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Inadequate intake of both macro and micronutrients is the major determinant of micronutrient
deficiencies in adolescent girls. This study assessed multiple micronutrient status including vitamin D,
iron, vitamin A, and urinary iodine concentration among adolescent girls through two seasonal cross-
sectional surveys conducted during dry and wet seasons. Mixed-effects linear and logistic regression
analysis were conducted to assess associations between micronutrient status, salinity and seasonality.
The mean age of the girls was 14 years. Vitamin (OH)D insufficiency was significantly higher in
freshwater areas in wet season compared to dry season (wet season: 58% and dry season: 30%,

P <0.001). In wet season, risk of vitamin (OH)D insufficiency was three times higher compared to dry
season (AOR: 3.03, 95% Cl 1.71, 5.37, P<0.001). The odds of vitamin (OH)D insufficiency was 11 times
higher in fresh water areas compared to high saline areas (AOR: 11.51, 95% Cl 3.40, 38.93, P<0.001).
The girls had higher risk of iron deficiency in wet season. Despite the environment being enriched
with micronutrient-contained aquatic food, adolescent girls in coastal areas experience different
micronutrient deficiencies. The high prevalence of vitamin (OH)D insufficiency in freshwater locations
and seasonal iron deficiency in high saline areas needs attention.
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PP Processing plant

PP Percentage point

Ref Reference

SD Standard deviation

SES Socioeconomic status

UIC Urinary iodine concentration
UID Urinary iodine deficiency
VAD Vitamin A deficiency

Adolescence is a decisive life stage for achieving optimal health and nutrition'. After early childhood, adolescence
is the most critical period for growth and changes in body composition, physiology, and the endocrine system?.
The majority of rural Bangladeshi women have their first child before reaching the age of 18 years, which fre-
quently has a detrimental effect on both maternal and child health®. According to the Bangladesh Demographic
Health Survey (BDHS) 2017-18, 24% of ever-married women aged 15 to 19 years old were chronically energy
deficient [body mass index (BMI) < 18.5] and 9% were moderate to severely thin (BMI<17.0)*. Hence, to break
the vicious cycle of intergenerational malnutrition, adolescence is the last opportunity to catch up on any growth
faltering experienced during childhood and support the growth spurt alongside skeletal development observed
during this period* Micronutrient deficiency is a major public health concern worldwide, with adolescents being
one of the most susceptible groups®, primarily due to poor micronutrient content and bioavailability in diets,
as well as poor hygiene and infections®’. A household survey in Bangladesh showed that the median intakes of
key micronutrients by pregnant adolescent girls were below the estimated average requirements (EARs)®. The
requirement of micronutrients increase among adolescent girls during periods of peak physical growth when
the body needs an increased input of dietary iron, calcium, zinc, iodine, vitamin A, and vitamin D°.

Iodine deficiency among adolescent girls can lead to goiter, mental and physical growth retardation which
later on may extend upon their fetuses and newborns via intergenerational effect!®!!. Adolescent girls are par-
ticularly at risk in Bangladesh because 40% of the school children had mean UIC below 100 pg/1'2. Vitamin
D is important for calcium homeostasis to maintain skeletal integrity. A study in Bangladesh found an aging-
related rise in both the prevalence of vitamin D insufficiency (S-250HD 25-75 nmol/L) and the deficiency
(S-250HD < 25 nmol/L) among adolescents, with nearly all adolescents aged 12-16 years being either deficient
(46%) or insufficient (52%)". Both iron deficiency (ID) and iron deficiency anaemia (IDA) are global health
problems. However, the adolescent girls'* are more likely to suffer from growth retardation'®. According to a
study, 32% of the adolescent girls living in peri-urban areas had iron deficiency anaemia'®. Another essential
micronutrient is vitamin A, which has a variety of physiological functions. Vitamin A deficiency (VAD) results
in night blindness, severe anaemia, wasting, reproductive infirmity, infectious morbidity, and increased risk of
mortality'”. In Bangladesh, one-third of the non-pregnant and non-lactating populations are experiencing mild
grade of vitamin A deficiency®. Hence, consumption of micronutrient-rich foods should suffice all micronutri-
ent requirements.

Fish is significantly a good source of dietary protein and micronutrients in low- and middle-income
countries'*~*. In Bangladesh, fish is consumed frequently, often daily or several times per week in peak seasons
of high availability, although the portions consumed can be too small to provide a sufficient amount of key
micronutrients*. The southwest coastal region of Bangladesh is considered one of the most diversified hubs of
aquatic resources from fisheries and aquaculture®. In addition, the dynamics of the ecosystems in these coastal
zones are complex, ranging from saline to freshwater aquatic environments, with seasonal fluctuations in the
intrusion of oceanic water meeting riverine freshwater?®?’. The availability of aquatic foods is highly diverse
across the ecological zones, and it fluctuates between dry and wet seasons. Yet, there is no information avail-
able on how the delicate eco-system affects the seasonal nutrition and health status of the vulnerable people.
We postulated that the overall micronutrient status of these girls may be impacted by salinity, seasonality, and
consumption of various sea foods.

We hypothesized that salinity, seasonality and intake of different sea food may have an impact on the overall
the micronutrient status of these girls. Therefore, we undertook the study to assess the micronutrient status
including urinary iodine concentration, total vitamin (OH)D, serum ferritin, and serum retinol. We also assessed
food intake in adolescent girls living in aquatic farming communities across a gradient from coastal to inland
environments, representing different ecosystems.

