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Abstract
Purpose  (1) To describe how Costa Rica implemented an integrated surveillance strategy of folate deficiency, neural tube 
defects (NTDs) prevalence, NTDs-associated infant mortality rate (NTDs-IMR), and folic acid food fortification (FAFF), to 
support with evidence NTDs prevention policies; (2) to disseminate updated data from monitoring programs.
Methods  We performed a cross-sectional analysis, using the databases of national surveillance systems for NTDs outcomes to 
compare NTDs-prevalence and NTDs-IMR observed in the pre-fortification (1987–1998) and post-fortification (2010–2020) 
periods. In addition, using data from FAFF monitoring program (2010–2020), means of folic acid concentration (mg/kg) 
and folic acid daily intake (μg/day) were calculated for each fortified food (corn and wheat flour, rice and milk), as well as 
its contribution to folic acid estimated average requirement (EAR).
Results  After FAFF Costa Rica showed a decrease of 84% in folic acid deficiency in women of childbearing age, as well 
as a 53% decrease in the prevalence of NTDs, falling from 11.82/10,000 to 5.52/10,000 livebirths. In addition, there was 
a 76% reduction in the NTDs-IMR from 77.01/100,000 to 18.66/100,000 livebirths. Between 2010 and 2020, all fortified 
foods provided an average contribution of 119% of the EAR of folic acid in the population.
Conclusion  To reduce NTD risk, an integrated surveillance strategy is essential not only to base prevention strategies on 
evidence, but also to demonstrate their impact and improve interventions over time. The experience in Costa Rica provides 
evidence that this type of surveillance is feasible to be implemented in developing countries.
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 Introduction

Neural tube defects (NTDs) are one of the leading causes 
of mortality, morbidity, and disability and a major prevent-
able public health burden in many low- and middle-income 
countries (LMIC). The burden of NTDs around the world is 
high, with approximately 80% of reported prevalence esti-
mates above 6.0/10,000 births, approximately 88,000 deaths 
per year, and 8.6 million disability-adjusted life years [1]. 
Highest prevalence is reported in LMIC [2] where NTDs 
may account for 29% of neonatal deaths due to observable 
birth defects [3].

In the Region of the Americas, median prevalence is esti-
mated as 11.5 per 10,000 live births, ranging from 3.3 in 
Ecuador and Mexico to 27.9 in Guatemala [1]. Inside the 
Region of the Americas, Latin America reported prevalence 
varies greatly within each country and between countries, 
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influenced by methods of ascertainment, ranging from 2.6 
per 10,000 (Rio de Janeiro, Brazil 2008) to 96.3 per 10,000 
live births (Porto Alegre, Brazil 2009) [4].

There is sufficient evidence on the effectiveness of folic 
acid fortification of foods (FAFF) in the prevention of NTDs 
[5, 6]. Besides, FAFF has demonstrated to be cost effective 
even in LMIC countries [7].

The current global prevention proportion of FAFF pre-
ventable spina bifida and anencephaly cases worldwide 
is 23% of total potential prevention; thus, 215,027 FAFF-
preventable cases occur each year; substandard or absent 
fortification policies are greatest in LMIC [8].

Costa Rica, a Central America middle-income country, 
implemented FAFF in 1997, with a large impact in raising 
blood folate levels in women of reproductive age [9] as well 
as in a sizeable reduction in NTDs-prevalence and NTDs-
associated infant mortality (NTD-IMR) up to 2012 [10–12].

Excluding Venezuela, all Latin American countries 
have mandatory fortification legislation of wheat flour 
with folic acid, but few have established monitoring and 
evaluation components to assess the impact of NTDs pre-
vention policies [4].

Public health surveillance includes the systematic and 
ongoing collection, analysis, and interpretation of health 
data, essential to the planning, implementation, and evalua-
tion of practices, closely related to the timely dissemination 
to decision-makers, to implement public health programs 
[13]. No public health policy will be correctly imple-
mented, evaluated, and improved without data provided by 
surveillance. However, several developing countries debate 
between spending their limited resources on the implementa-
tion of surveillance strategies and focusing these resources 
on interventions for NTDs prevention and care measures.

The objectives of this paper are as follows: to describe 
how Costa Rica has achieved an integrated surveillance 
strategy including multiple factors and events to implement, 
evaluate, and improve NTDs prevention strategies through 
food fortification with folic acid, and to disseminate the most 
current information on NTDs-prevalence, NTDs-IMR, and 
FAFF monitoring programs.

Methods

In Costa Rica, NTDs prevention policy through FAFF inte-
grates various surveillance systems: the monitoring of folate 
deficiency in women of reproductive age; the monitoring of 
NTDs-prevalence and NTDs-IMR; the monitoring and veri-
fication of the food fortification with folic acid. This inte-
grated surveillance has been proposed to accelerate NTDs 
prevention [14]. Based on published scientific articles, as 
well as current protocols, we describe how the different sur-
veillance strategies began and evolved.

In addition, we performed a cross-sectional study using 
data about NTDs-prevalence and NTDs-IMR from the pre-
fortification period (1987–1998), and the most recent post-
fortification period (2010–2020).

Complementarily, using data from FAFF monitoring pro-
gram (2010–2020), means of folic acid concentration (mg/
kg) and folic acid daily intake (μg/day) were calculated for 
each fortified food (corn and wheat flour, rice and milk), 
as well as its contribution to folic acid estimated average 
requirement (EAR = 400 μg /day) [15].

Data were obtained from the national surveillance sys-
tems: (1) the Costa Rican Birth Defects Register Center 
(CREC, acronym in Spanish), (2) the National Institute of 
Statistics and Censuses (INEC, acronym in Spanish) which 
has an online query for infant deaths by cause, and (3) the 
National Reference Center of Bromatology (CNRBro, acro-
nym in Spanish) that leads monitoring program of FAFF. 
CREC and CNRBro are part of the Costa Rican Institute for 
Research and Teaching in Nutrition and Health (INCIENSA, 
acronym in Spanish), which is a public institute dependent 
from the Ministry of Health (MH). The Research Directo-
rate of INCIENSA and Directorate for the Regulation of 
Products of Sanitary Interest of the MH, approved the use of 
aggregated data derived from surveillance systems to make 
this manuscript.

Blood folate monitoring

Costa Rica monitors the level of blood folate in the popula-
tion through National Nutrition Surveys (NNS) since 1996 
and approximately every 10 years. For the 1996 NNS, serum 
folate concentrations were determined using solid phase 
radioimmunoassay [16]; for the 2008–2009 NNS [9], a liq-
uid phase competitive chemiluminescent enzyme immuno-
assay was used. These surveys calculated both the median 
serum folate and the percentage of the population with blood 
folate deficiency (≤ 6 ng/ml). Given that the laboratory tech-
niques were different in each survey, we will present only the 
percentage of women of reproductive age with serum folate 
levels considered deficient.

