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Abstract

Objective This study aimed to evaluate the prevalence of B-complex vitamin deficiencies in Brazilian women
of childbearing age, pregnant women, and lactating women.

Methods This systematic review analyzed cross-sectional and cohort studies published up to August 2023

and indexed in MEDLINE, SciELO, LILACS, Scopus, Embase, Web of Science, and the Brazilian Digital Library of Theses
and Dissertations. Additional data were obtained by contacting researchers from Brazilian public universities. Studies
assessing deficiency rates using biochemical markers were included. Two reviewers independently selected studies,
extracted data, and assessed methodological quality using the Joanna Briggs Institute tool.

Results Of the 3772 records identified, 13 studies were included. Only folate (n=13),B12 (n=11),and B6 (n=1)
deficiencies were investigated, and all studies were cross-sectional. B12 deficiency prevalence varied widely, reaching
up to 29.4%. Folate deficiencies were generally low, with only one study reporting a rate as high as 37%. Other B-com-
plex vitamins were insufficiently studied. Most studies had methodological limitations, particularly small sample sizes.
The significant heterogeneity across studies limited the feasibility of a pooled quantitative meta-analysis.

Conclusion There is a clear need for more robust studies across all Brazilian regions to improve understanding

of vitamin deficiency rates and to support effective nutritional interventions.

Systematic review registration PROSPERO CRD42020188474
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Introduction
The World Health Organization (WHO) estimates that
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Among micronutrients, B-complex vitamins, par-
ticularly folic acid, vitamin B12, and vitamin B6, play
a vital role in female reproductive health and fertility.
Notably, these deficiencies often occur concurrently
due to their complex interrelationships within meta-
bolic pathways. A deficiency in one B-complex vita-
min can impair the absorption and/or metabolism of
others, which, in turn, is associated with an increased
risk of adverse events for women and children, such as
pregnancy-related anemia, maternal mortality, miscar-
riage, premature birth, and/or babies with low birth
weight, neural tube defects, and cognitive problems
[2, 6-8]. Additionally, these deficiencies have been
associated with an increased risk of infertility due to
hormonal changes that can contribute to the absence
of ovulation and irregularities in the menstrual cycle
[9-12]. The continuous use of oral contraceptives can
also trigger deficiencies in micronutrients, such as
folic acid and vitamins B2, B6, B12, C, and E [13, 14].

Studies also suggest that women in low- and middle-
income countries (LMICs), including Brazil, particu-
larly those of childbearing age and pregnant women,
may be more susceptible to vitamin B deficiencies [2,
6, 15]. As a representative LMIC, Brazil faces chal-
lenges such as socioeconomic disparities, limited
access to diverse and nutritious diets, and barriers
to healthcare access, which may further exacerbate
these deficiencies [16—18]. Therefore, it is essential
to outline the prevalence of these deficiencies in this
population. This assessment is crucial for support-
ing discussions on effective policies and strategies for
monitoring, preventing, and treating these nutritional
deficiencies adapted to the local context.

While some studies have investigated B-complex
vitamin deficiencies in LMICs, comprehensive synthe-
ses of these findings remain limited. There is a nota-
ble lack of systematic reviews focused on the Brazilian
context, which limits the understanding of the specific
factors influencing these deficiencies in local popula-
tions. This study aims to fill this gap.

In this context, the present study aims to identify,
review, and synthesize findings from research inves-
tigating the prevalence of B-complex vitamin defi-
ciencies among women of childbearing age, pregnant
women, and lactating women in Brazil. Additionally,
it seeks to explore potential factors associated with
these deficiencies. Specifically, this systematic review
was conducted to answer the following research ques-
tion: “What is the prevalence of B-complex vitamin
deficiencies in women of childbearing age, pregnant
women, and lactating women in Brazil?”.
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Methods

This systematic review followed the recommendations
of the Joanna Briggs Institute Manual of Evidence Syn-
thesis (JBI) [19] and the checklist “Preferred report-
ing items for systematic reviews and meta-analyses
— PRISMA” [20]. The protocol was registered in the
PROSPERO database of systematic review registrations
(CRD42020188474) [21]. The checklist PRISMA is pre-
sented in Additional File 1.

