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Prevalence of mild serum vitamin B12
deficiency in rural and urban Costa Rican
young adults

Ileana Holst-Schumacher,1 Rafael Monge-Rojas,2

and Mauro Barrantes-Santamaría3

Objective. Recent studies have shown an increase of mild serum cobalamin (vitamin B12)
deficiency in some Latin American countries; however, no data are available from Costa Rica.
The purpose of this work was to establish the prevalence of serum vitamin B12 deficiency
among Costa Rican young adults and to study some factors that may help explain the serum
cobalamin concentrations.
Methods. A cross-sectional survey was conducted among 400 adults aged 20 to 40 years
old from urban and rural areas of the central valley of Costa Rica to determine serum vitamin
B12 levels. Additionally, cobalamin dietary intake and the detection of Helicobacter pylori
IgG antibodies were studied as possible determinants of the serum vitamin B12 concentrations. 
Results. The mean serum concentration of vitamin B12 was 268 ± 125 pmol/L, and no sig-
nificant differences were found by gender or area. Study data indicate an overall prevalence of
inadequate serum cobalamin levels of 42.4% (11.2% deficient and 31.2% marginal); more
than 50% but less than 75% of individuals had an intake of vitamin B12 below the U.S. Esti-
mated Average Requirement (EAR) and 61.2% had IgG antibodies to H. pylori.
Conclusions. The prevalence of mild serum vitamin B12 deficiency in young Costa Rican
subjects is as high as in other Latin American countries. More investigation should be done to
elucidate the etiological factors that are generating deficient and marginal serum cobalamin
levels in Costa Rican adults in order to define appropriate public health actions.

Vitamin B 12 deficiency, Helicobacter pylori, Costa Rica.

ABSTRACT

Vitamin B12 or cobalamin deficiency
has been identified frequently in older
people and vegetarians (1–3). Never-
theless, recent studies in Latin Amer-
ica have shown a high prevalence of
mild serum vitamin B12 deficiency in

younger, omnivorous subjects (4, 5). In
1995, a Cuban study reported a preva-
lence of deficient serum vitamin B12
values ranging from 52 to 82% and
marginal values ranging from 13 to
36%, respectively, among a healthy
population of middle-aged men (5). 
In another study, about 45% of fer-
tile women in a rural Mexican commu-
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nity were identified with deficient and
marginal serum vitamin B12 concentra-
tions (4). In Costa Rica, cobalamin sta-
tus has not been assessed among the
middle-aged population. 

Low concentrations of vitamin B12
have been associated with megaloblas-
tic anemia (3), neuropsychiatric mani-
festations (6), and hyperhomocys-
teinemia, an important cardiovascular
risk factor (7).

Cobalamin deficiency has been at-
tributed to low vitamin B12 intake or
protein-bound vitamin B12 malabsorp-
tion syndromes (8). The low intake of
foods with a high content of animal
protein—main dietary sources of vita-
min B12—markedly limits the intake of
this micronutrient (9, 10), particularly
in developing countries where avail-
ability of these products is low and
their cost is high.

In several studies, food-cobalamin
malabsorption (FCM) has been associ-
ated with atrophic gastritis induced
by a bacterium known as Helicobacter
pylori (11, 12). Lack of or inadequate
secretion of intrinsic factor (due to
pernicious anemia), gastric acid, and
pepsin, which are needed to release
and absorb protein-bound cobalamin
in food, can cause vitamin B12 malab-
sorption (13). Likewise, hypochlorhy-
dria and bacterial overgrowth in the
mucosa can play an important role in
the malabsorption process (8, 12).
Moderate and high alcohol consump-
tion has also been associated with vit-
amin B12 deficiency (14, 15). 

The purpose of this study was to de-
termine the prevalence of serum cobal-
amin deficiency among Costa Rican
young adults and to examine whether
dietary intake of vitamin B12 and the
presence of H. pylori help to explain
serum vitamin B12 concentrations. 

