
for age, education, income, race, and having a car avail-
able for shopping, with a lower DII by 0.45 points (95%
CI= �0.85, �0.04) (Table 2) for gardeners than for non-
gardeners. In sensitivity analyses adjusted only for total
daily energy intake, these associations were stronger,



Table 1. Participant Characteristics in the Data Subset, Comparing Nongardeners With Gardeners Prior to Propensity Score Matching

Variable All (N=339) Nongardeners (n=231) Gardeners (n=108) Standardized mean differences p-value

Education, n (%) 0.553 <0.001
High school graduate or less 205 (60.5) 157 (68.0) 48 (44.4)

Some college 88 (26.0) 55 (23.8) 33 (30.6)

College graduate or more 46 (13.6) 19 (8.2) 27 (25.0)

Income, n (%) 0.422 0.005

<$10,000 116 (34.2) 90 (39.0) 26 (24.1)

$10,001−$20,000 109 (32.2) 76 (32.9) 33 (30.6)

$20,001−$30,000 54 (15.9) 34 (14.7) 20 (18.5)

≥$30,001 60 (17.7) 31 (13.4) 29 (26.9)

Age, mean (SD) 51.62 (12.87) 50.48 (12.48) 54.06 (13.38) 0.277 0.016

Sex, female, n (%) 259 (76.4) 175 (75.8) 84 (77.8) 0.048 0.786

Self-identified race, White, n (%) 101 (29.8) 44 (19.0) 57 (52.8) 0.751 <0.001
Cohabit, n (%) 92 (27.1) 55 (23.8) 37 (34.3) 0.232 0.059

People in household, mean (SD) 2.38 (1.50) 2.45 (1.54) 2.23 (1.41) 0.145 0.220

Rent home, n (%) 207 (61.1) 164 (71.0) 43 (39.8) 0.661 <0.001
SNAP use, n (%) 219 (64.6) 160 (69.3) 59 (54.6) 0.305 0.012

WIC use, n (%) 25 (7.4) 22 (9.5) 3 (2.8) 0.284 0.046

Other federal financial assistance use, n (%) 169 (49.9) 120 (51.9) 49 (45.5) 0.132 0.312

Employment status, n (%) 0.347 0.037

Employed 131 (38.6) 84 (36.4) 47 (43.5)

Not working 72 (21.2) 57 (24.7) 15 (13.9)

Retired 40 (11.8) 22 (9.5) 18 (16.7)

Unable to work 96 (28.3) 68 (29.4) 28 (25.9)

Hypertension, n (%) 133 (39.2) 92 (39.8) 41 (38.0) 0.038 0.835

CVD, n (%) 22 (5.6) 14 (6.1) 8 (7.4) 0.054 0.816

Diabetes or prediabetes, n (%) 47 (13.9) 31 (13.4) 16 (14.8) 0.040 0.859

Overweight or obese, n (%) 103 (30.4) 70 (30.3) 33 (30.6) 0.005 1.000

Cancer, n (%) 11 (3.2) 10 (4.3) 1 (0.9) 0.214 0.187

Kidney disease, n (%) 5 (1.5) 3 (1.3) 2 (1.9) 0.044 1.000

Your neighborhood is the kind of place you’d like to live, n (%) 0.392 0.016

Strongly agree 103 (30.4) 63 (27.3) 40 (37.0)

Tend to agree 127 (37.5) 81 (35.1) 46 (42.6)

Tend to disagree 52 (15.3) 41 (17.7) 11 (10.2)

Strongly disagree 57 (16.8) 46 (19.9) 11 (10.2)

(continued on next page)
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Table 1. Participant Characteristics in the Data Subset, Comparing Nongardeners With Gardeners Prior to Propensity Score Matching (continued)

Variable All (N=339) Nongardeners (n=231) Gardeners (n=108) Standardized mean differences p-value

Mode of transport for food shopping, n (%) 0.416 0.011

Family or friend drive 92 (27.1) 70 (30.3) 22 (20.4)

Personal vehicle 188 (55.5) 116 (50.2) 72 (66.7)

Public transit or Uber/taxi 21 (6.2) 19 (8.2) 2 (1.9)

Walk or bike 38 (11.2) 26 (11.3) 12 (11.1)