Although in Costa Rica the NNS are meant to be carried out 
every 10 years, the 2019 NNS was not implemented due to lim-
ited financial resources, aggravated by the COVID-19 pandemic.

NTDs‑prevalence and NTDs‑associated infant mortality

In Costa Rica, mandatory birth defects surveillance—including 
NTDs—began in 1985 [17] with the creation of the CREC, 
including all death or live births of more than 500 g of weight 
and more than 20 weeks of gestational age. Nevertheless, the 
data on stillbirths is of questionable quality, since many hospi-
tals in the network do not report these data. In 2008, the report-
ing age increased from hospital discharge to the first year of 
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life [18]. CREC has a central coordinating group, integrated by 
two pediatrician-epidemiologists and one secretary. This group 
coordinates a network of 32 hospitals (28 public and 4 private-
hospitals), which covers over 98% of all national livebirths. 
The National Children Hospital (NCH)—the country’s only 
national referral center for birth defects—became a member 
of CREC since 2008, together with secondary pediatric health 
centers with pediatric services. The Birth Defect Surveillance 
Protocol [19] guides the network procedures.

CREC is member of several international networks such 
as International Clearinghouse of Birth Defects Surveillance 
and Research, and the Latin American Registry of Congeni-
tal Malformations [20].

The surveillance system was intended to be simple, flex-
ible, feasible, and inexpensive. Its implementation required a 
mix of political will, capacity building in the form of techni-
cal support to provide theoretical and practical capacities, 
and leadership of several people committed to children’s 
health, selected in each maternity to motivate and convince 
their peers of the relevance of the registry.

As part of its strategy, CREC monitors infant mortality 
due to congenital defects. Since 2016, CREC included all 
local infant mortality commissions in the country, and they 
became great allies of the network.

For this analysis, prevalence data were updated by cross-
checking the data reported to CREC with the mortality data 
from INEC. For congenital anencephaly and encephalocele 
defects, we found that for several years, infant mortality 
cases exceeded the cases reported to CREC. Thus, the high-
est number of cases reported between mortality and cases 
reported to CREC was considered prevalent cases.

We calculated temporal trends of NTDs-prevalence and 
NTDs-IMR with a 95% confidence interval (95% CI) for all 
NTDs from 1987 to 2020. Then, we compared all estimates 
between post- and pre-fortification periods by estimating 
prevalence ratios (PR) and infant mortality ratios by specific 
defect (anencephaly, encephalocele, and spina bifida), and 
the percentages of decrease for every estimated.

Pre-fortification period (1987–1998) does not include 
data from 1992 to 1995, because during this period only 8 
out of more than 20 hospitals participating in CREC were 
reporting, so NTDs-prevalence was grossly underreported in 
these years. Besides, pre-FAFF period includes 1998 data, 
because mandatory FAFF was implemented in October 
1997; thus, the potential effect in NTDs-prevalence was not 
expected until the end of 1998.

Folic acid levels in fortified foods

Systematic implementation of the verification of compliance 
with the fortification standards began after FAFF implemen-
tation (1997). Monitoring is done by laboratory analysis of 
fortified food samples. In a staggered manner, the chemical 

analyses of the different micronutrients were incorporated 
according to the type of food-vehicle. CNRBro and the MH 
carry out this work jointly: the latter provides financial 
resources, while the former is the technical partner. Every 
year a sampling plan is defined, the MH collects the sam-
ples, and CNRBro performs the laboratory tests and sends 
the results to the MH. Then, MH evaluates the results con-
trasting with the official fortification standards (defined by 
executive decrees); if non-compliance is detected, a health 
order is sent to the food manufacturer for appropriate action.

The Costa Rican fortification program uses different tech-
nologies according to the food vehicle to be fortified. In 
the case of rice, it uses head rice enrichment strategy [21, 
22] through extrusion and rinse-resistant coating technolo-
gies [23]. For the flours (wheat and corn), the fortification 
process takes place directly in the mills, and for milk the 
fortification occurs before pasteurization and homogeniza-
tions process. In all cases, the stage of premix fortification 
is carefully selected to guarantee the maximum homogeniza-
tion in the final product.

To present results of FAFF monitoring program for the post-
fortification period (2010–2020), we calculated the mean of 
fortification with folic acid (FFA, milligrams of folic acid per 
kilogram of food) by food and year, and the mean of folic acid 
daily intake (FADI, μg of folic acid contributed by individual 
food per day). Besides, according to the reported consumption 
of rice, milk, corn, and wheat flour in the 2008–2009 NNS and 
based on the fortification values established by decree, the per-
centage reached of target folic acid EAR (400 μg/day = 100%) 
[15] was calculated. Using the means of each fortified food per 
year, the contribution to the percent of EAR of folic acid per 
year and per food was calculated.

Results

Before FAFF in 1997, four NNS had been carried out (1966, 
1975, 1979, and 1982) that showed changes in the nutritional 
status of the population [24]. Nutritional anemia was identi-
fied as a public health problem in Costa Rica before 1996 
NNS, primarily due to iron deficiency and to a lesser extent 
to folate deficiency [16]. On the other hand, CREC showed 
a high prevalence of NTDs in 1996 (12.22 per 10,000 live-
births, 95% IC: 9.79–14.65). This scenario prompted the 
health authorities to include the measurement of serum 
folates in the population in the 1996 NNS.

By this time, the country already had a positive experi-
ence with large-scale food fortification, including fortifica-
tion of salt with iodine and of sugar with vitamin A [25]. 
With this background, and to address the high prevalence 
of NTDs, the health authorities decided to implement the 
FAFF strategy. In 1997, the wheat flour’s fortification decree 
(initially proposed in 1958) was modified to add folic acid 



	 Child's Nervous System

1 3

[26]. Over the following years, other foods were gradually 
included in the list of foods fortified with folic acid: corn 
flour in 1999 [27], milk in 2001 [28], and rice in 2002 (the 
decree was published in december 2021) [29].

Currently in Costa Rica, the FAFF strategy includes four 
food vehicles: rice, milk, corn, and wheat flour. Selection of 
these foods was based on the consumption habits of the popu-
lation (obtained in NNS) and accessibility of these foods to the 
population (price). The fortification levels were established by 
executive decrees, considering a coverage of 100% of the EAR 
(400 μg/day). Figure 1 summarizes the timetable for the imple-
mentation of food fortification programs, serum folate moni-
toring, and neural tube defects surveillance in Costa Rica.

