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INTRODUCTION
Healthy nutrition during pregnancy aims for the birth of a 

healthy fetus that has reached term and for a good lactation 

process after birth.

A baby’s weight at birth is affected by many social, economic, 

genetic, maternal, and environmental factors. Perinatal 

morbidity and mortality increase significantly in newborns with 

low birth weight (LBW). Although the LBW rate is as low as 6-7% 

in all newborns, 2/3 of all neonatal deaths occurred in babies 

with LBW (1).

Fetal birth weight is dependent on many factors related to the 

mother, such as height, pre-pregnancy weight, body mass index, 

weight gained during pregnancy, and number of calories in 

their diet. Studies have suggested that maternal total protein 

and albumin levels and maternal anemia may be effective in 

determining LBW. However, only a few studies have shown the 

relationship between maternal blood electrolyte levels and 

obstetric outcomes (2).

Maternal nutrition is extremely important, both for the fetus 

and the mother. Rates of fetal anomalies, abortus, stillbirth, 

LBW, and perinatal mortality increase in maternal malnutrition 

conditions. Especially for newborns with LBW, possible risk 

factors include low pre-pregnancy body mass index, maternal 

malnutrition, smoking, and alcohol consumption, which may 

then cause impaired growth and cognitive functions in later 

years (3).

In this study, we investigated the effect of total protein, albumin, 

hemoglobin (Hb), hematocrit (Hct), red blood cell (RBC), and 

electrolyte values on the birth weight of term newborns.
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Objective: Perinatal morbidity and mortality increase significantly in newborns with low birth weight (LBW). Maternal total protein, albumin, 
hemoglobin (Hb), hematocrit (Hct), red blood cell (RBC), and electrolyte values may affect the birth weight of the baby.

Methods: This study included 363 pregnant women who consulted the Gynecology Department of Okmeydani Training and Research Hospital 
between July 2018 and December 2018 and gave birth between 37 and 42 gestational weeks. Newborns were divided into three groups: ≤2500 
g, 2500-4000 g, and ≥4000 g. The relationship between birth weight and maternal Hb, Hct, RBC, total protein, albumin, and electrolytes values 
taken just before birth was examined.

Results: No significant difference was found between the three groups in terms of gravida, parity, abortus numbers, gestational weeks and 
age of the patients, maternal blood total protein, albumin, Hb, Hct, calcium, sodium, potassium, and chloride values. RBC values were 
significantly lower in the ≤2500 g group (p=0.046), whereas maternal blood magnesium values were significantly higher (p=0.026). When the 
relationship between severe anemia and fetal weight was examined, LBW was significant in the group with Hb <7.4 (p=0.004). 

Conclusion: Maternal RBC levels were low, but magnesium levels were high in pregnant women who gave to LBW infants, and the LBW rate 
was high in the group with severe anemia. However, possible physiological changes that occur during pregnancy should be considered.
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METHODS
This study included 363 pregnant women who consulted the 

Gynecology Department of Okmeydani Training and Research 

Hospital between July 2018 and December 2018 and gave birth 

between 37 and 42 gestational weeks. Patients with maternal 

systemic disease, maternal TORCH group of infectious diseases, 

diabetes mellitus, gestational diabetes, preeclampsia, smoking 

habits, and multiple pregnancies were not included. Blood was 

drawn from patients just before birth, and their Hb, Hct, RBC, total 

protein, albumin, sodium, potassium calcium, magnesium, and 

chloride values were examined. In each case, gravida, parity, abortus 

numbers, age, gestational week, birth weight, fetal sex, and delivery 

type were recorded. Macrosomia was defined as fetal weight >4000 

g, and LBW as fetal weight <2500 g. After birth, newborns were 

divided into three groups: ≤2500 g, 2500-4000 g, and ≥4000 g.

Pregnant women with Hb levels M11 g/dL and Hct levels <33 

were evaluated as “anemic”. Additionally, all values were 

examined in three groups, which were determined as (Hb <7.4), 

(7.4≤ Hb ≤9.5), and (Hb >9.5), to showcase the degree of anemia 

present.

