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Quantifying the relationship between
gardening and health and well-being in the
UK: a survey during the covid-19 pandemic

Boglarka Z. Gulyas'?, Samantha J. Caton? and Jill L. Edmondson'”

Abstract

Background Rates of non-communicable diseases, including cardiovascular disease and type 2 diabetes, and
mental health problems, such as anxiety and depression, are high and rising in the urbanising world. Gardening could
improve both mental and physical health and help prevent a range of conditions by increasing fruit and vegetable
(F&V) consumption, promoting physical activity, and reducing stress. However, good quality quantitative research in
the area is scarce, and our understanding of the role of allotments and home gardens, and the effects of the level of
engagement in gardening and involvement with food production has thus far been limited.

Methods \We quantitatively assess the relationship between home and allotment gardening and various indicators
and predictors of health and well-being using an online survey of gardeners (n=203) and non-gardeners (n=71) in
the UK. The survey was composed of multiple validated questionnaires (including the Short Form Food Frequency
Questionnaire (SFFFQ), the Warwick-Edinburgh Mental Wellbeing Scale (WEMWBS), the Physical Health Questionnaire
(PHQ) and the Self-Rated Health question (SRH)) and self-defined questions relating to participants’involvement with
gardening and food production, and relevant demographic and lifestyle factors. Data were analysed using a series of
hierarchical logistic and multiple linear regression models adjusting for socio-demographic variables.

Results After adjusting for relevant socio-demographic factors, gardening related variables were associated with
better self-rated health, higher mental well-being, increased F&V consumption. Higher F&V intake was in turn also
associated with better self-rated health and decreased odds of obesity. Thus, gardening had a positive association
with four different aspects of health and well-being, directly or indirectly via increased F&V consumption.

Conclusions Our results suggest that gardening in UK allotments and domestic gardens may promote different
aspects of health and well-being via multiple mechanisms. Improving access to growing space and promoting
regular gardening could provide a range of benefits to public health. More research on how socio-economic factors
influence the health and well-being benefits of gardening will help policymakers devise strategies to maximise these
benefits.

Keywords Gardening, Urban horticulture, Fruit and vegetable consumption, Mental well-being, Self-rated health,
COVID-19
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Background

Health and well-being are key determinants of both indi-
viduals’ quality of life and of social and economic devel-
opment [1, 2]. A growing number of people are affected
by non-communicable diseases (NCDs), including dia-
betes, heart disease, stroke and cancer, which are the
leading cause of death globally [3, 4] and in the UK [5].
However, while various genetic, socio-demographic and
environmental factors increase the risk of developing
NCDs, the recent rise in their incidence can be largely
attributed to modifiable lifestyle factors, which makes
most NCDs preventable [6]. Smoking, unhealthy diets,
including low fruit and vegetable (F&V) intake [7, 8] and
high processed food [9, 10] and meat [11, 12] consump-
tion, physical inactivity [13, 14] and associated hyperten-
sion and obesity [15, 16] are among the main preventable
causes of NCDs. In the UK, nearly two thirds of the adult
population are overweight or obese [17], and food-related
ill health is estimated to cost the National Health Service
£6 billion each year [18]. One of the main preventable
causes of NCDs in the UK is low F&V consumption—
over two thirds of the population do not meet the rec-
ommended ‘5-a-day, which contributes to around 18,000
premature deaths annually [19]. In addition, over a third
of adults are not active enough for good health, which
is associated with 1 in 6 deaths and an annual health-
care cost of £1.2 billion, and rates of insufficient physical
activity are growing [20, 21]. Disruptions caused by the
recent covid-19 pandemic had further negative impacts
on the eating habits and physical activity levels of many
people [22].

As well as physical health, poor mental well-being
is a major factor reducing quality of life, in the UK and
worldwide [23, 24]. Based on a 2007 survey, 1 in 4 peo-
ple in England experienced a mental health problem,
such as depression or anxiety, each year [25], and men-
tal illness is the second-largest source of burden of dis-
ease in the country [26]. To exacerbate the problem, the
wide-ranging impacts of the covid-19 pandemic brought
about a nationwide decline in mental health and a wid-
ening of pre-existing inequalities [27-29]. Similar trends
could be observed in other parts of the world [30, 31].
Often devastating on their own, mental health problems
also increase the likelihood of unhealthy behaviours and
preventable physical health conditions [32-34]. On the
other hand, having poor physical health increases the risk
of mental health issues, creating a vicious cycle [35]. But
the connection between mental health status and modifi-
able environmental and behavioural factors also creates
opportunities for improvement [36, 37].

Lifestyle changes, including increasing physical activ-
ity, improving diet quality, and engaging in activities that
reduce stress and provide a sense of well-being, can have
positive effects on both mental and physical health. As
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a form of outdoor exercise and an opportunity to relax
and connect with nature, ourselves and others, garden-
ing has been used as a therapeutic tool in different set-
tings [38, 39], such as care homes and hospitals, and its
potential benefits for health and well-being have been
increasingly studied in recent decades. Spending time
outdoors, especially in natural environments, has been
linked to psychological benefits [40—43], and research
suggests that gardening is associated with better mental
well-being [44-52], increased physical activity [49, 53],
higher F&V intake [54—61], decreased odds of develop-
ing overweight and obesity [56, 58, 62—64], and improved
strength and flexibility in older adults [51]. Thus, garden-
ing, particularly F&V growing, may offer a way to simul-
taneously promote health and well-being through a range
of pathways.

However, recent systematic reviews have found that
good quality quantitative research on the health and well-
being benefits of gardening that use validated tools are
still relatively scarce, especially in non-institutionalised
settings, and most of these have focused on community
gardens in the USA [46, 56, 65-68]. Much less is known
about the health-promoting potential of fruit and veg-
etable gardening in domestic gardens and allotments,
typical sites of gardening in Europe, and how this may be
modulated by the level of engagement. A key challenge
in studying this is that health and well-being are multi-
faceted concepts that are not straightforward to assess,
and are influenced by a multitude of interrelated socio-
economic, environmental, lifestyle and genetic factors
[69, 70]. For example, income, neighbourhood depriva-
tion and educational attainment, as well as age, gender
and ethnicity, are correlated with many health outcomes,
including the incidence of different diseases, various
measures of physical and mental well-being, and certain
risk factors to health, such as smoking, alcohol consump-
tion, diet quality, physical activity level and body mass
index (BMI) [6]. Therefore, to meaningfully assess the
health-promoting effects of gardening, potential con-
founders must also be considered.

Gardening on allotments (plots of land rented out to
individuals for growing fruits and vegetables) and in
domestic gardens is a popular recreational activity in the
UK that has enjoyed increasing interest in the past 20
years, which grew further during the lockdowns that fol-
lowed the outbreak of the covid-19 pandemic, motivated
by a need to spend time in isolation meaningfully as well
as concerns over food shortages [71-74]. Qualitative
studies have found that home gardens and allotments can
hold important emotional, psychological, and spiritual
values for people [75, 76], which may have been a key fac-
tor contributing to their rising popularity during a time
of great distress and uncertainty. One quantitative study
also found that older allotment gardeners in the UK had
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lower perceived stress levels than similar age participants
of indoor exercise classes [47], suggesting a potential role
of allotments in improving well-being. Similarly, a pre-
pandemic analysis of a representative survey of the Eng-
lish population revealed an association between access
to a private garden and better evaluative well-being [77],
while another, more recent, study has found that frequent
home gardeners had higher mental well-being and lower
stress scores and were more physically active than occa-
sional or never-gardeners [78]. Furthermore, research has
demonstrated that F&V consumption in UK food-grower
households is 70% higher compared to the national aver-
age [79]. Although these findings are promising, there
is still much we do not know about the contribution of
gardening to better health and well-being in the coun-
try, such as the amount of time spent gardening that is
required to bring about certain benefits, the role of the
level of engagement with food production, and potential
differences between the benefits of home- and allotment
gardening.

