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Abstract
Background: Zinc is an important micronutrient involved in cell division, growth, and immune system
function. Most studies evaluating the nutritional status related to zinc and prematurity were conducted
with hospitalized preterm infants. These studies show controversial results regarding the prevalence of
de�ciency, clinical implications, and the effect of zinc supplementation on mortality, infectious diseases,
and growth in these groups. This study aimed to compare serum and erythrocyte zinc levels in a group of
preterm and term infants during complementary feeding and related the zinc levels to dietary intake, and
current nutritional condition in both groups.

Methods: Cross-sectional study with 43 preterm infants (24 to 33 weeks) aged 9-24 months (mean:
14.3±6.4 months), compared with 47 term healthy infants. Data collected: socioeconomic status and
maternal health during pregnancy, dietary history, anthropometry (weight, height, and head
circumference), and current dietary intake. Laboratory tests: blood count, serum and erythrocyte zinc
concentrations, and C-reactive protein.

Results: Males predominated (24, or 55.8%) in the preterm group; the mean birth weight was 1,245±381.7
grams. Serum zinc levels <65 µg/dL and anemia were observed in four preterm (5.1%) and four term
infants (5.3%), respectively. No infant had erythrocyte zinc < 40 µg/gHb. The variables independently
associated with serum zinc levels were breastfeeding at the time of evaluation (20.11 µg/dL; 95% CI 9.62
to 30.60; p<0.001) and late (4-7 months) introduction of complementary feeding (6.6 µg/dL; 95% CI 5.3 to
11.4; p<0.001). Breastfeeding was also independently and directly associated with erythrocyte zinc levels
(18.8 ug/dL; 95% CI 3.7 to 33.8; p=0.015).

Conclusions: No difference was observed in the nutritional status related to zinc between preterm and
term infants during complementary feeding. Serum and erythrocyte zinc levels were in�uenced by
breastfeeding and the onset of solid foods. 

Background
Hidden hunger is a type of malnutrition associated with a lack of micronutrients, and clinical signs
appear when the de�ciency is at an advanced stage. The World Health Organization (WHO) reports that
more than two billion people worldwide suffer from 'hidden hunger', and the main micronutrients related
to this condition are iron, zinc, vitamin A, iodine, and folic acid [1, 2].

Zinc is an important micronutrient involved in cell division, growth, and immune system function. This
micronutrient participates as a constituent of more than 300 metalloenzymes, in�uences more than two
thousand transcription factors, and participates in the regulation and expression of hundreds of genes [3,
4].

Zinc de�ciency is a public health problem in low- and middle-income countries [3], and the measurement
of plasma/serum concentration is the main indicator used to assess their de�ciency [4]. A meta-analysis
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including studies with national data on zinc de�ciency found alarming de�ciency levels (> 20% of the
population under �ve years old) in 23 of the 25 countries assessed [5].

The classic clinical zinc de�ciency manifestations such as irritability, diarrhea, stunting, and enteropathic
acrodermatitis appear in moderate and severe de�ciency. However, subclinical de�ciency is already
associated with impaired immune response and cell replication, increasing the susceptibility to infectious
and impaired the growth in children [3, 5].

Zinc supplementation in term infants in non-developed countries younger than six months [6] and from 6
to 12 months of life [7] was related to slight improvement in growth and lower prevalence of the diarrheal
disease. Preterm newborns (PTNB) are considered at risk for zinc de�ciency due to lower reserves,
accelerated postnatal growth, immature gastrointestinal tract, diseases developed during hospitalization,
and lower food supply of this micronutrient [8, 9].

Most studies evaluating the nutritional status related to zinc and prematurity were conducted with
hospitalized preterm infants [10, 11] or small for gestational age [12, 13]. These studies show
controversial results regarding the prevalence of de�ciency, clinical outcomes, and the effect of zinc
supplementation on mortality, infectious diseases, and growth in these groups. Few studies have
evaluated the zinc-related nutritional status in moderately and extremely preterm infants after hospital
discharge and during complementary feeding [14–16].

