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Abstract

Anencephaly, encephalocele, and spina bifida are congenital neural tube defects and are
the main causes of neonatal morbidity and mortality and impose a heavy economic burden
on health systems. This study to estimates the direct costs of neural tube defects from the
perspective of the Brazilian Ministry of Health, and the prevented cases and cost savings
during the period in which mandatory folic acid fortification was in effect in the country
(2010-2019). It is a top-down cost-of-iliness oriented study based on the prevalence of the
disorders in Brazil. Data were collected from the Brazilian Ministry of Health’s outpatient and
hospital information system databases. The direct cost was estimated from the total patient-
years, allocated by age and type of disorder. Prevented cases and cost savings were deter-
mined by the difference in the prevalence of the disorders in the pre- and post-fortification
periods based on the total number of births and the sum of outpatient and hospital costs dur-
ing the period. The total cost of outpatient and hospital services for these disorders totaled R
$92,530,810.63 (Int$ 40,565,896.81) in 10 years; spina bifida accounted for 84.92% of the
total cost. Hospital costs were expressive of all three disorders in the first year of the
patient’s life. Between 2010 and 2019, mandatory folic acid fortification prevented 3,499 live
births with neural tube defects and resulted in R$ 20,381,586.40 (Int$ 8,935,373.25) in hos-
pital and outpatient cost savings. Flour fortification has proved to be a valuable strategy in
preventing pregnancies with neural tube defects. Since its implementation, there has been a
30% decrease in the prevalence of neural tube defects and a 22.81% decrease associated
in hospital and outpatient costs.

Introduction

Congenital anomalies are structural or functional changes that originate in intrauterine life
and are a major cause of the global burden disease in low- and middle-income countries [1].
Neural tube defects (NTDs) consist of congenital structural anomalies and are major causes of
neonatal morbidity and mortality [2]. Anencephaly, encephalocele, and spina bifida are the
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most frequent alterations of the central nervous system and result from an incomplete closure
of the structures from the brain and spinal cord between the third and fourth week of uterine
development [3]. Globally each year, 300,000 newborns suffer from NTDs [1]. Nutritional,
environmental, and genetic factors have been identified as risk factors for NTDs [4-6]. An
adequate intake of folic acid (FA), either by supplementation or fortification of food, in the
periconception period reduces the risk of pregnancies with NTDs [7-9].

Countries that have implemented universal and mandatory FA fortification of foods have
shown a significant reduction in the prevalence of NTDs [10,11]. In the last three decades,
advances in prenatal diagnostic imaging and neonatal care have significantly improved the
survival of children suffering from spina bifida, 75% of whom can reach adulthood [12]. Stud-
ies indicate a heavy economic burden of NTDs on health systems, which can be substantially
reduced with preventive measures, such as flour fortified with FA [13,14]. Most economic
analyses of the cost of these disorders have been conducted in the context of high-income
countries, which tend not to reflect the economic burden of NTDs in low- and middle-income
countries [15].

In Brazil, an upper-middle-income country, the strategy adopted by the Ministry of Health
to reduce iron deficiency anemia and problems related to NTDs has been the fortification of
food [16]. The Brazilian Health Regulatory Agency (ANVISA) decided that FA fortification of
wheat and corn flours would be mandatory as of June 2004 [17]. The country recorded a
decrease in the prevalence of NTDs of approximately 30%, from 0.79/1000 in the pre-fortifica-
tion period (2001-2004) to 0.55/1000 in the post-fortification period (2005-2014) [18]. How-
ever, there is a lack of economic analyses that describe the economic burden of NTDs on the
country or the potential cost savings attributed to the mandatory FA fortification after 2004.
Cost-of-illness studies are relevant because they measure the total costs of a given disease and
estimate the savings attributable to disease elimination, and are also useful for cost-benefit
analyses of preventive interventions [19]. This type of economic analysis serves as a guide and
relevant resource to develop policies and prioritize and manage public health [20].

This study estimated: the direct healthcare costs of NTDs from the perspective of Brazil’s
Unified Health System (SUYS) at the federal level, and the prevented cases and cost savings dur-
ing the period in which the mandatory FA fortification of wheat and corn flours was in effect
in Brazil (2010-2019).

Methods

Study design

From the perspective of the Brazilian SUS at the federal level of the Ministry of Health, this
study applies a top-down approach to examine the cost of NTDs (cost of illness) based on
prevalence. The estimated direct healthcare costs were stratified by type of NTD (anencephaly,
spina bifida, and encephalocele), age, and year. The period from January 2010 to December
2019 was analyzed.

