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ABSTRACT

Background: Vitamin B12 deficiency is a worldwide problem with higher burden in low- and
middle-income countries. The only source for vitamin B12 is food of animal origin and it is not
synthesized in human organisms. Vitamin B12 deficiency particularly affects children under 24
months when the risk of anemia is high and brain myelination is rapidly occurring. Well known
risk factors for vitamin B12 deficiency among children are inadequate feeding and maternal
malnutrition. In Armenia, no data exist on the determinants of this deficiency. Understanding

local risk factors is important for prevention of vitamin B12 deficiency in this vulnerable age
group.

Aim: The study sought to identify factors associated with vitamin B12 deficiency among

children under 24 months of age in Armenia.

Methods: A multicenter case—control study was conducted among children aged 0—24 months,
previously tested for vitamin B12 levels in blood serum at two pediatric referral hospitals in
Yerevan, Armenia. Cases were children with serum vitamin B12 levels in blood below 180 ng/L
and controls were children with vitamin B12 levels in blood above 210 ng/L. Data grouped in
sociodemographic, maternal, birth-related, nutritional, and health domains, were obtained
through laboratory record review and structured phone interviews with the mothers. Variables
associated with the deficiency were examined using age-adjusted bivariate logistic regression

analyses followed by fitting a multivariable logistic regression model.

Results: Overall, 190 interviews were completed, of which 87 were cases and 103 were controls.
The final fitted logistic regression model identified seven independent determinants of vitamin

B12 deficiency among under-24-month-old children. Protective factors included consuming meat



at least twice per week (OR 0.23, 95% CI 0.008-0.65), ever receiving formula feeding (OR 0.09,
95% CI 0.03-0.28) and child’s older age (OR 0.65 for each month, 95% CI 0.57-0.76). Risk
factors for the deficiency included late introduction of eggs into the child’s diet (OR 1.02 for
each month, 95% CI 1.00-1.04), child’s third or higher birth order (OR 3.88, 95% CI 1.09-
13.89), living in marzes compared to Yerevan (OR 3.11, 95% CI 1.10-8.79), and maternal

unemployment (OR 3.87, 95% CI 1.16-12.92).

Conclusion: The modifiable risk factors identified in this study are mainly related to a child's
complementary feeding. These factors can be targeted to reduce vitamin B12 deficiency among
children in Armenia and possibly, in similar countries. The suggested interventions include
provision of timely and adequate complementary feeding including sufficient quantities of meat,
eggs, and vitamin B12-fortified products. This can be achieved by providing pregnant women

and young mothers with educational materials and counseling from primary care providers.



INTRODUCTION

Vitamin B12, also referred to as cobalamin, is an essential water-soluble vitamin, which is not
synthesized in human organisms. Its only source is food of animal origin, including meat (beef,
lamb, pork, fish, liver), eggs, cheese, milk, or fortified products (cereals, yogurts, and others).*?
Vitamin B12 is a cofactor in a process when homocysteine is converted to methionine, and also
for the enzyme methylmalonyl-CoA mutase, which converts methylmalonyl-CoA to succinyl-
C0A.2 Thus, the deficit of vitamin B12 will result in accumulation and elevated levels of
homocysteine and methylmalonic acid (MMA). Following external consumption of food
containing vitamin B12, the intrinsic factor, produced by the stomach’s parietal cells, and
digestive enzymes are needed for vitamin B12 release, transport and absorption in the terminal
ileum. These processes underlie the pathognomonic mechanisms of developing vitamin B12
deficiency and its clinical manifestations, like neurological deficits due to myelin damage or
anemia. Vitamin B12 deficiency in infants is a common condition, which is rarely diagnosed
before the clinical manifestation.®* Studies showed an association between vitamin B12 plasma
concentration and a child’s mental development and cognitive performance. Severe vitamin B12
deficiency among children leads to neurological abnormalities and megaloblastic anemia, when
the macrocytic (large) red blood cells are detected in the peripheral blood smear.>® However,
vitamin B12 deficiency is not always recognized in early stages, as it is not always presented as a
typical megaloblastic anemia. Therefore, it can be misdiagnosed leading to neurodevelopmental
delay.”® Clinical manifestations of vitamin B12 deficiency in children include severe anemia,
motor and social retardation, microcephaly, apathy, anorexia, convulsions. Other symptoms
include failure to thrive and muscular hypotonia.®° Early diagnosis is essential to reduce the

number of cases with irreversible neurological damage. In delayed cases, although anemia can be



resolved following treatment, the neurological disturbances can persist. If diagnosed before the
manifestation of clinical signs, the deficiency can be easily treated, reducing morbidity and

adverse health outcomes.112

Global burden of vitamin B12 deficiency: Vitamin B12 deficiency is a worldwide problem with
higher burden in low and middle income countries.!® The prevalence of vitamin B12 deficiency
varies from country to country and by age group.}* The highest prevalence is usually among

children under 24 months of age and in low and middle-income countries (LMIC).1>%°

Multiple studies from LMICs show that vitamin B12 deficiency is most prevalent in children
under 2 years of age, with reported rates of 16-26% in Venezuelan infants, 37.6% among Indian
children 6-23 months, and over 49% among Guatemalan infants.820-2 Similar findings come
from Turkey, where 98% of all deficient cases were under 2 years of age.?*?° Studies from
Brazil and Mexico showed the observed highest prevalence in children under 24 months®2 The
situation is different in higher income countries (HIC). Studies conducted in higher income
countries show a higher prevalence of vitamin B12 deficiency among the elderly population,
mostly among those with specific dietary preferences (vegan/vegetarian) or malabsorptive
disorders (Crohn’s disease, celiac disease, medication interactions). In these countries, the
highest rates of vitamin B12 deficiency among children are among infants born from deficient

mothers, mostly vegan/vegetarian.?’-3

Diagnosis and management of Vitamin B12 deficiency: There are four diagnostic tests that
indicate Vitamin B12 deficiency. The first line test measures the serum level of vitamin B12.
The normal level of vitamin B12 in blood serum is not clearly defined. The threshold for vitamin
B12 level, below which a deficiency is diagnosed, varies from study to study, lying between 180-

210ng/L (130-155pmol/L). The most commonly used threshold for the deficiency, when patients
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should be treated regardless of the symptoms, is 200ng/L.3?-3* The guideline of the British
Society for Haematology suggests that vitamin a B12 serum level of <200ng/L (148pmol/L)
could be used to diagnose the deficiency with 97% sensitivity.3>® However, subclinical
deficiency of vitamin B12 can exist even if the serum concentration of the vitamin is above
200ng/L. The second test is detecting signs suggestive of megaloblastic anemia (i.e., high mean
corpuscular volume (MCV), hypersegmented neutrophils) in peripheral blood smear. However,
megaloblastic anemia is detected when the deficit is already clinically evident. Megaloblastic
anemia could also be a sign for some other conditions, including folate and copper deficiency,
rare hereditary disorders, and adverse drug reactions.®” The third test is measuring homocysteine
in the blood serum. Elevated levels of homocysteine and normalization after the treatment can be
used to confirm the diagnosis of vitamin B12 deficiency in cases when vitamin B12 levels are
borderline. Stable levels of homocysteine after the treatment for vitamin B-12 deficiency may
lead to a wrong diagnosis and other causes for elevated homocysteine levels should be
excluded.®® The forth test is measuring the level MMA in the blood. Again, elevated levels
could indicate the presence of deficiency. However, in clinical practice, homocysteine levels are

usually tracked as measuring MMA is expensive and technically difficult.®

Pediatric cases of vitamin B12 deficiency can be hospitalized or treated on an outpatient basis in
hematology centers or any other pediatric health center. in hematology centers or any other
pediatric health center. Treatment of vitamin B12 deficiency in infants, regardless of symptoms,
and older children with hematological and neurological manifestations of vitamin B12 deficiency
is performed by 1000mcg intramuscular application of vitamin B12, on alternative days, usually
for 3-4 weeks. Duration of treatment depends on clinical presentation and can vary from 1 to 6

months, with monthly intramuscular (IM) injections, in case of neurological manifestations. As



an alternative, daily oral supplementation regimens are used in elderly and asymptomatic
patients if absorption is not a problem. Also, oral treatment can be used as a maintenance
treatment after initial IM treatment.>>® Patients having borderline values of vitamin B12 in the
blood serum should be treated if symptomatic or having high levels of homocysteine or MMA —

suggestive for vitamin B12 deficiency.**#?

