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Abstract

Low- and middle-income countries face disproportionate levels of food insecurity and poor
mental health, with stark gender inequalities. In Ghana’s Northern Region, high poverty and
reliance on subsistence farming exacerbate these challenges. Women in rural “Last-Mile”
populations, face barriers to accessing adequate, nutritious and affordable food, which,
combined with cultural gender norms, may impact mental health. This study assesses the
prevalence of food insecurity, inadequate diet diversity and low self-reported mental health
scores among women in Karaga District and examines associations between household
food insecurity and mental health. Quantitative household survey data were analysed using
descriptive statistics and linear regression models. Food insecurity was assessed using the
Food Insecurity Experience Scale and Rasch modelling. Dietary diversity was calculated
using the Global Diet Quality Project’s Diet Quality Questionnaire. Mental health was
evaluated using the RAND Short Form Health Survey. Among 384 women surveyed (sample
size calculated a priori to meet power requirements), 93.4% experienced moderate or severe
food insecurity, markedly higher than national (42.4%) and global (28.9%) averages. Only
31.5% reported adequate dietary diversity and 51.8% had low mental health scores.
Univariate regression showed food insecurity was negatively associated with mental health
(B: -0.76, p= 0.042, 95% CI: -1.50, -0.03), though significance was lost after adjusting for
confounders. Significant predictors of mental health scores (p<0.05) included perceptions of
climate change, household size, wealth, employment type and vitamin A supplementation.
Findings highlight the vulnerability of women in Last-Mile populations and indicate that
insights into the associations between food insecurity, diet diversity, and mental health could
inform interventions to reduce gender and regional disparities, especially under growing
climate-related pressures.
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Introduction

The World Health Organisation (WHO) estimate that globally, 970 million people are living
with a mental health (MH) disorder(1). The WHO define MH as “a state of mental well-being”
that enables people to live and work well, framing MH as a complex, context-dependent
experience, with diverse social and clinical outcomes(1, 2). MH conditions are the second
leading cause of healthy life years lost due to iliness and disability worldwide(3). This burden
is notably higher among women, with a Disability Adjusted Life Years rate of 1703 per
100,000 compared to 1426 per 100,000 in men(3). Since 2020, the global prevalence of MH
conditions has risen by 26%, marking poor MH as a significant international health
challenge(1-3). Beyond the health impacts, poor MH also has socio-economic
consequences at both a national and household level(4). This includes out of pocket
expenses linked to the direct costs of healthcare, and a loss of economic productivity linked
to a reduced workforce(4). The United Nation’s (UN) Sustainable Development Goal (SDG)
3, targets 3.4 and 3.5 aim to reduce the burden of poor MH and promote equitable and

affordable MH care through ensuring Universal Health Coverage (UHC)(5).

Globally, over 80% of people with a MH condition live in a low or middle-income country
(LMIC), where estimations are often affected by underreporting due to poor data quality, or
incomplete data from health facilities, and MH stigma at a community and institutional
level(6, 7).

Ghana is an English-speaking LMIC located in West Africa (Figure 1), where approximately
13% of the population have a MH condition(8, 9). Ghana experiences issues relating to
stigmatisation, under-resourced and centralised services, leading to MH conditions being
referred to as “neglected diseases”(8, 9). Inequalities in access to MH care are especially
prevalent in the Northern Region of Ghana, where high poverty, geographical isolation and

social stigma may contribute to a higher prevalence of poor MH(10).
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Figure 1 Map of Africa, West Africa and Ghana. The map labelled Africa shows the 54 countries in
the continent, where Ghana is highlighted in yellow(11). The map labelled West Africa, shows the 16
countries in the region of the continent(11). Ghana is highlighted in yellow. The map labelled Ghana
shows the 16 regions of the country, where the Northern Region is highlighted in yellow. Maps were
made using ARCGIS Pro V3.5.2

Biological factors contribute to the incidence of mental disorders, as do social determinants
such as food insecurity (FI)(12, 13). The Food and Agricultural Organisation of the United
Nations (FAO) defines FI as ‘inconsistent access to adequate, safe and nutritious food,
impacting the ability to live a healthy life’(14). Fl is underpinned by four pillars where the
availability, accessibility, utilisation and stability of food all impact an individual’s experience
of food security(14). Fl is often categorised as moderate, linked to reduced dietary diversity,
or severe, characterised by individuals going one or more days without eating(14). Despite
SDG 2 (Zero Hunger) and target 2.1, aiming to ensure stability in the accessibility and
availability of food, the global prevalence of moderate or severe Fl (Flmod+sev ) reached 28.9%
in 2023, where women experience a 3.6% higher prevalence of Flmod+sev COmpared to
men(14). Progress to reduce global Fl stalled between 2020 and 2023, with existing
inequalities exacerbated by the COVID-19 pandemic. In 2022, 52.6% of the global

population unable to afford food were based in LMICs(14).

In 2023, Ghana’s prevalence of Flmod+sev Was 42.4%, markedly above global averages of
28.9%(14). The Northern Region of Ghana is described as a ‘hub of food insecurity’, where
the region is predominantly rural, experiences high levels of poverty and is economically

reliant on rain-fed agriculture(15). The Northern Region is disproportionately affected by
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inflated food prices, where in 2023, food prices were 50.8% higher than in 2022(15-19). The
accessibility of affordable food is further compounded by poor infrastructure and road
networks, limiting access to food markets(15, 16, 18). Socioeconomic and environmental
conditions impact all four pillars of food security, where those living in hard-to-reach
communities, may be worse affected by Fl. The UN refer to these populations as ‘Last-Mile’;
those who are underserved, lack resources and face the greatest need for development(20).
Karaga District, one of 26 districts in the Northern Region, is predominantly rural and has
high levels of subsistence farming, poverty and lacks access to adequate sanitation, housing
and healthcare(20-23).

While there is limited research exploring the association between FI and women’s MH,
emerging evidence from Ghana suggests that both Fl and poor MH disproportionately affect
women(3, 14). Two studies conducted in Savelugu Municipal and East Mamprusi
Municipality, located in Ghana’s Northern Region, have reported a high prevalence (range:
25.3-49.5%) of common mental disorders (CMDs), including anxiety and depression, among
mothers(24, 25). Determinants linked with poor MH among women include low personal
autonomy, linked to reduced control over healthcare decision-making, and treatment seeking
behaviours, where women self-reporting low autonomy are nearly twice as likely to
experience depression (AOR:1.99; 95% CI: 1.10-3.60)(25). Low social support further
contributes to a 60% increased risk of having a CMD, suggesting that strong community
networks can buffer the psychological stressors linked to poverty and Fl, therefore promoting
better MH(24, 25). Rural residency was also associated with the prevalence of CMDs,
perhaps a result of geographic isolation and low socioeconomic status, reducing the
accessibility and affordability of MH care(24-26). Women who work in agriculture or lack
secure employment also have an increased risk of poor MH outcomes (AOR=2.16; 95% CI:
1.20-3.88), linked to increased levels of physical exertion and stress surrounding income
and food stability (24, 25). The COVID-19 pandemic likely exacerbated these stressors,
through disruption to social norms and increasing economic pressure(24, 25). A longitudinal
study, conducted in the Central Region, reported that 48% of women experienced
depression and 34% experienced anxiety during pregnancy(27). This may be linked with a
lack of MH care during pregnancy, social stigma regarding maternal MH and cultural beliefs
around fertility and family lineage, contributing to increased anxiety(27). With the added
pressure of Fl, feelings of depression and anxiety may be intensified during pregnancy
linked to increased worry about the prospect of providing adequate food for offspring,

exacerbated by an increased number of child dependents(27).

Fl also disproportionately impacts women in Ghana’s Northern Region, where the

prevalence of Flmog+sev is estimated to be between 51.6 - 71.9%(24, 25). Women in this



152
153
154
155
156
157
158
159
160
161
162
163
164
165

166
167
168
169
170
171
172
173
174

175
176
177
178
179
180
181
182

183
184
185
186

region experience higher FI compared to national averages, linked to low socioeconomic
status and educational attainment; in East Mamprusi 50% of the population live in poverty,
where low socioeconomic status reduces purchasing power, limiting access to adequate
food(24, 25). In Northern Ghana Fl is impacted by increased vulnerability to extreme
weather events linked to climate change. The studies from East Mamprusi Municipality and
Savelugu Municipal were both conducted in the lean season (May — September) , a period of
reduced food availability and inflated food prices, highlighting associations between
seasonality and Fl in Ghana (24, 25). Furthermore younger mothers (<24 years) experience
an increased likelihood of FI compared to older mothers, thought to be linked to higher levels
of poverty, stigmatisation, and limited social support(25). Like MH, social support is a key
protective factor against Fl, suggesting community relationships and social capital improve
all four pillars of food security(24, 25). Additionally, women are more likely to experience Fl if
they rated their physical health lower, linked to a reduced capacity to work and lower

economic productivity(24, 25).

Previous studies conducted in the Northern region found that experiences of FI may
independently influence MH in women (24, 25). While the pathway for this association is
unclear, the inability to procure adequate and safe food may be a psychosocial stressor(13,
24, 25, 27). This may increase cognitive load, leading to stress, anxiety, depression and
shame surrounding a women’s personal, and families, food security and hunger(13, 24, 25,
27). However this may be bidirectional, where the cross-sectional nature of previous studies
fails to establish the causal pathway, i.e., whether Fl increases the risk of poor MH or
whether women with low MH experience higher levels of poverty, unemployment and poor

education leading to an increased risk of FI(24, 25, 28).

Furthermore women with poor nutritional knowledge, may be more likely to experience
depression compared to mothers with adequate knowledge, suggesting nutritional adequacy
may influence both Fl and MH outcomes(25, 28). Dietary diversity is associated with
consuming adequate amounts of micronutrients where, although the biological mechanism is
unknown, high levels of fibre and vitamins A and C, reduce oxidative stress, inflammation
and neuronal death, so therefore may protect cognitive function(13, 28). Together these
findings point to dietary diversity as a potentially modifiable factor, connecting Fl to MH in

women.

While there has been some exploration into the link between Fl and MH, there is little
research conducted exclusively with women, in rural settings and no research obviously
conducted with Last-Mile populations. This analysis focuses on women from a rural

community in Karaga district as women bare a disproportionate MH burden, and are more
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likely to experience Fl than men, where the determinants of both MH and Fl such as

autonomy, social support, and nutritional knowledge are shaped by cultural gender norms.

This analysis aims to explore the association between Fl, dietary diversity and MH among
women from a Last-Mile community in Karaga District, Northern Region, Ghana. Specifically,
we seek to determine the prevalence of moderate and severe Fl, assess the prevalence of
poor MH and inadequate dietary diversity, and examine how socioeconomic and

demographic factors influence any associations between Fl and MH.



212
213
214
215
216
217
218

219
220

221
222
223
224
225

226
227
228
229
230
231
232
233
234

235

236
237
238
239

Materials and Methods

Study design

This study (referred to here as SEED: A mixed-methods Study investigating the Effects of
climate change on Fl through Empowering women in Karaga District, Northern Region,
Ghana), had a cross-sectional, mixed methods design. The focus of this analysis is the
quantitative household surveys collected in Pishigu, Karaga District. Other quantitative and

qualitative components of SEED will be reported in forthcoming publications.

Study Setting
The household surveys were conducted from the 3™ to the 12" of March 2025, in Karaga

District, Northern Region, Ghana (Figure 2). The region has a tropical savannah climate,
with dry and rainfall seasons that determine the agricultural calendar. Northern Ghana'’s
rainfall season typically occurs from March to November, however under increasing climatic
threats, this has become more unpredictable. For example, during 2024, there was a

prolonged dry spell that impacted the growing season in 2025(29).

Karaga District has a population of 114,225 people, where approximately 70% of the district
is rural with high levels of poverty and illiteracy among the female population (30, 31).
Pishigu, one of 194 sub-districts, was selected as a representative rural community after
discussions with the Karaga District Health Directorate (30, 31). Pishigu has a population of
approximately 27,000, one health centre, and is located approximately 23km (2 hours travel
time in the dry season) from Karaga District Hospital(30-32). Tertiary care is less accessible
where the closest hospital is in Tamale, approximately 60km and 3-4 hours travel time from
Pishigu in the dry season(30, 31, 33). Anecdotally, many roads become challenging or

impassable during the rainy season.

Ghana Northern Region A Karaga District A

» KARAGA

Pisigu
)

MKaraga

P, 0510 20 Kilometers
Lo

Figure 2 Map of Ghana's Regions, Districts within the Northern Region and sub-districts within
Karaga District. The Map labelled Ghana shows the 16 administrative regions of the country, where
the Northern Region is highlighted in yellow. The map labelled Northern Region shows the 16
districts, where Karaga District is highlighted in yellow. In the map labelled Karaga District the sub-
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district of Pishigu (alternative spelling of Pisigu is used in the map) is pinpointed by the circle, and the
district capital of Karaga town is pinpointed by the square. All 3 maps were made using ARCGIS Pro
V3.5.2

Participant Selection

Survey participants were sampled via household selection using the random-walk method,
recognised by UNICEF as a realistic and appropriate method of data collection in hard-to-
reach settings(34). From a series of pre-identified starting points, households were randomly
selected. A maximum of one participant was selected per household. Inclusion Criteria are
shown in Table 1. A copy of the participant information sheet and consent form is available
in Appendix A and Appendix B.

Table 1 Inclusion and exclusion criteria to determine eligible participants for the household
surveys.

Inclusion criteria Exclusion Criteria

Female sex Male sex

Resident of Pishigu for more than 6 months | Not a resident of Pishigu or a resident of
Pishigu for less than 6 months

Adult (=18 years of age) Child (<18 years of age)

Was able to provide informed consent Was unable to provide informed consent

The power calculation conducted for the study determined a minimum sample size of 384 to
be sufficient, assuming a minimum effect size of 0.2, a statistical power of 80% and a

significance level of p=0.05.

Data collection

To ensure research acceptability and to facilitate capacity building within the community,
household surveys were conducted by Pishigu-based healthcare workers or teachers. Data
collectors were selected by the Director of the Karaga District Health Directorate and were
trained in data collection methodology and good practice in research by staff from the
University for Development Studies (UDS). Household survey data collectors used the
secure, data collection tool, Kobo Toolbox. This tool is ideal for use in remote areas with

limited connectivity, as the data can be synced when network coverage resumes.

Participants were given the choice to be surveyed in either English or Dagbani. Answers
given in Dagbani were translated into English by the data collectors and entered onto Kobo

Toolbox.

Variables

The household surveys included dichotomous, multiple-choice and Likert-scale questions to
collect data on FI, dietary diversity, health, perceptions of climate change and
sociodemographic characteristics. A copy of the full household survey is available in

Appendix C.

10
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The demographic questions of the household survey collected data on the participants age,
ethnicity, marital status, educational attainment, employment status and main economic
activity. Further sociodemographic characteristics such as religion, household size, number
of dependents, how many years they had lived in the community and if they were currently
pregnant or breastfeeding were also recorded. To further understand economic status, the
survey included a 19-item household Wealth Asset Index adapted by UDS for use in
Ghana(35).