Data source

In Brazil, SUS constitutes the national health system and is governed by the principles of uni-
versality, equity, and integrality [21]. With 5,570 municipalities, the public health system bene-
fits approximately 200 million Brazilians annually, thus totaling approximately 2.8 billion
outpatient and hospital services in basic and specialized medical care [22]. Moreover, SUS pro-
vides epidemiological, sanitary, and environmental surveillance actions and services, pharma-
ceutical care, urgent and emergency care, and primary health care. Organizing health care in
SUS is the responsibility of the three levels of the Brazilian Federation: the Union, States, and
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municipalities [23]. The computerization of SUS activities is consolidated at the national level
and is made publicly available by the SUS Information Technology Department (DATASUS,
acronym in Portuguese) of the Ministry of Health [24].

In this study, we used the databases of the Outpatient (STASUS) and Hospital (STHSUS)
Information Systems. We adopted the coding of the International Classification of Diseases
(ICD-10) to extract cost data, stratified by year and age in the 2010-2019 period: Q00 (Anen-
cephaly and similar malformations), Q01 (Encephalocele), and Q05 (Spina bifida) [25]. This
procedure allowed us to ascertain the number of procedures performed and their respective
amounts reimbursed by the Ministry of Health based on the amounts provided in the Table of
Procedures, Medication, Orthotics/Prosthetics, and Special Materials of the Unified Health
System (SIGTAP, acronym in Portuguese). The descriptive chart (S1 Table) exhibits the fields
used in these databases.

Study variables

Ordinance 321/2007 of the Ministry of Health prescribes the SIGTAP table [26], which con-
tains the expenses for outpatient and hospital procedures. The amount for hospitalizations
corresponds to the following: I) Hospital Services, including daily rates, room charges, food,
hygiene, support staff for patients occupying beds, materials, and medication; and II) Profes-
sional Services, which corresponds to the fraction of professional aid (physicians, dental sur-
geons, and obstetric nurses) involved in hospitalizations. Outpatient Services include the cost
of professional services, materials, and medication [27].

Population

To estimate the number of patients with NTDs in the outpatient system, we referred to indi-
vidual reports, home care, psychosocial care, and miscellaneous reports as there was no unique
patient code in the outpatient database. These databases were unified to account for the num-
ber of patients in the national health care field, which is available in each of the databases. We
grouped the data by year, ICD-10, and age.

The hospital system does not provide a field with a unique code to calculate the number of
patients, so we created a code by gathering the information available in the fields for sex, date
of birth, and municipality and postal code of residence. With this new code, we calculated the
number of patients and grouped them by year, ICD-10, and age.

The study population was stratified into the following age groups to calculate costs: < 1
year, 1 year, 2-5 years, 6-10 years, 11-20 years, 21-30 years, 31-40 years, 41-50 years, 51-60
years, 61-70 years, 71-80 years, and > 81 years.

Estimating NTD rates

To estimate the number of prevented cases owing to mandatory fortification during the 2010-
2019 period, we utilized the following information: I. the rates of prevalence of the disorders in
the pre-fortification (2001-2004) and post-fortification (2005-2014) periods, as provided by
Santos et al. (2016) [18]; II. the number of births in the research period (2010-2019), which
totaled 29,157,184 live births and 312,516 stillbirths according to a 2021 epidemiological report
by the Ministry of Health [28] based on the Live Birth Information System (SINASC, acronym
in Portuguese). In this ten-year period, 13,443 live births with NTDs were registered: 52%
(n = 7,036) were live births with spina bifida, 33% (n = 4,397) were live births with anenceph-
aly, and 15% (n = 2,010) were live births with encephalocele.