This study aimed to compare serum and erythrocyte zinc levels in a group of preterm and term infants
during complementary feeding and related the zinc levels to dietary intake, and current nutritional
condition in both groups.

Methods

Study design
A cross-sectional study was carried out from 2018 to 2019 with 43 preterm infants (Preterm Group,
gestational age from 24 to 33 weeks), with age 9 to 24 months, at the follow-up clinic of the Hospital
Municipal Universitário de São Bernardo do Campo (HMU-SBC). The comparison group consisted of 47
healthy term infants (Term Group), adequate for gestational age and weighing more than 2,500 grams, of
the same age, in follow-up at the Primary Care Health of the same city.

The HMU-SBC adopts the Kangaroo Method. The place is accredited as a Baby-Friendly Hospital and is a
reference for high-risk pregnancies in the city. About 14% of births are preterm, and the breastfeeding rate
for preterm infants at hospital discharge is 82%. Preterm newborns with gestational age < 34 weeks or
birth weight ≤ 1,500 grams are referred to and monitored at the outpatient clinic up to the age of six by a
multidisciplinary team consisting of a pediatrician, a psychologist, a social worker, and a physiotherapist.
The follow-up is complementary to that performed by the Primary Care Health.
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There were excluded from the sample infants with severe malformations (cardiac, abdominal wall,
musculoskeletal, and central nervous system defects), genetic syndromes, chronic non-progressive
encephalopathy, oxygen-dependent children, those who did not feed exclusively orally, who had
intolerance and food allergies, who were unable to provide telephone contact for invitation to be included
in the study, and whose family refused to participate. A total of 43/69 (62.3%) and 47/78 (60.2%) of the
eligible infants in the preterm and term groups, respectively, were included in the �nal study sample.

The Research Ethics Committee of Universidade Federal de São Paulo approved the study under Opinion
N° 2.937.127 and we con�rm that all methods were perfomed in accordance with the Declaration of
Helsinki. The children’s legal guardians signed the informed consent form after the interview and
clari�cations by the researchers regarding the study’s steps and procedures.

Collected data

General informations
We obtained information on socioeconomic status and maternal health during pregnancy, such as
maternal age, parental schooling, per capita income, pre-gestational nutritional condition, and diseases
reported during pregnancy.

Data were collected on weight, height, head circumference, gestational age, causes of prematurity, and
Apgar score regarding birth. The gestational age was calculated, �rstly, according to the date of the last
menstruation, secondarily, the ultrasonography data of the �rst trimester was adopted or the subjective
evaluation of the newborn [17].

Birth weight was used to evaluate the adequacy for gestational age using the reference proposed by
INTERGROWTH-21 [18]. We considered small (SGA), adequate (AGA), and large (LGA) when the birth
weight for gestational age was below the 10th percentile, from the 10th to 90th, and above 90th,
respectively.

Anthropometry
The principal investigator obtained all anthropometric and body composition measurements. At the time
of the evaluation, weight data were measured on a digital, platform-type scale graduated in grams, with
the infant undressed and without diapers. Height was measured with a horizontal stadiometer graduated
in millimeters; head and arm circumference with an inextensible measuring tape; and the tricipital and
subscapular skinfolds with a calibrated Langer® type adipometer [19].

These measures were used to calculate anthropometric indicators as Z-scores of body mass index
(BMIZ), height/age (HAZ) and head circumference/age (HCZ), through the WHO Anthro v.3.2.2. The
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cutoff points used for the classi�cation were those proposed by the World Health Organization [20]. The
corrected age of 40 weeks was used to calculate anthropometric indicators for preterm infants.

Food consumption
Information on type and duration of breastfeeding (exclusive and total), use of infant formulas and whole
cow’s milk, age at onset and sequence of introduction of complementary, and iron supplementation
frequency and dose were collected.

