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Abstract
Background
Nutrition during pregnancy impacts the health of the fetus and the newborn, with effects at the epigenetic
level determining long-term neurological consequences. Iron requirements in pregnancy are estimated at
27 mg/day. The best absorbed heme iron is found in meat: beef, pork, poultry, and sh. The determination
of ferritin in umbilical cord blood can be used to assess iron deposits reached during the fetal stage.
Ferritin levels were associated with long-term effects on child development.
Methods
A descriptive, observational study with prospectively collected data was carried out during one-year
period at the Department of Neonatology of the Pereira Rossell Hospital Center (CHPR) in Montevideo,
Uruguay. A total of 188 patients met the inclusion criteria. Umbilical cord blood was drawn following a
strict cord clamping after one minute of life. Ferritin was measured using the chemoimmuno uorescence
method. A maternal nutritional survey was applied, using a qualitative-quantitative form measuring the
frequency of consumption of iron source foods and approximated quantities consumed during the last
trimester of pregnancy. This survey was focused on maternal consumption of beef as the major heminic
iron source in Uruguay. The relationship between these variables was analysed.
Results
Latent iron de ciency (ferritin in the umbilical cord <100 ng / ml) was associated with less consumption
of beef during pregnancy. Fisher p-value: 0.0133, OR: 3.71, 95% CI [1.25 - 11.05].
Conclusions
This study considers adequate evidence that low levels of total iron and meat consumption during
pregnancy will determine an increased risk of latent iron de ciency and lower levels of ferritin in
newborns, and therefore, greater risk of long-term adverse effects on myelination and neurocognitive
development.

Introduction
The diet during pregnancy constitutes an environmental factor that has impact on the health of the fetus
and the newborn. Eating habits during pregnancy will have consequences at the epigenetic level,
determining long-term consequences on neurological development. (1) (2) During pregnancy, an
adequate intake of energy, protein, minerals and vitamins must be achieved for which a daily
consumption of fruits, vegetables and meats is essential.
Lack of information about an adequate diet in pregnancy, as well as the eating habits of families could
have negative consequences on child development. (3) Data provided by the World Health Organization
Page 2/19

report that worldwide 30% of women between the ages of 15 and 49 suffer from anemia, which
corresponds to 468 million. (4) Iron requirements in pregnancy are estimated at 27 mg/day. (5) To
achieve this level of iron consumption, adequate nutritional advice, government policies aimed at
fortifying food and supplemental iron intake are necessary. Iron is present in the mineral form as nonheme iron in vegetables and in the organic form known as heme iron in meats. Absorption of non-heme
iron is lower than heme iron. The sources of heme iron are beef, pork, poultry, and sh. Eating meat and
sh in portions greater than 50 g per day signi cantly increases the absorption of iron present in
vegetables. (6)(7)
There are recommendations to reduce meat consumption (8) but these could have a negative impact on
the intake of iron, vitamin B12 and zinc. (9) In the United Kingdom, total iron intake in 48% of girls aged
between 11 to 18 and 27% of women aged between 19 to 64 years is inadequate. It was also observed
that adults ingest a lower level than recommended zinc, selenium and vitamin D. These micronutrients
are accessible when consuming red meat. (10) In the United Kingdom, women who consumed less than
40 g of red meat per day were at increased risk of zinc and vitamin D de ciency. (11)
Multiple studies related the level of umbilical cord ferritin with the levels of iron deposits reached during
the fetal stage. The determination of ferritin in umbilical cord blood can be used to assess iron deposits
in the body. Umbilical cord ferritin levels were associated with long-term effects on childhood
development. (12) (13) The last trimester of pregnancy is a critical time for iron deposition, and therefore,
premature newborns have lower levels of ferritin in the umbilical cord. Cord ferritin values are inversely
related to gestational age. (14) The lack of standard ranges of normality and abnormality to describe iron
status from ferritin umbilical cord levels for healthy term infants is still a weakness. The cut-off level of
umbilical cord ferritin level to de ne Latent Iron De ciency (LID) is taken to be under 100ng/ml. (15)
Uruguay is a country that produces high quality red meat, which is accessible to the population. In
addition, it is the country with the greatest consumption of beef per capita in the world, but there are no
studies to date investigating the level of meat consumption during pregnancy and its relationship with
the iron capital of the fetus.
The aim of the study was to assess the relationship between umbilical cord ferritin and meat
consumption during pregnancy.