Example of the calculation:
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Estimate of prevented ICD-10 cases Q05 = (pre-fortification prevalence rate x total births in
the period)-(post-fortification prevalence rate x total live births in the period)

Estimating medical cost savings

We estimated the outpatient and hospital cost savings attributable to fortification based on the
difference between the prevalence of NTDs in the pre- and post-fortification periods, as pro-
vided by Santos et al. [18], and applied it to the sum of the outpatient and hospital costs for
each type of NTD during the 2010-2019 period. We performed this calculation as per the fol-
lowing example:

Estimate of the cost saving for ICD-10 Q05 = outpatient costs + hospital costs in post- forti-
fication period (2010-2019) x the difference in prevalence (0.23 live births) of the disorder
between the pre- and post-fortification periods

Statistical analysis

We determined the total and average costs for the period (2010-2019). The total cost of each
NTD included outpatient procedures and hospitalizations throughout the period (2010-2019).
We calculated the average cost dividing the total cost by the number of years in the period (10
years), stratified by the type of NTD. The values were adjusted for inflation for each year based
on the national consumer price index (IPCA, acronym in Portuguese) [29]. The adjusted val-
ues reflect prices in December 2019. In addition to stratification by disease, costs were also
stratified by age group. We also estimated cost variations throughout the period using 2010 as
the base year. Thus, values lower than one indicate that there was a cost reduction relative to
2010. Conversely, values greater than one suggest that there was a cost increase relative to
2010.

Health care and purchasing power parities

An alternative method to the exchange rate, purchasing power parity (PPP) [30], accounts for
the differences in income and cost of living in relation to the international dollar. We con-
verted the national currency (R$) into international dollars (Int$) using the purchasing power
parity conversion factor: 2.281 for the year 2019 [31].

The project was submitted to the Ethics Committee of the School of Health Sciences at the
University of Brasilia and approved under number 4.192.532 in August 2020.

Results

In the 2010-2019 period, STASUS recorded 365,892 authorizations for outpatient procedures
to treat NTDs: spina bifida accounted for 97.30% (n = 356,005), encephalocele for 2.63%

(n =9,641), and anencephaly for 0.07% (n = 246). The most frequent outpatient procedures
were physical therapy and physical rehabilitation services for encephalocele and spina bifida
for all ages (see S2 Table).

In the same period, the hospital information system registered 13,129 authorizations for
hospitalization: spina bifida corresponded to 78.75% (n = 10,339), encephalocele to 14.51%
(n = 1,905), and anencephaly to 6.74% (n = 885). The most frequent procedures were surgeries
of the nervous system and corrections of malformations (see S3 Table). The < 1 year age
group represented approximately 70% of hospitalizations for the treatment of all types of
NTDs. At this age, the length of stay for spina bifida, encephalocele, and anencephaly was six,
seven, and three days, respectively (see S4 Table).
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Table 1. Total and average costs of outpatient and hospital procedures for spina bifida in Brazil in the 2010-2019 period, stratified by age group.

Age
Group

<1

11-20

21-30

31-40

41-50

51-60

61-70

71-80

>81
Total

Total Outpatient
Costs
[A] R$

1,016,416.00
2,419,812.87
9,124,285.35
7,871,893.94
8,483,228.61
2,418,036.22
1,253,199.08
740,817.14
642,550.18
415,708.29
131,141.71

59,643.39
34,576,732.79

’PPC
Dollar
Int$

445,601.05

1,060,856.14

4,000,125.09

3,451,071.43

3,719,083.12

1,060,077.25

549,372.67

324,777.35

281,696.70

182,248.26

57,493.07

26,147.91
15,158,585.17

% *Total Hospital PPC % | Total Costs PPC Annual PPC
Costs Dollar [A+B] Dollar Average Dollar
[B] R$ Int$ R$ Int$ Period Int$
R$

2,94 36,733,097.06 | 16,103,944.34 | 83,47 | 37,749,513.05 | 16,549.545,39 3,774,951.31 | 1,654,954.54
7,00 889,205.05 389,831.23 | 2,02 3,309,017.92 | 1,450.687,38 330,901.79 145,068.73
26,39 1,957,449.86 858,154.25 | 4,45 | 11,081,735.21 | 4,858.279,35 1,108,173.52 | 485,827.93
22,77 1,419,556.32 622,339.46 | 3,23 9,291,450.26 | 4,073.410,89 929,145.03 | 407,341.09
24,54 1,396,579.61 612,266.37 | 3,17 9,879,808.22 | 4,331.349,50 987,980.82 | 433,134.94
6,99 473,803.80 207,717.58 | 1,08 2,891,840.02 | 1,267.794,83 289,184.00 126,779.48
3,62 196,693.73 86,231.35 | 0,45 1,449,892.81 635,639.11 144,989.28 63,563.91
2,14 239,463.05 104,981.60 | 0,54 980,280.20 429,758.96 98,028.02 42,975.89
1,86 282,036.18 123,645.84 | 0,64 924,586.36 405,342.55 92,458.64 40,534.25
1,20 296,742.78 130,093.28 | 0,67 712,451.08 312,341.55 71,245.11 31,234.15
0,38 94,368.06 41,371.35 | 0,21 225,509.77 98,864.43 22,550.98 9,886.44
0,17 29,455.00 12,913.19 | 0,07 89,098.39 39,061.10 8,909.84 3,906.11
100 44,008,450.50 | 19,293,489.91 | 100 | 78,585,183.29 | 34,452,075.09 | 7,858,518.33 3,445,207.50