Fl was measured using the FAO’s Food Insecurity Experience Scale (FIES), an 8-item tool,
validated for use in lower-income settings, used to assess experiences related to household
food access over the previous 12 months, using binary response options (yes=1 and
no=0)(36). Total scores range from 0-8, corresponding to categories of Fl ranging from mild
to severe (Table 2), where this FIES global reference scale is based on the 2014-2016
Gallup World Polls(36).

Table 2 Description of the Food Insecurity Experience Scale (FIES) and the corresponding

severity of food insecurity (FI) assigned to each question.

FIES Question description (if the participant or anyone in her Severity
Question | household has experienced the following scenarios in the last | of Fl
12 months due to lack of money or other resources)

1 Worried about not having enough food Mild

2 Unable to eat healthy and nutritious food Mild

3 Only ate only a few kinds of foods Mild

4 Had to skip a meal Moderate
5 Ate less than you thought you should Moderate
6 Household ran out of food Moderate
7 Went to sleep hungry Severe

8 Went a whole day and night without eating anything Severe

Total FIES score = Sum Q1-Q8 (0-8)

The impact of climate change on household Fl was assessed using four subsets of binary
response questions, each addressing a different dimension of food security (accessibility,
availability, affordability and utilisation). These questions aligned with the Global Strategic

Food Security and Nutrition Framework(37).

To explore any relationships between Fl and nutritional adequacy, and the subsequent
impact on MH, dietary diversity was assessed using the Global Diet Quality Project’s Diet
Quality Questionnaire (DQQ) adapted for Ghana(38, 39). While the full DQQ collects data on
29 food groups, this analysis focuses on the 10 food groups used to calculate the Diet
Diversity Score (DDS) and the Minimum Dietary Diversity Score for Women (MDD-W) (Table

3)(38, 39). The household survey also included binary response questions, capturing the

11



298 respondent’s consumption of folic acid, iron and vitamin A supplements, to assess

299 micronutrient intake.

300 Table 3 The Diet Quality Questionnaire (DQQ) adapted for Ghana collects information on 29
301 food groups used to calculate the Diet Diversity Score (DDS) and Minimum Dietary Diversity
302 Score for Women (MDD-W). A score of 1 is available for each of the 10 food categories, where
303 the MDD-W is 5 or more of these 10 categories(38, 39).

MDD-W DQQ adapted for Ghana Possible
food group points
Grains, Q1: Bread, rice, waakye, jollof, fried rice, omutuo, or rice porridge 1

white roots | Q2: Kenkey, banku, tou zaafi, Hausa koko, akple, roasted maize,
and tubers, | boiled maize, or tom brown

and Q3: Fufu, gari, kokonte, cassava, yam, cocoyam, plantain, or sweet
plantains potato

Pulses Q4: Beans, or bambara beans 1
(beans,

peas and

lentils)

Nuts and Q21: Groundnuts, kuli kuli, groundnut paste, groundnut soup, 1
seeds agushi stew, neri soup, or cashews

Dairy Q14: Cheese curds or wagashi 1

Q15: Brukina or drink yogurt
Q25: Fresh milk, tin milk, or powdered milk

Meat, Q16: Sausages or corned beef 1
poultry and | Q17: Beef, goat, sheep, liver, or intestines
fish Q18: Pork, grasscutter, rabbit, or bush meat

Q19: Chicken, gizzard, or Guinea fowl
Q20: Fish, dried fish, koobi, anchovies, smoked herring, crab, or

shrimp
Eggs Q13: Eggs 1
Dark green | Q6.1: Cocoyam leaves, amaranth leaves, ademe, ayoyo, sweet 1
leafy potato leaves, cassava leaves, or bokoboko

vegetables | Q6.2: Baobab leaves, cowpea leaves, roselle leaves or bra, kenaf,
African eggplant leaves, or West India nettle

Other Q5: Carrots, or sweet potatoes that are orange inside 1
vitamin A-

rich fruits Q8: Mango or papaya

and

vegetables

Other Q7.1: Tomatoes, okro, garden eggs, sponge gourd, or cabbage 1
vegetables | Q7.2: Sweet green pepper, lettuce, cucumber, or mushrooms

Other fruits | Q9: Orange or tangerine 1

Q10.1: Banana, pineapple, avocado pear, watermelon, apple,
guava, or African star apple

Q10.2: Soursop, coconut, velvet tamarind, baobab, ebony fruit, or
shea fruit

DDS: Sum (0-10)
Adequate MDD-W: DDS of 25
Inadequate MDD-W: DDS of <5

304
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MH was evaluated through the MH subscale of the RAND Short Form Health Survey (SHF-
36), due to its strong internal reliability (Cronbach’s a = 0.90) and previous use in a study
exploring the state of women’s health in Accra, Ghana, where this self-reported measure
aligned well with objective health data(40-42). The SHF-36 includes 5 questions measuring
‘anxiety, depression, loss of behavioural/emotional control, and psychological well-being’ to

give a general self-reported MH score (Table 4)(40, 41, 43). In addition to survey questions

capturing the presence of non-communicable diseases (NDCs), the physical functioning

dimension of the SHF-36, was included in this study to explore associations between

physical health and MH.

Table 4 Items of the Rand Short Form Health Survey (SHF-36) assessing mental health and the

corresponding scores

Question assessing Response options Recoded score
mental health (0-100)
24: Have you been a (1) All of the time 0
very nervous person? (2) Most of the time 20
(3) A good bit of the time 40
(4) Some of the time 60
(5) A little of the time 80
(6) None of the time 100
25: Have you felt so (1) All of the time 0
down in the dumps that | (2) Most of the time 20
Eo’;hlng could cheer you (3) A good bit of the time 40
P (4) Some of the time 60
(5) A little of the time 80
(6) None of the time 100
26: Have you felt calm (1) All of the time 100
and peaceful? (2) Most of the time 80
(3) A good bit of the time 60
(4) Some of the time 40
(5) A little of the time 20
(6) None of the time 0
28: Have you felt (1) All of the time 0
downhearted and blue? (2) Most of the time 20
(3) A good bit of the time 40
(4) Some of the time 60
(5) A little of the time 80
(6) None of the time 100
30: Have you been a (1) All of the time 100
happy person? (2) Most of the time 80
(3) A good bit of the time 60
(4) Some of the time 40
(5) A little of the time 20
(6) None of the time 0

Mental health score = average (mean) recoded score

13
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Question assessing Response options Recoded score
mental health (0-100)

High MH: 250

Low MH <50

Analysis
Data analysis was conducted using STATA SE v19. Descriptive and summary statistics were

generated for sociodemographic variables and the raw FIES data.

Relative wealth was quantified by applying a binary coding system to 19 household assets,
where ownership was recoded as ‘1’ and no ownership as ‘0’. Principal Component Analysis
was applied to generate a continuous wealth score, where households were then classified

into relative wealth quintiles(44).

To ensure consistency with global FI monitoring frameworks, FIES data was analysed using
unweighted Rasch modelling in R Studio (version 2025.09.1+401)(36). This model
generates both combined and separate prevalence estimates for moderate and severe Fl
(Flmog+sev, @nd Flsev)(36). Rasch modelling is the recommended method of analysis in the
FAQ’s FIES protocol, so modelling was conducted using the FAO’s R Studio script and the
FAQ’s FIES Excel template, facilitating the equating process(36). This enables direct

comparisons of prevalence estimates to regional, national and global Fl rates(36).

The continuous DDS, was calculated by summing the scores of the 10 included food groups,
following the Global Diet Quality Projects analysis tool(39). The binary MDD-W score is
calculated from the DDS and is a validated proxy indicator of micronutrient adequacy in
women(45). A DDS of 5 or more is categorised as adequate and a score of less than 5 as

inadequate(45).

Following the RAND protocol, the scores of each item of the MH subscale were recoded and
averaged to produce continuous scores from 0-100, where higher scores indicate better
MH(40). Although there are no specific thresholds for the SHF-36 MH subscale, low MH is
conceptualised as “feelings of nervousness and depression all of the time”, and high MH as
“feeling peaceful, happy, and calm all of the time”(41). In the absence of validated
thresholds, the middle value of 50 is used here as a pragmatic cut-off to dichotomise MH into

low and high categories, allowing for prevalence estimates(41).

To assess the relationship between Fl, dietary diversity and MH, Spearman’s Rank
Correlation, Pearson’s Correlation, and linear regressions were conducted. Univariate linear
regression models were constructed to examine the crude association between Fl and MH
and to evaluate the extent to which each covariate independently predicted MH scores. The

dependent variable was the continuous MH scores, and independent variables included age,

14
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main source of income, educational attainment, consumption of micronutrient supplements,
household size, whether the participant was pregnant or breastfeeding, wealth quintiles,
physical functioning, DDS, FIES and perceptions of climate change on Fl. Other covariates
not listed such as employment status were excluded from the multivariate model due to
multicollinearity. Model fit and complexity were assessed using Akaike Information Criterion
(AIC) and Bayesian Information Criterion (BIC), and Multicollinearity was assessed by

calculating the Variance Inflation Factor (VIF). Statistical significance was set at p<0.05.

Ethics
SEED was granted ethical approval from both the University of Southampton (UoS) (ERGO
99811 and 105189) and UDS (UDS/RB/0001/25).

15



376

377
378
379
380
381
382
383
384
385
386
387
388

389

390

391

392

393

394

395

396

397

398

399

400

401

402

403

Results

Demographic Characteristics

Of the 385 respondents, 1 was excluded due to incomplete consent, leaving 384 female
participants (Table 5). Among participants, 40.0% were aged between 30-39 years, where
most resided in the ‘Sub’ neighbourhood (n=108, 28%). By ethnicity, most participants
identified as Dagomba (n= 366, 95.3%) and Islam was the predominant religion (n= 381,
99.2%). Most participants were married (n=337, 87.8%) and 37.2% were pregnant or
breastfeeding (n= 143). Household sizes varied, with 47.7% of households having 1-10
inhabitants (range: 1-87) and 57.8% of women having 1-5 child dependents. Educational
attainment was low, with 81.8% of participants having no formal education, and agriculture
(own farm), was the main source of income (n =261, 69.0%). Most participants were either
unemployed (n=208, 54.2%) or self- employed (n= 173, 45.1%). The asset-based wealth

index shows that 24.5% of households are in the poorest relative wealth quintile.
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Table 5 Demographic characteristics of participants.

Variable n (%)
Number of participants 384 (100)
Age group (years)
18-29 69(18.0)
30-39 153 (40.0)
40-49 89 (23.2)
50-59 40 (10.4)
60-69 29 (7.6)
70-79 4 (1.0)
Neighbourhood
Kabomnaafung 38 (9.9)
Kpengfong 38 (9.9)
Slimbomanaafong B 75 (19.5)
Sub 108 (28.1)
Warizhenaafong 42 (10.9)
Wulenfung 42 (10.9)
Yiezhenaafung 41 (10.7)
Ethnicity
Dagomba 366 (95.3)
Gonja 3(0.8)
Mamprusi 6 (1.6)
Other ethnicity 9(2.3)
Religion
Christianity (Catholic) 2 (0.5)
Christianity (Protestant) 1(0.3)
Islam 381 (99.2)
Marital Status
Divorced 1(0.3)
Married 337 (87.8)
Single 3(0.8)
Widowed 43 (11.2)
Pregnant/ breastfeeding
Yes 143 (37.2)
No 241 (62.8)
Household size (people)
1-10 183 (47.7)
11-20 137 (35.7)
21-30 48 (12.5)
31-40 9 (2.3)
41-50 6 (1.6)
51-60 0 (0.0)
61-70 0 (0.0)
71-80 0 (0.0)
81-90 1 (0.26)
Number of child dependants
0 9 (2.3)
1-5 222 (57.8)
6-10 114 (29.7)
11-15 29 (7.6)
16-20 7(1.8)
21-24 3 (0.8)

Highest level of educational attainment
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Variable n (%)
No formal education 314 (81.8)
Primary school 41 (10.7)
Junior high school 22 (5.7)
Senior high school 7(1.8)

Employment status
Unemployed 208 (54.2)
Self-employed 173 (45.1)
Paid employee (full-time) 1(0.26)
Apprenticeship 1(0.26)
Full time education 1(0.26)

Main source of income
Agriculture (own farm) 261 (69.0)
Agriculture (someone else’s farm) 78 (20.5)
Education (teacher) 1(0.3)
Housewife 16 (4.2)
Trading 25 (6.6)

Relative wealth index
Poorest 94 (24.5)
Poorer 64 (16.7)
Middle 77 (20.1)
Richer 74 (19.3)
Richest 75 (19.5)

Further Characteristics

Among participants, 38.3% (n=147) self-reported a diagnosis of at least 1 NCD (Table 6).
Consumption of micronutrient supplements varied where, 17.7% (n=68) of participants

reported being advised to take vitamin A supplements, while half had been advised to take

iron (n=194, 50.5%) or folic acid (n=190, 49.5%). The mean physical functioning score (SHF-

36) was 71.5 (SD: + 32.4, range:0-100), and 78.65% (n= 302) were categorised as having

high physical functioning. The mean overall perceived effect of climate change on Fl was 7

(SD: £3, range 0-13).
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Table 6 Descriptive statistics for potential confounders and covariates: presence of non-
communicable disease, intake of vitamin A, iron and folic acid supplements, physical health,
and perceived effects of climate change on food security.

Variable Result

Number of participants, n (%) 384 (100.0)

Diagnosed with a NCD (type 2 diabetes,

Cardiovascular disease, Hypertension, Stroke,

Cancer, Obesity or Underweight), n (%)
Yes 147 (38.3)
No (prefer not to say/don’t know) 237 (61.7)

Advised to take micronutrient supplements
Vitamin A, n (%)

Yes 68 (17.7)
No 316 (82.3)
Iron, n (%)
Yes 194 (50.5)
No 190 (49.5)
Folic acid, n (%)
Yes 190 (49.5)
No 194 (50.5)
Physical functioning
Mean (SD) 71.5(32.4)
High physical functioning, n (%) 302 (78.7)
Low physical functioning, n (%) 82 (21.4)
Overall effect of climate change on food
security
Mean (SD) 7.0 (3.0)
Min, max 0,13

Note: the primary study included 5 questions assessing the perceived effect of climate change on
food availability, 3 questions assessing accessibility and affordability and 2 questions assessing

utilisation. By summing each domain of food security together, a total of 13 binary response questions

assessed the overall perceived effect of climate change on all 4 domains of food security.

19



439
440
441
442

443
444

445

446
447
448
449
450
451
452
453

454
455

456

457

Food Insecurity

The mean raw FIES score was 7.1 (SD: 1.7, range 0-8), and the median score was 8

(IQR:7,8), falling into the severely Fl category (Table 7).

Table 7 Raw Food Insecurity Experience Scale (FIES) scores and corresponding categories of
food insecurity, presenting the number and percentage of the 384 participants falling into each

category(36).
Score Food insecurity category n (%)
0 No food insecurity 6 (1.6)
1 Mild food insecurity 2 (0.5)
2 Mild food insecurity 7 (1.8)
3 Mild food insecurity 8(2.1)
4 Moderate food insecurity 8(2.1)
5 Moderate food insecurity 14 (3.7)
6 Moderate food insecurity 42 (10.9)
7 Severe food insecurity 47 (12.2)
8 Severe food insecurity 250 (65.1)

The results of Rasch modelling show the prevalence of Flmoeg+sev @mong women in Pishigu is

93.4% and the prevalence of Flsey is 52.6%. Both percentages are markedly higher than the

prevalence rates for Ghana’s national average, the West Africa region and global averages

(Table 8)(14). Furthermore the prevalence of Flnod+sev @nd Flsey in Pishigu are higher than

another Last-Mile population in the Northern Region (Sang, Mion District)(46).