Pregnant women with total protein levels <6.4 g/dL were 

considered “hypoproteinemic”, while those with albumin levels 

<3.4 g/dL were considered “hypoalbuminemic”.

This study was performed in line with the principles of the 

Declaration of Helsinki. Approval was granted by the Ethics 

Committee of the University of Health Sciences Turkey, Prof. Dr. 

Cemil Tascioglu City Hospital (date: 28/09/2020, no: 48670771-

514.10-335). Written informed consent was obtained from 

patients who participated in this study.

Statistical Analysis

All information obtained in the study was entered into SPSS 

version 25.0 (IBM Corp. Armonk, NY, USA). Descriptive statistics 

were used to calculate the frequency (n), percentage (%), central 

tendency (mean, median, and mode), and dispersion (range, 

variance, standard deviation, maximum, and minimum) for each 

variable when appropriate. Continuous data were evaluated 

by the Kolmogorov-Smirnov test to establish that if they are 

parametric or non-parametric. Then, One-Way ANOVA test 

(parametric) or Kruskal-Wallis test (non-parametric) were used 

as appropriate if there were more than two groups. As a post-

hoc test, Tukey’s test was used. The chi-squared test was used 

in categorical variables. Pairwise comparisons with adjusted p 

values (Bonferroni method) were applied as the post-hoc test 

in significant factors identified in the chi-square test. A p value 

<0.05 was considered significant.

RESULTS
In this study, 43 pregnant women (11.84%) who gave birth 

to infants with birth weight <2500 g (group 1), 273 pregnant 

women (75.20%) who gave birth to infants with birth weight 

between 2500 and 4000 g (group 2), and 47 pregnant women 

(12.94%) who gave birth to infants with birth weight >4000 

g (group 3) were included. Demographic characteristics and 

obstetric results are shown in Table 1. No significant difference 

was found between the three groups in terms of gravida, 

parity, and abortion numbers. No significant difference was 

noted between the weeks of gestation and ages of the patients 

(p=0.101 and p=0.251, respectively). The rate of delivering a 

male baby in group 3 was significantly higher than that in the 

other two groups (p<0.001; difference was between group 1 

and group 3 and between group 2 and group 3). Regarding 

delivery types, the rate of cesarean section in group 1 were 

significantly higher than that in the two groups (p<0.001, 

difference was between group 1 and group 2, between group 1 

and group 3, and between group 2 and group 3). No significant 

difference was found between the three groups upon the 

examination of the maternal blood total protein, albumin, 

Hb, Hct, calcium, sodium, potassium, and chloride values 

(Table 2). The difference between the RBC values among the 

three groups was significant (One-Way ANOVA, p=0.046). In 

the post-hoc tests, this difference was between group 1 and 

group 3 (Tukey test, p=0.048). RBC values in group 1 were 

lower than the values in group 3. The difference between the 

maternal blood magnesium levels among the three groups 

was significant (One-Way ANOVA, p=0.026). In the post-hoc 

tests, the difference in magnesium levels was between group 1 

and group 2 (Tukey test, p=0.031). Magnesium values in group 

1 were higher than that in group 2.

The groups that comprised patients with Hb <11 g/dL and Hct 

< below 33 were re-examined to investigate the relationship 

between maternal anemia and birth weight. No significant 

difference was found between the three groups (p=0.494, 

p=0.731, respectively). To examine the relationship between 

maternal hypoproteinemia and birth weight, the group with 

albumin levels <3.4 g/dL and total protein levels <6.4 g/dL 

was re-evaluated, and no significant difference was noted 

between the three groups (p=0.725, p=0.445, respectively) 

(Table 3).

As regards the relationship between severe anemia and fetal 

weight, a fetal weight of ≤2500 g was significant in the group 

with Hb <7.4 (p=0.004) (Table 4).
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DISCUSSION
Observational studies have tried to examine the relationship 
between the amount of fat that the mother consumed 
during pregnancy and her gestational weight gain (4). In a 
review that included 200 articles, the relationship between 
maternal nutrition and birth outcome depended on biological, 
socioeconomic, and demographic factors (5).

