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Abstract

We used data from the 2016 Nepal National Micronutrient Status Survey to evaluate

factors associated with anaemia (World Health Organization cut-points using

altitude- and smoking-adjusted haemoglobin [Hb]) among nationally representative

samples of adolescents 10–19 years. Hb, biomarkers of micronutrients, infection and

inflammation were assessed from venous blood. Sociodemographic and household

characteristics, dietary diversity, pica and recent morbidity were ascertained by inter-

view. We explored bivariate relationships between candidate predictors and anaemia

among boys (N = 967) and girls (N = 1,680). Candidate predictors with P < 0.05 in

bivariate analyses were included in sex-specific multivariable logistic regression

models. Anaemia prevalence was 20.6% (95% confidence interval [CI] [17.1, 24.1])

among girls and 10.9% (95% CI [8.2, 13.6]) among boys. Among girls, living in the

Mountain and Hill ecological zones relative to the Terai (adjusted odds ratio [AOR]

0.28, 95% CI [0.15, 0.52] and AOR 0.42, 95% CI [0.25, 0.73], respectively), ln ferritin

(μg/L) (AOR 0.53, 95% CI [0.42, 0.68]) and ln retinol binding protein (RBP) (μmol/L)

(AOR 0.08, 95% CI [0.04, 0.16]) were associated with reduced anaemia odds. Older

age (age in years AOR 1.19, 95% CI [1.12, 1.27]) and Janajati ethnicity relative to the

Muslim ethnicity (AOR 3.04, 95% CI [1.10, 8.36]) were associated with higher anae-

mia odds. Among boys, ln RBP [μmol/L] (AOR 0.25, 95% CI [0.10, 0.65]) and having

consumed flesh foods (AOR 0.57, 95% CI [0.33, 0.99]) were associated with lower

anaemia odds. Open defecation (AOR 2.36, 95% CI [1.15, 4.84]) and ln transferrin

receptor [mg/L] (AOR 3.21, 95% CI [1.25, 8.23]) were associated with increased

anaemia odds. Anaemia among adolescents might be addressed through effective
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public health policy and programs targeting micronutrient status, diet and sanitation.
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adolescent, anaemia, iron, iron deficiency Anaemia, micronutrient malnutrition, Nepal, vitamin
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1 | INTRODUCTION

Adolescence is an important developmental period. Deficits in this

sensitive window can affect health in adulthood and that of

future offspring (Sawyer et al., 2012). Globally, the prevalence of

anaemia among adolescents is unknown. The World Health

Organization (WHO) estimates that more than 50% of girls

12–15 years in South East Asia have anaemia; however, no

estimates are available for boys (World Health Organization [WHO]

Regional Office for South-East Asia, 2011). Worldwide, iron-

deficiency anaemia is the leading contributor to disability-adjusted

life years among adolescents (WHO, 2015) and is associated with

poor linear growth, delayed menarche and sexual development and

reduced work capacity (Delisle and WHO, 2005). For adolescent

girls and women, entering pregnancy with anaemia is also associ-

ated with poor maternal health and birth outcomes (Delisle and

WHO, 2005).

Historically, Nepal has had high prevalence of anaemia.

Although national-level time trends are not available for adoles-

cents 10–19 years, anaemia prevalence increased among adolescent

girls 15–19 years from 39.0% in 2006 to 43.6% in 2016 according

to the Demographic and Health Surveys (Ministry of Health, New

ERA, ICF 2017). Other studies, some subnational and non-

population based, among adolescent girls in Nepal have reported

anaemia prevalence values ranging from 38 to 69% (Baral &

Onta, 2009; Chalise et al., 2018; Dubey et al., 2013; Kanodia,

Bhatta, Sing, Bhatta, & Shah, 2016; Limbu et al., 2017; Shah &

Gupta, 2002; Sinha, Karki, & Karna, 2012; Tiwari &

Seshadri, 2000). To our knowledge, only three studies, two of

which were subnational, have evaluated anaemia prevalence among

adolescent boys in Nepal, which reported prevalence values ranging

from 24 to 52% (Baral & Onta, 2009; Chalise et al., 2018; Sinha

et al., 2012).

To develop effective, evidence-based public health programming

to address anaemia, it is critical to understand its context-specific

determinants. Although iron deficiency is the primary cause of anae-

mia worldwide (Ezzati, Lopez, Rodgers, & Murray, 2004), other biolog-

ical factors contribute to anaemia including other micronutrient

deficiencies, infection and inflammation. Intermediate causes of anae-

mia, such as dietary intake, influence biological determinants, while

socio-economic and other characteristics underlay many of the inter-

mediate causes of anaemia.

Regionally, factors contributing to anaemia vary by population,

highlighting the need to better understand context-specific causes.

Among women of reproductive age in rural Bangladesh,

thalassemia, underweight and groundwater iron intake were

associated with anaemia odds (Merrill et al., 2012). A nationally

representative study of women of reproductive age in Cambodia

found no factors significantly associated with anaemia in

multivariable models (Wieringa et al., 2016). Little is known about

context-specific determinants of anaemia among adolescents in

Nepal. Existing studies in Nepal have explored bivariate relation-

ships between anaemia and iron status, dietary indicators or

sociodemographic characteristics among adolescent girls (Chalise

et al., 2018; Kanodia et al., 2016; Limbu et al., 2017; Shah &

Gupta, 2002; Tiwari & Seshadri, 2000); however, to our knowledge,

none have examined biomarkers of infection, inflammation and

micronutrient status. Additionally, only one study has conducted

multivariable modelling and included adolescent boys (Chalise

et al., 2018).

Nepal conducted the Nepal National Micronutrient Status Survey

(NNMSS) in 2016 to inform programmatic decision-making. The

NNMSS collected data on micronutrient status and many known

potential causes of anaemia (Ministry of Health et al., 2018). We used

nationally representative NNMSS data to identify factors associated

Key messages

• Among adolescent girls, younger age (10–14 years

vs. 15–19 years), residing in the Mountain or Hill ecologi-

cal zones relative to the Terai ecological zone, serum fer-

ritin and serum RBP were associated with reduced odds

of anaemia, while belonging to the Janajati ethnicity rela-

tive to the Muslim ethnicity was associated with

increased odds of anaemia.

• Among adolescent boys, serum RBP and having con-

sumed flesh, organ or blood-based foods were associated

with reduced odds of anaemia, while open defecation

and ln serum transferrin receptor were associated with

increased odds of anaemia.

• A combination of effectively implemented strategies

might reduce anaemia among adolescents 10–19 years in

Nepal by addressing micronutrient status, diet and

sanitation.

• Patterning of nonmodifiable factors, such as age, might

explain differential success in reducing anaemia and

might help inform program planning.
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with anaemia among nonpregnant adolescent girls and adolescent

boys 10–19 years.

2 | METHODS

2.1 | Study population

New ERA, with support from the Ministry of Health and Population

(MoHP) of Nepal, US Agency for International Development, United

Nations Children's Fund Nepal and the US Centers for Disease Con-

trol and Prevention (CDC), implemented the 2016 NNMSS. Using

stratified multistage cluster sampling without replacement, we

selected 180 clusters from 15 strata using probability proportional to

size. Using systematic random sampling, we then selected 24 house-

holds in each cluster (N = 4,320). After enumerating all adolescents

10–19 years in the selected households, we selected 6 boys and

12 girls from each cluster at random. Sample sizes were calculated

with the primary objective of estimating anaemia prevalence at the

national, ecological zone and developmental region levels, assuming

anaemia prevalence values of 25% for boys and 39% for girls based

on prevalence among adolescent girls 15–19 years in the 2011 Demo-

graphic and Health Surveys, a precision of ±3.5% nationally, a design

effect of 2.25, a household response rate of 95% and an individual

response rate of 90% (Ministry of Health and Population-

MOHP/Nepal et al., 2012). The multivariable analysis on the aetiology

of anaemia among adolescents was a secondary objective. The

NNMSS Report provides more details about the survey, populations

and sampling strategy (Ministry of Health et al., 2018).