Three 24-hour recalls were applied to assess food intake, with a maximum interval of 15 days between
them. The estimated dietary intake was assessed by averaging the intake values of each nutrient in the
recalls available for each infant. The calculation was performed using the DietWin® program, which uses
the food composition tables proposed by the United States Department of Agriculture [21] and the
Brazilian Food Composition Table [22].

Three, two, and one 24-hour recall were available in 24 (26.7%), 16 (17.7%), and 45 (50%) of the infants
included in the study. They were used to calculate total daily ditary intake of energy (kcal and kcal/kg),
protein (g and g/kg), iron (mg) and zinc (mg). The main meals were de�ned as food consumed at lunch
or dinner per the traditional Brazilian eating habits, in general, rice, beans, meats, and vegetables [23] and
complementary feeding such as the combination of main meals and snacks.

The consumption of infant formula and whole cow’s milk was not added to the calculation of
complementary feeding to enable comparison between breastfed and non-breastfed infants. We could
not quantify the volume of milk consumed in breastfed children, but the number of times (frequency) that
the child received breastfeeding during the day was recorded.

Laboratory tests
A total of 8 ml of blood was collected by peripheral venipuncture with a fasting period of 3 hours and in
the morning. The blood aliquot was divided into tubes for collecting metals (Vacuette tube®, without
additive), dry tube, and EDTA tube.

The material was immediately transported to the Clinical Analysis Laboratory of the CU-FMABC, where
the sample preparation, laboratory analysis, and storage were carried out. Samples that were not
analyzed immediately were stored in a freezer at -80°C.

The blood count was performed with the multi-parameter automated hematology analyzer (Cell-Dyn
Ruby) using the Multi-Angle Polarized Scatter Separation technology and laser �ow cytometry. Anemia
was de�ned by the presence of hemoglobin (Hb) below 11 g/dL [24]. The ultra-sensitive C-Reactive
Protein (CRP) was measured by turbidimetry.
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Serum and erythrocyte zinc levels were determined by the inductively coupled plasma mass spectrometry
method (ICP-MS). Red cell lysis was performed with phosphate buffer. The reference values adopted for
serum and erythrocyte zinc were 65 μg/dL [4] and 40 μg/g hemoglobin (µg/gHb) [25], respectively.

Statistical analysis
The collected data were tabulated and consolidated in Excel spreadsheets (O�ce Microsoft ®), and the
analyses were performed in the statistical package SPSS 25.0 (IBM®). Categorical variables were
presented as absolute numbers and percentages and compared with the Chi-square test. The distribution
of continuous variables was assessed using the Shapiro-Wilk test, histograms, and Kurtosis values. The
variables with parametric distribution were presented as mean±standard deviation and compared by the
Student's t-test for independent variables. Variables with nonparametric distribution were presented as
medians and interquartile ranges (p25 - p75) and compared with the Mann-Whitney test.

The Enter linear regression method was adopted for the multivariate analysis, using serum and
erythrocyte zinc as dependent variables. The independent variables were included in the model after the
analysis of collinearity, which showed a statistically signi�cant difference between the groups and those
with clinical relevance. A signi�cance level of 5% was adopted in all analyses.

Employing α-bidirectional = 0.05 and β = 0.20 allowed the included sample (45 infants per group) to
detect a difference of 10 µg/dL of serum zinc between the groups (standardized magnitude of effect of
0.6). For this calculation, we used data from the paper published by Cho et al., 2019 [13], which found
mean and standard deviation in serum zinc levels of 81.4 ± 18.7 µg/dL in a group of preterm infants.