Methodology
A descriptive, observational study with prospective acquisition of cases was carried out over a period of
one year at the Department of Neonatology of the Pereira Rossell Hospital Center (CHPR), in Montevideo,
Uruguay. The CHPR obstetric/perinatal department is the most important in the country, assisting around
6000 births per year from the low-income population (6279 births were registered in 2018. Data provided
by the Perinatal Computer System, Uruguay). The project was carried out in the following stages: a) Pilot
Study: 15 patients were included during a week-period, this phase of the study allowed the veri cation of
all processes, procedure adjustments and training of the team. b) Execution: it involved the inclusion of
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study samples with measurement of umbilical cord ferritin at birth, the application of the nutritional
survey to mothers and the posterior data analysis.
The inclusion of patients was performed according to a checklist system designed to verify the absence
of exclusion criteria. during this process and veri ed the strict match of the inclusion criteria before and
after labor. The study was approved by the CHPR’s ethics committee. All patients gave their written
informed consent.

Participants
The study included term and healthy newborns, with a gestational age equal to or greater than 37 weeks’,
from families established addresse in the metropolitan area of Montevideo, who were born in CHPR’s
obstetrics/perinatal department during the one-year study period. The exclusion criteria was: newborns
born before 37 weeks gestation, severe small for gestational age (less than Percentile 3 of the Fenton
charts), major congenital malformations, neonatal depression at birth, risk of speci c/nonspeci c
connatal infection, multiple pregnancy infants, children born to mothers who received iron intravenously,
mothers with problematic consumption of psychoactive substances for recreational use, mothers with
insulin-requiring diabetes and those newborns who had an early clamping of the umbilical cord, before
the rst minute of life.
A total of 220 newborns ful lled the inclusion criterio, 14 did not give their informed consent therefore
were directly excluded. In relation to umbilical cord ferritin samples: 2 were not processed, 4 were
considered as outliers since results went outside from the lower or upper limits described in the literature.
The nutritional survey was applied to 206 mothers, of whom 12 were discarded, considering that the
answers offered unreal data in relation to the quantitative variables. Finally, a bivariate analysis of 188
patients with the corresponding variables was possible (Figure 1.)
Regarding the hemogram samples: 23 were not processed due to the inadequate state of the sample and
167 were processed.
Because there are no studies to date investigating the association between beef consumption during
pregnancy and ferritin levels at birth, we cannot report information on the proportion of maternal
exposure to consumption of beef in the cohort or the OR value to calculate the sample size. In the present
study, we use an empirical sample size.

Data Collection
Through a face-to-face interview with the patients, data was collected on the demographic
characteristics. Information on the maternal baseline health history (reproductive history, pathological
history, lifestyle, exposure to toxic substances, complications during pregnancy, and others) aa well as
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neonatal relevant data were obtained from medical records. In addition, a family socioeconomic
assessment was carried out through a direct interview with the newborns’ parents.

Laboratory analysis
Succeeding a strict cord clamping following one minute of life, umbilical cord blood was drawn, and
hemogram and ferritin tests were performed. All samples were collected by trained health personnel. The
umbilical cord blood was collected in a heparinized tube to perform the hemogram and a dry tube for the
measurement of ferritin. These samples were transferred to the CHPR’s on-call laboratory, where they
were stored for a period of less than 24 hours, refrigerated at 4–8ºC, until they were processed.
Hemograms were processed in DXH800 hematological quanti er and ferritin was measured by the Cobas
6000 automated equipment, which uses the chemoimmuno uorescence method. All samples were
processed following the same protocol. Samples with result values out of the minimun or maximun
described values, were processed a second time with the same laboratorial techniques and the results
were the same, so they were excluded as outlier data.