Risk factors for developing vitamin B12 deficiency: The main risk factors for vitamin B12
deficiency among children differ from country to country, mainly depending on the country's
income level. In LMICs, it is mainly due to insufficient dietary intake, including low animal
protein intake of the mother or child, while in HICs insufficient dietary intake is less common
and the deficiency is diagnosed mostly in infants who were born from mothers with vitamin B12
deficiency (mostly vegan, vegetarian mothers).3! Other risk factors of vitamin B12 deficiency,
found in different studies, include frequent intestinal parasite infections, malabsorption or
gastrointestinal disorders (Crohn’s disease, celiac disease, H. pilory infection and recurrent

diarrhea), low maternal education, and certain genetic polymorphisms in the child.48323343.44

In LMICs, one of the main risk factors of vitamin B12 deficiency in an infant is late or
inadequate introduction of complementary feeding.!# Starting from 6 months of age, an infant’s
nutrient needs may exceed what breast milk alone can provide. The World Health Organization
(WHO) recommends introducing complementary foods, including the main sources of vitamin
B12 like meat and eggs, at 6 months of age while continuing breastfeeding. If complementary
foods are introduced inappropriately or late, the child’s needs for sufficient nutrients and energy

may not be met, affecting the child's healthy growth and leading to malnutrition.*64

Babies receive nutrients from the mother during fetal life and breastfeeding, and maternal

nutritional status affects the infant’s nutrition. The newborn or breastfed infant becomes



undernourished when the mother is thin, starving or has chronic undernutrition and the infant’s
demand for nutrients is not met. Maternal undernutrition and low maternal weight are commonly

seen in LMIC.40

Other risk factors for developing vitamin B12 deficiency are intestinal infections, including viral
or bacterial diarrhea, helminth and other parasitic infections, and non-infection malabsorptive
disorders like Celiac disease and Crohn’s disease. The underlying mechanism of developing
malnutrition, including vitamin deficiencies, is the development of malabsorption because of
acute intestinal mucosal damage or atrophy of the small intestine in case of chronic
impairment.>2 The incidence of Celiac disease is growing among children, and malnutrition is
described even among children who follow a strict gluten-free diet.>** Diarrhea caused by
infections is a well-known cause of malnutrition and is still a common cause of child
hospitalization in LMICs, including Armenia.>>>" Another infection impairing the absorption of
vitamin B12 is H. pylori infection, associated with gastritis. Although it is less common in
children compared to adults, the prevalence of H. pylori associated gastritis among children is
higher in LMICs compared to HICs.%® The mechanism of effect on the absorption of vitamin B12

is connected with the use of antacid drugs and the modification of the gastric pH status.585°

The prevalence of vitamin B12 deficiency also significantly depends on household income.8%!
According to WHO, pregnant women and young children from poor socioeconomic classes are
the most susceptible groups for inappropriate feeding practices leading to undernutrition.®?

Studies show high prevalence of vitamin B12 deficiency among children with undernutrition.8364

Studies showed that maternal education level impacts the child's nutritional status, especially
among children under two years of age. However, this association is significant in LMICs and in

low-educated populations, while it is not observed in HICs and highly educated populations.85-57
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Situation in Armenia: Although, no published studies or reports describe the prevalence of
vitamin B12 deficiency in Armenia, the annual reports of the National Institute of Health of
Armenia provide the prevalence of anemia in different groups. According to the most recent data
from 2023, the prevalence of anemia in different age groups is reported to be 0.5% among
children under 14 years old, 5.0% among children 0-24 months old, and 16.9% among pregnant
women.%8 According to the studies conducted in HICs among general population, vitamin B12
deficiency is 1-2% among patients with anemia and the ratio of vitamin B12 deficiency to iron
deficiency among individuals of different age groups with anemia is usually estimated from 1:25
to 1:50.3 Unlike HICs, in LMICs, the ratio of vitamin B12 deficiency to iron deficiency among
both general population and children with anemia is estimated around 1:3.%°"* Taking into
account the prevalence of anemia in different population groups in Armenia (among children 5%
and among pregnant women 16.9%) and the observed ratio of vitamin B12 deficiency to iron
deficiency among the population with anemia described in the LMICs (1:3), the estimated
prevalence of vitamin B12 deficiency in Armenia may be approximately 1.25% (25% of “5%”)
among children under 24 months old and over 4% (25% of “16.9%”) among pregnant
women.%86%71 Considering that pregnant women are more likely to be screened for anemia as
part of antenatal care and reporting can be more active in this group, while children under 2 years
receive a routine hemoglobin test only at 9 months old and anemia is not in the list of reportable
diseases in Armenia, it is likely that the true prevalence of vitamin B12 deficiency among

children is higher than the estimated 1.25%.

Iron deficiency anemias have some common risk factors with vitamin B12 deficiency — usually,
related to inadequate diet and low socioeconomic status.”>"® Although there are no studies

describing risk factors of developing vitamin B12 deficiency in Armenia, there are few studies



that investigated the risk factors for iron-deficiency anemia among different population groups in
Armenia. A study among 6-59 months old children, conducted in three hospitals in Armenia,
showed an association between iron deficiency anemia, consumption of cow milk before 12
months of age, and low food diversity.”* A case-control study on anemia among 6-59 months old
children conducted in Talin (a region in Armenia with a mostly rural population) identified that
anemia during pregnancy, child’s lower meal frequency per day, lack of meat in the child’s diet,

and using dung cakes for heating were significant predictors of anemia.”®

There is no published research evaluating risk factors for vitamin B12 deficiency in Armenia’s
local context. The knowledge on the main risk factors for this deficiency in Armenia could be

used to implement targeted interventions to prevent and/or timely detect and treat it.

There is no nationally approved guidance for provision of care to children with Vitamin B12
deficiency in Armenia. However, in general, all infants and young children with low levels of
vitamin B12 (<200ng/L) and clinical manifestations of the deficiency are offered hospitalization
to receive the first doses of Vitamin B12 IM injections to manage possible side effects of the
injection.”” Those children with vitamin B12 levels more than 150ng/L who are asymptomatic
are usually treated ambulatory with non-parenteral preparations of vitamin B12 (per oral,

inhalation).

Study rationale and aim: There is no information about the main risk factors of childhood
vitamin B12 deficiency in Armenia. Knowledge of underlying risk factors of vitamin B12
deficiency can help to prevent the condition via targeted interventions among vulnerable
population groups. The sets of predictors of the deficiency among young children vary from
country to country depending on socioeconomic and cultural differences between the countries,

particularly different approaches and practices to nutrition during pregnancy and early childhood.
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This study seeks to address the gap in the literature by identifying factors associated with vitamin
B12 deficiency among children under 24 months of age in Armenia. According to the literature,
this is the most vulnerable age group for developing this deficiency and the complications of the
deficiency are the most severe in this age, as early childhood is the period when brain is growing
and myelinating rapidly, in which vitamin B12 is essential .3 Therefore, the main research
question for this study was to identify factors associated with vitamin B12 deficiency among

children under 24 months of age in Armenia.

METHODS

Study design

This was a multicenter case-control study of children 0-24 months of age who underwent
laboratory testing for vitamin B12 deficiency at one of the two hospitals providing pediatric
services nationally: “Wigmore Hospital for Children” and “Yeolyan Hematology and

Oncology Center”. Secondary data collection in the form of laboratory record review and
primary data collection in the form of interviews with mothers (or primary caregivers) of
children were conducted to obtain the information necessary to investigate risk factors for
vitamin B12 deficiency. “Wigmore Hospital for Children” and “Yeolyan Hematology and
Oncology Center” are hospitals that, within the scope of the Basic Benefit Package under the
state order, provide pediatric services nationally free of charge for children <18 years old and are
the primary hospitals for referral of children with suspected vitamin B12 deficiency nationally.
Both hospital laboratories use the same test — electrochemiluminescence immunoassay (ECLIA)

- for detecting vitamin B12 levels in the blood.



