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ARTICLE INFO ABSTRACT
Keywords: Evidence from high-income settings suggests that gardening is associated with reductions in depression, anxiety,
anxiety and stress. The benefits of gardening are less well understood by mental health practitioners and researchers

caregiving burden from low- and middle-income countries. Our study estimated the association between participation in gardening

g:g:—:;rm and symptoms of depression, anxiety, and stress among caregivers of people living with dementia in rural,
gardening southwestern Uganda. In a cross-sectional study, we interviewed 242 family caregivers of people with dementia
mental health to elicit their gardening activities; symptoms of depression, anxiety, and stress (Depression Anxiety Stress Scales);
sub-Saharan Africa and caregiving burden (Zarit Burden Interview). Linear multivariable regression models estimated the associa-
Uganda tion between participation in gardening and symptoms of depression, anxiety, and stress. Out of 242 participants,

131 (54%) caregivers were involved in gardening. Severe to extremely severe symptoms of depression were less
prevalent among those who were involved in gardening compared with those who were not (0 [0%] vs. 105
[95%], P < 0.001), as were severe to extremely severe symptoms of anxiety (36 [27%] vs. 110 [99%], P < 0.001)
and stress (2 [2%] vs. 94 [85%], P < 0.001). In regression models adjusting for covariates,we found statistically
significant associations between participation in gardening and symptoms of depression (b = -18.4; 95% CI, 20.5
to —16.3), anxiety (b = -16.6; 95% CI, —18.6 to —14.6), and stress (b = -18.6; 95% CI, —20.6 to —-16.6). Care-
givers of people with dementia who participate in gardening have lower symptoms of depression, anxiety, and
stress. Gardening interventions in this at-risk population may ameliorate symptoms of depression, anxiety, and

stress.
1. Introduction challenges for mental health systems in low and middle-income coun-
tries (LAMICs). In these settings, mental health systems are poorly fun-
With the increasing numbers of people with Alzheimer’s disease and ded, and caregiving responsibilities for people with dementia are borne
other related dementias (ADRD) and concomitant increases in care- primarily by family members (Ainamani. et al., 2020; Ferrara et al.,
giving burden for family caregivers, the provision of mental health 2008; Werner et al., 2012). These challenges are further compounded by
services for family caregivers will be among the most significant food and water insecurity (de Jager et al., 2017; George-Carey et al.,

Abbreviations: ADRD, Alzheimer’s disease and other related dementias; BADLS, Bristol Activities of Daily Living Scale; LAMICs, Low- and middle-income
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2012; Gurayah, 2015; Johnston et al., 2020; Mkhonto and Hanssen,
2018; Olakehinde et al., 2019). Exacerbating the burden of mental ill-
health among family caregivers of people with ADRD are low levels of
awareness about dementia and lack of access to high quality health care
services (Kigozi et al., 2010; Owokuhaisa et al., 2020; Wakida et al.,
2018)).

Studies from high-income countries have suggested mental health
benefits accruing from involvement in various forms of gardening
(Barton and Rogerson, 2017; Clatworthy et al., 2013; Gonzalez et al.,
2011, 2009; Kam and Siu, 2010; Stepney and Davis, 2005). A meta-
analysis of the health effects of gardening and horticulture revealed a
wide range of health benefits, including reductions in depression, anx-
iety, and body mass index, and increases in life satisfaction, quality of
life, and self-esteem (Soga et al., 2017). Consistent with this literature, a
systematic review that assessed the effectiveness of farm-based in-
terventions for people with psychiatric problems recommended that
farm-based interventions should be included in standard mental health
treatment packages (lancu et al., 2015).

The relationship between food insecurity and mental health prob-
lems is well known (Cooper-Vince et al., 2018; Dewing et al., 2013;
Perkins et al., 2018; Tsai et al., 2012, 2016b). However, the potential
benefits of gardening activity are less well understood by mental health
practitioners, researchers and policy makers from low- and middle-
income countries. Our study sought to estimate the association be-
tween participating in gardening and symptoms of depression, anxiety
and stress among caregivers of people living with dementia in a rural
region of southwestern Uganda. We hypothesized that family caregivers
who actively participate in gardening would have fewer symptoms of
depression, anxiety and stress compared with caregivers who do not
participate in gardening.

2. Methods
2.1. Population and design

In this cross-sectional study, we used surveys to assess caregivers’
involvement in gardening and symptoms of depression and anxiety. Our
sample consisted of 242 family caregivers of patients with ADRD who
were engaged in care at two health centers in the districts of Rukiga and
Rubanda in southwestern Uganda. The local economy is primarily
characterized by subsistence agriculture, animal husbandry, and small
scale trading, with significant pockets of food and water insecurity (Tsai
et al., 2012, 2016a).

2.2. Recruitment and sampling procedure

Using convenience sampling, we collected data on 242 family care-
givers between July and August 2020. We enrolled adult family care-
givers of older-age people living with dementia who lived in the same
house or compound with their patients and who had been involved in
caregiving for more than 6 months. (In the remainder of this manuscript,
we use the term “patients” to refer to people living with dementia,
acknowledging that their caregivers were not formally involved with
their care in a health worker capacity). Health workers from two
specialized medical centers; Reach One Touch One Ministries (Rukiga)
and Heal Medical Centre (Rubanda) helped our research team identify
older-age people with dementia and their caregivers. We excluded
caregivers who were unable to provide information about their patients
due to physical or cognitive challenges such as deafness/mutism or
acute intoxication.