The aim of this research was to quantitatively assess
the relationship between gardening and health and well-
being in the UK to increase our understanding of the
ways in which it can exert its beneficial effects. Specifi-
cally, we looked at whether different gardening related
variables, namely the amount of time spent gardening in
a typical week, self-reported amount of food produced,
and having an allotment, were associated with bet-
ter self-rated general health, higher mental well-being,
fewer physical health complaints, or certain predic-
tors of health and well-being, namely obesity, diet qual-
ity (in particular, F&V intake and meat avoidance), and
physical activity level. Better understanding the asso-
ciations between these variables will help identify the
mechanisms by which gardening could improve differ-
ent aspects of health and well-being, and provide a foun-
dation for efforts aimed at improving public health and
well-being.

Methods

Participants

Data was collected from adults living in the UK, includ-
ing both regular gardeners and non-gardeners. Par-
ticipants were recruited by means of social media (i.e.
Facebook, Twitter and email newsletter) and word of
mouth in the gardening and food-growing community
via the network of the ongoing MYHarvest citizen sci-
ence project (myharvest.org.uk) [80], in collaboration
with the National Allotment Society and the Royal Hor-
ticultural Society, and via email through the University
of Sheffield’s staff and student volunteer lists. The proj-
ect was granted ethical approval by the Department of
Animal and Plant Sciences of The University of Sheffield
(project ref. 041219).
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Materials

We used an online survey composed of validated ques-
tionnaires and self-defined questions administered to
participants via the Qualtrics platform. Data collection
ran between 29th July and 30th November 2020. The
survey collected data on various aspects of participants’
health and well-being, their involvement with gardening,
and relevant demographic and lifestyle factors (see Addi-
tional File 2 for the list of questions).

Health and well-being measures

General health

General health was assessed with the widely used Self-
Rated Health (SRH) question (‘In general, how would you
rate your health in the past year? Excellent / Very good /
Good / Fair / Poor’) [81]. The SRH was chosen as a simple
yet valid and efficient measure of physical and mental
health and predictor of mortality [82, 83].

Physical health

The Physical Health Questionnaire (PHQ) by Schat &
Kelloway 2005 [84] (a modified version of Spence et al’s
(1987) measure of health [85]) was used as a measure of
physical well-being based on the frequency of somatic
symptoms experienced by participants, including sleep
disturbances, headaches, respiratory illness, and gas-
trointestinal problems, during the previous month. The
PHQ consists of 14 items measured on a seven-point
Likert scale. PHQ scores were calculated by totalling
responses across all items (with item four reverse scored).
Total scores can range from 14 to 98, with higher scores
reflecting more frequent physical complaints thus indi-
cating poorer health.

Mental well-being

Mental well-being was measured using the Warwick-
Edinburgh Mental Well-being Scale (WEMWBS) [86], a
widely used tool developed for the measurement of men-
tal well-being in the general population and the evalua-
tion of projects and policies aimed at improving mental
well-being. The WEMWBS focuses on feelings and func-
tioning aspects of positive mental well-being in the past
two weeks, and consists of 14 positively scored items
measured on a 5-point Likert scale. WEMWBS scores
were calculated by adding up points for all 14 items, with
total scores thus ranging from 14 to 70. Scores less than
43 are considered to indicate low, 43 to 60 moderate, and
above 60 Kigh levels of mental well-being.

Body Mass Index (BMI)

Body Mass Index (BMI) was calculated from reported
height and weight of participants using the formula
weight(kg)/height(m)?, and BMI categories were assigned
based on these values (BMI<18.5— underweight, 18.5 to
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24.9— healthy weight, 25 to 29.9— overweight, 30 to 39.9—
obese) [87]. Having obesity was considered as an indica-
tor of increased health risk.

Diet quality

Diet quality was intended to be measured using the Short
Form Food Frequency Questionnaire (SFFFQ) by Cleg-
horn et al. 2016 [88], which assesses fruit, vegetable, fat,
oily fish and non-milk extrinsic sugar consumption dur-
ing a typical week over the previous month and allows
the calculation of a Diet Quality Score (DQS) and subse-
quent classification of individuals into groups with over-
all healthy, average or unhealthy dietary habits. However,
due to an error in uploading the survey to the online plat-
form that resulted in the omission of one of the questions
required for DQS calculation, typical fruit and vegetable
(F&V) intake, which is an important predictor of general
well-being and the risk of various diseases [7], was used
as an indicator of diet quality. We assessed F&V intake
both as a numeric outcome (portions per day; 1 por-
tion=approx. 80 g) with higher intakes indicating better
diet quality, and as a categorical variable (with three levels
less than 3 portions per day, 3 or 4 portions per day, and 5
or more portions per day) with meeting the ‘5-a-day’ tar-
get indicating sufficient F&V consumption [3]. We also
asked if participants followed any meat-avoiding diet,
and if so, what type (i.e. vegan, vegetarian, pescatarian or
flexitarian), as reduced meat consumption has also been
linked to better well-being and lower risk of certain dis-
eases in higher income countries [11, 12]. Data was also
collected on typical alcohol consumption (units per typi-
cal week, with four categories rarely/ never drink alcohol,
less than 14 units, between 14 & 21 units, and more than
21 units per week, as defined by the SFFFQ), with 14 or
more units per week considered to pose increasing risk to
health as the closest approximation to the NHS’s defini-
tion of ‘increasing risk drinking’ being more than 14 units
on a typical week [89].

Physical activity

Physical activity level was measured using the Inter-
national Physical Activity Questionnaire (IPAQ) short
format [90], which forms a part of the SFFFQ. Physi-
cal activity levels (low, moderate, or high) were assigned
to participants based on the frequency, intensity and
amount of exercise they had done in the previous week.
For this, an estimate of their typical energy expendi-
ture, as MET (Metabolic Equivalent of Task) Minutes
per week, was calculated from self-reported amounts of
exercise of different intensity. Total MET Minutes per
week were calculated as the sum of MET Minutes for
each exercise type (i.e. light, moderate or vigorous) under-
taken by the participant in the previous week, obtained
using the formula: duration(mins) x frequency(days per
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week) x MET value (light exercise=3.3, moderate exer-
cise=4, vigorous exercise=8). Physical activity levels were
assigned as follows: high if (a) vigorous activity on at least
3 days and achieving a total physical activity of at least
1500 MET Minutes per week OR (b) 7 or more days of
any combination of light, moderate or vigorous activities
achieving a total physical activity of at least 3000 MET
Minutes per week; moderate if (a) 3 or more days of vig-
orous activity of at least 20 min per day OR (b) 5 or more
days of moderate activity and/or light activity of at least
30 min per day OR (c) 5 or more days of any combination
of light, moderate or vigorous activities achieving a total
physical activity of at least 600 MET Minutes per week;
low if not moderate or high. We used low physical activ-
ity level as an indicator of increased risk to physical [13,
14] and mental health [31].