During the summer and fall seasons, how often do you buy food at
a farmer’s market or produce stand? n (%)

0.286 0.207

Weekly or more 47 (13.9) 28 (12.1) 19 (17.6)

Every 2 weeks 39 (11.5) 25 (10.8) 14 (13.0)

Monthly 62 (18.3) 43 (18.6) 19 (17.6)

Few times a year 66 (19.5) 41 (17.7) 25 (23.1)

Never 125 (36.9) 94 (40.7) 31 (28.7)

Diet restrictions, n (%) 0.239 0.117

Food allergies 79 (23.3) 53 (22.9) 26 (24.1)

None 184 (54.3) 133 (57.6) 51 (47.2)

Other 76 (22.4) 45 (19.5) 31 (28.7)

A large selection of fruits and vegetables is available in your
neighborhood, n (%)

0.226 0.260

Strongly agree 132 (38.9) 93 (40.3) 39 (36.1)

Tend to agree 133 (39.2) 67 (29.0) 28 (25.9)

Tend to disagree 67 (19.8) 28 (12.1) 22 (20.4)

Strongly disagree 48 (14.2) 43 (18.6) 19 (17.6)

The fresh fruits and vegetables in your neighborhood are of high
quality, n (%)

0.199 0.388

Strongly agree 91 (26.8) 62 (26.8) 29 (26.9)

Tend to agree 95 (28.0) 95 (41.1) 38 (35.2)

Tend to disagree 50 (14.7) 40 (17.3) 27 (25.0)

Strongly disagree 62 (18.3) 34 (14.7) 14 (13.0)

I think that fresh and healthy foods are expensive, n (%) 0.058 0.886

Strongly agree 152 (44.8) 103 (44.6) 49 (45.4)

Tend to agree 103 (30.4) 69 (29.9) 34 (31.5)

Tend to disagree 0 (0) 0 (0) 0 (0)

Strongly disagree 84 (24.8) 59 (25.5) 25 (23.1)

(continued on next page)
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Table 2. Summary of the Analyses With Estimates on DII
Scores for Gardeners Compared With Those for
Nongardeners

Model DII estimate 95% CI

Model 1: mixed modela �0.45 (�0.85, �0.04)

Model 2: 1-to-1 propensity
score matched

�0.77 (�1.40, �0.14)

Unadjusted mixed model �0.44 (�0.75, �0.12)
aAdjusted for age (in years), education (3 level ordinal scale: 1=high
school or less, 2=some college, and 3=college graduate or more),
income (4 level ordinal scale: 1= <$10,000, 2=$10,001−$20,000,
3=$20,001−$30,000, and 4= ≥$30,001), self-identified race (3 cate-
gories: Black, White, other), SNAP status (recipient versus not), and car
available for shopping (yes/no).
DII, Diet Inflammatory Index; SNAP, Supplemental Nutrition Assistance
Program.
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with gardeners having a lower DII of 0.65 points (95%
CI= �0.89, �0.41; not displayed); after adjusting for
age, education, income, race, having a car available for
shopping, and total daily energy intake, gardeners had a
lower DII score by 0.49 points (95% CI= �0.77, �0.20)
(Appendix Table 2, available online) than nongardeners.
With 108 propensity-matched pairs, Model 2 demon-

strated that gardeners had a lower DII score than non-
gardeners by 0.77 points (95% CI= �1.40, �0.14)
(Table 2). The average treatment effect on the treated
weighted propensity analysis yielded relatively weak
results in balancing covariates and is described in
Appendix Table 3 (available online). Appendix Figures 1
and 2 (available online) illustrate the distributions of
both propensity score analyses through Love plots,28

which are visualizations displaying covariate balance
before and after adjustment. Covariate balance was eval-
uated with standardized mean differences, given in
Table 1.
Energy-adjusted results are presented in Appendix

Table 2 (available online). In this case, the authors
included total energy intake (kcal) as a covariate in the
same year as the DII scores (2016−2017, because this is
considered an optional component of outcome rather
than a determinant of propensity to garden).
DISCUSSION

