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Abstract

Background Mental health disorders still rank as leading causes of morbidity worldwide despite increasing
awareness and improvements in treatment. Notably, low- and middle-income countries like Uganda, are
disproportionately affected by such disorders. The burden of depressive symptoms in these countries is particularly
high among students, aggravated by poverty, malnutrition, and inadequate public health governance, yet it is clearly
under-researched, making it hard to achieve several of UN Sustainability Development Goals. Current treatment
options are insufficient to tackle the increased burden of depressive disease. This is more challenging for low-resource
regions especially in Sub-Saharan Africa, suggesting the need for alternative treatments that can swiftly be applied if
proven effective. The main aim of this randomized controlled trial (RCT) is therefore to examine if a low-cost healthy
diet (based on local Ugandan foods) combined with easy-to access mindfulness cognitive therapy can reduce
depressive symptoms among university students in Uganda.

Methods We will recruit female and male students at Makerere University, the largest public university in Uganda,

to an open, intention-to-treat, two-armed RCT. Those who score above a predefined threshold on a self-reported
assessment of depressive symptoms, measured by the Center for Epidemiological Studies — Depression score (CES-D),
are eligible for study inclusion and will be randomized to either an intervention (n=125) or a control (n=125) group.
The intervention group will receive educational group-based sessions on how to prepare a Mediterranean-type of
healthy diet and how to adhere to the principles of mindfulness-based cognitive therapy. Outcome measures include
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University students

self-reported depression symptoms, quality of life, and dietary intakes. In addition we will perform a cost-effectiveness
analysis. The RCT intervention will last 9 months, followed by additional 15 months with regular data collections.
Discussion We here describe a novel approach to treat depressive symptoms among university students living

in resource constraint settings, by combining a healthy diet with low threshold psychotherapy. If this intervention
succeeds, our project can be viewed as a step towards evidence-based behavior practices for young adults with a
common mental disorder (depression) that are beneficial to public mental health initiatives and management.

Trial registration The RCT is registered in ClinicalTrials.gov (ID: NCT05848973). The date of registration was August

Keywords Depression, Diet, Mindfulness-based cognitive therapy (MBCT), Mental health, Randomized trial, Uganda,

Background

Despite increasing awareness and improvements in treat-
ment, mental health disorders still rank as leading causes
of morbidity worldwide. Low- and middle-income coun-
tries (LMICs) are disproportionately affected by these
disorders due to lack of funding, shortage of health per-
sonnel and societal disapproval of those suffering from
ill mental health [1]. The burden of depressive symptoms
in LMICs is particularly high among students, aggra-
vated by poverty, malnutrition, and poor public health
governance. Sadly, mental health in LMICs is under-
researched, making it hard to achieve UN Sustainability
Development Goal (SDG) 3 (good health and wellbeing).
Contrary to university-students from wealthy nations,
students from LMICs are often overlooked in terms of
health care, a situation fuelled with the covid-19 disrup-
tions of teaching [2]. Notwithstanding this, also many
students from high-income countries, like Norway, battle
with depressive disorders [3]. With this project, we will
address key aspects of research plans and strategies out-
lined by WHO to close the Mental Health Gap especially
among LMICs and with focus on depression symptoms.

Depression is characterized by variations of emotional
pain in response to life-stressors and it negatively affects
the entire life span, leading to psychological-, cognitive-,
social- and occupational impairments and with a pat-
tern of relapse and remission [4—6]. From 1990 to 2017
the global number of adults with depression increased
by nearly 50%, i.e. to about 26 million, being specifically
rampant in sub-Saharan LMICs such as Uganda [7]. In
LMICs, the burden of depression is particularly worri-
some and there are many barriers to access mental health
services [8]. Yet, only about 2% of the total research out-
puts in health in Africa were directed towards mental
health disorders in 2020 [9].