With the physiological changes that occur during pregnancy, 
lipids, fat-soluble vitamins, and some carrier proteins increase; 
while the glomerular filtration increases, albumin, water-soluble 
vitamins, amino acids, and mineral levels decrease. The plasma 
volume starts to increase between the 6th and 8th weeks of 
pregnancy and reaches 1500 mL at the 34th week (6). Although 
a deficiency in protein intake during pregnancy causes LBW 
in mice, sheep, and pigs, it is still debated in humans (7). Hb, 

Table 2. Comparisons of protein, blood count parameters and electrolytes among birth weight groups 

Group1

≤2500 g

Group 2

2500-4000 g

Group 3

≥4000 g

p

Protein
Total protein 6.60±0.49 6.54±0.43 6.48±0.42 0.467a

Albumin 3.34 (2.40-3.90) 3.4 (2.13-4.1) 3.38 (2.8-3.85) 0.4b

Blood count parameters

Hemoglobin 11.70 (4.8-14.4) 11.8 (7.5-15.1) 11.8 (8.8-13.8) 0.736b

Hematocrit 34.8 (16.7-41.9) 34.9 (24.3-43.8) 35.4 (28.7-40.8) 0.497b

Red blood cells 4.08±0.47 4.15±0.38 4.28±0.36 0.046a,*

Electrolytes

Calcium 8.76±0.43 8.71±0.57 8.87±0.38 0.165a

Magnesium 2.04±0.28 1.95±0.19 2±0.23 0.026a,**

Sodium 136 (131-140) 136 (126-142) 136 (132-140) 0.81b

Potassium 4.09 (3.42-5.14) 4.06 (3.12-5.21) 4.1(3.78-4.99) 0.206b

Chlorine 105.08±2.36 105.03±2.34 104.9±1.97 0.922a

aOne-Way ANOVA [parametric-mean (standard deviation)], bKruskal-Wallis [non-parametric-median (minimum-maximum)], *Difference was between group 1 and group 
3 (Tukey test p=0.048), **Difference was between group 1 and group 2 (Tukey test p=0.031)

Table 1. Demographic characteristics and obstetric outcomes

Group 1

≤2500 g

n=43

Group 2

2500-4000 g

n=273

Group 3

≥4000 g

n=47

p

Age 29 (18-44) 26 (18-44) 27 (19-45) 0.251a

Gestational week 38 (36.4-41.4) 39.1 (37-41.5) 39.5 (37.2-42.3) 0.101a

Gravidity 3 (1-5) 2 (1-8) 3 (1-7) 0.104b

Parity 1 (0-4) 1 (0-5) 1 (0-6) 0.066b

Abortus 0 (0-2) 0 (0-3) 0 (0-3) 0.085b

Gender 

Male

Female

17 (39.5%)

26 (60.5%)

119 (43.6%)

154 (56.4%)

36 (76.6%)

11 (23.4%)
<0.001b,*

Vaginal delivery 15 (34.9%) 180 (65.9%) 23 (48.9%) -

Cesarean delivery 28 (65.1%) 93 (34.1%) 24 (51.1%) <0.00b**

Repeats 16 (37.2%) 53 (19.4%) 10 (21.2%) -

Progress failure - 11 (4%) 3 (6.4%) -

Cephalopelvic disproportion - 8 (2.9%) 1 (2.1%) -

Fetal distress 8 (18.6%) 13 (4.8%) 3 (6.4%) -

Macrosomia - - 5 (10.6%) -

Malpresentation 4 (9.3%) 8 (2.9%) 2 (4.3%) -
aKruskal-Wallis median (minimum-maximum), bChi-square test, *Difference was between group 1 and group 3 and between group 2 and group 3, **Difference was between 
group 1 group 2, between group 1 and group 3, and between group 2 and group 3
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iron, and albumin levels were evaluated in a study conducted 

in Korean pregnant women, and the logistic regression analysis 

revealed that Hb and albumin levels had the most important 

predictive value in determining LBW (2).