Results
Table 1 shows the general characteristics of the studied infants. Males predominated in the preterm
group, with 24 (55.8%); the mean birth weight, gestational age, and corrected age were 1,245 ± 381.7
grams, 29.9 ± 2.3 weeks, and 14.3 ± 6.4 months, respectively. In these, 13 (30.2%), 11 (25.6%), and 29
(67.4%) were small for gestational age, extremely low weight (< 1000 g), and were born less than 32
weeks.
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Table 1
General characteristics of infants, mothers, history and eating habits, current nutritional status, and

inadequate hemoglobin and zinc levels
Variables   Preterm group

(N = 43)

Term group

(N = 47)

P-value

General characteristics of infants        

Gender Male 24 (55.8%) 20 (42.8%) 0.2911

Gestational age Weeks 29.9 ± 2.3 39.0 ± 1.2 < 0.0012

Birth weight grams 1245 ± 381.7 3288 ± 459 < 0.0012

Delivery type Cesarean 27 (62.8%) 23 (48.9%) 0.2091

Twinning Yes 4 (9.3%) 0 (0.0%) 0.0021

GA Classi�cation SGA 13 (30.2%) 0 (0.0%) < 0.0011

Age (real) Months 16.7 ± 6.3 15.9 ± 4.5 0.4932

Age (corrected) Months 14.3 ± 6.4 15.9 ± 4.5 0.1652

Maternal characteristics        

Maternal age Years 29.9 ± 7.3 29.4 ± 6.8 0.7812

Per capita income Reais 577.41 ± 382.20 731.44 ± 455.9 0.1602

Primiparous Yes 12 (38.7%) 17 (37.0%) 0.5321

Supplementation Iron 23 (53.5%) 29 (61.7%) 0.5231

  Folic acid 22 (51.2%) 18 (87.2%) < 0.0011

Pregestational BMI Malnutrition 3 (10.3%) 1 (2.4%)  

  Eutrophy 11 (37.9%) 20 (48.8%) 0.5051

  Overweight 9 (31.0%) 12 (29.3%)  

  Obesity 6 (20.7%) 8 (19.5%)  

Current eating habits        

Breastfeeding Yes 8 (18.6%) 25 (53.2%) 0.0011

Captions: GA (gestational age), SGA (small for gestational age), BF (Breastfeeding) and BMI (Body
Mass Index). Signi�cance level of the Chi-square1, t-Student2, and Mann-Whitney3 tests.
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Variables   Preterm group

(N = 43)

Term group

(N = 47)

P-value

Infant formula Yes 17 (39.5%) 14 (29.8%) 0.3791

Cow milk Yes 28 (65.5%) 32 (68.1%) 0.8251

Iron supplementation Yes 28 (65.1%) 20 (42.6%) 0.0371

Iron dosage mg/kg 1.6 (1.2; 2.3) 1.1 (0.8; 1.3) 0.008

Diet history        

Exclusive BF Yes 30 (69.8%) 37 (78.7%) 0.3461

Exclusive BF time Months 3.0 (2.0; 6.0) 4.0 (3.0; 6.0) 0.4303

Total BF time Months 7.0 (3.0; 9.2) 11.3 (6.0; 16.4) 0.0033

Infant formula use Yes 34 (79.1%) 35 (74.5%) 0.6281

Onset of infant formula use Months 2.0 (1.0; 3.0) 2.0 (0.0; 5.0) 0.0862

Whole Cow´s milk use Yes 14 (32.6%) 28 (59.6%) 0.0121

Onset of cow milk use Months 12.0 (7.0; 16.5) 8.0 (7.0; 9.0) 0.0013

Onset of fruits Months 7.0 (6.2; 8.0) 6.0 (4.0; 6.0) < 0.0013

First main meal Months 7.0 (6.3; 8.0) 6.0 (5.0;6.0) < 0.0013

Family food Months 11.5 (8.2; 12.0) 10.0 (9.0; 12.0) 0.2503

Nutritional condition of infants        

Height Z-score < -2 SD 11 (25.6%) 1 (2.1%) < 0.0011

BMI Z-score < -2 SD 5 (11.6%) 0 (0.0%)  

  -2 to + 1 SD 38 (88.4%) 44 (93.6%) 0.0161

  + 1 to + 3 SD 0 (0.0%) 3 (6.4%)  

Laboratory variables        

Hemoglobin < 11 g/dL 4 (13.3%) 4 (9.1%) 0.7071

Serum zinc < 65 µg/dL 2 (6.3%) 2 (4.4%) 0.5541

Captions: GA (gestational age), SGA (small for gestational age), BF (Breastfeeding) and BMI (Body
Mass Index). Signi�cance level of the Chi-square1, t-Student2, and Mann-Whitney3 tests.
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Variables   Preterm group

(N = 43)

Term group

(N = 47)

P-value

Erythrocyte zinc < 40 ug/Hb 0 (0.0%)    

Captions: GA (gestational age), SGA (small for gestational age), BF (Breastfeeding) and BMI (Body
Mass Index). Signi�cance level of the Chi-square1, t-Student2, and Mann-Whitney3 tests.