Methods

Sampling and population. Two stratified cross-sectional surveys were carried out from August—Sep-
tember 2017 (dry season) and April—May 2018 (wet season). The wet season is associated with peak shrimp
production, and the dry season with peak fish and prawn production®. The study population was adolescent
girls aged 12-16 years old. Based on the dry season surface water salinity of adjacent rivers and canals, seafood
production of the southwest coastal floodplain is divided into four major agro-ecological areas. Agro-ecologies
that characterize the prevailing salinity gradient of the region were used to identify household clusters engaged
in farmed seafood value chains; they included high-, medium-, and low-salinity, freshwater, and an urban loca-
tion with a concentration of shrimp processing facilities”. The study focused on the two most important nodes
of the seafood value chain in Bangladesh: the farming community and the processing zone. They are: (1) high
saline area (HS); salinity is> 10 ppt (2) medium saline area (MS), salinity ranging>5 to 10 ppt (3) low saline
area (LS) typically the salinity remains 0.5-5 ppt (4) freshwater area (FW); salinity <0.5 ppt*. Data collection
covered a seafood processing plant (PP), a location where companies received cultured seafood products from
the fish farms for processing and packaging for export markets. Sampling was stratified by the five settings (four
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aqua-agroecological zones and one processing plant community), with 60 adolescent girls recruited in each
site. Additionally, the sample was stratified for religion aiming for equal numbers of Hindus and Muslims in
each area. Although at the national level, Hindu communities represent less than 10% of the population, the
proportion of Hindus in the study areas was high. Sub-districts from each aqua-agroecology were purposively
selected and local demographics were assessed after engagement with sub-district (Upazila) level officials. Key
informant (KI) interviews led to identification of unmarried adolescent girls at household levels of selected com-
munities. Communities with two adjacent Para (small unit of a village), one Muslim-dominated and the other
Hindu-dominated, were selected for each zone, considering the size of the community to ensure an adequate
sample size. The PP area was predominantly Muslim (>98%) and this community was therefore not stratified
by religion. Households with at least one unmarried adolescent girl were identified and invited to participate in
this study. The same girls were surveyed repeatedly, during the wet and dry seasons, for a total sample size of 300
adolescent girls in each season. In total, 298 teenage girls took part in the first round of data collection. During
the second survey, however, the field team was unable to reach every girl who participated in the first survey. A
total of 270 girls were surveyed, with a dropout rate of 9% due to marriage, absences during data collection and
out migration Fig. 1).

Ethical approval and consent to participate. This study was conducted according to the guidelines
laid down in the Declaration of Helsinki. Here, all of the study procedures involving the adolescent girls were
ethically approved by the Ethical Review Committee of the icddr,b and NHS, Invasive or Clinical Research
(NICR) Committee, University of Stirling, UK (PR-17037). Written informed consent was obtained from all
participants and their parents or guardian before their participation in this study.

Data, blood and urine sample collection. A team of field research staff with relevant experience
recruited by Noakhali Science and Technology University (NSTU) was responsible for the collection of field
data on socioeconomic indicators, dietary intake, fish consumption, and anthropometric parameters using a
structured and semi-structured questionnaire. The field supervisors and data collection teams were trained on
the interview techniques, questionnaires, and nutritional status measurements. The data collection tools were
pre-tested among the volunteer population, a total of 12 interviews were conducted. To maintain the standard of
data collection, they adhered to anthropometry guidelines and a standard operating procedure (SOP). In addi-
tion to training, the data collectors completed a validation exercise. Blood and urine samples were collected by
trained medical technologists from International Centre for Diarrhoeal Disease and Research (icddrb).
Socio-demographic information included the level of education, occupation of the household head, number
of family members, ownership of the house, number of dwelling rooms, household construction materials, toilet
facilities, sources of drinking water, land ownership, monthly household expenditure, and household assets was
collected as indicators of socioeconomic status (SES). The dietary diversity of adolescent girls was assessed using
a 24-h dietary recall approach, and the types of fishes consumed were assessed using a 7-day semi-quantitative
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Figure 1. Schematic diagram of stratified sampling and the two seasonal survey rounds.
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Food Frequency Questionnaire (FFQ), which had been previously designed and validated®®. The amount of food
consumed by the adolescent girls was calculated using pictures of the serving and the weight (in grams). The
weight of the raw food was computed using the proper conversion factors'®. According to accepted methods®,
all food items were divided into ten major food groups. They are: (i) cereals (rice, wheat, other cereals), (ii)
vegetables (plants, vegetables, leafy vegetables), (iii) pulses (pulses, legumes, and nuts), (iv) eggs, (v) flesh food
(chicken, beef, other organ meat, dried fish), (vii) milk (milk and milk products), (viii) beverages, (ix) fruits rich
in vitamin A, and (x) other foods. The respondents were asked to recall which kinds of fish they had eaten
regularly in the previous five days, three months, and one year. Fish intake (sea fish, finfish, and shellfish) was
also ranked at the household level by the types of fishes most frequently eaten. A wealth index was created using
principal component analysis (PCA) of household assets information. A weight was attached to each item from
the first principal component. The households were classified into SES quintiles based on the wealth index, from
quintile 1 (poorest) to 5 (richest)®2.

The adolescent girls were weighed using electronic scales (Tanita Inc. Tokyo, Japan) with a precision of
100 g. Height was measured using locally made standardized wooden length/height boards with a precision of
0.1 cm (1 mm). In both survey points, blood and urine samples were collected in a health center, developed as
temporary sample collection centres on the same day. 3.5 ml of venous blood were collected in a Venoject tube
to obtain 1200 pl serum. After the blood collection from all participants, the blood tubes were placed in a cool
box and allowed to clot. At the end of each day, the whole blood was centrifuged and the serum was aliquoted
into at least three cryovials by pipetting using a disposable pipette. A barcoded label was provided for each of
the study participant’s questionnaire form and each of the aliquoted cryovials. The serum was stored in a freezer
(-20°C or colder) as soon as possible. During the transportation of the serum to the Nutritional Biochemistry
Laboratory at icddr,b, the cold chain was maintained. Samples were stored in a -70 °C freezer and analyzed in the
Nutritional Biochemistry Laboratory to estimate blood parameters. The participants provided urine samples in
single-use plastic cups at the survey spot. The samples were transferred to wide-mouthed screw-capped plastic
bottles that had been previously washed with de-ionized water and dried.

Measurement of urine iodine, serum retinol, serum ferritin, CRP, AGP, and total serum vitamin
(OH)D. Urinary iodine was determined by a colorimetric method® at the icddr,b. A mean and/or median
urinary iodine concentration (UIC) (ug/1) can be used to report the iodine status®***. Urinary iodine concentra-
tion (UIC) was defined as a concentration level <100 pgm/L'**. Total vitamin (OH)D level was measured by
electrochemiluminescence binding assay using a Roche Cobas e601 automated immune analyzer®. The assay
employs a polyclonal antibody directed against 25-OH vitamin D¥. Vitamin (OH)D insufficiency was defined
as a serum level <50 nmol/L and <30 nmol/L for deficiency®®. Serum ferritin, C-reactive protein (CRP) and
alpha-1-acid glycoprotein (AGP) were analyzed by a sandwich ELISA technique®. Iron deficiency (ID) was
defined as a median serum level < 15 ug/L, after adjusting for inflammatory markers CRP and AGP*’. Serum
retinol was determined using high-performance liquid chromatography (HPLC)*!. The threshold for vitamin
A deficiency (VAD) was a normal status: serum retinol>1-05 pmol/l (30 ug/dl), mild deficiency: serum reti-
nol>0-7-<1-05 pmol/l (=20- <30 ug/dl)*.