The analyses identified evidence of a relationship
between gardening and lower dietary inflammation
using 2 complementary analytic approaches. The mixed-
effect models (Method 1) have the advantage of evaluat-
ing all available data for more power, and the random
intercept per participant generates intrinsic control for
participant characteristics that are stable throughout the
3 years of the study (both measured and unmeasured
characteristics). In short, people who change their gar-
dening status can impact these models, and thus these
www.ajpmfocus.org
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results partly reflect within person changes in DII when
gardening. The propensity score model (Method 2)
addresses confounding by comparing gardeners with
nongardeners who had roughly the same propensity to
garden. This approach has less power but has established
validity in the context of causal reasoning.29 The match-
ing model (Method 2) corroborated the mixed-model
(Method 1) findings. The inability for the propensity
score−weighted model to appropriately balance covari-
ates is an interesting pattern that has been described in
the literature,29 and it suggests that the putative effect
may not exist among those who are extremely unlikely
to change their gardening status. In other words, garden-
ing may improve the inflammatory content of diets only
among those who are likely to make this behavior
change. This suggests that future research should seek to
identify which subgroups of the population are likely to
change gardening status (i.e., start or stop gardening)
and thus may benefit from gardening interventions.
Attention should be given to interventions that equitably
expand gardening access and highlight resources that
remove barriers to gardening such as time, knowledge,
finances, and availability of space.30 Overall, these
approaches have distinct strengths and weaknesses with
respect to causal reasoning, and here, they corroborate
each other.31 However, the authors acknowledge that
these results are not definitive in establishing a causal
association between gardening and DII but instead pro-
vide initial evidence warranting further study.
Gardening has recently been viewed as a nature-

based solution to noncommunicable diseases, namely
diet-driven chronic diseases.2,32 The results indicate
that gardeners had lower DII scores than nongard-
eners, by as much as 0.77 points. With every 1 point
increase in DII, risk for cardiovascular disease and
mortality increases by 8%,33 highlighting that the
effect of gardening may be clinically meaningful for
health outcomes. There has been a described lack of
studies designed to alter DII and inflammation’s effect
on cardiometabolic risk factors,34 which this research
addresses. Gardening is a nonpharmacologic interven-
tion that has the potential to decrease dietary inflam-
mation and mitigate risk for chronic disease.
Although not studied in this work, it may also achieve
other benefits, such as community building and physi-
cal activity.
The results of this study provide evidence that garden-

ing may have nutritional and anti-inflammatory bene-
fits. These results are consistent with recent evidence of
community gardening interventions increasing total veg-
etable intake3 and dietary fiber.2 Gardening is becoming
recognized as a useful strategy for improving health;
however, the gardening literature has been limited by
October 2024
diet quality measures, and most do not include gold-
standard dietary data (Nutrition Data Systems for
Research analysis of 3 averaged 24-hour recalls). Build-
ing the connection between gardening and specific diet
quality measures such as dietary inflammation with
demonstrated clinical health outcomes is important to
estimating the potential utility of gardening-based public
health interventions.
Establishing causal links between gardening and

nutritional benefits may help build an evidence base to
support garden-based interventions in practice. This
study shares a novel and important way of understand-
ing the beneficial nutrition outcomes associated with
gardening. Because gardeners may have lower dietary
inflammation, infrastructure to make gardening more
accessible has the potential to not only decrease dietary
inflammation but also decrease risk for inflammation-
and diet-related chronic diseases, such as cardiovascular
disease and Type 2 diabetes. Gardening interventions
may provide a nonpharmacologic approach to prevent-
ing chronic disease.

Limitations
This study is strengthened by the use of propensity score
methods, an approach novel to nutrition and gardening
research. However, the results have several limitations.
The 1-to-1 matched propensity score model balanced
covariates well but not propensity scores, whereas the
propensity score weighted model balanced propensity
scores well but not covariates, which is a notable limita-
tion of the study sample. This may result from the fact
that these results were secondary findings to the larger
foodNEST study, meaning that the study questions were
not designed to collect information on covariates
directly relevant to gardening. In addition, gardening
status in this study was measured by a single question
that did not clarify the type or amount of gardening
done. Future studies should consider a more robust mea-
sure of gardening and a comprehensive set of covariates
to explore the potential causal connection between gar-
dening and nutritional benefits as well as changes in gar-
dening status over time. This study is also limited to
English-speaking participants. Continued exploration of
community-based, nonpharmacologic interventions for
diet-related chronic conditions among diverse popula-
tions are needed.
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