Yusufu et al. BMC Public Health (2023) 23:1814 BMC PU b|IC Hea |th
https://doi.org/10.1186/512889-023-16611-w

. . . ®
Factors associated with anemia e

among school-going adolescents aged 10-17
years in Zanzibar, Tanzania: a cross sectional
study

Innocent Yusufu'™, llana R. Cliffer”", Mashavu H. Yussuf', Cecilia Anthony', Frank Mapendo', Seif Abdulla®,
Mary Masanja', Amani Tinkasimile', Ali Salim Ali®, Mary Mwanyika-Sando' and Wafaie Fawzi?

Abstract

Background Anemia among adolescents (ages 10-19 years) is a leading cause of morbidity and mortality in low-
and middle-income countries and carries long-term health and economic consequences. To address the issue, policy-
makers and programmers require evidence of the burden of anemia among adolescents in specific contexts, as well
as an understanding of the factors associated with anemia in this population.

Methods We conducted a cross-sectional survey as a baseline assessment to determine the prevalence and factors
associated with anemia in secondary school students, as part of a cluster-randomized effectiveness trial testing differ-
ent micronutrient supplementation strategies in addressing anemia among adolescents in Zanzibar. Between March
7th to 25th, 2022 the survey was conducted on 2,479 school-going adolescents aged 10-17 years from 42 schools
on the island of Zanzibar, Tanzania. Hemoglobin concentration was measured along with the collection of socio-
demographics, health, food frequency, and water, sanitation and hygiene data.

Results Based on the World Health Organization cutoffs for anemia, 53.3% of the sample had anemia (mild, moder-
ate, or severe). Using chi-square tests and logistic regressions, we determined that females had higher odds of anemia
than males (Adjusted OR=1.47; 95% Cl: 1.24, 1.74), those in the highest wealth quintile had lower odds of anemia
than those in the lowest wealth quintile (Adjusted OR=0.7; Cl: 0.54, 0.91), stunted adolescents had higher odds

of anemia than non-stunted students (Adjusted OR=1.38;95% Cl: 1.06,1.81), and those who used shared toilets had
higher odds of moderate or severe anemia than those with private toilet access (Adjusted OR=1.68; Cl: 1.07, 2.64).

Conclusions The high prevalence of anemia in this sample indicates an urgent need to address anemia among ado-
lescents in Zanzibar, and the factors associated with anemia point to the importance of water, sanitation, and hygiene
interventions in addition to dietary and nutritional support.
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Background

An estimate of 1.3 billion adolescents between the ages
of 10 and 19 years make up the global population, with
more than 90% of them living in low and middle-income
nations [1]. In 2019, the World Health Organization
(WHO) reported 1.5 million adolescents died due to
preventable or treatable causes. Nutrition and micro-
nutrient deficiencies such as iron deficiency anemia
continue to be among the leading cause of years lost in
death and disability among adolescents [2]. Compared
to other regions, Sub-Saharan Africa is expected to have
more adolescents by 2050 making it an important area
for adolescent health research and interventions [3].
Despite the burden and consequences of anemia among
adolescents, this age group has been overlooked and
under-studied [4].

The negative health impacts of anemia at such a crucial
age in development can transcend to adulthood and lead
to higher risks of maternal mortality and poor pregnancy
outcome among girls [5, 6]. In Tanzania, 28% of adoles-
cent girls become pregnant by age 18 years and 45% of
these girls experience anemia during their first pregnancy
[7]. Furthermore, the Tanzania Demographic and Health
Survey TDHS 2015-2016 found that the prevalence
of anemia was 45% among women aged 15-49 years in
2015, an increase from the rate recorded in 2010 (40%).
Women in Zanzibar are even more likely to be anemic
than women in Tanzania Mainland (60% versus 44%)
[7]. While the prevalence rates of anemia among chil-
dren under five years of age and women of reproductive
age in Zanzibar are indeed high, it is important to note
that the prevalence of anemia can vary among different
population groups. Adolescents, being in a unique stage
of development, may have different nutritional require-
ments and risk factors compared to children and women
[4]. Therefore, it is possible that the prevalence of anemia
among adolescents could be either higher or lower than
the rates observed in the other two groups.

Anemia among adolescents is common possibly due
to limited access to fruits, vegetables, and animal-source
foods as a consequence of food insecurity [8]. Such nutri-
tional deficiencies have serious consequences for the
health and well-being of the adolescent population. In
addition to nutritional causes, other causes of anemia
include infections such as malaria and intestinal parasitic
infection and chronic illness [9]. Despite nutritional defi-
ciencies being the most common cause of anemia, sub-
clinical deficiency make identification and treatment of
anemia challenging. For example, depleted iron reserves
may be presented long before symptoms of anemia pre-
sent themselves [10].

As school attendance and performance are important
determinants of career chances and long-term economic
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prospects for adolescents and their future families,
addressing their nutritional needs is a crucial investment
in their futures by improving their learning capacity.
The school setting has been shown to be a cost-effective
platform to address micronutrient deficiencies espe-
cially given economic losses from iron deficiency anemia
(Shekar et al., 2017). However, in Zanzibar, there is lack of
evidence to support the design and rollout of such inter-
vention. We conducted a baseline survey to determine
the burden of anemia and its determinants among adoles-
cents in Zanzibar. This assessment is crucial for effective
public health planning, intervention design, monitoring
and evaluation, and improving health outcomes in this
population. It provides valuable insights for policymakers
and healthcare professionals to allocate resources, design
targeted interventions, track progress, and address the
specific needs and challenges of adolescents in reducing
anemia rates and associated health risks.

This is in preparation of a cluster-randomized trial to
determine the best school-based micronutrient supple-
mentation program to prevent anemia. Findings from
this study will provide an understanding of the preva-
lence of anemia and factors that are associated with it
hence generate evidence for the design and rollout of
interventions among adolescents.

Methods

Study design and setting

A school based cross-sectional study was conducted
from March 7th to 25th 2022 in school-going adolescents
aged 10—17 years. This was a baseline assessment prior to
the rollout of a cluster-randomized study testing weekly
iron and folic acid (IFA) against daily multiple micronu-
trient supplements (MMS) nutritional supplements in
the management of anemia [11]. The study took place
in Unguja, the largest island in Zanzibar, Tanzania. We
selected 42 schools in urban or peri-urban areas (Wilaya
ya Magharibi A and Wilaya ya Kati districts).

Study participants

Adolescent girls and boys aged 10-17 years attending sec-
ondary schools were included in the study. We included
public schools that have secondary students (form 1
(youngest) — form 4 (oldest)), and for which we had per-
mission from school administrators. We randomized and
enrolled 42 schools which were first matched on key char-
acteristics (school rankings, number of students, and dis-
tance to main road), using coarsened exact matching (cem
command, Stata) [12]. Once matched, schools were ran-
domized to either the IFA, MMS, or control arms using
a list randomizer (https://www.random.org/lists) [13].
One to two classes were randomly chosen within each
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school, with an aim to include a minimum of 50 eligible
students per school and a maximum of 100 adolescents
per school. Actual enrollments per school ranged from
20 to 108 students. We excluded schools with ongoing
nutrition supplementation interventions, and adolescents
with no informed consent from parents or self-reported
pregnancy.

Sample sizes were not calculated for the present base-
line analyses, only for the main study, as described previ-
ously [11]; however, we report minimum detectable effect
sizes at the 5% alpha level with 80% power, for the factors
potentially associated with anemia explored in this paper,
in Supplementary Table 1.

Data collection

Trained study staff collected data from adolescents at
school, whose parents had provided consent and who had
themselves provided assent to participate. Data collected
included demographic and dietary surveys, and anthro-
pometric measurements. A structured questionnaire
comprising questions on socio-demographics, house-
hold possessions, physical activity (International Physical
Activity Questionnaire for Adolescents), water, sanitation
and hygiene practices (WASH), food frequency and pref-
erences, and socio-emotional development (Strengths
and Difficulties Questionnaire, Child Outcomes Research
Consortium) was used to collect data.

In addition, a finger prick was used to assess hemo-
globin levels and malaria status. Hemoglobin status was
assessed using a portable battery-operated photometer
(Hemocue 201 +machine) [14]. A capillary blood sample
was taken by pricking the tip of the adolescents’ finger
after rubbing it with a cotton swab immersed in alcohol.
A 10 micro liter blood sample was collected with a ster-
ile disposable lancet and the second drop was taken for
hemoglobin measurement. The photometer was cleaned
before every session. Hemoglobin levels were determined
by certified laboratory technicians who were part of the
research team. Rapid diagnostic test kits were used to
screen the adolescents’ finger prick samples for malaria
[15]. Results were read within one minute.

Anthropometric measurements (height and weight)
were taken as double measurements, according to WHO
standards. Height was measured using a Seca stadiom-
eter (ShorrBoard, USA) and recorded to the nearest
0.1 cm. During the measurement, participants stood in
the Frankfurt anatomical position. Shoes were taken off
and prominent body parts (occipital, shoulder, buttocks
and heel) touched the stadiometer. Weight was measured
with the Seca 874 weighing scale (Seca, Germany) and
recorded to the nearest 0.1 kg. Heavy clothes and shoes
were taken off. Both the weighing scale and length board
were calibrated daily.
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The questionnaire was prepared in English and trans-
lated to Swahili and back translated to English to ensure
consistency. It was piloted in two schools out of the
selected schools. Twenty-four enumerators, three labo-
ratory personnel, and one supervisor participated in
the data collection. The data collection team received
training for three days on the objectives and methodol-
ogy of the study and the process of data collection by the
principal investigator. Data collectors were supervised
throughout the activity and daily meetings were held to
monitor progress. Daily data cleaning and checks were
done to check for accuracy.

Variable specification

Adolescents’ anemia status was considered as the out-
come variable and was defined according to WHO age-
and sex- specific cutoffs (the gold standard for assessing
anemia) as individual hemoglobin levels between 11 and
11.9 mg/dl, 8-10.9 g/dl, and lower than 8 g/dl as mild,
moderate and severe respectively, for children 12-14
years and non-pregnant females over 15 years. For chil-
dren 10-11 years old, mild anemia was defined as hemo-
globin concentration between 11 and 11.4 g/dl and for
males over 15, hemoglobin concentrations between 11.0
and 12.9 were considered mild anemia [16]. We investi-
gated levels of anemia as binary outcome variables coded
as having that level of anemia or not (any anemia vs. no
anemia; moderate or severe anemia vs. no anemia), as
well as a continuous outcome for hemoglobin level (g/dl).