Census projections overestimated adolescent girls 10–19 years as

a percentage of the total population. As a result, only 1,886 adoles-

cent girls lived in the sampled households in the sampled clusters

compared with the 2,160 planned for data collection. Of those, 1,850

were nonpregnant, consented to participate and were interviewed in

the selected clusters (98.1%). We excluded girls with missing or invalid

values for haemoglobin (Hb; n = 10), blood-based indictors (n = 8

missing; n = 29 with equivocal results on Helicobacter pylori rapid test),

anthropometry (n = 117) and questionnaire-based data (n = 4). We

additionally excluded n = 2 girls with biologically implausible body

mass index (BMI) Z scores, per WHO guidance (de Onis et al., 2007)

for a final analytic sample of 1,680 girls (89.1% of sampled girls).

Among those who consented to participate, with respect to major

sociodemographic characteristics, girls who were excluded from the

analytic sample were on significantly older (17.9 years vs. 13.9 years)

and more likely to be married than those who were included

(Table S1).

Of the 1,080 adolescent boys planned for data collection, 1,040

lived in the selected clusters (96.3%). Of those, 1,025 consented to

participate and were interviewed (98.6%). We excluded boys with

missing or invalid values for Hb (n = 2), blood-based indicators

(n = 11), anthropometry (n = 39 missing; n = 3 with biologically implau-

sible BMI Z scores) and questionnaire-based indicators (n = 3) for a

final analytic sample of 967 boys (94.3% of sampled boys). Among

those who consented to participate, boys who were excluded from

the analytic sample were significantly older (17.0 years vs. 13.9 years)

and more likely to be married than those who were included

(Table S1).

The Nepal Health Research Council granted ethical approval for

the study. Adolescents aged 10–17 years provided oral assent for

interview and biological data collection, and their legal guardians or

parents provided signed informed consent. Adolescents aged 18 and

older provided signed informed consent.

2.2 | Data collection

The field survey team participated in an intensive 12-day training con-

ducted by core survey team members from New ERA and CDC that

included classroom instruction, demonstrations, role play and mock

interviews. Enumerators had anthropometry standardization exercises

on live participants, comparing measurements to experts'. Phleboto-

mists were given practical examinations on blood draw and field test-

ing samples. Laboratory technicians processed the samples the

phlebotomists collected to standardize technique and practice proper

sample storage. Trainees who performed poorly during these practical

examinations were not retained for the field work. The teams were

also deployed for a 3-day pilot to test survey tools and field

procedures.

2.2.1 | Anthropometry

Weight with one layer of light clothing was measured to the nearest

100 g using an electronic SECA digital scale. Standing height was mea-

sured without shoes to the nearest 0.1 cm using a Shorr-Board. Enu-

merators validated the calibration of their anthropometry equipment

daily.

2.2.2 | Biological specimens

Following standard procedures, trained phlebotomists collected

venous blood samples at the time of interview at the household to

assess micronutrient, infection and inflammation status. Technicians

analysed Hb (HemoCue® Hb 301 analyser), H. pylori (QuickVue™

H. pylori Test rapid test kit) and malaria (CareStart™ malaria antigen

combo rapid test kit for Plasmodium falciparum and Plasmodium vivax)

in the households. Phlebotomists validated the calibration of their

HemoCue daily using standard reference materials. Laboratory techni-

cians processed blood specimens at a lab station in each cluster

before transport to the National Public Health Laboratory, maintaining

cold chain. Protocols on quality assurance were adhered to as outlined

in the laboratory manual. Plasma and serum samples were stored in

−86�C freezers until analysis.

C-reactive protein (CRP), ɑ-1-acid glycoprotein (AGP), serum ferri-

tin, transferrin receptor (sTfR) and retinol binding protein (RBP) were
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measured using a sandwich enzyme-linked immunosorbent assay

(Erhardt, Estes, Pfieffer, Biesalski, & Craft, 2004). For girls only, red

blood cell folate was analysed using a microbiological assay (Pfeiffer

et al., 2011). All laboratories conducting biological analyses were

required to follow quality control procedures and participate and have

acceptable performance in CDC's external quality assurance

program—VITAL-EQA.

2.2.3 | Sociodemographic, health and other
questionnaire data

In household questionnaires, the head of household or another

adult respondent provided information about sociodemographic

characteristics, and housing, water and sanitation characteristics and

food security in enumerator-administered interviews. Household food

security was ascertained using a nine-item questionnaire about access

to adequate and preferred foods (Coates, Swindale, & Billinsky, 2007).

Adolescents provided information about marital status, schooling,

reproductive history (girls only), consumption of foods from 10 food

groups (grains, legumes, nuts, dairy, flesh foods, eggs, green leafy veg-

etables, vitamin A-rich fruits and vegetable, other fruits, and other

vegetables) and tea, micronutrient supplement intake, pica, recent

morbidity, and receipt of deworming tablets in enumerator-

administered interviews using gender-specific questionnaires.

2.3 | Variable specification

2.3.1 | Anaemia

We defined anaemia as altitude- and smoking-adjusted Hb

<11.5 g/dL for boys and girls 10–11 years, Hb <12.0 g/dL for boys

12–14 years and girls 12–19 years and Hb <13.0 for boys

15–19 years (WHOa, 2017). Anaemia severity was classified as mild

(adjusted Hb 11.0–11.4 g/dL for boys and girls 10–11 years, Hb

11.0–11.9 g/dL for boys 12–14 years and girls 12–19 years and Hb

11.0–12.9 g/dL for boys 15–19 years), moderate (adjusted Hb

8.0–10.9 g/dL) and severe (adjusted Hb <8.0 g/dL; WHOa, 2017).

2.3.2 | Anthropometry

We calculated BMI-for-age Z scores (BMIZ) using the WHO growth

reference for school-aged children and adolescents. BMIZ was clas-

sified as underweight (BMIZ < −2 SD), normal weight (BMIZ ≥ −2

SD and ≤1 SD) and overweight (BMIZ >1 SD; de Onis et al., 2007).

2.3.3 | Biomarkers of nutrition status

To correct for inflammation's influence on biomarkers of iron sta-

tus, we regression-adjusted ferritin and sTfR to a pooled country

reference using CRP and AGP (ferritin) or AGP only (sTfR;

Namaste, Aaron, Varadhan, Peerson, & Suchdev, 2017). Iron defi-

ciency by ferritin was defined as adjusted ferritin <15.0 μg/L

(WHOa, 2017). We defined iron-deficiency anaemia as adjusted Hb

<11.5 g/dL and adjusted ferritin <15.0 μg/L for boys and girls

10–11 years, adjusted Hb <12.0 g/dL and adjusted ferritin

<15.0 μg/L among boys 12–14 years and girls 12–19 years and

adjusted Hb <13.0 g/dL and adjusted ferritin <15.0 μg/L for boys

15–19 years. Iron deficiency by sTfR was defined as adjusted sTfR

>8.3 μg/L (WHOa, 2017). We defined vitamin A deficiency as RBP

<0.64 μmol/L. To find the RBP cut-point equivalent of retinol

<0.70 μmol/L (WHO, 1996) among adolescents, we regressed RBP

on retinol in an NNMSS subsample of 100 women 15–49 years

for whom serum retinol was assessed using high-performance liq-

uid chromatography from the same blood draw as RBP. For girls,

risk of folate deficiency was classified as red blood cell folate

<305.0 nmol/L based on risk of megaloblastic anemia (Institute of

Medicine, 1998).

2.3.4 | Infection and inflammation

CRP and AGP were included as continuous variables. We included

malaria, H. pylori, and fever, diarrhoea and cough during the

2 weeks preceding the survey as binary variables (yes/no).