Table 8 Prevalence of moderate and severe food insecurity for Pishigu, Karaga District,

compared to the prevalence for Ghana, the West Africa region and the global average, Gallop
World Poll (2021-2023)(14). Prevalence rates for Mion district come from a prior study conducted in

2023(46). Other than the prevalence rates for Pishigu, all other rates include the prevalence of food

insecurity in both men and women.

Region Prevalence (%)
Pishigu, Karaga District, Northern Region

Flmod+sev 934

Flsev 52.6
Sang, Mion District, Northern Region

Flmod+sev 61 5

Flsev 26.4
Ghana

Flmod+sev 42.4

Flsev 8.2
West Africa

Flmod+sev 61.4

Flsev 18.8
Global

F|m0d+sev 289

Flsev 10.7
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Dietary Diversity

In the 24 hours prior to the survey, the participant’s diets primarily consisted of starchy
carbohydrates such as grains, roots and tubers (n=351, 91.4%), nuts or seeds (n=283,
73.7%), other vegetables (n=265, 69.0%) and dark green leafy vegetables (n=157, 40.9%)
(Table 9). Consumption of animal-source foods was varied, with 64.1% (n=246) reporting
meat, poultry, or fish and only 7.8% and 4.7% reporting eating dairy and eggs respectively.
Few women consumed pulses, vitamin A-rich fruits and vegetables and other fruits in the 24
hours prior to the survey.

Table 9 Frequency and percentage of participants who had consumed the 10 food groups,

outlined by the Global Diet Quality Project adapted for Ghana, in the 24 hours prior to the
survey(39).

Food group N (%)
Grains, roots & tubers 351 (91.4)
Pulses 23 (6.0)
Nuts or seeds 283 (73.7)
Dairy 30 (7.8)
Meat, poultry & fish 246 (64.1)
Eggs 18 (4.7)
Dark green leafy vegetables 157 (40.9)
Vitamin A-rich fruits and vegetables 16 (4.2)
Other vegetables 265 (69.0)
Other fruits 19 (5.0)

The mean DDS for Pishigu is 3.7 (SD: £1.7, range: 0,9), lower than Global Dietary Quality
Project’s 2021 national average for Ghana and estimates disaggregated by residency (Table
10)(47). The percentage of women with an adequate MMD-W score in Pishigu was 31.5%,
again lower than Ghana’s national average and rural average(47).

Table 10 Dietary Diversity Score (DDS) and Minimum dietary diversity for women (MMD-W) for

Pishigu, Karaga district, compared to scores for Ghana, disaggregated by rural and urban
residency, Global Diet Quality Project (2021-2023)(39, 47).

Region Result
Pishigu, Karaga District
DDS, mean (SD) 3.7 (1.7)
MMD-W (% with adequate dietary diversity) 31.5
Ghana (average)
DDS, mean 4.5
MMD-W (% with adequate dietary diversity) 44
Ghana (urban)
DDS, mean 4.6
MMD-W (% with adequate dietary diversity) 45
Ghana (rural)
DDS, mean 4.4
MMD-W (% with adequate dietary diversity) 43

Note: Standard deviations are not available in the data from the Global Diet Quality Project
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Mental Health
The mean MH score was 45.7 (SD+12.4, range: 12, 88), where approximately half of the

participants have low mental health (n= 199, 51.8%).

Associations Between Food Insecurity, Dietary Diversity and Mental Health.

Spearman’s Rank Correlation and Pearsons Correlation analysis

After assessing that FIES had a negatively skewed distribution, the results of a Spearman’s
Rank Correlation show there is a weak negative association between Fl and MH, statistically
significant at p<0.05 (rs=-0.13, p= 0.012, n=384). Similarly, a Spearman’s Rank Correlation
showed there is a statistically significant weak negative association between Fl and dietary
diversity (rs=-0.18, p<0.001, n=384). However, after assessing both MH scores and DDS
were normally distributed, the results of a Pearsons Correlation show no significant

association between dietary diversity and MH (r=0.3, p=0.583, n=384).

Univariate and Multivariate Linear Regression Models

In the univariate model, Fl was a statistically significant predictor of MH scores, where for
each 1-pointincrease in FIES, MH scores decreased by 0.76 points (Table 11). However,
this association was no longer significant in the multivariate model (B: -0.27, p= 0.501, 95%
Cl: -1.06, 0.52).

In the univariate model, participants who perceived climate change to have a greater impact
on their overall Fl, experienced lower MH scores (B: -0.77, p= 0.001, 95% CI: -1.20, -0.33).

In the multivariate model, the mean difference increased to where for each 1-point increase
in the perceived negative effects of climate change on FI, MH scores decreased by 0.91

points.

While the mean difference attenuated after adjusting for confounders, household size
remained a significant predictor of MH scores in the multivariate model (B: 0.15, p= 0.030,
95% CI: 0.01, 0.28). Wealth was also significantly associated with MH scores in both the
univariate and multivariate models, where higher relative household wealth significantly
predicted higher MH scores (B: 1.26, p<0.001, 95% CI: 0.58, 1.95). Furthermore, while the
mean difference attenuated, in the multivariate model, women who identified as housewives
had significantly lower MH scores than women who worked in agriculture, on their own farms
(B: -11.75, p<0.001, 95% CI: -17.54, -5.95).

Consumption of vitamin A remained a significant predictor of MH scores in the multivariate
model, where women that took vitamin A supplements had higher MH scores by 7.58 points

compared to women who did not take vitamin A supplements.
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The multivariate model has an R? value of 0.27. As 73% of the variance in MH scores

remains unexplained, other relevant factors could be included to improve the model fit.

Table 11 Univariate and Multivariate linear regression models to explore the effect of food
insecurity and diet diversity on mental health in women from Pishigu, Karaga District. The

univariate model explores the association between selected demographic characteristics, other
potential covariates and mental health. The multivariate model adjusts for possible confounders. The

dependent variable is the continuous mental health score from the Rand Short Form Health Survey

(SHF-36) used in household surveys.

Univariate Multivariate
B (95% CI) R? p value B (95% CI) p value
FIES -0.76 (-1.50,-0.03) 0.01  0.042* -0.27 (-1.06, 0.52) 0.501
DDS 0.21 (-0.54, 0.96) 0.00 0.583 -0.44 (-1.36, 0.48) 0.344
Perceptions of -0.77 (-1.20,-0.33) 0.03 0.001* -0.91 (-1.48,-0.34)  0.002*
climate change
Physical -0.03 (-0.07, 0.00) 0.01 0.082 -0.02 (-0.06, 0.02) 0.239
functioning
Household size 0.23 (0.09, 0.37) 0.03  0.001* 0.15 (0.01, 0.28) 0.030*
Wealth 1.80 (1.18, 2.45) 0.08 <0.001* | 1.26 (0.58, 1.95) <0.001*
Vitamin A
(Ref.=No)
Yes 5.39 (2.18, 8.61) 0.03  0.001* 7.89 (3.95, 11.83) <0.001*
Iron (Ref.=No)
Yes 4.28 (1.83, 6.73) 0.03  0.001* 2.54 (-0.82, 5.90) 0.138
Folic acid
(Ref.=No)
Yes 4.45 (2.00, 6.90) 0.03  <0.001* | 1.06 (-2.20, 4. 32) 0.522
Educational
attainment (Ref. =
No formal
education)
Primary school 3.14 (-0.92, 7.21) 0.02 0.129 0.35(-3.68, 4.39) 0.864
Junior high school 5.59 (0.25, 10.93) 0.02  0.040 3.47 (-1.81, 8.75) 0.197
Senior high school ~ 4.19 (-5.07,13.44) 0.02 0.374 4.65(-4.52,13.83) 0.319
Income (Ref.
=agriculture own
farm)
Agriculture -0.98 (-4.00, 2.03) 0.09 0.521 1.60 (-2.03, 5.23) 0.388
(someone else’s
farm)
Education -30.98 (-54.38, - 0.09 0.010* -28.19 (-51.86, - 0.020*
7.59) 4.47)
Housewife -16.23 (-22.25, - 0.09 <0.001* | -11.75(-17.54, - <0.001*
10.22) 5.95)
Trading -5.22 (-10.11, - 0.09 0.036* -4.32 (-9.07, 0.43) 0.074
0.33)
Pregnancy/breastf
eeding status
(Ref.=No)
Yes -1.06 (-3.64, 1.52) 0.00 0.419 -2.10 (-4.80, 0.60) 0.127
Age (Ref. = 18-29)
30-39 0.07 (-3.50, 3.63) 0.00 0.971 -1.17 (-4.71, 2.38) 0.518
40-49 -1.46 (-5.40, 2.48) 0.00 0.466 -2.16 (-6.38, 2.05) 0.314
50-59 -1 (-5.87, 3.87) 0.00 0.687 -1.11 (-6.38, 3.86) 0.661
60-69 1.31 (-4.11,6.73) 0.00 0.635 -0.16 (-5.62, 5.30) 0.955
70-79 8.01 x 107" 0.00 1.000 -3.36 (-14.88, 8.15)  0.566

(-12.58, 12.58)
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The R? value for the multivariate model = 0.27. 95% confidence intervals (Cl) are presented for each
variable. The model adjusts for relevant confounders informed by an initial literature search and
assessment of model fit and multicollinearity. Model fit and complexity was assessed using Akaike
Information Criterion (AIC) and Bayesian Information Criterion (BIC), giving the lowest values for this
multivariate regression model, suggesting this model is the best fit (AIC=2901.29, BIC= 2991.80).
Initially, ethnicity, religion and neighbourhood were included in the model, however based on AIC and
BIC, these variables were removed from the final model to avoid over adjusting for potential
confounders. Furthermore, the presence of collinearity was flagged in STATA. Therefore, after
calculating the Variance Inflation Factor (VIF), to assess multicollinearity, employment status, marital
status, child dependents and presence of a NCD were removed. This gave a mean VIF value for this
multivariate model of 1.63, indicating low multicollinearity.

*Significant if p <0.05
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Discussion
This analysis reported the prevalence of Flmd+sev, adequacy of DD and general MH status of
the sample. We also examined the relationship between FI, DD and MH among women in

Pishigu, a Last-Mile population in Ghana’s Northern Region.

The mean FIES score (7.1) indicates severe Fl among women in Pishigu, suggesting that

households frequently run out of food and go extended periods without eating.

Fl in Pishigu (Flmod+sev: 93.4%, Flsev: 52.6%) was markedly higher than Ghana’s national
averages, highlighting regional disparities. With assistance from the World Food Programme
and FAO, Ghana Statistical Services report that 30.7% of all Fl is concentrated in the
Northern Region, reflecting the lower socioeconomic status and limited consideration in
national agricultural policies(18, 48). Susceptibility to climatic events further undermines the
sustainability and stability of subsistence farming in the region(18, 48). Economic inequalities
are also stark, with the Northern Region’s poverty rate at 61.1%, three times the national
average(18, 48-50). These disparities are rooted in colonial history, where the southern
regions (closer to the capital city of Accra) experienced increased investment, while northern
Ghana was left behind(48).

Sub-regional variation in Fl is also significant. A comparable study conducted in Mion
District, found the prevalence of Flnod+sev t0 be higher than national averages, though lower
than Pishigu(46). This highlights the context-dependent nature of Fl, partially explained by
geographic isolation, where poor road networks in Pishigu, often disrupted by flooding,

restrict access to markets and health services in Karaga town(18, 30, 48).

The female-only sample may also account for higher prevalence estimates. A secondary
analysis of 2014-2022 Gallop World Poll data, found women bear an unequal share of Fl,
reflecting a double burden of socioeconomic and gender inequality(51, 52). Cultural norms
often prioritise men’s food needs, and although women manage 80% of Ghana’s national
food production, they have limited land ownership and access to agricultural insurance(52).
This lack of economic agency, combined with systemic gender norms, amplifies women’s
vulnerability to FI1(52).

The mean DDS indicates that women in Pishigu consume fewer than 4 food groups per day.
Most participants had inadequate dietary diversity, indicating a high risk of micronutrient
deficiencies(39). A systematic review of studies conducted across 14 LMICs, including
Ghana, also found women typically consume 3-4 food groups per day(39, 53). Compared to
Ghana’s national and regional averages, women in Pishigu have poorer dietary diversity,

reflecting wider regional and gender disparities in FI(47).
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Fl is significantly associated with reduced dietary diversity, supported by a cross-sectional
study in Ethiopia where women living in food-insecure households consumed more
monotonous diets(54). Poor dietary diversity may be exacerbated in Last-Mile populations,
due to a reliance on subsistence farming and consumption of low micronutrient food groups
affected by seasonal variation, soil fertility and climatic events. A study from Uganda,
similarly highlighted that individuals in rural areas have low dietary diversity compared to
urban communities, linked to low socioeconomic status and agricultural barriers(55). This
may be exacerbated for women; a Nigerian study found that a women’s autonomy positively
influences dietary diversity, likely due to increased engagement in employment outside the
home(56). Women who challenged gender norms, which can restrict access to household

resources such as food, may therefore have a better nutritional status(56).

The WHO estimates that 13% of Ghana’s population have a CMD, though data quality
remains poor especially in rural regions(8, 57). Where data is available, there may be a
higher prevalence of CMDs in rural Ghana (30.4%) compared to national estimates(58). A
systematic review on rural-urban disparities showed that low-income, manual labour and
geographic isolation reduced the affordability and accessibility of MH care, further
compounded by low educational attainment, limiting health literacy and understanding of
MH(59).

Gender inequalities also widen disparities. A Nigerian household survey found women had
significantly higher odds of depressive symptoms compared to men, perhaps related to
reduced economic agency and entrenched cultural beliefs surrounding women being weaker
and less autonomous(60, 61). These findings reinforce that MH is likely shaped by the social
determinants of health (SDH), and in our study, the Last-Mile setting and female-only sample

may amplify poor MH outcomes.

In our study, FI was not a significant predictor of MH scores. There were mixed findings from
other studies from Ghana, Nigeria and Uganda, suggesting that any association between FI
and MH may be better explained by socioeconomic and demographic confounders(24, 25,
58).

Although poor dietary diversity was associated with Fl in this study, it was not a significant
predictor of MH. This aligns with a study conducted in Mion district, where Fl was linked to
depression in teenage girls but dietary diversity was not, suggesting food quantity may be
more influential than nutritional quality in determining MH outcomes(62). However, the
connection between dietary diversity and micronutrient intake, particularly vitamin A, remains
critical. Here, we showed that women who take Vitamin A supplements have significantly

better MH scores. This is supported by a meta-analysis which found that adequate vitamin
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A intake was associated with reduced self-reported symptoms of depression, particularly in
women(63). This highlights the role of vitamin A in reducing oxidative stress and supporting

cognitive function, associated with an observed reduction in symptoms of CMDs(63).

