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Abstract

Background: Breast milk vitamin B-12 concentration may be inadequate in regions in which animal-source food consumption
is low or infrequent. Vitamin B-12 deficiency causes megaloblastic anemia and impairs growth and development in children.
Objective: \We measured vitamin B-12 in breast milk and examined its associations with household hunger, recent animal-
source food consumption, and vitamin B-12 intake.

Methods: In a cross-sectional substudy nested within a cluster-randomized trial assessing water, sanitation, hygiene, and
nutrition interventions in Kenya, we sampled 286 women 1-6 mo postpartum. Mothers hand-expressed breast milk T min
into a feeding after 90 min observed nonbreastfeeding. The Household Hunger Scale was used to measure hunger, food
intake in the previous week was measured with the use of a food-frequency questionnaire (FFQ), and vitamin B-12 intake
was estimated by using 24-h dietary recall. An animal-source food score was based on 10 items from the FFQ (range: 0-70).
Breast milk vitamin B-12 concentration was measured with the use of a solid-phase competitive chemiluminescent
enzyme immunoassay and was modeled with linear regression. Generalized estimating equations were used to account
for correlated observations at the cluster level.

Results: Median (IQR) vitamin B-12 intake was 1.5 pg/d (0.3, 9.7 pg/d), and 60% of women consumed <2.4 pg/d, the
estimated average requirement during lactation. Median (IQR) breast milk vitamin B-12 concentration was 113 pmol/L (61,
199 pmol/L); 89% had concentrations <310 pmol/L, the estimated adequate concentration. Moderate or severe hunger
prevalence was 27 %; the animal-source food score ranged from 0 to 30 item-d/wk. Hunger and recent animal-source food
and vitamin B-12 intake were not associated with breast milk vitamin B-12 concentrations. Maternal age was negatively
associated with breast milk vitamin B-12 concentrations.

Conclusion: Most lactating Kenyan women consumed less than the estimated average requirement of vitamin B-12 and
had low breast milk vitamin B-12 concentrations. We recommend interventions that improve vitamin B-12 intake in
lactating Kenyan women to foster maternal health and child development. The main trial was registered at clinicaltrials.gov
as NCT01704105. J Nutr2016;146:1125-31.
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Introduction

megaloblastic anemia (7), and maternal deficiency is associated
with offspring insulin resistance (8, 9). The risks for infants born
to mothers with low plasma vitamin B-12 also include low
vitamin B-12 stores at birth, as well as low dietary intake from
breast milk (10, 11). Low vitamin B-12 status causes elevated

Vitamin B-12 deficiency in women and children is thought to be
common, especially in low- and middle-income countries in
which animal-source food consumption is limited (1-6). Vitamin
B-12 deficiency has long been recognized in the etiology of
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plasma total homocysteine in all age groups (12, 13). In addition
to metabolic disorders, severe vitamin B-12 deficiency is
responsible for developmental delays, failure to thrive, and
poor growth in infants (7, 14). Infants are particularly vulner-
able to vitamin B-12 deficiency, because they are undergoing a
period of rapid growth and development.

Breast milk vitamin B-12 concentration varies with mater-
nal diet (11), and low breast milk vitamin B-12 concentra-
tions have been reported in lactating women in Mexico (15),
Guatemala (16), Kenya (17), Cameroon (18), and Bangladesh
(19), where the animal-source food consumption is limited.
Low vitamin B-12 concentrations in breast milk could put
infants at risk of consuming inadequate vitamin B-12, which
has been demonstrated in the case of maternal pernicious
anemia (20). Breast milk is recommended as the only source
of infant nutrition for the first 6 mo of life (21). The cutoff
for adequate breast milk vitamin B-12 has been estimated at
362 pmol/L (22, 23), below which infant urinary methylmalonic
acid concentrations increased (24). Although elevated methylmalonic
acid is a biomarker of vitamin B-12 deficiency, some studies
have shown that healthy breastfed infants have higher plasma
methylmalonic acid than nonbreastfed infants (25). Calculated
from data used to set the Institute of Medicine Adequate Intake
(AI) for infants 0-6 mo old (Al = 0.4 g vitamin B-12/d, based
on milk concentrations of 0.42 pg/L and a consumption of
0.78 L breast milk/d) (26), we are considering concentrations
of breast milk vitamin B-12 =310 pmol/L to be adequate. At
present, there is no other basis for ascertaining breast milk vitamin
B-12 adequacy.