Independent variables considered as potential factors
associated with anemia in this study were identified by
reviewing previous literature. Household possessions and
assets were combined into a wealth status indicator using
principal components analysis and then categorized into
wealth quintiles.

Dietary data were collected through food frequency
questionnaires in which the adolescents identified how
many times in the last 30 days they had consumed each of
a list of foods commonly found in Tanzania. We re-coded
the food frequency data into number of times consumed
per week, using the mid-point of the response categories
(i.e., zero for “never or 1-3 times in the last month’”, 3 for
“2—4 times per week’, 5.5 for “5-6 times per week” and
7 for “once per day” or anything higher). For each food
group of the Household Diet Diversity Score (HDDS)
[17], we added up the weekly frequencies for all foods in
that category. Weekly frequencies were then categorized
into a three-level variable for “less than once per week’,
“at least once per week” (1-6 times), or “daily” (at least 7
times per week). Iron-rich foods were of specific interest
to investigate one-by-one, so we coded each of these as a
binary variable for having been consumed at least once
in the past month or not. Lastly, we coded an overall diet
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diversity indicator using the HDDS categories, by cod-
ing binary daily indicator variables for each category and
adding them together to get a total score. The daily indi-
cators were made by converting weekly frequencies to
daily frequencies by dividing by 7 and assigning a “yes”
to any food group category for which the total daily fre-
quencies of foods in that category combined equaled at
least 1, and a “no” if the total was less than 1. Thus, scores
of HDDS ranged from 0 to 12, and were converted to a
three-level variable for 0-3 food groups consumed, 4-5
groups consumed, or 6+ food groups consumed.

Variables for stunting (low height-for-age) and body
mass index (BMI) category were coded by calculating
anthropometric z-scores for height-for-age and BMI-for-
age, using the 2007 WHO growth reference stata macro
(who2007.ado) [18]. Stunting was considered height-
for-age z-scores < -2 SD. For BMI z-scores and catego-
rizations, BMI was first derived by dividing weight (kg)
by height (m?). BMI z-scores were then calculated and
categorized based on WHO guidelines for children and
adolescents, into underweight (< -2 SD), normal weight
(-2 SD to <1 SD), and overweight/obese (1 SD to >2 SD).
Overweight and obese categories were combined due to
small frequencies of adolescents with obesity.

Statistical analysis

To check for differences in anemia status by each of the
independent variables, we first conducted descriptive
analyses using chi-square tests and ran univariate logis-
tic regressions. Based on the results of these univariate
tests, we constructed a base adjusted model in which
only socio-demographic and health variables that had
been significantly associated with anemia in the univari-
ate models at the 5% alpha level were included. In addi-
tion, we include age and malaria in these models despite
statistical significance levels, as these factors were judged
to be biologically important predictors of anemia, and
potential confounders of the relationship between ane-
mia and the other factors. The goal of these models was
to understand the associations between each factor and
anemia, while controlling for confounding of the other
factors. We used this base adjusted model to determine
adjusted relationships between each of the independ-
ent variables and anemia status by adding in each of the
remaining independent variables one-by-one. We use
logistic regression to obtain odds ratios for the relation-
ship between the factors and each category of anemia (i.e.
none vs. any, none vs. moderate/severe), and we use lin-
ear regression to model the relationship between the fac-
tors and continuous hemoglobin in g/dL. Analyses were
done using Stata 16.1(Blackwell et al., 2009) (StataCorp,
2017. Stata Statistical Software: Release 16. College Sta-
tion, TX: StataCorp LLC).
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Results

Anemia prevalence

A total of 2,479 adolescents were enrolled across the 42
schools selected for the study. The prevalence of anemia
among all adolescents in the sample was 1321(53.3%).
Mild anemia was the most common 757 (30.5%), fol-
lowed by moderate 546 (22.0%) and severe 18 (0.7%).

Socio-demographic and health characteristics

Table 1 shows the baseline socio-demographic and health
characteristics of the sample, overall and by anemia level.
The majority of students enrolled were females 1516
(61.2%) between 12 and 14 years of age 1734 (69.9%).
Around 1072 (75%) of females had experienced menarche
at the time of the survey, 344 (14%) of students had a
current cough, and77 (3%) were diagnosed with malaria
using the rapid diagnostic tests administered during the
survey. In addition, 248 (10%) of students were stunted,
127 (5%) were underweight, and 316 (13%) had over-
weight or obese BMI z-scores.

Dietary characteristics

Dietary characteristics of the sample are shown in
Table 2. Less than half of the overall sample consumed
at least 6 food groups 1138 (45.9%). Most people con-
sumed cereals and vegetables daily 2053 (82.8%), 1891
(76.3%) respectively, while daily consumption of legumes
842 (34%), 884 fruits (37.8%), fish 1392 (56.2%), milk 1447
(58.4%), and tubers 1153 (46.5%) was less common. Few
people consumed meat 187 (7.5%) or eggs 47 (1.9%) daily.
In terms of specifically iron-rich foods (Table 3), we dis-
play the prevalence of those who consumed the food at
least once in the last month. The most commonly con-
sumed iron-rich food was fried fish 2266 (91.4%), fol-
lowed by fresh fish 2104 (84.9%), chicken 1864 (75.2%),
sardines 1702 (68.7%), and beef 1258 (50.7%).

WASH characteristics

Table 4 displays the water, sanitation, and hygiene
characteristics and practices of adolescents in the sam-
ple. About 2022 (80%) of the sample had water piped
either directly into their houses or into their neighbor-
hoods, while 449 (18%) drank well or surface water.
Roughly a quarter of adolescents 594 (24.1%) reported
that their households treated their water, and the most
common treatment technique was boiling 319 (12.9%).
A majority of participants had flush or pour toilets at
home 1666 (67.3%) and reported brushing their teeth
at least twice a day 1568 (63.3%). Slightly less than half
of participants reported always washing their hands
before eating 1182 (47.7%), and even fewer 987 (39.8%)
reported always washing their hands after using the
toilet.
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Table 1 Baseline socio-demographic characteristics of adolescents taking part in SAMIA trial, Zanzibar, 2022

Overall (N=2,479) No anemia (n=1,158) Mild anemia (n=757) Moderate/severe P-value
anemia (n=564)

Age (N=2,479)

<12 years 15 (0.6) 5(33.3) 7 (46.7) 3(20.0) 0.002
12-14 years 1734 (69.9) 830 (47.9) 489 (28.2) 415 (23.9)
>14 years 730 (29.4) 323 (44.2) 261 (35.8) 146 (20.0)
Sex (N=2,479)
Male 963 (38.8) 503 (52.2) 296 (30.7) 164 (17.0) <0.001
Female 1516 (61.2) 655 (43.2) 461 (30.4) 400 (26.4)
Currently lives with (N=2,479)
Mother 395 (15.9) 171 (43.3) 125(31.6) 99 (25.1) 0.733
Father 78 (3.1) 32(41.0) 30(38.5) 16 (20.5)
Other male guardian 69 (2.8) 32 (46.4) 23(33.3) 14 (20.3)
Other female guardian 265 (10.7) 133 (50.2) 75 (28.3) 57 (21.5)
Sibling(s) 55(2.2) 29 (52.7) 14 (25.5) 12(21.8)
Both Father and Mother 1483 (59.8) 703 (47.4) 443 (29.9) 337(22.7)
Other, specify: 134 (5.4) 58 (43.3) 47 (35.1) 29 (21.6)
Number of siblings (N=2,473)
0-4 siblings 1652 (66.8) 774 (46.9) 512(31.0) 366 (22.2) 0.818
5-9 siblings 754 (30.5) 350 (46.4) 221(29.3) 183 (24.3)
>9 siblings 67 (2.7) 32 (47.8) 20 (29.9) 15(22.4)
Father’s occupation (N=1,630)
Farmer 395 (24.2) 179 (45.3) 123 (31.1) 93(23.5) 0.637
Livestock keeper 17 (1) 6 (35.3) 6(35.3) 5(29.4)
Merchant 354 (21.7) 170 (48.0) 99 (28.0) 85 (24.0)
Teacher 67 (4.1) 32(47.8) 25(37.3) 0(14.9)
Government Worker 263 (16.1) 140 (53.2) 73(27.8) 50(19.0)
Unemployed 93(5.7) 40 (43.0) 33(35.5) 20 (21.5)
Other, specify 415 (25.5) 188 (45.3) 128 (30.8) 99 (23.9)
Don't know 26 (1.6) 12 (46.2) 9(34.6) 5(19.2)
Mother’s occupation (N=2,142)
Farmer 434 (20.3) 202 (46.5) 120 (27.6) 112 (25.8) 0.682
Livestock keeper 12 (0.6) 2(16.7) 4(33.3) 6 (50.0)
Merchant 723 (33.8) 337 (46.6) 223 (30.8) 163 (22.5)
Teacher 155(7.2) 73 (47.1) 49 (31.6) 33(21.3)
Other Government Worker 83(3.9) 38 (45.8) 27 (32.5) 18 (21.7)
Unemployed 214 (10) 103 (48.1) 67 (31.3) 44 (20.6)
Homemaker 434 (20.3) 206 (47.5) 126 (29.0) 102 (23.5)
Other, specify: 72 (34) 38(52.8) 22 (30.6) 12 (16.7)
Don't know 15(0.7) 8(53.3) 5(33.3) 2(133)
Father’s education (N=1,630)
None 77 (4.7) 35 (45.5) 22 (28.6) 20(26.0) 0447
Primary 259 (15.9) 115 (44.4) 82 (31.7) 62 (23.9)
Secondary 458 (28.1) 213 (46.5) 156 (34.1) 89 (19.4)
Technical/Vocational 18 (1.1) 8 (444) 4(22.2) 6(33.3)
University/College 104 (6.4) 56 (53.8) 28 (26.9) 20(19.2)
Don't know 714 (43.8) 340 (47.6) 204 (28.6) 170 (23.8)
Mother’s education (N=2,141)
None 157 (7.3) 71 (45.2) 51(32.5) 35(22.3) 0.65
Primary 466 (21.8) 218 (46.8) 134 (26.8) 114 (24.5)