MATERIALS AND METHODS

Study population

A total of 400 adults from the central
valley of Costa Rica, aged 20 to 40
years, were recruited for this study.
Subjects were asked to participate
through a written circular sent home

with about 700 randomly selected
boys and girls from 20 representative
rural and urban schools. A total of 490
adults offered to collaborate, but only
400 of them fulfilled all the require-
ments for participation in the study.
Inclusion criteria included being of
Costa Rican nationality and being be-
tween 20 and 40 years old. Exclusion
criteria included conditions such as
vegetarianism, alcoholism, gastroin-
testinal disorders, and chronic diar-
rhea. Also excluded were people tak-
ing vitamin supplements. 

Ethical procedures

Written, informed consent was ob-
tained from all participants. The study
protocol was approved by the Ethics
Committees of the Costa Rican Insti-
tute for Research and Education on
Nutrition and Health (INCIENSA)
and the University of Costa Rica. 

Socio-demographic and dietary
variables

Information about age, gender,
area, economic level, and vitamin
consumption were collected through
validated instruments. Madrigal’s
method was used to establish the
socioeconomic status of study par-
ticipants based on their possession 
of various material goods and com-
forts in their homes (16). Dietary in-
take of vitamin B12 was determined
through the use of semi-quantitative
24-hour recall questionnaires. A series
of photographs of food commonly
consumed in Costa Rica and three-
dimensional (3-D) food models were
used to estimate portion size. The
Food Processor‚ for Windows version
6.0 (ESHA Research, Salem, Oregon,
USA) was used to perform nutrient
calculations from dietary data (17). A
comparison with the U.S. Estimated
Average Requirement (EAR) for vita-
min B12 was made to evaluate mi-
cronutrient intake, and the recom-
mended dietary allowance of 2.4 µg
for vitamin B12 was considered. The
EAR cut-point method (counting the

number of individuals with normal
intake below fixed EAR-based cut-
off points) was used to assess the
prevalence of inadequate intake of the
vitamin (18). 

Biochemical variables

Blood was drawn after 8–12 hours
of fasting by antecubital venipunc-
ture according to the procedures of
the Clinical and Laboratory Stan-
dards Institute (CLSI; formerly the
National Committee for Clinical Lab-
oratory Standards or NCCLS) (19)
and collected into a plain tube for
serum vitamin B12 and immunologi-
cal analyses. Serum was separated
immediately from the blood cells and
stored at –20°C until the tests were
performed.

Vitamin B12 serum concentration
was determined with a commercial
immunoassay using the Abbott IMx®

System (Abbott Laboratories Diagnos-
tics Division, Abbott Park, IL, USA), a
fully automated immunoassay ana-
lyzer, and the intra-assay coefficient of
variation was < 6%. Internal quality
control with deficient, normal, and
high serum concentrations of vitamin
B12 was performed to control variabil-
ity in the measurements. In the cases
in which the samples exceeded ± 2
standard deviations (SDs) of the aver-
age control value, the samples were
analyzed again. Vitamin B12 levels
were classified as deficient (<150
pmol/L), marginal (150–221 pmol/L),
and adequate (≥ 222 pmol/L) accord-
ing to the recommendations of the U.S.
National Academy of Sciences Insti-
tute of Medicine (20).

Qualitative detection of IgG anti-
bodies to Helicobacter pylori was per-
formed using a commercial enzyme-
linked immunoassay (ELISA) kit
(Panbio, Brisbane, Queensland, Aus-
tralia). This test was limited to a sub-
sample of study participants (139 indi-
viduals), however, due to its high cost.
A result was considered negative
when the test indicated < 9 Panbio
units, equivocal when between 9–11
Panbio units, and positive when > 11
Panbio units (21). 
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Data analysis

Statistical analysis was performed
using the Statistical Package for Social
Sciences (SPSS), version 10.0 for Win-
dows (SPSS Inc., Chicago, IL, USA,
1999). Continuous variables are sum-
marized using means ± SD, and cate-
gorical variables are presented as fre-
quency distributions. In order to study
the behavior of the variables as age in-
creases, the adult population was di-
vided into two groups: 20–29 years
and 30–40 years. Student’s t-test was
used to compare the means of the con-
tinuous variables and chi-square tests
were used to compare categorical data.
Partial Spearman correlation coeffi-
cients were calculated to determine as-
sociation between variables. 