Monitoring of blood folate concentration in women 
in reproductive age

In the 1996 NNS, the prevalence of folate deficiency 
(< 6 ng/ml) in women of childbearing age was 24.7%, 4% 
with severe deficiency (< 3 ng/ml), and 20.7% with mod-
erate deficiency (3–5.99 ng/ml) [16]. At that time, there 
were no resources to measure erythrocyte folate. In the 
2008–2009 NNS [9], 10 years after the implementation 

of mandatory FAFF, the prevalence of folate deficiency 
in women of childbearing age was 3.8% (measurement 
of erythrocyte folate was not implemented at that time), 
showing a 84% reduction compared to the 1996 NNS. 
This reduction was 78% in the Greater Metropolitan Area 
(the country’s most developed area) and was greater in 
rural areas, with 97% of reduction.

Prevalence of NTDs

There has been a significant reduction in NTDs- 
prevalence from 1987 to 2020, with a significant drop 
after FAFF (Fig. 2). There was also a significant reduction  
in NTDs-prevalence for each type of defect, being greater 
for encephalocele, followed by anencephaly and spine 
bifida (Table 1).

Infant mortality attributable to NTDs

Infant mortality from NTDs fell significantly throughout 
the 1987–2020 study period. Even though the IMR trend 
for NTDs had a downward trend, the reduction increased 
significantly after FAFF (Fig.  3). The proportion of  

Fig. 1   Timetable describing the food fortification programs, serum 
folates monitoring, and neural tube defects surveillance as part of 
the integrated strategy of NTDs prevention in Costa Rica. aPreforti-
fication period (1987–1997) does not include data from 1992 to 1995 
(gray dots in the prevalence line) because only 8 from more than 20 
hospitals participating in CREC were reporting and coverage showed 
a significant decrease. Prevalence of neural tube defects was updated 

for each period by crossing over data bases of CREC (prevalence) and 
INEC (mortality. Source: Nutritional deficiencies were documented 
from National Nutrition Survey 1996 [16] and 2008–2009 [9]; forti-
fication strategy was included in Executive Decrees [26–29]. Data for 
NTD mortality provided by INEC 2022, and data on NTD prevalence 
were available from CREC, 2022 
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NTDs within general infant mortality fell 60%, from 
5.50% in the pre-fortification period, to 2.23% in the  
post-fortification period. Similarly, the proportion of  

NTD within IMR by birth defects decreased by 68% between  
the pre- and post-fortification periods, going from  
19.20% to 6.33% (Table 2).
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Fig. 2   Prevalence trend for neural tube defects per 10,000 live-births 
in Costa Rica 1987–2020. aPrefortification period (1987–1998) does 
not include data from 1992 to 1995 (space without data in the preva-
lence line) because only 8 from more than 20 hospitals participating 

in CREC were reporting and coverage showed a significant decrease. 
Prevalence of neural tube defects was updated for each period by cross-
ing over databases of CREC (NTD-prevalence) and INEC (NTD-infant 
mortality). Source: CREC-INCIENSA Costa Rica 2022, INEC 2022

Table 1   Changes in prevalence 
of neural tube defects (NTDs) 
comparing pre-fortification 
period and post-fortification 
periods. Costa Rica 1987–2020

a Prevalence of neural tube defects was updated for each period by crossing over data bases of CREC (prev-
alence) and INEC (mortality)
b Prefortification period (1987–1997) does not include data from 1992 to 1995 because only 8 from more 
than 20 hospitals participating in CREC were reporting and coverage showed a significant decrease

Period/NTD type NTD prevalence per 
10,000 live births (95% 
CI)a

Prevalence ratio 
(prefortification 
referent)

Decrease relative  
to prefortification  
prevalence (%)

Pre-fortificationb (1987–1998)
    Anencephaly 3.05 (2.62–3.48) - -
    Encephalocele 2.71 (2.31–3.11) - -
    Spina bifida 6.06 (5.45–6.66) - -
    Total NTDs 11.82 (10.98-12.66) - -

Post-fortification (2010–2020)
    Anencephaly 1.54 (1.26–1.82) 0.50 50%
    Encephalocele 0.67 (0.49–0.85) 0.25 75%
    Spina bifida 3.31 (2.90–3.72) 0.55 45%
    Total NTDs 5.52 (4.99–6.05) 0.47 53%
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Folic acid in fortified foods

The selection of the number of fortified food samples included 
in this work is variable since it is based on two assumptions: 
first, by law, any food sold in the Costa Rican market must 
be fortified; second the fortification process (addition of the 
pre-mix to the vehicle feed) is homogeneous. The latter is 
based on the homogeneity evaluation of a large number of 
food samples at the beginning of the fortification program.

Due to their physical characteristics (liquid and pow-
dered, respectively), milk and flour are foods that allow for 

a very uniform distribution of the fortifier. In rice, both the 
food and the fortifier (extruded rice grain or rinse-resistant 
coating technologies) have granulometry similar to each 
other and higher than the flours, so there is greater diffi-
culty in homogenizing the fortification processes and there-
fore greater variability in the contents of folic acid. Figure 4 
shows how the interquartile distance q2-q3 (represented 
by boxes) of the three foods widen as their granulometry 
increases when going from wheat to rice.

Another aspect that influences this variability is related 
to the fortification process directly in the mills. The flours 

Fig. 3   Infant mortality rate from neural tube defects before and after folic acid food fortification, Costa Rica 1987–2020. Source: data from 
Costa Rican National Institute of Statistics and Census (INEC), January 2022

Table 2   Changes in infant 
mortality rate from neural 
tube defects (NTDs-IMR) by 
pre-fortification period and 
post-fortification periods. Costa 
Rica 1987–2020

Source: data from Costa Rican National Institute of Statistics and Census (INEC), January 2022

Period/NTD type NTDs-IMR per 100,000 
live births (CI95%)

NTDs-IMR ratio  
(prefortification  
referent)

Decrease relative to 
prefortification (%)

Pre-fortification (1987–1998)
    Anencephaly 27.37 (27.28–27.46) - -
    Encephalocele 29.87 (29.78–29.96) - -
     Spina bifida 19.77 (19.69–19.85) - -
    Total NTDs 77.01 (76.93–77.10) - -

Post-fortification (2010–2020)
    Anencephaly 15.25 (15.17–15.33) 0.56 44%
    Encephalocele 2.50 (2.46–2.53) 0.08 92%
    Spina bifida 0.92 (0.90–0.94) 0.05 95%
    Total NTDs 18.66 (18.58–18.75) 0.24 76%
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are fortified during milling, which guarantees an appropriate 
distribution of the additives as well as the added nutrients, 
while in rice, the fortifier is added before packaging and 
mixing technologies could not guarantee homogenization 
as in flours.