2.3.5 | Dietary intake

We defined pica as any consumption of clay, earth, termite mounds,

ice, uncooked rice or starch during the 7 days before the survey. Food

and Agriculture Organization (FAO)'s Minimum Dietary Diversity for

Women of Reproductive Age (MDD-W) indicator was classified as

intake from five or more of 10 food groups the day preceding the sur-

vey (FAO and FHI 360, 2016). We included consumption of flesh,

organ or blood-based foods, legumes, green leafy vegetables, vitamin

A-rich fruits and vegetables and tea the day preceding the survey as

binary variables (yes/no).

2.3.6 | Reproductive and other health variables

We included intake of any micronutrient supplements (multivitamin,

vitamin A, iron, folic acid and/or zinc) the week preceding the survey,

intake of iron-folic acid (IFA) tablets during the 6 months preceding

the survey and receipt of deworming tablets during the 6 months pre-

ceding the survey as binary variables (yes/no). For girls, lactation sta-

tus and giving birth during the 5 years preceding the survey were

included as binary variables (yes/no).

2.3.7 | Sociodemographic variables

Age in years was included as a continuous variable. Ethnicity was clas-

sified according to the Government of Nepal Central Bureau of
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Statistics: Brahmin/Chettri, Dalit, Janajati, other Terai ethnicities

(including Terai/Madhesi but not including Terai or Madhesi Brahmin

or Chettri), Newar and Muslim (Government of Nepal Central Bureau

of Statistics, 2014). We categorized marital status as married or

cohabitating as married vs. other. Schooling was categorized as never

vs. ever attended school. We defined household location according to

Nepal administrative classifications for rurality (rural vs. urban) and

ecological zone (Mountain, Hill or Terai [Plains]). Using principal com-

ponents analysis of housing characteristics and assets, we created a

household wealth score and divided it into tertiles. We calculated a

categorical indicator of household food insecurity (access), in accor-

dance with the Household Food Insecurity Access Scale Indicator

Guide, which classifies households into four levels of food insecurity:

food secure, mildly food insecure, moderately food insecure and

severely food insecure (Coates et al., 2007). We classified households

as increasingly food insecure when they responded affirmatively to

more severe conditions (e.g. no food to eat of any kind in the house-

hold because of lack of resources to get food) or experience of those

conditions more frequently. Unimproved water source was defined as

any source other than piped water, tube well borehole, protected well

or spring, stone tap, rainwater or bottled water (WHO and

UNICEF, 2017). We included unimproved water source, open defeca-

tion and earth floor as binary variables (yes/no) and household food

security as a multilevel categorical variable.

2.4 | Statistical methods

We log transformed nonnormally distributed continuous variables.

We assessed bivariate relationships between candidate predictors and

anaemia status by sex using Rao-Scott chi square tests for categorical

variables and linear contrast tests for continuous variables. Variables

with multiple categories (e.g. household food security) were tested as

a group. All candidate predictors of anaemia with P < 0.05 in bivariate

analyses were included in the sex-specific multivariable logistic regres-

sion models. To identity collinearity, we used eigenvalues <0.01 and

conditionality index >30.

All analyses accounted for complex sampling design and were

analysed using SAS v.9.4 (SAS Institute Inc., Cary, North Carolina). We

set statistical significance at two-sided P < 0.05.

3 | RESULTS

3.1 | Girls

In total, 20.6% (95% confidence interval [CI] [17.1, 24.1]) of girls had

anaemia of which 68.3% (95% CI [61.7, 74.9]) were mild cases and

30.9% (95% CI [24.6, 37.2]) were moderate cases (Table 1). One third

of girls with anaemia (33.2%, 95% CI [26.7, 39.7]) had iron deficiency

by ferritin status.

Results of the bivariate analyses are presented in Table S2.

Candidate predictors (P < 0.05 in bivariate analyses) in the

multivariable model included both potentially modifiable factors

(open defecation, micronutrient status [ferritin, sTfR, RBP] and IFA

intake) and nonmodifiable factors (age, ecological zone and

ethnicity). We found collinearity between ferritin and sTfR.

Because ferritin is the WHO recommended indicator to assess iron

status in populations (WHOa, 2017), we removed sTfR from the

multivariable model.

In the multivariable model, only two potentially modifiable factors

were associated with anaemia among adolescent girls (Table 2). Iron

status (ln ferritin in μg/L) and vitamin A status (ln RBP in μmol/L) were

both associated with reduced odds of anaemia (adjusted odds ratio

[AOR] 0.53, 95% CI [0.42, 0.68] and 0.08, 95% CI [0.04, 0.16],

respectively).

Age, ecological zone and ethnicity were nonmodifiable factors

associated with anaemia. Age in years was associated with increased

odds of anaemia (AOR 1.19, 95% CI [1.12, 1.27]). Compared with liv-

ing in the Terai ecological zone, girls living in the Mountain and Hill

ecological zones had lower odds of anaemia (AOR 0.28, 95% CI [0.15,

0.52] and AOR 0.42, 95% CI [0.25, 0.73], respectively). Girls in the

Janajati ethnicity had 3.04 times higher odds of anaemia relative to

girls from the Muslim ethnicity (95% CI [1.10, 8.36]).

3.2 | Boys

In total, 10.9% (95% CI [8.2, 13.6]) of boys had anaemia of which

84.9% (95% CI [75.2, 94.5]) were mild cases (Table 3).

Results of the bivariate analyses are presented in Table S2. Candi-

date predictors (P < 0.05 in bivariate analyses) in the multivariable

model included both potentially modifiable factors (open defecation,

earth floor, micronutrient status [sTfR, RBP] and dietary intake [ani-

mal-flesh foods, tea]) and one nonmodifiable factor (ecological zone).

In the multivariable model, both iron status (ln sTfR in mg/L) and

vitamin A status (ln RBP in μmol/L) were associated with anaemia

odds (AOR 3.21, 95% CI [1.25, 8.23] and AOR 0.25, 95% CI [0.10,

0.65], respectively; Table 4). Having consumed flesh, organ or blood-

based foods during the day preceding the survey was associated with

reduced odds of anaemia (AOR 0.57, 95% CI [0.33, 0.99]). Open defe-

cation was associated with 2.36 times higher odds of anaemia (95%

CI [1.15, 4.84]).

4 | DISCUSSION

We used nationally representative samples of adolescent boys and

girls ages 10–19 years to explore anaemia in Nepal. In total, 10.9% of

boys and 20.6% of girls had anaemia prevalence levels of mild and

moderate public health significance, respectively, according to the

WHO (WHOa, 2017). Among girls, residing in the Mountain or Hill

ecological zones relative to the Terai, and better iron and vitamin A

status were associated with reduced odds of anaemia, while older age

and belonging to the Janajati ethnicity relative to the Muslim ethnicity

were associated with increased odds of anaemia. Among boys, better
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TABLE 1 Selected sociodemographic and health characteristics of nonpregnant adolescent girls 10–19 years by anaemia status, Nepal
National Micronutrient Status Survey, Nepal, 2016 (N = 1,680)a

Sociodemographic,
health, and dietary
characteristics

Anaemia (N = 317, 20.6%

[95% CI 17.1, 24.1])

No Anaemia (N = 1,363,

79.4% [95% CI 75.9, 82.9]) Total (N = 1,680)

n n Pb n

Sociodemographic characteristics

Age, years 317 14.5 (14.2, 14.7) 1,363 13.8 (13.6, 13.9) <0.0001 1,680 13.9 (13.8, 14.1)

Lactating (%) 13 3.9 (1.5, 6.3) 34 2.5 (1.6, 3.4) 0.2 47 2.8 (1.9, 3.6)

Gave birth in last 5 years (%) 13 3.9 (1.5, 6.3) 37 2.6 (1.7, 3.5) 0.3 50 2.9 (2.0, 3.7)

Married/cohabitating (%) 28 9.5 (5.2, 13.7) 95 7.3 (5.6, 9.0) 0.2 123 7.7 (5.9, 9.5)

Rurality (%) 0.7

Rural 274 89.6 (82.8, 96.4) 1,217 90.5 (85.8, 95.2) 1,491 90.3 (85.5, 95.2)

