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daKTOpM KOju Cy NOBE3aHU Ca UAMONATCKOM af0N1ECLLEHTHOM CKOJIMO30M Y
YKEHCKOj nonynauuju — npeIMMUHapHU Pe3ynTaTu

lopaH Tanuh', TaTjaHa Hoxuua-Pagynosuh', lejaH Hukonuh?3, Tamapa Oununosuh?, Hyphuua CreBaHosuh-Manuh’,

[parava hposuh?3, Bnagumup Pagnosuh’

'3aBog 3a Gpu3vKanHy MeguuuHy 1 pexabunutauujy ,[p Mupocnas 3otosuh’, Bara Jlyka, Penybnuka Cpricka, BocHa n XepuerosuHa;
YHnBep3uTeTCKa Aevdja knuHuKa, Cnyx6a ¢pusnkanHe meguumHe n pexabunutauuje, beorpag, Cpbuja;

*YHueepauTet y beorpagy, MegnunHcku pakyntet, beorpag, Cpbuja;
*UHcTuTyT 32 pexabunutaumjy, beorpag, Cpbuja;

*YHuBep3uTeTCKa Aevja knuHuka, Cnyx6a feuje xupypruje, beorpap, Cpbuja

CAMETAK

YBoa/Lum Vgnonatcka ckonnosa (MC) npepcrassba NaTonoLw-
Ky HTUTET MyNTUdaKTOpWMjanHor y3poKa.

L papa je ytBpanTy dakTope Koju cy noBe3aHu ca UC y xeH-
CKOoj nonynaumju 1 GakTope Koju cy NoBe3aHU ca BAPUKO3HIM
BeHama Kof ncnutanuua ca UC.

MeTope Y 0By peTpocneKTMBHO-MPOCMEKTUBHY CTYAMjy Npeceka
YKIbyUYeHo je 89 MCNUTaHNLA, AOK je Y KOHTPOJHOj rpynm 6uno
87 ncnutaHuua. AHanusnpanu cy cnefehn napamerpu: TenecHa
TEXMHA, TeNleCHa BUCMHA, MPYCYCTBO 1 CTEMEH TeXuHe (MpBy,
Apyru 1 Tpehu cTeneH) BapUKO3HMX BEHa U FOAMHE XUBOTa (rpy-
na nsmehy 17 n 26, nuamehy 27 n 36 n namehy 37 1 46 rogmHa).
Pesyntatu Y CTyAnjcKoj rpynu perncTpoBaHa je 3HayajHo Huxa
TenecHa TexuHa (p = 0,046), 3HauajHo Beha yuyecTanocT Bapu-
KO3HMX BeHa (p < 0,001) y nopehery ca KOHTPONHOM, 3HayajHO
HUXa Y4eCTanocT OBKX NPOMeHa Kog 6011eCHMKa X1BOTHe Ao6u
of 27 po 36 roguHa (p = 0,014) 1 3HauajHo Behe npucycTBo nc-
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TVX KOA GONeCHIKa CTapuje X1BOTHe fo6m of 37 1o 46 roguHa
(p=10,025), y nopehery ca KOHTPOTHOM FpynoMm. Y CTYAUCKOj
rpynu je perncTpoBaHa 3HayajHo Beha yuecTtanoct 6onecHuka
Ca NPOoLUMPEHM BEHaMa NpBor cTerneHa (p = 0,007). YTBpheHo
je pna nocToju 6nara No3uTNBHa Kopenauuja n3mehy TenecHe
TEXWHe 1 BUCKHe Yy rpyny 6onecHnKa 6e3 Baprko3Hux BeHa (p
=0,456) 1y rpynm 6onecHrKa ca Bapyko3HUM BeHama Jpyror
cteneHa (p=0,291), AOK je y rpynu 6onecHKa ca BapUKO3HUM
BEHaMa MNpBOr cTeneHa yTBpheHa ymepeHa No3nTMBHa Kope-
naupja (p = 0,543).