Figure 5 shows the content of folic acid from milk; the 
levels found are above the fortification standard and show 
a greater dispersion than in fortified cereals. This could be 
due to the different types of milk consumed in the country 
(whole, low fat and skim milk).

Fig. 4   Folic acid content in 
cereals fortified by decree in 
Costa Rica, 2010–2020. Stand-
ard values in the blue line: in  
wheat flour 1.8 mg/kg [26], in 
corn flour 1.3 mg/kg [27], in 
rice 1.8 mg/kg [29]

Fig. 5   Folic acid content in 
fortified milk by decree in Costa 
Rica, 2010–2020. Standard 
values in blue line: milk 
4.0 μg/250 ml [28]
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According to mandatory standards, the percentage of the 
target folic acid EAR (400 μg /day = 100%) reached was 
99%. Table 3 shows how the fortification with folic acid per 
food (expressed in mg/kg) is mostly above the minimum 
value established by decree. The percentage of EAR reached 
per year, taking into consideration all fortified foods, showed 
an average of 119% for the 2010–2020 period. This shows 
that the program has been efficient during the time contem-
plated in this study.

Discussion

Increasing the blood folate concentration in women of 
childbearing age has demonstrated to be effective in pri-
mary and secondary prevention of NTDs [8, 30, 31]. There 
are several approaches to improve folate status, including 
improving folate intake through dietary diversification, 
supplementation, and food fortification. In practice, it 
may be difficult to obtain the target 400 mcg/day of folate 
recommended to prevent NTDs from diet. Supplementa-
tion faces many challenges as public health intervention, 
including that more than half the pregnancies on a global 
level are not planned [32], which makes it more challeng-
ing to consume the required supplements before concep-
tion. Therefore, large-scale FAFF has emerged as the most 
cost-effective intervention to improve folate status at the 
population level [7, 33]. Currently, about 80 countries have 
mandatory FAFF programs [34], but few have monitored 
their effectiveness establishing proper quality assurance 
monitoring and evaluation practices, and even fewer have 
established appropriate NTDs surveillance systems or cor-
related these with folate determinations, both at the bio-
logical level and in the fortified foods.

We recognize that in countries with limited resources 
FAFF can represent a big challenge due to the complex 
dynamism involving different factors: although the govern-
ment is responsible for setting the fortification standards, 
fortification activities are ultimately in charge of the food 
industry (which assumes the cost of the fortificant and com-
plying with the correct addition of the premix); changing 
consumption habits in the population as well as particular 
habits in specific segments of it that may limit their access 
to fortified foods; and underlying conditions that may impact 
consumer’s decision to eat the fortified foods. However, the 
Costa Rican experience presented on this paper shows how 
a multi-pronged approach to monitor and evaluate the effec-
tiveness of FAFF can be successfully implemented.

Based on the results of successive NNS, the Costa Rica 
government became aware of the low level of folate intake 
by the population. This evidence was further reinforced by 
acknowledging a high prevalence of NTDs evidenced by the 
birth defects national surveillance system including reported 

cases, discharge databases, and mortality registries, follow-
ing established, uniform protocols. The choice of staple 
foods selected for large-scale FAFF was done on a step-
wise fashion, taking into consideration consumption habits, 
availability, and price. As more foods were included in the 
fortification program, the levels of fortification for each of 
them were adjusted, both to comply with the recommended 
level of intake as well as to not exceed the upper tolerable 
limit of folate. Continued surveillance of blood folate levels 
has shown an increase in the population comparing pre- with 
post-fortification periods, and both NTDs surveillance and 
NTDs-IMR have responded in a way consistent with the 
improvement of the folate status in the population. Similar 
responses have been found in other countries, including Aus-
tralia [35], Chile [36], and Canada [37].

Data from different countries around the world has shown 
that with well-established mandatory large-scale FAFF pro-
grams, the prevalence of NTD can be brought down to a 
minimum of 5–6 × 10,000 births [1, 2, 8, 30]. As shown in 
previous publications [11, 12], and confirmed with our more 
recent information, this has also been the case in Costa Rica, 
where the prevalence of NTDs changed from 11.8 × 10,000 
livebirths pre-fortification to 5.5 × 10,000 post-fortification. 
Furthermore, NTDs-IMR also showed a substantial decline, 
from 77.01 × 100,000 livebirths to 18.66 × 100,000. Our data 
also showed that, although in Costa Rica infant mortality for 
all causes and infant mortality for congenital defects have 
decreased significantly in recent decades [38, 39], the signif-
icant and sustained fall in NTD-IMR is mostly consequence 
of the decrease in the prevalence of serious defects such as 
anencephaly (50% reduction) and encephalocele (75% reduc-
tion), in addition to the reduction in the most common NTD, 
spina bifida (45% reduction).

Although the WHO recommends an intake of 400 μg/day of 
folic acid to protect against the risk of folate-responsive NTD, 
recent data modelling the proportion of folate-preventable 
spine bifida and anencephaly supports that a minimum daily 
intake of 200 mcg of folic acid may be sufficient to provide 
high protection [8]. In support of this lower level of intake 
providing protection against NTDs, our data showed that the 
steepest decline on these birth defects occurred in the first 
3 years post-FAFF (Figs. 4 and 5), when only one staple food 
(wheat flour) was being fortified. As other foods were included 
in the policy, subsequent declines were observed in the popu-
lation, likely showing that larger segments of the population 
were receiving the benefit of the program. Monitoring the 
amount of folic acid present in the staple foods fortified in 
Costa Rica (wheat, corn, rice, and milk), our analysis showed 
that even if specific segments of the population consumed the 
four foods (Table 3), their intake would be 572 μg/day, slightly 
above the EAR but way below the UTL of 1000 μg/day [40].

Therefore, according to our results, the strategy of fortify-
ing several foods with folic acid has been successful insofar 
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as it is complementary (several foods) and universal (all 
options in the market for the same food). The underlying 
assumption is that the daily intake of folic acid will not be 
achieved by most of the population with consumption of 
one single fortified food, but it may be achieved with sev-
eral. Furthermore, these data also point out that starting a 
fortification program, even when the fortified food does not 
reach the whole population, will provide tangible benefits 
in reducing the risk of NTDs; and that the inclusion of other 
fortified staples will help expand this benefit. This strategy 
has come to resolve the heterogeneity of the population’s 
consumption habits, and has given responsibility for popu-
lation health to various food industry players, creating an 
awareness of shared responsibility to contribute to public 
health, and reducing the resistance of producers to assume 
the cost and effort of fortification. The social commitment 
and the will of the food industry to continue with the FAFF 
program has been key in Costa Rica. The data collected from 
the different sources of information have served as a basis to 
create an integrated surveillance system, and this has been 
instrumental to increase awareness among these private 
actors and to show them that this strategy works.