Quality control of field data collection. The quality control team of investigators monitored the per-
formance of the field personnel and supervisors through regular observations and regular checking of the data
for completeness. The field supervisors independently repeated the data collection on socio-demographic infor-
mation and anthropometry in a random selection of 5% of the study participants. Identical forms, equipment,
definitions, and methods were used throughout the study period.

Sample size calculation. The following formula for proportion in a cross-sectional survey was used to
calculate the sample size: n=Zo? P (1-P)/d? (precision) x design effect. Here, Za=1.96 considering 95% confi-
dence interval, P=0.27 (27% prevalence of vitamin D* and 37% urinary iodine deficiency*®), d=0.05 (5% level
of significance) and design effect=1.2. The total sample size came to 295 adolescent girls per survey. For ease of
sample distribution across different study areas, a total of 300 adolescent girls was included in the study.

Data analysis. Data analysis was performed using STATA 13.0 SE (Stata Corp, College Station, TX, USA).
Pearson’s y” test was used to compare the proportions of background and key outcome variables. We used a mul-
tivariable mixed-effect linear regression model with robust standard error to assess the association between the
aquatic ecological zones and seasonality with the continuous measures for the status of the four micronutrients
defined by the biochemical indicators as continuous variables (primary analysis). In addition, we used mixed-
effects logistic regression to investigate factors associated with micronutrient deficiency defined by cut-off values
for each of the micronutrients assessed (secondary analysis). We specified a random effect at the individual level
to account for within-individual correlations as data on the outcomes were collected on two time points. The
“melogit” command in Stata was used to enable the inclusion of categorical covariates in the multivariable mod-
els. The regression was conducted using the stepwise backward method to determine the factors significantly
associated with the occurrence of micronutrient deficiency. Each analysis (primary and secondary) was adjusted
for age, dietary diversity quintiles, BMI, and wealth index. The data were reported by the regression coefficient
and adjusted odds ratio (AOR) and 95% confidence intervals. Initial regression analyses included the interacting
predictors and the independent variables that were supposed to interact as an interaction term. Model assump-
tions for each analysis were checked using residual and normal probability graphs. Non-normally distributed
variables were logarithmically transformed before analysis. Data for urinary iodine, total vitamin (OH)D, fer-
ritin and retinol were log-transformed prior to analysis.
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Results

Table 1 shows the background characteristics of the adolescent girls by different salinity areas assessed during
the first round of the dry season (August to September 2017) of the survey. The average age of the girls was
similar across all sites, except for the girls in the PP area who were slightly younger. The majority of the girls had
seven years of schooling on average. Almost all of them had access to mobile phones. The wealth distribution
appeared slightly different between the salinity zones, with more girls in the richest quintile in the FW and PP
zones. The median urinary iodine concentration, serum retinol and serum ferritin level were normal for this
population of adolescent girls. All girls had adequate levels of total serum vitamin (OH)D when the median
serum level < 50 nmol/L for insufficiency was considered.

In all areas, with the exception of the HS area, the proportion of thinness (BMI-for-age <2 SD) among adoles-
cent girls was higher during the wet season, although the difference was not statistically significant. The diversity
of the diet varied significantly with the season; diets were more likely to contain food from more than five food
categories during the wet season than the dry season (Fig. 2). According to area-based analyses of the different
micronutrient deficiencies of adolescent girls for each season, deficiencies of micronutrients, particularly vita-
min (OH)D insufficiency, were common in all seasons and across salinity zones. In the PP area, vitamin (OH)D
insufficiency was present in 56% of girls during the wet season compared to 30% of girls during the dry season
and this difference was significant (P <0.005). Hence, compared to the dry season, the wet season tends to have
a somewhat higher prevalence of vitamin (OH)D insufficiency. According to the vitamin (OH)D deficiency
criteria [vitamin (OH)D <30 nmol/L], 10% of the girls in the FW area had deficiencies during the wet season,
but only 2% of the girls from the FW and PP areas had deficiencies during the dry season. Similar to vitamin D
insufficiency, a rising tendency of ID was seen in the wet season as opposed to the dry season. Thirteen percent
of the girls had ID in dry season and overall, one-fourth of girls from the HS areas were iron deficient during
wet season. In the dry season, VAD (serum retinol < 30 ug/dL) affected 9% of girls in HS, MS, LS, and PP areas,
but the prevalence of VAD was reduced in HS MS and LS areas in wet season. Nevertheless, in the FW area,
it remained unchanged (Fig. 3). Compared to meat, milk, and eggs, fish was the most popular animal protein
consumed by adolescent females during two different seasons and in all agro-ecological zones. In both seasons
more than eighty percent of the girls consumed fish in last 24 h. A significantly higher proportion of girls in all

Categories ‘ High saline (n=60) ‘ Medium Saline (n=60) ‘ Low saline (n=58) ‘ Fresh water (n=60) ‘ Processing Plant (n=60)
Background characteristic

Age (mean) [140%15 [139+14 (142215 [142%16 (13312
Religion

Muslim 28 (46.7) 31 (51.7) 28 (48.3) 30 (50.0) 60 (100.0)
Hindu 32 (53.3) 29 (48.3) 30 (51.7) 30 (50.0) 0(0.0)

Years of schooling (mean) 72+1.7 7.1+1.8 7.3+2.0 7.8+1.8 6.2+2.0
Family size [mean (min-max range)] 5.2(3-12) 5.0 (3-9) 4.5 (2-10) 4.9 (3-8) 4.6 (2-8)
Socio-economic conditions

Access to:

Electricity (n) 45 (75.0) 48 (80.0) 51 (87.9) 58 (96.7) 59 (98.3)
Mobile phone (n) 59 (98.3) 59 (98.3) 55 (94.8) 56 (93.3) 57 (95.0)
Drinking water (n) 36 (60.0) 29 (48.3) 58 (100.0) 56 (93.3) 60 (100.0)
Improved toilet (n) 54 (90.0) 53 (88.3) 55 (94.8) 59 (98.3) 58 (96.7)
Wealth quintiles®

