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Abstract

From 2013 to 2023, over 90% of the population in Tanzania fell below the WHO-recommended fruit and
vegetable (FAV) intake of >5 servings/day. Variation between wet and dry seasons further influences dietary
intake and stability, which has implications for nutritional adequacy and non-communicable disease (NCD)
risk, especially in rural areas. However, evidence on seasonal FAV intake and its determinants in
Northwestern Tanzania is limited. This study aimed to describe the adequacy and seasonality of FAV intake
and examine associations with socio-demographic and health factors in Northwestern Tanzania. Data were
collected from 2012-2013 as part of regular serological surveys in the Magu Health and Demographic
Surveillance System (HDSS), including 7,620 participants. Three multinomial logistic regression models
were used to assess associations between seasonal FAV intake and socio-demographic and health
characteristics. Most participants (96.1%) reported inadequate intake in both seasons. FAV adequacy and
intake measures were significantly higher in the wet season compared to the dry season. In adjusted analysis,
temales and overweight/obese individuals had a lower relative risk of inadequate intake, whereas rural
residents and adults aged 50 years or older had a higher risk. These findings emphasize a need for further
research and interventions incorporating seasonal variation on FAV intake, with a focus on vulnerable groups
and improving year-round accessibility of culturally relevant, affordable FAV within local environmental
contexts.
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1. Introduction challenges are driven by multiple factors, including

Tanzania, like many Sub-Saharan African low ('iietz'u'y diversi'fy, 'rapid I')opulat'io'n growth,
(SSA) countries, is experiencing a rise in the burden urbanization, and shifts in physical activity patterns
of  non-communicable  diseases  (NCDs).! and food preferences.*” As diet is a critical

. determinant of nutrition and disease outcomes,
Concurrently, the country faces a triple burden of ) ) o
. i . . understanding patterns and inadequacies in food
malnutrition, characterized by persistent stunting,

increasing rates of obesity, and widespread }clo Is L}llmp'gon dls f:ssegjual fo; m(lipro;fmg population
micronutrient  deficiencies.>®>  These  health calth and reducing disease burden.
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One key component of a healthy diet is fruit
and vegetable (FAV) intake. Fruits and vegetables
provide essential vitamins, minerals, phytonutrients,
and dietary fiber, which support overall immune and
metabolic health.”!° Furthermore, sufficient FAV
intake is associated with reduced risk of many NCDs,
including cardiovascular disease, type 2 diabetes, and
hypertension, as well as all-cause mortality and
micronutrient deficiencies.®>!*> These benefits are
maximized when individuals consume at least 5
servings, or approximately 400g, of fruits and
vegetables daily.'*

Despite these well-documented benefits,
FAV intake remains inadequate worldwide. In 2021,
approximately 2.6 million deaths were attributable
to suboptimal FAV intake.’* Only 80% of adults in
low- and middle-income countries (LMICs)
consume >5 servings/day.” In Tanzania, over 90%
of the population did not meet this standard in 2013
or 2023, as reported by the STEPwise approach to

Surveillance (STEPS) surveys, which assess NCD
risk factors at the population level.'®!?

The Tanzanian government has recognized
nutrition and dietary diversity as public health
priorities. The National Multisectoral Nutrition
Action Plan II for 2021-2026 outlines strategic
actions to reduce malnutrition, including a target to
lower the prevalence of inadequate FAV intake to
68% by 2025-2026. Similarly, the National
Strategic Plan for Prevention and Control of Non-
Communicable Diseases (2021-2026) emphasizes
dietary awareness and FAV intake.! Together, these
documents reflect government commitment to FAV
intake as an indicator of diet quality and population
health, yet data suggest this priority has not
translated into practice, as inadequate consumption
remains widespread. FAV is a particularly relevant
indicator in Tanzania, as it reflects diet quality and
micronutrient adequacy, but is strongly constrained

by affordability, availability, and seasonal
agricultural cycles. Moreover, FAV intake is a
globally recognized indicator, allowing
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comparability across countries and over time.
Despite national-level monitoring, there remains a
limited understanding of how FAV intake varies
across socio-demographic groups and environmental
conditions.

Dietary stability refers to the ability of
individuals and households to maintain dietary
adequacy over time despite environmental or
economic fluctuations.® Dietary diversity, on the
other hand, reflects the variety of foods consumed at
a single point in time. Hence, individuals may have
diverse diets in one season but still experience dietary
instability. In Tanzania, seasonality is an important
part of dietary stability, particularly in rural settings
where livelihoods and food access are closely related
to agricultural cycles.! Variations between wet and
dry seasons affect the availability, variety, and cost of
foods, especially for fruits and vegetables, leading to
fluctuations in diet quality and a risk of
micronutrient deficiencies.?>** Evidence from SSA
suggests that rural diets are especially dynamic and
that fruit consumption tends to decline during the
dry season.»® This dynamic is particularly
pronounced in Tanzania, where approximately 80%

of rural households primarily depend on home-
grown FAV yields.?*%

Nutritional outcomes and FAV
consumption are also shaped by a range of socio-
demographic factors, including education, income,
marital status, household size, and gender.”?*?%%
Diet and health are closely related, as adequate
nutrition supports immune function and the
management of chronic diseases, including HIV and
hypertension.®®*!  This further stresses the
importance of stable access to nutrient-rich foods,
like fruits and vegetables, in the Tanzanian health
context. Despite recognition that seasonality and
other socio-demographic determinants influence
dietary diversity and intake, few studies have
empirically examined the stability of FAV intake

across seasons in Northwestern Tanzania.’*33
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In Northwestern Tanzania, household food
access is shaped by local environmental conditions,
making the area particularly relevant for examining
dietary stability. The Kisesa ward in the Magu
District of Northwestern Tanzania is largely rural,
with most residents engaged in subsistence farming
or small-scale trade.*** The agricultural sector is
particularly sensitive to climatic variability, as
irregular rainfall and extended dry spells may
undermine crop production and contribute to food
insecurity.*

Rainfall in Northwestern Tanzania follows a
bimodal pattern, with the Vuli (short rains) from
October to December and the Masika (long rains)
from March to May.”” Most households cultivate
staple crops, including maize, paddy, sorghum,
cassava, sweet potatoes, and pulses.** Almost all
households in Northwestern Tanzania grow food
crops, but poorer households” harvests last only a few
montbhs, after which they rely on income from other
economic activities to meet dietary needs.*® Limited
market access and transportation infrastructure in
rural Tanzanian areas, like the Magu District,
turther restrict access to fruits and vegetables; as a
result, fruit and vegetable intake in this setting is
highly sensitive to seasonal and climatic fluctuations
throughout the year.”