Secondary 610 (28.5) 295 (484) 177 (29.0) 138 (22.6)
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Table 1 (continued)
Overall (N=2,479) No anemia (n=1,158) Mild anemia (n=757) Moderate/severe P-value
anemia (n=564)
Technical/Vocational 18 (0.8) 12 (66.7) 5(27.8) 1(5.6)
University/College 117 (5.5) 57 (48.7) 39(33.3) 21 (17.9)
Don't know 773 (36.1) 354 (45.8) 236 (30.5) 183 (23.7)
Wealth Quintile (N=2,479)
1 500 (20.2) 207 (41.4) 160 (32.0) 133 (26.6) 0.002
2 505 (20.4) 236 (46.7) 154 (30.5) 115 (22.8)
3 489 (19.7) 216 (44.2) 139 (28.4) 134 (27.4)
4 514 (20.7) 255 (49.6) 61(31.3) 98 (19.1)
5 471 (19) 244 (51.8) 143 (304) 84 (17.8)
Seen menstruation (N=1,416)
No 344 (24.3) 166 (48.3) 99 (28.8) 79(23.0) 0.116
Yes 1072 (75.7) 452 (42.2) 328(30.6) 292 (27.2)
Home garden available (N=2,463)
No 1415 (57.5) 647 (45.7) 431 (30.5) 337(23.8) 0325
Yes 1048 (42.5) 503 (48.0) 321(30.6) 244 (23.3)
Current cough (N=2,339)
No 2135(86.1) 983 (46.0) 653 (30.6) 499 (23.4) 0.129
yes 344 (13.9) 175 (50.9) 104 (30.2) 65 (18.9)
Malaria diagnosis
No 2402 (96.9) 1120 (46.6) 735 (30.6) 547 (22.8) 0.889
Yes 77 (3.1) 38 (494) 22 (286) 17 (22.1)
Height for age z-score category (N=2467)
Normal 2219(89.9) 1053 (47.5) 671(30.2) 495 (22.3) 0.051
Stunted 248 (10.1) 98 (39.5) 83(33.5) 67 (27.0)
BMI for age z-score category (N=2,464)
Underweight 127 (5.2) 67 (52.8) 41 (32.3) 19 (15.0) 0.147
Normal weight 2021 (82) 947 (46.9) 608 (30.1) 466 (23.1)
Overweight/obese 316 (12.8) 135(42.7) 105 (33.2) 76 (24.1)

Values are n(%). P-values derived from Chi-square test or Fisher’s exact test if the cell count <5, Fisher's exact test performed

Relationships between socio-demographic, dietary,

and WASH factors and anemia

Anemia was related to several socio-demographic
and health variables, as well as some factors related
to water and sanitation (Table 5). Females had higher
odds of any anemia (aOR=1.47; 95% CI: 1.24, 1.74)
and moderate/severe anemia (aOR=1.87; 95% CI:
1.51,2.32) compared to males. The hemoglobin lev-
els among females were also lower compared to males
(b=-062; 95% CI: -0.73, -0.51). Wealth index was found
to be associated with anemia. Adolescents who were
found in the fourth wealth quintile had lower odds of
any anemia (aOR=0.72; CI: 0.56,0.92) and moderate/
severe anemia (aOR=0.60; CI: 0.43,0.82) compared
to the lowest quintile in both the crude and adjusted
models. Similar relationship was seen between the fifth
quintile and the lowest quintile (aOR=0.7; CI: 0.54,
0.91)), and hemoglobin level was also found to be lower
in both the fourth (b=0.35; CI:0.17,0.53) and fifth

(b=0.30; CI:0.12,0.47) wealth quintile compared to the
first quintile.

Adolescents who were stunted were found to have
higher odds of any anemia (OR-1.38; 95% CI: 1.06,1.81)
and moderate severe anemia (aOR=1.45; 95%CI:
1.05,2.02) while their level of hemoglobin were lower only
in the adjusted model (b=-0.44; CI: -0.74-0.15). Similarly,
adolescents who were underweight had higher odds of
moderate/severe anemia in both crude and adjusted
models (aOR=0.58; CI: 0.32-0.95) compared to adoles-
cents who had normal weight. There was no difference
between those who were overweight/obese and those
who had normal weight.

Adolescents who consumed more beverages had lower
odds of any anemia (aOR=0.74; CI: 0.56—0.98), moder-
ate/severe (aOR=0.65; CI: 0.46-0.91) as well as lower
levels of hemoglobin (b=0.27; CL: 0.07-0.46); however
this relationship loses significance after controlling for
socio-demographic factors. Among different foods, those
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Table 2 Baseline dietary characteristics of adolescents taking part in SAMIA trial, Zanzibar, 2022

Overall (N=2,479) No anemia (n=1,158)  Mild anemia (n=757) Moderate/severe anemia P-value
(n=564)

Household diet diversity score (N=2,479)

3and less 574 (23.2) 259(45.1) 178 (31) 137 (23.9) 0486
4105 767 (30.9) 45 (24.1) 241 (31.4) 181 (23.6)
6 and more 1138 (45.9) 554 (48.7) 338(29.7) 246 (21.6)

Food consumption (N=2,479)
Cereals (N=2,479)

< 1 per week 56(2.3) 27(48.2) 16(28.6) 13(23.2) 0.191
1-6 per week 370(14.9) 154(41.6) 116(31.4) 100(27)
Daily 2053(82.8) 977(47.6) 625(30.4) 451(22)

Vegetables (N=2,279)
< 1 per week 196(7.9) 72(36.7) 66(35.9) 43(21.9) 0321
1-6 per week 392(15.8) 124(31.6) 386(29.5) 86(21.9)
Daily 1891(76.3) 561(29.7) 256(30.3) 435(23)

Legumes (N=2,479)
< 1 per week 657(26.5) 297(45.2) 211(32.1) 149(22.7) 0.851
1-6 per week 980(39.5) 462(47.1) 291(29.7) 227(23.2)
Daily 842(34) 399(47.4) 255(30.3) 188(22.3)

Fruits (N=2,479)
< 1 per week 202(8.6) 90(40.9) 73(33.2) 57(25.9) 0.359
1-6 per week 1253(53.6) 174(45) 122(31.5) 91(23.5)
Daily 884(37.8) 894(47.8) 562(30) 416(22.2)

Meat (N=2,479)
< 1 per week 1378(55.6) 631(45.8) 424(30.8) 323(234) 0.248
1-6 per week 914(36.9) 438(47.9) 267(29.2) 209(22.9)
Daily 187(7.5) 89(47.6) 66(35.3) 32(17.1)

Eggs (N=2,479)
<1 per week 1938(78.2) 886(45.7) 598(30.9) 454(234) 0.217
1-6 per week 494(19.9) 244(49.4) 148(30) 102(20.6)
Daily 47(1.9) 28(59.6) 11(234) 8(17)

Fish (N=2,479)
< 1 per week 230(9.3) 98(42.6) 72(31.3) 60(26.1) 0.178
1-6 per week 857(34.6) 382(44.6) 268(31.3) 207(24.2)
Daily 1392(56.2) 678(48.7) 417(30) 297(21.3)

Milk (N=2,479)
< 1 per week 280(11.3) 125(44.6) 85(30.4) 70(25) 0.74
1-6 per week 752(30.3) 353(46.9) 222(29.5) 177(23.5)
Daily 1447(58.4) 680(47) 450(31.1) 317(21.9)

Fats (N=2,479)
< 1 per week 1938(78.2) 886(45.7) 598(30.9) 454(23.4) 0.217
1-6 per week 494(19.9) 244(49.4) 148(30) 102(20.6)
Daily 47(1.9) 28(59.6) 11(23.4) 8(17)

Beverages (N=2,479)
< 1 per week 234(94) 94(40.2) 74(31.6) 66(28.2) 0172
1-6 per week 740(29.9) 347(46.9) 222(30) 171(23.1)
Daily 1505(60.7) 717(47.6) 461(30.6) 327(21.7)

Sweets (N=2,479)
< 1 per week 1376(55.5) 639(46.4) 428(31.1) 309(22.5) 0.954
1-6 per week 964(38.9) 454(47.1) 289(30) 221(22.9)

Daily 139(5.6) 65(46.8) 40(28.8) 34(24.5)
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Table 2 (continued)

Overall (N=2,479) No anemia (n=1,158)  Mild anemia (n=757) Moderate/severe anemia P-value
(n=564)
Tubers(N=2,479)
< 1 per week 315(12.7) 137(43.5) 97(30.8) 81(25.7) 0432
1-6 per week 1011(40.8) 470(46.5) 303(30) 238(23.5)
Daily 1153(46.5) 551(47.8) 357(31) 245(21.2)

Values are n(%) or mean SD+. P-values derived from Chi-square test or Fisher’s exact test if the cell count <5, Fisher’s exact test performed. Data derived from food
frequency questionnaire in which the reference period for consumption was the last 30 days

Table 3 Consumption of iron-rich foods among adolescents taking part in SAMIA trial, Zanzibar, 2022

Overall (N=2,479) No anemia (n=1,158) Mild anemia (n=757) Moderate/severe anemia P-value
(n=564)

Tamarind (N=2,479)

No 2071(83.5) 963(46.5) 636(30.7) 472(22.8) 0.88
Yes 408(16.5) 195(47.8) 121(29.7) 92(22.5)

Beans (N=2,479)
No 1795(72.4) 832(46.4) 545(30.4) 418(23.3) 0.586
Yes 684(27.6) 326(47.7) 212(31.0) 146(21.3)

Spinach (N=2,479)
No 2115(85.3) 1009(47.7) 628(29.7) 478(22.6) 0.038
Yes 364(14.7) 149(40.9) 129(35.4) 86(23.6)

Pumpkin leaves (N=2,479)
No 2032(82) 947(46.6) 616(30.3) 469(23.1) 0.688
Yes 447(18) 211(47.2) 141(31.5) 95(21.3)

Pumpkin (N=2,479)
No 1677(67.6) 798(47.6) 488 (29.1) 380(22.7) 0387
Yes 802(32.4) 360(44.9) 220 (27.4) 184(22.9)

Beef (N=2,479)
No 1221(49.3) 562(46.0) 366(30.0) 293(24.0) 0.345
Yes 1258(50.7) 596(47.4) 391(31.1) 271(21.5)