Note: The costs refer to amounts reimbursed by the Ministry of Health to providers based on the SIGTAP table. The amounts were adjusted for inflation for each year,

according to the IPCA, and represent prices in December 2019.

1. Outpatient costs comprise appointments for specialized care; biochemical tests and imaging; orthotics, prosthetics, and mobility aids; and allowances for travel,

accommodation, and food expenses for patients/accompanying persons relative to an estimated average of 7,533 patients seen annually between 2010 and 2019.
2. Amount in R$ divided by the conversion factor (2.281) adjusted by PPP (Int$) for the year 2019.
3. Hospitalization costs encompass daily rates, room charges, hospital materials, medication, ancillary tests and therapies, surgeries, and professional services relative to

an estimated average of 869 patients seen per year between 2010-2019.

https://doi.org/10.1371/journal.pone.0281077.t001

Between 2010 and 2019, we found a total cost of R$ 78.58 million (Int$ 34,452,075.09) for
treatment of spina bifida in the public health system, including both outpatient care (43.99%)
and hospitalizations (56.01%). In general, the economic burden of spina bifida is more pro-
nounced in the early age groups (up to 20 years), thus representing 90.74% of the total cost of
the disease in the period under analysis. However, we detected striking differences between
the costs based on the type of care. For example, hospital costs are strongly concentrated in the
population up to the age of 1 year (86.47%), while outpatient costs are more prevalent in the
age groups between 2 and 20 years (73.68%) (Table 1).

The economic burden of encephalocele was 6.5 times lower than that of spina bifida, total-
ing R$ 11.94 million (Int$ 5,235,427.08) in the 2010-2019 period. Hospital services play an
essential role in the care of patients with encephalocele, which corresponded to 95.15% of the
total cost of this disorder in the public health system. Unlike hospital costs, which are essen-
tially concentrated in patients up to the age of one year (86.51%), outpatient costs are more
evenly distributed among the age groups (Table 2).
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Table 2. Total and average costs of outpatient and hospital procedures for encephalocele in Brazil in the 2010-2019 period, stratified by age group.

Age !Total Outpatient Costs ’pPPC % *Total Hospital Costs PPC % | Total Costs PPC Annual PPC
Group [A] RS Dollar [B] R$ Dollar [A+B] Dollar Average Dollar
Int$ Int$ R$ Int$ Period Int$
R$

<1 50,895.75 | 22,312.91 8,80 9,831,244.75 | 4,310,059.07 | 86,51 | 9,882,140.49 | 4,332,371.98 988,214.05 | 433,237.19
1 34,973.79 | 15,332.65 | 6,05 332,378.65 | 145,716.19 | 2,92 367,352.44 | 161,048.85 36,735.24 | 16,104.88
2-5 68,747.12 | 30,139.02 | 11,89 334,907.89 146,825.02 | 2,95 403,655.01 176,964.05 40,365.50 | 17,696.40
6-10 64,803.88 | 28,410.29 | 11,21 394,191.83 172,815.35 | 3,47 458,995.71 201,225.65 45,899.57 | 20,122.56
11-20 77,486.11 | 33,970.23 | 13,40 287,793.19 126,169.74 | 2,53 365,279.30 160,139.98 36,527.93 | 16,013.99
21-30 61,924.44 | 27,147.93 | 10,71 33,000.48 14,467.54 | 0,29 94,924.92 41,615.48 9,492.49 4,161.54
31-40 51,865.22 | 22,737.93 | 897 24,562.25 10,768.19 | 0,22 76,427.47 33,506.12 7,642.75 |  3,350.61
41-50 59,731.11 | 26,186.37 | 10,33 68,988.37 30,244.79 | 0,61 128,719.47 56,431.15 12,871.95 | 5,643.11
51-60 53,946.18 | 23,650.23 | 9,33 27,967.89 12,261.24 | 0,25 81,914.07 35911.47 8,191.41 3,591.14
61-70 28,899.66 | 12,669.73 | 5,00 19,269.19 8,447.69 | 0,17 48,168.85 21,117.42 4,816.88 | 2,111.74
71-80 16,704.57 |  7,323.35| 2,89 3,291.41 1,442.96 | 0,03 19,995.97 8,766.31 1,999.60 876.633
>81 8,334.83 | 3,654.02 | 1,44 6,100.63 2,674.54 | 0,05 14,435.46 6,328.56 1,443.55 632.85
Total 578,312.65 | 253,534.69 | 100 11,363,696.52 | 4,981,892.38 | 100 | 11,942,009.17 | 5,235,427.08 | 1,194,200.92 523,542.70