Globally, about 3/4 of affected subjects acquire depres-
sion at the age of about 20-25 years, a period for sev-
eral life adjustments [4, 9]. This is a critical age in career
development as many young adults are pursuing higher
education before entering the work force [4]. Stress due
to competitive academic environments and failure to

succeed may lead to depressive symptoms [10]. In line
with this, many university students in LMICs are under-
privileged, thus at higher risk compared with the gen-
eral population of developing depressive symptoms [11],
and at Makerere University (largest public university in
Uganda and site for our project), depressive symptoms
affect about 1 in 5 students [12]. Academic stress among
students can lead to a plethora of depressive-related
health problems (e.g. insomnia, anxiety, muscle pain) [10,
13]. Current treatments (various forms of psychological
therapy and anti-depressants) avert less than half of the
disease burden, suggesting the need for additional treat-
ments [14, 15]. However, there is limited progress on
mental health care policies, guidelines and interventions
aimed at treatment in LMICs [16].

Being depressed makes one more likely to eat
unhealthy foods. A systematic review of randomized con-
trolled trials (RCTs) showed inverse associations between
healthy diets and depression risk, although the findings
from the RCTs were inconsistent, and there were few
studies among students [17]. Another systematic review
of observational studies found that diets comprised of
highly processed foods (high in saturated fat and refined
sugars) may have a causative effect on depression [18].
Moreover, systematic reviews on studies with omega-3
fatty acids, wholegrain foods or a Mediterranean diet,
found a reduction in depressive symptoms [19, 20]. In
support of this, we showed that an educational RCT com-
prising nutrition advice reduced the burden of depressive
symptoms among Ugandan mothers over time [21, 22].
Furthermore, students’ difficulties in adhering to healthy
eating habits due to stressors and lack of time, increase
the risk of depressive symptoms [23, 24]. Notably, RCTs
with dietary interventions as treatments for depressive
symptoms among students have apparently not been per-
formed in sub-Saharan LMICs such as Uganda. This is
unfortunate as dietary interventions with local foods are
more accessible in LMICs than other treatment forms.
Thus, there is a research gap regarding nutritional effects
on depressive symptoms in LMICs, which may lead to
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lost opportunities for good dietary practices to reduce
the burden of depressive symptoms.

Mindfulness-based cognitive therapy (MBCT) helps
patients to better understand and manage their thoughts
and emotions using mindfulness practices, such as (i)
stress-reducing meditation and breathing, and (ii) by
exercises that promote an enhanced awareness of the
present moment [25]. Using these tools, the aim is to
teach patients how to break away from negative thought
patterns and, partly, to increase metacognition. An RCT
showed that MBCT interventions consistently reduced
depressive symptoms compared to classic cognitive-
behavioral therapy, maybe because of metacognitive
effects [26]. Moreover, MBCT is generally safe, can
be performed with little resources, and deteriorations
of depressive symptoms occur no more after treat-
ment with MBCT than with other psychotherapies [27].
Hence, MBCT should be well suited for use in LMICs.
Notwithstanding the use of MBCT, its evidence-base is
still inadequate, in part because most studies have been
cross-sectional, limiting their strength of conclusions [28,
29]. Still, a 6-year follow-up of an RCT on mindfulness
training among university students found an increase in
favorable ways of coping that extended an initial reduc-
tion in mental distress [30, 31]. This indicates a psycho-
logical mechanism from such interventions in students.
Notably, in LMICs, MBCT is barely applied and little
known by mental health workers. Since MBCT may
enhance active- and problem-focused coping and reduce
avoidance coping, we believe that there may be positive
interaction effects between MBCT and healthy diet prac-
tice among university students.

Apart from any intervention’s clinical effectiveness, its
health economic aspect also plays an important role in
the decision-making process whether to implement it on
a larger scale, in particular in low-resource settings [32].
It is thus pivotal to equip policymakers and stakeholders
with such knowledge to promote health equity and con-
tribute to sustainable health improvements. In line with
this, we analyzed the cost-effectiveness of a maternal
education intervention focusing on nutrition in a RCT
performed in a Ugandan setting [33]. Such cost-effective-
ness analysis is crucial to achieve the SDG 3 targets and
ensure swift implementation of interventions.