Perceived effects of the pandemic

Participants were asked what kind of effect they felt the
covid-19 pandemic had on their physical health, mental
health, access to healthy food, and diet quality (individual
questions with options very negative, somewhat negative,
neutral, somewhat positive and very positive).

Gardening related variables

Information about participants’ gardening habits used
as independent variables included the number of hours
spent gardening in a typical week (collected as a numeri-
cal, but for our analyses we used the categories 1-5 h,
6-10 h, 11 h or more, and 0 h for those who did not
regularly garden), how much food they produced (on
a self-rated scale of five, with 1 referring to a very small
amount, 5 indicating virtual self-sufficiency in F&V, and
0 assigned to those who did not grow food), and whether
they had an allotment.

Demographic information

Socio-demographic information collected in the survey
include gender, age, highest level of education, household
income, household composition, caring responsibilities,
Index of Multiple Deprivation (IMD) quintile (derived
from participants’ postcodes), whether the participant
had any long-term health conditions (assessed with a
single yes/no type question), BMI (from reported height
and weight, focusing on obesity as a risk factor), smoking
(current and ex-smokers considered to be at increased
risk, those who never smoked more than 100 cigarettes
at low risk).

Analyses

A series of hierarchical regression models were used to
test the effects of gardening related variables on our cho-
sen health and well-being measures adjusting for relevant
socio-demographic factors, which were selected based
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on previous research and inspection of our data. Control
variables used in the study include gender, age, highest
level of education, household income, household compo-
sition, caring responsibilities, IMD quintile, whether the
participant had any long-term health conditions (yes/no),
BMI (focusing on obesity as a risk factor), smoking (cur-
rent and ex-smokers considered to be at increased risk,
those who never smoked more than 100 cigarettes at low
risk), alcohol consumption (14 or more units per typical
week considered ‘increasing risk drinking’), F&V intake
(less than 3 portions per day, 3 or 4 portions per day, and
5 or more portions per day), whether any meat-avoiding
diet was followed and if so what type (vegan, vegetar-
ian, pescatarian or flexitarian), and physical activity level
(IPAQ category). Due to limitations imposed by sample
size and the specific characteristics of the study popu-
lation, the number of levels of certain factors (e.g. age,
education level) were reduced. Weekly gardening time
and level of food production were treated as categorical
rather than numeric variables to allow comparisons with
non-gardeners (who were assigned a value of zero for
these variables) without violating model assumptions.

To test the effects of gardening related variables on con-
tinuous health and well-being outcomes (i.e. WEMWBs
score, PHQ score, F&V intake), multiple linear regression
models were used. For categorical outcomes (i.e. SRH,
WEMWABS level, obesity, IPAQ level, 5-a-day F&V con-
sumption, weekly outdoor time, health-related effects of
the pandemic), multiple binary logistic regression mod-
els were used. To control for the potential confounding
effects of socio-demographic and lifestyle factors, analy-
ses were carried out in a hierarchical way. In the first
step of each regression, a model adjusted for gender and
age was fitted (Model 1). In step two, other key socio-
demographic predictors were added to Model 1 and their
significance in predicting the outcome was assessed. If
any of these predictors had an associated p value of 0.1
or above, a new model was fitted with the predictor with
the highest p value removed, the fit of the two models
were compared using their Bayesian Information Crite-
ria (BIC), and the model with the lower BIC was selected.
If this model still contained predictors with effects with
p=0.1, the process was repeated until further removal
of predictors did not lead to an improvement in model
fit (Model 2). In the third step of the regression, key risk
factors to health were added to Model 2 and the above-
described method was used to find the best fit model
(Model 3). In the final step, variables related to gardening
were introduced to Model 3 and the most parsimonious
model was identified based on BIC (Model 4). Regression
parameters (R?, B coefficients, standard error (SE), p val-
ues and, for logistic regression, X%, odds ratios (OR) and
95% confidence intervals (CI)) were reported for the best
fit models. We assessed parametric assumptions of no
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multicollinearity (based on Generalised Variance Infla-
tion Factors (GVIF), using a threshold of 3) and, for lin-
ear regression, linearity (using scatter plots and residual
diagnostics), and checked for the presence of potential
outliers (based on standardised residual distribution) and
influential cases (based on Cook’s distance and leverage
plots) in each regression. To assess their generalisabil-
ity, normality of standardised residual distribution and
homogeneity of residual variance were also evaluated for
linear regression models. Analyses were carried out in R
(version 4.0.3).

Results

Participants

The study population (N=280) comprised almost entirely
(97.5%) white, predominantly female (74.6%) adults
(Supplementary Table S1, Additional File 1). Nearly three
quarters (72.5%) of respondents identified as regular gar-
deners, representing a similar proportion of both gen-
ders. Nearly half of all respondents were aged 55 or over,
around 30% between 35 and 54, and 20% under 35 years
old. Gardening was most common among people over 55,
around 60% of whom were regular gardeners. The major-
ity of respondents (78.2%) had received higher education.
Participants were living in neighbourhoods representing
all five English IMD quintiles but were predominantly
from quintiles 3 to 5. The distribution of participants
across IMD quintiles and household income categories
was fairly similar among gardeners and non-gardeners.
All of those who regularly gardened had a home garden,
and around a half of regular gardeners and 36% of all par-
ticipants had an allotment. Participants spent varying
amounts of time gardening and were engaged in differ-
ent levels of food production (Supplementary Table S2,
Additional File 1).

Predictors of health outcomes

Self-rated health (SRH)

According to our best fit logistic regression model, SRH
in the study population was positively associated with
growing food, and negatively with having obesity or
long-term health conditions (Table 1). Participants with
obesity were 8 times (OR=7.98, 95%Cl=2.49-27.77,
p<0.001), and those with long-term health conditions
over 18 times (OR=18.57, 95%CI=5.52-79.10, p<0.001)
more likely to have ‘not good’ health compared to peo-
ple without obesity and without long-term conditions,
respectively. Participants who grew moderate to large
amounts of food (i.e. food growing levels 3, 4 and 5) were
around 90% less likely (OR=0.14, 95%CI=0.02-0.64,
p<0.05 OR=0.04, 95%CI=0.00-0.41, p<0.05 and
OR=0.13, 95%CI=0.01-0.83, p<0.05, respectively) to
report ‘not good’ health compared to participants who
did not grow food.
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Table 1 Odds Ratios (OR) for'not good health’as compared to‘good health'® <9
Variable (reference category) B (SE) OR (95% Cl) p value
Constant -2.04 (0.63) 0.13(0.03-041) <001
Gender (Female)
Male -0.46 (0.67) 0.63 (0.16-2.24) 049
Age (18-34)
35-54 0.34(0.73) 1.40 (0.33-6.00) 0.65
55+ -0.27 (0.83) 0.76 (0.15-3.96) 0.74
Obesity (Not obese)
Obese 2.08(0.61) 7.98 (2.49-27.77) <0.001
Long-term conditions (No)
Yes 292 (0.67) 18.57 (5.52-79.10) <0.001
Physical activity level (Low)
Moderate -1.19(0.69) 0.30 (0.07-1.08) 0.08
High -0.70 (0.94) 0.50 (0.06-2.73) 0.46
Food growing level (No food grown)
1 (very little F&V) -1.08 (0.91) 0.34 (0.05-1.87) 0.23
2 -1.53(0.91) 0.22(0.03-1.17) 0.09
3 -1.99(0.83) 0.14 (0.02-0.64) <0.05
4 -3.27(1.37) 0.04 (0.00-0.41) <0.05
5 (nearly self-sufficient in F&V) -2.07 (1.01) 0.13 (0.01-0.83) <0.05