While most households in Pishigu have a low wealth status, increased relative wealth
improves self-esteem and personal agency, supporting access to healthcare, education,
employment and food, while also reducing stress(64, 65). We showed that women in
Pishigu, who are housewives, report worse MH scores than women working in agriculture.
This is supported by a study conducted across Ghana, which found domestic work and
childcare responsibilities to be associated with stress and anxiety, linked to limited
opportunities for paid employment and inequity in the burden of household

responsibilities(66, 67).

A larger household size was a statistically significant predictor of high MH scores,
contradicting a study in Ghana, where large household sizes are related to increased food
demands, contributing to poor MH outcomes(67, 68). However, in rural communities
household size may be a proxy indicator for social support, where a study conducted in India
found that larger households have higher levels of perceived social support and better MH
outcomes(69). In rural communities, large households may be protective against social
isolation and loneliness, when formal MH care is less available and culturally acceptable,

thus having a positive effect on general MH(67-69).

Women who perceive climate change to have a greater impact on Fl, experience
significantly worse MH outcomes, where climate variability contributes to crop failure, water
and food scarcity, leading to increased psychological distress(70). A qualitative study in
Uganda showed that pregnant women perceive droughts and other climatic events as
threats to food accessibility and availability, causing significant stress, compounded by shifts

in agricultural practices and the need to travel long distances to obtain food(71).

Strengths and Limitations

A key strength of this analysis is its focus on women from Pishigu. Women in rural Ghana
are frequently underrepresented in research, policy and decision-making, so this female-only
sample aims to amplify female voices and improve the understanding of their specific health
needs. Although Pishigu was selected as a representative rural community, the female-only
sample limits generalisability across Karaga District and beyond, highlighting the need for

larger regionally representative studies.

Another strength is the use of validated and internationally recognised tools. The FIES
enables global comparisons and monitoring of progress towards SDG 2.1, providing reliable

data to inform local policy in Ghana(36). However, as the FIES measured household Fl, data
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may mask women'’s individual experiences. The culturally-adapted DQQ, validated across
54 countries, aligns with UN dietary recommendations and enables global comparisons of
dietary diversity (38, 39). While the continuous MH score from the SHF-36 has been
validated against clinical measures of MH, the dichotomisation of this variable is not widely
validated so may lead to misclassification of scores(41). Additionally, the SHF-36 may not
capture culturally specific interpretations of MH, affecting its reliability in this setting. Self-
reported, lengthy surveys, administered by an interviewer, may introduce social desirability

bias, response fatigue and recall bias, affecting the validity of the responses.

The main limitation of the study is its cross-sectional design, limiting causal inference. The
survey was conducted at the end of the dry season, so seasonal variability in Fl and MH
outcomes cannot be described. As the associations between FI and MH are plausibly
bidirectional, future studies could adopt a longitudinal cohort design with a greater sample

size.

Conclusion

This analysis explored the prevalence of Fl and its association with MH among women in
Pishigu, Karaga district. Findings reveal extremely high levels of Fl and poor MH, both
exceeding national averages and highlighting regional inequalities. Poor dietary diversity
was also identified as a significant challenge, linked to experiences of Fl. Predictors of MH
outcomes included perceptions of climate change, household size, employment and
micronutrient supplementation, where the interplay of these factors with Fl, highlights the
role of the SDH in shaping MH outcomes. While any associations between Fl and MH are
unclear, our findings emphasise the vulnerability of women in Last-Mile populations and
given the comparable social, economic and environmental challenges in the Upper East and
Northeast regions, the findings of this study may extend to women living in remote rural
locations across northern Ghana(18) While longitudinal studies using more culturally and
clinically relevant measures of MH should be employed in the future to establish temporality
and clinical significance, the use of globally validated tools in this study allowed for direct
comparison to international estimates, allowing progress towards the SDGs to be evaluated.
As the SDGs approach their 2030 deadline, subsequent policies on Fl and MH should
consider the voices of women living in Last-Mile populations to ensure equitable

development for all.

28



671

672
673
674
675
676
677

678
679

680

681

682
683

684
685

686
687

688
689

690
691
692

693

694

695
696
697
698
699
700
701
702

Statements and Declarations

Acknowledgements

The research team would like to thank the Karaga District Health Directorate for their support
for the study, research colleagues from the University for Development Studies, the data
collectors and community members in Pishigu who made the study possible. Thank you to
the Sustainability & Resilience Institute at the University of Southampton for funding this

study.

Data Availability Statement

The data that support the findings of this study are available at:
https://doi.org/10.6084/m9.figshare.30933212

Declarations

The authors have no competing interests to declare that are relevant to the content of this

article.

Consent to Participate

Informed consent was obtained from all individual participants included in the study

Consent to publish

Participants signed informed consent regarding publishing their data.

Author contributions

Boxall and Gaa were responsible for conceptualisation and methodology, investigation,
resources, and project administration. Parish was responsible for the formal analysis and
wrote the first draft of the manuscript. Head and Boxall acted as supervisors and contributed

to writing (reviewing and editing).

29



703

704
705
706
707

708
709
710
711

712
713
714
715

716
717
718

719
720
721
722

723
724
725
726

727
728
729

730
731
732
733
734

735
736
737
738
739
740
741

742
743
744
745

746

References

1. World Health Organisation. Mental disorders [Internet]. 2022.[cited 2025 Jul 09]. Available
from: https://www.who.int/news-room/fact-sheets/detail/mental-
disorders#:~:text=A%20mental%20disorder%20is%20characterized,different%20types%20of
%20mental%20disorders.

2. World Health Organisation. Mental health [Internet]. 2022.[cited 2025 09]. Available from:
https://www.who.int/news-room/fact-sheets/detail/mental-health-strengthening-our-
response

3. GBD 2019 Mental Disorders Collaborators. Global, regional, and national burden of 12
mental disorders in 204 countries and territories, 1990-2019: a systematic analysis for the
Global Burden of Disease Study 2019. The Lancet Psychiatry. 2022 Feb;9(2):137-150.

4. Arias D, Saxena S, Verguet S. Quantifying the global burden of mental disorders and their
economic value. eClinicalMedicine. 2022 Dec;54:101675.

5. Votruba N, Thornicroft G. Sustainable development goals and mental health: learnings from
the contribution of the FundaMentalSDG global initiative. Glob Ment Health (Camb). 2016 Sep
09;3:26.

6. Faisal MR, Salam FT, Vidyasagaran AL, Carswell C, Naseri MW, Shinwari Z, et al.
Collaborative care for common mental disorders in low- and middle-income countries: A
systematic review and meta-analysis. Journal of Affective Disorders. 2024 Oct 15;363:595-608.

7. Mascayano F, Armijo JE, Yang LH. Addressing stigma relating to mentalillness in low- and
middle-income countries. Front Psychiatry. 2015 Mar 11;6:38.

8. Ae-Ngibise KA, Sakyi L, Adwan-Kamara L, Lund C, Weobong B. Prevalence of probable
mental, neurological and substance use conditions and case detection at primary healthcare
facilities across three districts in Ghana: findings from a cross-sectional health facility survey.
BMC Psychiatry. 2023 Apr 20;23(1):280.

9. Forum on Neuroscience and Nervous System Disorders, Board on Health Sciences Policy,
Board on Global Health loM, National Academies of Sciences, Engineering, and Medicine, .
Mental Health Care in Ghana [Internet]. Providing Sustainable Mental and Neurological Health
Care in Ghana and Kenya: Workshop Summary. Washington (DC): National Academies Press
(US); 2016 Feb 25. 3;[2025 Jul 09]. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK350306/.

10. Amadu PM, Hoedoafia RE. Mental Health Issues and Challenges in Northern Region of
Ghana: Practitioners Perspectives. Journal of Psychiatry and Psychiatric Disorders.
2024;8(2):70-76.

30


https://www.who.int/news-room/fact-sheets/detail/mental-disorders#:~:text=A%20mental%20disorder%20is%20characterized,different%20types%20of%20mental%20disorders
https://www.who.int/news-room/fact-sheets/detail/mental-disorders#:~:text=A%20mental%20disorder%20is%20characterized,different%20types%20of%20mental%20disorders
https://www.who.int/news-room/fact-sheets/detail/mental-disorders#:~:text=A%20mental%20disorder%20is%20characterized,different%20types%20of%20mental%20disorders
https://www.who.int/news-room/fact-sheets/detail/mental-health-strengthening-our-response
https://www.who.int/news-room/fact-sheets/detail/mental-health-strengthening-our-response
https://www.ncbi.nlm.nih.gov/books/NBK350306/

747
748
749

750
751
752
753

754
755
756
757

758
759
760

761
762
763

764
765
766
767

768
769
770

771
772
773

774
775
776
777
778

779
780
781
782

783
784
785

786
787
788
789

790

11. United Nations: Department for General Assembly and Conference Management. Regional
groups of Member States [Internet]. 2025.[cited 2025 Jul 24]. Available from:
https://www.un.org/dgacm/en/content/regional-groups

12. Kirkbride JB, Anglin DM, Colman |, Dykxhoorn J, Jones PB, Patalay P, et al. The social
determinants of mental health and disorder: evidence, prevention and recommendations.
World Psychiatry. 2024 Feb;23(1):58-90.

13. Ejiohuo O, Onyeaka H, Unegbu KC, Chikezie OG, Odeyemi OA, Lawal A, Odeyemi OA.
Nourishing the Mind: How Food Security Influences Mental Wellbeing. Nutrients. 2024 Feb
9;16(4).

14. FAO, IFAD, UNICEF, WFP, WHO. The State of Food Security and Nutrition in the World 2024
—Financing to end

hunger, food insecurity and malnutrition in all its forms [Internet]. 2024.[cited 2025 Jul 09].
Available from: https://openknowledge.fao.org/server/api/core/bitstreams/d5be2ffc-f191-
411c-9fee-bb737411576d/content

15. Kolog JD, Asem FE, Mensah-Bonsu A. The state of food security and its determinantsin
Ghana: an ordered probit analysis of the household hunger scale and household food insecurity
access scale. Scientific African. 2023 Mar 01;19(1):e01579.

16. Danso-Abbeam G, Asale MA, Ogundeji AA. Determinants of household food insecurity and
coping strategies in Northern Ghana. GeoJournal. 2023 Apr 01;88(2):2307-2324.

17. Hesselberg J, Yaro JA. An assessment of the extent and causes of food insecurity in northern
Ghana using a livelihood vulnerability framework. GeoJournal. 2006 Sep 01;67(1):41-55.

18. Ghana Statistical Service. Food Insecurity is Concentrated in the Five Regions in the
Northern part of Ghana [Internet]. 2022.[cited 2025 Jul 10]. Available from:
https://www.statsghana.gov.gh/infobankdetails.php?infobank=MTg3Mzc5MDg0Ni43MzE1/info
desk/200928qr2p

19. Ghana Statistical Service. Consumer Price Index and Inflation [Internet]. 2023.[cited 2025
Jul 09]. Available from:
https://statsghana.gov.gh/gssmain/fileUpload/Price%20Indices/CPI1%20March_2023_pdf.pdf

20. United Nations Development Programme (UNDP). Getting to the last mile: Accelerating
access to medicines and health technologies in Africa. New York: UNDP; 2016.

21. Global Alliance for Improved Nutrition (GAIN). Karaga District, Ghana: Infant and young
child feeding and food-based recommendations - findings from an Optifood analysis and
focused ethnographic study. Geneva: GAIN; 2016. Technical Brief.

31


https://www.un.org/dgacm/en/content/regional-groups
https://openknowledge.fao.org/server/api/core/bitstreams/d5be2ffc-f191-411c-9fee-bb737411576d/content
https://openknowledge.fao.org/server/api/core/bitstreams/d5be2ffc-f191-411c-9fee-bb737411576d/content
https://www.statsghana.gov.gh/infobankdetails.php?infobank=MTg3Mzc5MDg0Ni43MzE1/infodesk/20q928qr2p
https://www.statsghana.gov.gh/infobankdetails.php?infobank=MTg3Mzc5MDg0Ni43MzE1/infodesk/20q928qr2p
https://statsghana.gov.gh/gssmain/fileUpload/Price%20Indices/CPI%20March_2023_pdf.pdf

791
792

793
794
795

796
797
798
799

800
801
802
803

804
805
806

807
808
809
810

811
812
813
814

815
816
817

818
819
820
821

822
823
824

825
826
827
828

829
830
831

832

22. Ghana Statistical Service. 2021 Population and housing census: Karaga District analytical
report. Accra: Service GS; 2021. Census Report.

23. World Food Programme (WFP). Ghana food security and nutrition monitoring system: Round
1 (January-February 2023). Accra: WFP; 2023. Monitoring Report.

24. Wemakor A, Bukari M, Atariba R. Household food insecurity, low maternal social support
and maternal common mental disorders in East Mamprusi Municipality, Ghana. BMC Public
Health. 2023 Jun 28;23(1):1255.

25. Wemakor A, Mohammed IA, Awuni V. Determinants of Household Food Insecurity and
Depression in Mothers: Evidence from Ghana. Advances in Public Health. 2023 Apr
22;2023(1):9.

26. Morales DA, Barksdale CL, Beckel-Mitchener AC. A call to action to address rural mental
health disparities. J Clin Transl Sci. 2020 May 4;4(5):463-467.

27. Pobee RA, Setorglo J, Klevor MK, Murray-Kolb LE. High levels of depressive symptoms and
low quality of life are reported during pregnancy in Cape Coast, Ghana; a longitudinal study.
BMC Public Health 2022 May 05;22(1):894.

28. Azupogo F, Seidu JA, Issaka YB. Higher vegetable intake and vegetable variety is associated
with a better self-reported health-related quality of life (HR-Qol) in a cross-sectional survey of
rural northern Ghanaian women in fertile age. BMC Public Health. 2018 Jul 27;18(1):920.

29. Taylor J, Beillard MJ. Ghana Grain and Feed - Update - 2024. Accra, Ghana; 2024. Report
No.: GH2024-0015. USDA Foreign Agricultural Service, Global Agricultural Information Network.

30. Ministry of Food and Agriculture Republic of Ghana. Karaga [Internet]. 2011.[cited 2025 Jul
16]. Available from: https://mofa.gov.gh/site/directorates/district-directorates/northern-
region/258-karaga

31. Karaga District Assembly. Karaga District Composite Budget 2024. Karaga: Ministry of
Finance Ghana; 2024. 130 p.

32. Ministry of Food & Agriculture (Ghana). Karaga District Directorate — Ministry of Food &
Agriculture (Ghana) [Internet]. 2011.[cited 2025 Dec 31]. Available from:
https://mofa.gov.gh/site/directorates/60-district-directorates/district-northern/258-karaga

33. Ministry of Health: Republic of Ghana. Tamale Teaching Hospital [Internet]. 2018.[cited
2025 Aug 11]. Available from: https://www.moh.gov.gh/tamale-teaching-hospital/

32


https://mofa.gov.gh/site/directorates/district-directorates/northern-region/258-karaga
https://mofa.gov.gh/site/directorates/district-directorates/northern-region/258-karaga
https://mofa.gov.gh/site/directorates/60-district-directorates/district-northern/258-karaga
https://www.moh.gov.gh/tamale-teaching-hospital/

833
834
835

836
837
838

839
840
841
842

843
844
845
846
847

848
849
850

851
852
853

854
855
856
857

858
859
860

861
862
863
864

865
866
867

868
869
870

871
872
873
874
875

876

34. UNICEF. MICS6 data analysis manual [Internet]. New York: UNICEF; 2020. Chapter 6 — Data
processing and analysis; [2025 May 30]. Available from:
https://mics.unicef.org/sites/mics/files/chap06.pdf.