Survey instruments were translated from English to Runyankore-
Rukiga, the local language. Both oral and written informed consent
were obtained from each study participant. Participants who did not
know how to read and write were asked to provide a fingerprint to
indicate consent. Consistent with local etiquette, we provided each
participant with 2 bars of soap and a 1 kg package of salt for their
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2.3. Ethical considerations

Ethical approval for this study was obtained from the Mbarara Uni-
versity of Science and Technology Research Ethics Committee (SS4893).
Further clearance to conduct this study was obtained from the Uganda
National Council for Science and Technology and the Research Secre-
tariat in the President’s office.

2.4. Survey assessment

Following prior work (Litt et al., 2017), we elicited gardening ac-
tivity by asking caregivers whether they physically participate in
gardening using their hands. The Depression, Anxiety and Stress Scales
(DASS) were used to assess caregivers’ mental health problems (Lovi-
bond and Lovibond, 1995). The depression, anxiety, and stress subscales
each contain 14 items, each of which is scored on a 4-point Likert-type
scale (“never”, “sometimes”, “often”, “almost always”), yielding a total
score ranging from O to 42. Higher DASS scores indicate more severe
symptoms of depression, anxiety, and/or stress. The DASS has been used
in comparable samples and has shown adequate internal consistency
(Ainamani. et al., 2020; Crawford and Henry, 2003; Gloster et al., 2008).
In our sample, the Cronbach’s o was 0.89. Prior work has derived the
following thresholds for severity of depressive symptoms: normal (<9),
mild (10-13), moderate (14-20), severe (21-27), and extremely severe
(>28). The relevant thresholds for severity of anxiety symptoms are as
follows: normal (<7), mild (8-9), moderate (10-14), severe (15-19),
and extremely severe (>20).

We measured caregiving burden using the Zarit Burden Interview
(ZBI) (Zarit et al., 1980). The 22-item scale measures different aspects of
caregiving burden, each of which is scored on a 5-point Likert scale that
ranges from “never” to “nearly always,” yielding a total sum score that
ranges between 0 and 88. The ZBI is frequently used in research studies
to assess caregiving burden and its association with mental health
problems (Ainamani. et al., 2020; Springate and Tremont, 2014). Patient
functional status was assessed using the Bristol Activities of Daily Living
Scale (BADLS) (Bucks et al., 1996). BADLS total scores range from O to
60, with higher scores indicating more severe functional impairments
(Ainamani et al., 2020; Jefferson et al., 2008). Additional covariates
included age and sex of the caregivers and their patients, the caregivers’
relationships with their patients, caregivers’ educational attainment (in
years), and total duration of caregiving (in years).

2.5. Data analysis

We compared the characteristics of people who engaged in
gardening activities vs. those who did not, using chi-square-tests for
categorical variables and t-tests for continuous variables. We estimated
the association between participation in gardening and mental health
outcomes (depression and anxiety subscale scores specified as contin-
uous variables) using multivariable linear regression models.

To assess the robustness of our findings to potential confounding by
unobserved variables, we conducted an e-value analysis (VanderWeele
and Ding, 2017). The e-value identifies the minimum strength of asso-
ciation, on the risk ratio scale, that an unobserved confounder would
need to have with both the exposure and the outcome in order to
completely explain away the estimated association. A larger e-value
suggests that an unobserved variable would need to pose very strong
confounding in order to invalidate the findings.

3. Results
3.1. Characteristics of the sample

The sample included 242 family caregivers. Most [182 (75%)] were
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women. Most participants [181 (75%)] were children of the patients,
and they reported having provided care for a mean duration of 8.4 years
(S.D., 2.6). They reported significant caregiving burden with a mean ZBI
of 56.9 (S.D, 12.9). Their patients had severe functional impairment, as
suggested by the mean BADLS of 43.6 (S.D, 10.2). Approximately one-
half of the sample reported severe or extremely severe symptoms of
depression (105 [43%]) and anxiety (146 [60%]).

Slightly less than one-half (111 [46%]) did not participate in
gardening, while 131 (54%) participated in gardening. Men comprised a
larger proportion of those who participated in gardening activities
compared with those who did not participate in gardening (39% vs. 8%;
¥ = 30.7, P < 0.001) (Table 1). Those who participated in gardening
activities also reported lower levels of the symptoms of depression (12.0
vs. 31.6; t = 24.2, P < 0.001) and anxiety (11.9 vs. 29.9, t = 23.0, P <
0.001).

3.2. Association between participation in gardening activity and
depression, anxiety, and stress

In a regression model with a single explanatory variable, participa-
tion in gardening had a statistically significant negative association with
depression symptom severity (b = -19.6; 95% CI, -21.2 to —17.9) and
explained 71% of the variance in the outcome. After adjustment for
covariates, the estimated association between participating in gardening
and depressive symptoms remained statistically significant (b = -18.4;
95% CI, —20.5 to —16.3) (Table 2).