Although animal-source foods are the only dietary source of
vitamin B-12, to our knowledge, only 3 studies (16, 17, 22) have
investigated the relation between maternal animal-source food
intake and breast milk vitamin B-12 concentrations. Only one of
these studies targeted women <6 mo postpartum, and all were
conducted before improved assessment methods for breast milk
vitamin B-12. There is an expected differential in breast milk
vitamin B-12 concentration based on stage of lactation; the
concentration is higher earlier in lactation than it is later (27).
Furthermore, to our knowledge, there have been no studies that
have examined the relation between breast milk vitamin B-12
and household hunger, which is a metric of food deprivation and
may be a proxy for animal-source food consumption. Therefore,
our objectives were to measure vitamin B-12 in breast milk and
examine its associations with household hunger and recent
animal-source food and vitamin B-12 intake in rural mothers
1-6 mo postpartum in western Kenya. We hypothesized that
breast milk vitamin B-12 concentrations would be negatively
associated with hunger and positively associated with animal-
source food intake and vitamin B-12 intake.

' Based on research funded by a grant to the University of California, Berkeley,
from the Bill & Melinda Gates Foundation (OPPGD759). Additional funding was
provided by the Henry A Jastro Graduate Research Award at the University of
California, Davis. SLY was supported by the National Institute of Mental Health
(K01 MH098902). LHA and SSF were supported by USDA Agricultural Research
Service intramural project no. 2032-51000-004-00.

2 Author disclosures: AM Williams, CJ Chantry, SL Young, BS Achando, LH
Allen, BF Arnold, JM Colford Jr., HN Dentz, D Hampel, MC Kiprotich, A Lin, CA
Null, GM Nyambane, S Shahab-Ferdows, and CP Stewart, no conflicts of
interest.

3 The contents of this manuscript are solely the responsibility of the authors and
do not represent the official view of the USDA, which is an equal opportunity
provider and employer, or the National Institute of Mental Health.

4 Supplemental Table 1 is available from the **Online Supporting Material’ link in
the online posting of the article and from the same link in the online table of
contents at http://jn.nutrition.org.

*To whom correspondence should be addressed. E-mail: cpstewart@ucdavis.edu.

1126 Williams et al.

Methods

Study overview and location. Cross-sectional data on dietary intake
and breast milk samples were collected from 300 women from June to
November 2014. These women were all participants in the WASH
Benefits Kenya study (NCT01704105) (28), an ongoing cluster-
randomized trial designed to evaluate the efficacy of improved
nutrition, water quality, sanitation, hygiene, or combined (water—
sanitation-hygiene and water-sanitation-hygiene-nutrition) practices
on child growth and development. Sampling for the breast milk
substudy was done purposefully to ensure balance between inter-
vention groups. A STrengthening Reporting of Observational studies in
Epidemiology (STROBE) checklist has been included as Supplemental
Table 1.

Details of the overall study design have been published elsewhere
(28). In brief, the parent study enrolled pregnant women in their second
and third trimesters. Sociodemographic data (marital and economic
status and education) were collected during household interviews.
Starting at 1-2 mo postenrollment, households were visited monthly by a
health promoter who was selected by the community and trained in
improved water—sanitation—-hygiene and/or nutrition practices. Key
nutrition messages were based on global maternal, infant, and young
child feeding recommendations; locally tailored by formative research;
and timed to match the life stage of the mother-infant dyad. Maternal
nutrition during pregnancy and lactation, breastfeeding initiation within
1 h of birth, and exclusive breastfeeding for the first 6 mo of life were
emphasized during these initial visits. Women in the control group
received monthly visits without behavior change messaging. The breast
milk outcomes are for a substudy nested within the parent trial and are
not primary or secondary objectives of WASH Benefits Kenya.