3aksbyuak [lpenMnHapHy pesyntaTi oBe CTyaunje nokasanu
Cy Aa Cy HUXa TenecHa TeXVHa 1 NPUCYCTBO MPOLUMPEHNX BEHa
3HayajHo nose3aHu ca UC. Mpyna ncnutaHuua ca VIC npeko 37
rofvHa je MMana 3HayajHo Yelwhe NpoLlIMpeHe BEHe y OAHOCY
Ha KOHTpOITy.

KmbyuHe peun: ngrnonarcka ckonvosa; NpoLmnpeHe BEHE; ro-
AVIHE XMBOTa; TeNeCHa TeXWHa; TefleCHa BUCKHA
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SUMMARY

Introduction/Objective Not only do pre-pregnancy overweight or obesity increase the risk of adverse
maternal and perinatal outcomes but they also lead to the development of gestational diabetes mellitus.
The objective of this study was to estimate the prevalence of pre-pregnancy overweight and obesity
in the Republic of Srpska and to investigate its association with hyperglycemia and risk of gestational
diabetes mellitus.

Methods A cross-sectional study was carried out during the period from February to October 2012
among 555 pregnant women in gestational period from 24 to 28 weeks. The criterion for exclusion from
the sample was previously diagnosed type 1 or type 2 diabetes.

Results Before pregnancy, 20.39% of participants had increased body mass index, while 4.04 % [95%
confidence interval (Cl); 2.62-6.13] were obese. Gestational diabetes mellitus was diagnosed in 10.91%
(95% Cl, 8.44-13.98) of them. The increase in body mass index by 1 increased the risk of gestational
diabetes mellitus by 1.09 times [odds ratio (OR) = 1.09; 95% Cl; 1.02-1.16]. Pregnant women who were
overweight had a 4.88 times greater risk (OR = 4.88; 95% Cl, 1.23-29.41) of developing gestational
diabetes.

Conclusion Every fifth pregnant woman in this study was overweight or obese before pregnancy. The
increase in body mass index by 1 increased the risk of gestational diabetes by 1.09 times (OR = 1.09; 95%

Cl; 1.02-1.16). Counselling is necessary for overweight and obese women planning pregnancy.
Keywords: pre-pregnancy body mass index; hyperglycemia; gestational diabetes mellitus

INTRODUCTION

Improvement of maternal, fetal and child health
are key public health goals. Changes in public
health trend have challenged the healthcare
sector to provide optimal guidance to women
before, during, and after pregnancy so that they
can achieve healthy outcomes for both them-
selves and their newborns [1].

It has been shown that women being over-
weight or obese before pregnancy are at in-
creased risk of adverse maternal and perinatal
outcomes [2]. The Hyperglycemia Adverse
Pregnancy Outcome (HAPO) study confirms
that both obesity and maternal hyperglycemia
alone are independently associated with ad-
verse obstetrical outcomes, particularly abnor-
mal fetal growth, newborn percent body fat and
preeclampsia [3]. Pre-pregnancy overweight
and obesity are also associated with gestational
diabetes mellitus (GDM) development, as 65-
75% of women with GDM are also overweight
or obese [4].

Maternal overweight and obesity are the
highest ranking modifiable risk factors. Rais-
ing of awareness and implementation of effec-
tive interventions for modifiable risk factors are
priorities for stillbirth prevention [5]. Obesity

prevalence has continued to grow, particularly
in lower and middle-income countries. Accord-
ing to World Health Organization (WHO), in
2014, more than 1.9 billion adults 18 years and
older were overweight. Of these, over 600 mil-
lion were obese [6]. The prevalence of over-
weight and obesity in women older than 20
increased between 1980 and 2013 from 29.8%
(29.3-30.2) to 38.0% (37.5-38.5) [7]. According
to the 2010 Household Health Survey in the Re-
public of Srpska, one of two entities in Bosnia
and Herzegovina (BiH), the obesity prevalence
in women older than 18 is 22.7% [8].