Similarly, when we fitted a regression model with anxiety as the
dependent variable and gardening as the single explanatory variable,
participation in gardening had a statistically significant negative asso-
ciation with anxiety symptom severity (b = -18.0; 95% CI, —19.7 to
—16.4) and explained 69% of the variance in the outcome. After
adjustment for covariates, the estimated association between partici-
pating in gardening and anxiety symptoms remained statistically sig-
nificant (b = -16.6; 95% CI, —18.6 to -14.6).

Finally, when fitting a regression model specifying stress as the
dependent variable and gardening as the single explanatory variable, we
found that participation in gardening had a statistically significant
negative association with symptom of stress severity (b = -19.4; 95% CI,
—21.0 to —17.8) and explained 72% of the variance in the outcome.
After adjustment for covariates, the estimated association between
participating in gardening and anxiety symptoms remained statistically
significant (b = -18.6; 95% CI, —20.6 to —-16.6). In all three regression
models, the only other explanatory variables that had statistically sig-
nificant associations with the outcomes were caregiving burden
(measured by the ZBI) and the age of patient.

Table 1
Characteristics of the sample (N = 242).
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Table 2
Estimated associations between participation in gardening activity and depres-
sion, anxiety, and stress.

Depression Anxiety Stress

Unstandardized coeff (95% confidence interval)

Gardening —18.4 (-20.5 to —16.6 (-18.6 to —18.6 (-20.6 to
-16.3) * —14.6) *** —16.6) ***

Caregiver age, years 0.06 (-0.02 to 0.07 (-0.003 to 0.06 (-0.01 to
0.13) 0.14) 0.12)

Caregiver sex (female)  1.40 (-0.61 to 1.47 (-0.49 to 1.71 (-0.26 to
3.41) 3.43) 3.68)

Caregiver education, 0.06 (-0.16 to 0.03 (-0.18 to 0.04 (-0.16 to

years 0.28) 0.24) 0.25)

ZBI, total score 0.11 (0.05 to 0.11 (0.05 - 0.06 (0.0004 —
0.17) *** 0.17) *** 0.12) *

BADLS, total score —0.04 (-0.13 to —0.01 (-0.10 to —0.03 (-0.12 to
0.05) 0.07) 0.06)

Patient age, years —0.04 (-0.15 to —0.07 (-0.17 to —0.11 (-0.21 to
0.06) 0.03) 1.43) *

Patient sex (female) 0.03 (-2.08 to 0.42 (-1.51 to —0.66 (-2.75 to
2.14) 2.35) 1.43)

Patient’s relationship

with caregiver

Grandparent Ref Ref Ref

Parent —2.24 (-4.84 to —1.84 (-4.55 to —1.97 (-4.54 to
0.37) 0.88) 0.61)

Spouse/other —0.06 (-3.88 to —1.29 (-5.05 to —1.81 (-5.47 to
3.76) 2.48) 1.86)

Constant 27.8 (18.09 - 26.2 (16.7 - 38.1 (28.9 -
37.54) *** 35.6) *** 47.3) ***

Notes: BADLS, Bristol Activities of Daily Living Scale; ZBI, Zarit Burden Inter-
view; * p < 0.05; ** p < 0.01; *** p < 0.001.

3.3. Sensitivity analysis

We explored the robustness of our findings to potential confounding
by unobserved variables. In the multivariable regression analysis of
depression symptoms, after converting the estimated regression coeffi-
cient to a standardized effect size, we calculated an e-value for the point
estimate of 5.65 and an e-value for the confidence interval of 4.25; in the
analysis of anxiety symptoms, we calculated an e-value for the point
estimate of 5.49 and an e-value for the confidence interval of 4.13.
Finally, in the analysis of stress, we calculated an e-value for the point
estimate of 5.76 and an e-value for the confidence interval of 4.33. These
e-values suggest that only very strong confounding by an unobserved
variable could shift the estimated regression coefficients to include b =
0 or to even shift the associated confidence intervals to include 0.

Did not participate in gardening

Participated in gardening

Freq. Mean/Prop. SD Freq. Mean/Prop. SD P-value
DASS depression subscale 31.6 7.93 12.03 4.41 <0.001
DASS anxiety subscale 29.9 7.41 11.9 4.68 <0.001
DASS stress subscale 331 7.16 13.7 5.05 <0.001
Caregiver age, years 45.4 15.5 43.6 14.3 0.35
Caregiver sex (female) 0.92 0.27 0.61 0.49 <0.001
Caregiver education, years 4.80 4.42 5.38 4.65 0.32
Caregiving duration, years 8.92 2.30 8.04 2.79 0.009
ZB], total score 62.1 9.88 52.6 13.6 <0.001
BADLS, total score 47.7 6.87 40.2 11.2 <0.001
Patient age, years 87.4 8.72 85.7 8.92 0.14
Patient sex (female) 0.85 0.36 0.82 0.38 0.64
Patient’s relationship with caregiver
Grandparent 18 0.16 18 0.14 0.32
Parent 85 0.77 96 0.73
Spouse/other 8 0.07 17 0.13

Notes: BADLS, Bristol Activities of Daily Living Scale; DASS, Depression, Anxiety, and Stress Scales; SD, standard deviation; ZBI, Zarit Burden Interview. P-values refer
to those associated with t-tests (for continuous variables) and chi-squared tests (for categorical and dichotomous variables)
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4. Discussion

In this cross-sectional study of family caregivers of people living with
dementia in a rural region of southwestern Uganda, we found that
participation in gardening activity was associated with low symptoms of
depression, anxiety, and stress. The estimated association was robust to
covariate adjustment for caregiving burden and functional impairment.
A sensitivity analysis indicated that the estimated association was also
robust to confounding by unobserved variables, such that any unmea-
sured covariates would need to have a very strong association with both
gardening activity and the mental health outcomes in order to shift the
confidence interval around the estimated regression coefficient to
include zero.