Note: The costs refer to amounts reimbursed by the Ministry of Health to providers based on the SIGTAP table. The amounts were adjusted for inflation for each year,
according to the IPCA, and represent prices in December 2019.

1. Outpatient costs comprise appointments for specialized care; biochemical tests and imaging; orthotics, prosthetics, and mobility aids; and allowances for travel and
food expenses for patients/accompanying persons relative to an estimated number of 430 patients in the period.

2. Amount in R$ divided by the conversion factor (2.281) adjusted by PPP (Int$) for the year 2019.

3. Hospitalization costs encompass daily rates, room charges, hospital materials, medication, ancillary tests and therapies, surgeries, and professional services relative to

an estimated number of 172 patients in the period.

https://doi.org/10.1371/journal.pone.0281077.t1002

Anencephaly is the most severe condition of NTDs; death occurs soon after birth. These
low life expectancy these individuals’ is reflected in the economic burden, which is the lowest
among the NTDs. Anencephaly totaled R$ 2.00 million (Int$ 878,394.87) over 10 years (2010-
2019), essentially in hospital costs (99.39%) (Table 3).

The variation in the cost of NTDs exhibited a distinct trend throughout the period (2010-
2019). The cost of spina bifida demonstrated greater stability, remaining practically constant

Table 3. Total and average costs of outpatient and hospital procedures for anencephaly in Brazil in the 2010-2019 period.

Age Group | 'Total Outpatient Costs[A] | °PPC % | *Total Hospital Costs[B] PPC % | Total Costs PPC Annual Average PPC
R$ Dollar R$ Dollar [A+B] Dollar Period Dollar
Int$ Int$ R$ Int$ R$ Int$
<1 12,128.08 | 5,317.00 | 100 1,991,490.62 | 873,077.86 | 100 | 2,003,618.70 | 878,394.87 200,361.87 | 87,839.48
Total 12,128.08 | 5,317.00 | 100 1,991,490.62 | 873,077.86 | 100 | 2,003,618.70 | 878,394.87 | 200,361.87 87,839.48

Note: The costs refer to amounts reimbursed by the Ministry of Health to providers based on the SIGTAP table. The amounts were adjusted for inflation for each year,
according to the IPCA, and represent prices in December 2019.

1. Outpatient costs comprise appointments for specialized care, biochemical tests and imaging, orthotics and prosthetics, and allowance for travel and food expenses for
patients/accompanying persons relative to an estimated number of eight patients in the period.

2. Amount in R$ divided by the conversion factor (2.281) adjusted by PPP (Int$) for the year 2019.

3. Hospitalization costs encompass anesthesia, surgical and clinical treatments, biochemical tests and imaging, and hospital and medical services relative to an estimated
number of 87 patients in the period.

4. The rare cases of anencephaly recorded in the outpatient and hospital information systems in age groups over one year of age, which were likely due to recording

errors, were not analyzed.

https://doi.org/10.1371/journal.pone.0281077.t003
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Fig 1. Annual variation of the total cost of outpatient and hospital procedures for neural tube defects (spina bifida,
encephalocele, and anencephaly) in Brazil from 2010-2019. Note: The costs refer to amounts reimbursed by the Ministry of Health
to providers based on the SIGTAP table. The amounts were adjusted for inflation for each year, according to the IPCA, and represent
prices in December 2019.

https://doi.org/10.1371/journal.pone.0281077.g001

throughout the period. The total cost of encephalocele showed spiked increases in the years
2011 (40%), 2013 (60%), and 2015 (40%), relative to the base year (2010). However, in the last
three years of the period (2017-2019), total costs remained very close to the value verified in
the base year. The cost of anencephaly, in turn, dropped sharply in 2013 (40%) and rose more
than 60% in 2016 and in 2019, relative to the base year (Fig 1).