Participants in the breast milk substudy. Study mothers were recruited
from 4 intervention groups: water-sanitation-hygiene, nutrition, water—
sanitation-hygiene-nutrition, and a control that used convenience sam-
pling. The eligibility criteria included being =18 y of age, having breastfed
in the previous 24 h, having a 1- to 6-mo-old biological child enrolled in
the main trial, and report of good breast health (no cracked or bleeding
nipples or mastitis). There were 70 independent clusters sampled in this
substudy.

A sample size of 300 was selected to detect a difference in mean
breast milk vitamin B-12 concentration of =150 pmol/L between 2
groups of household hunger (little or none compared with moderate or
severe), while accounting for a design effect of 1.2 (p = 0.1 and 3 women/
cluster), 80% power, and a = 0.05. We expected a 30% prevalence of
moderate or severe household hunger based on unpublished pilot data,
and the SD of breast milk vitamin B-12 was estimated to be 200 pmol/L.
The sample size of 300 is sufficient to detect a correlation of =0.2
between vitamin B-12 intake (micrograms per day) and breast milk
vitamin B-12 concentration (picomoles per liter) and a minimum
difference of 160 pmol/L between animal-source food consumption
quartiles. A 10% buffer was included to account for specimen loss.

Data collection. At ~6 mo postenrollment, anthropometric and dietary
data, as well as breast milk, were collected. Maternal height was re-
corded to the nearest 0.1 cm with the use of a stadiometer (ShorrBoard
Infant/Child/Adult Portable Height-Length Measuring Board), and
maternal weight was measured with the use of a digital floor scale
(Seca 874) to the nearest 0.1 kg. For mothers who wore more clothing
than cotton skirts and T-shirts during the measurement, 0.5 kg was
subtracted from their weight. All measurements were done in triplicate;
median height and weight were used to calculate BML

Dietary data and information on birth characteristics were collected
during a household visit. Maternal dietary data were collected with the
use of a 7-d FFQ and an interactive multipass 24-h recall (29). Food
insecurity in the previous month was measured with the use of the
Household Hunger Scale. The Household Hunger Scale has 3 questions
that pertain to going to sleep hungry, having no food in the home because
of a lack of resources, and passing a day and night without eating (30).
Interview and anthropometric data were entered onto tablets with the
use of SurveyCTO (Dobility).



Breast milk was collected while following an observed nonbreast-
feeding period of =90 min. After 1 min of breastfeeding, study mothers
hand-expressed 5 mL breast milk from the right breast into transparent
plastic medicine cups while in an area of the home that had minimal light
exposure. Collection was restricted to times between 0900 and 1200 to
minimize potential diurnal variation (31, 32). Specimens were stored
with ice packs in the field for =8 h, frozen at —4C° for =3 wk, and
stored at —80C° until processed. International specimen transport to the
USDA Agricultural Research Service Western Human Nutrition Re-
search Center in Davis, California, was done on dry ice. Specimens were
protected from sunlight: collection was restricted to dimly lit areas and
cryovials were stored in opaque freezer boxes.

Breast milk vitamin B-12 analysis. Breast milk samples were analyzed
at the Western Human Nutrition Research Center as previously described
(33). They were thawed at room temperature and centrifuged to separate
the whey fraction, which then underwent heat treatment in the presence
of dithiothreitol and potassium cyanide before analysis by solid-phase
competitive chemiluminescent enzyme immunoassay with the use of a
Siemens IMMULITE 1000 bioanalyzer. Breast milk vitamin B-12 inade-
quacy was defined as <310 pmol/L (34).

Variable creation. Wealth scores were created from 16 questions
related to household possessions (including livestock) and household
material characteristics. Each question was scored such that higher
numbers reflected more wealth and a composite score was generated
with the use of factor analysis in which one factor was forced and the
resultant continuous variable was divided into quartiles.

The FFQ queried how many days in the previous 7 d the following
animal-source food items were eaten by the mother: 1) poultry, 2) meat
(cow, goat, and pig), 3) organ meat, 4) egg, 5) yogurt, 6) tea with milk, 7)
milk alone, 8) fresh fish, 9) dried fish, and 10) termites. An animal-source
food score of item-days per week was created that summed all of the
individual responses to these foods. The maximum animal-source food
score from the FFQ was 70 if a respondent indicated daily consumption
in the previous week of all 10 foods. The animal-source food score was
divided into quartiles to reduce the influence of outliers.