2‘Not good health’ refers to responses of ‘poor’ or ‘fair’ on the SRH, ‘good health’ includes responses of ‘good’, ‘very good’ or ‘excellent’

b Predictors and regression coefficients in the table are derived from the best fit model for the outcome based on the Bayesian Information Criterion (BIC). Other
explanatory variables tested include neighbourhood deprivation, household income, household composition, caring responsibilities, higher education, smoking
status, alcohol consumption, F&V intake, time spent gardening, and having allotment, but these were dropped in the process of improving model fit

¢ Model R?=0.39 (Hosmer Lemeshow), 0.30 (Cox and Snell), 0.50 (Nagelkerke); x? [12]1=66.45

9 Figures in bold are statistically significant at the 5% level (p<0.05)

Mental well-being (WEMWBS)

Mental well-being among survey respondents was posi-
tively associated with physical activity level, gardening,
and having an allotment, and negatively with neigh-
bourhood deprivation and obesity. On average, those
who spent 11 or more hours gardening in a typical week
scored 4.57 points+1.92 (S.E.) higher on the WEMWBS
than those who did not regularly garden (Table 2). In
addition, participants who had an allotment were 67%
less likely (OR=0.33, 95%CI=0.10-0.94, p<0.05) to
have low mental well-being than those without an allot-
ment, while participants with obesity were 4.5 times
more likely (OR=4.46, 95%CI=1.64-12.65, p<0.01) to
have low mental well-being compared to those with-
out obesity (Table 3). The odds of having high mental
well-being were not affected by variables related to gar-
dening, but were positively associated with being male
(OR=10.57, 95%CI1=2.98-45.32, p<0.001) and with hav-
ing moderate or high, compared to low, physical activ-
ity levels (OR=5.33, 95%CI=1.06-31.66, p<0.05; and
OR=5.55, 95%CI=1.13-32.26, p<0.05, respectively)
(Supplementary Table S3, Additional File 1). Partici-
pants’ perception of the effect of the covid-19 pandemic
on their mental health was negatively associated with
having long-term health conditions, and positively with
being aged 55 or over and with spending larger amounts
of time gardening (Table 4). Those who spent at least

11 h gardening in a typical week were 78% less likely
(OR=0.22, 95%CI=0.07-0.64, p<0.01) than non-garden-
ers to report that the pandemic had a negative effect on
their mental health.

Fruit and vegetable (F&V) intake, meat-avoidance, and
diet-related effects of the pandemic

Typical daily F&V intake (number of 80 g portions) was
positively associated with age, certain meat-avoiding
diets, and growing food, and negatively with increasing-
risk alcohol consumption (Tables 5 and 6). Compared
to participants under 35, those aged 35-54 consumed
on average 1.02 portions+0.41 (S.E.) more F&V daily,
and were 3.6 times more likely (OR=3.64, 95%CI=1.30—
10.74, p<0.05) to meet the ‘5-a-day’ target (400 g), while
those aged 55 or over consumed 1.16 portions+0.46
(S.E.) more F&V daily, and were 10.2 times more likely
(OR=10.22, 95%CI1=2.83-41.21, p<0.001) to eat at least
five portions of F&V on a typical day, genders showing
no difference. Those following a flexitarian or pescatar-
ian diet consumed 0.88 portions+0.34 (S.E.) and 1.87
portions+0.67 (S.E.), respectively, more F&V com-
pared to regular meat-eaters, and flexitarians were also
2.9 times more likely (OR=2.90, 95%CI=1.10-8.34,
p<0.05) to meet the 5-a-day target than regular meat-
eaters. Participants growing moderate to large amounts
of food (i.e. food growing levels 3 and 4) consumed 1.21
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Table 2 Hierarchical linear regression analysis of predictors of mental well-being (WEMWBS score) < ¢
Predictor variables (reference) = Model 1 Model 2 Model 3 Model 4
B (SE) P B (SE) P B (SE) P B (SE) P
Constant 45.50(1.35) <0.001 41.08 (2.91) <0.001 40.87 (3.08) <0.001 4152 (3.16) <0.001
Gender (Female)
Male 2.51(1.38) 0.07 2.34(1.36) 0.09 2.20(1.35) 0.10 1.66 (1.34) 022
Age (18-34)
35-54 1.79 (1.69) 0.29 1.80(1.73) 0.30 1.93(1.81) 0.29 1.09 (1.81) 0.55
55+ 5.96 (1.59) <0.001 5.56 (1.77) <0.01 5.20 (1.90) <0.01 3.25(2.05) 0.1
IMD quintile (First)
Second 5.78 (2.76) <0.05 6.13 (2.76) <0.05 6.14(2.72) <0.05
Third 1.14 (2.57) 0.66 1.84 (2.56) 047 1.69(2.52) 0.50
Fourth 241 (2.59) 0.35 2.80(2.57) 0.28 3.27 (2.54) 0.20
Fifth 2.04 (2.55) 042 2.09(2.52) 041 259 (2.49) 0.30
Household (Alone)
With partner 3.91 (1.74) <0.05 3.81(1.70) <0.05 2.95(1.71) 0.09
With family 0.55 (2.05) 0.79 0.80 (2.01) 0.69 046 (2.00) 0.82
Shared accommodation 481 (4.20) 0.25 4.95 (4.20) 024 437 (417) 030
Obesity (Not obese)
Obese -298(1.61) 0.08 -245(1.71) 0.15
Smoking (Non-smoker)
Current- or ex-smoker 2.26 (1.30) 0.08 2.29(1.30) 0.08
Daily F&V intake
(5+ portions)
1 or 2 portions -5.01 (2.57) 0.05 -4.85 (2.55) 0.06
3 or4 portions 0.29 (1.56) 0.85 -0.50(1.57) 0.75
Weekly gardening time (0 h)
1-5h -0.12 (1.63) 0.94
6-10h -0.28 (1.90) 0.89
11+hours 4.57 (1.92) <0.05
R 0.11 0.18 023 0.27
Adjusted R’ 0.09 0.13 0.17 0.20

@ Higher WEMWBS scores indicate better mental well-being

b Model 1: adjusted for age and gender; Model 2: adjusted for sociodemographic variables; Model 3: adjusted for sociodemographic variables and health risk and
relevant lifestyle factors; Model 4: adjusted for sociodemographic variables, health risk and relevant lifestyle factors and variables related to gardening

¢ Predictors and coefficients in the table are derived from the best fit models for the outcome based on the Bayesian Information Criterion (BIC) at each stage of
the regression. Other explanatory variables tested include household income, having higher education, drinking category, having long-term conditions, physical
activity level, food growing, and having an allotment, but these were dropped in the process of improving model fit

d Figures in bold are statistically significant at the 5% level (p<0.05)

portions+0.58 (S.E.) and 1.68 portions+0.69 (S.E.),
respectively, more F&V daily than those who did not
grow food, and those growing moderate amounts of food
(i.e. food growing level 3) had 7.5 times higher odds of
meeting the ‘5-a-day’ target compared to non-growers
(OR=7.47, 95%CI=1.49-43.52, p<0.05). The odds of
following a meat-avoiding diet were not affected by vari-
ables related to gardening, but were positively associated
with having higher education (OR=3.61, 95%CI=1.58—
8.88, p<0.01), and negatively with being male (OR=0.43,
95%CI=0.20-0.87, p<0.05), and with living with a part-
ner, compared to living alone (OR=0.34, 95%CI=0.13—
0.82, p<0.05) (Supplementary Table S4, Additional File
1).