35. The Demographic Health Survey (DHS) Program. Wealth Index [Internet]. 2022.[cited 2025
Jan 12]. Available from: https://dhsprogram.com/topics/wealth-index/

36. Food and Agriculture Organization of the United Nations (FAO). Voices of the Hungry
[Internet]. 2025.[cited 2025 Jul 16]. Available from: https://www.fao.org/in-action/voices-of-
the-hungry/background/en/

37. United Nations Committee on World Food Security (CFS). Global Strategic Framework for
Food Security & Nutrition (GSF). [Internet]. 2017.[cited 2025 Dec 31]. Available from:
https://www.csm4cfs.org/wp-
content/uploads/2016/02/CFS_OEWG_GSF_2017_05_10_01_Updated_GSF_EN.pdf

38. Global Diet Quality Project. Ghana: Diet Quality Profile [Internet]. 2021.[cited 2025 Jul 09].
Available from: http://www.dietquality.org./countries/gha

39. Global Diet Quality Project. Diet Quality Questionnaire (DQQ) Indicator Guide [Internet].
2023.[cited 2025 Jul 16]. Available from: https://www.dietquality.org/calculators

40. Rand Health Care. 36-Item Short Form Survey (SF-36) Scoring Instructions [Internet]. 2025
Jul 16]. Available from: https://www.rand.org/health-care/surveys_tools/mos/36-item-short-
form/scoring.html

41. Ware JE, Jr., Sherbourne CD. The MOS 36-item short-form health survey (SF-36). I.
Conceptual framework and item selection. Med Care. 1992 Jun;30(6):473-83.

42. Darko R, Adanu RM, Duda RB, Douptcheva N, Hill AG. The health of adult women in Accra,
Ghana: self-reporting and objective assessments 2008-2009. Ghana Med J. 2012 Jun;46(2):50-
7.

43. Hooker SA. SF-36. In: Gellman MD, Turner JR, editors. Encyclopedia of Behavioral Medicine.
New York, NY: Springer New York; 2013.1784-1786 p. 1784-1786.

44.Vyas S, Kumaranayake L. Constructing socio-economic status indices: how to use principal
components analysis. Health Policy and Planning. 2006;21(6):459-468.

45. Hanley-Cook GT, Tung JYA, Sattamini IF, Marinda PA, Thong K, Zerfu D, et al. Minimum
Dietary Diversity for Women of Reproductive Age (MDD-W) Data Collection: Validity of the List-
Based and Open Recall Methods as Compared to Weighed Food Record. Nutrients. 2020 Jul
9;12(7).

33


https://mics.unicef.org/sites/mics/files/chap06.pdf
https://dhsprogram.com/topics/wealth-index/
https://www.fao.org/in-action/voices-of-the-hungry/background/en/
https://www.fao.org/in-action/voices-of-the-hungry/background/en/
https://www.csm4cfs.org/wp-content/uploads/2016/02/CFS_OEWG_GSF_2017_05_10_01_Updated_GSF_EN.pdf
https://www.csm4cfs.org/wp-content/uploads/2016/02/CFS_OEWG_GSF_2017_05_10_01_Updated_GSF_EN.pdf
http://www.dietquality.org./countries/gha
https://www.dietquality.org/calculators
https://www.rand.org/health-care/surveys_tools/mos/36-item-short-form/scoring.html
https://www.rand.org/health-care/surveys_tools/mos/36-item-short-form/scoring.html

877
878
879
880

881
882
883

884
885
886

887
888
889

890
891
892
893

894
895
896
897

898
899
900
901
902

903
904
905
906

907
908
909
910
911

912
913
914
915

916
917
918
919

920

46. Boxall JL, Abubakari BB, Abugri B, Amoore B, Ayichuru M, Brackstone K, al. e. Associations
between Perceived Climate Change and Food Insecurity in a Last Mile District of Rural Ghana: A
Mixed-Methods Study. SSRN [Internet]. 2024 [cited 2025 Jul 25]:21 Available from:
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4965932.

47. Global Diet Quality Project. DQQ data 2021-2023 [Internet]. 2023.[cited 2025 Jul 23].
Available from: https://www.dietquality.org/indicators

48. World Bank. Bridging the divide: Insights into Regional Poverty and Inclusion in Ghana.
Washington, DC: World Bank; 2024.

49. World Bank. Country Profile: Ghana [Internet]. 2021.[cited 2025 Jul 29]. Available from:
https://pip.worldbank.org/country-profiles/GHA

50. ECOWAS; UN Economic Commission for Africa; World Food Programme. Monitoring report
on the impacts of COVID-19 in West Africa. Abuja, Nigeria: Economic Community of West
African States; 2022.

51. Mane E, Macchioni Giaquinto A, Cafiero C, Viviani S, Anriquez G. Closing the gender gap in
global food insecurity: Socioeconomic determinants and economic gains in the aftermath of
COVID-19. Global Food Security. 2025 Jun 01;45:100850.

52. Odey GO, Adegbite MA, Denkyira SA, Alhaj SM, Lucero-Prisno DE. Chapter Two - Women
and food security in Africa: The double burden in addressing gender equality and environmental
sustainability. In: Cohen MJ, editor. Advances in Food Security and Sustainability. Elsevier;
2022.35-59 p. 35-59.

53. Islam MH, Nayan MM, Jubayer A, Amin MR. A review of the dietary diversity and
micronutrient adequacy among the women of reproductive age in low- and middle-income
countries. Food Sci Nutr. 2024 Mar;12(3):1367-1379.

54. Lemi TB, Ababor GN, Abdulahi M. Relationship between household food insecurity and
minimum dietary diversity among pregnant women attending antenatal care at public health
facilities in Fiche town, Oromia region, Central Ethiopia: A facility-based cross-sectional study.
BMJ Open. 2025;15(2):e088621.

55. Oyet SM, Kaahwa RM, Muggaga C, Ongeng D, Okello-Uma I. Household dietary diversity and
associated factors in rural and peri-urban areas of Mbale District, Eastern Uganda. BMC Public
Health. 2025 Jan 24;25(1):303.

56. Onah MN, Hoddinott J, Horton S. Qualitative exploration of the dynamics of women's dietary
diversity. How much does economic empowerment matter? Public Health Nutr. 2022
Jun;25(6):1461-1471.

34


https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4965932
https://www.dietquality.org/indicators
https://pip.worldbank.org/country-profiles/GHA

921
922
923
924
925

926
927
928
929

930
931
932
933

934
935
936
937
938

939
940
941
942

943
944
945
946

947
948
949

950
951
952
953

954
955
956

957
958
959
960

961
962
963

964

57. Forum on Neuroscience and Nervous System Disorders; Board on Health Sciences Policy;
Board on Global Health; Institute of Medicine; National Academies of Sciences E, and
Medicine. Providing Sustainable Mental and Neurological Health Care in Ghana and Kenya:
Workshop Summary. [Internet]. Washington (DC): National Academies Press (US); 2016 Feb 25.
3, Ghana; [2025 Jul 30]. Available from: https://www.ncbi.nlm.nih.gov/books/NBK350306/.

58. Sweetland AC, Norcini Pala A, Mootz J, Kao JC-W, Carlson C, Oquendo MA, et al. Food
insecurity, mental distress and suicidal ideation in rural Africa: Evidence from Nigeria, Uganda
and Ghana. International Journal of Social Psychiatry. 2018 Feb 01;65(1):20-27.

59.ZhangL, ChenY, Li Q, Zhang J, Zhou Y. Barriers and Facilitators to Medical Help-seeking in
Rural Patients with Mental Illness: A Qualitative Meta-synthesis. Asian Nursing Research. 2024
May 01;18(2):203-214.

60. Adewuya AO, Coker OA, Atilola O, Ola BA, Zachariah MP, Adewumi T, et al. Gender
difference in the point prevalence, symptoms, comorbidity, and correlates of depression:
findings from the Lagos State Mental Health Survey (LSMHS), Nigeria. Arch Womens Ment
Health. 2018 Dec;21(6):591-599.

61. Ofori-Atta A, Cooper S, Akpalu B, Osei A, Doku V, Lund C, et al. Common understandings of
women's mentalillness in Ghana: Results from a qualitative study. International Review of
Psychiatry. 2010 Dec 01;22(6):589-598.

62. Fusta A, Nawaf S, Anthony W, Hammond Yaw A, Michael B, Inge DB. Moderate-to-severe
household food insecurity is associated with depression among adolescent girls in northern
Ghana: a cross-sectional analysis. BMJ Nutrition, Prevention & Health. 2023 Jan 02:000523.

63. ZhangY, Ding J, Liang J. Associations of Dietary Vitamin A and Beta-Carotene Intake With
Depression. A Meta-Analysis of Observational Studies. Frontiers in Nutrition. 2022 Apr 25;9

64. Militao EMA, Uthman OA, Salvador EM, Vinberg S, Macassa G. Association between
socioeconomic position of the household head, food insecurity and psychological health: an
application of propensity score matching. BMC Public Health. 2024 Sep 27;24(1):2590.

65. Glymour MM, Avendano M, Kawachi |. Socioeconomic status and health. Social
epidemiology. 2014 Jul 09;2:17-63.

66. Ervin J, Taouk Y, Alfonzo LF, Hewitt B, King T. Gender differences in the association between
unpaid labour and mental health in employed adults: a systematic review. The Lancet Public
Health. 2022 Sep 01;7(9):775-786.

67. Owoo NS, Lambon-Quayefio MP. Mixed methods exploration of Ghanaian women’s
domestic work, childcare and effects on their mental health. PLOS ONE. 2021;16(2):e0245059.

35


https://www.ncbi.nlm.nih.gov/books/NBK350306/

965
966
967
968

969
970
971
972

973
974
975

976
977
978
979
980

981

982
983

984

985

986

987

988

989

990

991

992

993

994

995

996

997

998

999

1000

68. Doglikuu DB-1, Annan JK, Asare S, Yawson H, Takyi O, Dzidzornu FA, et al. Household food
insecurity, family size and their interactions on depression prevalence among teenage pregnant
girls in Ghana, a population based cluster survey. BMC Women's Health. 2023 Oct
06;23(1):527.

69. Thomas S, Srinivasan K, Heylen E, Ekstrand ML. Correlates of social supportinindividuals
with a diagnosis of common mental disorders and non communicable medical diseases in rural
South India. Soc Psychiatry Psychiatr Epidemiol. 2021 Sep;56(9):1623-1631.

70.Vig S. Climate change and mental health of women in developing countries. Climatic
Change. 2025 Jun 09;178(6):118.

71. Bryson JM, Patterson K, Cunsolo A, Berrang-Ford L, Lwasa S, Namanya DB, et al. “When you
have stress because you don’t have food”: Climate, food security, and mental health during
pregnancy among Bakiga and Indigenous Batwa women in rural Uganda. PLOS Climate.
2024;3(10):0000399.

36



1001

1002

1003

1004
1005
1006
1007
1008
1009

1010

1011

1012
1013
1014
1015
1016

Figures

; N West Africa A
Africa A

Republic of
Tanzania

=k

»

Mauéitius

&
South Africa L@"

0 310 620 1,240 Miles
S R T R I I |

200 Kilometers

Figure 1 Map of Africa, West Africa and Ghana. The Map labelled Africa shows the 54 countries in
the continent, where Ghana is highlighted in yellow(11). The arrow pointing from the map labelled
Africa leads to the map labelled West Africa, which shows the 16 countries in the West Africa region
of the continent(11). Ghana is highlighted in yellow. The arrow pointing from the map labelled West
Africa, leads to a map zoomed in on Ghana, showing the 16 regions of the country, where the
Northern Region is highlighted in yellow. Maps were made using ARCGIS Pro V3.5.2
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Figure 2 Map of Ghana's Regions, Districts within the Northern Region and sub-districts within
Karaga District. The Map labelled Ghana shows the 16 administrative regions of the country, where
the Northern Region is highlighted in yellow. The arrow pointing from the Northern Region leads to the
map labelled Northern Region, which shows the 16 districts, where Karaga District is highlighted in
yellow. An arrow then leads to a map zoomed in on Karaga District where the sub-district of Pishigu
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(alternative spelling of Pisigu is used in the map) is pinpointed by the circle, and the district capital of
Karaga town is pinpointed by the square. All 3 maps were made using ARCGIS Pro V3.5.2

Tables

Table 1 Inclusion and exclusion criteria to determine eligible participants for the household

surveys.

Inclusion criteria

Exclusion Criteria

Female sex

Male sex

Resident of Pishigu for more than 6 months

Not a resident of Pishigu or a resident of
Pishigu for less than 6 months

Adult (=18 years of age)

Child (<18 years of age)

Was able to provide informed consent

Was unable to provide informed consent

Table 2 Description of the Food Insecurity Experience Scale (FIES) and the corresponding

severity of food insecurity (FI) assigned to each question.

