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Abstract

In individuals born with a low birth weight an increased risk of occurrence of arterial hypertension, dyslipidemia, cardiovascular
diseases, and type 2 diabetes is observed in adulthood. In individuals born with macrosomia, the risk of occurrence of type 2 diabetes
and cardiovascular diseases is also noted in adulthood. Therefore, studies aimed at the identification of risk factors of intrauterine
foetal growth disorders are very important. The aim of the study. The objective of the presented study was the evaluation of the
relationship between health behaviours and haematological parameters of pregnant women, and birth weight of newborns. Material
and methods. The materials for the study were the data concerning 274 women and their babies. Using a questionnaire, information
pertaining to the place of living, the body height and weight, cigarette smoking, and the eating habits during pregnancy was collected.
Information concerning pregnancy order, the course and duration of pregnancy, as well as haematological parameters were collected
based on the analysis of medical records. Results. Women who were underweight before pregnancy more frequently gave birth to
small-for-gestational age babies, whereas large-for-gestational age babies were more often born by women who were overweight
or obese before conception (p=0.0076), and those with gestational weight gains higher than recommended (p=0.0081). Mothers
who gave birth to large-for-gestational age babies had higher values of haematological parameters in the first trimester of pregnancy,
compared to the mothers of babies small for gestational age. No significant differences were found between the consumption of
individual groups of products by mothers during pregnancy and birth weight of newborns. Conclusions. Significant differences
in birth weight for gestational age were found according to the BMI of the mother before conception and total gestational weight
gain in pregnancy. Among overweight or obese women who plan are planning reproduction, the normalization of body weight is
recommended in order to decrease the risk of bearing a newborn with hypertrophy.
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Streszczenie

U os6b urodzonych z mata masa ciata stwierdza sie zwiekszone ryzyko wystapienia nadcisnienia tetniczego, dyslipidemii, choréb uktadu
sercowo-naczyniowego, cukrzycy typu 2 w wieku dorostym. U os6b urodzonych z makrosomia réwniez wystepuje zwiekszone ryzyko
po6Zniejszego wystapienia cukrzycy typu 2 i choréb sercowo-naczyniowych w wieku dorostym. Bardzo wazne sa wiec badania stuzace
zidentyfikowaniu czynnikéw ryzyka zaburzeh wewnatrzmacicznego wzrastania ptodu. Cel pracy. Celem pracy byta ocena zaleznosci
miedzy zachowaniami zdrowotnymi oraz wskaznikami hematologicznymi kobiet ciezarnych a masa urodzeniowa noworodkéw.
Material i metody. Materiat badan stanowity dane 274 kobiet i ich dzieci. Przy pomocy ankiety zebrano informacje na temat miejsca
zamieszkania, wysokosci i masy ciafa, palenia papieroséw oraz sposobu zywienia w czasie ciazy. Informacje dotyczace kolejnosci ciazy,
przebiegu i czasu trwania ciazy oraz parametréw hematologicznych zebrano na podstawie analizy dokumentacji medycznej. Wyniki.
Kobiety z niedowaga przed ciaza czesciej rodzity dzieci z mata masa w stosunku do wieku ptodowego, natomiast dzieci z duza masa
w stosunku do wieku ptodowego czesciej rodzity kobiety z nadwaga lub otyfodcig przed ciazg (p=0.0076) oraz te, u ktérych stwierdzono
W cigzy przyrost masy wiekszy niz zalecany (p=0.0081). Matki, ktére urodzity dzieci z duzg masa w stosunku do wieku ptodowego,
czesciej posiadaly wyzsze wartoéci wskaznikéw hematologicznych w pierwszym trymestrze ciazy w poréwnaniu z matkami dzieci
0 nizszej masie w stosunku do wieku ptodowego. Spozycie poszczegdlnych grup produktéw przez matki w czasie ciazy nie réznicowato
w istotny sposéb masy urodzeniowej noworodkéw. Wnioski. Czynnikami istotnie réznicujacymi wielko$¢ urodzeniowej masy ciata
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w stosunku do wieku ptodowego byly BMI matki przed ciazg oraz catkowity przyrost masy w czasie ciazy. Wsrod kobiet z nadwaga
i otytoscia planujacych prokreacje wskazana jest normalizacja masy ciata w celu zmniejszenia ryzyka urodzenia noworodka z hipertrofia.