The objective of this study is to estimate the
prevalence of pre-pregnancy overweight and
obesity among women in the Republic of Srp-
ska (BiH) and to investigate its association with
hyperglycemia and increased risk of GDM.

METHODS

Study design

The research was carried out in the form of a
cross-sectional study during the period from

February to October 2012 among pregnant
women who had regular appointments with
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their gynecologists. The total sample consisted of 555
pregnant women in gestation period from 24 to 28 weeks.
Data were collected by trained gynecologists and nurses
from outpatient clinics whose selection was based on the
Statistical Office analysis to ensure the equal presentation
of all regions of the Republic of Srpska.

Ethical approval for the study was obtained from the
Ethics Committee for Clinical Research of the Clinical
Center of Banja Luka, and written informed consent was
obtained from all the participants. The informative consent
contained the basic information about the research, the
explanation about the confidentiality of the information
and to what end the information obtained in the research
will be used [9, 10].

The information about the body mass before pregnancy
was taken from the pregnancy medical records, or if the
information was missing, it was taken from the pregnant
women. The anthropometric measurements included
height (cm) and weight (kg). Body mass index (BMI) was
calculated as weight in kilograms divided by the square of
height in meters [11]. Classification of the nutritional status
before pregnancy was done according to the WHO criteria
[12]. Between 24 and 28 weeks of pregnancy, all the women
underwent a 75-g oral glucose tolerance test (OGTT) in
the morning, after fasting for 8-14 hours, according to
WHO criteria [13]. Plasma glucose levels were taken be-
fore and one and two hours after the consumption of 75 g
of glucose. Weight gain from pre-pregnancy to OGTT
was estimated as gain in body weight. Plasma glucose was
measured by a glucose oxidase method. GDM is defined
according to the criteria of the American Diabetes Asso-
ciation (ADA) and its diagnosis is confirmed by one mea-
surement of plasma glucose expressing values greater than
> 5.1 mmol/l at start, > 10 mmol/l 1 hour or > 8.5 mmol/l
two hours after the intake of 75 g of glucose [14].

Statistical methods

All statistical analyses were conducted using SPSS Statistics
for Windows, Version 17 (SPSS Inc., Chicago, IL, USA).
Baseline demographic characteristics were summarized us-
ing frequencies and percentages for categorical character-
istics, and mean * SD for continuous variables. Symmetric

Rudi¢-Gruji¢ V. et al.

95% confidence intervals (95% CI) were calculated for fre-
quency. Spearman rank correlation was used for testing
the association between an age group and a pre-pregnancy
BMI. The evolution of glycemic levels was evaluated by the
Friedman repeated measure test (one-way ANOVA test)
in each group. The categorical variables were compared
using Fisher’s exact x* test where appropriate, and for con-
tinuous variables using the Student’s t-test. We used Man-
tel-Haenszel x* test to test for association between an age
group (ordinal categorical variable) and the diagnosis of
GDM. Finally, we used binary logistic regression to analyze
whether GDM could be predicted by both pre-pregnancy
BMI and an age group, while controlling for the effect of
other variables. P values lower than 0.05 in two-tailed tests
were considered to be significant.

RESULTS

The characteristics of the screened sample are shown in
Table 1. The sample included 555 pregnant women from
the Republic of Srpska in the gestation period from 24
to 28 weeks. The highest percentage of pregnant women,
[36.27% (95% CI; 32.32-40.30)] was in the 25-29 years age
group. A majority of participants (60%) resided in urban
areas. For 6.49% of the participants there was no informa-
tion related to the nutritional status before pregnancy. The
highest percentage of pregnant women [70.96% (95% CI;
66.91-74.70)] were in normal BMI range before pregnancy,
whereas 20.39% of the them had increased BMI, and 4.04%
(CI 95%; 2.62-6.13) were obese, while 8.65% were under-
weight (Table 1).

Overall, age correlated positively with the BMI score
(520) = 0.188; p < 0.001, Table 2. In particular, it was obvious
that obesity before pregnancy was more frequent among the
older participants. Although we had only 10.44% of partici-
pants older than 35, they comprised almost a half of all obese
participants in our sample (9/21, 42.85%).