Study population

The research sampling frame included all children 0-24 months of age who underwent laboratory
testing of vitamin B12 deficiency at “Wigmore Hospital for Children” or “Yeolyan

Hematology and Oncology Center” laboratories between January 2023 and August 2025. The
study period was selected to enable access to a large enough sample to investigate risk factors of
the deficiency. Because the number of eligible cases was limited, all available cases were
included in the study. Controls were selected based on the closest date of laboratory testing and
similar age to the corresponding case, to ensure comparability of cases and controls over time.
Cases were defined as children 0-24 months old with laboratory confirmed vitamin B12
deficiency defined as serum B12 concentration levels of 180 ng/L or below. Controls were 0-24
months old children who were tested for vitamin B12 during the same periods and had vitamin
B12 levels in serum above 210 ng/L. Those children with serum levels of vitamin B12 between
181-210ng/l were not included in the sample to eliminate possible misclassification bias. The
selection started from the most recently tested children (August 2025) and went back until the
needed sample size was obtained for both cases and controls. Because laboratory data from the
“Yeolyan Hematology and Oncology Center” did not include non-deficient cases, controls were

selected only from the “Wigmore Hospital for Children.”

Sources of data

After receiving the approval of the Institutional Review Board of the American University of
Armenia, and permission from the heads of the selected hospitals to access their data, the cases
and controls were selected, the phone numbers of the mother or primary caregiver of each
selected child were obtained from the laboratory records and extracted to a Journal Form

(Appendix 1), along with the name and surname of the child. Each child was assigned a four-



digit identification number (ID) constructed using the hospital code (Wigmore Hospital = 1,
Hematology Center = 2) as the first digit and the sequential number of the child in the Journal
Form as the next three digits (001, 002, etc.). To obtain agreement and schedule the interview
date and time with the selected child’s mother or primary caregiver, the first contact (phone call)
was made by a hospital employee: the student investigator in the case of “Wigmore” hospital,
and a doctor in the case of Hematology Center. If the mother’s preliminary agreement to be
interviewed was obtained, the date and time were set for the interview. Phone interviews with
mothers or primary caregivers and data extraction from laboratory records were carried out by
the student investigator. The laboratory data of all children 0-24 months old who underwent the
first testing of vitamin B12 level during Jan/2023 — August/2025 were extracted into the
Laboratory Record Extraction form (Appendix 2). The interviews were conducted with mothers
or primary caregivers of the selected child. Oral consent was obtained before the interviews.
Only one interview was conducted with each respondent, which lasted 5-18 minutes. The
questionnaire (Appendix 3) included 53 questions covering sociodemographic characteristics
(child’s age, sex, region of residency, type of residency, number of household members, number
of children in the household), socio-economic characteristics (maternal education and
employment status, number of employed family members, family monthly expenses, ownership
of some luxury items/facilities at home, self-reported socioeconomic status), maternal
characteristics before/during/after pregnancy with the child (mother’s known deficiencies,
specific food preferences or known diseases, self-reported weight and height), information
related to the child’s feeding practices (duration of any/exclusive breastfeeding, formula usage,
introduction of complementary feeding, number of consumed meals per day at the time of

testing, weekly frequency of consuming some food items at the time of testing, introduction time
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of meat and eggs into the child’s diet), and the child’s health status (self-reported rating of health
status, history of diarrhea, intestinal parasites, bleeding).

Sample size calculation

The sample size was calculated to detect a significant difference in the proportions of those
exposed to a common risk factor (maternal B12 deficiency) between two independent groups of
children with and without vitamin B12 deficiency. A hypothesis testing approach was used with

a significance level of 0.05 and a power of 80%. The following formula was applied:
Ni=n2= (Zw2V2pq + ZeV(p1G1+p202))?/ A2

Where:

Z.»=1.96, corresponding to a 95% confidence level
o Z3=0.84, for 80% power

e p1and pz represent the proportions of those having B12 deficient mother in the two
groups

e A=|p1—pa2l, the expected difference in proportions

Proportions of those exposed to the key risk factor (maternal B12 deficiency) were based on data

from a case-control study conducted in Norway (2011-2018) on infants aged 3—7 months.”®

p1=0.25
p2=0.097
p=(p1+p2)/2=0.1735
g=1-p=0.8265
01=1-p1=0.75
2=1-p2=0.903

A=|p1—p2|=0.153, the expected detectable difference in proportions
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ni=nz= (1.96v2*0.1735*0.8265 + 0.84(0.25*0.75+0.097*0.903))/0.153 >=95

Thus, a sample size of 95 participants per group was determined to be sufficient. However,
because of the limited number of cases during the study period, only 87 cases were included. To
compensate for this, the number of controls was increased to 103. Based on the actual sample
distribution (87 cases and 103 controls), the power of the study was 0.79. Below is the STATA

output of the power calculation:

. power two proportions 0.25 0.097, test(chi2) n1(103) n2(87)

Estimated power for a two-sample proportions test
Pearson's chi-squared test
Ho: p2 = plversus Ha: p2 !=pl

Study parameters:

alpha= 0.0500
N =190
N1=103
N2 =87

N2/N1 =0.8447

delta = -0.1530 (difference)
pl=0.2500
p2 =0.0970

Estimated power:
power = 0.7926

Study variables

Variables included in this study were generated from laboratory records and from the interviews
with children’s mothers. The outcome variable, presence/absence of vitamin B12 deficiency, and
levels of hemoglobin and ferritin were extracted from laboratory records. The variables
generated from the interviews were grouped into sociodemographic characteristics of the child
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and mother, their nutritional status, child’s diet, and mother’s and child’s health. The variables,
along with their type (continuous, binary, categorical, ordinal), measure (cutoffs or response
options with the corresponding coding), and source of data (interview/record review) are shown
in Appendix 4. The socioeconomic status score (SES) of each household was assessed using a
cumulative wealth score developed for this study (Appendix 5). The score was based on the
availability of selected household facilities (permanent internet, hot water, air conditioner, car,
computer, automatic washing machine, dishwasher, ownership of a second house, and type of
home heating), self-perceived financial situation, and the ratio of employed household members
to total household members. We assigned predetermined weights to each response option
according to their relative cost and prevalence within the community. Weights were then
summed to obtain a total SES score ranging from 0 (minimum) to 11.5 (maximum), where
higher scores indicated higher socioeconomic status. The total SES score was used as a

continuous variable in the analysis (Appendix 5).

Data analysis

IBM SPSS Statistics for Windows, Version 21 was used for the analysis. Descriptive statistics
were utilized to summarize the characteristics of cases and controls, using frequencies and
proportions for categorical and binary variables, and means and standard deviations (SD) for
continuous variables. To examine crude associations between each categorical or binary variable
and vitamin B12 deficiency, y--tests were used. To assess the association between the
case/control status and continuous variables, t-tests were used. Multivariate logistic regression
analysis was used as analytical method. For the regression analysis, dummy variables were
created for the few categorical variables before entering them into the analysis (maternal

education, monthly expenses). Binary variables were entered as 0/1 coded variables. We entered
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continuous variables into the regression analysis after checking the linearity of the association
with the outcome variable. Considering the apparent age difference between cases and controls,
instead of bivariate analysis between each variable and the outcome at the first stage of the
regression analysis, we entered each of the study variables into logistic regression analysis while
adjusting for the child’s age. Variables with a p-value of <0.25 in the age adjusted bivariate
analysis were included in multivariable logistic regression analysis to estimate odds ratios
adjusted for other significant associations.”® As a last step, a predictive model of Vitamin B12
deficiency was fitted. The fit of the final logistic regression model was assessed using the
Hosmer—Lemeshow goodness-of-fit test and the area under the receiver-operating characteristic

(ROC) curve.

Data management and ethical considerations

All the information provided by participants was available only to the research team. The data
containing personal information (journal form) was stored on password-protected computers in a
secure folder accessible only to the research team and was deleted after completing data
collection. The questionnaires were paper-based, and completed questionnaires were stored in a
key-protected drawer and kept for five years. The study protocol was approved by the AUA IRB

(protocol number: AUA-2025-017).

RESULTS

Response rate and study sample

A total of 216 participants were contacted, from which 91 were cases and 125 were controls.
The overall response rate was 88.0% (190/216) and was higher among cases compared to
controls: cases 95.6% (87/91) and controls 82.4% (103/125). The overall refusal rate was 12.0%

(26/216) and was higher among controls: cases 4.4% (4/91) and controls 17.6% (22/125).
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Overall, 190 interviews were completed, of which 87 were cases and 103 were controls. The
mean interview duration was 10.4 minutes (range: 5.0 — 18.0 minutes), indicating low to
moderate respondent burden.®’ Only one interview was completed by a child’s father (0.53%),

while in all other cases the mother was interviewed.