Participants’ perception of the effect of the pandemic
on their diet quality or access to healthy food was not

affected by gardening related variables but was associated
with a number of socio-demographic factors. Respon-
dents aged 55 or over and those with a household income
of £30,000-39,999 were 95% less likely (OR=0.05,
95%CI=0.00-0.43 and OR=0.05, 95%CI=0.00-0.67,
p<0.05) than respondents under 35 and those with a
household income of £20,000-29,999, respectively, to
report experiencing a negative effect of the pandemic
on their access to healthy food (Supplementary Table S5,
Additional File 1). Participants aged 55 or over were also
92% less likely (OR=0.08, 95%CI=0.02-0.29, p<0.001)
than under 35s to report that the pandemic had a negative
effect on their diet quality, while participants with obe-
sity were around 4 times (OR=4.21, 95%CI=1.52-11.82,
p<0.01), and those typically consuming 1 or 2 portions of
F&V daily were 9 times (OR=9.09, 95%CI=0.08—-44.74,
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compared to moderate well-being (WEMWBS 43-59) a, b, c
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Table 4 Odds Ratios (OR) for negative as compared to better
effect of the pandemic on well-being *® 4

Variable (reference B (SE) OR (95% ClI) P Variable (reference B (SE) OR (95% CI) p value
category) value category)
Constant -0.04 (0.72) 0.96 (0.23-4.03) 0.96 Constant -1.22 (044) 340(1.50-841) <001
Gender (Female) Gender (Female)
Male 0.22 (0.49) 1.25(0.47-3.18) 0.65 Male -048(0.39) 0.62(028-133) 023
Age (18-34) Age (18-34)
35-54 -0.19(0.51) 0.83(0.30-2.24) 0.70 35-54 -0.75(048) 047(0.18-1.20) 0.12
55+ -1.00 (0.58) 0.37(0.11-1.12) 0.08 55+ -1.74(0.51) 0.18 (0.06-0.47) <0.001
IMD quintile (First) Obesity (Not obese)
Second -1.51(0.94) 0.22 (0.03-1.33) 0.11 Obese 0.77 (049) 2.15(0.84-5.75)  0.11
Third -0.82 (0.75) 0.44 (0.10-1.98) 0.28 Long-term conditions (No)
Fourth -0.48 (0.78) 0.62 (0.13-2.94) 0.54 Yes 0.79(0.37) 2.20(1.09-4.63) <0.05
Fifth -1.15(0.77) 0.32 (0.07-1.46) 0.14 Weekly gardening time (0 h)
Obesity (Not obese) 1-5h -0.53(046) 0.59(0.24-146) 025
Obese 1.50(0.52) 4.46 (1.63-12.65) <0.01 6-10h -0.92 (0.53) 040(0.14-1.11)  0.08
Allotment (No) 11+hours -1.53(0.57) 0.22(0.07-0.64) <0.01
Yes -1.12(0.57) 0.33(0.10-0.94) <0.05 @ ‘Negative’ self-reported effect of the covid-19 pandemic refers to responses

2 Predictors and regression coefficients in the table are derived from the best
fit model for the outcome based on the Bayesian Information Criterion (BIC).
Other explanatory variables tested include household income, household
composition, higher education, caring responsibilities, smoking status, alcohol
consumption, long-term health conditions, F&V intake, physical activity level,
time spent gardening, and growing food, but these were dropped in the
process of improving model fit

b Model R?=0.16 (Hosmer Lemeshow), 0.15 (Cox and Snell), 0.23 (Nagelkerke);
X2 (9)=27.47

€ Figures in bold are statistically significant at the 5% level (p<0.05)

p<0.01) more likely to report a pandemic-related nega-
tive effect on their diet quality when compared to those
without obesity and those with a typical daily F&V intake
of 5 or more portions, respectively (Supplementary Table
S6, Additional File 1).

Physical health (PHQ score)

Physical well-being, measured as the frequency of
somatic health complaints, was positively associated with
age and education level, and negatively with living with a
family, having long-term health conditions, and increas-
ing risk alcohol consumption (Table 7). Participants aged
35-54 scored 5.70 points+1.97 (S.E.) lower (i.e. had less
frequent health complaints), those aged 55 or over scored
11.11 points+2.22 (S.E.) lower on the PHQ than under
35s. Respondents with higher education scored 3.89
points+1.65 (S.E.) lower on the PHQ than those with-
out higher education, while those living with a family
scored 4.83 points*2.24 (S.E.) higher (i.e. had more fre-
quent health complaints) than participants living alone.
Participants with long-term health conditions or increas-
ing risk drinking scored 4.21 points+1.37 (S.E.) and 4.43
pointst1.73 (S.E.) higher than those without long-term
conditions and with low-risk alcohol consumption,
respectively. Participants who were aged 55 or over, had
higher education or had moderate physical activity lev-
els were less likely to report the pandemic having had a

of ‘very negative’ or ‘somewhat negative’, while ‘better’ includes responses of
‘neutral’, 'somewhat positive’ or ‘very positive’

b predictors and regression coefficients in the table are derived from the best fit
model for the outcome based on the Bayesian Information Criterion (BIC). Other
explanatory variables tested include neighbourhood deprivation, household
income, household composition, caring responsibilities, higher education,
alcohol consumption, smoking status, physical activity level, F&V intake, food
growing, and having an allotment, but these were dropped in the process of
improving model fit

¢ Model R?=0.18 (Hosmer Lemeshow), 0.22 (Cox and Snell), 0.30 (Nagelkerke);
X° (8)=46.94

9 Figures in bold are statistically significant at the 5% level (p<0.05)

negative effect on their physical health compared to par-
ticipants under 35, without higher education, and with
low physical activity, respectively (Supplementary Table
S7, Additional File 1). Neither PHQ scores nor the odds
of attributing a negative physical health effect to the pan-
demic was associated with gardening related variables.

Obesity

The odds of having obesity were associated with age,
physical activity level, F&V intake, and following a flexi-
tarian diet (Table 8). Participants aged 35-54 were
nearly 5 times more likely to have obesity than partici-
pants under 35 (OR=4.83, 95%CI=1.19-23.47, p<0.05).
Those with a moderate physical activity level were 72%
less likely to have obesity than those with low activity
levels (OR=0.28, 95%CI=0.07-0.91, p<0.05), and those
typically eating 3 or 4 portions of F&V were 3.9 times
more likely (OR=3.94, 95%CI=1.22-13.74, p<0.05)
to have obesity than participants eating 5 or more por-
tions of F&V daily. Flexitarians were also 87% (OR=0.13,
95%CI=0.03-0.49, p<0.05) less likely to have obesity
than regular meat-eaters. No gardening related variable
had a significant effect on the odds of having obesity.
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ab,c

Predictor variables (reference) Model 1 Model 2 Model 3 Model 4
B (SE) ) B (SE) P B (SE) P B (SE) P

Constant 454 (0.32) <0.001 454 (0.32) <0.001 4.08 (0.35) <0.001 3.99 (041) <0.001
Gender (Female)

Male -0.10(0.33) 0.77 -0.10(0.33) 0.77 0.27 (0.33) 041 0.15(0.33) 0.65
Age (18-34)