Following the fact that our evaluation was not planned at 
the outset of the activities described, our study faced sev-
eral limitations. The laboratory techniques used to measure 
blood folate status have shown changes over time, so results 
may not be strictly comparable. Data collection has shown 
some lapses over time, including underreporting of NTDs-
prevalence between 1992 and 1995, as well as the absence of 
a NNS in 2019, due to limited financial resources and con-
straints imposed by COVID-19 pandemic. We acknowledge 
that the recommended indicator to evaluate the adequacy 
of folate status in providing the largest protection for NTDs 
is derived from measurement of red blood cell folate [41], 
which has not been determined in Costa Rican population. 
However, blood folate is a good indicator of recent inges-
tion of folic acid, and as such, is acceptable to be used at a 
population level to reflect changes in folate intake [42]. We 
recognize that these cross-sectional analyses do not conform 
to the widely accepted criterion of a randomized control 
trial to support causality, but the evidence provided through 
this comprehensive analysis conforms to several of Hill’s 
criteria to derive causality, as it shows evidence of biological  
coherence, plausibility, and temporality [43]. Observational 
studies coming from surveillance systems provide the evi-
dence needed in public health due to lack of feasibility  
and other inherent limitations of randomized controlled tri-
als. In implementing evidence-based policies, an important 
but often overlooked consideration is the likelihood of harm 
from not assuming causality and thus making no change in 
current policy [6].

A recent study revealed that the presence of a registry 
or surveillance program for NTDs increases with country 
income level; likewise, the risk of bias of the reported 
prevalence increases as the income level of the countries 
decreases [1]. Lack of population-based surveillance con-
tributes to gaps in our knowledge of NTDs in develop-
ing world; thus, funding for birth defects surveillance is 
urgently required to plan and develop a functional primary 
prevention infrastructure for future births; over time, the 
health and economic returns would be significant [44].

We have shown that the collection of solid evidence to 
guide decisions in public health is a sound approach leading 
to the improvement of the health status of the population. 
Large-scale food fortification has been recognized as one of 
the most effective and cost-efficient public health interven-
tions [45, 46]. An integrated surveillance strategy is essential 
not only to base prevention strategies on evidence, but also 
to demonstrate their impact and improve interventions over 
time. The experience in Costa Rica provides evidence that 
this type of surveillance is feasible in developing countries.

Author contribution  All authors contributed to the study conception and 
design. Material preparation, data collection and analysis were performed 
mainly by Adriana Benavides and Oscar Fernández with the help of Maria 
de la Paz Barboza and Thelma Alfaro. The first draft of the manuscript 
was written by Adriana Benavides and edited by Homero Martínez; all 
authors reviewed and commented on previous versions of the manuscript. 
All authors read and approved the final manuscript.

Data availability  The data that support the findings came from dif-
ferent sources:

Data of NTD infant mortality of this study are available without 
restrictions, in aggregate and anonymous form, from National Insti-
tute of Statistics and Census (www.​inec.​go.​cr): the data on deaths in 
children under 1 year of age are available in the online consultation 
system, while the data on neonatal deaths are available at request. 
Pooled anonymous data of NTD prevalence from Centro de Registro de 
Enfermedades Congénitas (CREC), are available from the correspond-
ing author on reasonable request with the permission of the Directorate 
of Research of INCIENSA Data of monitoring of food fortification are 
available from the corresponding author on reasonable request with the 
permission of the CNRBro of INCIENSA, Directorate of Research of 
INCIENSA and Directorate for the Regulation of Products of Sanitary 
Interest of the MH.

Declarations 

Ethics approval  The use of aggregated data derived from surveillance 
systems was approved by the Research Directorate of INCIENSA 
and Directorate for the Regulation of Products of Sanitary Interest 
of the MH.

Consent for publication  As this study utilized pooled, non-identifiable data 
collected from surveillance systems, it was excluded from the Research 
Ethics Committee review and the requirement of informed consent.

Conflict of interest  On behalf of all authors, the corresponding author 
states that there is no conflict of interest.

http://www.inec.go.cr


Child's Nervous System	

1 3

References

	 1.	 Zaganjor I, Sekkarie A, Tsang BL, Williams J, Razzaghi H, 
Mulinare J et al (2016) Describing the prevalence of neural tube 
defects worldwide: a systematic literature review. PLoS ONE 
11(4):e0151586

	 2.	 Blencowe H, Kancherla V, Moorthie S, Darlison MW, Modell 
B (2018) Estimates of global and regional prevalence of neural 
tube defects for 2015: a systematic analysis. Ann N Y Acad Sci 
1414(1):31–46

	 3.	 Blencowe H, Cousens S, Modell B, Lawn J (2010) Folic acid 
to reduce neonatal mortality from neural tube disorders. Int J 
Epidemiol 39(Suppl 1):i110–i121

	 4.	 Rosenthal J, Casas J, Taren D, Alverson CJ, Flores A, Frias J 
(2014) Neural tube defects in Latin America and the impact of for-
tification: a literature review. Public Health Nutr 17(3):537–550

	 5.	 Centeno Tablante E, Pachón H, Guetterman HM, Finkelstein JL 
(2019) Fortification of wheat and maize flour with folic acid 
for population health outcomes. Cochrane Database Syst Rev 
7:CD012150

	 6.	 Martinez H, Pachón H, Kancherla V, Oakley GP Jr (2021) Food 
fortification with folic acid for prevention of spina bifida and 
anencephaly: the need for a paradigm shift in evidence evalua-
tion for policy-making. Am J Epidemiol 190(10):1972–1976

	 7.	 Hoddinott J (2018) The investment case for folic acid fortifica-
tion in developing countries. Ann N Y Acad Sci 1414(1):72–81

	 8.	 Kancherla V, Wagh K, Pachón H, Oakley GP Jr (2021) A 2019 
global update on folic acid-preventable spina bifida and anen-
cephaly. Birth Defects Res 113(1):77–89

	 9.	 Ministerio de Salud de Costa Rica, Instituto Costarri-
cense de Investigación y Enseñanza en Nutrición y Salud  
(2012) Encuesta nacional de nutrición 2008–2009. Fascículo 
2: Micronutrientes. Micronutrientes.pdf [Internet]. [cited 2022 
Mar 18]. Available from: https://​www.​binas​ss.​sa.​cr/​opac-​ms/​
media/​digit​ales/​Encue​sta%​20nac​ional%​20de%​20nut​rici%​C3%​
B3n.%​20Fasc%​C3%​ADculo%​202.%​20Mic​ronut​rient​es.​pdf