The results presented in Table 4 suggest that the mandatory folic acid fortification of flour
would have prevented 3,499 cases of NTDs over the course of 10 years (2010-2019) in Brazil,
with spina bifida accounting for 50% of these cases. If we consider all births instead of only live
births, the number of prevented cases would increase to 7,367 in the same period, in which
spina bifida represents 28% of the cases. Furthermore, fortification would be responsible for
reducing the cost of NTDs by R$ 20.38 million (Int$ 8.935.373,25) in the 2010-2019 period
(Table 4).

Discussion

This study’s contribution to the literature is its estimation of the economic burden of neural
defects in an upper-middle-income Latin American country’ with a population of over 200
million inhabitants. The total cost of these disorders, including outpatient and hospital ser-
vices, amounted to R$ 92,530,810.63 (Int$ 40,565,896.81) over 10 years (2010-2019). Spina
bifida accounted for 84.92% of the total cost, corresponding to R$ 78,585,183.29 (Int$
34,452,075.09), over the same period. Hospital costs constituted the majority for the three dis-
orders, especially in the first year of the patient’s life. Outpatient costs were significant only for
spina bifida, representing 43.99% of the total cost of this disorder. Considering live births, our
results suggest that the mandatory folic acid fortification of flour would have prevented 3,499
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Table 4. Prevented cases and cost savings due to folic acid fortification in Brazil from 2010-2019.

Type of neural tube defect Pre-fortification Post-fortification Estimated
Prevalence (%) No. of cases Prevalence No. of cases Prevented Cases
(n) (%) (n)
Live Births®
Anencephaly 0,21 6.123 0,16 4.665 1.458
Encephalocele 0,08 2.333 0,07 2.041 292
Spina Bifida 0,28 8.164 0,22 6.415 1.749
Total 3.499
All Births®
Anencephaly 0,42 12.377 0,26 7.662 4.715
Encephalocele 0,09 2.652 0,07 2.063 589
Spina Bifida 0,30 8.841 0,23 6.778 2.063
Total 7.367
Verified outpatient and hospital costs !Difference in prevalence Counterfactual outpatient and hospital costs Estimated
(R$) (%) (R$) cost savings
Live Births
Anencephaly 2,003,618.70 24,2 2,488,494.42 - 484,875.72
Encephalocele 11,942,009.17 14,6 13,685,542.50 - 1,743,533.34
Spina Bifida 78,585,183.29 23,6 96,738,360.63 - 18,153,177.34
Total -20,381,586.40
All Births
Anencephaly 2,003,618.70 38,2 2,771,004.66 - 767,385.96
Encephalocele 11.942,009.17 13,7 13,578,064.42 - 1,636,055.26
Spina Bifida 78.585,183.29 23,8 97,288,456.91 - 18,703,273.62
Total -21,106,714.84

Note: The costs refer to amounts reimbursed by the Ministry of Health to providers based on the SIGTAP table. The amounts were adjusted for inflation for each year,
according to the IPCA, and represent prices in December 2019.

1. According to Santos et al. (2016), differences in prevalence between pre- and post-fortification, by type of neural tube defect and births.

2. Based on Santos et al. (2016), the rates of prevalence between the pre- and post-fortification periods.

3. Based on Epidemiological Bulletin n° 6, congenital anomalies in Brazil, 2010 to 2019: 29,157,184 live births and 29,469,700 all births.

https://doi.org/10.1371/journal.pone.0281077.t1004

cases of NTDs and saved R$ 20,381,586.40 (Int$ 8,935,373.25) in hospital and outpatient costs
in the country between 2010 and 2019. Although spina bifida represented 50% of the pre-
vented cases of NTDs in the period, its representation was more substantial with respect to
cost savings (89.06%).