Although national surveys such as STEPS
provide population-level estimates of FAV intake,
they rely on cross-sectional assessments and do not
capture seasonal variation at the individual level.
Existing Tanzanian studies have examined dietary
diversity, food security, or market dynamics rather
than longitudinal intake patterns. There remains
limited empirical evidence on how FAV intake
fluctuates seasonally and which socio-demographic
groups are most vulnerable to instability. This study
aimed to describe FAV intake and its stability across
wet and dry seasons in rural and semi-urban areas of
Northwestern Tanzania and identify associated
socio-demographic and health factors. Although
this approach does not capture real-time intra-
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individual seasonal variation, it provides population-
level insights into perceived seasonal differences in
dietary intake, which are relevant in settings where
longitudinal dietary data are unavailable.

2. Methodology

2.1 Study design and setting

The Magu Health and Demographic
Surveillance System (Magu HDSS) was established
in 1994 in a ward called Kisesa, Magu District,
Mwanza Region, Northwestern Tanzania, as an
open community cohort to study HIV
epidemiology. Regular serosurveys have been
conducted within the Magu HDSS, targeting all
eligible individuals aged 15 years and older.
Between 1994 and 2016, eight epidemiological
surveys were carried out at roughly three-year
intervals.*

During each survey round, a temporary clinic
was established in each of seven villages. At these
clinics, interviews were conducted to collect
information on socio-demographic characteristics,
birth history, sexual behavior, knowledge and
attitudes towards HIV, experience with HIV
counseling and treatment (HCT), and screening for
other health issues.” Serosurvey data were collected
electronically and linked to the other HDSS data
through a unique household identifying number.

This cross-sectional secondary analysis used
data from the seventh round of the Serosurveys,
conducted in 2012/2013, which included 7,620
participants. Although the data were collected over
a decade ago, they remain relevant because structural
determinants of diet in Northwestern Tanzania,
such as agricultural dependence and seasonal rainfall
patterns, have remained largely consistent.
Furthermore, more recent national surveys continue
to report a high prevalence of inadequate FAV
intake, suggesting that insufficient consumption
persists as a public health concern.’
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As this study represents a secondary analysis
of the Sero 7 survey, which was primarily designed
to monitor HIV epidemiology, only variables
relevant to the current study objectives were
extracted from the larger dataset, including FAV
intake measures, socio-demographic characteristics,
economic activity, HIV status and HCT uptake,
self-reported diabetes and hypertension, and
clinician-measured anthropometrics (height and
weight). Other variables available in Sero 7 (e.g.,
sexual behavior, reproductive history, HIV
knowledge) were not included because they were not
pertinent to the research questions of this analysis.

Any participant aged 15+ who completed the
Sero 7 Survey was included. Participants were
excluded if they had missing data, showed
discrepancies in their responses (e.g., indicating ‘yes’
to having received formal education but reporting
zero years of schooling), or answered ‘don’t know’ to
any question. All excluded participants were
recorded and counted. The final analytical sample,
including participants with and without HCT data,
was 7,226 individuals.

2.2 Measures

2.2.1 Fruit and vegetable intake

FAV intake was measured using participant
responses to the food section of the questionnaire.
Illustrated cards were used to show common fruits
and vegetables and their average portion sizes; these
cards helped participants recall their intake and
reduce errors in estimating standard portion sizes. In
the Tanzanian context, fruits and vegetables are
often consumed as part of mixed dishes (e.g., stews
and sauces), which may complicate accurate
estimation of portion sizes. Although illustrated
portion cards were used to aid recall, some degree of
misclassification or measurement error in FAV

intake is likely.
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Participants were asked whether they
consumed fruits or vegetables during the wet and dry
seasons, the frequency of consumption in a typical
week during that season, and the number of portions
typically consumed on days when fruits or vegetables
were eaten. The average servings per day of
combined fruit and vegetables in the dry versus wet
season were the main outcome variables. These

measures were calculated using the equation
(days consumed FAV « (portions of FAV
week ) day
7

. Previous studies

have also relied on self-reported dietary assessment
methods,  including  food-frequency  based
approaches, which supports the comparability of
findings.'®

Participants who consumed <5 servings of
fruits and/or vegetables per day were categorized as
having “inadequate intake,” and those who
consumed 25 servings per day were categorized as
having “adequate intake” during either season. This
classification is  based on the WHO
recommendation of 25 servings per day and has
previously been applied in Tanzania.’

To capture the seasonal stability of FAV
intake, a four-category FAV stability variable was
constructed:

1. Stable adequate: consumed 25 servings
per day in both wet and dry seasons

Wet intake: consumed 25 servings per
day in the wet season but <5 servings per
day in the dry season

Dry intake: consumed <5 servings per
day in the wet season but >5 servings per
day in the dry season

Stable inadequate: consumed <5 servings

per day in both wet and dry seasons

This variable reflects the adequacy and
seasonal stability of FAV intake, enabling the
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identification of individuals who maintain sufficient
intake year-round versus those vulnerable to seasonal
declines. The wet and dry intake categories are
particularly  relevant policy and health
programming as they specify the seasonality of
inadequate intake, as opposed to a measure of non-
specified directional change.

n

Because the Sero 7 questionnaire was not
designed as a full dietary assessment tool, only a
restricted set of diet-related variables was available.
Key food groups typically required to analyze
complete dietary patterns, as in other Tanzanian
studies, were not collected; therefore, this analysis
focuses solely on seasonal variation in FAV
intake.?'?