Liver (N=2,479)
No 2020(81.5) 925(45.8) 617(30.5) 478(23.7) 0.051
Yes 459(18.5) 233(50.8) 140(30.5) 86(18.7)

Chicken (N=2,479)
No 615(24.8) 267(43.4) 196(31.9) 152(24.7) 0.152
Yes 1864 (75.2) 891(47.8) 561(30.1) 412(22.1)

Fried fish (N=2,479)
No 213(8.6) 90(42.3) 74(34.7) 49(23.0) 0.309
Yes 2266(91.4) 1068(47.1) 683(30.1) 515(22.7)

Fresh fish (N=2,479)
No 375(15.1) 173(46.1) 106(28.3) 96(25.6) 0.308
Yes 2104(84.9) 985(46.8) 651(30.9) 468(22.2)

Sardines (N=2,479)
No 777(31.3) 343(44.1) 244(31.4) 190(24.5) 0.19
Yes 1702(68.7) 815(47.9) 513(30.1) 374(22.0)

Dried Fish (N=2,479)
No 1730(69.8) 810(46.8) 530(30.6) 390(22.5) 0.932
Yes 749(30.2) 348(46.5) 227(30.3) 174(23.2)

Values are n(%). P-values derived from Chi-square test. Data derived from food frequency questionnaire in which the reference period for consumption was the last
30 days. The value label "Yes" corresponds to consumption of the food at least once within the past month. Other iron-rich foods examined include pork and green
beans; however, these were excluded from the table due to 99-100% of the sample not consuming them
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Table 4 Water, sanitation, and hygiene characteristics of adolescents taking part in SAMIA trial, Zanzibar, 2022

Overall (N=2,479)

No anemia (n=1,158)  Mild anemia (n=757) Moderate/severe  P-value

anemia (n=564)

Water Source (N=2471)

Piped into house /bottled water 1457(59)

Piped into neighborhood 565(22.9)

Well or surface water 449(18.2)
Household treats water (N=2464)

No 1870(75.9)

Yes 594(24.1)
Water Treatment method (N=2479)

Boil 319(12.9)

Add bleach/chlorine 220(8.9)

Do not treat water 1885(76)

Other, specify 55(2.2)
Toilet type(N=2476)

Flush or pour flush toilet 1666(67.3)

Pit toilet/latrine/no facility/bush/filed  810(32.7)
Shared toilet (N=2462)

No 2345(95.2)

Yes 117 (4.8)
Brushing teeth (N=2479)

No 19(0.8)

Once per day 892 (36)

Twice or more per day 1568 (63.3)
Dentist visits in the past year (N=2479)

No 2253 (90.9)

Yes 226 (9.1)
Handwashing before eating(N=2479)

Never/Rarely 230(9.3)

Sometimes 318(12.8)

Most of the time 749 (30.2)

Always 1182 (47.7)
Handwashing after toilet (N=2467)

Never/Rarely 415 (16.7)

Sometimes 472 (19)

Most of the time 605 (24.4)

Always 987 (39.8)
Handwashing method (N=2467)

Proper 1801(73)

Improper 666(27)

687(47.2) 441(30.3) 329(22.6) 0.952
262(46.4) 170(30.1) 133(23.5)

205(45.7) 143(31.8) 101(22.5)

867(46.4) 570(30.5) 433(23.2) 0.628
286(48.1) 181(30.5) 127(21.4)

139(43.6) 104(32.6) 76(23.8) 0.312
117(53.2) 61(27.7) 42(19.1)

872(46.3) 576(30.6) 437(23.2)

30(54.5) 16(29.1) 9(16.4)

790(47 4) 517(31.0) 359(21.5) 0.111
368(454) 237(29.3) 205(25.3)

1102 (47.0) 722 (30.8) 521(222) 0.056
50 (42.7) 30 (25.6) 37(31.6)

11(57.9) 4(21.1) 4(21.0) 0672
417 (46.7) 282 (31.6) 193 (21.6)

730 (46.6) 471 (30.0) 367 (234)

1059 (47.0) 681 (30.2) 513 (22.8) 0.54
99 (43.8) 76 (33.6) 51(22.6)

113 (49.1) 76 (33.0) 41(17.8) 0.247
162 (50.9) 84 (26.4) 72(22.6)

340 (45.4) 240 (32.0) 169 (22.6)

543 (45.9) 357 (30.2) 282 (23.9)

201 (484) 129 (31.1) 85 (20.5) 0.269
216 (45.8) 160 (33.9) 96 (20.3)

293 (48.4) 170 (28.1) 142 (23.1)

448 (45.4) 298 (30.2) 241 (244)

837 (46.5) 558 (31.0) 406 (22.5) 0.864
313 (47.0) 199 (29.9) 154 (23.1)

Values are n(%). P-values derived from Chi-square test or Fisher’s exact test if the cell count <5, Fisher’s exact test performed. Data derived from food frequency
questionnaire in which the reference period for consumption was the last 30 days. Proper handwashing was defined as using soap and water. Any other method

(including only water) was considered improper

who consumed liver had lower odds of moderate/severe
anemia (aOR=0.71; CI: 0.54-0.94) compared to those

who didn’t.

On investigating WASH variables, adolescents
who reported treating their drinking water by adding
bleach/chlorine had lower odds of anemia (aOR=0.68;

CI: 0.48-0.96) compared to those who boiled. No dif-
ference was observed among those who reported not
treating their water vs. those who boiled. Those who
shared toilet facility had higher odds of moderate/
severe anemia (aOR=1.57; CI:1.01-2.42) and lower
levels of hemoglobin (b=00.27; CI: -0.53 - -0.01) in



Page 10 of 17

(2023) 23:1814

Yusufu et al. BMC Public Health

(6C0-7€0-)200
(C€0-€107)L0
(¢90-10)92°0

(61'0-CC07)20°0-

(L¥'0-¥6'0-)9C0-

(€0-SC0-)€00

(81'0-£1°0)20°0
(€50-970)€L0

(9€°0-2007)71°0
(950-510)1C0
(L1'0-1S0)L10-

(8C°0-6£0)90°0-
(C0'0-97°0)«71 0~

(C0-€£07)L00-
(ETL-€¥0)€80

(SL0-¥L 0)xxt ¥ 0
(¢¥'0-85°0-)80°0-
(L¥'0-210)x<0€0
(T 0-£00)x+7C 0

(€T0-€1'07)500

(9T°0-80'0-)60°0

(89'1-£C0)L6'0
(L€1-€007)£90

(P77’ 0--£90-)xxx95 0~

(87°0-9€'0-)¥0°0-
(E¥'0-100-)1C0
(90-€1°0°)¥C0
(C0-170°)100-
(6£0-86'0-)€0-

(9T0-€0-)200-

(¥T0-L0°0-)60°0
(¥S0-9C0)¥1°0

(LE0-€107600
(65°0-€1'0-)€C0
(L€0-8€07)€00-

(€€0-9€0-)100-
(€00-2C0)10-

(100-5€0-)810-
(§7'0-900)61°0

F00-€€0)7L0-
(¢€0-€£0)0
(€5°0-210)x2x5€0
(17'0-900)xxt7C0
(C0-51'07)€00

(8T°0-L00)L0

(0£C-1007) GL'L
(941 -€50-)290

(15'0-€L07)%xxC90-

(€8'1-450)660

(6£'1-85°0)60
(SS'L-€€0)LL0
(SS'1-€2°0)90'L
(€8'G-810)89'L

(SE'1-87°0)8°0

(1Z'1-89°06'0
(¥ 1-€€°0)690
#0'1-9%'0)69°0
(€' 1-9€0)LL0
(C0T-€50€0°L

(€6'1-€50)L0°L
(1S51-960)C L

Or'1-6£0)L0°L
(S6'0-C€0)x95°0

(6ET-1T Dxxl'L
(8'1-¥50)66'0
(180-170)x«850
(€8°0-€70)xx90
(#€'1-2£0)86'0

(#0'1-G50)9£°0

(6T°€-£10)S20
(P¥'€-810080

(6TT-97 1)xxx€8L

(£'1-€50)96°0
(€0'1-9%'0)69°0
(87'1-87°0)90
(8€'1-£910)96'0
(6£°5-870)9'L

(P¥'1-250)98°0

(1'1-€90)£8°0
O 1-5£0)LL0
(I'L-5°0)¥£0
(8%'1-8€°0)92£°0
(S9'1-5%0)98°0

(S8'1-€50)66'0
(LE1-680)L1'L

(SS1-S80) 1L
(L60-7€0)+85°0

(C0Z-S0 1)xS¥'L
#9'1-1S0)Z6'0
(SL°0-6£0)xxx¥S0
(28°0-€70)xx09'0
(LE'1-1£0)L60

(¥0'1-950)9£°0

(60€-£10) €270
(#S€-C0) ¥8°0

(CET-1S Dxxxl 8L

8L1-L0)Tl'L
91'1-90)€80
(€9'1-95°0)56'0
(ST'1-690)€610
(L7'7-950)L5'L

(P'1-59°0)£6'0

OL'1-€£0)26'0
(#11-9€0)59°0
(LO'L-€S0)€£0

(L7 1-50)¥8°0
(FOT-SLOWT L

(6¥'1-550)L6'0
(97’ 1-88°0)90'L

(6Y'1-260)L1'L
(L1'1-€50)£2°0

(L6'1-€1"1)x+0S"L
(9¥'1-850)26'0
(L6'0-750)x<0£0
(96'0-85°0)x52°0
61'1-2£0)€6'0

(SO'1-€90)180

(98'1-170)290
(1S1-210)LS0

FL VYT Dxxxl VL

(EL1-L0)1L
(1-€5°0)€£0
(TS'1-450)160
(C1-290)60
(6L'7-550)CS'L

pakojdwsaun
19XYIOA JUBWIUIBAOD)
_yoea|

JUBYDIDN

19093 %20159AI7

(1owre4=49Y) uonredn>0 s, Jayre4

(6v'1-L90)L
(90'1-89°0)58°0
(C1-6€0)890

(P0'1-650)92°0
(L¥'1-€50)88°0
(8'1-/90)1'L

:AJ1dads 1lsyi0
IayloN pue
Iayieq yiog
(s)6urjars
uel
-pienb ajeway 12Y10

uelpienb sjew Iyl
Jayred

(1ayr0=43Y) yum aAI| Apuaiind

(£5'1-650)96'0
(17 1-980)20°L

6<
6-9

(v-0 =goy) sbulqis yo JaquunN

(S'1-€60)81°L
(E1'1-S50)6£°0

959G0/1YbIamIsanQ
yblamispun

(JewaoN=}3Yy) A106a1ed 21015-Z db® 10} NG

(18'1-90°1)x8¢€'L

paIuNIS

(pa1unis JoN=43y) Bunung

(1¥'1-£50)6'0

SOA

(oN=J9Y) sisoubelp euejepy

(68'0-15°0)x99°0
(C60-950)xxCL0
(51'1-690)680
(€0'L-€90)180

(98'1-170)€90
(91-610)¥50

(69'1-TT st L

S
14
€
4

(L=$2Y) 3|nuUIND yijeap

yI<
vl-cl

(2L > =y3y) 9by
oo

(o1eN=J2Y) xaS

(1D %S6) HO paisnipy

(1D %S6) 40 3pn1d

(12 %S6) HO paisnipy

(1D %S6) 40 3pn1d

(1D %56) YO paisnipy

(1D %S6) 40 3pn1d

(1p/6) uiqojbowsy

(919A3S/POIN SA SUON) _IWAUY

(N/A) elWIBUY

720¢-1707 |11 VIWYS Ul 1ed Buiyel sjuadsajope Buowe snieis eluuaue uo Sa|gelieA HSYA pue sdnoib pooy D1ydelbowapoldos Jo uoissaibay g ajqel