Other studies have also estimated the costs of NTDs on a global level, which tend to align
with our results. To make use of a common monetary unit, the values extracted from the stud-
ies were converted by PPP to adjust for the countries’ cost of living. The total hospital costs for
patients with spina bifida in the first year of life were Int$ 1.6 million in Brazil (536 cases,
2019), Int$ 1 million in Chile [32] (130 cases, 2001), Int$ 9.8 million in South Africa (946
cases, 2006) [33], and Int$ 74 million in the United States (1,133 cases, 2003) [34]. A compari-
son of these results should be made with caution as the studies reflect aspects specific to their
countries (relative prices, availability of health care, and health financing), to different method-
ological decisions (type of study, included costs, and data quality), and to the data collection
period (year of the study). In our study, the variation in the total cost of NTDs is attributable
to the higher number of cases recorded during the period (2010-2019) and is not related to the
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cost of the services. According to the Live Births Information System (SINASC) [28], the high-
est recorded number of cases of congenital anomalies was observed in 2016 (17,662) due to
two factors: (i) an increase in cases of microcephaly in the country and (ii) changes made in
2011 in declaring live births, which made it possible to notify a greater number of anomalies
per child and thereby improve the detection of cases in the following years [28].

We also verified that the costs and type of health services changed based on age and the
type of NTD; our results were consistent with clinical experience [35,36]. In the first year of
life (< 1 year), hospital costs represented the highest percentage of total costs for the treatment
of NTDs due to frequent surgeries to close the defect and treat hydrocephalus in this age group
(see appendix 1B). Similarly, Colombo et al. (2013) [37] found that neurosurgeries were fre-
quent in the first year of life and that most were performed to close the defect and place the
ventriculoperitoneal shunt to treat hydrocephalus. Another study evidenced that the ventricu-
loperitoneal shunt was placed before the age of 6 months in 93% of the cases of open spina
bifida [38].

The US [39-41] and European [37,42] studies also identified the highest costs in the interval
between 0 and 1 year. Hospitalizations accounted for most of the medical expenses in the first
year of life and decreased in the other age groups. These results corroborate our findings. A
systematic review by Yi et al. (2011) [13] included 14 cost-of-illness studies and demonstrated
that the direct lifetime costs for people with NTDs are substantial and that most of their
expenses are due to hospitalizations in childhood and comorbidities in adulthood.

A review including a meta-analysis [43] indicated the factors that may have contributed to
the improved survival of live births with spina bifida in the last 30 years: (i) precision of prena-
tal diagnosis; (ii) increase in terminations for the most severe types of fetal anomalies; (iii)
advances in neonatal and surgical care, including early neonatal or fetal surgery for spinal
repair; and (iii) periconceptional folic acid intake or fortification likely reduced the number of
severe types of spina bifida. Consequently, there were more adults than newborns and children
with spina bifida in the United States in 2019 [12]. Adults with spina bifida continue to require
neurosurgical care [44], outpatient services, and periodic inpatient hospitalization [45].

Unlike the US studies, our results indicated children and adolescents as the age groups that
most often used outpatient and hospital services for spina bifida in Brazil. In this group, the
most frequent procedures were physical therapy (60%) and physical rehabilitation (25%), fol-
lowed by orthopedic orthotics and assistive mobility devices (10%), all resulting in substantial
outpatient costs. Our findings corroborate results presented by Bamer et al. (2010) [46], who
verified a high percentage regarding the use and cost of orthotics and prosthetics among indi-
viduals with spina bifida between the ages of 0 and 15 years. An Italian study [37] indicated
that orthotics and cases of open spina bifida, and non-ambulatory individuals, were the most
significant components of the direct costs.

There was a lower frequency of orthotic procedures and use of assistive mobility devices
among adults and older adults with spina bifida, which resulte in lower outpatient costs. These
findings indicate that this component may have had a possible interference in outpatient costs.
Individuals with spina bifida throughout their lives undergo physical therapy due to motor
impairment and use orthotics to stabilize their joints and prevent deformities, in addition to
using crutches, canes, walkers, or wheelchairs to support their mobility [47].

As for encephalocele, outpatient costs were high in the adult age group, and there was a
higher frequency of physical therapy (80%) and imaging exams in the period (20%) (see
S2 Table). No cost studies respect to encephalocele were found in the literature. Nonetheless, a
Canadian study demonstrated that adult patients with complex physical disabilities used out-
patient procedures (96.5%) more often than inpatient hospital services (3.5%). It concluded

PLOS ONE | https://doi.org/10.1371/journal.pone.0281077  February 22, 2023 9/15


https://doi.org/10.1371/journal.pone.0281077

PLOS ONE

Economic burden of neural tube defects after folic acid fortification of flour in Brazil

that these patients with complex physical disabilities since childhood had ongoing health prob-
lems and required frequent care [45].

