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Gestational Diabetes and Adverse Pregnancy
Outcomes: Role of HbAlc, Anemia and Other
Risk Factors

Abstract

Background- Some women experience health problems during pregnancy such as
gestational diabetes mellitus (GDM) and iron deficiency anemia. These complications can
affect the health of the mother and fetus. Getting early detection can decrease the risk of

adverse pregnancy outcomes.

It has been reported that on average, 2-6% of pregnant women develop temporary GDM.
Glycated hemoglobin (HbAlc) which is used to diagnose diabetes mellitus is not used for
diagnosing GDM and the gold standard for diagnosis is still the oral glucose tolerance test
(OGTT).

Aims- To evaluate the role of HbA1lc in screening and diagnosing GDM and its correlation
with adverse pregnancy outcomes and assess its levels during and after pregnancy in the
high-risk pregnant women to develop GDM. Among the risk factors, iron deficiency

anemia and its correlation with adverse pregnancy outcomes will also be evaluated.

Settings and design- Prospective study in prenatal care units of the United Nations Relief
and Works Agency for Palestine Refugees in the West Bank (UNRWA).

Methods- Data was collected by a structured questionnaire including age, gravidity, parity,
BMI (Body Mass Index), family history for Diabetes Mellitus, and personal history of
previous GDM. Blood pressure was taken on every visit. HbAlc, FPG (Fasting Plasma
Glucose), and CBC (Complete Blood Cell count) were measured for all subjects, while 2
hour oral glucose tolerance test (OGTT) was done when required. GDM was diagnosed at
pregnancy weeks 4-22 and 24-37 by the WHO (World Health Organization) criteria from
1999 as FPG > 126 mg/dl or plasma glucose > 140 mg/dl 2 hours after ingestion 759
glucose orally (OGTT), and the International Association of Diabetes and Pregnancy Study
Groups (IADPSG) (FPG > 92 mg/dl or plasma glucose > 153 mg/dl 2 hours after the

glucose load). A total of 955 pregnant women participated in this study.

Statistical Analysis- Data was collected and analyzed using SPSS software version 23.

Comparisons of the means, correlations and calculation of sensitivities and specificities for
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diagnosing GDM by HbAlc and the prediction of adverse pregnancy outcomes were

performed.

Results: Accumulated GDM percentage was 7.4% by WHO1999 criteria, and 45.8% by
modified IADPSG criteria. The mean HbAlcl value (HbAlc measured at first visit) in
women with GDM1-WHO was significantly higher than women without GDM1-WHO
(5.9 £ 0.6% compare to 5.4 +0.4%, P = 0.000). In the same direction, a statistically
significant difference was detected in the mean value of HbAlcl between women who
developed T2DM after delivery and those who didn’t (5.9 + 0.5% compare to 5.4 + 0.4%,
P = 0.000). A positive correlation was observed between a baby’s birth weight and the
baby’s head circumference and HbAlc1 at first visit.

The optimal HbA1cl threshold value at first visit for detecting GDM1-WHO was 5.75%
with sensitivity 57.5% and specificity 85.1%. The HbAlcl cutoff value > 5.65% had a
sensitivity of 31.1 % and specificity of 88.5% in detecting adverse pregnancy outcomes.
A significant relationship was observed between pre-abortion and GDM1-WHO (P =
0.001), 64.5% of participant who previously complained from abortion were at risk to
develop GDM.

Four hundred and nine (43.6%) of the study population suffered from different adverse
pregnancy outcomes, including abortion, perinatal death, having macrosomic babies, and
cesarean delivery. The mean value of HbAlcl (HbAlc measured at first visit) in women
with adverse pregnancy outcomes was significantly higher than women without adverse
effect (5.5 + 0.44% compared to 5.3 £ 0.4%, respectively), as well as FPG1 (88.7 + 10.8
compared to 86.1 £ 9.4) and OGTT1 (measured at first visit ) (107 + 27.5 compared to 101
+ 22.8), respectively.