Page 11 of 17

(2023) 23:1814

Yusufu et al. BMC Public Health

(LE0-T¥0-)900- (9¥'0-62°0-)80°0 (8L'T-GS0)L'L (88'1-6%0)96'0 (66'1-890)91'L (S£1-90)€0°L Ajiep

(120-£507)81°0- (5£°0-5¥'0-)S0°0- (SUE€¥L0)ESL (#/°7-990)5¢'L (L9C-€80)/¥'L (6TT-vLO)LEL $9am 1ad 9-|
Av_wm>> Jad L V"mwm_v s|eala)

(€0-200)7L 0 (€0-C00)¥L 0 (¢0'1-650)S2°0 (66'0-7S0)<€L0 (90'1-99°0)¥8°0 (€0'1-99°0)8°0 s9A
(oN=33¥) ybnod juauin)

(81000200 (61'0-€0'07)80°0 (#0'1-89°0)¥8°0 (S0°1-0£'0)S8°0 (L0'L-££0)160 (£0'1-8£°0)L6'0 SOA
(oN=3}9Y) 9|qe|ieAe uspieb swoH

(L'0-€2°07)90°0 (€00-6C°0-)€L0- (89'1-88°0)TC'L (P8'1-00°1)9¢"L (€5'1-160)8L°L (€9°1-00'1)8T'L SOA
(ON=J9Y) uoljeniysusw uass

(8C0-61'0)%0°0 (L€0-£107)200 (LL1-LroelL (€9'1-290)50°L (15'1-G£0)90°L (8€°1-69°0)86'0 mouy 1uog

(S¥'0-CC0)LL0 (€¥°0-5C°0-)60°0 (09'L-2#0)280 (€7 1-6€0)S20 (€9'1-09°0)66'0 (F'1-¥50)/80 ab3|j0D/Aussanun

((91-€€0)L (69°1-L€0)L (¢S'1-t00)61L0 (S€°1-200)£10 FT1-SL070 OLL-SL0)LF0  [euonedoA/[edIuYd3].

(€€°0-91'0-)80°0 (#€0-5L0-)L0 (£9'1-590)70'L av L9 ovm@ 0 A 1-89'0)/6'0 (ST'1-790)88°0 Arepuodag

(€C0-92°0-)20°0- (€T0-8C0-)€0°0- (#L1-£90)80°L (69'1-£9°0)90 (l¥'1-£90)86'0 (SE'1-590)76'0 Arewid
(SUON=J3Yy) uonesdnpa s,aYylo\

(S0-SL'07)L1L0 Or0-C0)EL0 (F9'1-50)16'0 (95'1-6%0)/8°0 (6Y'1-£50)€6'0 (L¥'1-450)T6'0 Mo Juog

(¢90-1T0)T0 (990-81'0-)%C0 (€£'1-£€0)80 (¢€'1-0£0)€90 Or'1-€70)80 (6T 1-0¥0)LL0 9b3jj0D/AusIBAIUN

(€8'0-650-)TL0 (£°0-94°07)€0°0- (€¥-8€0)/T L (E€P-0r0)LEL (S6'T-LE0WO'L AN@ C-/LE0)Y0'L  |[eUONBIOA/[eDIUYD3L

Or0-1z0)ZL0 (S¥'0-€C0-)L Amm L-770)28°0 € 1-070)€L0 (69'1-€90)€0'L (95'1-650)96'0 Arepuodas

(6¥°0-LT0)7L0 (S¥'0-£T07)60°0 (8/'1-6¥0)€6'0 (£L1-050)76'0 (€ 1-190)€0'L FL1-€90)170'L Arewluid
(SUON=J3Y) uonednps Jayie4

(880750~ E 0 FLL-LE0)TH0 :m LI0PS0 (91'7-600)5+0 (£9C-1£0)T6'0 #1'C-LT0)9L0 MOUY 1,u0(

(€5°0-210)81 (150610910 rT1-8T ov@m 0 (EL'1-6C0)L50 (§'1-€50)680 (8T’ 1-/¥0)8L°0 AYpads 19y10

(1z0-9L0- vmo 0 (8C°0-60°0-)60°0 (S¥'1-2£°0)20 ¥ 1-¥90)680 (€7'1-¢8°0)80°L (9T 1-¥£0)96'0 19PUISWOH

(¥T0-1T0-)200 (9T0-C07)€00 (9T’ 1-€50)180 (L1'1-1S0)/L0 (¢r'1-€£0)20'L (€1-89°0)¥60 pakojdwiaun
IOYIOM

(8C°0-8€°0)50°0- (P€0-2€0-)L00 (£6'1-950)50'L (£S'1-£¥0)580 (€6'l-€£08LL (SO L-¥90)E0L  IUSWUIDA0D) JDYIO

(§57°0-92°0-)0 (£T0-5C0-)L00 S 1-L50)76'0 (L€'1-150)280 691-8£0)51°L (L¥'1-89°0)86'0 SERLETE

(81'0-GL'0-)LOO (LZ0-€L'0)¥00 (9T’ 1-89°0)€6'0 (L1'1-590)/80 (F'1-68'0)60°L (LT1-6L0)L WeydRy

(L€0-68 L)L L- (czo—-€81)z0L- (cee-z)eeo 9T /T-L0°VLFS (e duiZas (1'0Z-¥6'0)SE Y 1509393 XD01S9AI
(4owe4=49Y) uonedndd0 JaYylo\

(§5°0-550-)0 (8%'0-#9'0-)80°0- (LTT-€T0)LL0 (F€T-£T0)80 (FTT-¥70)660 (PL'T#¥0)26'0 MOU 1uoqd

(€1°0-9°0-)20°0- (S1°0-#20-)S0°0- O1-£20)LLL (7 1-1L0)L0L (#'1-6£°0)50'L (€e1-920)L Aypads Jay10

(1D %S6) HO paisnipy (1D %S6) 4O @pnJd (1D %S6) HO parsnipy (1D %S6) 40 @pnid (1> %S6) 4O paisnipy (1D %S6) 40 @pnJd