Of the 87 children with vitamin B12 deficiency, 18 (20.7%) were from the Hematology Center
and 69 (79.3%) from Wigmore Hospital. All 103 controls were from Wigmore Hospital, as the

data on children with normal vitamin B12 levels were not available at the Hematology Center.
Sociodemographic and clinical characteristics of the study population

Table 1 summarizes sociodemographic and socioeconomic characteristics, child’s birth, health
and feeding related characteristics, and maternal characteristics for cases and controls.
Frequencies and proportions for categorical and binary variables, and means and SDs for
continuous variables with the results of statistical tests comparing each characteristic among

cases and controls are presented in the table.

Socioeconomic variables: Children with vitamin B12 deficiency were significantly younger
than controls (12.6 vs. 18.6 months, p < 0.001), and were more likely to live in marzes (50.6%
vs. 25.2%, p < 0.001) and in rural areas (23.0% vs. 11.7%, p = 0.037). There was no significant
difference in sex between cases and controls. There was no significant difference in household
size or monthly expenses between the groups. However, socioeconomic status score (7.48 vs.
8.26, p = 0.009), and family’s monthly expenses per capita (53,254 vs. 67,731 AMD, p = 0.017)

were significantly lower among children with vitamin B12 deficiency compared to controls.
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Birth characteristics: Among a child’s birth-related characteristics, only birth order was
significantly different between cases and controls. Higher birth order was more common among

cases than among controls (26.4% vs. 13.6%, p = 0.026).

Child health characteristics: None of the child’s health characteristics were significantly

different between cases and controls.

Maternal characteristics: Out of the maternal characteristics, unemployment was more
common among mothers of cases compared to controls (34.5% vs. 20.4%, p = 0.029). The mean
maternal body mass index (BMI) was significantly higher among mothers of cases compared to
controls (24.30 vs. 23.00, p = 0.044). Similarly, overweight or obesity was also more frequent
among mothers of cases (42.4% vs. 26.0%, p = 0.019). There were no significant differences in
mothers’ level of education, history of anemia or vitamin B12 deficiency, food avoidance, or
frequency of meat consumption between the two groups. Among all mothers, 53.2% reported

having had anemia at some point in life, with no significant difference between the groups.

Child’s feeding characteristics: Many of the child’s feeding characteristics were significantly
different between cases and controls. Both exclusive (6.7 vs. 3.6 months, p < 0.001) and total
(18.2 vs. 11.3 months, p < 0.001) breastfeeding duration was longer among children with vitamin
B12 deficiency compared to controls. The proportion of children who had ever received formula
was significantly lower among cases compared to controls (12.6% vs. 58.3%, p < 0.001).
Characteristics related to complementary feeding were also different between the groups. A
higher proportion of controls consumed eggs at least twice per week compared to cases (34.5%
vs. 64.1%, p <0.001), and eggs were introduced earlier among controls (19.5 vs. 11.3 months, p
=0.019). Similarly, meat consumption at least twice per week was more common among

controls than among cases (46.0% vs. 84.5%, p < 0.001). We couldn’t find significant difference
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in the time when meat was introduced in the child’s diet. The mean number of daily solid
feedings was significantly lower among children with vitamin B12 deficiency compared to
controls (1.7 vs. 2.9 times/day, p < 0.001). When solid feedings’ frequency was categorized as
age-appropriate (defined as 0 feedings for children <6 months, at least one for 6-8-months-old,
and at least two for >8-months-old), only 47.7% of cases met the WHO recommendation

compared to 80.0% of controls (p-value < 0.001).8

Laboratory findings: Hemoglobin level was significantly lower among children with vitamin
B12 deficiency compared to controls (mean level 100.5 £ 20.7 g/L vs 114.9 + 12.2 g/L, p-value

< 0.001).

Although ferritin levels were significantly higher among children with vitamin B12 deficiency
compared to controls (mean 47.7 £ 71.3 pg/L vs. 29.2 £ 23.8 pg/L, p = 0.019), the mean ferritin
values in both groups remained within the normal range, suggesting that the observed difference

is unlikely to have clinical significance.

Reason for referral for testing vitamin B12 level: Among children with vitamin B12
deficiency, 41.4% were referred to vitamin B12 testing due to anemia compared to 30.1% among
controls (p-value = 0.105). As reasons for referral to vitamin B12 testing, developmental and
feeding-related concerns were more frequently reported among cases: referral because of
developmental delay was reported for 29.9% of cases and 4.9% of controls (p-value < 0.001),
and feeding difficulties were mentioned in 34.5% and 15.5%, respectively (p-value = 0.002).
Among controls, 55.3% (57/103) said that there was no reason for testing and it was just
performed per mother’s decision or as a screening. Among controls who reported “no reason” for
testing, mothers most commonly referred to routine or periodic check-ups. A few mentioned that

they requested testing because the mother herself had a history of B12 deficiency, or due to
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concerns such as autistic spectrum disorder, constipation, or poor weight gain according to
mother. Two mothers cited preterm birth as the reason, two others believed their child was
“frequently ill,” and one mother requested testing because her child was not yet walking at 1.4

years of age.

Factors associated with vitamin B12 deficiency after adjusting for child’s age: The results of
logistic regression analysis between each independent variable and the case/control status

adjusted for age (odds ratios with 95% confidence intervals, p-values) are presented in Table 2.

After controlling for age, living in a village compared to city and being from a household with
lower socioeconomic status score became insignificant. Vitamin B12 deficiency remained
significantly more likely among children living in marzes compared to those living in Yerevan,
among children who had third or higher birth order compared to those with first or second birth
order, among children whose mothers were unemployed compared to those whose mothers were
employed, and children whose mothers were overweight/obese compared to those whose

mothers had normal/below normal weight.

After adjusting for age, most feeding and nutrition-related variables were still significantly
associated with vitamin B12 deficiency. Delay in introducing eggs, and longer total and
exclusive breastfeeding were linked with higher odds of vitamin B12 deficiency. In contrast,
formula use, regular egg or meat consumption (two or more times per week), higher frequency of
solid feedings per day and having an age-appropriate number of solid meals were associated with

lower odds of the deficiency.

Factors independently associated with vitamin B12 deficiency: All variables that were

statistically significant in the age-adjusted analyses and those supported by the literature were
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included in the multivariable logistic regression analysis to identify potential risk factors for
vitamin B12 deficiency. The final fitted logistic regression model identified seven independent
determinants of vitamin B12 deficiency among under-24-month-old children: meat consumption
frequency, egg consumption start age, use of formula, child’s birth order in the family, living in

marzes vs. Yerevan, mother’s employment status, and child’s age (Table 3).

After controlling for all other significant factors, those children consuming meat at least twice
per week had 77% lower odds of being deficient. Each additional month delay in introducing
eggs into the child’s diet increased the likelihood of the deficiency by 2%. Children who had
ever received formula feeding had about 90% lower odds of being vitamin B12 deficient. Third
or higher birth order children were almost four times more likely to have the deficiency
compared to first or second children. Children living in marzes had threefold higher odds of
vitamin B12 deficiency compared to those living in Yerevan. Children of unemployed mothers
had nearly fourfold higher odds of vitamin B12 deficiency compared to children of employed
mothers. Each one-month increase in the child’s age at the time of the first testing of vitamin

B12 level was associated with 35% lower likelihood for the child to be vitamin B12 deficient.

The final model had no satisfactory fit based on Hosmer & Lemeshow goodness-of-fit test (as
the test p-value was significant), but it had very good discrimination ability (area under the ROC

curve was 0.94).