2.2.2 Socio-demographic characteristics

Participants were interviewed to obtain
sociodemographic and health-related characteristics,
including age (years), sex (male/female), height (cm),
weight (kg), village of residence, educational
attainment, marital status, HIV status, use of health
services, self-reported presence of diabetes and
hypertension, and participation income-
generating activities.

n

Villages were categorized as semi-urban
(Kanyama, Kisesa) or rural (Igekemaja, Kitumba,
Isangijo, Ihayabuyaga, Welamasonga). Age was
grouped into 15-24, 25-49, and 50+ years. Marital
status was categorized as never married, married
(monogamous or polygamous), or divorced/
widowed/separated. Body mass index (BMI) was
calculated using the formula [weight (kg) / (height
(m))*> ] and categorized as underweight (<18.5),
normal (18.5-24.9), or overweight/obese (225.0),
according to WHO guidelines.* Educational status
was categorized as no formal education, primary
education (completion of primary schooling), or
secondary education (secondary school, college, or
university). Participants were asked whether they
engaged in any income-generating activity (Yes/No).
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For those reporting participation, the primary
income-generating activity was categorized as
farming, skilled labor (e.g., driving, professional,
skilled labor), or unskilled labor/other (e.g., business,
unskilled labor, other).

2.2.3 Health characteristics

HIV status was determined based on clinic
HIV test results (positive/negative). HCT uptake
was measured using responses to the question: “How
many times have you had HIV counseling and
testing?”, in either a voluntary or provider-initiated
context. Participants reporting zero times were
categorized as having no HCT uptake, while those
reporting one or more tests were categorized as
having HCT uptake. HCT uptake was analyzed as
a binary variable (any previous HCT/none). This
operationalization aligns with approaches used in
previous studies examining HIV testing behaviors
using binary outcomes.**

Self-reported diabetes and hypertension
status were measured using the response to the
questions, “Have you ever been told by a doctor or
other health worker that you have raised blood sugar
or diabetes?” and “Have you ever been told by a
doctor or other health worker that you have high
blood pressure or hypertension?”, respectively. Both
variables were coded as binary outcomes (Yes/No).
Although clinical measurements were not collected
in Sero 7, self-reported diabetes and hypertension
have been used as proxy indicators in similar
population-based  studies.*  Diabetes  and
hypertension were self-reported and not clinically
verified, which may result in underreporting and
misclassification; this limitation is considered in
interpretation of results.

2.3 Statistical analysis

Descriptive statistics were calculated to
summarize participant sociodemographic and health
characteristics in the 7,226 individual sample.
Continuous variables were reported with median
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and IQR, while categorical variables were presented
with counts and percentages. Continuous FAV
intake (servings/day) between the wet and dry
seasons was compared using a paired t-test for
normally distributed data, with non-parametric
Wilcoxon signed-rank tests conducted as a non-
parametric sensitivity analysis. Changes in adequacy
of intake (<5 vs. 25 servings/day) between seasons
were assessed using McNemar’s test. Associations
between dietary stability and socio-demographic
factors were examined using multinomial logistic
regression. Bivariate models were first fitted for each
predictor separately to estimate relative risk ratios
(RRR) and 95% confidence intervals. All variables
showing marginally significant associations (p<0.10)
in Dbivariate analysis were included in the
multivariable model to obtain adjusted RRRs. Stable
adequate served as the reference category for all
models. When expected cell counts were below 5 in
certain subgroups, indicating potential data sparsity
and risk of unstable model estimates, the categories
were collapsed into two groups: stable intake (stable
adequate + stable inadequate) and changed intake
(wet + dry); these binary analyses focused on whether
participants’ intake changed across seasons rather
than on season-specific adequacy. This collapse
required analysis using binary logistic regression and
limited the ability to distinguish between
improvements and declines in adequacy across
seasons.

Complete-case analysis was used for all
variables with low missingness (5%). Because HCT
had substantial missingness (16.3%), it was excluded
from 2 of the multivariable models to prevent major
reductions in sample size. Instead, HCT was
examined separately using descriptive and bivariate
analyses and an additional limited multivariable
model. These findings were interpreted cautiously,
with no imputation methods being applied. Figure 1
provides a summary of participant inclusion,
including missing data. Associations were
considered significant at p < 0.05. All analyses were
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conducted using STATA/BE 19.5F and RStudio
(version 2023.12.1+402).

Participants interviewed in
Sero 7

N=7620
Participants excluded due to
missing data
(all variables but HCT)
A4 n=394

Participants included with
complete data
(5.2% missigness)
N=7226

Participants excluded due to
issing HCT usage data
4 n=1176

Participants with fully
complete data
(16.3% missingness)
N=6050

Figure 1. Participant inclusion flow chart.
3. Results

3.1 Population description

Table 1 provides a detailed summary of the
sociodemographic, health, and dietary
characteristics of the study population. The final
analytical sample, including participants with and
without HCT data, was comprised of 7,226
individuals, the majority of whom were female
(62.65%). Participants were predominantly between
25 and 49 years of age (41.63%), with smaller
proportions in the 15-24 (37.14%) and 50+
(21.23%) age groups. Most respondents resided in
rural areas (66.04%), while the remaining third lived
in semi-urban settings.

With respect to nutritional status, most
participants had a normal BMI (69.62%), whereas
20.19% were underweight and 10.19% were
overweight or obese. More than half of the
participants were married (52.89%), while only
14.99% were widowed, divorced, or separated, and
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one-third had never been married. The majority
identified as ethnically Sukuma (94.33%). Two-
thirds of the population (64.81%) reported
participating in an income-generating activity, most
frequently farming (78.05%); smaller proportions
reported skilled (4.53%) and unskilled labor/other
activities (17.42%) (Table 1).

HIV prevalence in the sample was 6.95%.
Self-reported diabetes and hypertension were
uncommon, reported by 0.43% and 2.68% of
participants, respectively (Table 1). Of the 6,050
respondents with responses for the HIV counseling
and testing question, uptake was 43.02%.

The high proportion of rural residents and
farming households is particularly relevant given the
study’s focus on seasonal dietary stability, as these
groups are more directly impacted by agricultural
cycles and rainfall variability.