(1p/6) uiqojbowsH

(919A3S/POIN SA SUON) _lWBUY

(N/A) B1WIBUY

(panunuod) g ajqey



Page 12 of 17

(2023) 23:1814

Yusufu et al. BMC Public Health

(6T°0-900-)C10
(€T0-T1'0-)900

(62°0-C0-)S00
(S0°0-81°0-)90°0-

(LE0-CO0)LL0
(€€0-8007)€1L0

(£90-€1'07)L20
(FT0-¥00)1'0

(¥T0-110-)900
(¢C0-910-)€00

(87°0-11°07)800
(FT0-91'0-)¥00

(£90-€10-)LC0
(¥T0-¥00-)L°0

(£T0-91°0-)900
(600-71°0-)20°0-

(S€°0-€007)910
#0-900°)/1°0

(91°0-€1'0-)200
(1'0-£1°0°)¥00-

(€20-810-)200
(€0-81'0-)90°0

(S€0-1007)£10
(ST0-110-)£00

(8C°0-¢C0-)€00
(500-610-)£0°0-

(O’ 0-L00)xxLT0
(l¥'0-100-)C0

(9£°0-900-)5£0
(9T0-200)Z1 0

(€T0¥1'0)¥00
(€T0-£10-)200

(L€0-800)L 10
(92°0-51'0-)S0°0

(9£0-900)S€°0
(9T0-¢00)TL0

(F'0-€00-)61°0
(91'0-80°0-)%0°0

(F€0-500-)510
(8€°0-600)%10

(ST0-¥00-)1'0
#10¥10-)0

(1Z0-1207)0
(€20-9¢0)100-

(90'1-950)2£°0
(E1'1-650)78°0

(8/1-¢L0)EL'L
(8T’ 1-€80)€0'L

(SO'L-CS0)wL0
(Cl'1-€50)LL0

(9€'1-£70)90
(I'L-590)¥8°0

(Cl'1-850)18°0
(ST'1-790)88°0

(c0'1-S0)1L0
(€'1-190)680

(9€'1-£T°0)90
(1'1-590)78°0

(611-6¥°0)££0
T 1-180)L0L

(cO1-S0)1L0
611-150)820

(€€ 1-££0)T0L
(8T'1-9/:0)66'0

(87 1-850)98°0
#T1-6¥°0)820

(€0°1-G50)S20
(£1'1-290)98°0

(L9'1-£0)80L
(FT1-280)10°L

(16'0-9¥'0)x59°0
(10'1-6¥0)0£°0

(€ECT'1-GC0)950
(90'1-€90)28°0

(SL'1-90)€80
(9T'1-£90)6°0

(10'1-50)7L0
(LT'1-C90)680

(€C'1-57°0)950
(90'1-£90)¢80

(80'1-9¥'0)2°0
(S1°1-S£0)€6'0

(F0'1-250)€L0
(ST 1-50)€8°0

(€T 1-2£0)v6'0
(9T'1-9/0)86'0

(S€'1-290)26'0
#'1-£50)680

(1'1-99'0)98°0
(€1'1-£90)/80

(L¥'1-CL0)€0L
(L1'1-80)66'0

(90'1-9°0)8°0
(1'1-90)180

(SO'1-C€0)850
(60'1-€£°0)68°0

(£1'1-690)6°0
(81°1-£90)68°0

(SO'1-650)62°0
(ST'1-690)€60

(S0'L-C€0)850
(60'1-££0)6810

(8E'L-¥£0)L0'L
(€L'1-80)56'0

(C0'1-£50)920
(L1'1-650)€8°0

(61'1-8£10)96'0
(SL'L-£L0)760

(SO'1-£50)82°0
(L1'1-650)82°0

(80°1-990)¥80 Ajlep

(1'1-69:0)68°0 yoam Jad 9-|
(}9om aad | >=jay) s1aqny

@r1-1L01 Ajrep

(SL'1-€8'0)£610 ¥oam Jad 9- |
(oom J1ad | >=j9y) s1oamsg

(86'0-950)«7/°0 Allep

(€0'1-95°0)9£°0 ¥oam 19d 9-|
(99m 1ad | >=)ay) sabesanag

(80°L-#€°0)90 Ajrep

(S0L-1£°0)98°0 Yoam 1ad o-|
(3joam 1ad | >=)9y) s1eq

@8L'1-£0)160 Ajrep

(C1-690)160 Yoam sad 9-|
(1eam 1ad | >=pay) NI
(¥0'1-65°0)8£°0 Aep
¥T1-690)26'0 yoam Jad 9-|
(9am Jad | >=yay) ysi4
(80'L-#€0)90 Ajle@
(S0°L-1£0)980 Aptoom
(9om aad | >=)9y) sbb3
(87'1-69°0)760 Ajep
(60'1-8£°0)6°0 3oom Jad 9-|

(39am uad | >=jay)r1eda|y
(L0'L-£50)92°0 Ajiep
(81'1-19:0)58°0 Soom Jad 9-|

(9am 1ad | >=jay)sun.4
(€L'1-5£0)¢60 Ajrep
(€1'1-9£0)€610 Foem sad 9-1

(3j@am 1ad | >=yay) sewnba
(90°1-85°0)8£°0 Alrep
(SL1'1-£50)180 yoam 4ad 9-|

(oom aad | >=)ay) sa|qerabap

(1D %S6) 4O passnipy

(1D %S6) 40 @pn1D

(1D %56) 4O passnipy

(1> %S6) 40 @pn1D

(1> %S6) 4O paisnipy

(1> %S6) 40 @pn1D

(1p/6) uiqojbowsH

(913A3S/POIN SA SUON) _lWAUY

(N/A) BrWIBUY

(panunuod) g ajqey



Page 13 of 17

(2023) 23:1814

Yusufu et al. BMC Public Health

(1T0-C1'0)v00
(€7'0-S00)61°0

(€1'0-910)100-

(LL0-1'0)¥00

(L0-¥1'0-)200-

(¢1’0-C10)0

(Z10-91'0-)L00-

(€20-91'07)€00

(61°0-20°0-)90°0

(91°0-21'07)200

(#0'0--90'1-)x55°0-

(600-€1°0-)20°0-

(90°0-£1°0-)90°0-

(8L'0-L1'07)¥00

(¢T0-2107)500
(S¥0-€00-)LC0

#10-910-)L00-

(#1°0-¥1'0-)00°0

(€E1°0-L107)LOO

(£1°0-£0°0-)S00

(£1°0-¥1°0-)20°0

(9T°0-71'0-)90°0

(ST0-1007)Z1°0

(¥T0-500-)1'0

(90'0-86'0-)9% 0-

(8L°0-¥0'0-)20°0

(600-G10-)€0°0-

(9L0-€1'0)200

(¢T'1-990)6'0
(£0°L-€70)89°0

(8T'1-€£°0)/610

(LT'1-9£0)86'0

(LE'1-¥80)S0°L

(SO'L-290)¥80

(S1°1-590)£80

O€1-¥90)€60

(90'1-99°0)¥8°0

(1-£50)92£°0

(€1°9-G£0)S1'T

OL'1-9£0)¥6'0

(SE'1-£80)80'L

(€1°1-59°0)98°0

(rT'1-890)26'0
(€0'1-2¥0)99°0

(SE'1-8£0)€0°L

(9€'1-€8°0)90"L

(6T 1-€80)70'L

(€0'1-£90)€8°0

(C1'1-590)98°0

(LT1-C90)680

(¢0'1-¥90)180

(#6075 0)x1£0

(105-590)18'L

(LO'1-1£0)/80

(€€'1-/80)L0L

6L1-£0)160

(€1'1-690)88°0
(£60-870)89°0

(6T 1-780)0'L

(61°1-6£0)L60

(FL'1-1£0)60

(96'0-870)«89°0

191eM 1B341 10U O]
QULIOY5/Yoe3Iq PPY

(1109=43Y) pPoyIaw JudwWieal] 191e\

(1€'1-98°0)90'L

(ST1-580)€0°L

131eM 3284INS 1O [|9M
pooyinoq
-ybrau oul padid

(493eM pPaJ1I0q/ dsnoy ojul padid=3aYy) 931n0S J31ep

(611-¥80)1

(SO'L-¥£0)88°0

(CC1-£L0)L60

#1'1-#90)580

(90'1-££'0)88°0

(80°1L-1£0)/80

(98'S-111)SSC

(L171-G80)L

(CEL-€60)LLL

(S1'1-9£0)£6'0

(1T1-980)20°L

(cO'1-€£°0)98°0

(1T'1-8£°0)L60

(60'1-¢90)280

(10'L-2'0)78°0

(10°1-£90)280

(67'5-80L)EV'C

(L1'1-180)S6'0

(ce1-v60)TLL

(C'1-80)86'0

SOA

(oN=j2Y) usy pauqa
SOA

(oN=j3Y) sauipies
SOA

(oON=j$3Y) Usy ysai4
SOA

(oN=J3Y) ysy pauy
SOA

(oN=j$34) uayd1Yd
SOA

(oN=j2Y) 42A17
SOA

(oN=j24) >Hod
SOA

(oN=J3Y) Jo3¢
SOA

(oN=j3y) unjdwng
SOA

(oN=39Y) saned] unjdwng

(600-¢20-)90°0- (1'0-1T09)500- (S9'1-C6 0T’ @ol-160)CTL (99'1-50° L)ZE'L (99'1-90° 1)ze'L SOA
(oN=j9y) yoeuids
(81°'090°0-)90°0 (CT0-€007)10 (LU1-€20)260 CL'1-1£0)680 (¥1'1-80)560 (€1'1-80)560 SOA
(oN=J9Yy) sueag
(r1'0-5L'0-)L00- (1'0-C0-)500- (STL-LL0)¥60 (9T’ 1-€£0)960 OL'1-520)€60 8L'1-££0)5610 SOA
(oN=J3Y) puliewe]
(12 %S6) HO parsnipy (1> %56) O apn1d (12 %S6) HO paisnipy (1> %S6) O apn1D (1> %56) HO paisnipy (1> %S6) O @pn1d

(1p/6) uiqojbowsH

(919A3S/POIN SA SUON) _lWBUY

(N/A) B1WIBUY

(panunuod) g ajqey



Page 14 of 17

(2023) 23:1814

Yusufu et al. BMC Public Health

000>y 'L0°0>0xx '50°0>d, "BURUNIS pUE

‘eiejew ‘|INg ‘Y3 eam ‘Sbe ‘X3S 104 [0I3UOD S|DPOW PIAISN(PY S|9Pow (UIqo|BowaY SNONUIIU0D) UOISSaI634 JeaUl| PUB (SDWOINO BIWSUE AJeulg) UOISSa1631 135160] WO PIALISP 31 S|EAISIUI SDUSPLYUOD %56 PUR SOIRI SPPO

(FL'0-L1'09)L00
(90092010
(81'0-£107)0
(81°0-81'0-)0
(11'0-8°0)80°0-
(S1°0-92°0-)90°0-
(1T0-920-)200-
(91'0-¢C0-)€0°0-
(££0-2509)L L0

(9£0-670-)71°0

(#0°0--95°0-)x0€ 0~

(£00-£10-)S00-

(90-C0-)C0

(£1°0-80°0-)S0°0
(C00-1£0)S10-
(€1'0-€7°0-)S00-
(S1'0-CC 000
(€00-LE07)LL0-
(L00-SE€0)¥L0-

(FL'O¥E0)L0-
(£1'0-CT0)€00-

#S0-#£0)10-

(590-¥90-)0

(100-€50-)+LC0-

(#00-C0-)80°0-

(65°0-CC0)810

(LE'1-280%0'L
(9/'1-561006C'L
(19'1-€8°0)91°L
(B L-€L0W0'L
(10C-160)SE'L
(€6'1-#810)8C'L
(€81l-cLopl'L
(LS 1-G20)80'L
(COv-LE0)TT L

(6¢-5€0)81°L

(F9T-L01)x89'L

(l¥'1-680)TL'L

(€T 1-¥C0wS0

(LT1-180)L0L
(LL1-60)LC L
(8G°1-€8°0)51'L
(6Y'1-¥£0)S0'L

(L'T-£60)Er L
(S0C-260)LEL
(€6'1-820)TT' L
(15'1-S£°0090°L
(LEV-¥70)8EL

(SOV-¥0)LT L

(@rTc-101)xLSL

(1S'1-6610)€C L

(€T 1-570)S50

(61°1-780)66'0
(¥ 1-60)ELL
(8T 1-LL0)L
(P L-#80)L'L
(S1-¥80)TL'L
(LS 1-€80)C1'L
(9T’ 1-€9'0)68°0
(15'1-580)E 'L
(LSE-SSO)LYL

(9€-950)¢r L

(8L'1-€80)LC'L

(C1-v80)1

(81'1-9€0)590

(£1°1-28°0)86'0 Jadoidwj
(19doag=j9Yy) poyiaw buiysempueH
(er1-60)€lL sKem|y

(8T'1-8L°0)L aWI1 Y3 JO ISOW

(S¥'1-G80)LLL SoWIIBWOS

(K191eY/19A3N=}3Y) 19|10} J3)Je BulysempueH

(LS'1-980)L'L sKemy
(95'1-980)91'L QW13 Y3 JO ISON
(1€1-99°0)€6'0 SOWIIAWOS

(K|91ey/19n9N=J3Y)bunes aiojaq bulysempueH

(S1-980)%L'L SOA
(oN=J3Y) 4eak 3sed ay) ul sHSIA IsIUSQ]

Aep sad

(G6'€-€90)85°L 3I0W IO 3DIM|.