Nutritional Interview
A maternal nutritional survey was applied, using a qualitative-quantitative form of frequency of
consumption of iron source foods and an approximation of the portions consumed during the last 3
months of pregnancy. The rst part of the form collected quantitative information about heme iron
sources from animal origin (beef, organ meats, chicken, sh, and pork), non-heme iron sources from
vegetable origin (chard and spinach, legumes) and iron forti ed foods (products made from iron-forti ed
wheat our and iron-forti ed dairy products). For a most reliable data collection collection of data, a
photographic atlas Visual atlas Guide of food portions and weights (ILSI Argentina, 2018) was used to
estimate the weights and volumes of food, preparations and beverages. Mothers’ consumption of
pharmacological iron supplement was also explored qualitatively in two groups with good and poor
adherence. The total grams of food consumed daily were obtained from the frequency of consumption
form and from these the total iron of the diet was calculated, determining both the heme and non-heme
fraction. The focus of the results is highlighted in the analysis of beef consumption, since this is the
highest consumed in the uruguayan population, consolidating itself as the main source of heme iron. The
responses to this survey depended on the mothers’ recall ability and estimation of proportions.Twelve
extraordinary quantitative responses were identi ed, so the interview with the mothers was therefore
repeated and given that the responses on the second opportunity did not vary, it was decided to exclude
those responses from the analysis.

Data Analysis
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It was started by controlling the quality of the data collected, it was analyzed through an exploratory
analysis of its consistency, outliers were identi ed, they were con rmed or were excluded when
performing a second analysis of the data sources. For continuous variables, normality was tested
graphically and using the Shapiro-Wilk test. When the hypothesis of normality was rejected, the data were
presented with the median, interquartile range (IIQ: 25–75)), and range with minimums and maximums
(Mn-Mx). Qualitative variables were presented as absolute frequency and percentages. The association
between the considered exposure factors and the ferritin levels lower or higher than 100ng / ml was
tested by means of a bivariate analysis. The Chi-square independence test or Fisher’s exact test for the
categorical variables and the Test were used. Wilcoxon-Mann-Whitney waws used for continuous
variables. Risk was estimated using OR and their respective 95% CI con dence intervals. A signi cance
level of 5% was considered. The adjustment of a logistic regression model that considers the variables
that in the bivariate analysis had a p value <0.20 that allows explaining and predicting cord ferritin levels
below or above 100 ng/ml was explored.
Statistical analysis was performed with the R program (R Core Team (2019). R: A language and
environment for statistical computing. R Foundation for Statistical Computing, Vienna, Austria. URL
https://www.R-project.org/.)