DISCUSSION

Our study indicated that inadequate dietary intake is one of the most plausible pathways leading
to vitamin B12 deficiency among children under 24-months of age in Armenia. In this study,

indicators related to inadequate complementary feeding, like low meat consumption and delayed
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introduction of eggs to the child's diet were independently associated with vitamin B12
deficiency. Children who consumed meat at least twice per week had about 77% lower odds of
deficiency, and each month of delay in introducing eggs increased the likelihood of the
deficiency by about 2%. Combined, these findings emphasize the importance of timely
introduction of animal-source foods and early dietary diversification. Insufficient or delayed
introduction of nutrient-dense foods such as meat and eggs can lead to inadequate micronutrient
intake and increase the risk of cobalamin deficiency, especially during the period critical for
myelination and for maintaining normal red-blood-cell formation.'88282 These findings are in
line with WHO recommendations related to complementary feeding.*%4"8! Although WHO
recommends offering these foods from around 6 months, studies show that parents often delay
introducing meat and eggs because of perceived risks and uncertainty.88 A qualitative study on
complementary feeding describes maternal worries about choking, allergic reactions, and
pickiness as key threats shaping feeding decisions. Many caregivers postpone “difficult” textures
like meat and “risky” foods like egg.®® Studies also describe very limited awareness of meat as a
vitamin B12-rich food. Studies show that many families still delay egg consumption beyond 12
months because of fear of allergy.®” The research conducted in Armenia found that nutrition
among pregnant women and children under five is often suboptimal and shaped by multiple
barriers, including financial constraints, limited provider knowledge, lack of unified guidelines,
inadequate breastfeeding support, and strong social pressures on mothers. These contribute to
inadequate infant and young child feeding, including delayed or inappropriate introduction of

nutrient-dense foods.%8

The current study showed a strong protective role of formula feeding for vitamin B12 deficiency

—about 90% lower odds of the deficiency among children ever fed with formula. This finding
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suggests that fortified formula can serve as a source of vitamin B12 when maternal stores or
animal-based nutrition are limited. A study conducted in Norway suggests that infants receive an
excess of vitamin B12 from formula compared with exclusively breastfeed infants, especially
when maternal undernutrition is suspected.® Infant formulas are required by regulatory agencies
to include a minimum amount of vitamin B12 per unit of energy.*®°! Therefore, formula-fed
infants have consistent and adequate B12 intake, while breastfed infants are dependent on
maternal nutritional status and complementary feeding. Presumably, a similar protective role
against vitamin B12 deficiency could be ascribed to other industry-made vitamin B12-fortified
complementary food products. However, these products are costly in Armenia and accessible
mainly in Yerevan, which could potentially be related to our findings of higher risk of the
deficiency for children of unemployed mothers and those living in marzes. This highlights the
importance of improving maternal vitamin B12 intake during pregnancy and lactation, as

adequate maternal stores are essential for providing sufficient B12 through breast milk.

Birth order was another significant determinant. Children of third or higher birth order were
almost four times more likely to be deficient. This finding is in line with previous studies
conducted both in Armenia and worldwide that show higher birth order is associated with poorer
nutritional outcomes.”"®929 This is explained by the "resource dilution” hypothesis where more

siblings lead to less time, attention, dietary variety and maternal resources per child.%*%

In our study, children of unemployed mothers had nearly four-fold higher odds of vitamin B12
deficiency. Studies from Armenia and other resource-limited settings showed that maternal

employment status was associated with anemia and micronutrient deficits.”®997

In our study, living in marzes compared to Yerevan was associated with a three-fold higher risk

of developing vitamin B12 deficiency. Living in Yerevan compared to marzes was found to be
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protective for other health outcomes among children as well, like stunting or anemia.”™"® As
mentioned above, limited access to fortified foods, often combined with lower food diversity,
poorer sanitation and hygiene conditions, and less professional medical support in the marzes

may contribute to these health disparities.®

Our findings showed that a child’s age has a protective effect, as older children were less likely
to be deficient. This is in line with global evidence that infants and children under two years are
at the highest risk for anemia and micronutrient deficiencies.®18

Study strengths and limitations

To our knowledge, this study is the first to investigate vitamin B12 deficiency and its risk factors
among children under two years of age in Armenia. The case-control design allowed comparison
between children with confirmed vitamin B12 deficiency and controls. Although the study was
not population-based, it included children from two major pediatric hospitals in Yerevan,
“Wigmore Women’s and Children’s Hospital”, and the Hematology Center. Together, these
hospitals receive pediatric patients from Yerevan and all the marzes of Armenia and are the
primary facilities where vitamin B12-deficient children are managed. Therefore, although not
fully representative of the entire population, the study sample reflects a broad clinical

representation and enhances the generalizability of the findings.

Data collection, which was a combination of laboratory record reviews and structured caregiver
interviews, was conducted by the student-investigator, to ensure the accuracy and consistency of
the collected information and to minimize interviewer bias. All data entry was performed by the
student-investigator, followed by thorough data cleaning. To reduce potential misclassification,
vitamin B12 deficiency status was determined directly from laboratory test results rather than

from clinical diagnoses, and marginal values were excluded. Laboratory assessment of serum
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vitamin B12 levels in both hospital laboratories was performed using standardized and
internationally accepted methods, supporting the reliability and comparability of the biochemical

results. All of these enhanced the accuracy and validity of the study findings.

One of the limitations of this study was the potential for selection bias, as both cases and controls
were selected among children referred for vitamin B12 testing. Thus, some controls could be
anemic for other reasons, and their anemia could have similar risk factors as vitamin B12
deficiency, therefore, restricting the study to identify these risk factors. Such overlap could have
reduced the differences between the groups. However, for more than a half of the control group
(about 55%), testing was performed per maternal request rather than by physician referral, which
likely reduced this potential weakness, as some mothers request laboratory testing for their
children without any specific symptoms or physician recommendation, often as part of routine or
reassurance-driven practice. Inclusion of these maternally initiated tests potentially added
heterogeneity to the control group and increased its comparability with the general population of
children. Although controls were recruited from one hospital, which may limit the
generalizability, these hospitals provides pediatric services nationally free of charge within the
scope of the Basic Benefit Package under the state order, which reduces this limitation. Recall
bias is another possible limitation, as information on feeding practices and maternal
characteristics relied on caregiver reports. Mothers of deficient children may have recalled diet-
related details more thoroughly due to awareness of the diagnosis. Also, controls were older than
cases, meaning that their mothers could have more problems with accurate recall compared to
mothers of cases. Because of the limited number of children with vitamin B12 deficiency

identified in the study sites during the study period, the number of cases was below the targeted
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number, but we tried to compensate this shortcoming by increasing the number of controls,

eventually almost reaching the desired study power of 0.8.

Overall, the study provides an important foundation for larger, population-based investigations
and for the development of targeted interventions to prevent vitamin B12 deficiency and related
disorders in early childhood. Future population-based research should aim to include healthy

controls.

Conclusion and suggested interventions

In our study, protective findings against vitamin B12 deficiency included frequent meat
consumption, formula feeding, and older child age. In contrast, children were more likely to be
deficient if eggs were introduced later, if they were of higher birth order, lived in marzes, or had
unemployed mothers. The modifiable risk factors identified in this study are mostly related to
child's diet. These factors can be targeted to reduce vitamin B12 deficiency among children in
Armenia and possibly, in similar countries. The suggested interventions include provision of
timely and adequate complementary feeding including meat, eggs and other nutrient rich and
animal source foods in child’s diet. This can be achieved by providing mothers with educational
materials and counseling from primary care providers before the child reaches six months of age.
Studies confirm that a structured pre-six-month guidance is feasible and can shift parent’s food
introduction behavior.®% Multiple evaluations show that counseling initiated during pregnancy
or before the child is six months improves complementary feeding practices, including timely

and safe introduction of diverse and micronutrient-rich foods.%8102
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TABLES

Table 1. Distribution of selected variables by Vitamin B12 deficiency status, Armenia, 2025