Search strategy

We searched PubMed, SciELO, Lilacs, Scopus, Embase,
Web of Science, and the Brazilian Digital Library of
Theses and Dissertations databases to identify eligi-
ble studies published up to August 2023 using specific
search strategies created for this purpose (available
at Additional File 2). Since this study focused on the
Brazilian population, it was crucial to search for other
sources, such as manually checking the reference lists
of selected articles and contacting researchers via email
in the nutrition, medicine, and public health fields from
all public universities in Brazil.

Eligibility criteria

We included cross-sectional or cohort (baseline) stud-
ies published as original scientific articles, theses, or
dissertations conducted in Brazil in any setting (pri-
mary care, hospitals, outpatient clinics, etc.). The study
population comprised women of childbearing age (the
period between menarche and menopause or women
aged between 10 and 49 years), pregnant women, or
lactating women. The studies had to present data on the
prevalence of B-complex vitamin deficiency diagnosed
by biochemical markers. There were no restrictions on
date or language.

The exclusion criteria consisted of studies with sam-
ples containing a specific subset of the general popula-
tion, such as patients with diseases or any pathological
condition (except obesity associated with its comorbid-
ities); individuals with conditions affecting digestion,
absorption, metabolism, and daily vitamin require-
ments, such as postbariatric surgery and athletes;
women with genetic polymorphisms affecting the body
status of these vitamins; and studies in which the origi-
nal authors were contacted for additional information
to confirm eligibility but did not provide it.

Study selection

We exported the results to the Rayyan QCRI web plat-
form for reference management [22]. Duplicates were
removed. Two reviewers (M. C. M. and T. S. G. M.)
independently conducted the initial analysis of titles
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and abstracts. Those identified as potentially relevant
received further scrutiny through full-text examina-
tion. In cases of disagreement, consensus was reached
through discussion. We performed a pilot selection to
assess the agreement between the two reviewers (M.
C. M. and T. S. G. M.). The results demonstrated a 99%
level of agreement, calculated through the kappa agree-
ment index, which was 0.95 (standard error of 0.10).

Data extraction

Two independent reviewers extracted data (M. C. M. and
T. S. G. M.) using a Microsoft Office Excel spreadsheet
created for this purpose. The following information was
recorded: study identification; year and type of publi-
cation; location and period; study design; investigated
study population and its characteristics (age, setting,
proportion of obesity, malnutrition, chronic diseases,
use of medications and vitamin supplements); sampling
process; number of participants recruited and analyzed;
investigated B-vitamin deficiencies and their diagnostic
method; prevalence data and their corresponding 95%
confidence intervals (CIs); or the number of cases for
prevalence calculation. Post-extraction, the data under-
went cross-checking to identify discrepancies, which
were resolved by reconsulting the original study, followed
by discussion and consensus among the reviewers. Data
not available in the publication were requested from the
original authors.

Two independent reviewers extracted data (M. C. M.
and T. S. G. M.) using a Microsoft Office Excel spread-
sheet created for this purpose. The following information
was recorded: study identification; year and type of pub-
lication; location and period; study design; investigated
study population and its characteristics (age, setting,
proportion of obesity, malnutrition, or chronic diseases,
use of medications and vitamin supplements); sampling
process; number of participants recruited and analyzed;
investigated B-vitamin deficiencies and their diagnostic
method; prevalence data and their corresponding 95%
confidence intervals (CIs); or the number of cases for
prevalence calculation. Post-extraction, the data under-
went cross-checking to identify discrepancies, which
were resolved by reconsulting the original study, followed
by discussion and consensus among the reviewers. Data
not available in the publication were requested from the
original authors.

Assessment of methodological quality

Two reviewers independently assessed the methodologi-
cal quality of the studies (M. C. M. and T. S. G. M.) using
the “Critical Appraisal Instrument for Studies Reporting
Prevalence Data” tool from the Joanna Briggs Institute —
JBI [23]. The tool, which includes nine items concerning
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the selection and sampling process, adequate description
of the study population, data analysis, diagnostic meth-
ods of the clinical condition of interest, and statistical
analyses, was used. For the assessment of sample size,
based on the equation proposed by Daniel (1999) [24],
Naing et al. (2006) suggested that for an expected preva-
lence proportion of vitamin deficiencies of 10%, with a
precision of 5%, the minimum sample size would be 138
women [25].

We classified the adequacy of each domain as adequate,
inadequate, unclear, or not applicable. Any disagree-
ments between reviewers were resolved through discus-
sion until a consensus was reached.