35-54 1.16 (0.40) <0.01 1.16 (0.40) <0.01 1.24(0.39) <0.05 1.02 (041) <0.05

55+ 1.60 (0.38) <0.001 1.60 (0.38) <0.001 1.73(037) <0.001 1.16 (0.46) <0.05
Alcohol consumption (Low risk)

Increasing risk -0.84 (0.35) <0.05 -0.85 (0.36) <0.05
Diet (Meat-eater)

Flexitarian 0.90 (0.33) <0.01 0.88 (0.34) <0.05

Pescatarian 1.82(0.67) <0.01 1.87 (0.67) <001

Vegetarian 0.62 (0.44) 0.16 0.63 (0.45) 0.16

Vegan 1.00 (0.64) 0.12 0.98 (0.65) 0.13
Weekly gardening time (0 h)

1-5h -0.94 (0.51) 0.06

6-10h -0.51 (0.60) 040

11+ hours -044 (0.62) 047
Food growing level (No food grown)

1 (very little F&V) 0.61(0.56) 0.28

2 1.22(0.62) 0.05

3 1.21 (0.58) <0.05

4 1.68 (0.69) <0.05

5 (nearly self-sufficient in F&V) 1.28 (0.67) 0.06
R 0.09 0.09 0.19 0.24
Adjusted R? 0.07 0.07 0.15 0.17

? Model 1: adjusted for age and gender; Model 2: adjusted for sociodemographic variables; Model 3: adjusted for sociodemographic variables and health risk and
relevant lifestyle factors; Model 4: adjusted for sociodemographic variables, health risk and relevant lifestyle factors and variables related to gardening

b Predictors and regression coefficients in the table are derived from the best fit model for the outcome based on the Bayesian Information Criterion (BIC). Other
explanatory variables tested include neighbourhood deprivation, household income, household composition, caring responsibilities, having higher education,
smoking status, physical activity level, long-term health conditions, and having an allotment, but these were dropped in the process of improving model fit

€Figures in bold are statistically significant at the 5% level (p<0.05)

Low physical activity

The odds of having a low physical activity level were
not affected by variables related to gardening, but were
associated with age, household income, and having
caring responsibilities (Table 9). On average, partici-
pants aged 35-54 were 3.6 times more likely (OR=3.56,
95%CI=1.33-10.22, p<0.05) to have low physical activ-
ity than under 35s. Participants with caring responsibili-
ties were 60% less likely (OR=0.40, 95%CI=0.18-0.85,
p<0.05) than those without caring responsibilities,
while participants with a household income of £40,000
per annum or higher were 64% less likely (OR=0.34,
95%CI=0.13-0.96, p<0.05) than those with a household
income of £20,000-29,999 to have low physical activity.

Discussion

Gardening offers several potential health and well-being
benefits, but our understanding of the particular role
of allotments and home gardens, and the effects of the
level of engagement in gardening and involvement with
food production has thus far been limited. Here, we

quantitatively assess the relationship between home and
allotment gardening in the UK and a range of indicators
and predictors of health and well-being to fill some of the
knowledge gaps in the field. Specifically, we investigated
the effects of the amount of time spent gardening, level
of food production, and having an allotment. We pro-
vide evidence that, after accounting for several potential
confounders, gardening related variables are associated
with better self-rated health, higher mental well-being,
and increased fruit and vegetable (F&V) consumption.
Higher F&V intake was in turn also associated with bet-
ter self-rated health and decreased odds of having obe-
sity. Thus, gardening had a positive association with four
different aspects of health and well-being, directly or
indirectly, via increased F&V consumption. Our analy-
ses have also revealed that different aspects of health and
well-being are associated with different aspects of gar-
dening, which suggests that a number of distinct mecha-
nisms are involved in delivering benefits.

We found that survey respondents who had an allot-
ment had lower odds of having low mental well-being
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Table 6 Odds Ratios (OR) for eating at least 5 F&V portions daily compared to fewer portions ¢

Variable (reference category) B (SE) OR (95% Cl) p value
Constant -1.95 (0.84) 0.14 (0.03-0.70) <0.05
Gender (Female)

Male -0.49 (0.44) 0.61(0.26-1.47) 0.27
Age (18-34)

35-54 1.29 (0.54) 3.64 (1.30-10.74) <0.05

55+ 2.32(0.68) 10.22 (2.83-41.21) <0.001
Household income (£20,000-29,999)

Under £10,000 2.39(1.38) 10.93 (0.96-295.67) 0.08

£10,000-19,999 -0.04 (0.77) 0.97 (0.22-4.55) 0.96

£30,000-39,999 0.22 (0.68) 1.25(0.33-4.89) 0.75

£40,000+ -0.20 (0.61) 0.82 (0.24-2.69) 0.74
Higher education (No)

Yes 0.96 (0.54) 261(092-7.77) 0.07
Diet (Regular meat-eater)

Flexitarian 1.06 (0.51) 2.90(1.10-8.34) <0.05

Pescatarian 16.99 (1079.12) 2397 (0.00-NA) 0.99

Vegetarian 0.81(0.62) 2.25(0.70-8.05) 0.19

Vegan 1.38(0.90) 3.98(0.77-30.68) 0.13
Weekly gardening time (0 h)

1-5h -0.58 (0.69) 0.56 (0.14-2.08) 040

6-10h -0.80(0.91) 0.45 (0.07-2.55) 0.38

11+ hours -1.74 (0.96) 0.18 (0.02-1.05) 0.07
Food growing level (No food grown)

1 (very little F&V) 0.16 (0.70) 1.17 (0.29-4.71) 0.82

2 0.91(0.83) 249 (0.50-13.54) 0.27

3 2.01(0.85) 7.47 (1.49-43.52) <0.05

4 2.00 (1.04) 7.38 (1.05-65.33) 0.05

5 (nearly self-sufficient in F&V) 1.84 (0.97) 6.33 (1.00-45.98) 0.06

2 Predictors and regression coefficients in the table are derived from the best fit model for the outcome based on the Bayesian Information Criterion (BIC). Other
explanatory variables tested include neighbourhood deprivation, household composition, caring responsibilities, alcohol consumption, smoking status, obesity,
long-term health conditions, and having an allotment, but these were dropped in the process of improving model fit

b Model R?=0.25 (Hosmer Lemeshow), 0.26 (Cox and Snell), 0.38 (Nagelkerke); x? (2)=57.54

€ Figures in bold are statistically significant at the 5% level (p<0.05)

than those without an allotment, regardless of how much
time they spent gardening. The fact that this positive
association was observed after accounting for a range
of potential confounding variables suggests that hav-
ing an allotment is likely a predictor of well-being itself,
rather than simply an indicator of differences in socio-
economic status that impacted on well-being, which
may have been expected based on trends of decreasing
allotment availability with increasing neighbourhood
deprivation [75]. We also found well-being scores to be
positively associated with at least 11 h of weekly garden-
ing, but not with smaller amounts, which suggests that
getting a mental well-being benefit, at least in the form
measured by the WEMWBS, might require more serious
engagement gardening. Our results indicate that spend-
ing larger amounts of time gardening could improve well-
being, and having an allotment in particular could help
protect against low well-being, but may not be sufficient
for achieving high (compared to moderate) well-being,

the odds of which were not affected by gardening related
variables. This is in line with previous research using the
WEMWABS that found the odds of high and low well-
being to be determined by different factors, for example,
alcohol intake and obesity being associated with low, but
not high mental well-being, and F&V intake associated
with high well-being [92, 93]. In addition, we found 11
or more hours of weekly gardening to be associated with
lower odds of attributing a negative mental health effect
to the pandemic. This is in agreement with a recent study
that found that contact with green spaces helped people
cope with the negative mental well-being impacts of the
covid-19 lockdowns [94].