Current depression treatments are often expensive,
stigmatizing, and time-consuming. Most university stu-
dents in LMICs study part-time and after daytime work-
ing. Reaching out to them using a smart phone app
provides immediate access and increased trial adherence.
Systematic reviews on digital mental health interventions
show that these are effective for improving depression,
anxiety, and psychological well-being among students
[34]. However, the majority of interventions have focused
on web-based technologies, and it remains a need for
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further research on interventions delivered via mobile
phones as these can reach more students. The wide reach
and low cost of applying such technology makes it attrac-
tive for delivering health interventions in LMICs. We will
thus apply digital technology (app on smartphones) to
facilitate MBCT to the intervention group.

Aim and hypothesis

The main aim of our RCT is to examine if a combination
of a healthy diet (Diet) and MBCT can reduce depressive
symptoms among university students in a low-resource
setting (Uganda).

To address this, we have developed the following
hypothesis: The combined intervention with Diet and
MBCT will reduce depressive symptoms compared
with a control group. Assuming that this hypothesis
will be supported by the RCT results, we will assess
whether the combined intervention of Diet and MBCT is
cost-effective.

Methods

Design

We will perform an open intention-to-treat RCT orga-
nized into two work packages (WP) as illustrated in
Fig. 1.

WP1: participant recruitment

We will involve students, university-staff, and university
health care clinics in preparing the RCT. Specifically, we
have performed a pilot-study where we tested the various
study-tools with 10 students (who will not participate in
the RCT) to ensure that relevant perspectives are appro-
priately included in the project. Training of the research
team will include gender integration and awareness to
avoid possible biases, preferences, interests and values of
the research team throughout the whole trial period.

We will recruit female and male students at Makerere
University in Kampala. Those who score 16—25 points
on the Center for Epidemiological Studies — Depres-
sion score (CES-D) scale, a self-reported assessment
of depressive symptoms, are eligible, while those who
score>25 points (a threshold for major depression [35])
will not be included, but referred for treatment. We
will recruit students from all colleges and from differ-
ent classes, using social media and notice boards. In our
study-setting, characterized by high mobility of students
within the university-campus, performing a cluster anal-
ysis is not feasible. Trained master students in clinical
psychology will recruit the participants. Inclusion crite-
ria are (i) completed>1 year of study and having>2 years
before graduation; (ii) not using any medication regularly
that might interfere with their dietary intakes or adher-
ence to MBCT; (iii) not being diagnosed with any chronic
disorder/non-communicable disease; (iv) not pregnant;
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Fig. 1 lllustration of the design of the NutriMind RCT. University students with depressive symptoms will be randomized (1:1) into either a combined

intervention (healthy diet [Diet] and mindfulness-based cognitive therapy [MBCT]) or a control group

(v) not having food allergy or food-intolerance; (vi) not
experienced any recent major personal loss (e.g. divorce);
and (vii) consenting to participate.

WP 1: the healthy diet and the MBCT interventions
Educating the study participants (university students)
about the healthy diet (Diet) and MBCT interventions
will occur concomitantly. The Diet will be based on avail-
able and affordable Ugandan local foods (rich in veg-
etables, fruit, wholegrain/fibre, and fish; moderate in
lean red meat and low-fat dairy products). We will target
energy and nutrient contents to meet the recommended
dietary intake requirements for adults [36]. The partici-
pants will receive 8 weekly, one-hour group sessions by
trained nutritionists. Food models and metric measur-
ing utensils will be used to assist with the estimation of
portion sizes. Participants will be provided with written
information specifically designed for the intervention
to assist with achieving dietary adherence, i.e. recipes
and meal plans. To evaluate possible adherence differ-
ences in dietary intake and physical activity, we will mea-
sure anthropometry (e.g. weight) and use two validated
questionnaires regarding uptake of dietary and physical
advice [37, 38].