Stowa kluczowe:

masa urodzeniowa, BMI przed ciaza, ciazowy przyrost masy, wskazniki hematologiczne

Introduction

Health behaviours of women before conception and during
pregnancy are among the most important factors which de-
termine foetal growth and development [1-5]. The risk factors
best documented in literature for giving birth to a baby small for
gestational age (SGA) are underweight before pregnancy and
low gestational weight gains [6,7]. The risk of bearing an SGA
baby is also increased by the occurrence of anaemia in future
mothers, cigarette smoking, and alcohol consumption [2,8—
11]. In turn, a high consumption of milk and dairy products,
fish and seafood, as well as vegetables and fruits by pregnant
women, exerted a positive effect on birth weight [3-5, 12, 13].
The risk of giving birth to a baby large for gestational age (LGA)
is related mainly to a high pre-pregnancy BMI and high gesta-
tional weight gains [6,7,14—-16], high consumption of milk [17],
a high percentage of energy supplied by sweets [18], and a
high dietary glycaemic load in pregnant women [19].

In individuals born with a low birth weight, especially intrau-
terine foetal growth inhibition, an increased risk of occurrence
of arterial hypertension, dyslipidemia, cardiovascular diseases,
and type 2 diabetes is observed in adulthood. In individuals born
with macrosomia, the risk of occurrence of type 2 diabetes and
cardiovascular diseases is also noted in adulthood [20]. There-
fore, studies aimed at the identification of risk factors of intrau-
terine foetal growth disorders are very important. Hence, the ob-
jective of the presented study was to evaluate the relationship
between health behaviours and haematological parameters of
pregnant women, and birth weight of newborns.

Material and methods

The materials for the study were the data concerning 274
women who, after giving birth were patients of the Clinic of Ob-
stetrics and Gynaecology at the Regional Polyclinical Hospital
in Kielce, and their babies. Women who delivered a healthy
child (without congenital defects) were included in the study.
Based on further analysis, 2 patients with twin pregnancy and
8 women whose data were incomplete were excluded. Infor-
mation concerning pregnancy order, the course and duration
of pregnancy, as well as haematological parameters were col-
lected based on the analysis of medical records after obtaining
patients’ informed consent.

Using a questionnaire, information was collected pertaining
to the place of residence, age, body height and weight, cigarette
smoking, and the eating habits during pregnancy. The ques-
tions in the survey related to the number of portions of individual
groups of food products consumed. The size of food portions
was determined in accordance with the principles presented in

the relevant literature [20]. The nutritional status prior to pregnan-
cy was assessed based on the declared data concerning body
height and weight, which served to calculate the BMI, and groups
of patients distinguished with: underweight (BMI <18.5 kg/m?),
normal body weight (18.5-24.9 kg/m?), overweight or obesity
(BMI>25.0 kg/m?). The total body weight gain during pregnancy
was calculated as a difference between perinatal weight and pre-
pregnancy body weight. Gestational weight gains were classified
as low, recommended, or high, according to the guidelines by
the Institute of Medicine (IOM) and National Academy of Scienc-
es (NAS) in the USA [6]. Haematological parameters of moth-
ers considered in the study covered the erythrocyte count (min/
mm3), haemoglobin concentration (g/dl) and haematocrit (%).
For the analysis, data from the first examination performed by
the patient after conception was used, examinations performed
in the middle of the second trimester of pregnancy and the last
examination performed before delivery. As the diagnostic criteria
for anaemia in the women in the study, the level of haemoglo-
bin <11.0 g/dl in the first and third trimester of pregnancy and
<10.5 g/dl during the second trimester, were adopted, accord-
ing to the recommendations by the WHO and the Centres for
Disease Control [21]. Birth weight of newborns was referred to
the standards with consideration of gender and gestational age
[22]. On this basis, babies small-for-gestational age — SGA (<
10 centile), were distinguished, those appropriate-for-gestational
age — AGA (10-90 centile), and large-for-gestational age — LGA
(> 90 centile). Statistical analysis was performed using the Sta-
tistica 6.0 (StatSoft) software. The relationship between socio-
demographic factors and health behaviours of mothers and birth
weight of newborns were evaluated using chi-square test (x2)
of the highest reliability (table I-IV). While for the evaluation of
the relationships between haematological parameters of moth-
ers and birth weight of newborns, one-way analysis of variance
was applied (table VI), and post hoc NIR test (least significant
differences). The p values p<0.05 were considered statistically
significant.