RESULTS

The study sample consisted of 187
men and 213 women with a mean age
of 32.5 ± 5.6 years; 76.8% of the indi-
viduals came from urban areas and
23.2% from rural areas (Table 1). The
total mean serum vitamin B12 concen-
tration of the study population was

268 ± 125 pmol/L, and no significant
differences were found in the means of
this micronutrient by gender, area,
presence or absence of IgG antibodies
for H. pylori, age group (20–29 years or
30–40 years), or socioeconomic level of
the subjects (data not shown).

The overall prevalence of IgG anti-
bodies to H. pylori in the studied pop-
ulation was 61.2%, with a significantly
higher proportion of seropositive indi-
viduals in urban areas (48.9% vs.
12.2%, respectively; p < 0.001) (Table
1). No differences between male and
female subjects were found in the
prevalence of H. pylori antibodies, and
the proportion of seropositive individ-
uals in the 30–40-year age group (56
out of 85) was higher than in the
20–29-year age group (29 out of 85), al-
though the difference was not statisti-
cally significant (p = 0.121) (data not
shown). Vitamin B12 average intake
was higher than 50% but lower than
75% of the EAR for this micronutrient. 

More than 42% (42.4%) of the study
participants presented either deficient
(11.2%) or marginal levels (31.2%) 
of serum vitamin B12 (Table 2). The
proportion of adults ≥ 30 years old 
with marginal concentrations of vita-

min B12 was significantly higher than
the proportion of subjects <30 years
old (35.9% vs. 24.5%, respectively; p =
0.021) (data not shown). Likewise, the
proportion of adults with deficient
levels of vitamin B12 with a low socio-
economic profile was significantly
higher than the proportion of individ-
uals with deficient vitamin B12 concen-
trations and a high socioeconomic con-
dition (14.8% vs. 3.9%; p = 0.028).
Weak associations were found be-
tween the presence of IgG antibodies
for H. pylori and the age group (r =
0.122) and area (r = 0.110) of the sub-
jects. Likewise, vitamin B12 concentra-
tions levels correlated weakly with
study participants’ socioeconomic
level (r = 0.114). 

DISCUSSION

For decades, it has been assumed
that vitamin B12 deficiency is unlikely
to occur except under special cir-
cumstances, such as the presence of
pernicious anemia, vegetarianism,
malabsorption syndromes, bacterial
overgrowth, and other clinical condi-
tions in which the function of the

TABLE 1. Study sample distribution by age group, area, socioeconomic status, serum cobalamin level, vitamin B12 intake, and presence of
Helicobacter pylori antibodies, Costa Rica, 2003

Gender Area

Male Female Urban Rural Total
Variable (na = 187) (n = 213) p value (n = 307) (n = 93) p value (n = 400)

Age group (years)
20–29 68 (36.4%) 96 (45.1%) 0.100 121 (39.4%) 43 (46.2%) 0.295 164 (41.0%)
30–40 119 (63.6%) 117 (54.9%) 0.065 186 (60.6%) 50 (53.8%) 0.295 236 (59.0%)

Socioeconomic level
Low 42 (22.4%) 86 (40.4%) < 0.001b 68 (22.1%) 60 (64.5%) <0.001b 128 (32.0%)
Medium 106 (56.7%) 90 (42.2%) 0.005b 164 (53.4%) 32 (34.4%) 0.002b 196 (49.0%)
High 39 (20.9%) 37 (17.4%) 0.446 75 (24.4%) 1 (1.1%) <0.001b 76 (19.0%)

Serum vitamin B12 level
(pmol/Lc ± SDd) 267 ± 122 268 ± 129 0.937 270 ± 124 261 ± 131 0.545 268 ± 125

Vitamin B12 intake <EARe >50% but >50% but >50% but >50% but >50% but 
<75% <75% . . . <75% < 75% . . . <75%