(€6'€-790)LG'L

(oON=j3Y) Y333 Bulysnig
(€£1-780)6L'L oA

(oN=$34) 33|10} pateys

Pay/ysna/Aoey
(8T'1-7610)80°L 0u/3ull1e|/13]101 1id

Kep 1ad 22UQ

(391101 ysny anod 1o ysnj4=49y) adK1 19|10

(rL'1-9€0)¥9°0 Aydads 12410

(1D %S6) HO paisnipy

(1D %S6) 4O @pnJ1D

(1D %S6) HO paisnipy

(1D %S6) 4O @pnJ1D

(I %S6) HO paxsnipy

(1D %S6) 4O @pn1D

(1p/6) uiqo|bowsH

(919A3G/POIAl SA DUON) BIWAUY

(N/A) elwauy

(panunuod) g aqer



Yusufu et al. BMC Public Health (2023) 23:1814

both crude and adjusted models compared to those
who didn’t share.

Adolescent girls who had experienced menarche had
higher odds of moderate/severe anemia than those who
had not in the crude model (aOR=1.36; CI:1.00-1.84)
however the relationship was not significant in the
adjusted model (p-value 0.05).

Discussion

In this cross-sectional survey of school-going adoles-
cents in Zanzibar, we found that slightly over 50% of
the population had hemoglobin levels below the cutoff
for anemia. Though most anemia cases were mild, over
20% of the population had moderate or severe ane-
mia. While we cannot compare our results to previous
findings on the prevalence of anemia in this particular
sub-population due to the inexistence of such studies,
the high prevalence of anemia among adolescents is
consistent with findings from the TDHS showing high
anemia levels in Zanzibar among children under five
years of age (65.4% in 2015) and women of reproduc-
tive age (60% in 2015) [7, 19]. Compared to women and
children under five, the prevalence of anemia in adoles-
cents is slightly lower, though still concerningly high. In
fact, adolescents in Zanzibar have the highest reported
prevalence of anemia among adolescents across the few
low- and middle- income countries (LMICs) with data
on adolescents to date; prior to this study, reported
prevalence from surveys that assessed hemoglobin
levels ranged from 27% among adolescent secondary
school girls in Ethiopia [20] to 49% among adolescent
girls in India [21].

Odds of anemia in our sample were higher among
females, adolescents with stunting, and those who
used shared toilets (compared to personal household
toilets). Females who had experienced menarche also
had higher odds of moderate or severe anemia than
those who had not yet starting menstruating, demon-
strating the likely importance of blood losses contrib-
uting to low hemoglobin levels and to the progression
of anemia beyond mild cases [22, 23]. However, this
relationship was not significant in our study after
adjusting for socio-demographic factors. In addition
to fitting with previous findings that anemia status is
higher among females globally [24], including adoles-
cents [25], these findings on differential anemia status
by sex are consistent with findings from a study we
conducted among a similar population of adolescents
(aged 10-19) in Burkina Faso. There, though females
were overall less likely to have anemia than males, they
were also more likely to have moderate or severe ane-
mia, had lower hemoglobin levels, and had higher odds
of anemia if they had experienced menarche [26]. In
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both Zanzibar and Burkina Faso, even though females
have higher odds of anemia than males, the prevalence
of anemia among adolescent males is still high, and
merits action.

The association of stunting with anemia as found in our
sample has also been demonstrated previously [27, 28],
including in our study of adolescents in Burkina Faso [26],
and a study of anemia among adolescents in India [25]. One
key hypothesis about this correlation is that stunting and
anemia are caused by similar environmental and dietary
conditions, thus adolescents (and others) who are stunted
are also more likely to develop anemia due to shared risk
factors. Our results support this hypothesis as the factors
identified in the analysis as being associated with anemia,
including poor wealth and hygiene indicators (notably,
sharing toilet facilities) have previously been shown to be
associated with concurrent stunting and anemia [25, 28,
29]. Dietary factors are also likely associated with both
stunting and anemia [28, 30], though our study results have
not demonstrated as such beyond the association between
liver consumption and lowered anemia odds, potentially
due to the limited nature of our dietary data collection
which allow for analysis of only food frequency but not
intake of food quantities.

These findings support the idea that in addressing
anemia, it is important to focus on the cycle between
infectious disease, inflammation, and anemia, in addi-
tion to dietary factors that may influence nutritional
status. Infection (with helminths or other parasites) due
to poor hygiene conditions has been strongly linked to
anemia among school children [31-33], and inflamma-
tion has been identified as an important contributor to
anemia among school-going adolescents [34]. These fac-
tors are directly related to water, sanitation, and hygiene,
and while handwashing was not significantly associated
with reduced risk of anemia in our study, access to pri-
vate sanitation, treatment of water, and wealth, which is
a proxy indicator for overall household conditions, were
all significantly associated with anemia. Improved access
to sanitation has recently been shown to lower ane-
mia risk among women of childbearing age in southern
Africa [35], as has improved access to clean water among
pre-school children in Ethiopia [36]. The observed posi-
tive relationship between using shared toilets and ane-
mia among adolescents in our sample, as well as that of
lowered odds of anemia with use of bleach or chlorine to
treat water provide further evidence of this relationship
between water, sanitation and hygiene and anemia, and
the importance of programs that address these issues.

The limitations of this study include the fact that it
was conducted in only two out of the seven districts in
Zanzibar, so we do not have representation from all sub-
regions of Zanzibar, and that it was conducted solely
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among school-going adolescents, which may limit gen-
eralizability of the results. In addition, we did not collect
dietary quantity data, and formulate conclusions related
to diet based only relative food frequencies. Neverthe-
less, the study included a large sample size of adoles-
cents in Zanzibar and is to date the only study to have
investigated the prevalence of anemia among adoles-
cents in Zanzibar, and the factors associated with ane-
mia in the same population.

Conclusions

The factors found to be associated with anemia among
adolescents in Zanzibar align well with factors associ-
ated with anemia among pregnant and non-pregnant
women of reproductive age across many LMICs, as
well as factors associated with anemia among adoles-
cents in similar low- and middle-income country con-
texts. The identification of these factors highlights the
importance of comprehensive programs that address
both dietary and environmental (water, sanitation and
hygiene) factors, and that aim to bolster household
wealth and socioeconomic status to improve house-
hold and dietary conditions. In addition, adolescent
males should not be overlooked in programming,
given their important burden of anemia. This evidence
should be used urgently to guide policy and programs
aimed at lowering the high burden of anemia found
among adolescents in Zanzibar.

Abbreviations

BMI Body mass index

HDDS  Household Diet Diversity Score

IFA Iron + folic acid

LMICs  Low- and middle- income countries

MMS Multiple micronutrient supplement

TDHS  Tanzania Demographic and Health Survey
WASH  Water, sanitation and hygiene

WHO  World Health Organization

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512889-023-16611-w.

Additional file 1. Supplementary Materials for Factors associated with
anemia among school-going adolescents in Zanzibar

Acknowledgements

The authors would like to thank the study participants for providing useful
information and screening for anemia and malaria. The parents for providing
consent for their children to participate, the school teachers, data collection
team, institutions under the Ministry of Health and Ministry of Education,
Zanzibar association of people living with HIV (ZAPHA+), Harvard T.H. Chan
School of Public Health and Africa Academy for Public Health.

Authors’ contributions

llana Cliffer, Innocent Yusufu were involved in writing the manuscript and ana-
lyzing the data, Mashavu Yussuf, Mary Masanja, Cecilia Anthony analysed the
data. Innocent Yusufu, Mashavu Yussuf, Amani Tinkasimile, Frank Mapendo, Ali

Page 16 of 17

Salum, Seif Abdulah, Mary Mwanyika Sando supported the field activities and
data collection. Wafaie Fawzi conceptualized the study and provided oversight
support. All authors read and approved the final manuscript.

Funding
The study was funded by anonymous donor.

Availability of data and materials
The datasets used and analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

All methods were carried out in accordance with relevant guidelines and reg-
ulations. Ethical approval to conduct the survey was obtained from the Ethical
Review Board of Zanzibar Health Research Institute ZAHREC/03/AUG/2021/19
as well as Harvard T.H Chan School of Public Health IRB (IRB20-1108). Informed
consent and assent was obtained from all legal guardians including legal
guardians of participants who cannot read or write as well as the participating
adolescent (study subject) before the survey. Parent signature was recorded
on the consent form, either by signature, or thumbprint, for those who could
not write. Assent was provided directly by student adolescents. A copy of

the consent form was kept by the parent and the study team. Participants
personal information was kept confidential by assigning unique IDs and
deidentification prior to analysis and storage.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

! Africa Academy for Public Health, Dar es Salaam, Tanzania. Department
of Global Health and Population, Harvard TH. Chan School of Public Health,
Harvard University, 90 Smith Street, 3rd Floor, Boston, MA, United States

of America. *Zanzibar Association for People Living with HIV/AIDS, Unguja,
Zanzibar, Tanzania.

Received: 13 December 2022 Accepted: 24 August 2023
Published online: 18 September 2023

References

1. Achieving universal coverage [Internet]. 2022 [cited 2022 Dec 4]. Avail-
able from: https://www.who.int/teams/maternal-newborn-child-adole
scent-health-and-ageing/adolescent-and-young-adult-health/achieving-
universal-coverage.

2. WHO, Adolescent. and young adult health [Internet]. 2022 [cited 2022
Aug 17]. Available from: https://www.who.int/news-room/fact-sheets/
detail/adolescents-health-risks-and-solutions.

3. UNICEF DATA [Internet]. 2022 [cited 2022 Dec 4]. Adolescents Statistics.
Available from: https://data.unicef.org/topic/adolescents/overview/.