The median length of hospital stay was 61 days (44.0 to 93 days). There was no statistical difference
between the preterm and term groups concerning socioeconomic level, maternal age, pre-gestational
maternal body mass index, and diseases reported during pregnancy.

Regarding the dietary history, exclusive/predominant breastfeeding was reported in 67 (74.4%) of the
evaluated infants. The median duration of exclusive breastfeeding was 3.0 months [(2.0; 6.0) vs 4.0 (3.0;
6.0) months; p = 0.430] and total breastfeeding was 7.0 months [(3.0; 9.2) vs 11.3 months (6.0; 16.4); p = 
0.003] in the preterm and term group, respectively (Table 1). The age of introduction of complementary
feeding, using chronological age, was 7.0 months (6.3; 8.0) in the preterm group and 6.0 months (5.0; 6.0)
in the term group (p < 0.001), with no difference regarding the sequence of the introduced foods (meat,
eggs, �sh, and family diet).

A lower percentage of preterm infants breastfeeding (18.6% vs. 53.2%; p = 0.001) was identi�ed at the
evaluation (Table 1). The median frequency of breastfeeding was 7.0 (4.0; 8.0) and 5.0 (3.5; 6.0) times a
day (p = 0.295), in the preterm and term group, respectively. The median volume ingested of infant
formula was 550 mL/day (410.0; 675.0) vs. 600 mL/day (545; 720.0) and for cow’s milk 480 mL/day
(400.0; 560.0) vs. 520 mL/day (220.0; 750.0); with no statistically signi�cant difference between groups.
Regular iron supplementation was more frequent in the preterm group (65.1% vs. 42.6%; p = 0.037).

In the preterm group, a higher percentage of short stature was found (25.6% vs. 2.1%; p < 0.001), thinness
(11.6% vs. 0.0%; p = 0.016) and less overweight/obesity (11.6% vs. 25.5%; p = 0.020) compared to the
term group (Table 1). All anthropometric indicators showed lower mean values in the preterm group
compared to the term group (Table 2).



Page 10/20

Table 2
Comparison of anthropometric and laboratory variables between preterm and term groups

Variables   Preterm group

(N = 43)

Term group

(N = 47)

P-value

Body Mass Index (n = 90) Z-score -0.42 ± 1.15 0.33 ± 1.22 0.0041

Height age (n = 90) Z-score -1.27 ± 1.42 0.30 ± 1.44 < 0.0011

Head circumference (n = 90) Z-score -0.60 ± 1.30 0.18 ± 1.04 0.0031

C-reactive protein (n = 79) mg/L 1.0 (0.2;2.0) 1.0 (1.0;2.6) 0.3722

Hemoglobin (n = 75) g/dL 12.1 ± 1.3 12.0 ± 0.8 0.7471

Mean corpuscular volume mcm3 76.0 ± 6.6 74.7 ± 4.2 0.3151

Serum zinc (n = 78) µg/dL 94.0 ± 23.4 90.3 ± 18.0 0.4501

Erythrocyte zinc (n = 70) µg/dL 1413.6 ± 219.3 1352.1 ± 267.0 0.3581

Erythrocyte zinc (n = 70) µg/gHb 119.4 ± 23.8 112.7 ± 23.1 0.3071

Signi�cance level of the t-Student1 and Mann-Whitney2 tests.