IgG antibodies to H. pylori f 43 (31.0%) 42 (30.2%) 0.949 68 (48.9%) 17 (12.2%) <0.001b 85 (61.2%)

a Number of subjects.
b Significant difference at <0.05 using Student’s t-test.
c Picamole/L; to convert pmol/L vitamin B12 to pg/mL, divide pmol/L by 0.738. 
d Standard deviation.
e Estimated Average Requirement.
f This test was limited to a sub-sample of study participants (n = 139) due to its high cost.
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ileum is impaired (2, 3). It has also
been established that vitamin B12 defi-
ciency is common among the elderly,
even in industrialized countries. Nev-
ertheless, reports of cobalamin defi-
ciency status in Latin American chil-
dren and young adults have been
increasing over the past decade (5, 22,
23), and Allen (24) has recently shown
that at least 40% of individuals in the
Americas had deficient or marginal
levels of serum vitamin B12. 

This is the first report indicating de-
ficient serum vitamin B12 concentra-
tions among Costa Ricans. Report re-
sults suggest a significant problem,
with almost 43% of the population
presenting marginal or deficient
serum levels of cobalamin (≤ 221
pmol/L). Given that the study partici-
pants were young and apparently
healthy, this level of vitamin B12 defi-
ciency, which is common among the
elderly (largely due to gastric atro-
phy), is striking. A significantly higher
proportion of individuals with mar-
ginal levels of vitamin B12 was ob-
served in the older age group (30–40-

year), clearly suggesting that this defi-
ciency becomes worse as age in-
creases. Study data also suggest that
the assumption of low prevalence of
vitamin B12 deficiency among young
adults need to be re-examined, partic-
ularly because vitamin B12 deficiency
has been associated with increased
risk of cardiovascular disease and
serious neurological manifestations,
including the development of Alz-
heimer’s disease and dementia (25).

Unlike Costa Rica and other Latin
American countries (24), which have a
prevalence of deficient and marginal
levels of vitamin B12 of more than 40%,
developed countries such as United
States have a prevalence of less than
3% (26). 

Vitamin B12 deficiency can occur in
individuals with dietary patterns that
exclude animal or fortified foods, and
in adults who are unable to absorb vi-
tamin B12 from food (8). In developing
countries, low serum vitamin B12 con-
centrations, could be a consequence of
reduced consumption of animal pro-
tein due to its high cost. Vitamin B12 is

provided in foods of animal origin, in-
cluding dairy products and eggs, and
is not a normal component of plant-
based foods. 

In several Latin American countries
the diet is characterized by a predomi-
nance of vegetables, so intake of di-
etary vitamin B12 is quite low (9, 10).
According to the Food and Agricul-
tural Organization of the United Na-
tions (FAO), per capita intake of ani-
mal products in developing countries
constitutes less than one-third of the
registered intake in industrialized
countries (27). 

Although this study found no sig-
nificant correlation between serum
vitamin B12 concentrations and socio-
economic level, a higher prevalence 
of young adults with deficient levels 
of cobalamin was observed in those
from low socioeconomic levels versus
those with a higher socioeconomic
condition. 

H. pylori infection has also been as-
sociated with FCM (food-cobalamin
malabsorption), in some studies (11,
12, 28), but not in others (29, 30). H. py-

TABLE 2. Distribution of serum vitamin B12 status among 400 Costa Rican adults by selected characteristics, Costa
Rica, 2003

Vitamin B12 status 

Deficient Marginal Adequate
(<150 pmola/L) (150–221 pmol/L) (≥ 222 pmol/L)

Variable (nb = 45) (n = 125) (n = 230) p c value

Gender
Male (n = 187) 20 (10.7%) 53 (28.3%) 114 (61.0%) 0.411
Female (n = 213) 25 (11.7%) 72 (33.8%) 116 (54.5%)

Area
Urban (n = 307) 31 (10.1%) 94 (30.6%) 182 (59.3%) 0.293
Rural (n = 93) 14 (15.1%) 31 (33.3%) 48 (51.6%)