Data synthesis and statistical analysis

A narrative description of the results was generated
and is presented separately for pregnant women, lactat-
ing women, and women of childbearing age, as well as
for each vitamin B evaluated. Despite the low quality of
the studies and the methodological differences among
the studies, we performed a meta-analysis following our
original plans to summarize the rates and test variables
that impute heterogeneity to the analysis.

The overall proportion of each vitamin B deficiency
and the respective 95% confidence interval were calcu-
lated using the generic method of the inverse variance
with a random effects model. The Freeman-Tukey (1950)
double arcsine transformation was applied to stabilize
variance. This statistical approach enables the inclusion
of studies with no observed cases of B-complex vitamin
deficiency (i.e., zero-event studies) in the meta-analysis.
Heterogeneity was initially assessed by visual inspection
of the forest-plot graphs and by Cochran’s Q test with a
significance level of a= 0.1, considering the low power of
this test. The I? test was also used, which quantifies the
inconsistency between studies to assess the impact of
heterogeneity in the meta-analysis, considering * values
between 25 and 50% are considered low, 50—-75% moder-
ate, and 75% or higher.

For each subpopulation and each B vitamin with at
least two studies available, the analysis was stratified
by the following factors: decade of data collection, age
group of the population studied (adolescents and/or
adults), Brazilian geographic region, cutoff points used
to diagnose vitamin deficiency, and, in the case of folate,
whether data were collected before or after the imple-
mentation of the Brazilian National Flour Fortification
Program with folic acid (initiated in 2004).

Statistical analyses were performed using STATA vs.
16.0 (StataCorp LLC, TX, USA), using the Metapreg data
package. For the calculation, we used the number of cases
with the event and the total number of women investi-
gated for deficiency in each interest group.
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Results

Initially, we identified 3772 records in the databases and
11 through consultation with researchers. After remov-
ing duplicate publications among those found in the
databases, 3266 remained. We completely evaluated
130 publications retrieved from the databases, along
with 11 additional records identified through research-
ers. Following this analysis, 18 publications representing
13 unique studies were included in this review [26-38]
(Fig. 1).

Three studies had multiple publications: (1) Cavalcanti
et al. (thesis [28] and scientific article [39]) and the pub-
lications by Porto [40] and Dantas [41] used the same
sample for their analyses and were considered as a sin-
gle study, (2) the studies by Barnabé [27, 42], and (3) the
studies by Steluti [36, 43] corresponded to two publica-
tion formats (thesis/dissertation and scientific article).

All included publications reported cross-sectional
designs [26—38]. The Southeast Region of Brazil was the
geographic region with the highest number of inves-
tigations [26, 27, 29, 31-33, 36], primarily conducted
between the 2010 s and 2020 s [27, 28, 30, 32, 33, 35, 36,
38], with study samples sourced from primary health
care facilities and hospitals [27, 29, 31, 34, 35, 39]. Folate
data were available in all studies [26-38], 11 provided
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information on vitamin B12 [26-29, 31-34, 36-38], and
only 1 study included data on vitamin B6 [36]. The sam-
ple size ranged from 23 to 1330 participants, totaling
4116 women across the 13 studies. Eight studies focused
on women of childbearing age who were not pregnant or
lactating [26, 28, 30, 32-34, 36, 37], four with pregnant
women [27, 31, 34, 35], and three were carried out with
lactating women [27, 29, 34] (Table 1).

Vitamin B12

Among the studies that evaluated vitamin B12 defi-
ciency, the highest prevalence observed in women
of childbearing age was 29.4% (95% CI: 20.4—40.2),
reported in a study using a representative subsample
from a population-based survey [33], applying the most
frequently used cutoff point for deficiency (< 200 pg/
mL). In studies with population-based data, only two
used representative samples. Both were conducted
using data from the Health Survey of Sdo Paulo (ISA-
Capital SP) with women of childbearing age: Steluti
et al. (2014) [43], who analyzed data from the 2008 edi-
tion, and Palchetti et al. (2022) [33], who examined data
from 2014. The first study reported a prevalence of vita-
min B12 deficiency of 20.0% (95% CI: 15.0-26.0), while

Identification of studies via databases and registers — until Identification of studies via databases and registers — July
2020 until June 2023

June 2020
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the second found an even higher prevalence in the same
population, increasing to 29.4% (95% CI: 20.4—40.2) in
2014.

In studies without representative samples, the highest
prevalence was 10.0% (95% CI: 5.0-17.0), found in Bar-
bosa et al. (2008) [26], which also used the same cutoff
point. This study additionally tested stricter cutoffs and
reported even higher prevalence rates as the threshold
for deficiency increased. In two studies, the deficiency
rate was null [34, 37].