N Cases Controls p- Total
(n=87) (n=103)  value
Socioeconomic variables
Child’s age at the diagnosis, months, mean (SD) 190 12.64 (4.9) 18.57 (3.6) <0.001 15.85 (5.2)
Sex:  male, n (%) 190 56 (64.4) 58 (56.3) 0.259 114 (60.0)
female, n (%) 31 (35.6) 45 (43.7) 76 (40.0)
Residence: Yerevan, n (%) 190 43 (49.4) 77 (74.8) <0.001 120 (63.2)
marzes, n (%) 44 (50.6) 26 (25.2) 70 (36.8)
Residence type: village, n (%) 190 20 (23.0) 12 (11.7)  0.037 32 (16.8)
city, n (%) 67 (77.0) 91 (88.3) 158 (83.2)
Household size, mean (SD) 188 4.95 (1.52) 4.83(1.89) 0.629 4.89 (1.73)
# of children in the household, mean (SD) 190 2.01 (0.98) 1.81(0.91) 0.136 1.90 (0.95)
# of employed household members, mean (SD) 184 2.15 (0.98) 2.30(0.84) 0.281 2.23(0.91)
SES score of the HH, mean (SD) 178 7.48 (2.13) 8.26 (1.78)  0.009 7.89 (1.99)
Monthly expenses: less than 200,000 AMD, n (%) 156 37 (45.1) 22 (29.7)  0.137 59 (37.8)
201,000-400,000 AMD, n (%) 33 (40.2) 37 (50.0) 70 (44.9)
more than 401,000 AMD, n (%) 12 (14.6) 15 (20.3) 27 (17.3)
Monthly expenses per capita, mean (SD) 156 53,254.0 67,731.0 0.017 60,122.0
(36,316.0) (38,498.0) (37,945.0)
Birth characteristics
Birth maturity: term, n (%) 190 75 (86.2) 88(85.4) 0.524 163 (85.8)
preterm, n (%) 12 (13.8) 15 (14.6) 27 (14.2)
Birth weight, kg, mean (SD) 188 3.13 (0.56) 3.04(0.62) 0.335 3.08 (0.59)
Birth height, cm, mean (SD) 178 50.20 (2.8) 49.70 (3.1) 0.291 49.90 (2.97)
Birth order: 1st or 2nd birth, n (%) 190 64 (73.6) 89(86.4) 0.026 153 (80.5)
3rd or later birth, n (%) 23 (26.4) 14 (13.6) 37 (19.5)
Child health characteristics
History of helminthiasis: yes, n (%) 133 0(0.0) 3(4.3) 0.092 3(2.3)
no, n (%) 64 (100.0) 66 (95.7) 130 (97.7)
Perceived frequent diarrhea:  yes, n (%) 190 9 (10.3) 14 (13.6) 0.494 23 (12.1)
no, n (%) 78 (89.7) 89 (86.4) 167 (87.9)
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N Cases Controls p- Total
(n=87) (n=103)  value
Perceived frequent/significant blood loss: yes, n (%) 190 1(1.1) 7(6.8) 0.053 8(4.2)
no, n (%) 86 (98.9) 96 (93.2) 182 (95.8)
Chronic illness: yes, n (%) 190 10 (11.5) 11(10.7) 0.858 21 (11.1)
no, n (%) 77 (88.5) 92 (89.3) 169 (88.9)
Acute illness every two months or more: yes, n (%) 188 31 (36.0) 42 (41.2) 0.472 73 (38.8)
no, n (%) 55 (64.0) 60 (58.8) 115 (61.2)
Maternal characteristics

Age at child’s birth, mean (SD) 190 29.8 (4.8) 30.3(5.6) 0.489 30.1(5.3)
Employment: employed, n (%) 190 57 (65.5) 82 (79.6) 0.029 139 (73.2)
unemployed/student, n (%) 30 (34.5) 21 (20.4) 51 (26.8)
Education: school or less, n (%) 189 15 (17.2) 9(8.8) 0.121 24 (12.7)
technical, n (%) 12 (13.8) 10 (9.8) 22 (11.6)
university/more, n (%) 60 (69.0) 83 (81.4) 143 (75.7)
BMI, mean (SD) 186 24.30 (4.3) 23.00 (4.2) 0.044 23.60 (4.3)
BMI_groups: underweight/normal, n (%) 185 49 (57.6) 74 (74.0) 0.019 123 (66.5)
overweight/obese, n (%) 36 (42.4) 26 (26.0) 62 (33.5)
Ever had B12 deficiency: yes, n (%) 123 16 (28.6) 19 (28.4) 0.979 35 (28.5)
no, n (%) 40 (71.4) 48 (71.6) 88 (71.5)
B12 deficiency during pregnancy/BF: yes, n (%) 121 10 (17.5) 12 (18.8) 0.864 22 (18.2)
no, n (%) 47 (82.5) 52 (81.3) 99 (81.8)
Anemia ever: yes, n (%) 188 45 (52.3) 55(53.9) 0.827 100 (53.2)
no, n (%) 41 (47.7) 47 (46.1) 88 (46.8)
Anemia during pregnancy/BF: yes, n (%) 185 37 (43.5) 46 (46.0) 0.736 83 (44.9)
no, n (%) 48 (56.5) 54 (54.0) 102 (55.1)
Food avoidance during pregnancy/BF: yes, n (%) 189 30 (34.5) 34(33.3) 0.868 64 (33.9)
no, n (%) 57 (65.5) 68 (66.7) 125 (66.1)

Meat consumption during pregnancy: 189
rare (once a week or less), n (%) 28 (32.6) 29(28.2) 0.511 57 (30.2)
frequent (two or more per week), n (%) 58 (67.4) 74 (71.8) 132 (69.8)
Gl issue before/during pregnancy: yes, n (%) 190 18 (20.7) 18 (17.5) 0.573 36 (18.9)
no, n (%) 69 (79.3) 85 (82.5) 154 (81.1)
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N Cases Controls p- Total
(n=87) (n=103)  value
Child’s feeding characteristics
BF duration, mean (SD) 190 18.20 (6.3) 11.30 (9.3) <0.001 14.50 (8.7)
Exclusive BF duration, mean (SD) 189 6.70 (2.9) 3.60 (3.2) <0.001 5.00 (3.5)
Formula use:  yes, n (%) 190 11 (12.6) 60 (58.3) <0.001 71 (37.4)
no, n (%) 76 (87.4) 43 (41.7) 119 (62.6)
Cow milk usage during infancy: yes, n (%) 190 1(1.1) 8(7.8) 0.032 9 (4.7)
no, n (%) 86 (98.9) 95 (92.2) 181 (95.3)
Using egg twice or more per week at the time of 190 <0.001
diagnosis: yes, n (%) 30 (34.5) 66 (64.1) 96 (50.5)
no, n (%) 57 (65.5) 37 (35.9) 94 (49.5)
Egg start age in months, mean (SD) 182 19.5 (29.8) 11.3(15.7) 0.019 15 (23.5)
Using meat twice or more per week at the time of 190 <0.001
diagnosis: yes, n (%) 40 (46.0) 87 (84.5) 127 (66.8)
no, n (%) 47 (54.0) 16 (15.5) 63 (33.2)
Meat start age in months, mean (SD) 188 10.6 (16.9) 8(34) 0.127 9.2 (11.8)
Solid/semi-liquid food start age in months, mean 190 6.2 (0.7) 6.1(1.2) 0.390 6.1 (1.0)
(SD)
Solid food feeding frequency at the time of 186 1.7 (1.5) 2.9 (1.0) <0.001 2.4 (1.4)
diagnosis, mean (SD)
Age-appropriate number of feeding with solids per 186
day at the time of diagnosis: yes, n (%) 41 (47.7) 80 (80.0) <0.001 121 (65.1)
no, n (%) 45 (52.3) 20 (20.0) 65 (34.9)
Reason for referral to B12 testing
Low hemoglobin level: yes, n (%) 190 36 (41.4) 31(30.1) 0.105 67 (35.3)
no, n (%) 51 (58.6) 72 (69.9) 123 (64.7)
Developmental delay: yes, n (%) 190 26 (29.9) 5(4.9) <0.001 31 (16.3)
no, n (%) 61 (70.1) 98 (95.1) 159 (83.7)
Feeding difficulties:  yes, n (%) 190 30 (34.5) 16 (15.5) 0.002 46 (24.2)
no, n (%) 57 (65.5) 87 (84.5) 144 (75.8)
Lab test results
Hemoglobin, mean (SD) 183 100.50 (20.7)  114.90 (12.2) <0.001  108.30 (18.1)
Ferritin, mean (SD) 174 47.70 (71.3) 29.20 (23.8) 0.019 37.70 (52.0)
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Table 2: Logistic regression analysis between vitamin B12 deficiency status and other variables,