The MBCT training will be group-based (n=6-12) and
contain 8 weekly sessions (1 h) of mind-body interven-
tion integrating mindfulness meditation with concepts of
cognitive behavioural therapy led by trained staff (clinical
psychologists). MBCT encourages the participants to dis-
engage from habitual, (“automatic”) dysfunctional cogni-
tive routines, in particular depression-related ruminative
thought patterns as a way to reduce symptoms and future
risk of relapse and recurrence [39]. Through guided
meditation practices and activities, they will be taught
to develop present-focused, non-judgmental awareness
of their thoughts and feelings instead of focusing on the

content of them [40]. Negative cognitive processes make
individuals prone to depression and are a primary driver
of persistent depressive symptoms [41]. In addition, the
intervention group will get access to StressProffen, an
app-based stress management program [42]. StressProf-
fen combines mindfulness and cognitive-behavioral
stress management strategies and was designed and
developed according to user-centered design methods
with close collaborations between researchers, users,
health care providers, and eHealth experts [43]. The pro-
gram contains 10 modules with mindfulness, cognitive-
behavioral and stress management educational material
and exercises. StressProffen is available for android and
ios, contains English text and sound and the content can
be downloaded and used without internet connection.
The StressProffen app will facilitate adherence to MBCT
skills and information and strengthen stress management
skills.

To remind the participants about the interventions,
SMS/e-mail will be sent weekly. No particular interven-
tion will be offered to the control group.

WP 1: randomization and sample size calculation

A person independent of the RCT excecution will con-
duct the radnmization and study group allocation. The
randomization sequence will be created using the shiny
app random allocation generator (https://icostatistics.
shinyapps.io/randlist/) developed at Oslo University
Hospital, Norway, and the participants will be stratified
by college with a 1:1 allocation using random block sizes
of 4, 6 and 8. The sample size is based on CES-D, which
assesses depressive symptoms experienced in the previ-
ous week, with 20 items and a sum score 0—60 points. A
total score>16 points indicates depression [44]. Francis
et al. [45] reported a mean difference in CES-D score
of 6 points between young adults on a healthy diet vs.
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controls (mean scores 15 and 21, respectively and stan-
dard deviation=12). Based on their data and with signifi-
cance level 0.05 and power 0.80, 119 students per group
(intervention and control) are needed to detect a similar
difference. Assuming 5% dropout/non-response, we will
include 250 students (125 per group). Reportedly about
7,200 of the total of 36,000 students at Makerere Uni-
versity suffer from depression [12] and hence, the calcu-
lated sample size will be possible to recruit during three
months.

WP 2: data collection and data analyses

At all time points (3, 6, 12 and 24 months after start of
the RCT) data will be collected (and stored electroni-
cally according to guidelines of the University of Oslo)
from the students when they visit our project office on
site at Makerere University. All methods are accessible
from the project partners or commercially available. We
will describe each study group (intervention and control)
using means (standard deviations), medians (interquar-
tile range) or frequencies (%). Mixed model for repeated
measurements will be used for the statistical analyses of
the main outcome, adjusted for the stratification factor
(i.e. the various colleges). We will adhere to the CON-
SORT guidelines for analyses and reporting. In this paper
we have used the SPIRIT reporting guidelines.

The primary outcome is change in CES-D score from
before to after the intervention. Notably, diagnosing
depression in LMICs can be challenging. Hence, formal
diagnostic procedures will be replaced with the CES-D
score for measuring depressive symptoms. As secondary
outcomes, we will measure health-related quality of life
using the validated and widely used 36-Item Short Form
Health Survey [46], a validated questionnaire regarding
adherence to a Mediterranean diet [37], and a validated
questionnaire regarding adoption of physical advice
[38]. We will also conduct a model-based cost-effective-
ness analysis from a provider perspective to quantify
the health and economic outcomes associated with the
combined intervention compared to the control over a
24-month time horizon. Cost measures will be obtained
from project accounts and interviews with key person-
nel, and sensitivity analyses will be conducted to evaluate
model uncertainty [47], as we recently demonstrated in a
RCT in Uganda [33]. The included health benefits in the
model will be measured using the CES-D score.

Dissemination of study findings

We plan to develop a broad, overarching strategy for dis-
semination and communication of our project experi-
ences and research findings, as outlined below:

+ Target receivers: Recipients and users of our research
findings are primarily the health policymakers (in
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particular those devoted to mental health issues),
higher education students (and their teachers),

and scientists within the field of mental health and
nutrition, not limited to Uganda and other LMICs,
but also to relevant stakeholders and scholars in
Norway. We will use our extensive network to also
convey our findings to international policy- and
decision makers (e.g. within WHO) and relevant
non-governmental organizations. Importantly, we
will conduct feedback sessions of our study findings
to participants (university students) and identify
their dissemination plans to provide a powerful voice
to their peers.