Results

Characteristics of the study population
The demographic characteristics, maternal and neonatal health records data, and iron consumption are
summarized in Table 1. Additionally the “p” value of the Fisher Test for each variable is presented in the
last column of the same table in relation to Newborn umbilical cord ferritin levels under 100 ng/ml or over
100ng/ml, given that umbilical cord ferritin levels below 100 ng/ml are considered diagnostic values for
Latent Iron De ciency (LID). The study population belongs homogeneously to a group of low- income
society strata. Over 70% of mothers are categorized in the age group of over 25 years and under 35 years,
no signi cant relationship (p = 0.595) was found between maternal age and LID. The identi cation of
race/ethnicity of the mother evaluated by skin tone could not establish an association with the LID. Only
10% of the maternal population had access to an educational level of more than 12 years of schooling,
and this variable found no association with LID (p: 0.7713). Moreover, records the status of anemia or
non-anemia in the third trimester of pregnancy is presented in Table 1, de ned by the levels of
hemoglobin (Hb) <13 gd / dL and hematocrit (Hto) <33%, only 12.7% of the population was classi ed into
an anemic status; this variable did not demonstrate a statistically signi cant relationship with the LID (p:
0.2521). The 81.3% of mothers had one or more complications during pregnancy, most of them were
urinary tract infections or genital infections, and 15.4% of mothers presented gestational diabetes as a
complication in pregnancy (gestacional diabetes is de ned as a measure of blood glucose > 92mg/dL)
this complication was not associated with LID (p: 0.2411). The dietary characteristics in relation to iron
consumption during the third trimester of pregnancy, showed that 99.5% of the mothers had a total iron
consumption under than the recommended 27mg/day of total iron during pregnancy (data obtained from
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estimation of content of iron from foods reported by the mother, during the third trimester of pregnancy, in
the diet (heme iron and non-heme iron). Regarding the consumption of iron supplement during pregnancy
81.3% reported receiving the pharmacological supplement adequately (daily supplementation was
de ned as “adequate” because this is an iron supplementation administration strategy that strengthens
maternal adherence) despite high adherence to pharmacological treatment, an association with LID was
not established (p: 0.08). The quantitative of parental controls was also not associated with LID (p:
0.6682), in fact, 91% of the population had a well-controlled pregnancy de ned as a number of ve or
more prenatal checkups.
Concerning newborns’ characteristics Table 1. sex of the patients did not showed a signi cant
association between the female sex (51.1%) of the population or the male sex (49.9%) of the population
and the DLH (p: 0.5409). From the total of participants, 89.4% had a gestational age (GA) > 37 weeks and
with respect to the relationship between weight and GA the 88.3% classi ed as Adequate for Gestational
Age (AGE), none of them were associated with LID. Anemia at birth after measurement of hemoglobin in
the umbilical cord <13g/dL occurred in 4.8% of the newborn population, this variable was not
signi cantly associated with LID umbilical cord ferritin values (p: 1.0).
Table 2. shows the variables grouped in the variables in the median, quartiles, minimum and maximum
values, in addition to the “n” value for each category. Among the maternal variables are: hemoglobin
values in the third trimester of pregnancy (n: 175), beef consumption, total iron consumption and heme
and non-heme iron differentiation from 188 mothers whose responses to the nutritional survey were
validated, excluding outliers and unreliable responses for providing extraordinary consumption quantities.
The median value for Maternal Hemoglobin in the last trimestre of pregnancy this variable was 11.9g/dL;
for maternal beef it was 61.8 gr/day (35.8gr/day - 238.1gr/day). And among the variables of the
neonates, the hemoglogin (Hb) (n: 167) and umbilical cord ferritin (n: 188) are grouped, the “n” of both
variables is given by the number of samples processed that ful lled with the quality requirements, outliers
were also excluded.
Table 3. presents the association between beef consumption (grams per day) and latent iron de ciency
(LID) de ned as a level of cord ferritin <100ng/ml. When the maternal consumption of 100gr/day was
used as a reference, the risk of LID increased by a proportion of three times the risk among the newborns
from mothers with a consumption <100gr/day Fisher’s test p-value: 0.0133 (95% CI 1.25- 11.05) the OR
was signi cantly associated was 3.71.
Table 4. re ects the independence between the maternal variables of beef consumption and adequate
pharmacological iron supplementation, there is no evidence to reject independence. Fisher’s test p-value:
0.1747.
Table 1. General characteristics of the population and in categories according to levels of ferritin in the
umbilical cord.
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Variable

“n”

Total
Participants:
Maternal
Data

188

(%)
100

LID, Ferritin (<
100ng/ml)

No LID,
Ferritin
(>100ng/ml)

42 (22.3)

146 (77.6)

Maternal age
(years)

p Value

0.595

< 20

36

19.1

6 (16.7)

30 (83.3)

>=20 y <35

138

73.4

32 (23.2)

106 (76.8)

>=35

14

7.4

4 (28.6)

10 (71.4)

White

135

71.8

30 (22.2)

105 (77.8)

Mixed

50

26.6

11 (22)

39 (78)

Black

3

1.6

1 (33.3)

2 (66.7)

Race /
Ethnicity

Maternal
Educational
Level

0.7713

< 12 years

169

89.9

37 (21.9)

131 (78.1)

>12 years

19

10.1

5 (26.3)

14 (73.7)

Third
trimester
maternal
anemia*n:
166

0.2521

Anemia

21

12.7

2 (9.5)

19 (90.5)

No anemia

145

87.3

33 (22.8)

112 (77.2)

< 27mg/day

187

99.5

42 (22.5)

145 (77.5)

>27mg/day

1

0.5

0 (0)

1 (100)

Total iron
consumption
(mg/day)

Adequate
Iron
Supplement
Yes

0.08

134

88.3

25 (18.7)
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109 (81.3)

No

54

28.7

17 (31.5)

37 (68.5)