Serum zinc levels < 65 µg/dL and anemia were observed in four (5.1%) and four (5.3%) of preterm and
term infants, respectively, with no difference between groups (Table 1). No infant had erythrocyte zinc
below 40 µg/gHb. There was also no statistically signi�cant difference between the preterm and term
group in the mean hemoglobin levels (12.1 ± 1.3 g/dL vs. 12.0 ± 0.8 g/dL; p = 0.747), red blood cell
corpuscular volume (76.0 ± 6.6 mcm3 vs. 74.7 ± 4.2 mcm3; p = 0.315), CRP [1.0 mg/L (0.2; 2.0) vs. 1.0
mg/L (1.0; 2.6); p = 0.372], serum zinc (94.0 ± 23.4 µg/dL vs. 90.3 ± 18.0 µg/dL; p = 0.450) and erythrocyte
zinc (119.4 ± 23.8 µg/gHb vs. 112.7 ± 23.1 µg/gHb; p = 0.307) (Table 2).

There was no difference between groups in total daily zinc intake, main meals, and complementary
feeding. In turn, we identi�ed a higher intake of total iron, and protein - total and in the main meals
(Table 3) - in the non-breastfed preterm group.
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Table 3
Comparison of total daily food consumption of energy, protein, iron, and zinc in the food supplementation

and main meals (n = 90)
Variables Preterm group

(n = 43)

Term group

(n = 47)

Breastfed (n = 
8)

Non-breastfed (n 
= 33)

Breastfed (n = 
25)

Non-breastfed (n 
= 21)

Total        

Energy (kcal) 748.8 (417.2;
932.9)

760.7 (650.5;
1128.7)

642.9 (500.5;
763.5)

968.9 (803.1;
1246.5)

Energy (kcal/kg) 78.8 (47.5;
97.1)

93.0 (77.7; 120.4) 60.8 (48.1; 78.5) 86.7 (64.3; 124.5)

Protein (g/kg) 4.0 (1.9; 5.1) ¹ 4.3 (3.1; 5.2) 2.9 (1.9; 3.2) 4.1 (2.9; 5.4)

Iron (mg) 4.6 (1.9; 10.9) 10.4 (8.7; 15.6) 2 4.5 (2.2; 7.3) 8.7 (4.3; 11.6)

Zinc (mg) 4.7 (3.0; 8.6) 7.6 (6.7; 11.0) 3.8 (2.9; 7.3) 7.2 (5.4; 10.9)

Complementary
feeding

       

Energy (kcal) 491.1 (316.3;
720.6)

437.3 (297.2;
788.4)

429.0 (244.8;
636.4)

514.8 (406.8;
802.3)

Energy (kcal/kg) 63.0 (39.4;
70.2)

57.4 (38.3; 70.9) 42.9 (24.1; 54.2) 46.0 (30.9; 76.7)

Protein (g/kg) 2.8 (1.8; 3.6) ¹ 2.4 (1.8; 3.3) 1.7 (1.2; 2.4) 2.6 (1.6; 3.5)

Iron (mg) 3.4 (1.8; 4.7) 5.9 (1.93; 11.6) 3.0 (1.9; 4.6) 3.2 (1.9; 7.9)

Zinc (mg) 2.9 (2.2; 4.6) 4.2 (2.0; 8.5) 3.0 (1.8; 3.8) 3.9 (1.8; 6.3)

Main meals        

Energy (kcal)   275.2 (162.0;
474.0)

219.1 (193.4;
353.8)

196.4 (117.3;
293.0)

248.9 (184.7;
393.4)

Energy (kcal/kg) 35.4 (19.7;
50.6) ¹

26.9 (21.9; 36.6) 18.5 (11.5; 27.6) 23.0 (17.0; 35.7)

Protein (g/kg)   2.4 (1.3; 3.0) ¹ 1.8 (1.3; 2.8) 1.4 (0.7; 2.0) 1.2 (1.7; 2.7)

Zinc (mg)   2.0 (1.5; 4.2) 1.8 (1.2; 3.1) 1.8 (1.0; 2.9) 2.3 (1.1; 2.8)

Signi�cance level of the Mann-Whitney test.