A statistically significant difference was observed in the mean value of baby birth weight
between GDM-IADPSG diagnosed and non-diagnosed at first and second visit, while baby
birth weight was higher in GDM-WHO women diagnosed at the first and second visit but
not statistically significant.

Serum ferritin concentration in GDM1-WHO women was (36.8 + 24 pg/dL), in GDM1-
IADPSG, it was (28 £ 21.6 ug /L) and in DM women diagnosed at first visit by IADPSG
was (31.7 £ 24.3 pg /L) that were higher than those who didn’t develop GDM1 or DM but
not statistically significant.

The percentage of anemia in the study population at first visit was 13.8% according to
WHO definition (hemoglobin < 11g/dL), 25.3% had IDA (Iron Deficiency Anemia)
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according to WHO definition (serum ferritin < 12 pg /L), and the percentage of anemia at
the second visit was 22.8% according to WHO definition (hemoglobin < 10.5g/dL at the
second visit). 21.8% suffered from adverse outcomes related to anemia (baby birth weight
< 2500g and preterm delivery < 37 gestational weeks) which were statistically significant
with mean hemoglobin concentration at first visit (P = 0.033).

Conclusions- HbAlc level in early pregnancy is increased in GDM, however, it does not
replace OGTT for diagnosing GDM. However, including HbAlc as part of the diagnostic
criteria for diabetes during pregnancy in 2010 by IADPSG was important which is still not
adopted in Palestine. HbAlc level was associated with various adverse pregnancy
outcomes in high risk women. Anemia in early pregnancy was associated with preterm
delivery and low birth weight baby. Serum ferritin level in early pregnancy was higher in
GDM women in comparison to non-GDM women, but it was not statistically significant.

Keywords- HbAlc, GDM, OGTT, Ferritin, and adverse pregnancy outcomes.



Gestational Diabetes and Adverse Pregnancy
Outcomes: Role of HbAlc, Anemia and Other
Risk Factors

thg-AS‘)ﬂ‘ Sl g8 18 jlall Jaal) clicliag g Jaal) 5 S
5}?\3)\9&\&4‘3&3eﬁ‘

uadla

adll L8 dals aal) i85 (GDM) dasdl s S s Jie Jaad) ol dpmia (LG (o sluail) (any Al - Aadia

Ge Saall CalSH (K1 o) g aa e gpially aY daa e JSLEA o385 O (S aall (el sy (53

(= 2-6% M i Lgivn s dalall len du s je e Clielias Gigan Hhad (e Jl&y o) (S JSLEY 228

Sl (50 Gl (HDALC) oSl Sl (s paiinny Joall (5 jSas (i yar ey Jal sl el
(OGTT) _kidl sa apdiill _adl Slaall O ¥y deall (5 S (il axdien ¥ Laiy

ClieLoany bl )l (53 5 Jaall (5 S pandidii g and 3 (HDALC) (oS i) Sl 50 ani - Al jal) Claa)
Jalse (gl 5l ol sadl die oary g Jaadl oL aS) ) Sl (5 gine anai SIS 5 Jaall 5 23U 3 jlzall Jaal)
abalii )l 5 aaal) Gais e aalill adll a8 e Wal 2t 5 ) shaall dalse o e Jaall (5 S (2 5al 555k

bl Jasd) chlae liaay

S 5 Ae Y sanvial) ae) AU 51 il A1 sidall 5 e ga¥) Ao 5 S) ya (o8 e Sllatiad Al 3 - apanail g cilalasy)

5 s daalill Jlaa) aae 5 ale JC5 AGL Jlall axe 5 jeall acas Gliiad (61 s e UL aea a3 - (3 k)
5500 S (8 ) i a0 a3 Jeall (g S5 (5 Sl (i pe baD aatiitll g Jlilall g 5l 5 o) A1
Jani Jla) Jeal ALYl ((CBC) Jelsll pall slani andy pall b SISl S8l 3 55 bl
bl g Jasl) S i g )55 5¥) e Leaii ) plaall Coa el g dalall die (OGTT) JsSslal)
< 5l % pade 126 < Sl A <€ 1) 1999 alal dnallal) dnial) Aakaia julaal 5 24-37 54-22 Jaal)
Aail ) s (a5 23 IS5 (OGTT) pdl) vk e 5sSslall (e ae 75 J s (1a (e bs 223 % pale 140
3 % axle 153 < 5l % axke 92 < Sl 3 55) (JADPSG) daall el ja5 (5 Sl sua el 430 50l
038 4 Jala 5 ) 955 4 gane Lo & )LE (OGTT adll sk e 3sSslall (e a2 75 sl e opiclas