Results

Table | presents the general characteristics of the babies
examined and their mothers. More than 11% of babies were
large for gestational age, while only 6.1% — small for gestational
age. In nearly 92% of newborns the result of the score accord-
ing to the Apgar scale in the first minute after birth remained
within the range of 8-10 scores. Overweight and obesity before
pregnancy occurred in 19.5% of the women examined. A low
total gestational weight gain was observed in 5.6% patients,
whereas gain higher than recommended in 8.8%. Nearly every
tenth woman reported cigarette smoking in pregnancy, and
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Table |. General characteristics of the babies and their mothers examined
Tabela I. Ogdina charakterystyka badanych noworodkow i ich matek

Factors / Czynniki N %
Boys / chfopcy 131 49.6
Gender of the newborns / Pte¢ noworodkow
Girls / dziewczynki 133 50.4
SGA! 16 6.1
Birth weight for gestational age / Masa urodzeniowa w stosunku
. AGA? 218 82.5
do wieku ptodowego
LGA® 30 1.4
8-10 237 91.9
Apgar scores / Wynik w skali Apgar
<7 21 8.1
Place Of residence town / miasto 137 51.9
Miejsce zamieszkania village / wies 127 4841
< 30 years / < 30 lat 153 57.9
Age of the mother / Wiek matki
> 30 years / > 30 lat 111 421
first / pierwszy 115 48.7
Order of birth / Kolejnos¢ porodu second / drugi 95 40.3
third or subsequent / trzeci lub kolejny 26 11.0
<185 19 7.6
BMI before pregnancy / BMI przed cigza 18.5-24.9 183 72.9
>25.0 49 19.5
low / niski 12 56
Gestational weight gain / CigZzowy przyrost masy ciafa recommended / zalecany 185 85.6
high / wysoki 19 8.8
no / nie 181 69.6
Cigarette smoking during pregnancy / Palenie papierosow w cigzy — exposed / narazone 54 20.8
yes / tak 25 9.6
no / nie 212 80.3
Drinking of alcohol during pregnancy / Picie alkoholu w cigzy
yes / tak 52 19.7

'Small-for-gestational age / mafa masa w stosunku do wieku pfodowego; *Appropriate-for-gestational age / prawidfowa masa w
stosunku do wieku pfodoweqo; 3large-for-gestational age / duza masa w stosunku do wieku pfodowego; applies to tables -VII.
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every fifth was exposed to tobacco smoke in the nearest en-
vironment. Also, every fifth woman consumed alcoholic bever-
ages during pregnancy.

No significant differences were found in the occurrence
of SGA and LGA newborns according to gender, also there
were no significant differences in the Apgar rating according
to the birth weight category (data not shown). Birth weight for
gestational age significantly differed according to the BMI of
the mother before conception and total gestational weight gain
in pregnancy (table Il). Patients who were underweight before
pregnancy more frequently gave birth to SGA babies, whereas
those overweight and obese — LGA babies. Similarly, babies
large for gestational age were more often born by mothers
with gestational weight gain higher than recommended. No
significant differences were observed between birth weight
and place of residence, age of the mother, and pregnancy
order. A tendency was only noted towards more frequent oc-
currence of low birth weight in the urban environment and
first-born children. Also, no significant differences were found
between smoking and exposure to tobacco smoke and birth
weight. However, a slightly more frequent occurrence of low

birth weight could be observed with respect to gestational age
in babies of mothers who smoked and women exposed to to-
bacco smoke, compared to non-smokers.