3.2 Patterns of fruit and vegetable consumption

Overall, fruit and vegetable consumption was
low among participants. Median combined FAV

intake was 1.71 servings per day (IQR: 1.29-2.36)
(Table 1). Intake varied by season, with higher
consumption during the wet season. Median daily
FAV intake during the wet season was 2.29 servings
(IQR: 1.71-3.29), compared with 1.00 servings in
the dry season (IQR: 0.57-1.71).

When fruit and vegetable intake were
examined separately, participants reported slightly
higher  fruit consumption than vegetable
consumption in both seasons. Median daily fruit
intake was 0.93 servings (IQR: 0.57-1.36), while
median vegetable intake was 0.79 servings per day
(IQR: 0.50-1.14). Both fruits and vegetables were
consumed a median of 3.50 days/week throughout
the year.

Figure 2 presents mean daily FAV intake in
the wet and dry seasons across sociodemographic,
socioeconomic, and health-related subgroups.
Although the magnitude of difference varied by
subgroup, the consistent pattern indicates higher
FAV consumption during the wet season across the
entire study population.

Mean FAV Intake: Dry vs Wet Seasons

Widowed/seperated/divorced
Married

Never married
Secondary education
Primary education

NO education

HCT: No

HCT: Yes

Diabetes: No

Diabetes: Yes

HIV: Negative

HIV: Positive

Income Activity: No
Income Activity: Yes
Unskilled labor and Other
killed labor

S
Farming p——
Hypertension: No
Hypertension: Yes

BMI:Overweight/Obese
BMI:Normal
BMI:Underweight

Semi-Urban
+

Rural e —
50

Mean FAV Intake (servings/day)

season @ Wet Dry

Figure 2. Mean FAV intake for wet and dry seasons by sociodemographic and health characteristics.
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3.3 Seasonal differences in fruit and vegetable intake

Table 2 presents the cross-tabulation of FAV
intake adequacy across the wet and dry seasons.
Overall, only a small proportion of participants met
adequate FAV intake in either season. During the
wet season, 261 participants (3.61%) achieved
adequate FAV intake, while 6,965 (96.39%) did not.
In the dry season, adequacy further declined: only 42
participants (0.58%) met adequate intake, while
7,184 (99.42%) were inadequate.

Across seasons, only 23 participants (0.32%)
achieved adequate intake in both the wet and dry
seasons. An additional 238 (3.29%) had adequate
intake in the wet season but not the dry season, while
19 (0.29%) improved from inadequate in the wet
season to adequate in the dry season. The majority,
6,946 participants (96.12%), reported inadequate
intake in both seasons.

There was a statistically significant
difference in FAV intake between the wet and dry
seasons. On average, participants consumed

substantially more FAV during the wet season, with
a mean increase of 1.33 servings per day (95% CI:
1.30-1.35; t = 68.41, p < 0.01). The Wilcoxon
signed-rank test confirmed this difference (Z =
68.58; p < 0.01), indicating a consistent seasonal
shift in intake.

The odds of achieving adequate intake were
also markedly higher in the wet season. Participants
had 12.53 times higher odds of meeting
recommended intake levels in the wet season
compared with the dry season (95% CI: 7.85-21.18;
x> = 186.62; p < 0.01). Detailed results are presented
in Table 3.

3.4 Bivariate regression

Table 4 summarizes the bivariate logistic
regression results comparing three FAV stability
categories (Wet Intake, Dry Intake, and Stable
Inadequate) relative to the reference group (Stable
Adequate). These findings should be interpreted
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cautiously due to small cell counts for some variables
and resulting wide confidence intervals.

Females had a significantly lower relative risk
of Stable Inadequate intake (RRR = 0.07; 95% CI:
0.01-0.55; p = 0.01) compared with males. Rural
residence was associated with a higher relative risk
across all three FAV stability categories compared
with semi-urban residents: Wet Intake (RRR =
10.52; 95% CI: 4.16-26.62; p < 0.01), Dry Intake
(RRR = 4.06; 95% CI: 1.11-14.81; p= 0.03), and
Stable Inadequate (RRR = 3.56; 95% CI: 1.51-8.40;
p<0.01). Overweight or obese participants had a
significantly lower risk of Wet Intake (RRR = 0.27;
95% CI: 0.14-0.71; p < 0.01) and Stable Inadequate
intake (RRR = 0.23; 95% CI: 0.10-0.57; p < 0.01)
relative to those with normal BMI.

Of those economically-active participants,
those who worked Unskilled/other labor had a lower
relative risk of Wet Intake compared to those who
farmed as their main activity (RRR = 0.42; 95% CI:
0.08-0.57; p<0.01).

Of those limited participants with responses
tor HCT usage, uptake was associated with lower
relative risk. Individuals who had ever used HCT
services were significantly less likely to experience
Wet Intake (RRR = 0.26; 95% CI: 0.09-0.73; p =
0.01) and less likely have Stable Inadequate intake
(RRR = 0.22; 95% CI. 0.08-0.60; p < 0.01),
compared with those who had never used HCT
services.

No other sociodemographic, economic, or
health variables were significantly associated with
FAV stability categories, but the 50+ age group and
income-generating  participation =~ were  both
marginally associated with Dry Intake and Stable
Inadequate, respectively. Due to low cell counts,
self-reported diabetes and education results were
unstable; a corresponding binary analysis for both
variables is presented in the Appendix, with no
statistically significant findings.
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3.5 Multivariable regression

Table 5 presents the adjusted multinomial
logistic regression results comparing the three FAV
stability categories (Wet Intake, Dry Intake, and
Stable Inadequate) with the reference group, Stable
Adequate intake. Analyses were conducted in three
samples based on data availability. Results for the
tull analytic sample are presented first. Of the 7,620
participants in the Sero 7 survey, 7,226 were
included in this analysis after excluding those with
missing values on key variables. This sample
represents the broadest available dataset for
examining FAV stability categories and serves as the
primary reference for comparisons with the two
subsamples presented subsequently.