FIES Question description (if the participant or anyone in her Severity
Question | household has experienced the following scenarios in the last | of Fl
12 months due to lack of money or other resources)

1 Worried about not having enough food Mild

2 Unable to eat healthy and nutritious food Mild

3 Only ate only a few kinds of foods Mild

4 Had to skip a meal Moderate
5 Ate less than you thought you should Moderate
6 Household ran out of food Moderate
7 Went to sleep hungry Severe

8 Went a whole day and night without eating anything Severe

Total FIES score = Sum Q1-Q8 (0-8)
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1038

1039 Table 3 The Diet Quality Questionnaire (DQQ) adapted for Ghana collects information on 29
1040 food groups used to calculate the Diet Diversity Score (DDS) and Minimum Dietary Diversity
1041 Score for Women (MDD-W). A score of 1 is available for each of the 10 food categories, where
1042 the MDD-W is 5 or more of these 10 categories(38, 39).
MDD-W DQQ adapted for Ghana Possible
food group points
Grains, Q1: Bread, rice, waakye, jollof, fried rice, omutuo, or rice porridge 1
white roots | Q2: Kenkey, banku, tou zaafi, Hausa koko, akple, roasted maize,
and tubers, | boiled maize, or tom brown
and Q3: Fufu, gari, kokonte, cassava, yam, cocoyam, plantain, or sweet
plantains potato
Pulses Q4: Beans, or bambara beans 1
(beans,
peas and
lentils)
Nuts and Q21: Groundnuts, kuli kuli, groundnut paste, groundnut soup, 1
seeds agushi stew, neri soup, or cashews
Dairy Q14: Cheese curds or wagashi 1
Q15: Brukina or drink yogurt
Q25: Fresh milk, tin milk, or powdered milk
Meat, Q16: Sausages or corned beef 1
poultry and | Q17: Beef, goat, sheep, liver, or intestines
fish Q18: Pork, grasscutter, rabbit, or bush meat
Q19: Chicken, gizzard, or Guinea fowl
Q20: Fish, dried fish, koobi, anchovies, smoked herring, crab, or
shrimp
Eggs Q13: Eggs 1
Dark green | Q6.1: Cocoyam leaves, amaranth leaves, ademe, ayoyo, sweet 1
leafy potato leaves, cassava leaves, or bokoboko
vegetables | Q6.2: Baobab leaves, cowpea leaves, roselle leaves or bra, kenaf,
African eggplant leaves, or West India nettle
Other Q5: Carrots, or sweet potatoes that are orange inside 1
vitamin A-
rich fruits Q8: Mango or papaya
and
vegetables
Other Q7.1: Tomatoes, okro, garden eggs, sponge gourd, or cabbage 1
vegetables | Q7.2: Sweet green pepper, lettuce, cucumber, or mushrooms
Other fruits | Q9: Orange or tangerine 1
Q10.1: Banana, pineapple, avocado pear, watermelon, apple,
guava, or African star apple
Q10.2: Soursop, coconut, velvet tamarind, baobab, ebony fruit, or
shea fruit
DDS: Sum (0-10)
Adequate MDD-W: DDS of 25
Inadequate MDD-W: DDS of <5
1043
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Table 4 items of the Rand Short Form Health Survey (SHF-36) assessing mental health and the

corresponding scores

Question assessing

Response options

Recoded score

mental health (0-100)
24: Have you been a (1) All of the time 0
very nervous person? (2) Most of the time 20
(3) A good bit of the time 40
(4) Some of the time 60
(5) A little of the time 80
(6) None of the time 100
25: Have you felt so (1) All of the time 0
down in the dumps that | (2) Most of the time 20
Eo’;hlng could cheer you (3) A good bit of the time 40
P (4) Some of the time 60
(5) A little of the time 80
(6) None of the time 100
26: Have you felt calm (1) All of the time 100
and peaceful? (2) Most of the time 80
(3) A good bit of the time 60
(4) Some of the time 40
(5) A little of the time 20
(6) None of the time 0
28: Have you felt (1) All of the time 0
downhearted and blue? (2) Most of the time 20
(3) A good bit of the time 40
(4) Some of the time 60
(5) Alittle of the time 80
(6) None of the time 100
30: Have you been a (1) All of the time 100
happy person? (2) Most of the time 80
(3) A good bit of the time 60
(4) Some of the time 40
(5) A little of the time 20
(6) None of the time 0

Mental health score = average (mean) recoded score

High MH: 250
Low MH <50
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Table 5 Demographic characteristics of participants.

Variable n (%)
Number of participants 384 (100)
Age group (years)
18-29 69(18.0)
30-39 153 (40.0)
40-49 89 (23.2)
50-59 40 (10.4)
60-69 29 (7.6)
70-79 4 (1.0)
Neighbourhood
Kabomnaafung 38 (9.9)
Kpengfong 38 (9.9)
Slimbomanaafong B 75 (19.5)
Sub 108 (28.1)
Warizhenaafong 42 (10.9)
Wulenfung 42 (10.9)
Yiezhenaafung 41 (10.7)
Ethnicity
Dagomba 366 (95.3)
Gonja 3(0.8)
Mamprusi 6 (1.6)
Other ethnicity 9(2.3)
Religion
Christianity (Catholic) 2 (0.5)
Christianity (Protestant) 1(0.3)
Islam 381 (99.2)
Marital Status
Divorced 1(0.3)
Married 337 (87.8)
Single 3(0.8)
Widowed 43 (11.2)
Pregnant/ breastfeeding
Yes 143 (37.2)
No 241 (62.8)
Household size (people)
1-10 183 (47.7)
11-20 137 (35.7)
21-30 48 (12.5)
31-40 9 (2.3)
41-50 6 (1.6)
51-60 0 (0.0)
61-70 0 (0.0)
71-80 0 (0.0)
81-90 1 (0.26)
Number of child dependants
0 9 (2.3)
1-5 222 (57.8)
6-10 114 (29.7)
11-15 29 (7.6)
16-20 7(1.8)
21-24 3 (0.8)

Highest level of educational attainment
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Variable n (%)
No formal education 314 (81.8)
Primary school 41 (10.7)
Junior high school 22 (5.7)
Senior high school 7(1.8)

Employment status
Unemployed 208 (54.2)
Self-employed 173 (45.1)
Paid employee (full-time) 1(0.26)
Apprenticeship 1(0.26)
Full time education 1(0.26)

Main source of income
Agriculture (own farm) 261 (69.0)
Agriculture (someone else’s farm) 78 (20.5)
Education (teacher) 1(0.3)
Housewife 16 (4.2)
Trading 25 (6.6)

Relative wealth index
Poorest 94 (24.5)
Poorer 64 (16.7)
Middle 77 (20.1)
Richer 74 (19.3)
Richest 75 (19.5)
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1068 Table 6 Descriptive statistics for potential confounders and covariates: presence of non-
1069 communicable disease, intake of vitamin A, iron and folic acid supplements, physical health,
1070 and perceived effects of climate change on food security.

Variable Result
Number of participants, n (%) 384 (100.0)
Diagnosed with a NCD (type 2 diabetes,
Cardiovascular disease, Hypertension, Stroke,
Cancer, Obesity or Underweight), n (%)
Yes 147 (38.3)
No (prefer not to say/don’t know) 237 (61.7)
Advised to take micronutrient supplements
Vitamin A, n (%)

Yes 68 (17.7)
No 316 (82.3)
Iron, n (%)
Yes 194 (50.5)
No 190 (49.5)
Folic acid, n (%)
Yes 190 (49.5)
No 194 (50.5)
Physical functioning
Mean (SD) 71.5(32.4)
High physical functioning, n (%) 302 (78.7)
Low physical functioning, n (%) 82 (21.4)
Overall effect of climate change on food
security
Mean (SD) 7.0 (3.0)
Min, max 0,13

1071 Note: the primary study included 5 questions assessing the perceived effect of climate change on
1072 food availability, 3 questions assessing accessibility and affordability and 2 questions assessing

1073 utilisation. By summing each domain of food security together, a total of 13 binary response questions
1074 assessed the overall perceived effect of climate change on all 4 domains of food security.

1075

1076 Table 7 Raw Food Insecurity Experience Scale (FIES) scores and corresponding categories of
1077 food insecurity, presenting the number and percentage of the 384 participants falling into each
1078 category(36).

Score  Food insecurity category n (%)
0 No food insecurity 6 (1.6)
1 Mild food insecurity 2 (0.5)
2 Mild food insecurity 7 (1.8)
3 Mild food insecurity 8(2.1)
4 Moderate food insecurity 8(2.1)
5 Moderate food insecurity 14 (3.7)
6 Moderate food insecurity 42 (10.9)
7 Severe food insecurity 47 (12.2)
8 Severe food insecurity 250 (65.1)
1079
1080
1081
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Table 8 Prevalence of moderate and severe food insecurity for Pishigu, Karaga District,

compared to the prevalence for Ghana, the West Africa region and the global average, Gallop
World Poll (2021-2023)(14). Prevalence rates for Mion district come from a prior study conducted in

2023(46). Other than the prevalence rates for Pishigu, all other rates include the prevalence of food

insecurity in both men and women.

Region Prevalence (%)
Pishigu, Karaga District, Northern Region

Flmod+sev 934

Flsev 526
Sang, Mion District, Northern Region

Flmod+sev 61 5

Flsev 26.4
Ghana

Flmod+sev 42.4

Flsev 8.2
West Africa

FImod+sev 61 4

Flsev 18.8
Global

F|m0d+sev 289

Flsev 10.7

Table 9 Frequency and percentage of participants who had consumed the 10 food groups,
outlined by the Global Diet Quality Project adapted for Ghana, in the 24 hours prior to the

survey(39).

Food group N (%)
Grains, roots & tubers 351 (91.4)
Pulses 23 (6.0)
Nuts or seeds 283 (73.7)
Dairy 30 (7.8)
Meat, poultry & fish 246 (64.1)
Eggs 18 (4.7)
Dark green leafy vegetables 157 (40.9)
Vitamin A-rich fruits and vegetables 16 (4.2)
Other vegetables 265 (69.0)
Other fruits 19 (5.0)
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Table 10 Dietary Diversity Score (DDS) and Minimum dietary diversity for women (MMD-W) for
Pishigu, Karaga district, compared to scores for Ghana, disaggregated by rural and urban
residency, Global Diet Quality Project (2021-2023)(39, 47).

Region Result
Pishigu, Karaga District
DDS, mean (SD) 3.7 (1.7)
MMD-W (% with adequate dietary diversity) 31.5
Ghana (average)
DDS, mean 45
MMD-W (% with adequate dietary diversity) 44
Ghana (urban)
DDS, mean 4.6
MMD-W (% with adequate dietary diversity) 45
Ghana (rural)
DDS, mean 44
MMD-W (% with adequate dietary diversity) 43

Note: Standard deviations are not available in the data from the Global Diet Quality Project

Table 11 Univariate and Multivariate linear regression models to explore the effect of food

insecurity and diet diversity on mental health in women from Pishigu, Karaga District. The

univariate model explores the association between selected demographic characteristics, other
potential covariates and mental health. The multivariate model adjusts for possible confounders. The

dependent variable is the continuous mental health score from the Rand Short Form Health Survey

(SHF-36) used in household surveys.

Univariate Multivariate

B (95% CI) R? p value B (95% CI) p value
FIES -0.76 (-1.50,-0.03) 0.01  0.042* -0.27 (-1.06, 0.52) 0.501
DDS 0.21 (-0.54, 0.96) 0.00 0.583 -0.44 (-1.36, 0.48) 0.344
Perceptions of -0.77 (-1.20,-0.33) 0.03 0.001* -0.91 (-1.48,-0.34)  0.002*
climate change
Physical -0.03 (-0.07, 0.00) 0.01 0.082 -0.02 (-0.06, 0.02) 0.239
functioning
Household size 0.23 (0.09, 0.37) 0.03  0.001* 0.15 (0.01, 0.28) 0.030*
Wealth 1.80 (1.18, 2.45) 0.08 <0.001* | 1.26 (0.58, 1.95) <0.001*
Vitamin A
(Ref.=No)
Yes 5.39 (2.18, 8.61) 0.03  0.001* 7.89 (3.95, 11.83) <0.001*
Iron (Ref.=No)
Yes 4.28 (1.83, 6.73) 0.03 0.001* 2.54 (-0.82, 5.90) 0.138
Folic acid
(Ref.=No)
Yes 4.45 (2.00, 6.90) 0.03 <0.001* | 1.06(-2.20,4.32) 0.522
Educational
attainment (Ref. =
No formal
education)
Primary school 3.14 (-0.92, 7.21) 0.02 0.129 0.35(-3.68, 4.39) 0.864
Junior high school 5.59 (0.25, 10.93) 0.02 0.040 3.47 (-1.81, 8.75) 0.197
Senior high school ~ 4.19 (-5.07,13.44) 0.02 0.374 4.65(-4.52,13.83) 0.319

Income (Ref.
=agriculture own
farm)
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Univariate Multivariate
B (95% CI) R? p value B (95% CI) p value
Agriculture -0.98 (-4.00, 2.03) 0.09 0.521 1.60 (-2.03, 5.23) 0.388
(someone else’s
farm)
Education -30.98 (-54.38, - 0.09 0.010* -28.19 (-51.86, - 0.020*
7.59) 4.47)
Housewife -16.23 (-22.25, - 0.09 <0.001* | -11.75 (-17.54, - <0.001*
10.22) 5.95)
Trading -5.22 (-10.11, - 0.09 0.036* -4.32 (-9.07, 0.43) 0.074
0.33)
Pregnancy/breastf
eeding status
(Ref.=No)
Yes -1.06 (-3.64, 1.52) 0.00 0.419 -2.10 (-4.80, 0.60) 0.127
Age (Ref. = 18-29)
30-39 0.07 (-3.50, 3.63) 0.00 0.971 -1.17 (-4.71, 2.38) 0.518
4049 -1.46 (-5.40, 2.48) 0.00 0.466 -2.16 (-6.38, 2.05) 0.314
50-59 -1 (-5.87, 3.87) 0.00 0.687 -1.11 (-6.38, 3.86) 0.661
60-69 1.31 (-4.11,6.73) 0.00 0.635 -0.16 (-5.62, 5.30) 0.955
70-79 8.01 x 107" 0.00 1.000 -3.36 (-14.88, 8.15)  0.566

(-12.58, 12.58)

*Significant if p <0.05

The R? value for the multivariate model = 0.27. 95% confidence intervals (Cl) are presented for each
variable. The model adjusts for relevant confounders informed by an initial literature search and
assessment of model fit and multicollinearity. Model fit and complexity was assessed using Akaike
Information Criterion (AIC) and Bayesian Information Criterion (BIC), giving the lowest values for this
multivariate regression model, suggesting this model is the best fit (AIC=2901.29, BIC= 2991.80).
Initially, ethnicity, religion and neighbourhood were included in the model, however based on AIC and
BIC, these variables were removed from the final model to avoid over adjusting for potential
confounders. Furthermore, the presence of collinearity was flagged in STATA. Therefore, after
calculating the Variance Inflation Factor (VIF), to assess multicollinearity, employment status, marital
status, child dependents and presence of a NCD were removed. This gave a mean VIF value for this
multivariate model of 1.63, indicating low multicollinearity.
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Appendices

Appendix A: Participant Information Sheet for Household Survey

Study Title: SEED - A mixed-methods Study investigating the Effects of climate
change on food insecurity through Empowering women in Karaga District, Northern
Region, Ghana.

Researchers: Jess Boxall, University of Southampton (UK), and Patience Kanyiri Gaa,
University for Development Sciences.

Ethics committee reference numbers
University for Development Studies — UDS/RB/0001/25
University of Southampton, UK — ERG099811

If the potential participant is unable to read, or is not fluent in English, then the
researcher will read the information sheet out loud in the local language, and check
that the participant can understand the study. All participants will be given time to
consider their inclusion in the study.

You are being invited to take part in the above research study. To help you decide whether
you would like to take part or not, it is important that you understand why the research is
being done and what it will involve. Please read the information below carefully and ask
questions if anything is not clear or you would like more information before you decide to
take part in this research. You may like to discuss it with others, but it is up to you to decide
whether or not to take part. If you are happy to participate you will be asked to sign a
consent form.

What is the research about?

This survey is asking individuals in Karaga about their views on food insecurity within their
community, the impacts of climate change on this, and their current health status. Questions
will include questions on how much food is available or accessible to you, what you feel is
affecting this the most including climate change effects, what foods make up your usual diet,
and how you feel about your general health. We will combine responses to review the
general viewpoints across the community. Based on the results of household surveys and
focus groups, recommendations will be made to local, regional and national authorities.

The study is funded by the Sustainability & Resilience Institute, University of Southampton,
UK.
Why have | been asked to participate?

Your community has been selected to take part in the research. Households within each
community have been selected at random to be invited to take part in this survey.
Therefore, we would value your input and answers to the survey.
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What is going to happen?

We will request your consent to take part in the study. If you agree, you will need to show
this on the consent form. This will involve either signing your name, or entering a thumb
print.