Regarding NTD prevention strategies, the folic acid fortification of foods has helped reduce
prevalence in underserved populations but has not eliminated it [48]. In Brazil, mandatory FA
fortification reduced cases of NTDs by around 30%, thereby resulting in an estimated 350 pre-
vented cases of live births with NTDs each year and savings in the amount of R$ 2 million [Int
$ 893,537.32 (2019)] each year for SUS due owing to the averted costs of hospitalizations and
outpatient procedures. In comparison with other countries, we found that Chile reduced the
prevalence of NTDs by 43% [49] (109 prevented cases of spina bifida) and saved an estimated
Int$ 2.5 million (2001) due to the direct costs averted [32]. The prevalence of NTDs decreased
by 41% in South Africa (406 prevented cases of spina bifida) [33], which generated ZAR 40.6
million [Int$ 6 million (2007)] in annual savings. The prevalence of spina bifida decreased by
47% in the United States (767 prevented cases of live births), amounting to USD $ 319 million
in annual savings in 2014 [50].

The discrepancy in cost savings between countries arises from differences in their respective
health systems, time frames, and the types of costs included in the economic analyses. Only the
US study considered the lifetime medical and non-medical costs for individuals with spina
bifida. In the case of Brazil, the direct (medical) costs for the three types of NTDs over a
10-year period were included herein. The meager savings may be explained by the lag in the
financial values of hospital and outpatient procedures. In SUS, all procedures are assigned
financial values in a single table (SIGTAP), and studies [51,52] reveal that these values are not
adequately updated. This table serves as a reference for the reimbursement of services, but it
does not necessarily correspond to the actual amount spent to fund relatively and highly com-
plex services. There are other criteria for allocating budgetary resources to municipalities and
states so that they may fund services in the region [53]. In this study, these values were not
included in the total cost of the disorders.

A systematic review [15] of 13 cost-effectiveness studies of the mandatory FA fortification
of flour found that FA dosages above 0.30 mg/100 g had a higher cost-effectiveness ratio and
provided greater benefits (prevented cases and direct cost savings). This systematic review
indicated a median return ratio of 17.5:1. In other words, for every monetary unit spent on the
mandatory fortification program, there would be a return of 17.5 monetary units. In Brazil,
however, it was not possible to perform a cost-benefit analysis of the mandatory fortification,
because the flour milling industry does not disclose the cost of the flour enrichment process.

This study had some limitations. First, the direct costs of NTDs incurred in the private
healthcare insurance sector were not included in the total cost of the disorder, which may have
generated underestimated results. The STHSUS/SIASUS databases cover approximately 75% of
Brazilian health services [54]. Second, it was not possible to perform per capita analyses, as the
registration units were not individualized and the expenses were aggregated in the procedure
and hospitalization authorization documents used to bill the services provided [55]. This docu-
ment may present more than one procedure or hospitalization on record for the same person
in situations where they return for appointments or new hospitalizations within a short period
of time [56]. Third, the lack of reliability of the STHSUS data regarding secondary diagnoses
due to the absence of information in medical records and problems inherent to the interna-
tional coding for the disorders may have influenced our conclusions [57]. Despite these limita-
tions, the study exhibits considerable strengths: (i) it includes data on a large sample of people
with spina bifida and encephalocele; (ii) it presents estimated costs for different age groups,
thus providing a point estimation of the various components applied in health care for users
with NTDs; and (iii) the databases used provide relevant and comprehensive information
about the economic burden associated with spina bifida and encephalocele on SUS.
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Implications for public policies and the health system

In Brazil, more than 55.4% of pregnancies are unplanned [58], and adherence to the use of FA
supplements is very low both in the periconception period (4.3%) and during pregnancy
(31.8%) [59]. Fortified flour has proven to be a valuable strategy for preventing pregnancies
with NTDs. Since the implementation of FA fortification program, there has been a 30%
reduction in the prevalence of NTDs and a 22.81% reduction in hospital and outpatient costs
for NTD patients. This means that mandatory FA fortification constitutes a national public
health strategy that contributes to reducing the burden of the disorder on Brazilian society.
Accordingly, the country is aligned with the Sustainable Development Goals of the 2030
Agenda [60], which focuses on improving nutritional status and reducing inequalities among
populations worldwide. Finally, we expect efforts dedicated to enhance the primary prevention
of NTDs and provide adequate health actions and services to individuals with NTDs, especially
easily accessible neurology services in all regions of Brazil [53,61].
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