3.5.1 Full analytic sample (N=7,226)

Females had a lower relative risk of Stable
Inadequate intake compared to males (RRR = 0.10;
95% CI: 0.01-0.72; p=0.02). Those aged 50 years or
older had a significantly higher relative risk of Wet
Intake (RRR = 10.86; 95% CI: 1.26-93.69; p=0.03)
and Dry Intake (RRR = 15.41; 95% CI: 1.33-
178.61; p=0.03), compared to those aged 15-24.
Compared with semi-urban residents, rural
participants had a significantly higher relative risk of
experiencing Wet Intake (RRR = 10.86; 95% CI:
3.85-26.62; p<0.01) and Stable Inadequate intake
(RRR = 298 95% CI: 1.21-7.30; p=0.02).
Overweight or obese participants had a 63% lower
relative risk of Stable Inadequate intake (RRR =
0.37; 95% CI: 0.15-0.93; p = 0.04) compared with
those with normal BMI. Income-generating activity
participation showed no statistically significant
association with any FAV stability category after
adjustment.

3.5.2 Subsample of economically active participants
(N=4,683)

Among economically active participants,
only resident area and BMI factors had significant
associations. Rural residence had a higher relative
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risk of Wet Intake (RRR = 9.99; 95% CI: 3.11-
32.10; p<0.01) and Dry Intake (RRR = 6.47; 95%
CI: 1.11-37.65; p=0.04), compared to semi-urban
participants. Overweight or obese participants had a
significantly lower risk of Stable Inadequate intake
(RRR =0.36; 95% CI: 0.13-0.95; p=0.04) relative to
those with normal BMI.

3.5.3 Subsample of participants with HIV counselling
and testing usage data (N= 6,050)

Of those participants with a response to
HCT usage, females had a lower relative risk of
Stable Inadequate intake compared to males (RRR
=0.10, 95% CI: 0.01-0.76; p=0.03). In line with the
other models’ findings, rural residents had a higher
relative risk of Wet Intake (RRR = 7.36; 95% CI:
2.63-20.63; p<0.01), compared to semi-urban
participants. HCT uptake had a lower relative risk
of Stable Inadequate intake (RRR = 0.37, 95% CI:
0.13-1.07), although this association was
insignificant (p = 0.07). No other independent
variable showed statistically significant associations
with any FAV intake category.

4. Discussion

Opverall, FAV intake in this rural/semi-urban
Tanzanian population was low, with a median intake
of 1.71 servings/day. Only 3.56% of individuals
achieved adequate intake in at least one season, with
less than 1% meeting recommended intake in both
seasons. FAV intake showed strong seasonal
variation, with significantly higher intake in the wet
season compared with the dry season. Wet-season
intake exceeded dry-season intake by 1.33 servings
per day on average (95% CI: 1.30-1.45), with a
12.53-fold increase in the odds of adequate

consumption.

Multivariable analyses identified several
significant associations, although some estimates
were imprecise due to wide confidence intervals and
small cell counts. In adjusted models, female sex and
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being overweight/obese were associated with a lower
risk of inadequate intake, whereas rural residence
and being aged 50+ were associated with a higher
risk of inadequate or seasonally unstable intake.
Associations with income-generating activity and
HCT uptake attenuated after adjustment.

The low overall intake observed aligns with
national findings from the Tanzania STEPS surveys,
which similarly report average daily FAV intake of
1.5-2.5 servings.'®?” Comparable patterns of
inadequate consumption have been documented
across SSA studies and STEP surveys.'®'7%4 This
pattern likely reflects broader structural barriers such
as limited storage capacity, low purchasing power,
competing food priorities, limited nutritional
knowledge, as well as shifting diets.** Data from
high-income settings also supports low-intake,
illustrating the scoping inadequacies of diets
worldwide.*°

Seasonal variation in FAV availability and
intake is also well-established, with dry/post-harvest
periods consistently associated with decreased
dietary diversity and reduced access to fresh
produce.?*%1 Considering the high prevalence of
farming as an income-generating activity, FAV
intake is likely to be influenced by seasonality, as
agricultural cycles affect food availability, access,
utilization, and supply stability in Tanzania.”® Diets
are often more diverse in the rainy season, especially
with respect to intake of FAV, such as vitamin A-
rich dark leafy greens and fruits.”® This further
highlights the nutritional impact of fluctuating diets,
as individuals’ intakes of beneficial nutrients vary
throughout the year, reducing the optimization of

FAYV benefits.

In line with this study, Msambichaka et al.
(2018) found that women had a lower risk for
inadequate intake.” While this pattern was not
statistically significant across all literature, a pattern

of higher FAV intake among women is consistently
observed in STEPS findings."®" This finding could
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be a result of women’s central role in preparing and
managing food resources in Tanzanian households,
as well as greater reported awareness of healthy diets
and seeking nutritional guidance.”® Furthermore,
men consume their meals out of the home more
often than women, which may impact their access
and consumption of FAV 523

The observed associations between rural
residence and FAYV stability differ in some literature,
suggesting that rural households may have greater
access to FAV due to proximity to agricultural
production; however, they are consistent with
studies that incorporate seasonal analyses, which
more effectively capture dietary variation.”*® Rural
regions often face shortages post-harvest, limited
storage capacity, reduced market access, and lower
financial resources to buffer seasonal price
increases.’®*'% Affordability is a well-documented
barrier to the intake of adequate diets for rural
households.>*****  Furthermore, to meet the
recommended FAV intake, the increase in food
expenditure would be more significant in rural areas
than urban ones.* Notably, rural residence remained
a significant predictor across adjusted models,
strengthening confidence in this association.

The observed inadequate intake among
adults aged 50 years or older is supported by
evidence from SSA showing that most elderly adults
have limited dietary adequacy.””® FAV intake
decreases with age, although some Tanzanian
findings suggest the opposite, indicating possible
regional or cohort differences.”***> Older adults may
face barriers to adequate FAV intake due to reduced
income, physical limitations affecting food
production, reliance on others for food procurement,
and prioritization of staple foods over fruits and
vegetables.’” In rural settings, older adults may be
disproportionately —affected by seasonal food
shortages due to limited mobility and resources.
Furthermore, few interventions have focused on the
nutritional status of this population, since women of
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reproductive age, infants, and children are often
prioritized due to their specific needs.>>>*

Groups identified with a higher risk of
inadequate FAV intake in this study, including rural
residents, older adults, and men, are also shown to
have a higher prevalence of hypertension in
Tanzania.*® As prevalence for related NCDs is rising,
this link suggests that seasonal dietary inadequacy
may contribute to existing NCD vulnerabilities.'