A trained local member of your community will ask you the questions, and take note of your
answers. They will enter your answers onto an electronic device, such as a tablet or smart
phone. You can choose the location where the survey is done (for example, you may prefer
inside or outside of your home, or in another place).

Please do take your time with considering whether you want to take part in the study. The
researcher can come back later at a time that is agreeable to you.

You will keep a copy of the participant information sheet and the consent form. The consent
forms will be stored securely at the School of Medicine, University for Development Studies,
overseen by Patience Kanyiri Gaa.

The survey should take around 45 minutes to 1 hour to complete.
Are there any benefits in my taking part?

By taking part in this research, there are not any immediate benefits to yourself. However,
the survey results will allow decision-makers in Ghana to understand more about your
viewpoints on food insecurity issues, and the impact on your health and community. When
we talk about decision-makers, examples include the local Chief's office and local assembly,
local and national government, and the Ghana Health Service (covering your district office,
and also regional and national offices).

Are there any risks involved?

We want you to be as comfortable as possible during and after the survey. The researcher
will check with you before, during and afterwards about how you are feeling.

You do not have to take part in this survey. You can stop at any time. If you wish to withdraw
from the study at a later point, you are of course free to do so (without penalty or prejudice),
until the data has been included in the analysis.

The risks of your confidentiality being breached are very low. We are an experienced
research team, and have processes in place to make this process as secure and
straightforward as possible.

Cost and compensation

You will not receive payment for taking part in the study, and we do not anticipate you will
incur any costs. In the unlikely event that you do incur expenses, they will be reimbursed by
the researcher (who will be able to claim their expenses back as part of the study). You will
be required to provide some level of evidence in order to be eligible for an expense claim.

What data will be collected?

Your survey response will be collected, which include personal demographic information
such as your sex, age and religious beliefs. We will not hold your personal information such
as your name, or address against your survey response. You will be assigned a study ID
that will be used to link your survey response to your identifiable/contact information.
Contact information will be collected on a separate password-protected spreadsheet that is
stored securely at UDS for the duration of the study and will not be shared outside of this
institute. Our research team is very experienced, and our data management processes
means that there is a very low risk of confidentiality being breached.

Will my participation be confidential?
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Your privacy is very important. Your participation and the information we collect about you
during the course of the research will be kept strictly confidential.

Only members of the research team and responsible members of the University of
Southampton (UK) may be given access to data about you for monitoring purposes and/or to
carry out an audit of the study to ensure that the research is complying with applicable
regulations. Individuals from regulatory authorities (people who check that we are carrying
out the study correctly) may require access to your data. All of these people have a duty to
keep your information, as a research participant, strictly confidential.

You will not be identifiable in any documents that refer to this survey. Any personal data that
is collected to follow-up on future surveys in this project will be held on a separate password-
protected spreadsheet, that will be securely stored on UDS networks and will not be shared
with UoS colleagues. Consent forms will be stored in lockable cabinets at the University for
Development Studies.

The answers you provide will be sent securely to University of Southampton (UK) for their
analysis of the research. However, as you are anonymous, the University of Southampton
(UK) researchers will not know who you are.

Do | have to take part?

No, it is entirely up to you to decide whether or not to take part. If you decide you want to
take part, you will need to sign a consent form to show you have agreed to take part.

What happens if | change my mind?

You have the right to change your mind and withdraw without giving a reason and without
your participants rights being affected. Please contact the data collectors in your
community if you wish to withdraw, or the study leaders if necessary (contact details for
which can be found below).

What will happen to the results of the research?

Results from the study will appear in scientific papers, policy briefs (typically x2-4 page short
documents made available to decision-makers in organisations like the Ghana Health
Service) and lay summaries (which are aimed at the general public). These will be available
on the study websites, and available to you in paper and electronically upon request.

Lay summaries of the results will be given to the community once the analysis has been
completed. If you wish to receive a copy, please do contact a member of the study team in
Ghana or Southampton, or put in a request to the local health directorate.

Your personal details will remain strictly confidential. Research findings made available in
any reports or publications will not include information that can directly identify you without
your specific consent.

All data will be stored securely and safely in Ghana, and securely transferred to University
of Southampton (UK) colleagues via the ‘dropoff’ system. In Southampton, data will be kept
as electronic files securely on the university network. After the study the data will be stored
electronically (and securely) for a period of 15 years, as per University of Southampton
Research Data Management Policy. See http://library.soton.ac.uk/researchdata/retention,
and the guidance on retention and destruction and access.

If you have any questions, please speak to the data collectors. For any further concerns
about the study, you can telephone or write to the people listed under ‘Contacts for any
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concerns about the study’.
Where can | get more information?

You can speak to your local health directorate.

Or, contact Patience Kanyiri Gaa, University for Development Studies, co-Investigator,
Tamale, by phone 020 8442438 or by email pgaa@uds.edu.gh

Or Jess Boxall, University of Southampton (UK) Principal Investigator, by phone +44
(0)2382 027207 or by email j.I.boxall@soton.ac.uk

What happens if there is a problem?

If you have a concern about any aspect of this study, you should speak to the researchers
who will do their best to answer your questions.
If you remain unhappy or have a complaint about any aspect of this study, please contact:
- University of Southampton (UK) Head of Research Ethics and Clinical Governance
(Phone: +44 (0)23 8059 5058, email: rgoinfo@soton.ac.uk).
- University for Development Studies contact (Ishawu Alhassan, Phone:
0244958838/0202484404, email: aishawu@uds.edu.gh

If you become distressed at all about the issues discussed and would like to talk to
someone, please contact BasicNeeds Ghana by phone: +233(0)596994603 /
+233(0)501510968 or by email info@basicneedsghana.org.

What are your choices about how your information is used?

You can stop being part of the study at any time, without giving a reason, but we will keep
all anonymous information about you that we already have.

We need to manage your records in specific ways for the research to be reliable. This
means that we won’t be able to let you see or change the data we hold about you.

If you agree to take part in this study, you will have the option to take part in future research
using your data saved from this study. All data used for future research will be anonymized,
and used for further analysis.

Data Protection Privacy Notice from the University of Southampton (UK)

The University of Southampton conducts research to the highest standards of research
integrity. As a publicly-funded organisation, the University has to ensure that it is in the
public interest when we use personally-identifiable information about people who have
agreed to take part in research. This means that when you agree to take part in a research
study, we will use information about you in the ways needed, and for the purposes specified,
to conduct and complete the research project. Under data protection law, ‘Personal data’
means any information that relates to and is capable of identifying a living individual. The
University’s data protection policy governing the use of personal data by the University can
be found on its website (https://www.southampton.ac.uk/legalservices/what-we-do/data-
protection-and-foi.page).

This Participant Information Sheet tells you what data will be collected for this project and
whether this includes any personal data. Please ask the research team if you have any
questions or are unclear what data is being collected about you.
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Our privacy notice for research participants provides more information on how the University
of Southampton collects and uses your personal data when you take part in one of our
research projects and can be found at
http://www.southampton.ac.uk/assets/sharepoint/intranet/Is/Public/Research%20and%20Inte
grity%20Privacy%20Notice/Privacy%20Notice %20for%20Research % 20Participants.pdf

Any personal data we collect in this study will be used only for the purposes of carrying out
our research and will be handled according to the University’s policies in line with data
protection law. If any personal data is used from which you can be identified directly, it will
not be disclosed to anyone else without your consent unless the University of Southampton
is required by law to disclose it.

Data protection law requires us to have a valid legal reason (‘lawful basis’) to process and
use your Personal data. The lawful basis for processing personal information in this research
study is for the performance of a task carried out in the public interest. Personal data
collected for research will not be used for any other purpose.

For the purposes of data protection law, the University of Southampton is the ‘Data
Controller’ for this study, which means that we are responsible for looking after your
information and using it properly. The University of Southampton will keep identifiable
information about you for 15 years after the study has finished after which time any link
between you and your information will be removed.

To safeguard your rights, we will use the minimum personal data necessary to achieve our
research study objectives. Your data protection rights — such as to access, change, or
transfer such information - may be limited, however, in order for the research output to be
reliable and accurate. The University will not do anything with your personal data that you
would not reasonably expect.

If you have any questions about how your personal data is used, or wish to exercise any of
your rights, please consult the University’s data protection webpage
(https://www.southampton.ac.uk/legalservices/what-we-do/data-protection-and-foi.page)
where you can make a request using our online form. If you need further assistance, please
contact the University’s Data Protection Officer (data.protection@soton.ac.uk).

Thank you for your time.
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Appendix B: Household Survey Consent Forms

Study Title: SEED - A mixed-methods Study investigating the Effects of climate change on
food insecurity through Empowering women in Karaga District, Northern Region, Ghana.

Study is co-led by University of Southampton (UK), the University for Development Studies
(Ghana).

Ethics committee reference numbers
University for Development Studies — [reference number to be added here]

University of Southampton — ERGO99811

Version and date: V2 — 2nd December 2024

The participant will keep a copy of this consent form that includes their participant ID.

Thank you for your interest in this study. It is very important to us to conduct our studies in
line with ethics principles, and this Consent Form asks you to confirm if you agree to take
part in the above study. Please carefully consider the statements below and add your initials
and signature only if you agree to participate in this research and understand what this will
mean for you. Participation in this study is fully voluntary.

For the researcher to put to the potential participant Provide
initials or
thumb
print in
these
boxes

Are you content you have had the opportunity to read the Participant Information
Sheet (V2 29/11/2024) and you understand what is expected of you?

Are you content that you have been given the opportunity to consider the
information, ask questions about the study, and all of your questions have been
answered to your satisfaction?

Do you agree to take part in this study and understand that data collected during
this research project will be used for the purpose of this study?
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Are you clear that you can withdraw from the study at any time during the data
collection process without giving a reason, without penalty?

Are you clear that all personal information collected about you (e.g. name and
contact details) will be kept confidential (i.e. will not be shared beyond the UDS
study team) unless required by law or relevant regulations?

Are you clear that your contact details will be retained by UDS so that you can
be contacted about further activities for this research project? This does not
oblige you to participate in future activities for this project.

Are you clear that your (anonymous) answers will be sent securely to the
University of Southampton, UK?

Do you agree for your anonymised data collected during this study to be
archived at the University of Southampton so that it can be used for future
research and learning?

PARTICIPANTS STATEMENT

I acknowledge that | have read or have had the purpose and contents of the Participants’
Information Sheet read and all questions satisfactorily explained to me in a language |
understand (English or local language). | fully understand the contents and any potential
implications as well as my right to change my mind without penalty or prejudice (i.e.
withdraw from the research) even after | have signed this form.

| voluntarily agree to be part of this research.

Name of participant Signature or thumb print Date

STUDY DATA COLLECTOR STATEMENT AND SIGNATURE
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| certify that the participant has been given ample time to read and learn about the study. All

questions and clarifications raised by the participant have been addressed. | hereby sign
and date below, to confirm the participant is content with the study, and wishes to proceed

with the survey.

Name of researcher

Signature

Date
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Appendix C: Household survey questions.

SEED - A mixed-methods Study investigating the Effects of climate change on food
insecurity through Empowering women in Karaga District, Northern Region, Ghana.

Demographics

Q
No

Question

Data type

Options

1

Participant ID

Integer

2

What was the interview outcome?

Drop-down

Survey answered

Declined to participate

Nobody home

Please state the name of your sub-
district/neighbourhood

Drop-down

Kabomnaafung

Kpengfong

Slimbomanaafong B

Sub

Warizhenaafong

Wulenfung

Yiezhenaafung

4a

Gender

Drop-down

Male*

Female

Prefer not to say

4b

If female, are you pregnant or
breastfeeding?

Drop-down

Yes

No

Prefer not to say

Age

Drop-down

18-120

Ethnicity

Drop-down

Dogomba

Gonja

Mampursi

Other, please specify

Other ethnicity

Free text

Origin

Drop-down

Native to Ghana (I was
born here)

Migrant (I moved here
from another country)

Settler

How many years have you lived in
this community?

Drop-down

Less than 1 year

1-5 years

6-10 years

11-20 years

21-39 years

Over 40 years

Current marital status

Drop-down

Single

In a relationship, but
not living with partner

Living with partner

Married

Separated

Divorced

Widowed
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10 What is your highest level of Drop-down No formal education
education?
Primary school
Junior high school
Senior high school
Technical or vocational
Higher
education/Tertiary
11 What is your current employment Checkboxes Unemployed
status? More than one option can be
selected.
Self-employed
Paid employee (part-
time)
Paid employee (full-
time)
In education
Retired
Prefer not to say
12a | What is your economic activity? Checkboxes Agriculture (own farm)
More than one option can be
selected.
(Skipped if 11 is unemployed.)
Agriculture (someone
else’s farm)
Government/local
authority
Education (e.g.
teacher)
Religious institution
Housewife/home
duties
Other, please specify
12b | Other economic activity Free text
13 Which religious belief or group do Drop-down African Traditional
you subscribe to? Religion
Christianity — Catholic
Christianity —
Protestant
Islam
14 How many people, including Integer
yourself, live in your household?
15 How many head of households are Integer
there living in your
household/homestead?
16 How many of these household Integer
heads are male?
17 How many of these household Integer
heads are female?
18 How many children under the age of | Integer

18 years of age currently live with
you?
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19 How many people over the age of Integer
60 years of age currently live with
you?
Food Insecurity Experience Scale (FIES)
Q No | Question Data type Options
20a During the last 12 months, was Radio buttons No
there a time when you or others in
your household were worried you
would not have enough food to eat
because of a lack of money or other
resources?
Yes
Don’t know
20b | Did this happen in the past 4 weeks | Radio buttons No
(30 days)?
If Yes to previous question.
Yes
Don’t know
21a | Still thinking about the last 12 Radio buttons No
months, was there a time when you
or others in your household were
unable to eat healthy and nutritious
food because of a lack of money or
other resources?
Yes
Don’t know
21b | Did this happen in the past 4 weeks | Radio buttons No
(30 days)?
If Yes to previous question.
Yes
Don’t know
22a | During the last 12 months, was Radio buttons No
there a time when you or others in
your household ate only a few kinds
of foods because of a lack of money
or other resources?
Yes
Don’t know
22b | Did this happen in the past 4 weeks | Radio buttons No
(30 days)?
If Yes to previous question.
Yes
Don’t know
23a | During the last 12 months, was Radio buttons No
there a time when you or others in
your household had to skip a meal
because there was not enough
money or other resources to get
food?
Yes
Don’t know
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23b | Did this happen in the past 4 weeks | Radio buttons No
(30 days)?
If Yes to previous question.
Yes
Don’t know
24a | Still thinking about the last 12 Radio buttons No
months, was there a time when you
or others in your household ate less
than you thought you should
because of a lack of money or other
resources?
Yes
Don’t know
24b | Did this happen in the past 4 weeks | Radio buttons No
(30 days)?
If Yes to previous question.
Yes
Don’t know
25a In the past 12 months, was there Radio buttons No
ever no food to eat of any kind in
your house because of lack of
resources to get food?
Yes
Don’t know
25b | Did this happen in the past 4 weeks | Radio buttons No
(30 days)?
If Yes to previous (a) question.
Yes
Don’t know
25¢ | How often did this happen in the Radio buttons Rarely — 1 or 2 times
past 4 weeks (30 days)?
If Yes to previous (b) question.
Sometimes — 3-10
times
Often — More than 10
times
Don’t know
26a | Inthe past 12 months, did you or Radio buttons No
others in your household ever go to
sleep at night hungry because there
was not enough food?
Yes
Don’t know
26b | Did this happen in the past 4 weeks | Radio buttons No
(30 days)?
If Yes to previous question.
Yes
Don’t know
26¢ | How often did this happen in the Radio buttons Rarely — 1 or 2 times

past 4 weeks (30 days)?
If Yes to previous (b) question.