adjusted for child’s age, Armenia, 2025

Characteristics OR 95% CI p-Value
Living in marzes vs. Yerevan 4.02 1.83-8.83 0.001
Living in village vs. city 2.30 0.88-6.03 0.091
Number of children in the household 1.32 0.90-1.92 0.153
SES score of the HH 0.86 0.72-1.04 0.113
Monthly expenses: less than 200,000.0 AMD 1.46 0.49-4.35 0.498
201,000.0-400,000.0 AMD 0.98 0.34-2.81 0.971
more than 401,000.0 AMD 1.00 Ref.
Monthly expenses per capita 1.00 1.00-1.00 0.195
Child’s birth order 3" or higher 3.18 1.23-8.23 0.017
Perceived frequent/significant blood loss in child 0.07 0.00-1.24 0.070
Unemployed mother 3.04 1.31-7.08 0.010
Mother’s education: incomplete or complete secondary 1.25 0.42-3.76 0.690
technical 0.92 0.29-2.90 0.890
university or postgraduate 1.00 Ref.
Overweight/obese mother vs underweight/normal 2.27 1.06-4.87 0.035
BF duration 1.14 1.08-1.20 <0.001
Exclusive BF duration 1.48 1.24-1.77 <0.001
Formula use 0.11 0.05-0.27 <0.001
Cow milk usage during infancy 0.19 0.02-1.71 0.138
Using egg twice or more per week at the time of diagnosis 0.38 0.19-0.78 0.008
Egg start age (months) 1.03 1.01-1.05 0.004
Using meat twice or more per week at the time of diagnosis 0.17 0.07-0.39 <0.001
Meat start age (months) 1.03 0.96-1.10 0.396
Solid feeding frequency per day at the time of diagnosis 0.57 0.42-0.77 <0.001
Age-appropriate number of feeding with solids per day at the time 0.35 0.16-0.76 0.008
of diagnosis
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Table 3: Multiple logistic regression model of determinants of vitamin B12 deficiency among

children 0-24 months of age in Armenia

Characteristics OR 95% CI p-Value

Child’s age at the diagnosis, months 0.65 0.57-0.76 <0.001

Formula use 0.09 0.03-0.28 <0.001

Using meat twice or more per week at the time of diagnosis ~ 0.23 0.08-0.65 0.006

Egg start age (months) 1.02 1.00-1.04 0.018
Unemployed mother 3.87 1.16-12.92 0.028

Living in marzes vs. Yerevan 3.11 1.10-8.79 0.033

Child’s birth order 3™ or higher 3.88 1.09-13.89 0.037

Model’s fit statistics Hosmer—Lemeshow goodness-of-fit test, P = 0.021

Area under the ROC curve =0.94
Pseudo R2 =0.707

ROC curve for the final logistic regression model predicting vitamin Bi. deficiency (AUC = 0.94)
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APPENDICES

Appendix 1: JOURNAL FORM

ID # | Child’s name Case/ Child’s Child’s Test date | Atte | Atte | Atte | Intervi | Resu
control | birthdate phone mpt | mpt | mpt | ew It
status 1 2 3 date code

1.
2.
3.
4,
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.

Result codes
For attempts and interview:

1.

2.
3.

No ok~

Assent received/Completed
interview

No such case (wrong hame)

No response (nobody answers the
call)

Refusal

Postponed interview

Incomplete interview

Other

ID #: four-digit identification number using the laboratory number as the first digit and
the sequential number of the child as the next three digits (“Wigmore Hospital for

Children”: 1, “Yeolyan Hematology and Oncology Center”: 2)
Case (VitB12<180ng/L)
Control (Vit B12>210ng/L)

1.
2.
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Appendix 2: Laboratory Record Extraction Form
Child’s ID #

Date of extraction
1. Date of laboratory test

2. Child’s date of birth Y Y
3. Child’s sex 1. Male

2. Female
4. Vitamin B12 level ng/L
5. Hemoglobin level 1. g/L

2. Not available
ng/mL
2. Not available

=

6. Ferritin level
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Appendix 3: Questionnaire

Date of interview

Interview start time (hh:mm)

Questionnaire for Conducting an Interview with the Mother/Caregiver of a

0-24 Month Old Child
Child’s ID number

Demographic Data
1.

Please mention your date of birth.

Please mention level of your education
(Read the response options)

Are you employed?
(Read the response options)

Please indicate your marz of residence
(including Yerevan).

(If the child has no mother,
mention the caregiver’s
relationship to the child:

)

1. Incomplete secondary (less
than 10 years)

2. Complete secondary (10-12
years)

3. Technical or vocational
(10-13 years)

4. University (Bachelor’s or
Master’s degree)

5. Postgraduate education

1. Yes

2. Yes, but currently I am on
maternity leave

3. No

4. Yes, | work from home

5. No, | am a student

6. Other (please specify)

Yerevan
Shirak
Lori
Tavush
Aragatsotn
Ararat
Armavir

NookowhE

Skip

If1,
move to

Q.6
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8. Kotayk
9. Gegharkunik
10. Vayots Dzor

11. Syunik
5. Do you live in a village or a city? 1. Village
2. City
6. How many people live in your _____person(s)
household, including yourself?
7. How many children under the age of ~___ children
18 live in your household?
8. How many people are employed in ____person(s)
your household?
(Include yourself, as well as those
working from home, engaged in
farming, seasonal, or migrant work)
The next questions are related to the current child.
General information regarding the child.
9. Date of birth of the child Y Y
DD/MM/YY
10.  Sex of the child 1. Male
2. Female
11.  What was the birthweight of the child gram
88. Don’t know
12.  What was the length of the child at cm
birth? 88. Don’t know
13.  Was the child born term or preterm? 1. Term (> 37 weeks)
2. Preterm (at how many weeks of
gestation? __ weeks)

The next questions are related to the child’s mother. Skip
14. Please indicate your weight ko
88. Don’t know
15. Please indicate your height ___cm
88. Don’t know
16.  What is the child’s birth order in your
family?
17. Have you ever had a vitamin B12 1. Yes, specify If 2,
deficiency? 2. No move to
88. Don’t know Q.19
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18. During this pregnancy or while 1. Yes
breastfeeding this child, have youhada 2. No
vitamin B12 deficiency? 88. Don’t know
19. Have you ever had anemia (low 1. Yes If 2,
hemoglobin)? 2. No move to
88. Don’t know Q.21
20. During this pregnancy or while 1. Yes
breastfeeding this child, have you had 2. No
anemia (low hemoglobin)? 88. Don’t know
21.  Did you avoid any foods during this 1. Yes, specify
pregnancy or while breastfeeding this 2. No
child? 88. Don’t remember
22. During this pregnancy or while 1. Yes, frequently If1.,
breastfeeding this child, did you eat 2. Yes, rarely move to
meat? 3. No Q.24
23.  Ifnot, or rarely, why didn’t you eat 1. I was/am a
meat? vegan/vegetarian
2. Eating meat was
unpleasant
3. Buying meat was
expensive
4. Other, please specify
24. Did you have any gastrointestinal 1. Yes
chronic issues during this pregnancy or 2. No
prior to it?
Feeding practices and breastfeeding Skip
25. How long was this child breastfed? 1. Less than one week/didn’t If1,
breastfeed move to
2. moths Q. 27
3. Still breastfeeding
26.  How long was this child only 1. Less than one week/didn’t
breastfed? (including water or breastfeed
fennel water): 2. moths
3. Until now
27.  When did you start giving your 1. months
child formula (e.g., Hipp, Nan, 2. Didn’t give
Similac)? 88. Don’t remember
28.  When did you start giving your 1. months
child semi-liquid or solid food 2. Didn’t give
(e.g., porridge, puree)? 88. Don’t remember
29.  When did you start giving your 1. months

child meat (chicken, beef, other)? 2. Didn’t give
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30.

31.

When did you start giving your
child eggs?

When did you start giving your
child cow's milk (store-bought,
powdered, or homemade)?

88. Don’t remember
1. months

2. Didn’t give

88. Don’t remember
1. months

2. Didn’t give

88. Don’t remember

The following questions relate to the period when the child was first referred for a blood

test to determine the vitamin B12 level.

32.

33.

34.

35.

36.

37.

38.

39.

40.

per day (including
breastmilk/formula/cow’s milk)?"
How many of these daily feedings
were milk
(breastmilk/formula/cow’s milk)?
How often did the child consume
eggs? (Read the response
options)

How often did the child consume
any kind of meat (beef, pork,
lamb, chicken, or fish)?