No significant differences were found between the con-
sumption of individual groups of products by mothers during
pregnancy and birth weight of newborns (table Ill). Neverthe-
less, a tendency was noted towards the consumption of a
smaller amount of fruit, vegetables, milk and dairy products,
and a less frequent snacking between meals by mothers of
children with low weight, compared to those who delivered
babies with appropriate and high weight. Also, no differences
were noted between the frequency of consumption of selected
beverages by mothers during pregnancy and birth weight (ta-
ble IV). No relationships were found between the consumption
of folic acid and other dietary vitamin and/or mineral supple-
ments in pregnancy, and birth weight of newborns (table V).

Anaemia was diagnosed in 1.9% of the total number of
women in the first trimester, 2.9% in the second, and 7.5%
in the third trimester of pregnancy. However, it is noteworthy
that the examined levels of haemoglobin in the first trimester
were examined in only 80.7% of the women enrolled for further

Table Il. Birth weight for gestational age according to selected characteristics (%)
Tabela Il. Urodzeniowa masa ciafa w stosunku do wieku pfodowego w zaleznosci od wybranych czynnikow (%)

Birth weight /
Factors / Czynniki Urodzeniowa masa ciata
SGA AGA LGA
<18.5 20.0 6.8 6.7
BMI before pregnancy / BMI przed cigz
pregnancy / BMI przed ciaza 18.5-24.9 733 76.2 50.0
p=0.0076
>25.0 6.7 17.0 43.3
low / niski 417 22.7 15.8
Gestational weight gain / Cigzo rzyrost mas
) ght gain / Ciazowy przy v recommended / zalecany 417 38.9 10.5
ciala p=0.0081
high / wysoki 16.6 38.4 73.7
first / pierwszy 61.5 47.5 519
Order of birth / Kolejnos¢ porodu ]
second / drugi 30.8 39.8 481
p=0.0972
third or subsequent / trzeci lub kolejny 7.7 12.8 0.0
Age of the mother / Wiek matki <30 years / <30 lat 56.3 57.3 63.3
p=0.8130 >30 years / >30 lat 438 427 36.7
Place of residence / Migjsce zamieszkania town / miasto 68.7 51.4 46.7
p= 0.2553 village / wies 31.3 48.6 53.3
no / nie 60.0 70.2 70.0
Cigarette smoking during pregnanc
9 . . g ‘g 'p 9 v/ exposed / narazone 26.7 20.0 23.3
Palenie papierosow w cigzy p=0.8932
yes / tak 13.3 9.8 6.7
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Table Ill. Frequency of consumption of selected products during pregnancy and birth weight (%)
Tabela lll. Czestosc spozycia wybranych produktdw w czasie cigzy a urodzeniowa masa ciafa (%)

. Birth weight /
Products and meals / Amount of servings consumed / T ———"
Produkty i positki llos¢ spozywanych porcji
SGA AGA LGA
<1 daily / <71 dziennie 18.8 11.0 3.3
Fruit / Owoce
/ 1-2 daily / 1-2 dziennie 43.8 55.1 50.0
p=0.3442
>3 daily / >3 dziennie 37.5 33.9 46.7
<1 daily / <7 dziennie 25.0 19.3 16.6
Vegetables / Warzywa . -
1-2 daily / 1-2 dziennie 62.5 52.3 46.7
p=0.5067
>3 daily / 23 dziennie 12.5 28.4 36.7
Milk and dairy products / <1 daily / <7 dziennie 31.3 22.0 20.0
Mleko i przetwory mleczne 1-2 daily / 1-2 dziennie 43.7 58.7 53.3
p=0.7118 >3 daily / >3 dziennie 25.0 19.3 26.7
<1 daily / <1 dziennie 6.3 20.7 23.3
Animal protein / Biatk I
nimal protein / Biafko zwierzgce 1-2 daily / 1-2 dziennie 75.0 58.1 53.3
p=0.5206
>3 daily / 23 dziennie 18.7 21.2 23.3
never / wcale 18.8 14.2 20.0
Sea fish / Ryby morskie
ish / Ryby ! <1inaweek/ <7 w tygodniu 50.0 47.7 43.3
p=0.9078
>1inaweek /=7 w tygodniu 31.2 38.1 36.7
Confectionery and sweets / Produkty cukiernicze <8 in a week / <3 w lygodniu 56.3 ar2 60.0
i sfodycze 4-7 in a week / 4-7 w tygodniu 18.8 29.4 23.3
p=0.6366 >1 daily / >1 dziennie 25.0 23.4 16.8
<3 18.8 12.8 16.7
Number of meals / Liczba positkdw
/ P 4 312 339 36.7
p=0.9242
>5 50.0 53.2 46.7
Snacking between meals / < once aday / <1 raz dziennie 56.3 33.6 36.7
Pojadanie miedzy positkami once a day / 1 raz dziennie 18.7 38.3 33.3
p=0.4181 > once a day / >1 raz dziennie 25.0 28.1 30.0