Growing moderate to large amounts of F&V was asso-
ciated with both higher self-reported average F&V intake
and increased odds of meeting the 5-a-day target. This
is consistent with the results of another piece of recent
research in our group, where we studied year-long F&V
production, purchases and losses in 85 food-grower
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Table 7 Hierarchical linear regression analysis of predictors of physical health (PHQ) score

ab,cd
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Predictor variables (reference) Model 1 Model 2 Model 3 Model 4
B (SE) P B (SE) P B (SE) P B (SE) P
Constant 4137 (1.59) <0.001 4834 <0.001 4531 (3.46) <0001 4543 (3.58) <0.001
(3.60)
Gender (Female)
Male -2.36 (1.63) 0.15 -164 030 -2.85(1.53) 0.06 269 (1.53) 0.08
(1.57)
Age (18-34)
35-54 -3.55(1.99) 0.08 -4.48 <0.05 -6.08 (1.92) <0.01 -5.70 (1.97) <0.01
(2.1
55+ -10.61 (1.86) <0.001 -10.85 <0.001 -12.19 (1.99) <0001  -11.11(222) <0.001
(2.07)
IMD quintile (First)
Second -6.89 <0.05 -5.21(3.00) 0.08 -5.13(3.00) 0.09
(3.14)
Third -2.11 048 -1.41(2.81) 0.62 -1.10(2.82) 0.70
(2.96)
Fourth -4.74 0.12 -2.90 (2.86) 0.31 -2.83(2.86) 0.32
(3.01)
Fifth -6.04 <0.05 -5.112.77) 0.07 -4.94 (2.79) 0.08
(2.93)
Higher education (No)
Yes -4.33 <0.05 -4.05 (1.64) <0.05 -3.89 (1.65) <0.05
(1.74)
Household (Alone)
With partner -0.29 0.89 -0.79 (1.95) 0.69 -0.56 (1.97) 0.77
(2.04)
With family 4.64 0.05 4.62 (2.24) <0.05 4.83 (2.24) <0.05
(2.36)
Shared accommodation -5.57 022 -5.39(4.29) 0.21 -6.42 (4.38) 0.14
(4.52)
Obesity (Not obese)
Obese 3.65 (1.84) <0.05 3.26 (1.89) 0.09
Long-term conditions (No)
Yes 4.42 (1.35) <0.01 4.21(137) <0.01
Alcohol consumption
(Low risk)
Increasing risk 4.47 (1.70) <0.01 443 (1.73) <0.05
Weekly gardening time (0 h)
1-5h 421(223) 0.06
6-10 h 1.97 2.63) 045
11+ hours 2.89 (2.58) 0.26
Food growing (No)
Yes -4.32(2.34) 0.07
R 0.18 0.29 0.38 040
Adjusted R? 0.17 0.25 033 034

@ Lower PHQ scores indicate fewer health complaints and thus better health

b Model 1: adjusted for age and gender; Model 2: adjusted for sociodemographic variables; Model 3: adjusted for sociodemographic variables and known health
risk and relevant lifestyle factors; Model 4: adjusted for sociodemographic variables, health risk and relevant lifestyle factors and variables related to gardening

€ Predictors and coefficients in the table are derived from the best fit models for the outcome based on the Bayesian Information Criterion (BIC) at each stage of the
regression. Other explanatory variables tested include household income, caring responsibilities, smoking status, physical activity level, F&V intake, and having an

allotment, but these were dropped in the process of improving model fit

d Figures in bold are statistically significant at the 5% level (p<0.05)
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Table 8 Odds Ratios (OR) for having obesity as compared to being in any other BMI category *
Variable (reference category) B (SE) OR (95% Cl) p value
Constant -1.99 (0.80) 0.14 (0.03-0.61) 0.01
Gender (Female)

Male -1.03 (0.64) 0.36 (0.09-1.16) 0.11
Age (18-34)

35-54 1.57 (0.75) 4.83(1.19-23.47) <0.05

55+ 045 (0.84) 1.56 (0.31-8.66) 0.60
Physical activity (Low)

Moderate -1.28 (0.64) 0.28 (0.07-0.91) <0.05

High -0.51(0.79) 0.60 (0.11-2.67) 0.52
Daily F&V intake (5 + portions)

1 or 2 portions 1.35(0.83) 3.85(0.72-20.27) 0.11

3 or 4 portions 1.37 (0.61) 3.94 (1.22-13.74) <0.05
Diet (Regular meat-eater)

Flexitarian -2.01(0.73) 0.13 (0.03-0.49) <0.01

Pescatarian -16.25 (1239.58) 0.00 (NA-1.96e*) 0.99

Vegetarian -1.34(0.89) 0.26 (0.03-1.25) 0.13

Vegan -149(1.21) 0.22 (0.01-1.76) 0.22
Weekly gardening time (0 h)

1-5h 1.17(0.87) 3.23(0.62-19.84) 018

6-10h 1.97 (1.10) 7(0.95-72.37) 0.07

11+hours -0.09 (1.25) 0.92 (0.08-11.17) 0.94
Food growing level (No food grown)

1 (very little F&V) -1.86 (1.07) 6(0.01-1.10) 0.08

2 -043(1.01) 0.65 (O 08—4. 49) 0.67

3 -0.84 (1.03) 043 (0.05-3.12) 042

4 -0.54 (1.16) 0.59 (0.06-5.58) 0.64

5 (nearly self-sufficient in F&V) -1.33(1.24) 0.27 (0.02-2.71) 0.28

2 Predictors and regression coefficients in the table are derived from the best fit model for the outcome based on the Bayesian Information Criterion (BIC). Other
explanatory variables tested include neighbourhood deprivation, household income, higher education, household composition, caring responsibilities, smoking
status, alcohol consumption, and having an allotment, but these were dropped in the process of improving model fit

® Model R?=0.26 (Hosmer Lemeshow), 0.20 (Cox and Snell), 0.35 (Nagelkerke); x [19]1=42.07

€ Figures in bold are statistically significant at the 5% level (p<0.05)

households in the UK, and found median daily per cap-
ita F&V intake to be 70% higher than the national aver-
age [79]. Other studies have also found an association
between involvement with gardening and increased
F&V intake, but the underlying mechanisms have so far
been unclear and research focusing on allotments and
domestic gardens in the UK has so far been scarce. The
results of the present study suggest that, in this context,
gardening contributes to increased F&V intake only if it
involves the production of considerable amounts of F&V.
This indicates that higher F&V intake is a response to
increased availability of F&V through own production,
and that engagement in gardening that involves the pro-
duction of no or only smaller amounts of food may not
trigger a dietary change. It is worth noting too that dur-
ing the covid-19 lockdowns differences in access to F&V
between people who grew their own and those who did
not could have been more pronounced than under nor-
mal circumstances.