Urban 43 10.4 (3.6, 17.2) 146 9.5 (4.8, 14.2) 189 9.7 (4.8, 14.5)

Ecological zone (%) <0.0001

Mountain 23 3.2 (1.4, 5.0) 242 8.7 (7.0, 10.3) 265 7.6 (6.2, 8.9)

Hill 95 28.7 (19.8, 37.6) 612 47.3 (43.0, 51.6) 707 43.5 (39.5, 47.4)

Terai 199 68.1 (59.1, 77.1) 509 44.0 (39.8, 48.2) 708 49.0 (45.1, 52.8)

Household wealth tertile 0.2

Poorest 95 27.9 (20.0, 35.8) 543 34.4 (29.5, 39.3) 638 33.0 (28.2, 37.9)

Middle 119 37.6 (31.5, 43.6) 440 34.7 (30.8, 38.6) 559 35.3 (31.6, 39.0)

Wealthiest 103 34.5 (25.5, 43.5) 380 30.9 (25.3, 36.4) 483 31.6 (26.1, 37.1)

Ethnicity (%) 0.02

Brahmin or Chettri 96 24.1 (15.3, 32.9) 555 35.9 (29.6, 42.2) 651 33.5 (27.6, 39.4)

Dalit 54 15.3 (8.9, 21.8) 237 16.8 (12.5, 21.2) 291 16.5 (12.3, 20.8)

Janajati 122 40.0 (29.6, 50.4) 420 31.1 (24.5, 37.7) 542 32.9 (26.2, 39.7)

Other Terai ethnicitiesc 34 16.5 (8.7, 24.3) 79 10.3 (5.8, 14.8) 113 11.5 (6.9, 16.2)

Newar 4 1.5 (0.0, 4.0)d 45 3.7 (1.7, 5.6) 49 3.2 (1.6, 4.9)

Muslim 7 2.6 (0.2, 4.9)d 27 2.3 (0.4, 4.1) 34 2.3 (0.6, 4.0)

Never attended school (%) 16 7.8 (1.2, 14.3) 46 5.1 (2.9, 7.2) 0.2 62 5.6 (2.7, 8.5)

Unimproved water sourcee (%) 10 3.3 (0.0, 7.7) 49 4.8 (2.1, 7.6) 0.5 59 4.5 (1.7, 7.3)

Open defecation (%) 55 27.7 (16.2, 39.2) 147 15.9 (11.2, 20.5) 0.002 202 18.3 (12.7, 23.9)

Earth floor (%) 225 68.4 (60.3, 76.5) 978 69.8 (64.1, 75.5) 0.7 1,203 69.5 (64.1, 74.9)

Household food insecurityf (%) 0.3

Food secure 201 59.0 (49.3, 68.8) 811 57.2 (52.2, 62.2) 1,012 57.6 (52.4, 62.8)

Mild food insecurity 64 25.3 (18.6, 31.9) 281 21.9 (18.4, 25.4) 345 22.6 (19.4, 25.8)

Moderate food insecurity 25 8.3 (2.9, 13.8) 157 13.2 (10.2, 16.3) 182 12.2 (9.3, 15.2)

Severe food insecurity 27 7.3 (4.1, 10.6) 114 7.7 (5.4, 9.9) 141 7.6 (5.4, 9.8)

Health characteristics

Haemoglobing (g/dL) 317 11.0 (10.9, 11.2) 1,363 13.1 (13.0, 13.13) <0.0001 1,680 12.6 (12.5, 12.7)

Anaemia severityh

No anaemia 0 - 1,363 - 1,363 79.4 (75.9, 82.9)

Mild 212 68.3 (61.7, 74.9) 0 - 212 14.1 (11.2, 16.9)

Moderate 103 30.9 (24.6, 37.2) 0 - 103 6.4 (4.8, 7.9)

Severe 2 0.8 (0.0, 2.0)d 0 - 2 0.2 (0.0, 0.4)4

Anthropometryi (%) 0.9

Underweight 43 13.0 (9.0, 17.1) 172 14.2 (11.3, 17.1) 215 14.0 (11.5, 16.4)

Normal weight 263 82.7 (78.3, 87.2) 1,124 81.5 (78.2, 84.8) 1,387 81.8 (79.1, 84.5)

Overweight/obesity 11 4.2 (1.3, 7.2) 67 4.3 (2.9, 5.7) 78 4.3 (3.0, 5.5)
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TABLE 1 (Continued)

Sociodemographic,
health, and dietary
characteristics

Anaemia (N = 317, 20.6%

[95% CI 17.1, 24.1])

No Anaemia (N = 1,363,

79.4% [95% CI 75.9, 82.9]) Total (N = 1,680)

n n Pb n

Two week morbidity recall (%)

Fever 52 17.6 (11.8, 23.4) 202 14.2 (11.5, 16.9) 0.3 254 14.9 (12.4, 17.4)

Cough 58 18.4 (13.6, 23.3) 268 18.8 (15.9, 21.7) 0.9 326 18.7 (16.4, 21.1)

Diarrhoea 24 7.4 (4.0, 10.9) 119 9.0 (6.7, 11.4) 0.4 143 8.7 (6.5, 10.8)

CRP (mg/L) 317 0.21 (0.17, 0.26) 1,363 0.22 (0.19, 0.24) 0.9 1,680 0.21 (0.19, 0.24)

AGP (g/L) 317 0.56 (0.53, 0.60) 1,363 0.54 (0.52, 0.56) 0.2 1,680 0.55 (0.53, 0.56)

Malaria (%) 0 - 0 - - 0 -

Helicobacter pylori (%) 55 16.3 (11.8, 20.8) 214 15.6 (13.3, 18.0) 0.8 269 15.8 (13.8, 17.8)

Received dewormingj (%) 199 53.3 (45.8, 60.8) 855 55.5 (50.9, 60.1) 0.6 1,054 55.0 (50.8, 59.3)

Micronutrient status

Serum ferritink (μg/L) 317 21.6 (18.6, 25.0) 1,363 30.5 (29.0, 32.1) <0.0001 1,680 28.4 (26.8, 30.1)

Iron deficiency by ferritinl (%) 112 33.2 (26.7, 39.7) 183 13.3 (10.8, 15.9) <0.0001 295 17.4 (14.8, 20.1)

Serum sTfRk (mg/L) 317 7.8 (7.2, 8.4) 1,363 5.8 (5.7, 5.9) <0.0001 1,680 6.1 (6.0, 6.3)

Iron deficiency by sTfRm (%) 120 35.4 (28.8, 42.0) 116 8.5 (6.6, 10.4) <0.0001 236 14.0 (11.9, 16.1)

Serum RBP (μmol/L) 317 0.98 (0.95, 1.02) 1,363 1.14 (1.11, 1.16) <0.0001 1,680 1.10 (1.08, 1.12)

Vitamin A deficiencyn (%) 12 5.6 (1.4, 9.8) 18 1.9 (0.8, 3.1) 0.02 30 2.7 (1.4, 4.0)

RBC folate (nmol/L) 317 441.2 (413.2,

471.2)

1,363 457.1 (440.0,

474.8)

0.3 1,680 453.8 (437.9,

470.2)

Risk of folate deficiencyo (%) 63 19.1 (14.2, 24.0) 241 15.5 (12.9, 18.1) 0.2 304 16.2 (13.8, 18.6)

Dietary and supplement intake

Prior day food consumption (%)

Flesh, organ or blood-based foods 226 70.1 (62.4, 77.8) 982 71.8 (67.7, 75.8) 0.7 1,208 71.4 (67.5, 75.4)

Legumes 85 28.5 (22.1, 34.9) 405 31.1 (27.3, 34.8) 0.4 490 30.5 (26.9, 34.2)

Green, leafy vegetables 169 50.9 (43.9, 57.9) 746 54.3 (50.2, 58.3) 0.4 915 53.6 (49.8, 57.3)