Al )
s13a) @3 23 Jlas) SPSS (ilan¥l sl zali  alaaiuly Lebilaty il gen 8 - (Auany) Gladl

Jaall (5 S pauaidl specificities s sensitivities clea s cillalii Y1 Jae g bl Jaba 31 ¢ <l i
b al) Jeall iy 5l 5 oS Sl A



<1999 alal dpallall daall akiia yuleal 857,40 Jaall Su canic jeds sl Jol gall A izl - i)
Slibad) sl (s HDALCL (oSl JSull bl o siall (IS Alanall JADPSG nlael G5 45.8%
2 A8e 0.6% +5.9) Jeall 5 S el (S &l S bl (g e b (5913050 & deall (5 Sy
S Sl A dass ie B Alan] AV 53 (3,8 e SN 3 @l (P = 0.000= 0.000 0.4% +5.4
486 0.5% =+ 5.9) s ol Sl 511 il 6l 53Y ) 22y T2DM S ) g i) (g 8l Gaaal (55l Lol
DSl A e el dasna g 3 gl gall Jalall 55 (e Bl ) asa s s sl (P =0.000 0.4% + 5.4
YV BN & eS)

(57.5%) sensitivity g 5.75% <ulS Jaall (5 S e aiSl5 5 Jsf vie aSI 0 Sl Bl el )
5 31.1% sensitivity el 5.65% < 4l LS|l Sl a8 cilS Ly (85.1%) specificity s
Bkl Jaall &3l e aiSH 3 88.5% specificity

e 64.5% (P = 0.001) Jesll (s Sus 48l clialea) on dibas) AV @) Ale 35ay aa gl
el 5 Sy Gl O GGl e (e S Al lialgal e cile 35l @S L)

il g g calea) b a Lay cJaall ddlide Al zeilis o Al all asine (1o (43.6%6) Ao s Ailans )l Lile
5L die oS5l Sil) A dans gia (IS A jeall 523 5l 5 ¢ anadall o 3815 agl 55 Jlial 5 c52Y 511 Ui 2 51 5l
0.44+ 5.5% ) 5 bl Jaall 23 (e Cpibay ol DU Ll (g Aol s lall Jaadl il <l 53 elasill sl I 5Y)
88.7 il havisia YIS IV 3 L3N A OGTT 5 Sl daws X ¢ (i) e 0.4% +5.3 -4l
sl e % 2xle 100.7 5% pile

G Jaall (5 Su Sladiiadl dal sall G ol sl () 51 o das g (& dilian) AV 93 (3,8 255 Jaa gl
Gladiall Jol gl ie el al gall (35l il Laiy 205 8155050 & cladidl e 5 JADPSG
Adlaa) Y 3 pal Ay WHO Lalas s Jaall (5 S

Gy (A1 e deall (5 5Sis Ganal 150 elasll ie aall 8 (ferritin) wasd) o5 3 58 53 of Jas
S JADPSG _slas sy s (Uil / ol se 5 S 24 & 36.8) O\S 1999 plal allall dxiall dakiia julaa
/ol 2580243 +£31.7) OIS QU g sill (e (5 Sl uadls Sl 5 (LA 6l 58 5500 22.6 £ 27.4)
Ailas) AV 3 (S5 0 81 5 cladud) o) die Lgie Jlef ol olls culS dua (Ll