Nonetheless, we should not dismiss the idea that close
exposure to a variety of F&V through own-growing could
build familiarity and promote positive changes in diet,
as some research suggests that this could be an effective
mechanism for improving food behaviours, especially in
children [61, 95, 96]. Although the underlying mecha-
nisms are not fully understood, nature relatedness has
also been linked to increased F&V intake [97], therefore
engaging with natural processes through gardening may
be an additional pathway through which food gardening
can promote F&V consumption. Although we did not
find evidence for a role of F&V gardening in alleviating
the potential adverse effects of the pandemic on people’s
access to healthy food or diet quality associated with
temporary store closures and supply shortages [98], this
may be due to the overall relatively small number of par-
ticipants reporting negative experiences in these areas.

Growing moderate to large amounts of F&V was also
associated with considerably lower odds of reporting
‘not good’ health, which suggests that a health benefit is
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Table 9 Odds Ratios (OR) for having low physical activity as compared to higher (moderate or high) ¢

Variable (reference category) B (SE) OR (95% Cl) p value
Constant -0.15 (0.63) 0.86 (0.24-2.95) 0.81
Gender (Female)

Male 0.09 (0.37) 1.10 (0.52-2.28) 0.81
Age (18-34)

35-54 1.27(0.52) 3.56 (1.33-10.22) <0.05

55+ -0.01 (0.56) 0.99 (0.33-3.00) 0.98
Household income (£20,000-29,999)

Under £10,000 0.22 (0.91) 1.25(0.22-8.53) 0.81

£10,000-19,999 -0.86 (0.58) 042 (0.13-1.29) 0.13

£30,000-39,999 -0.58 (0.54) 0.56 (0.19-1.61) 0.29

£40,000+ -1.01 (0.50) 0.36 (0.13-0.96) <0.05
Caring responsibilities (No)

Yes -0.91(0.39) 0.40 (0.18-0.85) <0.05
Diet (Regular meat-eater)

Flexitarian 0.13(0.38) 1.14 (0.54-2.44) 073

Pescatarian -1.83(1.13) 0.16 (0.01-1.05) 0.11

Vegetarian 0.25(0.51) 1.29 (0.47-3.50) 0.62

Vegan -0.94 (0.80) 0.39(0.07-1.75) 0.24
Food growing level (No food grown)

1 (very little F&V) -0.05 (0.66) 0.95 (0.25-3.44) 094

2 0.38(0.59) 1.46 (0.45-4.73) 052

3 0.45 (0.54) 1.56 (0.55-4.54) 041

4 0.93 (0.64) 2.53(0.73-9.20) 0.15

5 (nearly self-sufficient in F&V) 0.99 (0.59) 2.68 (0.86-8.73) 0.09

2 Predictors and regression coefficients in the table are derived from the best fit model for the outcome based on the Bayesian Information Criterion (BIC). Other
explanatory variables tested include neighbourhood deprivation, household composition, higher education, smoking status, alcohol consumption, long-term
health conditions, obesity, F&V intake, amount of time spent gardening, and having an allotment, but these were dropped in the process of improving model fit

b Model R?=0.11 (Hosmer Lemeshow), 0.14 (Cox and Snell), 0.19 (Nagelkerke); x* (17)=28.64

€ Figures in bold are statistically significant at the 5% level (p<0.05)

mediated by increased F&V intake associated with access
through own-growing. The importance of sufficient F&V
consumption for the prevention of a range of non-com-
municable diseases is well established [3, 8]. Diets low
in F&V are estimated to contribute to 18,000 premature
deaths in the UK each year [19], so increasing F&V intake
through own production could have important posi-
tive implications for public health. As the current cost
of living crisis continues, increased availability of F&V
through own-growing could particularly benefit people
on lower incomes.

Although we did not find a direct association between
the odds of having obesity and variables related to gar-
dening, we did find evidence of an inverse relationship
between obesity and F&V intake, in agreement with the
literature [99, 100]. In addition, while there was no sig-
nificant association between gardening and the odds of
having low physical activity as measured in our study,
previous research has established that many gardening
tasks require moderate-intensity physical exercise [101].
Combined with a healthy diet, exercise can aid weight
loss [102, 103], and evidence of an association between
physical activity level and the odds of obesity was also

present in our study. Thus, by promoting consumption
of F&V and providing physical exercise, food gardening
on allotments and in domestic gardens could contribute
to the prevention of obesity and lower the risk of associ-
ated diseases. Moreover, we found a negative association
between obesity and mental well-being, in accordance
with previous research [92], suggesting an additional
way in which gardening could improve well-being. The
potential role of a healthy diet characterised by high con-
sumption of F&V and moderate intake of animal prod-
ucts in improving mental well-being via several biological
pathways, including the maintenance of a healthy body
weight, has also been proposed in the literature [104].
Gardening is an outdoor activity by nature, which has
been linked to less sedentary time, higher levels of physi-
cal activity, better self-rated health and decreased chronic
disease risk [91, 105, 106]. Research on the effects of
being outdoors and participating in physical activity in
natural environments also point to benefits for psycho-
logical well-being [32, 40, 41, 107], some evidence of
which was also present in our study. Therefore, as a form
of green exercise, gardening could improve both physical
and mental well-being, which may have been particularly
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important during the covid-19 lockdowns, which had a
negative effect on many people’s physical activity levels
[108] and mental well-being [28].

One somewhat unexpected finding from our study is
that older participants had lower, rather than higher, as
anticipated based on previous research, odds of report-
ing ‘not good’ health [109]. This might be related to the
fact that in our sample there were notably more garden-
ers than non-gardeners among those aged 55 or over.
However, the age effect persisted even after adjusting for
the positive effect of gardening time, which suggests that
there are likely some other factors associated with age
that positively affect SRH that we did not control for in
our analyses. To investigate this further, it would be valu-
able to repeat the study on a larger and more balanced
sample.

Strengths and limitations

Our study adds particular value to existing literature on
the benefits of gardening by focusing on the role of allot-
ments and home gardens in the UK, which has been rela-
tively understudied compared to community gardens in
the USA, and by examining the effects of the amount of
time spent gardening, level of food production, and hav-
ing an allotment, on a range of health-related outcomes.
Nevertheless, because of our moderate sample size, some
care should be taken when generalising findings beyond
the study population, which is not fully representative of
the UK general population. In addition, some categories
of the variables studied were represented by relatively few
people, preventing us from testing certain potentially sig-
nificant associations. Further work is required to unravel
the complex relationships between individual and soci-
etal determinants of health and well-being and how the
role of gardening may vary with other factors. It is also
important to remember that this research was conducted
during the covid-19 pandemic while major restrictions
were in place in the UK and the lives of people were
majorly affected in different ways. While our study offers
valuable insight into the links between gardening and
health and well-being, these associations may be different
under normal circumstances, the specifics of which need
further exploration.

Conclusions

Good health is an asset that has major impacts on both
the individual and societal level. However, rates of men-
tal and physical ill health and unhealthy behaviours that
contribute to these are high and rising around the world
[6]. Our study provides evidence that gardening on allot-
ments and in domestic gardens in the UK could promote
physical and mental well-being and help reduce the risk
of a number of health conditions via various pathways
and may have played a role in protecting against some of
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the negative impacts of the covid-19 pandemic. However,
although gardening is a fairly popular activity in the UK,
many people do not have access to a garden [110] and the
growing demand for allotments is unmet by the dwin-
dling current supply, especially in already deprived neigh-
bourhoods [72, 111]. Improving access to growing space
and promoting regular gardening could therefore pro-
vide a range of benefits to public health. There is also a
need for more research to determine causal relationships
and better understand how the effects of gardening may
vary with socio-economic factors to guide policy-makers
in devising strategies that help maximise its health and
well-being benefits.
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