Age group
20–29 years (n = 164) 19 (11.6%) 40 (24.4%) 105 (64.0%) 0.052d

30–40 years (n = 236) 26 (11.0%) 85 (36.0%) 125 (53.0%)

Socioeconomic level
Low (n = 128) 19 (14.8%) 42 (32.8%) 67 (52.3%) 0.128
Medium (n = 196) 23 (11.7%) 61 (31.1%) 112 (57.1%)
High (n = 76) 3 (3.9%) 22 (28.9%) 51 (67.1%)

IgG antibodies to H. pylori e

Positive (n = 85) 24 (28.2%) 30 (35.3%) 31 (36.5%) 0.674
Negative (n = 54) 19 (35.2%) 18 (33.3%) 17 (31.5%)

a Picamole/L; to convert pmol/L vitamin B12 to pg/mL, divide pmol/L by 0.738.
b Number of subjects.
c p <0.05 (chi-square test).
d Significant difference.
e This test was limited to a sub-sample of study participants (n = 139) due to its high cost.
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lori infection induces a reduction in the
production of gastric acid and thus
limits the release of vitamin B12 from
the chymus (31). 

The presence of H. pylori IgG anti-
bodies in serum is highly indicative of
H. pylori infection (8) and can therefore
be used as a non-invasive means of
screening large groups of people. Al-
though, in this study, the prevalence
of H. pylori antibodies was high
(61.2%), an association could not be as-
certained between the presence of this
bacterium and deficient or marginal
levels of serum vitamin B12. This situa-
tion is consistent with the one reported
by Van Asselt et al. (8), who deter-
mined that H. pylori infection was re-
lated to atrophic gastritis but could not
determine an association between the
infection and mild vitamin B12 defi-
ciency. However, Carmel et al. (28)
found the presence of IgG antibodies
to H. pylori in 75% of patients with
severe FCM, and Serin et al. (32)
provided strong evidence of associa-
tion between H. pylori infection and vi-
tamin B12 deficiency, even in patients
with minimal or no gastric atrophy.

This study could not find an associ-
ation between the presence of the bac-
teria and age, probably because the
study population was too young
(mean age: 32.5 years). It is well
known that the prevalence of both H.
pylori antibodies and serum cobalamin
deficiency increases with age (8).

The etiology of mild vitamin B12 de-
ficiency in young Costa Rican subjects
is unclear, and its clinical manifesta-
tions could be misdiagnosed if accom-
panied by high intake of folic acid.
Several studies have shown that folic
acid deficiency is not a nutritional
problem in the adult Costa Rican pop-
ulation (33), probably due to the ongo-
ing policy of fortifying several foods
with synthetic folic acid established by
the Costa Rican Ministry of Health in
1997. Although high folic acid intake
in the presence of vitamin B12 defi-
ciency can delay the clinical diagnosis
of vitamin B12 deficiency–induced
megaloblastic anemia, it does not af-
fect the irreversible progression of
neurological dysfunction and cogni-
tive decline that results from cobal-
amin deficiency (6).

More investigation should be done
to elucidate the etiological factors that
are generating deficient and marginal
levels of serum vitamin B12 among
Costa Rican young adults in order to
define appropriate public health ac-
tions. Synthetic cobalamin food fortifi-
cation could be a key strategy for pub-
lic health in Costa Rica as well as other
countries in the Americas where food
is fortified with folic acid and vitamin
B12 deficiency is suspected to be com-
mon. The Pan American Health Orga-
nization has indicated that the daily
intake of 1 µg of synthetic vitamin B12
from fortified foods is a reliable way to

optimize the status of this vitamin in
the Americas (34).

The results of this study regarding
intake of vitamin B12 should be inter-
preted with caution, as in some cases
the 24-hour recall questionnaire may
have only been applied once among
the adult population (as opposed to
the three-time intervention considered
necessary for adequate evaluation nu-
trient intake). Taking this limitation
into account, it should be noted that a
higher prevalence of adults with defi-
cient concentrations of cobalamin was
observed at low socioeconomic levels
versus higher socioeconomic levels. 