The food composition table for Central and Eastern Uganda
(HarvestPlus) was used to calculate nutrient intake from the 24-h dietary
recall (35). Whole-day food records were deleted (7 = 3) when implausible
intake quantities were recorded (2 with >1800 g meat in one meal and
1 with 600 eggs in one meal). Energy ranges were not considered for
exclusion. In order to include energy intake in our models, the estimated
energy requirement for lactating women 0-6 mo postpartum was calcu-
lated by using the nonpregnant estimated energy requirement for women
>19 y old, the milk energy output, and a reduction for weight loss (36).

Statistical analysis. The distribution of breast milk vitamin B-12 con-
centrations was skewed; thus, data were log-transformed for analysis.
Correlates of breast milk vitamin B-12 concentrations were modeled by
using linear regression, with generalized estimating equations that used
robust SEs to account for outcome correlation at the cluster level (37).
Covariates known to have a biological plausibility of influencing breast
milk vitamin B-12 concentrations (maternal age and months postpartum)
were included in the multivariable regression models. We considered
adjusting for maternal energy intake (38), but no change was found in the
point estimates or SEs in the model and therefore the energy term was
excluded from the multivariable model. Similarly, wealth and the interven-
tion arm were examined in the unadjusted regression models, because
wealth is associated with our primary exposure variables (e.g., hunger), and
data collection was nested within an intervention trial that could theoret-
ically affect outcome and exposure variables, but both ultimately were
dropped in the multivariable analyses because of nonsignificance. The quasi-
likelihood information criterion was used to assess goodness of fit. Data
analyses were performed in SAS version 9.3.

Ethical approval and informed consent. The Kenya Medical Research
Institute Scientific Steering Committee and Ethical Review Committee and
the University of California, Berkeley, Committee for the Protection of
Human Subjects approved this research. The University of California,

Davis, has approval from the Institutional Review Board (IRB) reliance
registry with Berkeley. Study mothers provided written consent for all
study activities.

Results

Breast milk was collected from 300 study mothers between June
and November 2014. Two milk samples were unavailable for
analysis (one had insufficient milk and one sample was missing), 9
mothers who provided milk did not participate in the 24-h dietary
recall, and 3 dietary recalls were implausible and dropped from
the analysis, leaving complete data for 286 women. The majority
of mothers were married or in a partnership and living with their
spouse or partner (91%) (Table 1). Education beyond primary
school was rare (20%). BMI (in kg/m?) was in a normal range
(18.5-25.0) and 63% of women gave birth at a health facility.

TABLE 1 Characteristics of mothers 1-6 mo postpartum
(n = 286) participating in a substudy of the WASH Benefits trial
in rural western Kenya'

Descriptive characteristics Values
Maternal BMI, kg/m? 22.2 (205, 24.3)
Antenatal visits 4(3,5)
Place of delivery
Home 105 (37)
Health facility 182 (63)
Marital status
Married, cohabitating 260 (91)
Married, living apart 24 (8)

Not married 2(1)
Maternal education

None or primary 228 (80)

Secondary or beyond 58 (20)
Season’

Dry (harvest) 220 (77)

Rainy 66 (23)
Child sex

M 127 (44)

F 159 (56)
Maternal age, y 25 (22, 29)
Months postpartum 3.6 (2.8, 4.4)
Maternal parity

Primiparous 46 (16)

2-4 159 (56)

=5 81 (28)
Household hunger

Little or none 208 (73)

Moderate or severe 78 (27)
Animal-source food score (item-d/wk)

Q1 (0-7) 80 (28)

Q2 (8-9) 57 (20)

Q3 (10-13) 79 (28)

04 (14-30) 70 (24)
Vitamin B-12 intake, pg/d

0 54 (19)

<EAR and >0 117 (41)

=EAR 115 (40)

"Values are medians (IQRs) or n (%). EAR, estimated average requirement; Q,
quartile.

2 Season of milk collection. Dry season was June-September; rainy season was
October and November.
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Antenatal care visits were common, and 16% of mothers reported
that the study child was their first birth.