During pregnancy, there is a physiological decrease in Hct levels 

because the increasing plasma volume is disproportionate to 

the erythrocyte volume. Normally, physiological hemodilution 

occurs in every pregnancy. Anemia during pregnancy was 

defined by the Centers for Disease Control and Prevention 

in 1989 as Hb value <11 g/dL or Hct <33% in the 1st and 3rd 

trimesters of pregnancy and Hb <10.5 g/dL or Hct <32% in the 

second trimester. According to the World Health Organization in 

2001, anemia during pregnancy is defined as Hb <11 g/dL for 

all three trimesters (8,9). In our study, we accepted the upper 

limit of the Hb value as 11 g/dL and Hct as 33%. Hb levels in the 

first trimester indicate maternal nutritional status and have a 

positive correlation with newborn weight. However, the effect 

of maternal hemodilution on fetal growth in the second and 

third trimesters is more important. Since there is insufficient 

hemodilution in pregnant women with chronic malnutrition, 

infants had LBW (2,10).

In the present study, no relationship was found between Hb 

and Hct values and birth weight. Msolla and Kinabo (11) found 

a positive correlation between Hb levels in the last trimester 

and birth weight in their study. Thus, the rates were significant 

than those with Hb <7.4 gr/dL who gave birth to babies with 

weighing <2500 g, whereas those with Hb >9.5 gr/dL gave 

birth to babies with weighing >3000 g. Moreover, babies of 

mothers with anemia had lower birth weights than non-anemics 

(11). In the present study, the number of patients with severe 

anemia was significantly low. However, in accordance with 

the literature, the rate of newborns with LBW was significantly 

higher in those with Hb <7.4 g/dL. Besides, the rate of newborns 

weighing >4000 g was higher in the group with Hb of 9.5-11 

g/dL. In a randomized controlled study, iron replacement to 

pregnant women until the 28th gestational week reduced LBW 

but did not prevent third-trimester anemia. Moreover, the 

authors stated that third-trimester anemia was not significant 

in determining the birth weight and that iron supplementation 

caused an increase in the birth weight of the baby by passing 

iron to the fetus (12). Studies have also stated that taking iron 

supplements during pregnancy causes oxidative damage (2,13). 

In a study conducted on 622 pregnant women, a decrease of 

21 g in newborn weight was observed with a 1 g/dl decrease 

in maternal Hb, and a relationship between maternal anemia 

and low/insufficient birth weight was found (14). In a study of 

2006-2010 data in Finland, a relationship was found between 

maternal anemia and adverse perinatal outcome, especially in 

multiparous pregnant women. This relationship was not found 

in nulliparas (15).

RBCs are oxygen-carrying cells. Low RBC levels indicate anemia 

or blood loss, while their numbers increase with heavy exercise 

and high altitude. Drugs that cause hemolysis may also reduce 

the erythrocyte count. In our study, the pregnant women had no 

history of such drug use, but RBC counts were significantly lower 

in the LBW group and were significant.

Additional protein is required for the growth and development 

of the fetus, uterus, placenta, and breasts. Some authors 

reported that a woman giving birth at term has a daily protein 

requirement of 6 g, and the amount of protein stored is between 

925 and 1000 g (16). Studies have also revealed that birth weight 

increases in pregnancy women with high total protein and 

albumin levels and reported a relationship between large-for-

gestational-age newborns and low serum albumin levels (17,18). 

However, some studies have reported that maternal albumin and 

protein levels do not affect fetal weight (7,19,20). In our study, 

albumin and total protein levels did not affect fetal weight.