Vitamin A-rich fruits or vegetables 250 77.8 (68.8, 86.9) 1,125 81.7 (77.7, 85.7) 0.3 1,375 80.9 (76.7, 85.1)

Tea or Tibetan tea 150 46.8 (37.6, 55.9) 730 50.7 (45.9, 55.5) 0.4 880 49.9 (45.1, 54.6)

Minimum dietary diversityp 145 44.0 (34.6, 53.3) 578 42.9 (38.9, 46.9) 0.8 723 43.1 (38.9, 47.3)

Pica (%) 65 12.8 (7.8, 17.7) 202 12.3 (9.7, 14.9) 0.9 267 12.4 (9.8, 15.0)

Consumed micronutrient supplementq

(%)

6 2.5 (0.3, 4.6)d 13 1.1 (0.5, 1.8) 0.07 19 1.4 (0.6, 2.2)

Consumed iron-folic acidj (%) 12 3.6 (1.0, 6.1) 18 1.2 (0.6, 1.9) 0.01 30 1.7 (1.0, 2.5)

Abbreviations: AGP: ɑ-1 acid glycoprotein; BMI: body mass index; BMIZ: BMI-for-age Z scores; CI: confidence interval; CRP: C-reactive protein; FAO: Food

and Agriculture Organization; Hb: haemoglobin; HPLC: high-performance liquid chromatography; HPLC: high-performance liquid chromatography;

NNMSS: Nepal National Micronutrient Status Survey; RBC: red blood cell; RBP: retinol binding protein; sTfR: transferrin receptor.
aNs are unweighted. Values presented are geometric mean (95% CI) or percent (95% CI). All estimates account for weighting and complex sampling design.

Anaemia defined as altitude- and smoking-adjusted Hb <11.5 g/dL for girls 10–11 years and altitude- and smoking-adjusted Hb <12.0 g/dL for girls

12–19 years (WHOa, 2017).
bP values calculated for Rao-Scott chi square tests (categorical) and linear contrast tests (continuous).
cOther Terai ethnicities include Terai/Madhesi ethnicities not including Terai/Madhesi Brahmin/Chettri (Government of Nepal Central Bureau of

Statistics, 2014).
dInterpret with caution. Estimates may be unstable due to small n.
eWater source based on self-report. Unimproved water source defined as any source other than piped water, tubewell borehole, protected well or spring,

stone tap, rainwater or bottle water (UNICEF & WHO, 2017).
fHousehold food insecurity was categorized according to the Household Food Insecurity Access Scale Indicator Guide (Coates, Swindale, & Billinksy,

2007).
gHaemoglobin adjusted for altitude and smoking (WHOa, 2017).
hAnaemia severity categorized as mild (adjusted Hb 11.0–11.4 g/dL for 10–11 years and adjusted Hb 11.0–11.9 g/dL for 12–19 years), moderate anaemia

(adjusted Hb 8.0–10.9 g/dL) and severe (adjusted Hb < 8.0 g/dL; WHOa, 2017).
iUnderweight defined as BMIZ < −2 SD. Normal weight defined as BMIZ ≥ −2 SD and BMIZ ≤1 SD. Overweight defined as BMIZ >1 SD (deOnis et al 2007).
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vitamin A status and consumption of iron-rich animal source foods

were associated with reduced odds of anaemia and poorer iron (sTfR)

status and household sanitation characteristics (open defecation) were

associated with increased odds of anaemia. Evidence from this analy-

sis suggests that some but not all of the burden of anaemia among

adolescents in Nepal might be addressed through improved public

health programming targeting micronutrient status, diet and

sanitation.

Iron status was associated with anaemia in both boys and girls.

Adolescents have increased nutritional demands during periods of

rapid growth (Peduzzi, Concato, Kemper, Holford, & Feinstein, 1996)

and, in resource constrained contexts, may have low access to

nutrient-rich diets (WHO, 2018). Girls are at additional risk for iron

deficiency and anaemia due to the onset of menarche (WHO, 2018).

Among adolescent girls, ferritin was inversely associated with anaemia

odds. The burden of iron deficiency in adolescent girls was lower in

our analyses compared with existing data. Thirty-three percent of girls

with anaemia had iron deficiency defined by ferritin in our analyses

compared with 52% in the single study among adolescent girls aged

11–19 years in Dharan, Nepal, reporting both iron (ferritin) and anae-

mia status (Limbu et al., 2017). Five percent of boys in our analytic

sample had iron deficiency defined by ferritin. To our knowledge, no

other studies have reported the prevalence of iron deficiency among

adolescent boys with anaemia in Nepal. Among boys, neither ferritin—

the WHO recommended indicator to assess iron status in populations

(WHOa, 2017)—nor iron deficiency defined by ferritin varied by anae-

mia status in bivariate analyses; however, sTfR was associated with

anaemia in both bivariate and multivariable analyses, suggesting that

iron may have some contribution to anaemia burden among adoles-

cent boys in Nepal. Further, having consumed iron-rich flesh, organ or

blood-based foods the day preceding the survey was associated with

43% lower odds of anaemia among boys.

Vitamin A status (RBP) was associated with reduced odds of

anaemia in both girls and boys in our study. Vitamin A is required

for erythropoiesis and mobilization of iron stores (WHOa, 2017).

Although we were unable to estimate total vitamin A intake,

reported consumption of food sources high in vitamin A the day

preceding the survey did not vary by anaemia status for either

boys or girls.

Strategies to improve iron status and vitamin A status among

adolescent boys and girls might help reduce anaemia in Nepal. The

WHO recommends intermittent IFA supplementation to all children

aged 10–12 years and menstruating adolescent girls where anaemia

prevalence is ≥20% (WHOa, 2011; WHOb, 2011). In 2016, the

MoHP in Nepal began scaling up a program to provide weekly IFA

supplementation to girls 10–19 years (Ministry of Health

et al., 2018); however, reported intake of IFA during the 6 months

preceding the survey among girls was low (<2%). The WHO also

recommends fortification to address nutritional causes of anaemia

(WHO, 2009). Although Nepal mandates fortification of industrially

produced wheat flour with iron, vitamin A and folic acid and indus-

trially produced vegetable ghee with vitamin A, purchasing and con-

sumption levels were low. Less than half of households (45.4%)

purchased potentially fortified wheat flour from large-scale pro-

ducers (Ministry of Health et al., 2018), and <3% of adolescents

reported consuming vegetable ghee the day preceding the survey

(data not presented). WHO/FAO guidance on food fortification rec-

ommends appropriate design and monitoring to support quality

industrial food fortification (Dary & Hurrell, 2006); it is also critical

to consider the mix of public health interventions to best reach the

population. Programs aimed at promoting nutrient-rich diets and

enhanced bioavailability of micronutrients through food preparation

and processing could help improve iron and vitamin A status

(WHOa, 2017). Tools exist to model intervention scenarios with dif-

ferent interventions and potential impact (Brown, Engle-Stone,

Kagin, Rettig, & Vosti, 2015), which may be useful to countries as

they review policies and their mix and reach of programs.