Breast milk vitamin B-12 adequacy. The median (IQR) con-
centration of breast milk vitamin B-12 was 113 pmol/L (61,
199 pmol/L). The majority (89%) of mothers had breast milk
vitamin B-12 concentrations <310 pmol/L (Figure 1).

Household hunger and dietary practice. Little to no house-
hold hunger was reported by 73% of households. Generally,
animal-source foods were rarely reported on the FFQ. The
animal-source food score, which theoretically could range from
0 to 70, spanned from 0 to 30. Tea with milk and small dry fish
(white bait) were the only 2 animal-source food items that were
reported as consumed by more than one-half of mothers in the
previous 7 d (Figure 2).

Using data from the 24-h recall, we estimated women’s mean
energy intake to be 2238 kcal/d (range: 156-5900 kcal/d) (Table 2).
Based on the energy recommendation for this stage of lactation
(based on age, height, weight, and energy expenditure), 30% of
women met their estimated energy requirement. Consistent with
the 7-d FFQ data, tea with milk was the most commonly reported
animal-source food item, representing a mean * SD consumption
of 468 + 472 g/d and 101 + 127 kcal/d. The median (IQR) intake
of vitamin B-12 was 1.45 pg/d (0.31, 9.65 wg/d). More than one-
half (60%) of study mothers consumed less vitamin B-12 in the
24 h before breast milk sample collection than the estimated
average requirement during lactation (2.4 pg/d) (26).

Correlates of breast milk vitamin B-12. In bivariate regres-
sion, higher breast milk vitamin B-12 concentration was as-
sociated with younger age, lower parity, and higher antenatal
visit frequency. There were no significant relations between
breast milk vitamin B-12 concentration and household hunger,
vitamin B-12 intake in the previous 24 h, the animal-source food
score, maternal BMI, birth location (home compared with health
facility), season, or maternal education. In adjusted analyses, all
significant associations became nonsignificant except for younger
maternal age, which remained positively associated with breast
milk vitamin B-12 (Table 3).

Discussion

Within this study population in western Kenya, 60% of women
consumed less than the estimated average requirement of vitamin
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FIGURE 2 Reported days of consumption of animal-source foods in
the previous week by lactating mothers 1-6 mo postpartum (n = 286)
participating in a substudy of the WASH Benefits Kenya trial.

B-12 during lactation (2.4 pg/d) (26) and the vast majority
(89%) of women had breast milk vitamin B-12 concentrations
<310 pmol/L (23). We found that ~12% of energy was from
animal sources, primarily derived from tea with milk or dishes with
small dried fish. Although Western Province is a fertile region in
Kenya, it has seasonal food shortages (39), and 27% of households
reported moderate or severe hunger in the previous month.

The low concentration of vitamin B-12 in breast milk that we
found is consistent with evidence from a variety of low- and
middle- income countries. Two studies from Guatemala found a
high prevalence of women with low vitamin B-12 concentrations
in breast milk (16, 22). The first found that 31.5% of women
who were 3 mo postpartum had breast milk vitamin B-12
concentrations <362 pmol/L (22); among women who were
12 mo postpartum, 65% had breast milk vitamin B-12 concen-
trations <50 pmol/L (16). In Cameroon, the median breast milk
vitamin B-12 concentration was 180 pmol/L in a nationally
representative survey, but it ranged from 47 pmol/L (north) to
287 pmol/L (city) regionally (18). A trial in eastern Kenya
described 95% of women 1-6 mo postpartum as having breast
milk vitamin B-12 concentrations <362 pmol/L (17). Those data
from Kenya were collected in the mid-1990s, indicating that
vitamin B-12 deficiency likely has been endemic in regions of
Kenya for decades.