4. Health TLC& A. The hidden crisis of adolescent nutrition. The Lancet Child
& Adolescent Health. 2022;6(1):1.

5. Gebreyesus SH, Endris BS, Beyene GT, Farah AM, Elias F, Bekele HN.
Anaemia among adolescent girls in three districts in Ethiopia. BMC Public
Health. 2019;19(1):92.

6. KozukiN, Lee AC, Katz J, Child Health Epidemiology Reference Group.
Moderate to severe, but not mild, maternal anemia is associated
with increased risk of small-for-gestational-age outcomes. J Nutr.
2012;142(2):358-62.

7. Ministry of Health,, Community Development, Gender, Elderly and
Children (MoHCDGEC) [Tanzania Mainland], Ministry of Health (MoH)
[Zanzibar], National Bureau of Statistics (NBS), Office of the Chief Govern-
ment Statistician, ICF. Tanzania Demographic and Health Survey and
Malaria Indicator Survey (TDHS-MIS) 2015-2016. [Internet]. Dar es Salaam,


https://doi.org/10.1186/s12889-023-16611-w
https://doi.org/10.1186/s12889-023-16611-w
https://www.who.int/teams/maternal-newborn-child-adolescent-health-and-ageing/adolescent-and-young-adult-health/achieving-universal-coverage
https://www.who.int/teams/maternal-newborn-child-adolescent-health-and-ageing/adolescent-and-young-adult-health/achieving-universal-coverage
https://www.who.int/teams/maternal-newborn-child-adolescent-health-and-ageing/adolescent-and-young-adult-health/achieving-universal-coverage
https://www.who.int/news-room/fact-sheets/detail/adolescents-health-risks-and-solutions
https://www.who.int/news-room/fact-sheets/detail/adolescents-health-risks-and-solutions
https://data.unicef.org/topic/adolescents/overview/

Yusufu et al. BMC Public Health

20.

21.

22.

23.

24.

25.

26.

27.

(2023) 23:1814

Tanzania and Rockville, Maryland, USA: 2016. Available from: https://dhspr
ogram.com/pubs/pdf/FR321/FR321.pdf.

Erismann S, Knoblauch AM, Diagbouga S, Odermatt P, Gerold J, Shrestha
A, et al. Prevalence and risk factors of undernutrition among schoolchil-
dren in the Plateau Central and Centre-Ouest regions of Burkina Faso.
Infect Dis Poverty. 2017,6(1):17.

Cheesbrough, M. District Laboratory Practice in Tropical Countries Part 2.
Cambridge Low Price Edition. Cambridge: Cambridge University Press;
2002. p. 38-39, 62-70, 143-157.

WHO. Haemoglobin concentrations for the diagnosis of anaemia and
assessment of severity. Vitamin and Mineral Nutrition Information System.
Geneva: World Health Organization; 2011. Report No.: (WHO/NMH/NHD/
MNM/11.1.

. Cliffer IR, Yussuf MH, Millogo O, Mwanyika-Sando M, Barry Y, Yusufu IS,

Hemler EC, Sie A, Tinkasimile A, Compaoré G, Ali AS, Kouanda |, Wang D,
Mosha D, Fawzi W. Scaling-up high-impact micronutrient supplemen-
tation interventions to improve adolescents’ nutrition and health in
Burkina Faso and Tanzania: protocol for a cluster-randomised controlled
trial. BMJ Open. 2023;13(2):e063686. https://doi.org/10.1136/bmjop
en-2022-063686.

Blackwell M, lacus S, King G, Porro G. CEM: coarsened exact matching in
Stata. Stata J. 2009;9(4):524-46.

Haahr M. random.org: Introduction to Randomness and Random Num-
bers. 1999:4.

Nkrumah B, Nguah SB, Sarpong N, Dekker D, Idriss A, May J, et al. Hemo-
globin estimation by the HemoCue® portable hemoglobin photometer
in a resource poor setting. BMC Clin Pathol. 2011;11:5.

Prevention CC for DC and. CDC -. Malaria - Diagnosis & Treatment (United
States) - Diagnosis (U.S.). 2020 [cited 2022 Dec 4]. Available from: https://
www.cdc.gov/malaria/diagnosis_treatment/diagnostic_tools.html.
WHO. Haemoglobin concentrations for the diagnosis of anaemia nad
assessment of severity [Internet]. Geneva: World Health Organization.
;2017 [cited 2022 May 9]. (Vitamin and Mineral Nutrition Information
System). Available from: http://www.who.int/vmnis/indicators/haemo
globin.pdf.

Swindale A, Bilinksy P. Household Dietary Diversity score (HDDS) for
measurement of household food access: Indicator guide. Washington
D.C.: Food and nutrition technical assistance (FANTA); 2006 Sep.

de Onis M, Onyango AW, Borghi E, Siyam A, Nishida C, Siekmann J.
Development of a WHO growth reference for school-aged children and
adolescents. Bull World Health Organ. 2007;85(9):660-7.

Said FA, Khamis AG, Habib A, Yang H, He Z, Luo X. Prevalence and
determinants of anemia among children in Zanzibar, Tanzania: Analysis of
cross-sectional population representative surveys. Children. 2021;8(1091).
Available from: 1. https://doi.org/10.3390/children8121091.

Fentie K, Wakayo T, Gizaw G. Prevalence of Anemia and Associated fac-
tors among secondary School Adolescent Girls in Jimma Town, Oromia
Regional State, Southwest Ethiopia. Anemia. 2020;2020:5043646.
Chandrakumari AS, Sinha P, Singaravelu S, Jaikumar S. Prevalence of Ane-
mia among adolescent girls in a rural area of Tamil Nadu, India. J Family
Med Prim Care. 2019;8(4):1414-7.

Salam RA, Hooda M, Das JK, Arshad A, Lassi ZS, Middleton P, et al.
Interventions to Improve Adolescent Nutrition: a systematic review and
Meta-analysis. J Adolesc Health. 2016;59(4 Suppl):29-39.

van Zutphen KG, Kraemer K, Melse-Boonstra A. Knowledge gaps in
understanding the etiology of Anemia in indonesian adolescents. Food
Nutr Bull. 2021;42(1suppl):39-58.

Kassebaum NJ, Jasrasaria R, Naghavi M, Wulf SK, Johns N, Lozano R, et al.
A systematic analysis of global anemia burden from 1990 to 2010. Blood.
2014;123(5):615-24.

Chauhan S, Kumar P, Marbaniang SP, Srivastava S, Patel R. Prevalence and
predictors of anaemia among adolescents in Bihar and Uttar Pradesh,
India. Sci Rep. 2022;12(1):8197.

Millogo O, Cliffer IR, Barry Y, Kouanda I, Compaore G, Wang D, et al. Factors
associatd with anemia among school-going adolescents in Burkina Faso.
Under review at: Maternal & Child Nutrition; 2022.

Gosdin L, Martorell R, Bartolini RM, Mehta R, Srikantiah S, Young MF. The
co-occurrence of anaemia and stunting in young children. Matern Child
Nutr. 2018;14(3):e12597.

28.

29.

30.

31

32.

33

34.

35.

36.

Page 17 of 17

Mohammed SH, Larijani B, Esmaillzadeh A. Concurrent anemia and stunt-
ing in young children: prevalence, dietary and non-dietary associated
factors. Nutr J. 2019;18(1):10.

Wirth JP, Woodruff BA, Engle-Stone R, Namaste SM, Temple VJ, Petry N,

et al. Predictors of anemia in women of reproductive age: biomarkers
reflecting inflammation and nutritional determinants of Anemia (BRINDA)
project. Am J Clin Nutr. 2017;106(Suppl 1):4165-27.

Agustina R, Nadiya K, Andini EA, Setianingsih AA, Sadariskar AA, Prafiantini
E, et al. Associations of meal patterning, dietary quality and diversity

with anemia and overweight-obesity among indonesian school-going
adolescent girls in West Java. PLoS ONE. 2020;15(4):20231519.

Jonker FAM, Boele van Hensbroek M. Anaemia, iron deficiency and
susceptibility to infections. J Infect. 2014,69(Suppl 1):23-7.

Lambrecht NJ, Bridges D, Wilson ML, Adu B, Eisenberg NS, Folson G, et al.
Associations of bacterial enteropathogens with systemic inflammation,
iron deficiency, and anemia in preschool-age children in southern Ghana.
PLoS ONE. 2022;17(7):0271099.

Molla E, Mamo H. Soil-transmitted helminth infections, anemia and
undernutrition among schoolchildren in Yirgacheffee, South Ethiopia.
BMC Res Notes. 2018;11(1):585.

Gupta A, Sachdev HS, Kapil U, Prakash S, Pandey RM, Sati HC et al. Char-
acterisation of anaemia amongst school going adolescent girls in rural
Haryana, India. Public Health Nutr. 2022;1-10.

McLaren SW.The relationship between Hemoglobin Level and Socio-
economic indicators among women of Childbearing Age in South Africa:
a secondary analysis of DHS Data. Ecol Food Nutr. 2022;61(1):56-63.
Wasihun AG, Teferi M, Negash L, Marugén J, Yemane D, McGuigan

KG, et al. Intestinal parasitosis, anaemia and risk factors among pre-
school children in Tigray region, northern Ethiopia. BMC Infect Dis.
2020;20(1):379.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://dhsprogram.com/pubs/pdf/FR321/FR321.pdf
https://dhsprogram.com/pubs/pdf/FR321/FR321.pdf
https://doi.org/10.1136/bmjopen-2022-063686
https://doi.org/10.1136/bmjopen-2022-063686
https://www.cdc.gov/malaria/diagnosis_treatment/diagnostic_tools.html
https://www.cdc.gov/malaria/diagnosis_treatment/diagnostic_tools.html
http://www.who.int/vmnis/indicators/haemoglobin.pdf
http://www.who.int/vmnis/indicators/haemoglobin.pdf
https://doi.org/10.3390/children8121091

	Factors associated with anemia among school-going adolescents aged 10–17 years in Zanzibar, Tanzania: a cross sectional study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 
	Trial Registration 

	Background
	Methods
	Study design and setting
	Study participants
	Data collection
	Variable specification
	Statistical analysis

	Results
	Anemia prevalence
	Socio-demographic and health characteristics
	Dietary characteristics
	WASH characteristics
	Relationships between socio-demographic, dietary, and WASH factors and anemia

	Discussion
	Conclusions
	Anchor 23
	Acknowledgements
	References