Age was associated with anaemia among girls but not boys. Older

age in girls was associated with higher anaemia odds in the multivari-

able model. Findings concerning age and anaemia in Nepal have been

equivocal. Kanodia et al. reported higher anaemia prevalence among

girls in early adolescence (10–13 years) relative to girls in middle (14–-

15 years) and late (16–19 years) adolescence in Dharan, Nepal

(Kanodia et al., 2016), while three other studies in Dharan, urban

Kathmandu and Morang District reported no differences by age

(Limbu et al., 2017; Shah & Gupta, 2002; Tiwari & Seshadri, 2000),

though these four studies only assessed bivariate relationships

between age and anaemia. The single study with multivariable ana-

lyses reported 75% higher odds of anaemia (95% CI [1.44, 2.13])

jDuring the 6 months preceding the survey.
kBiomarker was regression-adjusted to a pooled country reference to adjust for inflammation, using CRP and AGP (ferritin) or AGP only (sTfR; Namaste et

al., 2017).
lIron deficiency defined as inflammation-adjusted serum ferritin <15.0 μg/L (WHOa, 2017).
mIron deficiency by sTfR defined as inflammation-adjusted serum sTfR >8.3 μg/L (WHOa, 2017).
nWe defined vitamin A deficiency as RBP <0.64 μmol/L. To find the RBP cut-point equivalent of retinol <0.70 μmol/L (WHO, 1996) among adolescents,

we regressed RBP on retinol in an NNMSS subsample of 100 women 15–49 years for whom serum retinol was assessed using HPLC from the same blood

draw as RBP.
oFolate cutoff based on the risk of megaloblastic anaemia defined as RBC folate <305.0 nmol/L (Institute of Medicine 1998).
pMinimum dietary diversity defined as intake from ≥5 of the 10 main food groups (grains, legumes, nuts, dairy, flesh foods, eggs, green leafy vegetables,

vitamin A-rich fruits and vegetables, other fruits and other vegetables) the day preceding the survey based on FAO recommendations for minimum dietary

diversity for women of reproductive age (MDD-W) (FAO and FHI 360, 2016).
qReported micronutrient supplement intake includes multivitamin, vitamin A, iron tablets or syrup, folic acid and/or zinc tablets consumed the week pre-

ceding the survey.
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among adolescent boys and girls 15–19 years relative to adolescents

10–14 years in nationally representative samples (Chalise

et al., 2018). Lower odds of anaemia among younger girls in our study

might be explained by shorter reproductive history (WHOa, 2017);

however, no data were available on onset of menses. Even though

age is nonmodifiable, information about anaemia patterning might be

used to target anaemia prevention and control initiatives to older girls

in Nepal.

Anaemia was patterned by ecological zone among girls. Girls

residing in the Mountain or Hill ecological zones had lower odds

of anaemia relative to those residing in the Terai ecological zone.

Similarly, Chalise et al. reported 80% higher odds of anaemia

among adolescent boys and girls 10–19 years residing in the Terai

zone relative to the Mountain zone in a nationally representative

sample (Chalise et al., 2018). Geographic patterning of congenital

blood disorders might explain regional differences in anaemia; how-

ever, residing in the Mountain or Hill ecological zones was associ-

ated with reduced odds of anaemia among nonpregnant women

15–49 years in Nepal after adjustment for blood disorders,

suggesting that regional differences in anaemia could be due to

other factors (Ford, Paudyal, Pokharel, et al., 2018). Chronic expo-

sure to arsenic via contaminated groundwater might explain

regional differences in anaemia. Studies in the Terai have docu-

mented groundwater arsenic levels exceeding the upper limit for

drinking water per the WHO guidelines (>10 μg/L; WHOb, 2017;

Pokhrel, Bhandari, & Viraraghavan, 2009). Arsenic exposure can

lead to anaemia through increased erythrocytes hemolysis

(Mahmud, Foller, & Lang, 2008) and reduced heme metabolism

(Hernandez-Zavala et al., 1999). Future research might explore

arsenic exposure and anaemia.

Among girls, the Janajati ethnicity had higher odds of anaemia

relative to the Muslim ethnicity. Two studies, one nationally repre-

sentative and one from Kathmandu, examined anaemia by ethnicity

and reported no significant differences (Chalise et al., 2018;

Tiwari & Seshadri, 2000); however, classifications of ethnicity var-

ied across studies and are thus not directly comparable to our find-

ings. Ethnic differences might be explained in part by congenital

blood disorders, dietary practices or other practices not captured

by this survey.

Among boys, anaemia status varied by household sanitation char-

acteristics. In bivariate analyses, a higher percentage of boys with

anaemia resided in a house without a toilet facility and in homes with

a dirt floor relative to boys without anaemia. Open defecation was

associated with more than double the odds of anaemia in the multi-

variable model; however, dirt floor was no longer significant after

adjusting for other variables. We had similar findings among girls for

open defecation in the bivariate analyses; however, this indicator was

not significant in the multivariable model. Lack of toilet facility and

dirt floors can expose household members to faecal matter, worms,

protozoa and other parasites (WHOa, 2017), leading to infection. Simi-

larly, a nationally representative study of adolescent boys and girls

aged 10–19 years in Nepal found higher odds of anaemia among

those who reported walking barefoot relative to those who wore

shoes (Chalise et al., 2018). Although the NNMSS collected data on

recent morbidity and measured biomarkers of inflammation, we did

not have biological data on soil transmitted helminth infection among

adolescents. Some evidence suggests that community-level sanitation

variables could play a role in health (Headey, Hoddinott, &

Park, 2017). One study in Ecuador reported that community-level san-

itation coverage was a stronger predictor of child stunting than the

household sanitation status (Fuller, Villamor, Cevallos, Trostle, &

TABLE 2 Bivariate and multivariable logistic regression
predicting anaemia among nonpregnant adolescent girls 10–19 years,
Nepal National Micronutrient Status Survey, Nepal, 2016 (n = 1,680)a

Potential

predictors of
anaemia

Unadjusted

odds ratio (95%
CI)

Adjusted odds
ratio (95% CI) P

Age in years 1.11 (1.06, 1.16) 1.19 (1.12,

1.27)

<0.0001

Ecological zone (ref. Terai)

Mountain 0.24 (0.12, 0.46) 0.28 (0.15,

0.52)

<0.0001

Hill 0.39 (0.24, 0.63) 0.42 (0.25,

0.73)

0.002

Ethnicity (ref. Muslim)

Dalit 0.81 (0.28, 2.30) 1.36 (0.51,

3.65)

0.5

Janajati 1.14 (0.39, 3.38) 3.04 (1.10,

8.36)

0.03

Other Terai

ethnicitiesb
1.43 (0.44, 4.67) 1.80 (0.61,

5.35)

0.3

Newar 0.36 (0.05, 2.76) 1.07 (0.13,

8.51)

0.9

Brahmin/Chettri 0.59 (0.20, 1.81) 1.57 (0.53,

4.68)

0.4

Open defecation 2.03 (1.26, 3.28) 1.31 (0.79,

2.17)

0.3

Consumed

iron-folic acid

2.97 (1.19, 7.44) 2.52 (0.97,

6.54)

0.06

Ln ferritin in μg/Lc 0.51 (0.40, 0.66) 0.53 (0.42,

0.68)

<0.0001

Ln RBP in μmol/L 0.12 (0.07, 0.23) 0.08 (0.04,

0.16)

<0.0001

Abbreviations: AGP: ɑ-1 acid glycoprotein; CI: confidence interval; CRP:

C-reactive protein; Hb: haemoglobin; RBP; retinol-binding protein.
aEstimates are unadjusted and adjusted odds ratios and 95% confidence

intervals from bivariate and multivariable logistic regression, respectively.