According to the methodology applied in the research,
plasma glucose values were assessed between the 24th and
28th week of gestation [14]. Fasting plasma glucose val-
ues and OGTT were measured in 89.2% of participants.
Women with higher BMI scores before pregnancy tend-

Table 1. Baseline characteristics of the study population screened for gestational diabetes mellitus

Characteristics Number (n) Percentage (%) 95% Cl
<25 165 29.73 26.07-33.66
25-29 201 36.27 32.32-40.30
Age group (years) 30-34 130 123.42 20.09-27.13
35-39 50 9.01 6.88-11.70
> 40 9 1.62 0.81-3.10
<18.50 45 8.65 6.82-10.91
Body mass index (kg/mz) 18.50-24.99 368 70.96 66.91-74.70
category* 25-29.99 85 16.35 13.41-19.78
> 30 21 4.04 2.62-6.13
. Rural area 222 40 36.01-44.13
Place of living
Urban area 333 60 55.87-63.99

*Note: information about pre-pregnancy nutritional status for 36 examinees was missing
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Table 2. Nutritional status related to age category in women screened for gestational diabetes mellitus

Age group (years)

Prepregnacy BMI Total
group* (kg/m?) <25 25-29 30-34 35-39 > 40

n % n % n % n % n % n %
<185 45 8.65 22 48.89 16 35.56 5 11.11 2 4.44 0 0
18.5-24.99 368 70.96 106 28.73 141 38.48 92 24.93 25 6.78 4 1.09
25-29.99 85 16.35 22 25.88 25 2941 20 23.53 14 16.47 4 4.71
>30 21 4.04 5 23.81 4 19.05 3 14.29 8 38.09 1 4.76
Total 519 93.69 155 27.92 187 33.69 120 21.62 49 8.82 9 1.62

Note: information about pre-pregnancy BMI for 36 examinees was missing;
*p < 0.001, value derived from Spearman range of correlation

Table 3. Maternal characteristics stratified by gestational diabetes
mellitus diagnosed by the American Diabetes Association criteria

L 436 b 434 469 [ 458

Fasting glucose level mmol/l
o (O8] =~ w ()} ~

0 t t t
<18.5 18.5-24.99 25.00-29.99 >30

Body mass index kg/m?

Characteristics oD D! -value
441(89.1) | 54(109) | P
<25 143 (32.4) 7(13)
25-29 164 (37.2) | 16(29.6)
;\S:rgro“p’ 30-34 98(22.2) | 16(29.6) | <0.001*
35-39 31(7.0) 11 (20.4)
> 40 5(1.1) 4(7.4)
<1850 39(8.8) 2(3.7)
Pre-pregnancy | 1850 24.99 | 297 (67.3) | 33(61.1)
BMI Group 0.056%
(kg/m?) 25-29.99 66 (15) 10 (18.5)
>30 16 (3.6) 4(7.4)
Pre-pregnancy BMI (kg/m?) | 22.51+3.67 | 24.10+4.97 | 0.006§
Weight gain 822+449 | 827 +4.27 | 0.949§

Figure 1. Distribution of fasting glucose level related to the pre-
pregnancy BMI in women screened for gestational diabetes mellitus
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Figure 2. Distribution of postload glycemia values two hours after
OGTT compared to BMI before pregnancy, in women screened for
gestational diabetes mellitus

ed to have higher plasma glucose values both at fasting
[r, (446) = 0.14, p = 0.002] and two hours after OGTT
(r,(462) = 0.11, p = 0.014). Figure 1 illustrates that plasma
glucose levels were higher in pregnant women which were
overweight or obese before pregnancy [F (3.461) = 3.221,
p = 0.023].