Among pregnant women, the highest prevalence was
observed in a study conducted in 2003 at two public
hospitals in Sdo Paulo, reaching 22.0% (95% CI: 10.0—
39.0) [31]. Conversely, the study by Pinto et al. (1973)
found no deficiency among pregnant women with ges-
tational age <20 weeks [34].

Among lactating women, the highest prevalence
was reported in a study conducted in 1989 at a public
maternity hospital in the city of Rio de Janeiro, which
found a prevalence of 29.0% (95% CI: 15.0-46.0) in lac-
tating women < 30 days postpartum [29] (Table 1).

Analyzing the prevalence of vitamin B12 deficiency
across studies according to the year of data collection,
it appears that the prevalence of hypovitaminosis B12
has increased over time among pregnant women and
women of childbearing age (Fig. 2).
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Folate

Among the studies with representative samples based
on different editions of the ISA-Capital survey, both
reported very low prevalence rates of serum folate defi-
ciency in women of childbearing age: 1.0% (95% CI: 0.0—
4.0) [43] and 0.8% (95% CI: 0.1-5.5) [33].

Considering the lack of standardization in the cutoff
points adopted for diagnosing deficiency in the studies,
Barbosa et al. (2008) [26] found the highest prevalence
among women of childbearing age. This study, conducted
with 102 randomly selected volunteers, reported a preva-
lence of 37.0% (95% CI: 28.0—47.0), using a cutoff point of
<6 ng/mL. It is worth noting that all other studies used
a cutoff point for diagnosing serum folate deficiency of
<3 or <4 ng/mL. One study [30] tested different cutoff
points for defining serum folate deficiency. When using a
threshold of <3 ng/mL, no cases of deficiency were iden-
tified. However, when the cutoff was increased to <4 ng/
mL, the prevalence was 3.0% (95% CI: 2.0-4.0). For those
with the most utilized cutoff point, the highest preva-
lence was 15.0% (95% CI: 4.0-35.0) in a study conducted
in the Parkatéjé indigenous community [37].

Among pregnant women, the highest prevalence was
24.0% (95% CI: 13.0-39.0) in those with a gestational age
greater than 20 weeks in a study conducted in the Dis-
trito Federal in 1973 [33]. The highest rate of deficiency
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found in lactating women was 54.0% (95% CI: 37.0-71.0)
in the same study [34] (Table 1).

Concerning erythrocyte folate, which was assessed in
only three studies, the reported prevalence rates were
2.0% (95% CI: 0.5-6.9) [26] and 0.09% (95% CI: 0.05-0.48)
[39] among women of childbearing age and 25.0% (95%
CI 12.7-43.4) among pregnant women [31] (Table 1).

Vitamin B6

The only study that evaluated vitamin B6 used a sub-
sample from the ISA-Capital SP 2008 and reported a
prevalence of vitamin B6 deficiency in adult women of
childbearing age of 1.9% (95% CI 0.6—6.2) [36] (Table 1).

Women of childbearing age with obesity

Two studies included women of childbearing age with
obesity [30, 38]. One of these studies focused exclusively
on women undergoing preoperative bariatric surgery
[38], while the other included a broader sample of women
of childbearing age, with results specifically stratified for
those with obesity [30]. Only the study by Tedesco et al.
[38] analyzed vitamin B12, revealing a prevalence of defi-
ciency at 4.3% (95% CI 0.8-21.0), using cutoff points of
<140 pg/mL and <200 pg/mL. Regarding the use of a
serum folate concentration <3 ng/mL, one study showed
no deficiency [30], while the other reported a prevalence
of 34.8% (95% CI 18.8-55.1) [38]. For <4 ng/mL, the
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prevalence increased to 2.0% (95% CI 0.0-7.0) [30] and
65.2% (95% CI 44.9-81.2) [38], respectively (Table 1).

The results of the meta-analysis are presented in Addi-
tional File 3. It is important to emphasize that, rather
than focusing solely on a single overall deficiency rate,
identifying variables that may influence the global preva-
lence is more relevant. The subgroup analysis showed
that none of the variables considered as potential effect
modifiers significantly altered the overall results. How-
ever, these variables did contribute to a reduction in het-
erogeneity, indicating that they play a role in explaining
the variability observed among studies.