1st quintile (poorest) 15 (27.3) 15 (29.4) 13 (24.1) 3(5.0) 5(15.6)

2nd quintile (poorer) 6(10.9) 13 (25.5) 10 (18.5) 13 (21.7) 8(25.0)

3rd quintile (middle) 12 (21.8) 5(9.8) 12 (22.2) 19 (31.7) 3(9.4)

4th quintile (richer) 14 (25.5) 10 (19.6) 8(14.8) 10 (16.7) 8(25.0)

5th quintile (richest) 8(14.6) 8(15.7) 11 (20.4) 15 (25.0) 8(25.0)
Nutritional status of adolescent girls

Weight in kg (mean +SD) 41.0+6.8 40.4+6.7 454193 43.8+7.4 40.3+8.4
Height in cm (mean +SD) 149.7+5.8 149.4+5.6 150.7+6.8 151.7+7.2 147.4+8.0
BMI for age z-score (mean +SD) -0.65+1.16 -0.70+1.16 -0.05+1.24 -0.35+0.98 -0.44+1.33
Urinary iodine (ug/L) [median, interquartile range] 338.2 (191.5,472.6) | 200.1 (115.7, 301.6) 221.7 (117.7,411.5) | 438.7 (294.6, 756.2) 332.1(203.5, 614.5)
?;irt;rgm (OH) D (nmol/L) [median, interquartile 60.7 (55.7, 71.6) 73.6 (62.8, 87.8) 62.2 (49.7,71.1) 50.3 (40.5, 61.1) 56.1 (47.7, 65.2)
Ferritin (mmol/L) [median, interquartile range 49.8 (21.6,71.2) 43.1(21.2,63.3) 44.1 (25.1,70.8) 41.7 (29.0, 68.2) 50.2 (36.8, 73.9)
Serum retinol (ug/dL) [median, interquartile range] 41.3 (35.5, 47.5) 41.9 (36.7,48.2) 44.4 (38.0, 50.4) 40.0 (34.5, 44.5) 39.7 (33.7,42.2)

Table 1. Background characteristics and nutritional status of adolescent girls by the salinity areas at the first
survey round (dry season). BMI Body Mass Index, SD Standard Deviation. Wealth quintile defined by the
entire sample (n=298).
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Nutritional status and dietary diversity of the adolescent girls
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Figure 2. Nutritional status of adolescent girls by the salinity and seasonality. BMI-for-age of adolescent girls
was measured during dry (August to September 2017) and wet (April to May 2018) season. Ref: Underweight
(<-2SD>), Normal weight (-2 SD to +1 SD), and Overweight (>+1 SD). Dietary diversity score>5 (in last 24 h)
among adolescent girls. Statistical significance (P <0.005) has been denoted by asterisk: *Pearson’s chi-square
test. Note: Different agro-aquatic ecological zone- HS, High saline; MS, Medium saline; LS, Low saline; FW,
Fresh water, and PP, Processing plant.

Micronutrient deficiency of adolescent girls by seasonality and
salinity
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Figure 3. Micronutrient deficiency of adolescent girls by seasonality and salinity. Vitamin (OH) D deficiency
(<30 nmol/L), vitamin (OH) D insufficiency (<50 nmol/L), Iron Deficiency (Ferritin <15 ug/L) and VAD
(Serum retinol < 30 ug/dL). Statistical significance (P<0.005) has been denoted by asterisk: *Pearson’s chi-square
test. Note: Different agro-aquatic ecological zone- HS, High saline; MS, Medium saline; LS, Low saline; FW,
Fresh water, and PP, Processing plant.
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areas consumed milk in the wet season than the dry season. Tilapia was found to be the most commonly con-
sumed fish, among adolescent girls in both seasons across all the salinity areas. The proportion of girls who ate
tilapia over the previous week in medium saline and processing plant locations was significantly higher in the
dry season than the wet season (MS-dry season 55% and MS-wet season 36%, P <0.005; PP-dry season 15% and
PP-wet season 8%, P<0.005). Again, in these two regions, considerably more girls consumed prawn during the
wet season compared to the dry season (MS-dry season 19% and MS-wet season 30%, P <0.005; PP-dry season
7% and PP-wet season 14%, P<0.005) (Fig. 4A-4B).

Table 2 presents the estimated geometric mean ratio (GMR) or Exp (Coef.) of the micronutrient indicators
and the results of the adjusted mixed-effect linear regression model. The urinary iodine level was higher in the
wet season compared to the dry season (P=0.007). Girls from the MS and LS areas had significantly lower UIC
than those from HS areas (MS, Coef: 0.57, 95% CI 0.57, 0.90; P=0.004 and LS, Coef: 0.61, 95% CI 0.47, 0.80;
P<0.001). On the other hand, girls who lived in the FW and PP zones had considerably higher levels of UIC.
The total serum vitamin (OH)D level was lower during the wet season compared to the dry season (Coef: 0.89,
95% CI 0.86, 0.93; P<0.001). Vitamin (OH)D level was significantly higher among the girls living in MS area
and lower in LS, FW and PP areas compared to girls from HS areas. When compared to the dry season, the

Animal source protein intake by the adolescent girls
across different region by seasonality
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Fish source protein intake by the adolescent girls across
different region by seasonality
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Figure 4. (A) Percentage of animal source food consumption, (B) Percentage of major types of fish consumed
(in last 7 days). Statistical significance (P <0.005) has been denoted by asterisk. * Pearson’s chi-square test. Note:
Different agro-aquatic ecological zone- HS, High saline; MS, Medium saline; LS, Low saline; FW, Fresh water,
and PP, Processing plant.
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Urinary iodine concentration Vitamin (OH) D concentration Ferritin concentration Retinol concentration