analysis; therefore, the percentage of patients with anaemia
might have been slightly higher. No differences were found be-
tween the occurrence of anaemia in mothers and birth weight
(table VI). It was noted that in the 15t and 2™ trimester anaemia
did not occur in any of the mothers who gave birth to a baby
large for gestational age. Analysis of the mean haematological
parameters in pregnant women showed a tendency towards
the highest level of erythrocytes, haemoglobin, and haemato-
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differences were most clearly observed in the first trimester of
pregnancy, and in the case of haematocrit were statistically
significant. The results of post hoc test also confirmed that
considering both haematocrit and haemoglobin levels, moth-
ers who gave birth to LGA babies had significantly higher val-
ues of haematological parameters, compared to the mothers
of the remaining babies.
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Table IV. Frequency of consumption of selected beverages in pregnancy and birth weight (%)
Tabela IV. Czestosc spozycia wybranych napojow w czasie cigzy a urodzeniowa masa ciafa (%)

. Birth weight /
T Amount of servings consumed / Urodzeniowa masa ciafa
llos¢ spozywanych porcji
SGA AGA LGA
Sweetened carbonated drinks / Stodzone _"€VET / wcale 87.5 358 26.7
napoje gazowane <8 cups a week / <3 szklanki w tygodniu 37.5 41.3 50.0
p=0.8651 >4 cups a week / >4 szklanek w tygodniu 25.0 229 23.3
<1 cup a week or never / <1 szklanka
. 25.0 19.4 13.3
Fruit juices / Soki owocowe W tygodhniu lub weale
p=0.4276 1-6 cups a week / 1-6 szklanek w tygodniu 25.0 45.2 53.3
>1 cups a day / >1 szklanka dziennie 50.0 355 33.3
<1 cup a week or never / <1 szklanka
. 37.6 30.9 43.3
Milk / Mieko w tygodniu lub wcale
p=0.6320 1-6 cups a week / 1-6 szklanek w tygodniu 31.2 42.4 36.7
>1 cups a day / =71 szklanka dziennie 31.2 26.7 20.0
Alcohol / Alkohol! no / nie 75.0 80.7 80.0
p=0.8628 yes / tak 25.0 19.3 20.0
Table V. Consumption of folic acid and other dietary supplements and birth weight (%)
Tabela V. Przyjmowanie kwasu foliowego i innych suplementow a urodzeniowa masa ciafa (%)
Birth weight /

. ) . . Urodzeniowa masa ciafa
Consumption of supplements / Przyjmowanie suplementow

SGA AGA LGA

Folic acid / kwas foliowy yes / tak 93.7 91.7 96.7
p = 0.5643 no / nie 6.3 8.3 33
Beginning of the consumption of folic before pregnancy / przed ciaZq 26.7 40.5 20.7
acid / poczatek przyjmowania kwasu  19-12"" weeks of pregnancy / 1-12 tydzien cigzy 60.0 53.0 75.9
foliowego after the 12" week of pregnancy / po 12 tygodniu

p = 0.1291 ciazy 13.3 6.5 3.4
Other supplements / inne suplementy ~ Yes/tak 37.5 25.0 16.7
p = 0.2971 no / nie 62.5 75.0 83.3
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Table VI. Occurrence of anaemia in mothers and birth weight of newborns (%)
Tabela VI. Wystepowanie niedokrwistosci u matek a wielkosS¢ masy urodzeniowej noworodkow (%)