The finding that caregivers who reported participating in gardening
activities generally reported low levels of mental health problems is
consistent with existing literature suggesting that participation in
gardening activities may contribute to improved mental wellbeing
(Evans et al., 2016; Gonzalez et al., 2011; Kam and Siu, 2010; Klemmer
et al., 2005; Soga et al., 2017). Recent developments in agriculture and
health suggest that daily contact with nature and green space has
beneficial long-lasting effects on mental health (Barton and Rogerson,
2017; Kelley et al., 2017; Takano et al., 2002), including stress and
anxiety symptoms (Beyer et al., 2014). One possible explanation for our
findings is that involvement in gardening instills hope and optimism
through the act of caring for crops and providing a source of future
orientation in the anticipation of the harvest season (Cutillo et al., 2015;
Hale et al., 2011). Secondly, involvement in gardening presents various
elements of physical activity that have been shown to reduce an in-
dividual’s perception of stress and to improve overall mental health
(Stults-Kolehmainen and Sinha, 2014). Another body of literature has
shown improvement in health states among individuals who are
involved in gardening compared with those that are not. For example, a
recently published systematic review showed that those who partici-
pated in gardening had better health, as well as increases in general
health and life satisfaction, compared with those who did not (Soga
et al., 2017).

4.1. Limitations

We note that the cultural context of the present study significantly
differs from the few existing studies on the mental health benefits of
gardening which are based on data collected in high income countries,
where participation in gardening is largely regarded as a voluntary lei-
sure activity, unlike in large areas of sub-Saharan Africa, where
participating in gardening activity is often essential for livelihood (Park
et al., 2009; Rodiek, 2002; Van Den Berg and Custers, 2010). In the
context of the present study, where food insecurity (for example) is
widely prevalent, it is possible that food insecurity could confound our
estimates: food insecurity has been linked to depression and mental
health problems in diverse settings across sub-Saharan Africa (Dewing
et al., 2013; Tsai et al., 2012, 2016b; Weaver and Hadley, 2009) and
people who are food insecure may be more likely to engage in gardening
activity. However, our estimated e-values indicate that the association
between food insecurity and symptoms of depression, anxiety or stress
(and between food insecurity and participation in gardening activity)
would need to exceed 4-5 on the risk ratio scale in order to completely
explain away the estimated associations. In a recently published meta-
analysis, the pooled association between food insecurity and depression
was consistent across studies and statistically significant, but did not
exceed an adjusted odds ratio of 2; moreover, the pooled estimate for the
association between food insecurity and anxiety was not statistically
significant (Pourmotabbed et al., 2020). Thus we are reasonably confi-
dent that our inability to adjust for food insecurity, or other indicators of
socioeconomic status like household asset wealth (Smith et al., 2020,
2019), is unlikely to have biased our estimates to such a degree that the
estimated associations would be completely explained away by such a
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variable. Future research studies in Africa should focus on longitudinal
and/or experimental designs in order to replicate our core finding.

4.2. Conclusion

In this cross-sectional study of family caregivers of people living with
dementia in rural Uganda, caregivers’ involvement in gardening activity
was associated with lower severity of depression, anxiety and stress
symptoms. If replicated, our work suggests a potential intervention that
is likely to be both culturally acceptable and potentially effective for
improving mental well-being in this high-risk population.

Ethics approval and consent to participate

Ethical approval for the study was given by the Mbarara University
of Science and Technology. We also received clearance to conduct the
study from the Uganda National Council for Science and Technology and
the Research Secretariat in the President’s office.

Availability of data and material

The data sets used and analyzed during the current study are avail-
able from the corresponding author on request.

Funding

Herbert Ainamani was supported through the Innovative Methods
and Metrics for Agriculture and Nutrition Action (IMMANA) pro-
gramme, led by the London School of Hygiene & Tropical Medicine
(LSHTM). IMMANA is co-funded with UK Aid from the UK government
and by the Bill & Melinda Gates Foundation INV-002962 /
OPP1211308. Under the grant conditions of the Foundation, a Creative
Commons Attribution 4.0 Generic License has already been assigned to
the Author Accepted Manuscript version that might arise from this
submission.’