The results of this research indicated
a high prevalence of deficient and
marginal levels of serum vitamin B12
among Costa Rican young adults.
However, no significant association
was found among the presence of H.
pylori, dietary intake of vitamin B12,
and serum levels of cobalamin. 
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Objetivo. Aunque estudios recientes han demostrado un incremento en el déficit mo-
derado de cobalamina (vitamina B12) sérica en algunos países de América Latina, no
hay datos de Costa Rica. El propósito de este trabajo fue determinar la prevalencia de
la deficiencia de vitamina B12 sérica en jóvenes adultos de Costa Rica y estudiar algu-
nos factores que pueden ayudar a explicar las concentraciones séricas de cobalamina.
Métodos. Se realizó un estudio transversal para determinar los niveles de vitamina
B12 en el suero de 400 adultos de 20 a 40 años de edad de zonas urbanas y rurales del
valle central de Costa Rica. Adicionalmente, se estudió la ingesta de cobalamina en la
dieta y la presencia de anticuerpos IgG contra Helicobacter pylori, como posibles facto-
res determinantes de las concentraciones séricas de vitamina B12.
Resultados. La concentración media de vitamina B12 en el suero fue de 268 ± 125
pmol/L; no se encontraron diferencias significativas entre los sexos ni entre las áreas
de residencia. Estos datos demostraron una prevalencia general de niveles insuficien-
tes de cobalamina sérica de 42,4% (11,2% con déficit y 31,2% con concentraciones mar-
ginales); de las personas estudiadas más de 50% —aunque menos de 75%— tenían
una ingesta de vitamina B12 por debajo del valor de las necesidades promedio esti-
madas para los Estados Unidos de América y 61,2% tenía anticuerpos contra H. pylori.
Conclusiones. La prevalencia de deficiencia moderada de vitamina B12 sérica en jó-
venes costarricenses es tan elevada como en otros países latinoamericanos. Se necesi-
tan más investigaciones para aclarar los factores etiológicos que producen niveles in-
suficientes y marginales de cobalamina sérica en los adultos de Costa Rica para poder
definir intervenciones sanitarias apropiadas.
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ABSTRACT

Prevalencia de la deficiencia
moderada de vitamina B12
sérica en jóvenes adultos 

de zonas rurales y urbanas 
de Costa Rica

Key words

12. Kaptan K, Beyan C, Ural AU, Cetin T, Avcu F,
Gulsen M, et al. Helicobacter pylori—is it a
novel causative agent in vitamin B12 defi-
ciency? Arch Intern Med. 2000;160:1349–53.

13. Ho C, Kauwell GPA, Bailey LB. Practitioners’
guide to meeting the vitamin B12 Recom-
mended Dietary Allowance for people aged
51 years and older. J Am Diet Assoc. 1999
Jun;99(6):725–7.

14. van Oijen MG, Laheij RJ, de Jong CA, Peters
WH, Jansen JB. Vitamin B12 status and its as-
sociation with Helicobacter pylori infection in
alcohol dependent patients. J Nutr Sci Vita-
minol. 2004;50(5):305–8.

15. Beulens JW, Sierksma A, Schaafsma G, Kok
FJ, Struys EA, Jakobs C, et al. Kinetics of ho-
mocysteine metabolism after moderate alco-
hol consumption. Alcohol Clin Exp Res.
2005;29(5):739–45.

16. Madrigal J. La construcción de índices. San
José (Costa Rica): Editorial de la Universidad
de Costa Rica; 1997.

17. ESHA Research. The Food Processor® for Win-
dows: nutrition and fitness software, version
6.0 [computer program]. Salem (OR): ESHA
Research; 1995. [1 diskette; 1 guide].

18. Barr SI, Murphy SP and Poos MI. Interpreting
and using the dietary references intakes in di-
etary assessment of individuals and groups. J
Am Diet Assoc. 2002;102:780–8.