Methodological quality of the included studies

Table 2 presents the methodological quality of the
included studies. None of the studies met all criteria
classified as adequate. Notably, seven studies [27, 30,
32, 33, 36-38] lacked adequacy in the target population
domain as they represented only a population subset.
Only one study [28] adequately presented the sampling
process, employing random selection. Most studies
[26, 27, 29, 31-34, 37, 38] had sample sizes considered
unsatisfactory. Likewise, among the studies with inad-
equate sample sizes, four out of nine [27, 29, 31, 34]
reported losses of more than 5% of the recruited indi-
viduals, analyzed for the outcomes of interest, indicat-
ing significant selection and adherence biases. Only four

Table 2 Critical assessment of methodological quality of studies included in the systematic review

Q1 Q2 Q3 Q4 Q5 Q6 Q7 Qs? Q9
Barbosa, 2008 [26] v x X X v v U N/A v
Barnabé, 2014 [27] b e X X v v v v N/A X
Cavalcanti, 2018 [28] v v v v v 4 X N/A v
Donangelo, 1989 [29] v X x x v v X N/A X
Oliveira, 2017 [30] X N/A v v v v X N/A 4
Paiva, 2003 [31] v x x x v v b e N/A x
Palchetti, 2017 [32] X X X x v v v N/A v
Palchetti, 2022 [33] X x x x 4 v v N/A v
Pinto, 1973 [34] v b e x x v v X N/A X
Santos, 2016 [35] v U v v v v v N/A X
Steluti, 2014 [36] X X v X v v v N/A v
Tavares, 2004 [37] b e b e x x v v U N/A v/
Tedesco, 2016 [38] x N/A X X v v U N/A v
Total (%) 46.2 77 30.8 30.8 100 100 385 0 61.5

Q7 — Was the sample frame appropriate to address the target population (women of childbearing age, pregnant women, or lactating women from a specific location/
city/state/region of Brazil)? Q2 — Were study participants sampled in an appropriate way? Q3 — Was the sample size adequate? Q4 — Were the study subjects

and the setting described in detail? Q5 —— Was the data analysis conducted with sufficient coverage of the identified sample? Q6 — Were valid methods used to
identify the deficiency of the B complex vitamin studied? Q7 — Was the vitamin B complex deficiency studied and measured in a standard and reliable way for all
participants? Q8 — Was there appropriate statistical analysis? Q9 — Was the response rate adequate, and, if not, was the low response rate managed appropriately?

v yes, X no, N/A not applicable, U unclear

2 All were rated as “NOT APPLICABLE," as statistical data were not extracted; only the number of cases and individuals was evaluated. The prevalence was subsequently

calculated
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studies provided detailed population and study location
information [27, 28, 30, 35].

Discussion

Summary of key findings

This review systematically evaluated and analyzed the
methodological quality of studies reporting the preva-
lence of B-complex vitamin deficiencies in women of
childbearing age, pregnant women, and lactating women
in the Brazilian population. The prevalence of vitamin
B12 deficiency varied considerably across the included
studies, ranging from 0 to 29.4% among the three groups
of interest. The highest prevalence was reported among
women of childbearing age in a study based on a popu-
lation-representative sample [33]. Regarding serum folate
deficiency, using the most adopted cutoft point of 3 ng/
mlL, prevalence estimates ranged from 0.0 to 26.0%, with
the highest rate observed among lactating women. How-
ever, most studies reported lower prevalence rates for
folate deficiency. Among women of childbearing age with
obesity, one study reported notably high rates of folic
acid deficiency: 34.8% when using a cutoff of <3 ng/mL
and 65.2% with a cutoff of <4 ng/mL [38].

Comparison to existing research

Notably, the highest prevalence of vitamin B12 deficiency
(29.4%) was reported in a study that analyzed data from
the 2014 ISA-Capital survey [33], based on a population-
representative sample. In comparison, an earlier study
using data from the 2008 edition of the same survey
reported a lower prevalence of 20.0% [43]. These find-
ings suggest a possible increase in vitamin B12 deficiency
over time in this population, reinforcing the importance
of robust and representative methodologies to gener-
ate accurate and generalizable estimates. This observed
trend also underscores the urgent need for evidence-
based public policies aimed at the prevention and control
of this nutritional deficiency.