(Read the response options)
How often did the child consume
beef?

(Read the response options)

Has the child had a history of
intestinal worms (helminthiasis)?

Did the child have frequent or
prolonged diarrhea?

Did the child have significant or
frequent blood loss due to surgery
or bleeding (e.g., from the nose)?
Does the child have any chronic
illnesses?

Dietary habits, behavior, health before the referral.
How many times was the child fed 1.

times
88. Don’t remember

88. Don’t remember

. Every day

. 2-3 times per week

. Once a week

. Rarely/never

. Every day

. 2-3 times per week

. Once a week

. Rarely/never

. Every day

. 2-3 times per week

. Once a week

. Rarely/never

Yes

. No

88. Don’t know/Don’t remember
1. Yes

2. No

88. Don’t know/Don’t remember
1. Yes

2. No

88. Don’t know/Don’t remember
1. Yes, specify

2. No

88. Don’t know

Skip
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41.

42.

How frequently did the child have
episodes of an acute illness (like
fever, cold, diarrhea) or
exacerbation of a chronic
condition?

Why was the child referred for a
vitamin B12 test?
(Read the response options)

a bk wbdE

L

3. Feeding difficulties
4. Other, specify

ess than once per year
1. Low hemoglobin, anemia
2. Developmental delay or any

More than once a month
Once a month

Once in two months
Once in three months
One-two times per year

other neurological deficit

88. Don’t know

Living Condition

Please indicate which of the following amenities/facilities are available to your family.
43.

44,
45.
46.
47.
48.
49.
50.

51.

52.

Permanent internet 1. Yes
2. No
Permanent hot water 1. Yes
2. No
Air conditioner 1. Yes
2. No
Car 1. Yes
2. No
Computer 1. Yes
2. No
Automatic washing machine 1. Yes
2. No
Dishwasher 1. Yes
2. No
Another house or summer house 1. Yes
2. No
How is your home mainly heated in winter? 1. With hot water (e.g.,
(Read the response options) Baxi or central
heating)
2. With an electric heater

Overall, how would you rate your family’s

financial situation?
(Read the response options)

3. With another type of
heater (please specify

the fuel ——)
4. In another way, please
specify

5. Not heated

Above average

2. Slightly above
average

=
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53.  On average, how much money does your family
spend per month on food, clothing, and household
needs?

(Read the response options)

w

Average

4. Slightly below
average

5. Below average

1. Lessthan 101,000
AMD

2. 101,000-200,000
AMD

3. 201,000-300,000
AMD

4. 301,000-400,000
AMD

5. 401,000-500,000
AMD

6. More than 500,000

AMD

88. Don’t know

Thank you for your participation.

Interview end time (hh/mm)
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Appendix 4: Variables used in the analysis

Variable name Variable type Measure of the variable (cutoffs or Source of
(continuous,  response options with the corresponding  data
binary, coding) (interview/
categorical, record
ordinal) review)

Dependent variable

Vitamin B12 deficiency status  binary serum vitamin B12 levels: record

1= deficient, <180ng/L (cases), review
0 = sufficient, >210ng/L (controls)

Independent variables

Socioeconomic variables

Child’s age when the continuous date of the test minus date of birth in record

diagnosis was made months review

Sex binary male=1, female=0 record

review

Living in marzes binary yes=1, no=0 interview

Living in village binary yes=1, no=0 interview

Household (HH) size continuous Number of people in the household interview

Number of employed continuous Number interview

household members

Number of children in the continuous Number interview

household

SES score of the HH continuous Sum of scores given for the items in the Interview

household plus ratio of number of employed
HH members to the overall number of HH
members

Monthly expenses categorical <201,000 AMD, 201,000-400,000 AMD, Interview

>400,000 AMD

Monthly expenses per capita continuous Monthly expenses midpoint ratio to number interview

of household members

Birth characteristics

Child’s birth order 3" or binary Yes=1, no=2 interview

higher

Birth term binary Term=1, preterm=0 interview

Birth weight, grams continuous number interview

Birth height, cm continuous number interview
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Variable name Variable type Measure of the variable (cutoffs or Source of
(continuous,  response options with the corresponding  data
binary, coding) (interview/
categorical, record
ordinal) review)

Child’s feeding characteristics

Duration of breastfeeding, continuous number (for those still breastfeeding, interview

months calculated as to the interview date)

Duration of exclusive continuous number (for those still breastfeeding, interview

breastfeeding, months calculated as to the interview date)

Formula introduced into the binary Yes=1, No=0 interview

child’s diet ever

Cow milk usage during binary Yes=1, No=0 interview

infancy

Egg start age in months continuous When egg introduced to diet (age in interview

months)

Meat start age in months continuous When meat introduced to diet (age in interview

months)

Using egg twice or more per binary Yes=1, No=0 interview

week at the time of diagnosis

Using meat twice or more per  binary Yes=1, No=0 interview

week at the time of diagnosis

Solid/semi-liquid food start continuous When solid/semi-liquid food introduced to  interview

age, months the diet (age in months)

Solid food feeding frequency  continuous Number of feedings per day (except any interview

per day at the time of milk) at the time of diagnosis

diagnosis

Age-appropriate number of binary Age-appropriate number of feeding with interview

feeding with solids per day at solids per day at the time of diagnosis:

the time of diagnosis Yes=1 (if the number of feedings with solid

food was 0 for those aged under 6 months,
1-2 for those aged 6-8 months, and 2-3 or
more for those aged over 8 months), No=0

Child health characteristics

Perceived frequent diarrhea binary yes=1, no=0, interview

History of helminthiasis binary Yes=1, No=0 interview

Perceived frequent/ significant  binary Yes=1, No=0 interview

blood loss
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Variable name Variable type Measure of the variable (cutoffs or Source of
(continuous,  response options with the corresponding  data
binary, coding) (interview/
categorical, record
ordinal) review)

Chronic illness binary Yes=1, No=0 interview

Frequent (every two months or  binary Yes=1, No=0 interview

more) acute illness

Maternal characteristics

Age at child’s birth continuous Mother’s age at delivery in years, interview

based on child’s birth date minus mother’s
date of birth

Education categorical Mother’s education levels recoded into: interview

secondary, technical,
university/postgraduate

Unemployed binary yes=1, no=0 interview

BMI continuous Calculated with weight and height (weight interview

in kg-s divided to squared height in meters)

Overweight/obese mother vs binary Yes=1 (overweight BMI 25-29.9, obese interview

underweight/normal BMI >30), no=0 (underweight BMI <18.5,

normal BMI 18.5-24.9)
Based on BMI

Presence of anemia during binary yes=1, no=0, interview

pregnancy or breastfeeding

Presence of anemia ever binary yes=1, no=0, interview

Presence of vitamin B12 Binary yes=1, no=0 interview

deficiency during pregnancy

or breastfeeding

Presence of vitamin B12 Binary yes=1, no=0 interview

deficiency ever

Any food avoidance during Binary yes=1, no=0 interview

pregnancy/BF

Frequent meat consumption Binary yes=1, no=0 interview

during pregnancy (two or

more times per week)

Gl issue before/during Binary yes=1, no=0 interview

pregnancy
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Appendix 5: SES score

Items included in the calculation of the Wealth Score and weights assigned to each response

option (SES score)

Response options Weights
Q43. Permanent internet
Yes 0.5
No 0
Q44. Permanent hot water
Yes 1
No 0
Q45 Air conditioner
Yes 1
No 0
Q46. Car
Yes 1
No 0
Q47. Computer
Yes 0.5
No 0
Q48. Automatic washing machine
Yes 1
No 0
Q49. Dishwasher
Yes 1
No 0
Q50. Another house or summer house
Yes 1.5
No 0
6. Q51. How is your home mainly heated in winter?With hot water (e.g.,
Baxi or central heating) 1
7. With an electric heater 0.5
8. With another type of heater (please specify the fuel ——) 0
9. In another way, please specify 0
10. Not heated 0
Q52. Overall, how would you rate your family’s financial situation?
6. Above average 2
7. Slightly above average 15
8. Average 1
9. Slightly below average 0.5
10. Below average 0
Ratio of employed household members to the number of household members 0-1
(based on Q6 and Q8)
Total score
Minimum 0
Maximum 115
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