Sometimes — 3-10
times
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Often — More than 10
times

past 4 weeks (30 days)?
If Yes to previous (b) question.

Don’t know
Refused
27a | During the last 12 months, did you Radio buttons No
or others in your household ever go
a whole day and night without eating
anything at all because there was
not enough food?
Yes
Don’t know
27b | Did this happen in the past 4 weeks | Radio buttons No
(30 days)?
If Yes to previous question.
Yes
Don’t know
27c | How often did this happen in the Radio buttons Rarely — 1 or 2 times

Sometimes — 3-10
times

Often — More than 10
times

Don’t know
Refused
Perceived Reasons for Food Insecurity
Q Question Data type Options
No
28 Do you feel that this situation has Drop-down Getting much worse
been getting worse over the last 5
years?
A little worse
Stayed about the
same
A little better
Much better
| don’t know
29a | What do you feel is affecting your Checkboxes Cannot afford

food security negatively the most?

sufficient food

Shortage of food items
to buy

Cannot reach markets
due to transport

Lack of safe water for
preparing food

Lack of knowledge for
preparing food

Inability to store food

Unexpected weather
patterns or events

Poor health
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Other, please specify

29b

Please specify other reason
If yes to above question.

Free text

30a

How does climate change affect
food availability? More than one
option can be selected.

Checkboxes

Loss of crops and
livestock on own land
due to flooding or
drought

Loss of stocks or less
reserves throughout
the dry season due to
flooding or drought

Less food available at
the markets

Specific food items
unavailable (cultural
perspective)

Pests or disease
outbreak destroying
crops or livestock

Increase in food
available

It does not affect the
amount of food
available

| don’t know

Other, please specify

30b

Other way climate change impacts
food availability

Free text

31a

How does climate change affect
your household’s ability to access
adequate food? More than one
option can be selected.

Checkboxes

Issues with transport
of food to markets
from farms

Higher reliance on
food aid programmes

Cannot physically
access food due to
flooding or other
weather-related
obstruction (e.g. trees
on the road, extreme
heat)

It does not affect our
ability to access food

| don’t know

Other, please specify

31b

Other way climate change impacts
food access

Free text

32a

How does climate change affect
your household’s ability to afford
food? More than one option can be
selected.

Checkboxes

It affects my income,
meaning | cannot
afford as much

| do not grow as much
surplus crops to sell

Food prices are higher
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It does not affect our
ability to buy food

| don’t know

Other, please specify

32b

Other way climate change impacts
food affordability

Free text

33a

How does climate change affect
your household’s ability to utilise the
food you have? More than one
option can be selected.

Checkboxes

We do not have the
capability to store or
preserve more food

There is less safe
water available for
preparing foods

It does not affect our
ability to use food

| don’t know

Other, please specify

33b

Other way climate change impacts
food utilisation

Free text

34

How much food do you grow for
yourself?

Drop-down

We grow all of what
we eat

Most of what we eat

About half of what we
eat

A little of what we eat

We buy all the food we
eat

| don’t know

35

Of the food that you grow, how
much do you reserve for your
own/community use, and how much
do you sell?

Drop-down

Reserve all the food
we grow, sell none

Reserve most of the
food we grow, sell
some

Reserve about the
same as we sell

Reserve a little of the
food we grow, and sell
most of it

Reserve none of the
food we grow, and sell
all of it

| don’t know

36

Has this changed during the last 5
years?

Drop-down

We sell more than we
used to

We sell less than we
used to

No obvious change
during the last 5 years

| don’t know

38

Have you heard of climate change?

Drop-down

Yes

No
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| don’t know

39 How confident or unconfident do you | Drop-down Very unconfident
feel in your knowledge surrounding
what climate change means and
what it is caused by?
If yes to ‘Have you heard of climate
change?’
Somewhat confident
Neither confident nor
unconfident
Somewhat confident
Very confident
40 How confident or unconfident are Drop-down Very unconfident
you that climate change is real?
If yes to ‘Have you heard of climate
change?’
Somewhat confident
Neither confident nor
unconfident
Somewhat confident
Very confident
41 How important is the issue of climate | Drop-down Not important at all
change to you concerning your
livelihood activity?
If yes to ‘Have you heard of climate
change?’
Slightly unimportant
Neutral
Slightly important
Very important
42 What extreme or unusual weather Checkboxes Excessive rainfall

events in the past 5 years have you
noticed in your area?

Low rainfall

Drought spell

Unpredictable rainfall
pattern

Higher temperatures

Lower temperatures

Strong winds

Lower agricultural
yields

Disappearance of
some species

Prolonged dry season

More frequent
cyclones

More frequent
thunderstorms

More frequent floods

No changes
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1502  Global Diet Quality Project’s Diet Quality Questionnaire (DQQ) Adapted for Ghana

Q
No

Question

Data type

Options

43

Yesterday, did you eat any of the
following foods:

Checkboxes

Bread, rice, waakye,
jollof, fried rice,
omutuo, or rice
porridge?

Kenkey, banku, tou
zaafi, Hausa koko,
akple, roasted maize,
boiled maize, or tom
brown?

Fufu, gari, kokonte,
cassava, yam,
cocoyam, plantain, or
sweet potato?

Beans, or bambara
beans?

44

Yesterday, did you eat any of the
following vegetables:

Checkboxes

Carrots, or sweet
potatoes that are
orange inside?

Cocoyam leaves,
amaranth leaves,
ademe, ayoyo, sweet
potato leaves, cassava
leaves, or bokoboko?

Baobab leaves,
cowpea leaves, roselle
leaves or bra, kenaf,
African eggplant
leaves, or West India
nettle?

Tomatoes, okro,
garden eggs, sponge
gourd, or cabbage?

Sweet green pepper,
lettuce, cucumber, or
mushrooms?

45

Yesterday, did you eat any of the
following fruits:

Checkboxes

Mango or papaya?

Orange or tangerine?

Banana, pineapple,
avocado pear,
watermelon, apple,
guava, or African star
apple?

Soursop, coconut,
velvet tamarind,
baobab, ebony fruit, or
shea fruit?

46

Yesterday, did you eat any of the
following sweets:

Checkboxes

Cakes, biscuits, rock
bun, toogbee or
bofrot?
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Toffees, chocolates,
nkatie cake, ice cream,
or FanYogo?

47

Yesterday, did you eat any of the
following foods of animal origin:

Checkboxes

Eggs?

Cheese curds or
wagashi?

Brukina or drink
yogurt?

Sausages or corned
beef?

Beef, goat, sheep,
liver, or intestines?

Pork, grasscutter,
rabbit, or bush meat?

Chicken, gizzard, or
Guinea fowl?

Fish, dried fish, koobi,
anchovies, smoked
herring, crab, or
shrimp?

48

Yesterday, did you eat any of the
following other foods:

Checkboxes

Groundnuts, kuli kuli,
groundnut paste,
groundnut soup,
agushi stew, neri soup,
or cashews?

Packaged yellow
plantain chips or
potato chips or
Pringles?

Indomie?

French fries, fried yam,
fried potato, atomo,
spring rolls, fried
chicken, or fried fish?

49

Yesterday, did you have any of the
following beverages:

Checkboxes

Fresh milk, tin milk, or
powdered milk?

Milo, tea with sugar, or
coffee with sugar?

Fruit juice, fruit drinks,
or sobolo?

Soft drinks or malts,
such as, Coke, Fanta,
Sprite, Alvaro, or Malta
Guinness?

50

Yesterday, did you get food from
any place like...

Checkboxes

KFC, Papaye, Pizza
Inn, a mall food court,
or other places that
serve burgers or
pizza?

1503
1504

1505
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1507
1508
1509
1510
1511
1512
1513
1514
1515
1516
1517
1518
1519
1520
1521
1522
1523

1524
1525
1526

1527
1528
1529
1530

RAND Short Form Health Survey (SHF-36)

Choose one option for each questionnaire item.
104. In general, would you say your health is:

1 - Excellent

2 - Very good

3 - Good

4 - Fair

5 - Poor

105. Compared to one year ago, how would you rate your health in general now?
1 - Much better now than one year ago
2 - Somewhat better now than one year ago
3 - About the same
4 - Somewhat worse now than one year ago
5 - Much worse now than one year ago

The following items are about activities you might do during a typical day. Does your health
now limit you in these activities? If so, how much?

Iriie 4a Yes,limited No, not
lot a little limited at all
10_6. Vigorou_s_act?vitit_as, such as running, lifting heavy 1 5 3
objects, participating in strenuous sports
107. _Moderate activities, such as_‘, moving a Fable, 5 3
pushing a vacuum cleaner, bowling, or playing golf
108. Lifting or carrying groceries 1 2 3
109. Climbing several flights of stairs 1 2 3
110. Climbing one flight of stairs 1 2 3
111. Bending, kneeling, or stooping 1 2 3
112. Walking more than a mile 1 2 3
113. Walking several blocks 1 2 3
114. Walking one block 1 2 3
115. Bathing or dressing yourself 1 2 3

During the past 4 weeks, have you had any of the following problems with your work or other
regular daily activities as a result of your physical health?

Yes No
116. Cut down the amount of time you spent on work or other activities 1 2
117. Accomplished less than you would like 1 2
118. Were limited in the kind of work or other activities 1 2
119. Had difficulty performing the work or other activities (for example, it took extra 1 9

effort)

During the past 4 weeks, have you had any of the following problems with your work or other
regular daily activities as a result of any emotional problems (such as feeling depressed or
anxious)?
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1532
1533
1534
1535
1536
1537
1538
1539
1540
1541
1542
1543
1544
1545
1546
1547
1548
1549
1550
1551
1552
1553
1554
1555
1556
1557
1558
1559

Yes No
120. Cut down the amount of time you spent on work or other activities 1~ 2
121. Accomplished less than you would like 17 2
122. Didn't do work or other activities as carefully as usual 17 2

123. During the past 4 weeks, to what extent has your physical health or emotional problems

interfered with your normal social activities with family, friends, neighbors, or groups?
1 - Not at all
2 - Slightly
3 - Moderately
4 - Quite a bit
5 - Extremely

124. How much bodily pain have you had during the past 4 weeks?
1 - None
2 -Very mild
3 - Mild
4 - Moderate
5 - Severe
6 - Very severe

125. During the past 4 weeks, how much did pain interfere with your normal work (including

both work outside the home and housework)?
1 - Not at all
2 - Alittle bit
3 - Moderately
4 - Quite a bit
5 - Extremely

These questions are about how you feel and how things have been with you during the past
4 weeks. For each question, please give the one answer that comes closest to the way you

have been feeling.
How much of the time during the past 4 weeks...

f\hlleof Most of A good bit Some of A little of None of
time the time of the time the time the time the time
126. Did you feel full of pep? 1 2 3 4 5 6
127. Have you been a very 1 5 3 4 5 6

nervous person?
128. Have you felt so down in the

dumps that nothing could cheer 1 2 3 4 5 6
you up?

129. Have you felt calm and 1 5 3 4 5 6
peaceful?

130. Did you have a lot of 1 5 3 4 5 6
energy?

131. Have you felt downhearted 1 5 3 4 5 6
and blue?
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All of Most of A good bit Some of A little of None of

:ihrEe the time of the time the time the time the time
132. Did you feel worn out? 1 2 3 4 5 6
133. Have you been a happy 1 5 3 4 5 6
person?
134. Did you feel tired? 1 2 3 4 5 6

135. During the past 4 weeks, how much of the time has your physical health or emotional
problems interfered with your social activities (like visiting with friends, relatives, etc.)?

1 - All of the time

2 - Most of the time

3 - Some of the time

4 - A little of the time

5 - None of the time

How TRUE or FALSE is each of the following statements for you.
Definitely Mostly Don't Mostly  Definitely

true true know  false false
136. | seem to get sick a little easier 1 2 3 4 5
than other people
137. 1 am as healthy as anybody | 1 2 3 4 5
know
138. | expect my health to get 1 2 3 4 5
worse
139. My health is excellent 1 2 3 4 5
Health Outcomes
Q Question Options
No
140 | Have you been diagnosed by a Checkboxes Diabetes (Type 2)
doctor or healthcare professional
with any chronic diseases or non-
communicable diseases?
Cardiovascular disease
(heart diseases)
Hypertension
Stroke
Cancer
Obesity
Underweight
| don’t know
141 Have you seen a doctor or Drop-down Yes
healthcare professional for any
nutrition-related health problems?
E.g. deficiencies, under or
overweight
No
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| don’t know

142a | Have you been prescribed any Checkboxes Vitamin A
supplements for micronutrients?
Iron
Folic acid
Other
| don’t know
142b | Please specify other supplements Free text
If yes to above question.
Interventions
Q Question Options
No
143a | Have you received any help with Drop-down Yes
regards to food security?
No
| don’t know
143b | If yes, what organisation was this Checkboxes Local authority
organised by?
If yes to above question.
National government
NGO
Other, please specify
143c | Please specify who organised the Free text
intervention
If ‘Other’ to above question.
143d | What type of intervention was this? Checkboxes Food aid
If yes to above question.
Education
Climate change
mitigation strategies
e.g. drought-resistant
crops
Monetary assistance
Other, please specify
143e | Please specify the type of Free text
intervention
If ‘Other’ to above question.
144 | Do you agree with this statement: Drop-down Strongly disagree
The national government is doing
enough to help us improve food
security.
Somewhat disagree
Neither agree nor
disagree
Somewhat agree
Strongly agree
| don’t know
145 | Do you agree with this statement: Drop-down Strongly disagree

The local government is doing
enough to help us improve food
security.
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Somewhat disagree

Neither agree nor

disagree
Somewhat agree
Strongly agree
| don’t know
146 | Do you agree with this statement: Drop-down Strongly disagree
NGOs are doing enough to help us
improve food security.
Somewhat disagree
Neither agree nor
disagree
Somewhat agree
Strongly agree
| don’t know
Other Questions
Q Question Options
No
147 | To the data collectors: Did anything | Checkboxes Nothing happened,
unexpected or unusual happen interview went well
during this interview?
| felt threatened by the
participant
| felt threatened by
other people around
me
The participant seemed
distracted
It was difficult to
receive straight
answers from the
participant
The interview was
disrupted by someone
or something
Other
148 | How many times did the data Integer
collector have to visit to administer
the question to the participant?
Household Income/Wealth Index Questionnaire
Q Question Data type Options
No
149 | Does your household have any of Checkboxes Electricity
these?
Television
Radio
Refrigerator
Washing machine
Laptop/Computer
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Mobile phone

Bicycle

Motorcycle

Animal drawn cart

Car/truck

Wall clock

Gas/Electric stove

Electric fan

Satellite dish

DVD/VCD

Sewing machine

Mattress
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