To our knowledge, there have been 2 efficacy trials of ma-
ternal supplementation during pregnancy and lactation to
improve breast milk vitamin B-12 concentrations in women with
low animal-source food intake. In India, women randomly
assigned to receive 50 pg/d of vitamin B-12 during pregnancy
until 6 wk postpartum had median breast milk vitamin B-12
concentrations of 136 pmol/L, compared with 87 pmol/L in the
placebo group. The differential was not sustained when supple-
mentation ceased, and there was no difference in breast milk
concentrations between those groups at 6 mo postpartum (40).
Bangladeshi women who received 250 wg/d of vitamin B-12
from 11-14 wk gestation until 6 mo postpartum had a median
breast milk vitamin B-12 concentration of 235 pmol/L, com-
pared with 170 pmol/L in the control group (19). Although these
supplementation trials did not raise median breast milk vitamin
B-12 concentrations to 310 pmol/L, they did reduce infant
vitamin B-12 deficiency, as evidenced by lower concentrations
of methylmalonic acid and total homocysteine in infants. This
suggests that the cutoff for adequate breast milk vitamin B-12 is
a priority research question.



TABLE 2 Mean daily intake of animal-source foods with
accompanying energy and vitamin B-12 content in mothers
1-6 mo postpartum participating in a substudy of the WASH
Benefits Kenya trial’

Amount
Food group consumed, g Energy, kcal ~ Vitamin B-12, g
Tea with milk 468 + 472 101 =127 073 £0.92
Dry fish 45 = 88 91 + 178 7.49 = 1457
Meat 14 + 54 42 + 157 0.38 = 1.34
Eggs 5+ 22 7+35 0.05 +0.24
Termites 1+12 8+72 0.04 + 0.34
Poultry 1+13 3+28 0.01 + 0.04
Fresh fish 13 = 44 8+ 33 0.14 = 051
Organ meat 4+ 32 3+30 0.03 = 0.23
Milk 4+ 38 2+23 0.01 +£0.14
Total animal-source foods 555 + 497 265 + 289 1.41(0.26, 9.13)
Overall total 1889 + 681 2238 + 927 1.45 (0.31, 9.65)
<EARZ % — 71 60

" Values are means + SDs or medians (IQRs) unless otherwise indicated, n = 286. The
EAR for lactating women 0-6 mo postpartum is 2.4 wg vitamin B-12 (36). Means =
SDs are presented, although data are not normally distributed because the median Q1
(and many Q3) values were all zero. EAR, estimated average requirement.

2 There is no recommendation by the Institute of Medicine for daily intake of food
(grams).

Lack of associations between household hunger, recent animal-
source food intake, or vitamin B-12 intake and breast milk vitamin
B-12 could be due to biological processes or limitations in exposure
measurements. Biologically, low breast milk vitamin B-12 con-
centrations could be due to a marked underlying vitamin B-12
deficiency in the majority of study mothers. Physiologically, lactat-
ing women deficient in vitamin B-12 may replenish liver stores
before vitamin B-12 can be recruited into milk by the mammary
tissue (41). Maternal age was the only significant correlate of breast
milk vitamin B-12 concentration in our adjusted analyses, which
is plausible because nutrient stores may become depleted with
multiple births (42) and suboptimal birth spacing (43, 44), but this
was an incidental finding. The animal-source food score had
limitations because it did not measure the amount of animal-source
food, only frequency, and the amounts consumed in, e.g., tea
were very small. The score was also restricted to a small range,
thereby reducing variation and the chance for finding associ-

ations with the breast milk vitamin B-12 outcome. Household
hunger, a binary variable, has similar limitations and could be too
imprecise a measure when looking for associations with biological
outcomes. Quantitative dietary data from 24-h recall is prone to
measurement errors such as recall bias and misclassification of
serving sizes (45), which leads to data with a large amount of
variation; this could therefore make finding associations that may
exist between recent vitamin B-12 intake and breast milk vitamin
B-12 more challenging. Similarly, having a single day of 24-h
recall intake would make it more difficult to find a correlation
between vitamin B-12 intake and breast milk vitamin B-12 con-
centration.