Adjusted* Adjusted* Adjusted* Adjusted*

Exp (B) \ 95% CI P-value | Exp (P) \ 95% CI P-value | Exp (P) \ 95% CI P-value | Exp (P) \ 95% CI P-value
Seasonality
Dry Ref Ref Ref Ref
Wet 1.19 (1.05, 1.35) 0.007 0.89 (0.86, 0.93) <0.001 0.79 (0.71, 0.88) <0.001 1.11 (1.07, 1.15) <0.001
Salinity
HS Ref Ref Ref Ref
MS 0.71 (0.57, 0.90) 0.004 1.18 (1.08, 1.29) <0.001 1.07 (0.77, 1.49) 0.674 1.04 (0.97,1.11) 0.268
LS 0.61 (0.47,0.80) | <0.001 0.93 (0.85,1.00) | 0.050 1.16 (0.85,1.60) | 0.348 1.09 (1.01,1.18) | 0.030
Fw 2.04 (1.63, 2.55) <0.001 0.78 (0.72,0.84) <0.001 1.13 (0.83,1.53) 0.445 0.95 (0.90, 1.01) 0.102
PP 1.52 (1.21,1.91) <0.001 0.82 (0.78, 0.89) <0.001 1.39 (1.04, 1.85) 0.025 0.95 (0.89,1.01) 0.074

Table 2. Factors affecting micronutrient status in adolescent girls. CI Confidence Interval, Ref. Reference.
Mixed-effects linear regression analysis adjusted for each other independent variables and other variables (age,
BM]I, dietary diversity score, wealth quintiles). All biomarkers (urinary iodine, vitamin D, serum retinol and
ferritin) were log-transformed; the co-efficient is expressed as the Exp (B) / Geometric Mean Ration (GMR)
with 95% Cls. Statistical significance has been considered for 5% level of significance.

serum ferritin was significantly lower in the wet season (Coef: 0.79, 95% CI 0.71, 0.88; P <0.001). Girls from PP
areas were shown to have better ferritin status than those from HS areas. Even though there was a trend toward
increased serum level concentration of vitamin (OH)D and ferritin during the dry season, mean serum retinol
levels were noticeably higher than during the wet season. When compared to HS locations, the serum retinol
level was significantly higher in MS areas.

Table 3 demonstrates the risk factors identified by logistic regression for the micronutrient deficiencies. Iodine
status of adolescent girls was unaffected by the season; their odds of having urinary iodine deficiency were 5
times higher in the LS than in the HS (AOR: 5.15, 95% CI 1.73, 15.35, P=0.003) areas. We found a significant
seasonal effect on the likelihood of vitamin (OH)D insufficiency among the adolescent girls. The odds of vitamin
(OH)D insufficiency was 3 times higher (AOR: 3.03, 95% CI (1.71, 5.37), P<0.001) in the wet season compared
to the dry season. Girls who resided in FW regions had a five-fold increased risk of vitamin (OH)D deficiency
compared to girls who lived in the HS areas (AOR: 4.9, 95% CI 2.3, 10.2; P<0.001). The girls living in the FW
and PP areas also had a higher risk of vitamin (OH)D insufficiency compared to the girls from HS area (FW,
AOR: 11.51, 95% CI 3.40, 38.92, P<0.001 and PP, AOR:5.72, 95% CI 1.85, 17.67, P=0.002). The seasonal effect
was also observed in the serum ferritin concentration of the girls; compared to the dry season, the risk of iron
deficiency was around 4 times higher in the wet season (AOR: 3.78, 95% CI 1.01, 14.10; P=0.048). However,
salinity level was not associated with risk ID. In comparison to the dry season, girls had a lower risk of vitamin
A deficiency during the wet season (AOR: 0.47, 95% CI 0.14, 0.94; P=0.038).

Vitamin (OH)D

Urinary iodine deficiency® | insufficiency® Iron deficiency® Vitamin- A deficiency®
Categories AOR (95% CI) P-value | AOR (95% CI) P-value | AOR (95% CI) P-value | AOR (95% CI) P-value
Seasonality
Dry Ref Ref Ref Ref
Wet 0.69 (0.37,1.31) 0.261 3.03(1.71, 5.37) <0.001 |3.78(1.01,14.10) |0.048 0.37(0.14,0.94) | 0.038
Salinity area
HS Ref Ref Ref Ref
MS 1.93 (0.59, 6.31) 0.277 0.26 (0.06, 1.13) 0.073 | 0.59 (0.12, 2.86) 0.516 0.89 (0.24,3.30) | 0.865
LS 5.15(1.73,15.35) | 0.003 2.59 (0.74, 9.05) 0.136 | 0.61(0.11, 3.23) 0.559 0.33 (0.05,2.13) | 0.244
Fw 0.37 (0.09, 1.58) 0.178 11.51 (3.40, 38.93) | <0.001 0.74 (0.17, 3.24) 0.691 1.67(0.48,5.79) |0.413
PP 1.25 (0.40, 3.87) 0.700 5.72 (1.85, 17.67) 0.002 | 0.24 (0.04, 1.45) 0.122 0.71 (0.15,3.26) | 0.656

Table 3. Risk factors for urinary iodine, serum vitamin (OH)D, iron and vitamin A deficiencies among

the adolescent girls. AOR adjusted odds ratio, pp percentage point, CI Confidence Interval, Ref. Reference.
Adjusted for each other and other variables (age, BMI, dietary diversity score, and wealth quintiles). Adjusted
odds ratios were estimated using mixed effect logistic regression where independent variables were the
seasonality and agro-aquatic region.
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Discussion

The study assessed micronutrient status and risks of micronutrient deficiencies among adolescent females resid-
ing in the coastal regions of Bangladesh. We found multiple micronutrient insufficiencies and deficiencies, which
varied over a gradient from coastal to inland regions and with the seasons. One fourth of girls had ID in the wet
season and 10% of girls had vitamin A deficiency in the dry season. In particular, the high prevalence of vitamin
(OH)D insufficiency among adolescent girls living in processing plant areas during the wet season is of concern.

In Bangladesh, vitamin (OH)D deficiency is a public health concern®. In our study, we observed a higher
prevalence of girls having vitamin (OH)D insufficiency especially in the freshwater zone across both seasons.
More than half of the girls in the FW and PP areas had vitamin (OH)D insufficiency in the wet season. A study
conducted in Iran reported women had significantly lower serum vitamin (OH)D concentrations than men in
both summer and autumn (P=0.021 and 0.016 respectively)**. Seasonal variability of vitamin D concentrations
is also observed among the Polish children®. African-American girls had higher mean vitamin (OH)D levels in
the spring/summer months than in fall/winter months*. Therefore, culture, religion, variation in sun exposure,
clothing choice, skin pigmentation and age may be important contributors to total vitamin (OH)D level*’. We
observed a trend towards an increase in vitamin (OH)D insufficiency as the salinity of the area reduced. One
plausible explanation could be the distinct dietary habits of the girls in the HS and MS areas, who had a higher
intake of tilapia and substantially obtained the high levels of Vitamin D3. A study showed that farmed tilapia
is a valuable source of vitamin D3; a study of the Polish population revealed lean tilapia has a high vitamin D
content (38.0£7.7 mg/100 g)*%.