Preterm group breastfed vs. Term group breastfed (1 p < 0,05)

Preterm group non-breastfed vs. Term group non-breastfed (2 p < 0,05)
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The variables independently associated with serum zinc concentrations were breastfeeding at the time of
evaluation (20.11 µg/dL; 95% CI 9.62 to 30.60; p < 0.001) and older age (4 to 7 months) of the
introduction of food supplementation (6.6 µg/dL; 95% CI 5.3–11.4; p < 0.001). Breastfeeding was
independently and directly associated with its erythrocyte zinc levels (18.8 ug/dL; 95% CI 3.7 to 33.8; p = 
0.015) (Table 4).
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Table 4
Factors associated with the levels of serum and erythrocyte zinc in infants

Dependent variable Predictors R² B 95% con�dence
interval

P-
value

Serum zinc (µg/dL)1 Age (months) 0.409 0.11 -0.95 1.18 0.833

(n = 70) Gender (male)   0.47 -8.61 9.56 0.917

  Group (preterm)   6.20 -5.19 17.60 0.280

  Zinc intake (mg)   0.31 -0.74 1.37 0.559

  BMI Z-score   1.31 -3.13 5.76 0.556

  Height Z-score/age   3.16 -0.20 6.53 0.065

  C-reactive protein (mg/L)   -0.88 -2.02 0.25 0.127

  Breastfeeding (yes)   20.11 9.62 30.60 0.000

  Infant formula (yes)   3.26 -10.63 17.17 0.640

  Whole cow´s milk (yes)   -6.86 -20.24 6.50 0.308

  Complementary feeding onset
(months)

6.63 3.72 9.55 0.000

Erythrocyte zinc
(ug/gHb)

Age (months) 0.268 0.65 -1.096 2.39 0.457

(n = 55) Gender (male)   3.86 -10.127 17.86 0.580

  Group (preterm)   14.20 -3.583 31.99 0.115

  Zinc intake (mg)   0.97 -0.493 2.44 0.188

  BMI Z-score   1.78 -4.552 8.11 0.574

  Height Z-score/age   -2.03 -7.260 3.19 0.438

  C-reactive protein (mg/L)   0.92 -0.675 2.51 0.251

  Breastfeeding (yes)   18.83 3.782 33.88 0.015

  Infant formula (yes)   -12.96 -33.367 7.44 0.207

  Whole cow´s milk (yes)   -17.22 -37.637 3.18 0.096

  Complementary feeding onset
(months)

-1.41 -5.619 2.80 0.503

Discussion
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This study found no difference regarding blood concentrations and dietary zinc intake between preterm
and term infants. Serum and erythrocyte zinc levels were in�uenced by breastfeeding and time of
complementary feeding introduction. Preterm infants had worse anthropometric indicators than term
infants.

There are no well-de�ned cutoff points for serum and erythrocyte zinc concentrations in healthy and
preterm infants. Study realized with 27,801 individuals, aged between 6 months and 74 years, suggested
that values below 65 µg/dL (2.5th percentile) of serum zinc could be considered low for children under
ten years of age [26]. However, the authors did not propose speci�c cutoff points for infants, nor did they
relate these inappropriate values to relevant clinical outcomes. In this study, using the same cutoff point,
the prevalence of serum zinc de�ciency was less than 5% and was not more frequent in preterm infants,
nor was it associated with malnutrition and short stature.

Preterm newborns have lower serum zinc levels than term infants in the �rst months of life, and in this
group, enteral zinc supplementation during hospitalization is associated with reduced mortality, improved
weight gain, and linear growth up to two years of age [27]. This difference in serum zinc levels between
preterm and term infants decreases over time and can disappear at around 9 to 12 months corrected age
[11, 12–15].

Studies that evaluated serum zinc levels and the effects of supplementation in clinical outcomes such as
growth [7, 14–15] and development [13, 16, 28] in preterm infants in the follow-up after hospital
discharge show divergent results [29]. Differently from our study, these publications included moderate or
late preterm infants with younger age and lower breastfeeding rates.