Authors’ contributions

HEA participated in the conception and design of the study, collected
the data, performed data analyses, interpreted the data, and drafted the
manuscript. WMB participated in the conception of the study, super-
vised data collection, and revised the manuscript. GZR, ST, RMK and
EMB participated in the conception of the study and revised the
manuscript. ACT participated in the conception of the study, supervised
data analysis, and provided substantial revision of the manuscript. All
authors read and approved the final manuscript.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgements

We thank the caregivers who participated in this study; the admin-
istrators of Reach One Touch One Ministries and Heal Medical Center,
for helping us access caregivers of people with dementia; and our
motivated research assistants (Shedrack Atuheire, Rebecca Manoti,
Ashaba Patience, and Joseph Namanya), for assisting in data collection
and cleaning. HEA is grateful to Prof William Masters of Tufts
University-USA for the moral support provided.



H.E. Ainamani et al.

References

Ainamani, H.E., Alele, P.E., Rukundo, G.Z., Maling, S., Wakida, E.K., Obua, C., Tsai, A.C.,
2020. Caregiving burden and mental health problems among family caregivers of
people with dementia in rural Uganda. Glob. Ment. Health 7, e13. https://doi.org/
10.1017/gmh.2020.7.

Barton, J., Rogerson, M., 2017. The importance of greenspace for mental health. BJPsych
Int. 14 (4), 79-81. https://doi.org/10.1192/52056474000002051.

Beyer, K.M., Kaltenbach, A., Szabo, A., Bogar, S., Nieto, F.J., Malecki, K.M., 2014.
Exposure to neighborhood green space and mental health: Evidence from the survey
of the health of Wisconsin. Int. J. Environ. Res. 11 (3), 3453-3472. https://doi.org/
10.3390/ijerph110303453.

Bucks, R.S., Ashworth, D.L., Wilcock, G.K., Siegfried, K., 1996. Assessment of activities of
daily living in dementia: Development of the Bristol Activities of Daily Living Scale.
Age Ageing 25 (2), 113-120. https://doi.org/10.1093/ageing/25.2.113.

Clatworthy, J., Hinds, J., Camic, P., 2013. Gardening as a mental health intervention: A
review. Mental Health Rev. J. 18 https://doi.org/10.1108/MHRJ-02-2013-0007.

Cooper-Vince, C.E., Arachy, H., Kakuhikire, B., Vofechovskd, D., Mushavi, R.C.,
Baguma, C., Tsai, A.C., 2018. Water insecurity and gendered risk for depression in
rural Uganda: a hotspot analysis. BMC Public Health 18 (1), 1143. https://doi.org/
10.1186/512889-018-6043-z.

Crawford, J.R., Henry, J.D., 2003. The Depression Anxiety Stress Scales (DASS):
normative data and latent structure in a large non-clinical sample. Br. J. Clin.
Psychol. 42 (Pt 2), 111-131. https://doi.org/10.1348/014466503321903544.

Cutillo, A., Rathore, N., Reynolds, N., Hilliard, L., Haines, H., Whelan, K., Madan-Swain,
A. 2015. A literature review of nature-based therapy and its application in cancer
care. J. Therapeutic Horticult., 25(1), 3-15 https://www.jstor.org/stable/
24865255.

de Jager, C.A., Msemburi, W., Pepper, K., Combrinck, M.I., 2017. Dementia prevalence in
a rural region of South Africa: A cross-sectional community study. J Alzheimers Dis.
JAD 60 (3), 1087-1096. https://doi.org/10.3233/JAD-170325.

Dewing, S., Tomlinson, M., le Roux, I.M., Chopra, M., Tsai, A.C., 2013. Food insecurity
and its association with co-occurring postnatal depression, hazardous drinking, and
suicidality among women in peri-urban South Africa. J. Affect. Disord. 150 (2),
460-465. https://doi.org/10.1016/j.jad.2013.04.040.

Evans, A., Ranjit, N., Hoelscher, D., Jovanovic, C., Lopez, M., McIntosh, A., Warren, J.,
2016. Impact of school-based vegetable garden and physical activity coordinated
health interventions on weight status and weight-related behaviors of ethnically
diverse, low-income students: Study design and baseline data of the Texas, Grow!
Eat! Go! (TGEG) cluster-randomized controlled trial. BMC Public Health 16 (1), 973.
https://doi.org/10.1186/512889-016-3453-7.

Ferrara, M., Langiano, E., Di Brango, T., De Vito, E., Di Cioccio, L., Bauco, C., 2008.
Prevalence of stress, anxiety and depression in with Alzheimer caregivers. Health
Qual Life Outcomes 6, 93. https://doi.org/10.1186/1477-7525-6-93.

George-Carey, R., Adeloye, D., Chan, K.Y., Paul, A., Kol¢i¢, I., Campbell, H., Rudan, L,
2012. An estimate of the prevalence of dementia in Africa: A systematic analysis.
J. Glob. Health 2 (2), 020401. https://doi.org/10.7189/jogh.02.020401.

Gloster, A.T., Rhoades, H.M., Novy, D., Klotsche, J., Senior, A., Kunik, M., Stanley, M.A.,
2008. Psychometric properties of the depression anxiety and stress Scale-21 in older
primary care patients. J. Affect. Disord. 110 (3), 248-259. https://doi.org/10.1016/
j.jad.2008.01.023.

Gonzalez, Hartig, T., Patil, G., Martinsen, E., & Kirkevold, M, 2011. A prospective study
of group cohesiveness in therapeutic horticulture for clinical depression. Int. J.
Mental Health Nurs. 20, 119-129. https://doi.org/10.1111/j.1447-
0349.2010.00689.x.