The highest mean value of plasma glucose two hours
after OGTT with 75 g of glucose (5.51 mmol/l) was estab-
lished in pregnant women who were overweight or obese
before pregnancy. However, no significant statistical cor-
relation of plasma glucose values with the nutritional status
was established [F (3.461) = 1.102, p = 0.348]. The greatest

Srp Arh Celok Lek. 2017 May-Jun;145(5-6):275-279

GDM - gestational diabetes mellitus;

Note: information about the nutritional state before pregnancy was missing
for 28 examinees;

*x?-test, tFisher’s exact test, SStudent’s t-test

dispersion of measured glycemia values two hours after
OGTT was established in pregnant women who were over-
weight (M = 5.51 + 2.88 mmol/l), as shown in Figure 2.

GDM was diagnosed in 10.91% (95% CI; 8.44-13.98) of
participants according to the ADA criteria for diagnosing
gestational diabetes mellitus. We observed that with the
increase of pregnant woman’s age, the frequency of GDM
increased as well: (x*(1) = 24.81, p < 0.001), as shown
in Table 3. By applying the ADA criteria for diagnosing
gestational diabetes for the measured values of glycemia
and by analyzing the prevalence of GDM related to the
pre-pregnancy BMI group for the participants who had in-
formation about their nutritional status before pregnancy,
we found a positive trend of GDM with increasing BMI
scores (Wald z = 7.07, p = 0.001).

The increase of BMI by 1 increased the risk of GDM
occurrence by 1.09 times [odds ratio (OR) = 1.09; 95% CI;
1.02-1.16]. Nevertheless, the effect of BMI became slight-
ly smaller and statistically insignificant (Wald z = 2.28,
p = 0.131, OR = 1.06) when it was controlled for age in a
multiple logistic regression. In contrast, the effect of age
remained significant (Wald z = 19.98, p = 0.001). For in-
stance, compared to women younger than 25, the women
who were between 35 and 39 years of age had 8.32 times
greater risk of developing diabetes, while the risk increased
up to 18.67 times for those who were older than 40. Preg-
nant women who were overweight had a 4.88 times greater
risk (OR = 4.88; 95% CI, 1.23-29.41) of developing GDM.
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DISCUSSION

The results of our research showed a statistically significant
correlation between the increased pre-pregnancy BMI and
the presence of GDM and a significant positive associa-
tion between age and the presence of GDM. According to
the ADA criteria for diagnosing gestational diabetes, the
prevalence of GDM was 10.91% [14].

Pre-pregnancy overweight and obesity have many ad-
verse pregnancy outcomes, including those related to hy-
perglycemia and the risk of developing GDM [3]. According
to the results of our research, 16.35% of pregnant women
were overweight, while 4.04% of the participants were obese
before pregnancy. Hence, every fifth pregnant woman in the
Republic of Srpska was overweight or obese before pregnan-
cy. Statistically significant linear increase of pre-pregnancy
BMI was evident in women over the age of 35. According
to the WHO, the prevalence of overweight and obesity has
been increasing in middle income countries to which Bosnia
and Herzegovina also belongs [6, 15]. The prevalence of
obesity is increasing, especially in women at the generative
age. In France, the obesity prevalence increased from 5.2%
to 11% over the period from 1997 to 2006 in women ag-
ing between 20 and 39 [16]. In America, according to the
data from Pregnancy Risk Assessment Monitoring System
(PRAMS), one in five women was obese when they became
pregnant, which presents the increase of the obesity preva-
lence by 70% compared to the previous decade [17].

A positive relation was established between the nu-
tritional status before pregnancy and the mean values of
fasting and postload plasma glucose levels. The results
showed an association between fasting and postload
plasma glucose levels and adverse pregnancy outcomes,
even in the range previously considered normal [18]. The
Monash Medical Center (Clayton, Australia) research [19]
also found the correlation between the increased BMI and
glycemia during pregnancy. It was established that pre-
pregnancy BMI higher than or equal to 35 kg/m? was the
third independent risk factor in the development of ges-
tational diabetes (after already diagnosed GDM registered
in previous pregnancies and older age). The results of our
study are in concordance with previous studies [19, 20, 21],
meaning that the advance maternal age implies higher risk
factor for GDM. Similarly to our research, French study
of Pre and Early Post Natal Determinants of the Child’s
Development and Health (EDEN study) [22] also showed
that BMI before pregnancy is independently associated
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WUHpeKe TenecHe mace npe TpyAaHOhe Kao YUMHUANAL, PU3MKa 3a HaCTaHaK