Limited literature exists on BMI and FAV,
making direct comparisons difficult; however
broader dietary diversity and food insecurity research
highlights various pathways. Korir et al. (2024)
tfound a positive association between dietary diversity
and BMI, suggesting that more varied food intake
may be linked to overweight/obese BMI
categories.”” While FAV has a positive impact on an
individual’s diet, its association to higher BMI may
be diminished by unhealthy eating patterns like
high-calorie or high-fat diets. Dietary diversity does
not necessarily equate to nutritional adequacy, so
this relationship should be considered critically and
turther studied. Food security may also be a
mediating factor, as food-secure women were found
to have higher median BMI values.?”® Seasonal
fluctuations in FAV availability may have a smaller
impact among food-secure individuals, which could
support the lower risk of inadequate intake observed
among overweight/obese participants.?’

The positive, though not statistically
significant, association between HCT uptake and
adequate intake is consistent with Msambichaka et
al. (2018) linking health-seeking behaviors to higher
FAV  intake, although evidence remains
preliminary.” Another study identified that increased
preventative health care usage was associated with
healthy behaviors; even though FAV intake was not
significantly associated, it supports a potential
pathway for wunderstanding the direction of
association.® This positive but non-significant
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association may represent a preliminary pathway,
but requires further exploration.

4.1 Strengths and limitations

This is among the few studies in Tanzania
that focus specifically on FAV intake. The Sero 7
dataset offered a large sample size, which was
important given the low incidence of adequate
intake, and ensured socio-demographic attributes
were represented in the sample. Considering the
changing nutritional and epidemiological landscape
of Tanzania, this study supports previously
identified patterns of FAV intake and highlights a

need for additional, more current research.

This study was based on a secondary analysis
of cross-sectional data, which limits the ability to
infer causal relationships between FAV stability and
health or socio-demographic factors. The data were
collected in 2012-2013; thus, findings may not fully
reflect recent dietary patterns. In addition, self-
reported information on FAV intake and disease
diagnoses for hypertension and diabetes may be
subject to recall bias. The use of a single dietary
indicator may not capture the full complexity of
dietary diversity, total nutrient intake, or intra-
seasonal fluctuations in intake. Furthermore, the
Sero 7 questionnaire did not distinguish between
staple crops and other vegetables. No imputation
methods were used; complete-case analysis was
applied because missingness was minimal for most
variables. Despite low missingness, excluding
participants with incomplete responses may have
introduced selection bias if missingness was not
random. Individuals with lower literacy or education
may be more likely to provide incomplete responses
and may also be more vulnerable to inadequate FAV
intake, potentially leading to underestimation of the
true magnitude of dietary inadequacy. Missingness
in the HCT variable was higher and was addressed
analytically by separating HCT in the analysis.
Furthermore, no information about other potential
modifiers, such as an awareness of the components
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of a healthy diet, purchasing power, and accessibility,
was collected. Finally, because the data come from
one geographic region in Northwestern Tanzania,
generalizability to other populations is limited.

4.2 Recommendations

This study provides evidence of significant
seasonality in FAV intake in Northwestern
Tanzania and associated determinants. These
findings highlight the need for season-conscious
interventions that stabilize year-round access and
consumption of FAV. Future studies should
consider more frequent and longitudinal dietary
assessments, such as those employed in initiatives
like the CGIAR-led Fruit and Vegetables for
Sustainable Healthy Diets Initiative, which utilize
repeated measurements to better capture seasonal
dietary variation.

Research exploring the specific cultural,
environmental, and economic mechanisms that
shape intake is essential to illuminating why such
associations exist. Given the epidemiological
transition in Tanzania, studies should also explore
seasonal dietary inadequacy as a specific risk factor
for NCDs. Furthermore, evaluative studies on
interventions like community gardens, improved
storage and processing infrastructure, and subsidies
tor FAV during the dry season would provide
evidence for practice.

While current national action plans
acknowledge the importance of improving FAV
intake, such reporting lacks a seasonal dimension.
Future policies should emphasize education on the
importance of FAV intake and strengthening the
food system to reduce potential barriers like
affordability. Studies have shown that improving
knowledge through education is not enough to
improve diets in Tanzania and that structural
interventions are also necessary.* Furthermore,
specific populations, like rural residents, males, and
older adults, who were associated with inadequate
intake, should be targeted as well.
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5. Conclusion

This study confirms low FAV intake in this
rural and semi-urban Tanzanian population and
demonstrates an association between seasonal
inadequacy with socio-demographic and health
factors. Adequate intake was uncommon year-
round and even rarer in the dry season. The
significant seasonal fluctuation highlights the role of
environmental conditions and socio-demographic
determinants in shaping dietary patterns. Rural
residence and older age were associated with a higher
risk of inadequate consumption in both individual
seasons and over the combined period. Women and
individuals who were overweight/obese had a lower
risk for inadequate intake year-round. These
findings emphasize the need for additional research
on dietary patterns, with a focus on FAV and
seasonality. Future interventions should emphasize
stability, affordability, and accessibility of FAV
throughout the year. Tailored strategies for higher-
risk populations are particularly important. As
Tanzania’s population and nutritional landscapes
change, addressing FAV fluctuations and adequacy

is consequential.
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Table 1. Sociodemographic, health, and dietary characteristics of study participants