The primary protein source for pregnant women in Africa is
cereal and grains (46). Low dietary diversity and limited intake
of animal-source foods have been quantified in Burkina Faso
(47), Bangladesh (48), and Nepal (49) in women of reproductive
age. Low animal-source food intake has been reported in Kenya
in women (17, 50) and children (51). The most commonly con-
sumed animal-source food was tea with milk among pregnant
women in Nakuru, Kenya (50). We found similar patterns in our
data, in which the primary protein source was also cereal and
grains (data not shown), and the most common animal-source
food consumed by lactating mothers was tea with milk. Seasonal
data on maternal diet in northern Kenya found animal-source
food to be a very small component of the diet in rural households
(52). The phenomenon of low maternal dietary diversity and
limited animal-source food intake is evident where data are
available (53). Evidence of low intake of animal-source food in
lactating women in Bangladesh indicated that although 84 % of
women had consumed flesh foods at least 1 of 2 d sampled,
approximately one-half consumed <10 g/d (48). Our results have
implication for populations with similarly low animal-source food
intake in lactating women.

Strengths of this study included providing, to our knowledge,
some of the first data on vitamin B-12 breast milk concentrations
in women <6 mo postpartum by using a recently validated
method. Study limitations included the lack of additional
biomarkers (serum vitamin B-12, methylmalonic acid, and total
homocysteine) from mothers and infants to corroborate the
interpretation of vitamin B-12 deficiency and the self-reported
nature of the dietary data, which is susceptible to reporting bias.
Another limitation was the lack of dietary replicates, which
prevents estimation of day-to-day variability within people and

TABLE 3 Correlates of log, breast milk vitamin B-12 concentration (picomoles per liter) in lactating
mothers 1-6 mo postpartum participating in a substudy of the WASH Benefits trial in rural western Kenya'

B (95% CI)

Exposure characteristics Unadjusted model

Adjusted model 1

Adjusted model 2 Adjusted model 3

Household hunger

Little/none Ref

Moderate/severe 0.00 (—0.13, 0.13)
Animal-source food score, item-d/wk

Q1 (0-7) Ref

02 (8-9) —0.01(-0.21,0.18)

Q3 (10-13) 0.01(—0.13,0.14)

Q4 (14 - 30) 0.08 (—0.04, 0.20)

Vitamin B-12 intake, pg/d —0.01 (—0.03, 0.01)

—0.01(-0.14,0.12)
Ref
0.02 (—0.16, 0.19)
0.01(—0.14, 0.15)
0.09 (—0.05, 0.22)

—0.01 (—0.03, 0.02)

" B coefficients and Wald 95% Cls were computed with linear regression with the use of generalized estimating equations and robust SEs
to account for correlation at the cluster level. Adjusted model 1 includes household hunger, maternal age, and months postpartum.
Adjusted model 2 includes animal-source food score, maternal age, and months postpartum. Adjusted model 3 includes vitamin B-12
intake, maternal age, and months postpartum. Q, quartile; Ref, reference.
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can lead to an underestimation of infrequently consumed foods.
However, for the purpose of this study, we were interested
primarily in the recent intake of vitamin B-12, and it was im-
practical to carry out the number of repeat 24-h recalls required
to sufficiently estimate usual vitamin B-12 intake.

We observed a high prevalence of markedly low breast milk
vitamin B-12 concentration in this population, which is not only
suggestive of maternal vitamin B-12 deficiency, but of infant
vitamin B-12 deficiency. The median breast milk vitamin B-12
concentration of 113 pmol/L would have provided an exclu-
sively breastfed infant with 0.12 pg vitamin B-12/d based on
780 mL breast milk consumed daily (the volume used to calculate
Al for exclusively breastfed infants), which is far below the Al of
0.4 pg/d for infants 0-6 mo old (26). Children >6 mo old often
experience poor micronutrient intake because thin porridge is
the predominant complementary food (3), and this increases the
importance of breast milk as a rich source of micronutrients in
the infant’s diet. Animal-source food purchasing power is low
in many rural populations (54); therefore, food-based dietary
recommendations for pregnant and lactating women in Kenya
coupled with nutrition education may be insufficient to ade-
quately improve dietary quality. For women experiencing
hunger, effective supplementation and/or fortification strategies
are likely necessary to improve vitamin B-12 status (55). We
recommend investigating interventions to address breast milk
vitamin B-12 inadequacies because vitamin B-12 deficiency has
metabolic consequences in all age groups, is associated with
impaired infant development (56, 57), and is associated with
poor educational performance in school-aged children (58, 59).
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