In Bangladesh, the school-age children aged 6 to 11 and 12 to 14 years had an iron deficit of 3.9% and 9.5%,
respectively'2. Half of the cases of anemia are accountable to iron deficiency, but the proportion varies among
population groups and in different areas, according to the local conditions*->!. However, the prevalence of ID
and IDA in the Bangladeshi population appeared to be substantially lower than the widely held assumption,
perhaps linked to the bioavailable iron found in groundwater!?. Remarkably, the iron status of the adolescent
girls in this study differed with the season, with the highest prevalence of ID observed in the wet season in the
three saline regions. A Brazilian study showed the mean serum ferritin concentrations of riverine populations
were higher in the dry season than in the rainy season®?. One reason contributing to the increasing levels of
ID during the wet season may be the mixing of surface water and groundwater during the rainy season, which
lowers the overall iron content of the mixed water™.

Twenty-one percent of the Bangladeshi school-going children are sub-clinically vitamin A deficient. In our
study we found a low prevalence of VAD with seasonal fluctuation, girls living in the LS area had higher mean
serum retinol levels (9%) compared to those in the HS area. Severe grade of vitamin A deficiency (serum reti-
nol <0-35 pmol/l) was not observed. Mandatory fortification of edible 0il**, and high consumption of fish by
adolescent girls might have contributed to the adequate vitamin A status of these girls*"*>. According to a study
by Sabuktagin et al., eating animal source foods was associated with higher retinol levels in school children'®.

Iodine Deficiency Disorder (IDD) is a significant global public health issue that affects all age groups, ado-
lescent girls living in iodine-deficient areas had poorer school performance, lower IQs, learning disabilities and
were more exposed to the consequences of IDD for their offspring®. We found that none of the adolescent girls
had urinary iodine concentration < 100 pg/L as the median level of urinary iodine concentration was higher than
the population median level (>100 pg/L) which indicates the girls are getting an adequate amount of iodine
through salt, seafood and environment. The local diet and seafood may contain higher iodine concentrations
in the HS areas possibly combined with a frequent presence of fish and seafood in the diet*’. A study in China
showed that the mean urinary iodine concentrations were significantly higher among children in coastal areas
compared with children in inland areas in all age groups (P<0.05)*". Another study reported a significant
positive correlation between the iodine concentrations of salt samples and the urinary iodine concentrations of
Bangladeshi adolescent girls and pregnant women*.

In terms of fish intake, almost 70% of the adolescent girls had consumed some fish in the last 24 h across
all regions in both seasons. The seven-day food frequency data confirmed that tilapia was more commonly
consumed in the HS and MS areas than in the LS, FW and PP areas; this finding can be explained by the abun-
dance of tilapia in saline regions and its recent increase in commercial production®®*. Frequent consumption
of tilapia may have played an important role in maintaining the normal concentrations of vitamin D3 among
the adolescent girls.

Despite the huge potential of fisheries and aquaculture to improve the nutrition situation in Bangladesh, the
number of researches conducted is very low regarding the understanding of how aquatic environment and fish
consumption are associated with nutritional status of the vulnerable groups, particularly the adolescent girls.
Fish is a valuable contributor to the reference nutrient intakes for a variety of micronutrients. This study was
such attempt to look into the factors contributing to different micronutrient deficiencies in adolescent females
in Bangladesh’s west coastal areas. For aquaculture ecoregions like Bangladesh, this research is crucial, thus we
measured the micronutrient status, food intake, fish intake, and nutritional status of the adolescent, through
two seasonal surveys. The study improved our understanding to establish a linkage among micronutrient status,
aquaculture-ecological zone and seasonality.

One of the major limitations of this study is that we were only able to measure dietary diversity rather than
adequacy. Hence, no conclusions can be drawn about to what extent dietary intake of adolescent girls influenced
micronutrient status. Not measuring the hemoglobin level to estimate anemia prevalence among the girls is
another limitation of the study. The influences of seasonality on food security, dietary diversity and nutritional
status are widely accepted. A study in rural Bangladesh showed seasonality was a key determinant of dietary
diversity®. In addition to a distinct salinity zone effect, this study found seasonal variations in the prevalence of
vitamin D insufficiency, vitamin A deficiency, and iron deficiency among adolescent girls living in coastal areas.
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Conclusions

Adolescent girls living across aquatic ecological zones in southern coastal areas of Bangladesh are seasonally
at risk of multiple micronutrient insufficiencies and deficiencies. Attention should be paid to the high rates of
vitamin (OH)D insufficiency, particularly in freshwater areas, and seasonal iron deficiency in the high saline
zone. The results can support the development of targeted policies to improve the micronutrient status of this
vulnerable group.
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Received: 8 February 2023; Accepted: 16 April 2023
Published online: 24 April 2023

References

1.

2.

11.

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.
32.

33.
34.

35.

Akseer, N. et al. Global and regional trends in the nutritional status of young people: A critical and neglected age group. Ann. N.
Y. Acad. Sci. 1393(1), 3-20 (2017).

Alam, N. et al. Nutritional status, dietary intake, and relevant knowledge of adolescent girls in rural Bangladesh. J. Health Popul.
Nutr. 28(1), 86 (2010).

. National Institute of Population Research and Training (NIPORT), Mitra and Associates, and ICF International. 2013. Bangladesh

Demographic and Health Survey 2011. Dhaka, Bangladesh and Calverton, Maryland, USA: NIPORT, Mitra and Associates, and ICF
International. 2013.

. National Institute of Population Research and Training (NIPORT), a.I.D., Bangladesh, and Rockville, Maryland, USA: NIPORT

and ICFE, Bangladesh Demographic and Health Survey 2017-18. 2020.

. Ziauddin Hyder, S. et al. A multiple-micronutrient-fortified beverage affects hemoglobin, iron, and vitamin A status and growth

in adolescent girls in rural Bangladesh. J. Nutr. 137(9), 2147-2153 (2007).

. Huffman, S. L. et al. The case for promoting multiple vitamin and mineral supplements for women of reproductive age in develop-

ing countries. Food Nutr. Bull. 20(4), 379-394 (1999).