In Brazil, current food supplementation programs do
not include vitamin B12, prompting a crucial need for
policymakers to initiate discussions on the imperative of
mandatory supplementation, particularly for pregnant
women. Furthermore, contemplating the fortification of
flour with vitamin B12 emerges as a preventive strategy
for addressing B12 hypovitaminosis, a practice already
implemented in certain countries in Latin America and
North America [44]. These recommendations are par-
ticularly relevant given the increasing prevalence of veg-
etarians in the Brazilian population [45].

When compared to findings from other countries,
the results observed in Brazil in women of childbearing
age align with those reported in several Latin American
nations, such as Colombia [46], Guatemala [47], Belize

Page 9 of 13

[48], and Mexico [49], as well as countries from other
regions, including the UK [50], China [51], and Iran [52].
A study in China revealed a higher vitamin B12 defi-
ciency, affecting 45.5% of the population among women
of childbearing age [53]. Studies conducted in India
among pregnant women revealed even higher rates, rang-
ing from 46 to 73% [54—59]. Supplementation has proven
effective in reducing vitamin B12 deficiency. A study
conducted in New Zealand demonstrated that B12 sup-
plementation decreased the prevalence from 48 to 30%
in 6 months. Such evidence highlights the relevance of
preventive supplementation strategies, especially among
groups more susceptible to deficiency [60].

In contrast to vitamin B12, folate deficiency showed
a lower prevalence across all three groups of interest.
Although the erythrocyte folate concentration is con-
sidered a more reliable indicator of folate adequacy
than serum folate concentration, it is notable that most
included studies evaluated the serum folate concentra-
tion, reflecting recent changes in nutrient intake [61].
It is important to highlight that those studies not iden-
tifying serum folate deficiency in pregnant women often
reported that about half of the participants used some
form of vitamin supplement, including isolated folic acid
[27, 35].

Internationally, folic acid supplementation is widely
recommended to prevent neural tube defects, with the
World Health Organization (WHO) and the Ministry of
Health (MS) recommending folic acid supplementation
at a daily dose of 400 pg for at least 30 days before con-
ception and throughout the first trimester of pregnancy
to prevent neural tube defects. Ideally, this supplementa-
tion should continue until the end of pregnancy to pre-
vent megaloblastic anemia due to folate deficiency in the
diet [62—64]. The widespread adoption of universal sup-
plementation played a role in achieving adequate folate
concentrations in almost all pregnant women. In Brazil,
the enrichment of wheat and corn flour with iron and
folic acid is governed by Resolution RDC No. 344/2002,
a public policy implemented by mid-2004, to reduce the
prevalence rates of iron and folate deficiencies [65]. The
public policy appears to have contributed positively to
reducing deficiency prevalence.

The results reported by one of the studies that evalu-
ated women of childbearing age with obesity may not
accurately reflect the general population, as the par-
ticipants were undergoing preoperative preparation for
bariatric surgery and may have been following energy-
restricted diets, potentially leading to inadequate micro-
nutrient intake [66—68]. Another study, conducted with
a birth cohort sample, obtained much lower values: 0.0%
and 2.0%, respectively [30]. Compared with eutrophic
adults, adults with obesity have different micronutrient
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requirements, possibly greater [67-69]. Unfortunately,
our findings could not contribute to this issue.

Despite these efforts, a study conducted among the
Parkatéjé indigenous people showed a 15.0% prevalence
of serum folate deficiency in women of childbearing age
[37]. Research on this tribe has exposed a significant cul-
tural shift over the past two decades, involving modifica-
tions in their nutritional patterns and a notable transition
towards processed foods, leading to elevated rates of
overweight and obesity, particularly among women [37,
70, 71]. New research should be conducted to investigate
possible nutritional deficiencies and their consequences
among indigenous people, considering the lack of atten-
tion given to this population in scientific publications.

Special attention should be given to the physiologi-
cal changes during pregnancy, such as the hemodilution
observed in the second trimester, which can affect serum
concentrations of vitamin B12. This alteration may lead
to an overestimation of deficiency rates if standard adult
cutoff points are applied without appropriate adjust-
ments. Notably, the cutoff values used in studies involv-
ing pregnant and lactating women were generally the
same as those applied to women of childbearing age,
despite the distinct physiological conditions of these
groups [72].