All analyses account for weighting and complex sampling design. Anaemia

defined as altitude- and smoking-adjusted Hb <11.5 g/dL for girls

10–11 years and altitude- and smoking-adjusted Hb <12.0 g/dL for girls

12–19 years (WHOa, 2017). Candidate predictors were those where

P < 0.05 in bivariate analyses.
bOther Terai ethnicities include Terai/Madhesi ethnicities not including

Terai/Madhesi Brahmin/Chettri (Government of Nepal Central Bureau of

Statistics, 2014).
cBiomarker was regression-adjusted to a pooled country reference to

adjust for inflammation, using CRP and AGP (Namaste et al., 2017).
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TABLE 3 Selected sociodemographic and health characteristics of adolescent boys 10–19 years by anaemia status, Nepal National
Micronutrient Status Survey, Nepal, 2016 (N = 967)a

Sociodemographic,
health, and dietary
characteristics

Anaemia (N = 88, 10.9%

[95% CI 8.2, 13.6])

No Anaemia (N = 879, 89.1%

[95% CI 86.4, 91.8]) Total (N = 967)

n n Pb n

Sociodemographic characteristics

Age, years 88 14.0 (13.4, 14.7) 879 13.9 (13.6, 14.1) 0.6 967 13.9 (13.7, 14.1)

Married/cohabitating (%) 3 5.0 (0.0, 10.8)c 21 2.1 (1.0, 3.3) 0.2 24 2.4 (1.3, 3.6)

Rurality(%) 0.1

Rural 79 91.4 (83.6, 99.2) 751 85.2 (78.3, 92.2) 830 85.9 (79.1, 92.6)

Urban 9 8.6 (0.8, 16.4)c 128 14.8 (7.8, 21.7) 137 14.1 (7.4, 20.9)

Ecological zone (%) <0.0001

Mountain 6 2.4 (0.5, 4.3)c 142 7.4 (6.3, 8.4) 148 6.8 (5.9, 7.7)

Hill 33 29.7 (18.0, 41.4) 377 43.0 (39.1, 46.9) 410 41.6 (37.8, 45.3)

Terai 49 67.9 (56.1, 79.8) 360 49.6 (45.9, 53.4) 409 51.6 (47.9, 55.4)

Household wealth tertile 0.2

Poorest 31 31.5 (17.1, 45.9) 286 25.4 (20.6, 30.1) 317 26.0 (21.2, 30.9)

Middle 34 41.8 (26.3, 57.4) 301 35.9 (31.0, 40.8) 335 36.6 (31.5, 41.6)

Wealthiest 23 26.7 (14.5, 38.8) 292 38.7 (32.1, 45.4) 315 37.4 (30.9, 43.9)

Ethnicity (%) 0.08

Brahmin or Chettri 34 26.8 (14.9, 38.6) 375 36.2 (30.3, 42.0) 409 35.1 (29.4, 40.9)

Dalit 9 9.9 (1.8, 18.0)c 140 14.9 (10.4, 19.4) 149 14.4 (10.0, 18.7)

Janajati 33 41.7 (26.0, 57.3) 252 28.1 (22.4, 33.9) 285 29.6 (23.6, 35.6)

Other Terai ethnicitiesd 10 18.9 (6.3, 31.4) 58 12.9 (8.0, 17.8) 68 13.5 (8.4, 18.7)

Newar 1 1.4 (0.0, 4.3)c 33 4.6 (1.6, 7.6) 34 4.3 (1.6, 6.9)

Muslim 1 1.3 (0.0, 4.0)c 21 3.3 (1.1, 5.4) 22 3.1 (1.0, 5.2)

Never attended school (%) 2 3.8 (0.0, 9.6)c 12 1.8 (0.6, 3.0) 0.2 14 2.0 (0.5, 3.5)

Unimproved water sourcee (%) 5 5.6 (0.0, 12.1)c 29 4.4 (1.4, 7.4) 0.7 34 4.5 (1.5, 7.6)

Open defecation (%) 15 33.3 (17.3, 49.2) 67 11.8 (7.8, 15.8) <0.0001 82 14.2 (9.4, 19.0)

Earth floor (%) 67 75.5 (64.6, 86.5) 578 63.2 (57.3, 69.2) 0.03 645 64.6 (58.7, 70.5)

Household food insecurityf (%) 0.3

Food secure 53 58.1 (41.7, 74.5) 526 60.4 (55.7, 65.0) 579 60.1 (55.2, 65.1)

Mild food insecurity 22 24.2 (12.8, 35.5) 187 22.5 (18.7, 26.4) 209 22.7 (18.9, 26.5)

Moderate food insecurity 8 14.8 (0.3, 29.2)c 85 8.7 (5.9, 11.6) 93 9.4 (6.5, 12.3)

Severe food insecurity 5 2.9 (0.0, 5.9)c 81 8.3 (5.8, 10.9) 86 7.8 (5.5, 10.0)

Health characteristics

Haemoglobing (g/dL) 88 11.8 (11.6, 12.0) 879 14.0 (13.9, 14.1) <0.0001 967 13.7 (13.6, 13.8)

Anaemia severityh

No anaemia 0 - 879 - 879 89.1 (86.4, 91.8)

Mild 75 84.9 (75.2, 94.5) - - 74 9.3 (7.0, 11.5)

Moderate 13 15.1 (5.5, 24.8) - - 13 1.7 (0.5, 2.8)

Severe 0 - - - 0 -

Anthropometryi (%) 0.05

Underweight 29 32.8 (20.2, 45.4) 184 22.5 (19.3, 25.8) 213 23.7 (20.2, 27.1)

Normal weight 58 66.3 (53.6, 78.9) 667 72.3 (68.8, 75.7) 725 71.6 (68.1, 75.1)

Overweight/obesity 1 1.0 (0.0, 2.9)c 28 5.2 (2.7, 7.8) 29 4.7 (2.5, 7.0)

Two-week morbidity recall (%)

Fever 14 13.7 (5.4, 22.1) 108 10.1 (7.5, 12.6) 0.4 122 10.5 (8.1, 12.9)

Cough 5 6.0 (0.0, 11.9)c 130 12.4 (9.7, 15.0) 0.1 135 11.7 (9.3, 14.1)
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TABLE 3 (Continued)

Sociodemographic,
health, and dietary
characteristics

Anaemia (N = 88, 10.9%

[95% CI 8.2, 13.6])

No Anaemia (N = 879, 89.1%

[95% CI 86.4, 91.8]) Total (N = 967)

n n Pb n

Diarrhoea 8 10.2 (2.2, 18.3)c 60 6.6 (4.6, 8.7) 0.4 68 7.0 (5.2, 8.9)

CRP (mg/L) 88 0.28 (0.16, 0.50) 879 0.23 (0.20, 0.27) 0.6 967 0.24 (0.21, 0.28)

AGP (g/L) 88 0.54 (0.48, 0.59) 879 0.52 (0.50, 0.53) 0.5 967 0.52 (0.50, 0.54)

Malaria (%) 0 - 0 - - 0 -

Helicobacter pylori (%) 15 13.5 (5.8, 21.3) 129 13.2 (10.7, 15.6) 0.9 144 13.2 (10.7, 15.6)

Received dewormingj (%) 62 56.1 (41.9, 70.3) 540 53.2 (48.6, 57.8) 0.7 602 53.6 (48.9, 58.2)

Micronutrient status

Serum ferritink, μg/L 88 45.6 (36.2, 57.6) 879 43.9 (41.2, 46.7) 0.7 967 44.0 (41.3, 47.0)

Iron deficiency by ferritinl (%) 7 8.6 (1.7, 15.4)c 29 4.5 (2.4, 6.6) 0.2 36 5.0 (2.9, 7.0)

Serum sTfRk (mg/L) 88 7.4 (6.6, 8.4) 879 6.2 (6.0, 6.3) 0.004 967 6.3 (6.1, 6.5)

Iron deficiency by sTfRm (%) 24 30.8 (16.4, 45.2) 86 10.2 (7.0, 13.4) <0.0001 110 12.4 (9.3, 15.6)

Serum RBP (μmol/L) 88 1.01 (0.95, 1.07) 879 1.19 (1.16, 1.22) <0.0001 967 1.16 (1.14, 1.19)

Vitamin A deficiencyn (%) 4 5.9 (0.0, 12.1)c 8 1.1 (0.2, 2.1)c <0.0001 12 1.6 (0.4, 2.9)

Dietary and supplement intake

Prior day food consumption (%)

Flesh, organ, or blood-based foods 67 80.9 (71.4, 90.4) 604 68.4 (64.3, 72.5) 0.02 671 69.8 (65.7, 73.8)

Legumes 20 19.1 (10.2, 28.0) 262 29.4 (24.0, 34.8) 0.06 282 28.2 (23.2, 33.3)

Green, leafy vegetables 56 63.2 (49.3, 77.1) 496 57.8 (53.1, 62.6) 0.4 552 58.4 (53.7, 63.2)