. Ahmed, F, Prendiville, N. & Narayan, A. Micronutrient deficiencies among children and women in Bangladesh: progress and

challenges. J. Nutr. Sci. 5, 489 (2016).

. Nguyen, P. H. et al. Dietary diversity predicts the adequacy of micronutrient intake in pregnant adolescent girls and women in

Bangladesh, but use of the 5-group cutoff poorly identifies individuals with inadequate intake. J. Nutr. 148(5), 790-797 (2018).

. Kliegman, R. M. et al. Nelson Textbook of Pediatrics E-book (Elsevier, 2017).
. FAO, W., Human Vitamin and Mineral Requirements: Report of a Joint FAO-WHO Expert Consultation. Bangkok: Food and Agri-

cultural Organization. World Health Organization, 2001.

Zeru, A. B. et al. Todine deficiency disorder and knowledge about benefit and food source of iodine among adolescent girls in the
north Shewa zone of Ambhara region. J. Nutr. Metabol. 5, 889 (2021).

UNICEE, B., National Micronutrients Status Survey. Institute of Public Health and Nutrition.

Zaman, S. et al. High prevalence of vitamin D deficiency among Bangladeshi children: An emerging public health problem. Health
9(12), 1680-1688 (2017).

Kumari, R. et al. Prevalence of iron deficiency and iron deficiency anaemia in adolescent girls in a tertiary care hospital. J. Clin.
Diagn. Res. 11(8), BC04 (2017).

Bandhu, R., Shankar, N. & Tandon, O. Effect of iron on growth in iron deficient anemic school going children. Indian J. Physiol.
Pharmacol. 47(1), 59-66 (2003).

Ahmed, E et al. Anaemia and iron deficiency among adolescent schoolgirls in peri-urban Bangladesh. Eur. J. Clin. Nutr. 54(9),
678-683 (2000).

Akhtar, S. et al. Prevalence of vitamin A deficiency in South Asia: Causes, outcomes, and possible remedies. J. Health Popul. Nutr.
31(4), 413 (2013).

Rahman, S. et al. Vitamin A deficiency and determinants of vitamin A status in Bangladeshi children and women: Findings of a
national survey. Public Health Nutr. 20(6), 1114-1125 (2017).

Kawarazuka, N. & Béné, C. The potential role of small fish species in improving micronutrient deficiencies in developing countries:
Building evidence. Public Health Nutr. 14(11), 1927-1938 (2011).

Béné, C. et al. Contribution of fisheries and aquaculture to food security and poverty reduction: Assessing the current evidence.
World Dev. 79, 177-196 (2016).

Roos, N. et al. The role of fish in food-based strategies to combat vitamin A and mineral deficiencies in developing countries. J.
Nutr. 137(4), 1106-1109 (2007).

Hicks, C. C. et al. Harnessing global fisheries to tackle micronutrient deficiencies. Nature 574(7776), 95-98 (2019).

Naylor, R. L. et al. Blue food demand across geographic and temporal scales. Nat. Commun. 12(1), 1-14 (2021).

Belton, B. et al. Review of aquaculture and fish consumption in Bangladesh. Science. 2, 4889 (2011).

Hanif, M. A. et al. Raznolikost Thtiofaune Juznih Obalnih Voda Banglade$a: Postojece Stanje, Prijetnje I Mogu¢nosti O¢uvanja.
Croatian J. Fish. Ribarstvo 73(4), 148-161 (2015).

de Roos, B. et al. Linkages of agroecosystems producing farmed seafood on food security, nutritional status and adolescent health
in Bangladesh. Matern. Child Nutr. 16, 13017 (2020).

Gain, A. K., Uddin, M. & Sana, P. Impact of river salinity on fish diversity in the south-west coastal region of Bangladesh. Int. J.
Ecol. Environ. Sci. 34(1), 49-54 (2008).

Lahiri, T., Rahman, M. A. & Mamun, A.-A. Reassessing the food security implications of export-oriented aquaculture in Bangla-
desh. Aquac. Int. 5, 1-20 (2022).

Mamun, A.-A. et al. Export-driven, extensive coastal aquaculture can benefit nutritionally vulnerable people. Front. Sustain. Food
Syst. 5, 713140 (2021).

Macedo-Ojeda, G. et al. Validation of a semi-quantitative food frequency questionnaire to assess food groups and nutrient intake.
Nutr. Hosp. 28(6), 2212-2220 (2013).

Shaheen, N., Bari, L. & Mannan, M. Food Composition Table for Bangladesh (University of Dhaka, 2013).

Vyass, S. & Kumaranayake, L. Constructing socioeconomic status indexes: How to use principal component analysis. Health Policy
Plan 21(6), 459-468 (2006).

Dunn, J. T. et al. Two simple methods for measuring iodine in urine. Thyroid 3(2), 119-123 (1993).

Zimmermann, M. B. & Andersson, M. Assessment of iodine nutrition in populations: Past, present, and future. Nutr. Rev. 70(10),
553-570 (2012).

Organization, W. H. Urinary Iodine Concentrations for Determining Iodine Status in Populations (World Health Organizations,
2013).

Scientific Reports |

(2023) 13:6631 | https://doi.org/10.1038/s41598-023-33636-8 nature portfolio



www.nature.com/scientificreports/

36. Ong, L. et al. Current 25-hydroxyvitamin D assays: Do they pass the test?. Clin. Chim. Acta 413(13-14), 1127-1134 (2012).

37. Leino, A., Turpeinen, U. & Koskinen, P. Automated measurement of 25-OH vitamin D3 on the Roche Modular E170 analyzer.
Clin. Chem. 54(12), 2059-2062 (2008).

38. Islam, M. Z. et al. Vitamin D deficiency in Bangladesh: A review of prevalence, causes and recommendations for mitigation. Asia
Pac. J. Clin. Nutr. 31(2), 167-180 (2022).

39. Erhardt, J. G. et al. Combined measurement of ferritin, soluble transferrin receptor, retinol binding protein, and C-reactive protein
by an inexpensive, sensitive, and simple sandwich enzyme-linked immunosorbent assay technique. J. Nutr. 134(11), 3127-3132
(2004).

40. Ayoya, M. A. et al. al-Acid glycoprotein, hepcidin, C-reactive protein, and serum ferritin are correlated in anemic schoolchildren
with Schistosoma haematobium. Am. J. Clin. Nutr. 5, 7889 (2010).