Gonzalez., Hartig, T., Patil, G.G., Martinsen, E.W., Kirkevold, M. 2009. Therapeutic
horticulture in clinical depression: a prospective study. Res. Theory Nurs. Pract., 23
(4), 312-328. https://dx.doi.org/10.1891/1541-6577.23.4.312.

Gurayah, T., 2015. Caregiving for people with dementia in a rural context in South
Africa. S. Afr. Family Pract. 57 (3), 194-197. https://doi.org/10.1080/
20786190.2014.976946.

Hale, J., Knapp, C., Bardwell, L., Buchenau, M., Marshall, J., Sancar, F., Litt, J.S., 2011.
Connecting food environments and health through the relational nature of
aesthetics: gaining insight through the community gardening experience. Soc. Sci.
Med. 72 (11), 1853-1863. https://doi.org/10.1016/j.socscimed.2011.03.044.

ITancu, S.C., Hoogendoorn, A.W., Zweekhorst, M.B.M., Veltman, D.J., Bunders, J.F.G., van
Balkom, A.J.L.M., 2015. Farm-based interventions for people with mental disorders:
A systematic review of literature. Disabil. Rehabil. 37 (5), 379-388. https://doi.org/
10.3109/09638288.2014.932441.

Jefferson, A.L., Byerly, L.K., Vanderhill, S., Lambe, S., Wong, S., Ozonoff, A.,
Karlawish, J.H., 2008. Characterization of activities of daily living in individuals
with mild cognitive impairment. Am. J. Geriatric Psychiatry 16 (5), 375-383.
https://doi.org/10.1097/JGP.0b013e318162f197.

Johnston, K., Preston, R., Strivens, E., Qaloewai, S., Larkins, S., 2020. Understandings of
dementia in low and middle income countries and amongst indigenous peoples: a
systematic review and qualitative meta-synthesis. Aging Ment. Health 24 (8),
1183-1195. https://doi.org/10.1080/13607863.2019.1606891.

Kam, M., Siu, A., 2010. Evaluation of a horticultural activity programme for persons with
psychiatric illness. Hong Kong J. Occup. Therapy 20, 80-86. https://doi.org/
10.1016/51569-1861(11)70007-9.

Kelley, R., Waliczek, T., Duc, F., 2017. The effects of greenhouse activities on
psychological stress, depression, and anxiety among university students who served
in the U.S. armed forces. HortScience 52, 1834-1839. https://doi.org/10.21273/
HORTSCI12372-17.

Kigozi, F., Ssebunnya, J., Kizza, D., Cooper, S., Ndyanabangi, S., and the Mental Health
and Poverty Project, 2010. An overview of Uganda’s mental health care system:

Preventive Medicine Reports 23 (2021) 101412

results from an assessment using the world health organization’s assessment
instrument for mental health systems (WHO-AIMS). Int. J. Ment. Health Syst. 4 (1),
1. https://doi.org/10.1186/1752-4458-4-1.

Klemmer, C., Waliczek, T., Zajicek, J., 2005. Growing minds: The effect of a school
gardening program on the science achievement of elementary students.
HortTechnology 15. https://doi.org/10.21273/HORTTECH.15.3.0448.

Litt, J.S., Lambert, J.R., Glueck, D.H., 2017. Gardening and age-related weight gain:
Results from a cross-sectional survey of Denver residents. Prev. Med. Rep 8,
221-225. https://doi.org/10.1016/j.pmedr.2017.10.018.

Lovibond, P.F., Lovibond, S.H., 1995. The structure of negative emotional states:
comparison of the Depression Anxiety Stress Scales (DASS) with the Beck Depression
and Anxiety Inventories. Behav. Res. Ther. 33 (3), 335-343.

Mkhonto, F., Hanssen, 1., 2018. When people with dementia are perceived as witches.
Consequences for patients and nurse education in South Africa. J. Clin. Nurs. 27
(1-2), e169-e176. https://doi.org/10.1111/jocn.13909.

Olakehinde, O., Adebiyi, A., Siwoku, A., Mkenda, S., Paddick, S.-M., Gray, W.K.,
Ogunniyi, A., 2019. Managing dementia in rural Nigeria: feasibility of cognitive
stimulation therapy and exploration of clinical improvements. Aging Ment. Health
23 (10), 1377-1381. https://doi.org/10.1080/13607863.2018.1484883.

Owokuhaisa, J., Rukundo, G.Z., Wakida, E., Obua, C., Buss, S.S., 2020. Community
perceptions about dementia in southwestern Uganda. BMC Geriatr 20 (1), 135.
https://doi.org/10.1186/512877-020-01543-6.

Park, S.-A., Shoemaker, C., Haub, M., 2009. Physical and psychological health conditions
of older adults classified as gardeners or nongardeners. HortScience 44, 206-210.

Perkins, J.M., Nyakato, V.N., Kakuhikire, B., Tsai, A.C., Subramanian, S.V., Bangsberg, D.
R., Christakis, N.A., 2018. Food insecurity, social networks and symptoms of
depression among men and women in rural Uganda: A cross-sectional, population-
based study. Public Health Nutr. 21 (5), 838-848. https://doi.org/10.1017/
$1368980017002154.