	10.	 Chen LT, Rivera MA (2004) The Costa Rican experience: 
reduction of neural tube defects following food fortification 
programs. Nutr Rev 62(6 Pt 2):S40–43

	11.	 Barboza Argüello M de la P, Umaña Solís LM (2011) Impacto 
de la fortificación de alimentos con ácido fólico en los defectos 
del tubo neural en Costa Rica. Rev Panam Salud Pública 30:1–6

	12.	 Barboza-Argüello MP, Umaña-Solís LM, Azofeifa A,  
Valencia D, Flores AL, Rodríguez-Aguilar S et al (2015) Neural 
tube defects in Costa Rica, 1987–2012: origins and development 
of birth defect surveillance and folic acid fortification. Matern 
Child Health J 19(3):583–90

	13.	 Porta MS, International Epidemiological Association (eds.) 
(2008) A dictionary of epidemiology. 5th ed. Oxford ; New 
York: Oxford University Press; p. 289

	14.	 Botto LD, Mastroiacovo P (2018) Triple surveillance: a proposal 
for an integrated strategy to support and accelerate birth defect 
prevention. Ann N Y Acad Sci 1414(1):126–136

	15.	 Bell KN, Oakley GP (2009) Update on prevention of folic acid-
preventable spina bifida and anencephaly. Birt Defects Res A 
Clin Mol Teratol 85(1):102–107

	16.	 Rodríguez Aguilar S, Cunningham LL (2012) Control de calidad 
interno de la determinación de folatos séricos por metodologías 
inmunométricas. Rev Costarric Salud Pública 21(2):65–69

	17.	 Creación del Centro de Registro de Enfermedades Congénitas 
Decretyo No. 16488-S (1995) [Internet]. [cited 2022 Mar 18]. Avail-
able from: http://​www.​pgrweb.​go.​cr/​scij/​Busqu​eda/​Norma​tiva/​ 
Normas/​nrm_​texto_​compl​eto.​aspx?​param1=​NRTC&​nValo​r1=​ 
1&​nValo​r2=​53985​&​nValo​r3=​59000​&​strTi​pM=​TC

	18.	 Reforma del Decreto de Creación el Centro de Registro de Enferme-
dades Congénitas Decreto No. 34398-S (2008) [Internet]. [cited 2022 
Mar 18]. Available from: http://​www.​pgrweb.​go.​cr/​scij/​Busqu​eda/​
Norma​tiva/​Normas/​nrm_​texto_​compl​eto.​aspx?​param1=​NRTC&​
nValo​r1=​1&​nValo​r2=​62726​&​nValo​r3=​71770​&​strTi​pM=​TC

	19.	 Ministerio de Salud de Costa Rica, Caja Costarricense de Seguro 
Social, Instituto Costarricense de Investigación y Enseñanza en Nutri-
ción y Salud (2018) Protocolo de vigilancia de defectos congénitos 
en Costa Rica [Internet] [cited 2022 Mar 18]. Available from: https://​
www.​minis​terio​desal​ud.​go.​cr/​index.​php/​bibli​oteca-​de-​archi​vos-​left/​
docum​entos-​minis​terio-​de-​salud/​vigil​ancia-​de-​la-​salud/​normas-​ 
proto​colos-​guias-y-​linea​mient​os/​malfo​rmaci​ones-​conge​nitas/​1841-​
proto​colo-​de-​vigil​ancia-​de-​defec​tos-​conge​nitos-​marzo-​2018/​file

	20.	 Durán P, Liascovich R, Barbero P, Bidondo MP, Groisman B, 
Serruya S et al (2019) Sistemas de vigilancia de anomalías con-
génitas en América Latina y el Caribe: presente y futuro. Rev 
Panam Salud Pública 24(43):1

	21.	 Saha S, Roy A (2020) Whole grain rice fortification as a solu-
tion to micronutrient deficiency: technologies and need for more 
viable alternatives. Food Chem 1(326):127049

	22.	 Steiger G, Müller-Fischer N, Cori H, Conde-Petit B (2014) For-
tification of rice: technologies and nutrients. Ann N Y Acad Sci 
1324(1):29–39

	23.	 Scaling Up Rice Fortification in Latin America and the Carib-
bean (2017) Sight Life Suppl Scaling Rice Fortif Engl [Internet]. 
2017 Jul 17 [cited 2022 Mar 18] (2). Available from: https://​
sight​andli​fe.​org/​artic​le/​scali​ng-​up-​rice-​forti​ficat​ion-​in-​latin-​
ameri​ca-​and-​the-​carib​bean/

	24.	 Ministerio de Salud de Costa Rica, Caja Costarricense de Seguro  
Social, Instituto Costarricense de Investigación y Enseñanza 
en Nutrición y Salud, Organización Panamericana de la Salud 
y Agencia de Salud Pública de Canadá (2006)  Formulación de 
la política de fortificación de harina de trigo con ácido fólico:  
el caso de Costa Rica [Internet] [cited 2022 Mar 10]. Available 
from: https://​www.​paho.​org/​carmen/​wp-​conte​nt/​uploa​ds/​2012/​06/​
Obser​vator​io-​de-​ENT-​El-​Caso-​de-​Costa-​Rica.​pdf

	25.	 World Health Organization (‎2006) Guidelines on food fortification 
with micronutrients. Edited by Allen L, Benoist B, Dary O and 
Hurrel R. World Health Organization [Internet] [cited 2022 Mar 
18]. Available from: https://​apps.​who.​int/​iris/​handle/​10665/​43412

	26.	 Reforma al relgamento para el enriquecimiento de la harina de trigo de  
calidad alimentaria Decreto No. 30030-S (1997) [Internet] [cited 2022  
Mar 18]. Available from: http://​www.​pgrweb.​go.​cr/​scij/​Busqu​eda/​
Norma​tiva/​Normas/​nrm_​texto_​compl​eto.​aspx?​param1=​NRTC&​
nValo​r1=​1&​nValo​r2=​47678​&​nValo​r3=​50593​&​strTi​pM=​TC

	27.	 Reglamento para el enriquecimiento de la harina de maíz Decreto 
No. 28086-S (1999) [Internet] [cited 2022 Mar 18]. Available from: 
http://​www.​pgrweb.​go.​cr/​scij/​Busqu​eda/​Norma​tiva/​Normas/​nrm_​
texto_​compl​eto.​aspx?​param1=​NRTC&​nValo​r1=​1&​nValo​r2=​
49110​&​nValo​r3=​52451​&​strTi​pM=​TC