Number of
pregnancy
controls

0.6682

1a5

17

9.0

5 (29.4)

12 (70.6)

More than 5

171

91.0

37 (21.6)

134 (78.4)

Total
Participants:
Newborn
Data

188

100

43 (22)

155 (78)

Sex

0.5409

Female

96

51.1

22 (22.3)

74 (77.7)

Male

92

48.9

20 (21)

72 (79)

Gestacional
Age (GA)

0.1613

37 weeks

20

10.6

7 (35)

13 (65)

More than 37
weeks

168

89.4

35 (20.8)

133 (79.2)

Small for GA

15

8.0

5 (33.3)

10 (66.7)

Adequate for
GA

166

88.3

34 (20.5)

132 (79.5)

Big for GA

7

3.7

3 (42.9)

4 (57.1)

Relationship
weight at
birth / (GA)

Anemia at
birth
(umbilical
cord Hb)

1.0000

Anemia (<13
g/dl)

8

4.8

1 (12.5)

7 (87.5)

No anemia
(>=13 g/dl)

159

95.2

35 (22.0)

124 (78.0)

Table 2. Grouping of Variables
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Variables

Minimum

First
quartile

Median

Third
quartine

Maximum

“n”

8.8

11.4

11.9

12.5

16.2

175

Maternal
beef
consumpti
on (gr per
day)

0

35.8

61.8

97.7

238.1

188

Total iron
(mg/day)

1.6

5.9

9.2

13.4

34.7

188

Heminic
iron
(mg/day)

0.1

0.7

1.0

1.6

5.2

188

Non
heminic
iron
(mg/day)

1.3

5.1

8.2

11.9

29.6

188

11.2

14.1

15.2

16.25

19.2

167

24

111.8

163

225

478

188

Maternal
Variables:
Third
trimester
maternal
hemoglobi
n

Newborn
Data:
Umbilical
cord
hemoglobi
n (g/dL)
Umbilical
cord
ferritin
(ng/ml)

Table 3. Relationship between maternal beef consumption and latent de cit levels of ferritin
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LID - Ferritin
Variable

“n”

(%)

(<100ng/ml)

Non LID –
Ferritin (>=
100ng/ml)

Total

188

100

42

146

22%

78%

Beef
consumption
(grams per
day)
Less than
100gr/day

143

76.1%

38 (26.6)

105 (73.4)

100 gr/day or
more

45

23.9%

4 (8.9)

41 (91.1)

P Value

0.0133

Fisher valor-p: 0,0133; OR: 3.71; IC al 95%: [1,25 - 11,05)

Table 4. Independence between beef consumption and pharmacological iron supplementation

Variable

“n”

(%)

Adequate iron
supplementat
ion

Total

188

100

134

54

88.3%

28.7%

Beef
consumption
(grams per
day)

Inadequate
iron
supplementat
ion

Less than
100gr/day

143

76.1

101 (70.6)

42 (29.4)

100 gr/day or
more

45

23.9

4 (8.9)

12 (26.7)