. . . Birth weight /
Trimester of pregnancy / Hemoglobin concentration / L ————"—
Trymestr cigzy Stezenie hemoglobiny [g/dl]
SGA AGA LGA
I >11.0 100.0 97.7 100.0
p=0.4115 <110 0.0 2.3 0.0
I >10.5 93.3 96.9 100.0
p=0.3287 <105 6.7 3.1 0.0
I >11.0 76.9 93.6 92.3
p=0.1816 <11.0 23.1 6.4 7.7
Table VII. Haematological parameters of mothers and birth weight of newborns [X=SD]
Tabela VII. Wskazniki hematologiczne matek a masa urodzeniowa noworodkdw [X=SD]
. o Birth weight /

T Haematological parameters of mothers / Wskazniki Urodzeniowa masa ciala E 0

hematologiczne matek

SGA AGA LGA

RBC** [mIn/mm?] 4.18+0.32 4.34+0.39 4.47+0.35 273  0.068

haemoglobin / hemoglobina [g/dI] 12.7+0.67 12.9+0.95 13.3+0.98 297  0.053

haematocrit / hematokryt [%] 37.8+3.25 37.7+2.56 39.1+2.69 3.22 0.042

RBC** [mIn/mm3] 3.87+0.44 3.93+0.28 3.96+0.45 0.41 0.665
I haemoglobin / hemoglobina [g/dl] 11.9+0.82 11.9+0.79 12.1+0.93 042  0.657

haematocrit / hematokryt [%] 33.6=6.45 35.4=2.46 35.8+2.78 2.94 0.055

RBC** [mIn/mm?] 3.85=0.39 3.97+0.32 4.01+0.37 093  0.397
I haemoglobin / hemoglobina [g/dl] 12.0=1.25 12.0=0.76 12.1+0.89 0.02 0982

haematocrit / hematokryt [%] 35.7+3.59 35.7+2.50 36.3+2.27 0.61 0.544

* Trimester of pregnancy / trymestr cigzy
** Erythrocyte count / liczba erytrocytow

Discussion

The results of the study showed that women who were un-
derweight before pregnancy were more likely to give birth to
SGA babies, whereas LGA babies were more often born by
women who were overweight or obese before conception, and
those with gestational weight gains higher than recommended.
These relationships are entirely in accordance with the results
obtained by other researchers [6,7,14-16].

12 © Copyright by PTEIDD 2015

There were no significant differences between the fre-
quency of consumption by mothers of individual groups of
products in pregnancy and birth weight of newborns. The
lack of significant differences between the diet of mothers
and birth weight was also found by Poon et al. [14]. However,
a clear tendency was observed towards the consumption of
a smaller amount of fruits, vegetables, milk and dairy prod-
ucts, and less frequent snacking between meals by mothers
of SGA babies, compared to mothers of AGA and LGA chil-
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dren. This tendency, consistent with the relationships noted in
many studies, indicates that it is necessary to carry out fur-
ther studies which would cover a larger number of pregnant
women [1,3-5,12,13]. A tendency was also noted towards
the more frequent occurrence of low birth weight in babies of
mothers who smoked and those exposed to tobacco smoke,
compared to non-smokers, which is also in accordance with
the results by other researchers [10]. Data from literature
concerning the relationship between alcohol consumption in
pregnancy and the risk of giving birth to SGA baby are inco-
herent. One of the studies showed that the risk of SGA was
OR=1.7 in the case of consumption in the 1% trimester <2
units alcohol/daily (1 unit = 10 mL pure alcohol), and OR=2.0
in the case of consumption of >2 units/week, compared to
teetotallers [11]. However, meta-analysis published in 2011
indicated that low or moderate consumption of alcohol (up
to 10 g/daily) did not increase the risk of SGA, and such risk
occurred only in the case of heavy alcohol consumption [23].
Thus, the lack of relationship between the consumption of al-
coholic beverages by the pregnant women in the study and
birth weight of their children may indicate a relatively low con-
sumption of alcohol in this group.

The percentage of women with anaemia among the exam-
ined women was low, and close to the percentage of pregnant
women with anaemia found in a study conducted in Finland
[24]. No differences were observed between the occurrence
of anaemia in mothers and birth weight of newborns. Never-
theless, a clear tendency was noted towards higher values
of haematological parameters in the first trimester of preg-
nancy in mothers who gave birth to LGA babies, compared
to the babies of the remaining mothers. The results of the
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