	28.	 Reglamento para el enriquecimiento de la leche de ganado vacuno 
Decreto No. 29629-S (2001) [Internet] [cited 2022 Mar 18]. Avail-
able from: http://​www.​pgrweb.​go.​cr/​scij/​Busqu​eda/​Norma​tiva/​
Normas/​nrm_​texto_​compl​eto.​aspx?​param1=​NRTC&​nValo​r1=​
1&​nValo​r2=​46627​&​nValo​r3=​49301​&​strTi​pM=​TC

	29.	 Reglamento para el enriquecimiento del arroz Decreto No. 
30031-S (2001) [Internet] [cited 2022 Mar 18]. Available from: 
http://​www.​pgrweb.​go.​cr/​scij/​Busqu​eda/​Norma​tiva/​Normas/​nrm_​
texto_​compl​eto.​aspx?​param1=​NRTC&​nValo​r1=​1&​nValo​r2=​
57308​&​nValo​r3=​62876​&​strTi​pM=​TC

	30.	 Martinez H, Weakland AP, Bailey LB, Botto LD, De-Regil LM, 
Brown KH (2018) Improving maternal folate status to prevent 
infant neural tube defects: working group conclusions and a 
framework for action. Ann N Y Acad Sci 1414(1):5–19

https://www.binasss.sa.cr/opac-ms/media/digitales/Encuesta%20nacional%20de%20nutrici%C3%B3n.%20Fasc%C3%ADculo%202.%20Micronutrientes.pdf
https://www.binasss.sa.cr/opac-ms/media/digitales/Encuesta%20nacional%20de%20nutrici%C3%B3n.%20Fasc%C3%ADculo%202.%20Micronutrientes.pdf
https://www.binasss.sa.cr/opac-ms/media/digitales/Encuesta%20nacional%20de%20nutrici%C3%B3n.%20Fasc%C3%ADculo%202.%20Micronutrientes.pdf
http://www.pgrweb.go.cr/scij/Busqueda/Normativa/Normas/nrm_texto_completo.aspx?param1=NRTC&nValor1=1&nValor2=53985&nValor3=59000&strTipM=TC
http://www.pgrweb.go.cr/scij/Busqueda/Normativa/Normas/nrm_texto_completo.aspx?param1=NRTC&nValor1=1&nValor2=53985&nValor3=59000&strTipM=TC
http://www.pgrweb.go.cr/scij/Busqueda/Normativa/Normas/nrm_texto_completo.aspx?param1=NRTC&nValor1=1&nValor2=53985&nValor3=59000&strTipM=TC
http://www.pgrweb.go.cr/scij/Busqueda/Normativa/Normas/nrm_texto_completo.aspx?param1=NRTC&nValor1=1&nValor2=62726&nValor3=71770&strTipM=TC
http://www.pgrweb.go.cr/scij/Busqueda/Normativa/Normas/nrm_texto_completo.aspx?param1=NRTC&nValor1=1&nValor2=62726&nValor3=71770&strTipM=TC
http://www.pgrweb.go.cr/scij/Busqueda/Normativa/Normas/nrm_texto_completo.aspx?param1=NRTC&nValor1=1&nValor2=62726&nValor3=71770&strTipM=TC
https://www.ministeriodesalud.go.cr/index.php/biblioteca-de-archivos-left/documentos-ministerio-de-salud/vigilancia-de-la-salud/normas-protocolos-guias-y-lineamientos/malformaciones-congenitas/1841-protocolo-de-vigilancia-de-defectos-congenitos-marzo-2018/file
https://www.ministeriodesalud.go.cr/index.php/biblioteca-de-archivos-left/documentos-ministerio-de-salud/vigilancia-de-la-salud/normas-protocolos-guias-y-lineamientos/malformaciones-congenitas/1841-protocolo-de-vigilancia-de-defectos-congenitos-marzo-2018/file
https://www.ministeriodesalud.go.cr/index.php/biblioteca-de-archivos-left/documentos-ministerio-de-salud/vigilancia-de-la-salud/normas-protocolos-guias-y-lineamientos/malformaciones-congenitas/1841-protocolo-de-vigilancia-de-defectos-congenitos-marzo-2018/file
https://www.ministeriodesalud.go.cr/index.php/biblioteca-de-archivos-left/documentos-ministerio-de-salud/vigilancia-de-la-salud/normas-protocolos-guias-y-lineamientos/malformaciones-congenitas/1841-protocolo-de-vigilancia-de-defectos-congenitos-marzo-2018/file
https://www.ministeriodesalud.go.cr/index.php/biblioteca-de-archivos-left/documentos-ministerio-de-salud/vigilancia-de-la-salud/normas-protocolos-guias-y-lineamientos/malformaciones-congenitas/1841-protocolo-de-vigilancia-de-defectos-congenitos-marzo-2018/file
https://sightandlife.org/article/scaling-up-rice-fortification-in-latin-america-and-the-caribbean/
https://sightandlife.org/article/scaling-up-rice-fortification-in-latin-america-and-the-caribbean/
https://sightandlife.org/article/scaling-up-rice-fortification-in-latin-america-and-the-caribbean/
https://www.paho.org/carmen/wp-content/uploads/2012/06/Observatorio-de-ENT-El-Caso-de-Costa-Rica.pdf
https://www.paho.org/carmen/wp-content/uploads/2012/06/Observatorio-de-ENT-El-Caso-de-Costa-Rica.pdf
https://www.apps.who.int/iris/handle/10665/43412
http://www.pgrweb.go.cr/scij/Busqueda/Normativa/Normas/nrm_texto_completo.aspx?param1=NRTC&nValor1=1&nValor2=47678&nValor3=50593&strTipM=TC
http://www.pgrweb.go.cr/scij/Busqueda/Normativa/Normas/nrm_texto_completo.aspx?param1=NRTC&nValor1=1&nValor2=47678&nValor3=50593&strTipM=TC
http://www.pgrweb.go.cr/scij/Busqueda/Normativa/Normas/nrm_texto_completo.aspx?param1=NRTC&nValor1=1&nValor2=47678&nValor3=50593&strTipM=TC
http://www.pgrweb.go.cr/scij/Busqueda/Normativa/Normas/nrm_texto_completo.aspx?param1=NRTC&nValor1=1&nValor2=49110&nValor3=52451&strTipM=TC
http://www.pgrweb.go.cr/scij/Busqueda/Normativa/Normas/nrm_texto_completo.aspx?param1=NRTC&nValor1=1&nValor2=49110&nValor3=52451&strTipM=TC
http://www.pgrweb.go.cr/scij/Busqueda/Normativa/Normas/nrm_texto_completo.aspx?param1=NRTC&nValor1=1&nValor2=49110&nValor3=52451&strTipM=TC
http://www.pgrweb.go.cr/scij/Busqueda/Normativa/Normas/nrm_texto_completo.aspx?param1=NRTC&nValor1=1&nValor2=46627&nValor3=49301&strTipM=TC
http://www.pgrweb.go.cr/scij/Busqueda/Normativa/Normas/nrm_texto_completo.aspx?param1=NRTC&nValor1=1&nValor2=46627&nValor3=49301&strTipM=TC
http://www.pgrweb.go.cr/scij/Busqueda/Normativa/Normas/nrm_texto_completo.aspx?param1=NRTC&nValor1=1&nValor2=46627&nValor3=49301&strTipM=TC
http://www.pgrweb.go.cr/scij/Busqueda/Normativa/Normas/nrm_texto_completo.aspx?param1=NRTC&nValor1=1&nValor2=57308&nValor3=62876&strTipM=TC
http://www.pgrweb.go.cr/scij/Busqueda/Normativa/Normas/nrm_texto_completo.aspx?param1=NRTC&nValor1=1&nValor2=57308&nValor3=62876&strTipM=TC
http://www.pgrweb.go.cr/scij/Busqueda/Normativa/Normas/nrm_texto_completo.aspx?param1=NRTC&nValor1=1&nValor2=57308&nValor3=62876&strTipM=TC