Serum and erythrocyte zinc levels were higher in breastfed infants at the time of evaluation. This �nding
is similar to that of Waunen et al., 1999 [14], who found higher zinc concentrations in the hair of
breastfed preterm and term infants at 6 and 12 months corrected age. However, it differs from other
studies with term infants who �nd lower zinc concentrations in breastfed infants than those receiving
infant formulas [30, 31].

The zinc content in human milk varies considerably (0.7 to 1.6 mg/L) and decreases with the time of
lactation. Colostrum, human milk at seven and thirty days of life, contains 8–12 mg/L, 3–6 mg/L, and 1–
3 mg/L of zinc, respectively [32]. Despite this progressive reduction and lower content [32, 33], the
bioavailability of zinc in human milk is always greater than in infant formulas (60% vs. 24%) [14, 35].

Besides the better bioavailability of zinc in human milk, two other factors may justify the association of
breastfeeding with better blood concentrations of zinc in this study. Breastfed children tend to have
adequate time of introduction, quality, and variety of the foods offered during complementary feeding
[36]; and a lower frequency of infectious conditions that lead to more signi�cant zinc depletion, such as
diarrheal and respiratory disease [37].
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In this study, the introduction of complementary feeding in the preterm group agreed with the current
recommendations (5 to 8 months of chronological age age) and was associated with higher levels of
serum zinc in both groups. The early introduction of solid foods (before three months corrected age or
�ve months chronological age), food supply with low density of energy and micronutrients are common
problems in the complementary feeding in preterm infants and they are associated with nutritional
disorders [37–40].

A quarter of the preterm infants evaluated were of short stature, and 10% were malnourished according to
anthropometric indicators for corrected age. This nutritional impairment was not associated with worse
zinc concentrations, which can be justi�ed because this group has a high percentage of extremely low
birth weight and small for gestational age children with a prolonged median length of stay (two months),
factors that are associated with worse postnatal growth and longer time for nutritional recovery [41].
Preterm children may take two to eight years to normalize their anthropometric indicators, and the
longitudinal monitoring of these measurements helps differentiate between catch-up growth and
nutritional impairment.

In general, there were no signi�cant differences in dietary intake between the preterm and term groups. On
the other hand, we observed low breastfeeding rates, especially among preterm children, early
introduction of cow’s milk, and low adherence to prophylactic iron supplementation in both groups. This
set of factors puts this population at risk for nutritional excess and de�ciencies, partially explaining the
percentage of infants with anemia (10%) and overweight (6.4%) in young infants.

The repercussions of inappropriate dietary practices can be more intense on the health of preterm
infants. The improvement of this knowledge, the inclusion of speci�c recommendations, and
differentiated intervention proposals can modify these children’s growth, development, and global health
in the short and long term aspects [42].

The strengths of this study can be considered the presence of a comparison group from the same city,
with socio-economic and cultural characteristics similar to the study group, the detailed of the dietary
intake of infants, and the measurement of serum and erythrocyte zinc, which are markers of acute and
chronic de�ciency of this micronutrient, respectively. On the other hand, limitations can be considered the
impossibility of calculating dietary intake in breastfed infants, the absence of other zinc biomarkers such
as metallothioneins, and the non-systematic collection of information about diseases developed by the
group of preterm infants after hospital discharge.

Conclusions
In conclusion, the �ndings of this study did not show that the nutritional status concerning zinc was
worse in a group of preterm infants compared to term infants during complementary feeding. In turn,
regardless of prematurity, levels of serum and erythrocyte zinc were in�uenced by breastfeeding and
onset of complementary feeding.
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List Of Abbreviations
WHO (World Health Organization)

SGA (small for gestational age)

AGA (adequate for gestational age)

LGA (large for gestational age)

BMIZ (body mass index score z)

HAZ (height for age score z)

HCZ (head circumference for age score z)

CRP (C reative protein)

ICP-MS (coupled plasma mass spectrometry method)
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