41. Driskell, W. J. et al. Measurement of vitamin A and vitamin E in human serum by high-performance liquid chromatography. J.
Chromatogr. B Biomed. Sci. Appl. 231(2), 439-444 (1982).

42. Akhter, N. & Haselow, N. Using data from a nationally representative nutrition surveillance system to assess trends and influence
nutrition programs and policy. Field Actions Sci. Rep. 4, 889 (2010).

43. Ara, G. et al. Sub-clinical iodine deficiency still prevalent in Bangladeshi adolescent girls and pregnant women. Asian J. Clin. Nutr.
2(1), 1-12 (2010).

44. Heidari, B. & Mirghassemi, M. B. H. Seasonal variations in serum vitamin D according to age and sex. Caspian J. Intern. Med. 3(4),
535 (2012).

45. Poopedi, M. A. et al. Does vitamin D status track through adolescence?. Am. J. Clin. Nutr. 102(5), 1025-1029 (2015).

46. Word, A. et al. 25-Hydroxyvitamin D levels in African-American and Caucasian/Hispanic subjects with cutaneous lupus erythe-
matosus. Br. J. Dermatol. 166(2), 372-379 (2012).

47. Omar, M. et al. Culture, sun exposure and Vitamin D deficiency in Benghazi Libya. J. Adv. Med. Med. Res. 25(5), 1-13 (2018).

48. Malesa-Cie¢wierz, M. & Usydus, Z. Vitamin D: Can fish food-based solutions be used for reduction of vitamin D deficiency in
Poland?. Nutrition 31(1), 187-192 (2015).

49. Stevens, G. A. et al. Global, regional, and national trends in haemoglobin concentration and prevalence of total and severe anaemia
in children and pregnant and non-pregnant women for 1995-2011: a systematic analysis of population-representative data. Lancet
Glob. Health 1(1), e16-€25 (2013).

50. Stoltzfus, R. J., Mullany, L. & Black, R. E. Iron deficiency anaemia. Compar. Quant. Health Risks 1, 163-209 (2004).

51. Mistry, S. K. et al. An outline of anemia among adolescent girls in Bangladesh: Findings from a cross-sectional study. BMC Hematol.
17(1), 1-8 (2017).

52. Rodrigues, P. C., Ignotti, E. & Hacon, S. S. Association between weather seasonality and blood parameters in riverine populations
of the Brazilian Amazon. Jornal de Pediatria 93, 482-489 (2017).

53. Rahman, S. et al. Determinants of iron status and Hb in the Bangladesh population: The role of groundwater iron. Public Health
Nutr. 19(10), 18621874 (2016).

54. Jungjohann, S. et al. Fortification quality is high for packaged and branded edible oil but low for oil sold in unbranded, loose form:
Findings from a market assessment in Bangladesh (P24-047-19). Curr. Dev. Nutr. 3, 4889 (2019).

55. Roos, N. et al. High vitamin A content in some small indigenous fish species in Bangladesh: Perspectives for food-based strategies
to reduce vitamin A deficiency. Int. J. Food Sci. Nutr. 53(5), 425-437 (2002).

56. Heidari, Z. et al. Iodine status, and knowledge about iodine deficiency disorders in adolescent school girls aged 14-19 years, 2016.
Health Prom. Perspect. 9(1), 77 (2019).

57. Mo, Z. et al. Goitre and urinary iodine in coastal and inland areas with low and high iodized salt coverage in Zhejiang province,
China. Asia Pac. J. Clin. Nutr. 26(4), 671-679 (2017).

58. Herndndez, M., Gasca-Leyva, E. & Milstein, A. Polyculture of mixed-sex and male populations of Nile tilapia (Oreochromis niloti-
cus) with the Mayan cichlid (Cichlasoma urophthalmus). Aquaculture 418, 26-31 (2014).

59. Alam, M. E, Khan, M. A. & Hugq, A. A. Technical efficiency in tilapia farming of Bangladesh: A stochastic frontier production
approach. Aquacult. Int. 20(4), 619-634 (2012).

60. Stevens, B. et al. The role of seasonality on the diet and household food security of pregnant women living in rural Bangladesh: A
cross-sectional study. Public Health Nutr. 20(1), 121-129 (2017).

Acknowledgements

The study was conducted in collaboration with Noakhali Science and Technology University (NSTU), icddr,b,
University of Stirling, University of Copenhagen, University of Aberdeen, and the University of Glasgow. We
acknowledge with gratitude the commitment of all investigators from all of the collaborating institutes. icddr,b
is also grateful to the Governments of Bangladesh, Canada, Sweden, and the UK for providing core support.

Author contributions

The authors’ responsibilities were as follows: D.L., A.M., S.I, N.R., B.R,, E.G., G.A,, and T.A.; Conceptualization,
Funding acquisition, Investigation, Resources, Methodology, A.M., D.L,, S.I,, N.R., G.A., B.R,, E.G,; Project
administration, Supervision, Validation, A.M., G.A,, N.R., T.H., D.L., M.D., S.D.A. and M.K,; Data curation,
Formal Analysis, Software; G.A., N.R., and A.B.B.; Writing - original draft, G.A., N.R., M.D., AM,, D.L,, BR.,
E.G., A.B.B. and T.A ; Writing - review & editing. All authors read and approved the final manuscript.

Fundin

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

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/
10.1038/541598-023-33636-8.

Scientific Reports | (2023) 13:6631 | https://doi.org/10.1038/s41598-023-33636-8 nature portfolio


https://doi.org/10.1038/s41598-023-33636-8
https://doi.org/10.1038/s41598-023-33636-8

www.nature.com/scientificreports/

Correspondence and requests for materials should be addressed to G.A.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2023

Scientific Reports | (2023) 13:6631 | https://doi.org/10.1038/s41598-023-33636-8 nature portfolio


www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Factors affecting the micronutrient status of adolescent girls living in complex agro-aquatic ecological zones of Bangladesh
	Methods
	Sampling and population. 
	Ethical approval and consent to participate. 
	Data, blood and urine sample collection. 
	Measurement of urine iodine, serum retinol, serum ferritin, CRP, AGP, and total serum vitamin (OH)D. 
	Quality control of field data collection. 
	Sample size calculation. 
	Data analysis. 

	Results
	Discussion
	Conclusions
	References
	Acknowledgements