Vitamin A-rich fruits or vegetables 70 76.9 (64.4, 89.5) 700 77.4 (73.1, 81.7) 0.9 770 77.3 (73.3, 81.3)

Tea or Tibetan tea 42 37.2 (24.6, 49.9) 520 56.5 (51.0, 62.1) <0.0001 562 54.4 (48.7, 60.2)

Minimum dietary diversityo 35 42.8 (30.6, 55.1) 414 48.3 (43.6, 53.1) 0.4 449 47.7 (43.0, 52.5)

Pica (%) 18 18.6 (9.4, 27.8) 127 12.3 (9.4, 15.2) 0.1 145 13.0 (10.1, 15.9)

Consumed micronutrient supplementp (%) 0 - 1 0.1 (0.0, 0.4)c - 1 0.1 (0.0, 0.4)c

Consumed iron-folic acidj (%) 1 0.3 (0.0, 1.0)c 12 1.1 (0.3, 1.9) 0.2 13 1.0 (0.3, 1.7)

Abbreviations: AGP, ɑ-1 acid glycoprotein; BMI: body mass index; BMIZ: BMI-for-age Z scores; CI, confidence interval; CRP, C-reactive protein; FAO: Food

and Agriculture Organization; Hb: haemoglobin; NNMSS: Nepal National Micronutrient Status Survey; RBP, retinol binding protein; sTfR, transferrin

receptor.
aNs are unweighted. Values presented are geometric mean (95% CI) or percent (95% CI). All estimates account for weighting and complex sampling design.

Anaemia defined as altitude- and smoking-adjusted Hb <11.5 g/dL for boys 10–11 years, Hb <12.0 g/dL for boys 12–14 years and Hb <13.0 for boys

15–19 years (WHOa, 2017).
bP values calculated for Rao-Scott chi square tests (categorical) and linear contrast tests (continuous).
cInterpret with caution. Estimates may be unstable due to small n.
dOther Terai ethnicities include Terai/Madhesi ethnicities not including Terai/Madhesi Brahmin/Chettri (Government of Nepal Central Bureau of

Statistics, 2014).
eWater source based on self-report. Unimproved water source defined as any source other than piped water, tubewell borehole, protected well or spring,

stone tap, rainwater or bottle water (UNICEF & WHO, 2017).
fHousehold food insecurity was categorized according to the Household Food Insecurity Access Scale Indicator Guide (Coates, Swindale, & Billinksy,

2007).
gHaemoglobin adjusted for altitude and smoking (WHOa, 2017).
hAnaemia severity was classified as mild (adjusted Hb 11.0–11.4 g/dL for boys 10–11 years, Hb 11.0–11.9 g/dL for boys 12–14 years and Hb

11.0–12.9 g/dL for boys 15–19 years), moderate (adjusted Hb 8.0–10.9 g/dL) and severe (adjusted Hb <8.0 g/dL; WHOa, 2017).
iUnderweight defined as BMI-for-age Z (BMIZ) < −2 SD. Normal weight defined as BMIZ ≥ −2 SD and BMIZ ≤1 SD. Overweight defined as BMIZ >1 SD (de

Onis et al., 2007).
jDuring the 6 months preceding the survey.
kBiomarker was regression-adjusted to a pooled country reference to adjust for inflammation, using CRP and AGP (ferritin) or AGP only (sTfR; Namaste et

al., 2017).
lIron deficiency by ferritin defined as inflammation-adjusted serum ferritin <15.0 μg/L (WHOa, 2017).
mIron deficiency by sTfR defined as inflammation-adjusted serum sTfR>8.3 μg/L (WHOa, 2017).
nWe defined vitamin A deficiency as RBP <0.64 μmol/L. To find the RBP cut-point equivalent of retinol <0.70 μmol/L (WHO, 1996) among adolescents,

we regressed RBP on retinol in an NNMSS subsample of 100 women 15–49 years for whom serum retinol was assessed using HPLC from the same blood

draw as RBP.
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Eisenberg, 2016). To our knowledge, no studies have explored the

role of community-level sanitation on anaemia specifically. Future

research might explore the role of community-level sanitation on

anaemia in Nepal.

4.1 | Strengths and limitations

To our knowledge, this analysis is the first to examine a wide range of

known potential causes of anaemia in a nationally representative sam-

ple of adolescent boys and girls in Nepal. We used data on multiple

potential biological causes of anaemia, not often included from large-

scale, population-based surveys, such as multiple biomarkers of

micronutrient status and inflammation. Due to the cross-sectional

study design, we were unable to establish causality between candi-

date predictors and anaemia status; however, our study contributes to

the limited evidence base in this understudied population group.

Among adolescents, the NNMSS did not collect data on some micro-

nutrients for which deficiency could lead to anaemia, such B12, or on

other potentially important biomarkers (WHOa, 2017). RBP is not the

WHO-recommended indicator to assess vitamin A status

(WHO, 1996). Dietary recall questions were limited in scope, and we

used a dietary diversity tool created for women of reproductive age.

There is no internationally accepted tool to measure adolescent diets.

Although interview could have introduced recall and social desirability

bias for reported dietary and micronutrient intake and household food

insecurity, it was not likely to be differential by anaemia status

because adolescents completed the survey questionnaire prior to hav-

ing Hb assessed. Sample sizes were calculated to estimate national-

level prevalence of anaemia and iron deficiency; thus, we may have

been underpowered to detect risk factors with small effect sizes in

multivariable models. Finally, adolescents excluded from the analyses

were on average older than those who were included, potentially

reducing generalizability of the findings to older adolescents.

5 | CONCLUSION

More than 1 in 10 boys and 1 in 5 girls had anaemia. Our findings sug-

gest that strategies to improve iron status, vitamin A status, diet and

sanitation could potentially reduce anaemia among adolescents in

Nepal. Nonmodifiable factors such as age, ethnicity and ecological

zone could explain differential success in reducing anaemia and might

help provide context to program monitoring and evaluation and

inform program strategies.
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TABLE 4 Bivariate and multivariable logistic regression
predicting anaemia among adolescent boys 10–19 years, Nepal
National Micronutrient Status Survey, Nepal, 2016 (n = 967)a

Potential predictors

of anaemia

Unadjusted
odds ratio

(95% CI)

Adjusted
odds ratio

(95% CI) P

Ecological zone (ref. Terai)

Mountain 0.24 (0.10,

0.58)

0.40 (0.14,

1.11)

0.08

Hill 0.50 (0.28,

0.91)

0.80 (0.41,

1.57)

0.5

Open defecation 3.71 (1.90,

7.24)

2.36 (1.15,

4.84)

0.02

Earth floor 1.79 (1.01,

3.17)

1.23 (0.67,

2.28)

0.5

Consumed flesh, organ or

blood-based foods

0.51 (0.28,

0.93)

0.57 (0.33,

0.99)

0.04

Consumed tea 0.46 (0.27,

0.76)

0.67 (0.38,

1.20)

0.1

Ln sTfR in mg/Lb 4.63 (1.97,

10.85)

3.21 (1.25,

8.23)

0.02

Ln RBP in μmol/L 0.13 (0.05,

0.31)

0.25 (0.10,

0.65)

0.004

Abbreviations: Abbreviations: AGP, ɑ-1 acid glycoprotein; CI, confidence

interval; CRP, C- reactive protein; Hb: haemoglobin; RBP, retinol-binding

protein; sTfR, transferrin receptor.
aEstimates are unadjusted and adjusted odds ratios and 95% confidence

intervals from bivariate and multivariable logistic regression, respectively.

All analyses account for weighting and complex sampling design. We

defined anaemia as altitude- and smoking-adjusted Hb <11.5 g/dL for

boys 10–11 years, Hb <12.0 g/dL for boys 12–14 years and Hb <13.0 for

boys 15–19 years (WHOa, 2017). Candidate predictors were those where

P < 0.05 in bivariate analyses.
bBiomarker was regression-adjusted to a pooled country reference to

adjust for inflammation, using CRP and AGP (Namaste et al., 2017).
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