p Value

0.851

Discussion
In this study, we describe the positive association between the maternal meat consumption during the
third trimester of pregnancy and the values of ferritin in the umbilical cord of the newborn. In general, we
observed that maternal consumption of meat (beef) under than 100gr/day increased the risk of a latent
iron de ciency (LID) (ferritin <100ng/ml). Currently to our knowledge, there are no studies to date that
have evaluated this association. In our study, based on a sample of 188 patients (mothers/newborns), we
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found a risk of LID approximately three times greater in the children of mothers whose beef consumption
is <100gr/day. Iron and ferritin levels in the fetus depend directly on the maternal contribution and
therefore on its deposits. When the maternal iron supply is insu cient, the fetus prioritizes its use for
hemoglobin synthesis for its subsistence, leaving behind the development of the central nervous system.
Therefore, processes of neuronal development, synthesis of neurotransmitters, the myelin and glia cells
production are affected. Alterations that occur in neurogenesis, mediated by the de cit of ferritin during
embryonic and fetal life will determine permanent consequences on neurocognitive development from
birth and throughout life (16) (17). Serum ferritin levels are directly related to iron deposits (18) (19).
Multiple studies related the level of umbilical cord ferritin with the levels of iron deposition reached during
the fetal stage. The determination of ferritin in umbilical cord blood can be used to assess iron deposits
in the body (16)(17) (20). To our knowledge, this study is the rst to asses the association between
consumption of beef during the third trimester of pregnancy and the level of umbilical cord ferritin in
newborns. We found that there was no relationship between regular supplemental iron intake with the
level of ferritin in the umbilical cord. Iron intake levels during pregnancy are not only achieved by dietary
intake that is why supplemental iron intake is required to decrease the incidence of maternal anemia,
88.3% of the participants had an adequate adherence to pharmacological supplementation of iron and
this variable seems to be independent of beef consumption (21) (22). Ferritin levels are associated with
better white matter myelination results at the central nervous system level (23). On the other hand, iron
de ciency determines disruption in myelination of the axons and development of the auditory nerve (24)
(25). Ferritin levels in the umbilical cord are higher than in other life stages, and are associated with iron
deposits at birth (20). Latent iron de ciency is de ned by low ferritin levels without the presence of
anemia and is associated with developmental disturbances (26)(27). Multiple studies demonstrated
deleterious effects of latent iron de ciency on long-term development (13)(28). The deleterious effects of
iron de ciency described in animal studies have been validated in humans. There is growing evidence
associating iron de ciency in early childhood with worse motor, cognitive, social and affective patterns
that can persist into adulthood even after supplementation (29) (30). One of this study strengths is that it
is a rst-of-its-kind poblational study with cuanti cation of maternal beef consumption, other iron
containing foods, and pharmacological supplementation of iron, following strict conversion standards,
minimizing the chance that the results might be altered by any confounder factors and allowing us
investigate the relationship between maternal consumption of beef and levels of umbilical cord ferritin,
with the adjustment of possible interference factors. One of the strategies to decrease the ferritin
de ciency is the timing of the umbilical cord clamping. Early clamping of the umbilical cord is associated
with impaired white matter myelination in the central nervous system at four months of age. These
adverse results are mediated by low ferritin levels. (30) (31). Our study controlled this confounder by
performing a timely clamping of the umbilical cord and the early clamping of the umbilical cord was
considerared as exclusion criteria. In addition, there was carried out a strict control of the quality
umbilical cord blood samples and its processing, through obtaining the sample by trained health
personnel for this function, using the same quality control system and processing technique. Regarding
to the nutritional survey, the information collected about the maternal diet consumption speci es the
frequency of the consumption of food iron sources and their weight estimation. Therefore, we used
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nutrient-based adjustment procedures in this study. However, this study also has several limitations. An
intrinsic limitation of the study is the memory bias. In order to control this bias, we determined whether
there was a signi cative difference in the distribution of maternal consumption of meat compared to the
average of average consumption described for the Uruguayan population (268,2grams perday in 2018 National Survey). Distribution of beef consumption between LID cases and cases without LID is similar,
which suggests the memory recall bias in this study is low. As well as these, to further minimize recall
bias, participants were interviewed in delivery rooms before the start of labor or after the immediate
postpartum period. And the interviewers helped con rm the study period, the third trimester of pregnancy,
using the date of the last menstrual period, if it was reliable or from the date of delivery retrospectively
according to the gestational age of the newborn. Moreover, sample size for some subgroups de ned by
other maternal and neonatal characteristics was small, limiting our capability to detect statistical
differences or associations. Another limitation can be that attributable to the questionnaire strategy of
obtaining most of the qualitative data of the study. We did not measure with a blood laboratory test the
maternal iron de ciency in the third trimester of pregnancy. Finally, we consider that the results of this
study cannot be generalized to the general country population, given that our study population comes
from a low income strata that does not represents diet or other eating habits in the population of medium
or high income level, who one can presume, has a diet at least more varied.

Conclusions
This study cannot recommend which is the daily beef consumption related to an adequate level of ferritin
in the umbilical cord, However, it sheds light on the fact that lower levels of total iron intake and beef
meat consumption during pregnancy will determine an increased risk for presenting latent iron de ciency
and lower levels of ferritin in cord blood, with the possible effects throughout life on myelination,
neurocognitive development and worse performance throughout life.
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