« Plan for dissemination and communication: We will
prioritize to approach mental health care workers
and food and nutrition policymakers with peer-
reviewed papers, lectures, seminars, and workshops.
A web-site has been developed (https//www.med.
uio.no/imb/english/research/projects/nutrimind/
index.html).

Project participants, organization and collaborations

Our study team (as listed in the Acknowledgement-sec-
tion) is characterized by (i) interdisciplinary knowledge
and skills, (ii) gender balance, and (iii) equitable sharing
of responsibilities between the project partners. Impor-
tantly, this project is conceived and designed in close col-
laboration with our Ugandan partners to tailor-make the
intervention components to the study-participants’ needs
and sociodemographic/cultural/ language acceptability/
preference.

User involvement

For the NutriMind Project we define three main groups
of users, namely (i) the university students, their teachers,
health policy makers and scientists in the field of mental
health and nutrition who were involved in the trial prac-
tical preparation phase (i.e. the pilot study). We will have
continuous dialogue with them during data collection ),
(ii) those involved in analyses and implementation of the
RCT results, and (iii) those who will be responsible for
any long-term (sustainable) use of the knowledge gained
from our project. We shall inform, consult, involve, co-
operate, and co-create with these users as appropriate
in the processes of our research engagement. For exam-
ple, during the idea phase, we informed relevant users
on what we wanted to do, formulated the project study
design, study outcomes and study population.

Discussion

The NutriMind Project will establish evidence-based data
for including locally available foods to manage depres-
sive symptoms combined with MBCT. This will facilitate
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the implementation of healthy diets, and thus promote
Uganda’s contribution in delivering solutions that com-
ply with its commitments to the SDGs, in particular no.
3 (good health/wellbeing), but also 4 (quality education).
Moreover, today’s world economic pressures are often
detrimental to mental health, therefore adaptive behav-
ior changes are needed to reverse this negative trend, not
only among LMICs, but globally. Although sustainability
linked to dietary issues is receiving considerable pub-
lic attention, its application in mental health research is
lacking. Our project can thus be viewed as a step towards
evidence-based behavior practices for young adults that
are beneficial to public mental health initiatives. The
lessons learnt can possibly be projected onto other age
groups, and the project design and targets are in line
with the needed action on mental health issues, such as
equity in LMICs as voiced by e.g. the WHO [16], and the
EAT-Lancet Commission’s call for a substantial global
shift toward healthy dietary patterns [48]. Importantly,
inclusion of MBCT in our project and with the collabo-
ration of academic and non-governmental organizations,
fits well to a One Health-aspect (research where multiple
sectors communicate and work together) to achieve bet-
ter public health outcomes. Of note, many of the triggers
of depression among our study population (e.g. time-
stress, economic challenges, stigmata related to mental
health) also affect university students residing in more
wealthier regions, hence our study results should also
be valuable and transferable to students living in high-
income countries.

Below we summarize some putative risks with the
NutriMind Project and ways to mitigate these.

« Lack of adherence to the RCT activities: The dietary
intervention is designed to make it affordable for
a student’s budget. However, if necessary, we will
support the study participants with means to access
the necessary foods and to purchase smartphones
if needed. To motivate the control group, we will
give advice about Diet and MBCT after the end of
the RCT, including access to the StressProffen app.
The participants in both study groups will receive
a financial support also for travel to data collection
appointments.

+ Disentangling which of the intervention components
(Diet and MBCT) that works: By combining the
two interventions we cannot precisely unravel the
contribution of each of them separately to the study
findings. However, each of them has in previous
studies shown reducing effects on depressive
symptoms, but the combination has not been tested.

+ Bureaucracies in releasing research funds: Our
experience with administering transfer of funds from
Norway to both individuals and to collaborating
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Ugandan institutions for more than a decade, has
devised strategies to avoid this.

If our intervention results in lowering of the burden of
depression symptoms among the participating university
students, we would like to swiftly roll out our interven-
tion activities on a wider scale. Additional file 1 outlines
schematically how we plan to implement this (Additional
file 1).
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