rectaumjckor aujaberec menutyca

BecHa Pyauh-Tpyjuh'?, Munkuua Mpabex'? Crena Crojucamesuh’, byaumka Hosakosuh?, CHjexaHa Monosuh-Mejuunh*

"MHcTuTyT 32 jaBHo 3apaBcTBo Penybnnke Cpnicke, batba Jlyka, Penybnvka Cpncka, bocHa v XepuerosuHa;

*YHneepauTeT y barboj Nyuu, MegnunHckm dakyntet, Kategpa 3a dapmauujy, barba Jlyka, Penybnuka Cpricka, bocHa u XepLerosuHa;
3YHuBep3uTeT y Hosom Cagy, MeanumHckn dakynter, Katefipa 3a papmauujy, Hosu Cag, Cpbuja;

*YHUBeP3UTETCKN KNMHUYKY LieHTap Penybnvke Cpricke, batba Jlyka, Penybnnka Cpncka, bocHa n XepuerosrHa

CAXETAK

YBoga/LUur MosehaHa TenecHa maca 1 rojasHocT npe TpygHohe
nosehaBajy pu3yK 3a HaCTaHaK KOMMIMKaLMja Kof MajKe 1 Mmiio-
[ay Toky TpyaHohe, y TOKy 1 nocsie nopohaja, a foBoge ce y
Be3y ca M0jaBOM rectaumjckor gujabetec menutyca (FAM).
Linsb uctpaxknBatba 610 je yTBpANUTYM yyecTanocT nosehaHe
TenecHe Mace 1 rojasHocTy npe TpyaHohe Kof eHa 1 HbXoBY
MoBe3aHOCT ca NojaBoM nosehaHe xunepravkemuje u FNM-a.
MeTtope Cryauja npeceka cnpoBefieHa je of debpyapa [0 Ok-
To6pa 2012. rognHe ca 555 TpyAHMLa rectauuje 24-28 Heperba.
Kputepujym 3a nckmyuerbe 13 MCnuTUBama 1o je paHuje
AMjarHOCTUKOBaH Anjabetec MenuTyc Tun 1 unm tnn 2.
PesynrtaTtu [NoBehaH nHaekc TenecHe mace (UTM) npe Tpya-
Hohe nmano je 20,39% ncnutaHuua, of Kojux je 4,04% (Cl 95%;
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2,62-6,13) 6uno rojasHo. [[IM je aujarHoctrkoBaH kog 10,91%
(Cl195%; 8,44-13,98) ncnutaHuua. NMosehare UTM-a 3a jeaaH
nosehasano je pu3vik 3a nojasy [IM-a 1,09 nyta (OR = 1,09; C/
95%; 1,02-1,16). TpyaHMLe KOje Cy nmane NpeKkoMepHy TenecHy
Macy npe TpyaHohe nmane cy 4,88 nyta Behu pusmk (OR =4,88;
C195%; 1,23-29,41) 3a pa3Bsoj [IM-a.

3aksbyyak CBaka neTa ncnuTaHuLa MMana je NpekoMepHy Te-
necHy Macy unu rojasHoct npe TpyaHohe. MNoeehawe NTM-a 3a
jenaH nosehasano je pu3uk 3a nojasy [IM-a 1,09 nyta. Heon-
XO[HO je caBeTOBatbe XeHa ca NPeKOMepPHOM TeNleCHOM Macom
1 rojasHoLwRy Koje nnaHunpajy TpyaHohy.

KmbyuHe peun: nHjekc TenecHe mace npe TpyaHohe; xvunep-
TMVKEeMU]ja; recTalmjckn fujabetec Menntyc
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