Pregnant women need 20-30 g of calcium in total. Most of this 

is stored in fetal bone in the late period of pregnancy and is 

mobilized for fetal development. Taking calcium supplements 

during pregnancy prevents low gestational weight, birth 

weight <2500 g, and infants’ risk hypertension in the future 

Table 3. Comparison of anemia, hypoproteinemia, and 
hypoalbuminemia

≤2500 g 2500-4000 g ≥4000 g p

Hemoglobin
<11 11 80 10

0.494a

≥11 32 193 37

Hematocrit
<33% 11 73 10

0.731a

≥33% 32 200 37

Albumin
<3.4 24 136 25

0.725a

≥3.4 19 137 22

Total protein
<6.4 14 99 21

0.445a

≥6.4 29 174 26
aPearson chi-square test

Table 4. Comparison of anemia levels*

Hb <7.4 Group 1 Group 2 Group 3

7.4≤ Hb ≤9.5 2 (4.7%) 0 0

Hb: 9.5-11 2 (4.7%) 15 (5.5%) 2 (4.3%)

Hb <7.4 39 (90.7%) 258 (94.5%) 45 (95.7%)

*Chi-square test, p=0.004, Hb: Hemoglobin
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by lowering the blood pressure of the fetus. Moreover, taking 
calcium supplements during pregnancy reduces pregnancy-
induced hypertension only in women who receive a low 
amount of calcium (21). In previous studies, a significant 
relationship was found between neonatal weight and energy, 
protein, and calcium intake in the third trimester (22,23). 
The 2007 Cochrane review covers 12 studies on calcium. 
Regarding calcium supplementation, a decrease in the risk 
of preeclampsia was reported in 12 studies and a decrease 
in the risk of high blood pressure was reported in 11 studies 
compared with placebo. Maternal death and serious morbidity 
risk decreased in four studies. No effect on preterm birth or 
stillbirth was found (24). In our study, no significant difference 
was observed in maternal calcium values between the LBW 
group and other groups. In a study investigating maternal 
calcium, zinc, iron, and magnesium levels, significantly 
higher values of electrolytes, except magnesium, were 
found in umbilical cords of babies with normal birth weight 
compared with the babies with LBW (25). In the Cochrane 
review of seven studies, oral magnesium supplements before 
25 gestational weeks decreased the frequency of preterm 
births, infants small for gestational age, and babies with 
LBW. In addition, the risk of hospitalization and antepartum 
hemorrhage was reduced in pregnant women. However, no 
studies have presented high-quality evidence to support the 
use of magnesium supplementation (26). In an animal study, 
magnesium restriction did not affect birth weight. However, if 
the restriction continued during the postnatal lactation period, 
the offspring is weaned and the bodyweight decreased (27). In 
our study, maternal blood magnesium level was significantly 
higher in the LBW group compared with the normal weight 
group.

Maternal plasma sodium concentrations decrease slightly 
as a result of pregnancy, and potassium concentrations do 
not change. A significant decrease was found in sodium, and 
potassium plasma levels in pregnant animals on a low-sodium 
diet increased (28). Moreover, pregnant rats on a low-sodium diet 
in the last 7 days of pregnancy experienced plasma expansion and 
fetal growth restriction. This study may be considered a simple 
animal model examining the relationship between maternal 
plasma volume and fetal growth (29). Chloride is the main 
anion in extracellular liquid and plays a role in the adjustment 
of osmotic pressure and anion-cation balance. Very few reports 
revealed the importance of chloride in pregnancy. Most studies 
are related to the amount of chloride in drinking water. In Italy, 
Fabiani et al. (30) examined the amount of chloride in drinking 
water and the obstetric outcome on pregnant women and did 

not find a relationship between LBW and preterm delivery. In 
addition, no relationship was found between maternal sodium, 
potassium, and chloride values and fetal weight in our patient 
group.

CONCLUSION
The effect of anemia, hypoproteinemia, and changes in 
maternal electrolyte levels on maternal and fetal outcomes 
should be evaluated according to etiology. In our study, 
maternal RBC levels were low, magnesium levels were high in 
pregnant women who gave birth with LBW, and the LBW rate 
was high in the group with severe anemia. Physiological changes 
that may occur during pregnancy should be given primary 
consideration. The interpretation of the results of our study is 
difficult because of differences in the characteristics, diagnostic 
criteria, and threshold value of the studied group of pregnant 
women. However, prospective studies with large patient groups 
and evaluations of all perinatal results are needed.
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