Pourmotabbed, A., Moradi, S., Babaei, A., Ghavami, A., Mohammadi, H., Jalili, C.,
Miraghajani, M., 2020. Food insecurity and mental health: a systematic review and
meta-analysis. Public Health Nutr. 23 (10), 1778-1790. https://doi.org/10.1017/
S$136898001900435X.

Rodiek, S., 2002. Influence of an outdoor garden on mood and stress in older adults.
J. Therapeutic Horticult. XIII, 13-21.

Smith, M.L., Kakuhikire, B., Baguma, C., Rasmussen, J.D., Bangsberg, D.R., Tsai, A.C.,
2020. Do household asset wealth measurements depend on who is surveyed? Asset
reporting concordance within multi-adult households in rural Uganda. J. Glob.
Health 10 (1), 010412. https://doi.org/10.7189/jogh.10.010412.

Smith, M.L., Kakuhikire, B., Baguma, C., Rasmussen, J.D., Perkins, J.M., Cooper-
Vince, C., Tsai, A.C., 2019. Relative wealth, subjective social status, and their
associations with depression: Cross-sectional, population-based study in rural
Uganda. SSM Popul. Health 8, 100448. https://doi.org/10.1016/j.
ssmph.2019.100448.

Soga, M., Gaston, K.J., Yamaura, Y., 2017. Gardening is beneficial for health: A meta-
analysis. Prev. Med. Rep. 5, 92-99. https://doi.org/10.1016/j.pmedr.2016.11.007.

Springate, B.A., Tremont, G., 2014. Dimensions of caregiver burden in dementia: impact
of demographic, mood, and care recipient variables. Am. J. Geriatric Psychiatry 22
(3), 294-300. https://doi.org/10.1016/j.jagp.2012.09.006.

Stepney, P., Davis, P., 2005. Mental health, social inclusion and the Green Agenda. Soc.
Work Health Care 39 (3-4), 375-397. https://doi.org/10.1300/J010v39n03_10.
Stults-Kolehmainen, M.A., Sinha, R., 2014. The effects of stress on physical activity and
exercise. Sports Med (Auckland, N.Z.) 44 (1), 81-121. https://doi.org/10.1007/

540279-013-0090-5.

Takano, T., Nakamura, K., Watanabe, M., 2002. Urban residential environments and
senior citizens’ longevity in megacity areas: The importance of walkable green
spaces. J. Epidemiol. Community Health 56, 913-918. https://doi.org/10.1136/
jech.56.12.913.

Tsai, A.C., Bangsberg, D.R., Frongillo, E.A., Hunt, P.W., Muzoora, C., Martin, J.N.,
Weiser, S.D., 2012. Food insecurity, depression and the modifying role of social
support among people living with HIV/AIDS in rural Uganda. Soc. Sci. Med. 74 (12),
2012-2019. https://doi.org/10.1016/j.socscimed.2012.02.033.

Tsai, A.C., Kakuhikire, B., Mushavi, R., Vorechovska, D., Perkins, J.M., McDonough, A.
Q., Bangsberg, D.R., 2016a. Population-based study of intra-household gender
differences in water insecurity: reliability and validity of a survey instrument for use
in rural Uganda. J. Water Health 14 (2), 280-292. https://doi.org/10.2166/
wh.2015.165.

Tsai, A.C., Tomlinson, M., Comulada, W.S., Rotheram-Borus, M.J., 2016b. Food
insufficiency, depression, and the modifying role of social support: Evidence from a
population-based, prospective cohort of pregnant women in peri-urban South Africa.
Soc. Sci. Med. 151, 69-77. https://doi.org/10.1016/j.socscimed.2015.12.042.

Van Den Berg, A.E., Custers, M.H.G., 2010. Gardening promotes neuroendocrine and
affective restoration from stress. J. Health Psychol. 16 (1), 3-11. https://doi.org/
10.1177/1359105310365577.

VanderWeele, T.J., Ding, P., 2017. Sensitivity analysis in observational research:
Introducing the e-value. Ann. Intern. Med. 167 (4), 268-274. https://doi.org/
10.7326/m16-2607.

Wakida, E.K., Obua, C., Rukundo, G.Z., Maling, S., Zohray, M.T., Okello, E.S., 2018.
Barriers and facilitators to the integration of mental health services into primary
healthcare: a qualitative study among Ugandan primary care providers using the
COM-B framework. BMC Health Serv. Res. 18 (1), 890. https://doi.org/10.1186/
$12913-018-3684-.