A consensus on the appropriate cutoff points for iden-
tifying deficiencies in these nutrients is still lacking, and
values may vary depending on the analytical method
used to measure concentrations. For serum folate,
experts commonly recommend a cutoff of 3 ng/mL [73—
75], although some studies suggest that deficiency may
begin at values below 4 ng/mL [76, 77]. For erythrocyte
folate, concentrations between 140 and 150 ng/mL are
generally considered indicative of deficiency [73, 75, 76,
78]. Serum concentration of vitamin B12 is widely used
in epidemiological studies as a cost-effective and accessi-
ble biomarker to assess vitamin B12 status. Many studies
suggest that values below 200 pg/mL indicate deficiency
[73, 75, 76, 79-81]. However, despite the increased risk
of vitamin B12 deficiency during pregnancy, the cut-
off values applied are often the same as those used for
the general adult population, which may not accurately
reflect the needs and physiological variations in pregnant
individuals [44, 76]. To minimize the risk of fetal malfor-
mations and ensure adequate maternal status, experts
propose that ideal concentrations should exceed 400 ng/
mL for erythrocyte folate [61], 7 ng/mL for serum folate,
and 400 pg/mL for vitamin B12 [75].

Strengths and limitations

Some limitations should be taken into account when
interpreting the findings of this review. The heteroge-
neity in study methodologies, sampling strategies, data
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collection procedures, population characteristics, pub-
lication periods, and reported outcomes limited the
feasibility of conducting a quantitative meta-analysis.
Additionally, although the critical appraisal revealed
methodological weaknesses in several studies—par-
ticularly concerning sampling strategies—the inclusion
of diverse study designs allowed for a broader overview
of the topic. The predominance of small samples from
healthcare settings in specific municipalities may restrict
the generalizability of some findings.

Despite these limitations, this review demonstrates
several notable strengths. To the best of our knowledge,
it represents the first comprehensive synthesis specifi-
cally focused on the prevalence of B-complex vitamin
deficiencies among women of childbearing age, pregnant
women, and lactating women in Brazil. The inclusion
of studies that assessed vitamin deficiencies exclusively
through biochemical markers enhanced the reliability
and accuracy of the findings. Furthermore, the imple-
mentation of a rigorous and extensive search strategy,
including a broad range of publication types beyond
peer-reviewed articles, contributed to the overall com-
prehensiveness and strength of the evidence base evalu-
ated in this review.

Implications for policy and practice

Additionally, we observed either a complete absence or
a very limited number of studies investigating the preva-
lence of deficiencies in specific B-complex vitamins, such
as B1, B2, B3, and B5 (with no studies identified) and B6
(with only one study available). There was also a clear
predominance of studies focused on women of child-
bearing age and pregnant women, most of which were
conducted between 2000 and 2010. In contrast, available
studies on lactating women were limited to those con-
ducted before 1990.

Given the growing burden of obesity and its potential
association with micronutrient deficiencies, it is essential
to investigate the prevalence and underlying determi-
nants of B-complex vitamin deficiencies among women
with obesity. Gaining a better understanding of the spe-
cific nutritional vulnerabilities in this population may
inform the development of more effective and targeted
public health interventions.

This study highlights a critical gap in the current lit-
erature: the lack of population-based studies with repre-
sentative samples and robust sampling procedures. This
limitation significantly compromises the generalizability
of the findings and hinders the development of effec-
tive public health strategies. The scarcity of recent data
is particularly striking in the case of lactating women,
reinforcing the urgent need to include questions related
to micronutrient deficiencies, especially those involving
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B-complex vitamins, in National Population Health Sur-
veys in Brazil.

Conclusion

This study systematically reviewed the prevalence of
B-complex vitamin deficiencies among women of child-
bearing age, pregnant women, and lactating women in
Brazil. Our findings reveal considerable variation in vita-
min B12 deficiency rates, ranging from 0 to 29.4%, with
the highest prevalence observed among women of child-
bearing age in a population-representative sample. In
contrast, serum folate deficiency showed generally lower
prevalence, although significant variations were observed
depending on the cutoff points used and the populations
studied.

These results emphasize the urgent need for high-
quality cohort studies capable of elucidating causal path-
ways and long-term nutritional trends among Brazilian
women of reproductive age. In addition, well-designed
cross-sectional studies using robust methodologies and
representative population samples are also essential to
monitor current prevalence patterns and inform timely
interventions. The findings reinforce the importance of
developing evidence-based public health policies focused
on prevention, early detection, and management of
B-vitamin deficiencies. Moreover, the evidence presented
here is expected to support the formulation of strate-
gic actions aimed at preventing, treating, and reducing
B-complex vitamin deficiencies in this population.
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