Variable Groups N=7226 Females Males
n (%) n (%) n (%)
All 4527 (62.65) 2699 (37.35)
15-24 2684 (37.14) 1453 (54.14) 1231 (45.86)
25-49 3008 (41.63) 2087 (69.38) 921 (30.62)
Age Group 50+ 1534 (21.23) 987 (64.34) 547 (36.66)
Semi-Urban 2454 (33.96) 1683 (68.58) 771 (31.42)
Resident Area Rural 4772 (66.04) 2844 (59.60) 1928 (40.40)
Underweight 1459 20.19) 760 (52.09) 699 (47.91)
Normal 5031 (69.62) 3164 (62.89) 1867 (37.11)
BMI Overweight/Obese 736 (10.19) 603 (81.93) 133 (18.07)
Never married 2321(32.12) 1003 (4321) 1218 (56.79)
Married 3822(52.89) 2550 (66.72) 1272 (33.28)
Marital Status Widowed/Separated/Divorced 1083 (14.99)  974(89.94) 109 (10.06)
Sukuma 6816 (94.33) 4244 (62.27) 2572 (37.73)
Ethnicity Other 410 (5.67) 283 (69.02) 127 (30.98)
oo Yes 4683 (64.81) 2943 (62.84) 1740 (37.16)
Generating No 2543 (35.19) 1584 (6229) 959 (37.71)
Farming 3655 (78.05) 2277 (62.30) 1378 (37.70)
Beonomic actisity Skilled labor 212 (4.53) 93 (43.87) 119 (56.13)
n= 4683 Unskilled labor/other 816 (17.42)  573(70.22) 243 (29.78)
— Yes 2603 (43.02) 1614 (62.01) 989 (37.99)
n= 6050 No 3447 (56.98) 2035 (59.04) 1412 (40.96)
Positive 502 (6.95) 357 (71.12) 145 (28.89)
HIV Status Negative 6724 (93.05) 4170 (62.02) 1554 (37.98)
Yes 31 (0.43) 18 (58.06) 13 (41.94)
Diabetes No 7195 (99.57) 4509 (62.67) 2686 (37.33)
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Intake measured in servings/day.

51

Yes 194 (2.68) 166 (85.57) 28 (14.43)

Hypertension No 7032 (97.32) 4361 (62.02) 2671 (37.98)
No education 2059 (28.49) 1616 (78.48) 443 (21.52)
Primary 3912 (54.14) 2380 (60.84) 1532 (39.16)

Education Secondary 1255 (17.37) 532 (42.31) 724 (57.69)
Median Interquartile Range

Age 31 20-46

BMI 20.71 18.92-22.68

FAYV intake

combined seasons 1.71 1.29-2.36

FAYV intake wet

season 2.29 1.71-3.29

FAV intake dry

season 1.00 0.57-1.71

Fruit intake

combined seasons | 0.93 0.57-1.36

Vegetable intake

combined seasons 0.79 0.50-1.14

Average days per

week fruit 3.50 2.50-4.50

Average days per

week vegetables 3.50 2.50-4.50
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Table 2. Adequacy of FAV intake by season

Dry Season
Wet Season Adequate Not Adequate Total
Adequate 23 238 261
Not Adequate 19 6946 6965
Total 42 7184 7226

Table 3. Comparison of FAV intake between wet and dry seasons - continuous and binary analyses

Estimate
Outcome type Test Measure (Wet-Dry) 95% CI Test Statistic ~ P-value
Paired t- Mean
test difference 1.33 (1.30, 1.35)* 68.41 <0.01
Continuous Wilcoxon
Outcome Signed
(servings/day) Rank 68.58 <0.01
Binary Outcome
(Adequate vs.
Inadequate McNemar's
intake) Chi Square  OR 12.53 (7.85,21.18) * 186.62 <0.01
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Table 4. Bivariate multinomial logistic regression results for FAV stability categories

Wet Intake Dry Intake Stable Inadequate
Variable RRR (95% CI) p-value RRR (95% CI) p-value RRR (95% CI) p-value
Male (ref) - (ref) - (ref) -
Sex Female 0.18 (0.02, 1.37) 0.10 0.10 (0.01, 0.91) 0.04 0.07 (0.01, 0.55)* 0.01
15-24 (ref) - (ref) - (ref) -
25-49 0.98 (0.38, 2.53) 0.97 0.75(0.18, 3.13) 0.69 0.51(0.21,1.25) 0.14
Age Group 50+ 5.62(0.67, 47.26) 0.11 8.40 (0.76,93.34)  0.08 3.96 (0.49, 32.24) 0.20
Semi-Urban (ref) - (ref) - (ref) -
Resident Area Rural 10.52 (4.16, 26.62)* <0.01 4.06 (1.11,14.81)* 0.03 3.56 (1.51, 8.40)* <0.01
Normal (ref) - (ref) - (ref) -
Underweight 1.58(0.34, 7.26) 0.56 0.93(0.11, 7.59) 0.95 1.90 (0.43, 8.43) 0.40
BMI Overweight/Obese 0.27(0.10, 0.71)* <0.01 0.35 (0.08, 1.60) 0.18 0.23 (0.10, 0.57)* <0.01
S Yes (ref) - (ref) - (ref) -
Generating No 1.78 (0.59, 5.44) 0.31 2.19(0.51, 9.33) 0.29 2.62(0.89, 7.70) 0.08
Farming (ref) - (ref) - (re) -
E‘:t?’fomic Skilled labor 0.67 (0.08, 5.80) 0.71 1.13(0.06,21.09)  0.93 0.51 (0.06, 4.08) 0.53
?1:?;}3, Unskilled labor/Other ~ 0.21 (0.08, 0.57)* <0.01 0.50 (0.11, 2.27) 0.37 0.22 (0.09, 0.56)* <0.01
No (ref) - (ref) - (ref) -
HCT uptake
n=6050 Yes 0.26 (0.09, 0.73)* 0.01 0.37(0.08, 1.39) 0.13 0.22 (0.08, 0.60)* <0.01
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Negative (ref) - (ref) - (ref) -
HIV Status Positive 1.00 (0.28, 3.56) 0.99 1.25(0.22,7.05  0.80 0.48 (0.14, 1.62) 0.24

Yes
Diabetes No

No (ref) - (ref) - (ref) -
Hypertension | Yes 0.96 (0.12, 7.89) 0.97 1.22(0.07,20.94)  0.89 0.59 (0.8, 4.42) 0.61

No education

Primary

Education Secondary
Never married (ref) - (ref) - (ref) -
Married 1.30 (0.49, 3.46) 0.60 1.40 (0.35,5.67)  0.64 0.95 (0.37, 2.42) 0.92
Widowed/Separated/D