Weaver, L.J., Hadley, C., 2009. Moving beyond hunger and nutrition: A systematic
review of the evidence linking food insecurity and mental health in developing


https://doi.org/10.1017/gmh.2020.7
https://doi.org/10.1017/gmh.2020.7
https://doi.org/10.1192/s2056474000002051
https://doi.org/10.3390/ijerph110303453
https://doi.org/10.3390/ijerph110303453
https://doi.org/10.1093/ageing/25.2.113
https://doi.org/10.1108/MHRJ-02-2013-0007
https://doi.org/10.1186/s12889-018-6043-z
https://doi.org/10.1186/s12889-018-6043-z
https://doi.org/10.1348/014466503321903544
https://www.jstor.org/stable/24865255
https://www.jstor.org/stable/24865255
https://doi.org/10.3233/JAD-170325
https://doi.org/10.1016/j.jad.2013.04.040
https://doi.org/10.1186/s12889-016-3453-7
https://doi.org/10.1186/1477-7525-6-93
https://doi.org/10.7189/jogh.02.020401
https://doi.org/10.1016/j.jad.2008.01.023
https://doi.org/10.1016/j.jad.2008.01.023
https://doi.org/10.1111/j.1447-0349.2010.00689.x
https://doi.org/10.1111/j.1447-0349.2010.00689.x
https://dx.doi.org/10.1891/1541-6577.23.4.312
https://doi.org/10.1080/20786190.2014.976946
https://doi.org/10.1080/20786190.2014.976946
https://doi.org/10.1016/j.socscimed.2011.03.044
https://doi.org/10.3109/09638288.2014.932441
https://doi.org/10.3109/09638288.2014.932441
https://doi.org/10.1097/JGP.0b013e318162f197
https://doi.org/10.1080/13607863.2019.1606891
https://doi.org/10.1016/S1569-1861(11)70007-9
https://doi.org/10.1016/S1569-1861(11)70007-9
https://doi.org/10.21273/HORTSCI12372-17
https://doi.org/10.21273/HORTSCI12372-17
https://doi.org/10.1186/1752-4458-4-1
https://doi.org/10.21273/HORTTECH.15.3.0448
https://doi.org/10.1016/j.pmedr.2017.10.018
http://refhub.elsevier.com/S2211-3355(21)00102-9/h0140
http://refhub.elsevier.com/S2211-3355(21)00102-9/h0140
http://refhub.elsevier.com/S2211-3355(21)00102-9/h0140
https://doi.org/10.1111/jocn.13909
https://doi.org/10.1080/13607863.2018.1484883
https://doi.org/10.1186/s12877-020-01543-6
http://refhub.elsevier.com/S2211-3355(21)00102-9/h0160
http://refhub.elsevier.com/S2211-3355(21)00102-9/h0160
https://doi.org/10.1017/S1368980017002154
https://doi.org/10.1017/S1368980017002154
https://doi.org/10.1017/S136898001900435X
https://doi.org/10.1017/S136898001900435X
http://refhub.elsevier.com/S2211-3355(21)00102-9/h0180
http://refhub.elsevier.com/S2211-3355(21)00102-9/h0180
https://doi.org/10.7189/jogh.10.010412
https://doi.org/10.1016/j.ssmph.2019.100448
https://doi.org/10.1016/j.ssmph.2019.100448
https://doi.org/10.1016/j.pmedr.2016.11.007
https://doi.org/10.1016/j.jagp.2012.09.006
https://doi.org/10.1300/J010v39n03_10
https://doi.org/10.1007/s40279-013-0090-5
https://doi.org/10.1007/s40279-013-0090-5
https://doi.org/10.1136/jech.56.12.913
https://doi.org/10.1136/jech.56.12.913
https://doi.org/10.1016/j.socscimed.2012.02.033
https://doi.org/10.2166/wh.2015.165
https://doi.org/10.2166/wh.2015.165
https://doi.org/10.1016/j.socscimed.2015.12.042
https://doi.org/10.1177/1359105310365577
https://doi.org/10.1177/1359105310365577
https://doi.org/10.7326/m16-2607
https://doi.org/10.7326/m16-2607
https://doi.org/10.1186/s12913-018-3684-
https://doi.org/10.1186/s12913-018-3684-

H.E. Ainamani et al. Preventive Medicine Reports 23 (2021) 101412

countries. Ecol. Food Nutr. 48 (4), 263-284. https://doi.org/10.1080/ Zarit, S.H., Reever, K.E., Bach-Peterson, J., 1980. Relatives of the impaired elderly:
03670240903001167. correlates of feelings of burden. Gerontologist 20 (6), 649-655. https://doi.org/
Werner, P., Mittelman, M.S., Goldstein, D., Heinik, J., 2012. Family stigma and caregiver 10.1093/geront/20.6.649.

burden in Alzheimer’s disease. Gerontologist 52 (1), 89-97. https://doi.org/
10.1093/geront/gnr117.


https://doi.org/10.1080/03670240903001167
https://doi.org/10.1080/03670240903001167
https://doi.org/10.1093/geront/gnr117
https://doi.org/10.1093/geront/gnr117
https://doi.org/10.1093/geront/20.6.649
https://doi.org/10.1093/geront/20.6.649

	Participation in gardening activity and its association with improved mental health among family caregivers of people with  ...
	1 Introduction
	2 Methods
	2.1 Population and design
	2.2 Recruitment and sampling procedure
	2.3 Ethical considerations
	2.4 Survey assessment
	2.5 Data analysis

	3 Results
	3.1 Characteristics of the sample
	3.2 Association between participation in gardening activity and depression, anxiety, and stress
	3.3 Sensitivity analysis

	4 Discussion
	4.1 Limitations
	4.2 Conclusion

	Ethics approval and consent to participate
	Availability of data and material
	Funding
	Authors’ contributions
	Declaration of Competing Interest
	Acknowledgements
	References