19. Clinical and Laboratory Standards Institute.
Procedures for the collection of diagnostic
blood specimens by venipuncture: approved
standard. 5th ed. Wayne (PA): CLSI (formerly
NCCLS); 2003.

20. National Academy of Sciences, Institute of
Medicine, Food and Nutrition Board. Dietary
reference intakes for thiamin, riboflavin,

niacin, vitamin B-6, folate, vitamin B-12,
pantothenic acid, biotin and choline. Wash-
ington: National Academy Press; 1998:-
8.1–8.59.

21. Helicobacter pylori IgG ELISA Kit. Queens-
land (Australia): Panbio Limited; 2002.

22. Rogers LM, Boy E, Miller JW, et al. High
prevalence of cobalamin deficiency in
Guatemalan school children: associations
with low plasma holotranscobalamin II and
elevated serum methylmalonic acid and
plasma homocysteine concentrations. Am J
Clin Nutr. 2003;77:433–40.

23. Casterline JE, Allen LH, Ruel MT. Vitamin B12
deficiency is very prevalent in lactating
Guatemalan women and their infants at three
months postpartum. J Nutr. 1997;127:1966–72.

24. Allen LH. Folate and vitamin B12 status in the
Americas. Nutr Rev. 2004;62(6 Pt 2):S29–33.

25. Wang, H-X, Wahlin A, Basun H, Fastbom J,
Winblad B, Fratiglioni L. Vitamin B12 and fo-
late in relation to the development of
Alzheimer’s disease. Neurology. 2001 May
8;56(9):1188–94.

26. Wright JD, Bialostosky K, Gunter EW, Carroll
MD, Najjar MF, Bowman BA, et al. Blood fo-
late and vitamin B12: United States, 1988–94.
Vital Health Stat. 1998;243:1–78.

27. Jutzi S. Food safety: challenges and opportu-
nities facing production of livestock and live-
stock products. In: Pan American Health Or-
ganization. 13th Inter-American Meeting at
the Ministerial Level on Health and Agricul-
ture (RIMSA 13); 24–25 Apr 2003; Washing-
ton, D.C.

28. Carmel R, Perez-Perez GI, Blaser MJ. Heli-
cobacter pylori infection and food-cobalamin
malabsorption. Dig Dis Sci. 1994;39:309–14.

29. Perez-Perez GI. Role of Helicobacter pylori
infection in the development of pernicious
anemia. Clin Infect Dis. 1997;25:1020–2. 

30. Haruma K, Komoto K, Kawaguchi H,
Okamoto S, Yoshihara M, Sumii K, et al. Per-
nicious anemia and Helicobacter pylori infec-
tion in Japan: evaluation in a country with a
high prevalence of infection. Am J Gastroen-
terol. 1995;90:1107–10. 

31. El-Omar E, Oien K, El-Nujumi A, Gillen D,
Wirz A, Dahill S, et al. Helicobacter pylori in-
fection and chronic gastric acid hyposecre-
tion. Gastroenterology. 1997 Jul;113(1):15–24.

32. Serin E, Gumurdulu Y, Ozer B, Kayaselcuk F,
Yilmaz U, Kocak R. Impact of Helicobacter
pylori on the development of vitamin B12 de-
ficiency in the absence of gastric atrophy. He-
licobacter. 2002;7:337–41. 

33. Chen LT, Rivera MA. The Costa Rican experi-
ence: reduction of neural tube defects follow-
ing food fortification programs. Nutr Rev.
2004;62(6 Pt 2):S40–3.

34. Pan American Health Organization; Centers for
Disease Control and Prevention; March of
Dimes Birth Defects Foundation; United Na-
tions Children’s Fund; University of Chile, In-
stitute of Nutrition and Food Technology. Flour
fortification with iron, folic acid and vitamin
B12. In: PAHO. Regional meeting report. Oct
9–10 2003; Santiago, Chile. Washington: PAHO;
2004.

Manuscript received on 5 February 2007. Revised version
accepted for publication on 7 November 2007.

Holst-Schumacher et al. • Vitamin B12 deficiency in Costa Rican young adults Original research



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