Marital Status | ivorced 1.54 (0.43, 5.56) 0.51 0.70 (0.09,5.53)  0.73 0.80 (0.23, 2.73) 0.72

ref= Reference category: Stable Adequate. Results presented as Relative Risk Ratios (RRR) with 95% Confidence Intervals. RRR values >1 indicate increased
relative risk of being in the comparison category vs. Stable Adequate; RRR <1 indicates decreased risk. *Indicates p < 0.05. **Indicates model instability due
to low cell counts; corresponding binary analysis presented in Appendix.
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Table 5. Adjusted multinomial logistic regression results for FAV stability categories

A. Full participant population (N = 7,226)

Wet Intake Dry Intake Stable Inadequate

Variable RRR (95% CI) p-value RRR (95% CI) p-value RRR (95% CI) p-value

Male (ref) - (ref) - (ref) -
Sex Female 0.24 (0.03, 1.82) 0.17 0.12 (0.01, 1.10) 0.06 0.10 (0.01, 0.72)* 0.02

15-24 (ref) - (ref) - (ref) -
Age 25-49 2.14(0.76, 6.09) 0.15 1.58(0.33, 7.67) 0.57 1.21 (0.45, 3.25) 0.7
Group 50+ 10.86 (1.26, 93.69)* 0.03 15.41 (1.33,178.61)* 0.03 7.68 (0.92, 64.03) 0.06
Resident Semi-Urban (ref) - (ref) - (ref) -
Area Rural 10.13 (3.85, 26.62)* <0.01 3.93 (1.02, 15.07) 0.05 2.98(1.21, 7.30)* 0.02

Normal (ref) - (ref) - (ref) -

Underweight 1.29 (0.27, 6.04) 0.75 0.65 (0.08, 5.45) 0.69 1.29 (0.29, 5.81) 0.74
BMI Overweight/Obese  0.47 (0.17, 1.28) 0.14 0.53(0.10, 2.59) 0.43 0.37(0.15, 0.93)* 0.04
Income- | Yes (ref) - (ref) - (ref) -
generati
ng No 2.38(0.70, 8.03) 0.16 2.71(0.55,13.23) 0.22 2.58(0.80, 8.36) 0.11
B. Subsample: participants engaged in income-generating activities (N = 4,683)

Male (ref) - (ref) - (ref) -
Sex Female 0.38(0.05, 3.01) 0.36 0.13 (0.01, 1.36) 0.09 0.13 (0.02, 1.02) 0.05

15-24 (ref) - (ref) - (ref) -
Age 25-49 1.63 (0.43, 6.23) 0.48 1.34 (0.18, 10.06) 0.77 0.79 (0.22, 2.80) 0.71
Group 50+ 5.71(0.54, 60.24) 0.14 7.55 (0.40, 140.88) 0.18 3.82(0.38, 37.87) 0.25
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Reciden | Semi-Urban (ref) - (ref) - (ref) -
Area Rural 9.99 (3.11, 32.10)* <0.01 6.47 (1.11, 37.65)* 0.04 2.56 (0.87,7.52) 0.08
Normal (ref) - (ref) - (ref) -
Underweight 1.72 (0.21, 14.19) 0.61 0.89 (0.05, 16.53) 0.94 1.59 (0.20, 12.49) 0.66
BMI Overweight/Obese 0.44 (0.15, 1.31) 0.14 0.45 (0.07,2.93) 0.41 0.36 (0.13, 0.95)* 0.04
Farming (ref) T (xed — (e -
Skilled labor 1.58 (0.17, 14.52) 069  1.95(0.10, 34.45) 0.66  0.68(0.08,5.70) 0.73
Economi | Unskilled labor/
cactivity | Other 0.59 (0.20, 1.78) 0.35 1.39(0.27,7.11) 0.69 0.47 (0.17,1.30) 0.15
C. Subsample: participants with HCT usage responses (N = 6,050)
Male (ref) - (ref) - (ref) -
Sex Female 0.24 (0.03, 1.91) 018 0.18(0.02, 1.86) 0.15 0.10 (0.01, 0.76)* 0.03
15-24 (ref) - (ref) - (ref) -
Age 25-49 2.18(0.75, 6.34) 015  1.66(0.30,9.11) 0.56 1.41(0.52, 3.84) 0.50
Group | 50+ 8.85 (1.00, 78.04) 0.05  10.64 (0.81, 140.09) 0.07 6.14 (0.73, 51.76) 0.10
Recideng | SemUrban (ref) - (ref) - (ref) -
Area Rural 7.36 (2.63, 20.63)* <0.01 2.76 (0.64, 11.90) 0.17 2.09 (0.80, 5.46) 0.13
Normal (ref) - (ref) - (ref) -
Underweight 0.99 (0.21, 4.76) 0.99 0.94 (0.10, 8.16) 0.95 1.08 (0.24, 4.89) 0.93
BMI Overweight/Obese 047 (0.17, 1.32) 015  0.63(0.122,3.24) 0.58 0.38 (0.15, 0.98) 0.05
Yes (ref) - (ref) - (ref) -
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Income-

generatin

g No 1.96 (0.56, 6.83) 0.29 1.77 (0.31, 10.23)
No re - re

o (ref) (ref)

uptake Yes 0.47 (0.15, 1.40) 0.17 0.54 (0.12, 2.45)

ref=Reference category: Stable Adequate. Results presented as Relative Risk Ratios (RRR) with 95% Confidence Intervals. RRR values >1 indicate increased relative risk
of being in the comparison category vs. Stable Adequate; RRR <1 indicates decreased risk. Models were adjusted for sex, residence area, BMI category, and marital status

(and for income-generating activity and HCT uptake in the subsamples). *Indicates p < 0.05.

Table 6. Supplementary Binary Regression Analysis for Diabetes and Education

Change/No Change
Variable RR (95% CI) p-value
No (ref) -
Diabetes Yes 0.91 (0.13, 6.26) 0.92
No education (ref) -
Primary 0.79 (0.61, 1.04) 0.09
Education Secondary 0.85(0.59, 1.21) 0.37
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2.00 (0.61, 6.62)

0.37(0.13,1.07)
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