	 Child's Nervous System

1 3

	31.	 Crider KS, Qi YP, Devine O, Tinker SC, Berry RJ (2018) Mod-
eling the impact of folic acid fortification and supplementation 
on red blood cell folate concentrations and predicted neural tube 
defect risk in the United States: have we reached optimal preven-
tion? Am J Clin Nutr 107(6):1027–1034

	32.	 Bearak J, Popinchalk A, Ganatra B, Moller A-B, Tunçalp Ö, 
Beavin C et al (2020) Unintended pregnancy and abortion by 
income, region, and the legal status of abortion: estimates from 
a comprehensive model for 1990–2019. Lancet Glob Health 
8(9):e1152–e1161

	33.	 Rodrigues VB, da Silva EN, Santos MLP (2021) Cost-effectiveness 
of mandatory folic acid fortification of flours in prevention of neural 
tube defects: a systematic review. PLoS ONE 16(10):e0258488

	34.	 List of Countries for the Food Fortification Dashboard – Global 
Fortification Data Exchange | GFDx [Internet]. [cited 2022 Mar 
18]. Available from: https://​forti​ficat​ionda​ta.​org/​list-​of-​count​ries-​
for-​the-​food-​forti​ficat​ion-​dashb​oard/

	35.	 Brown RD, Langshaw MR, Uhr EJ, Gibson JN, Joshua DE (2011) The 
impact of mandatory fortification of flour with folic acid on the blood 
folate levels of an Australian population. Med J Aust 194(2):65–67

	36.	 Hertrampf E, Cortés F (2008) National food-fortification program 
with folic acid in Chile. Food Nutr Bull 29(2 Suppl):S231–237

	37.	 Liu S, West R, Randell E, Longerich L, O’connor KS, Scott H 
et al (2004) A comprehensive evaluation of food fortification with 
folic acid for the primary prevention of neural tube defects. BMC 
Pregnancy Childbirth 4(1):20

	38.	 Barboza-Arguello M de la P, Benavides-Lara A, Umaña L, Vargas-
Leitón B (2013) Mortalidad infantil por defectos congénitos en 
Costa Rica, 1981–2010. Rev Panam Salud Pública 34:304–11

	39.	 Barboza-Argüello M de la P, Benavides-Lara A, Barboza-Argüello 
M de la P, Benavides-Lara A (2021) Mortalidad infantil por defec-
tos congénitos en Costa Rica: actualización 2010–2018. Acta 
Médica Costarric 63(2):88–96

	40.	 Reynolds EH (2016) What is the safe upper intake level of folic 
acid for the nervous system? Implications for folic acid fortifica-
tion policies. Eur J Clin Nutr 70(5):537–540

	41.	 Pfeiffer CM, Zhang M, Jabbar S (2018) Framework for laboratory 
harmonization of folate measurements in low- and middle-income 
countries and regions. Ann N Y Acad Sci 1414(1):96–108

	42.	 Bailey LB, Hausman DB (2018) Folate status in women of repro-
ductive age as basis of neural tube defect risk assessment. Ann N 
Y Acad Sci 1414(1):82–95

	43.	 Hill AB (1965) The environment and disease: association or cau-
sation? Proc R Soc Med 58(5):295–300

	44.	 Kancherla V, Oakley GP, Brent RL (2014) Urgent global oppor-
tunities to prevent birth defects. Semin Fetal Neonatal Med 
19(3):153–160

	45.	 CDC (2011) Ten Great Public Health Achievements --- United 
States, 2001—2010. MMWR 60(19):619-623. Available from: 
https://​www.​cdc.​gov/​mmwr/​previ​ew/​mmwrh​tml/​mm601​9a5.​htm

	46.	 Behrman JR, Alderman H, Hoddinott J (2004) Malnutrition and 
hunger. In: Lomborg B, editor. Global Crises, Global Solutions 
[Internet]. 1st ed. Cambridge University Press; [cited 2022 Mar 
18]. p. 363–442. Available from: https://​www.​cambr​idge.​org/​core/​
produ​ct/​ident​ifier/​CBO97​80511​49262​4A031/​type/​book_​part

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

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

https://fortificationdata.org/list-of-countries-for-the-food-fortification-dashboard/
https://fortificationdata.org/list-of-countries-for-the-food-fortification-dashboard/
https://www.cdc.gov/mmwr/preview/mmwrhtml/mm6019a5.htm
https://www.cambridge.org/core/product/identifier/CBO9780511492624A031/type/book_part
https://www.cambridge.org/core/product/identifier/CBO9780511492624A031/type/book_part

	Integrated surveillance strategy to support the prevention of neural tube defects through food fortification with folic acid: the experience of Costa Rica
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	 Introduction
	Methods
	Blood folate monitoring
	NTDs-prevalence and NTDs-associated infant mortality
	Folic acid levels in fortified foods

	Results
	Monitoring of blood folate concentration in women in reproductive age
	Prevalence of NTDs
	Infant mortality attributable to NTDs
	Folic acid in fortified foods

	Discussion
	References