b (WHO) dpallall Zaall dakiia City 3ol U5 13.89% (3 5Y1 5L (o3 Al yall adine 3 pall 8 das S
Al 525.3% 4issi b (IDA) waall paii e a3l aall 588 daus Gy Lain ae 11> pal) liad 58 55 (55
Aol a8 53 50 1/ 8l e 5580 12 > (Ferritin) sl o5 5 58 Ob Aallall Axall dadaia Coy ol o
0558 b (WHO) daadlall Gaal) Al iy poil B 5 22.8% Josall Al 55 31 & pdl) 5k dadd 4 ial)
Al =3 (g Al Ll 8 IS LA Jal sad) (0 21.8% iile A5 5 )30 8 22105 > pall iliad S 53
(Janll yee (4a 1 saul 37 (ga i) 3_Saall 33Y 1 ) ol e 2500 e il o1 gall Jalall ()55 e pall il (3la
(P =0.033) Y1 5Ll (B pdll ciliad 5 5 Al laus e (b dilian) A1V 3 S )

Sy gannd 3 Sl bl wie Jaadl Aoy & S Sl (6 gie 8 500 ) ollia S — cilalitiay)
S S i agall (g S 85 Jaall S il wading J) 33 Y OGTT s b elld aa s Jaal)
S S s e dasi 5l JADPSG Ji (30 2010 ple 8 daall 5 S ia sal nad i) julaal) (ga s 308

xi



Jeall oy g adll i Jasi 51 Jaal) (5 Sas Alad 5y shadll Jal se <l 53 sluaall a5 jlal) Jaall xilis Caliaay
sie Jleb deadl 4y B (Ferriting a2l (8 aasll ¢y 33 (s sie OIS 250 sall ()5 aliail 5 3 Saall 33Y L
Aplas) AYs b 0Kl i Jaall (5 S ey o 35l s lusil) pa 45yl Jaall (5 Sy (paaal 3150 ool

Jaall U «(Ferritin) sl 59330 COGTT JsSslall Jead jlidl) cJasdl S “;45\)31\ Sl -MJ&\ Cilalsl)
3 slzall
D)

Xii



List of Contents

D] L O I 2 N I [ ]\ ST iv
(D11 107 ANy I N OSSPSR Vv
ACKNOWLEDGMENTS ...ttt et e et e e nae e e nnaaeeneeas Vi
01 1 - Uo! USSR SPRTRSRN vii
I PR X
TS 0 I o] £SO XVi
LISE OF FIQUIES ...ttt saeetesneesneenne s Xviii
List of Abbreviation Used in ThiS TNESIS........cciveiieiiiiereee e Xix
CHAPTER ONE: INTRODUCTION......coiiiiiiie et 1
1.1 INEFOTUCTION ...ttt ettt eb e b e e nbesneenne s 1
1.2 Definition of DiabeteS MEIIITUS...........coveiiiiiiiieie s 2
1.3 Diagnostic Criteria for Diabetes Mellitus ..........ccooeiiiiniiiiiee e 2
1.4 Classification of DiabeteS MEltUS .........c.ooviiiiiiiiiiieceeee s 3
Type 1 Diabetes Mellitus (B-Cell destruction, usually leading to absolute insulin
AETICIENCY) ..ttt bbbt 3
Type 2 Diabetes MEllItUS ..........oooviiiiiiicce e 3
Other Types of Diabetes Mellitus ..........cccooiiieiiiii e 4
Gestational Diabetes MEIlITUS .........c.ooiiiiiiiie s 4

LD HBALC ottt sttt r e re s 9
1.5.1 Factors That Affect HDALC LEVEl ......c.cooiveiiiiiiiieeeeee e 10
1.5.2 HDALC IN PrEGNANCY ..o.vviiiieiiie ettt ettt ettt et 10

G I 0 1=] 1 1 - USROS PSPPSR 13
1.6.1 Hematological Adaptation to Pregnancy..........ccccccvvveveiiieieeieciie s 14
1.6.2 Diagnostic Criteria of Anemia in Pregnancy .........ccccceeveveeveiieieesesee e, 14
1.6.3 Anemia and Maternal Mortality and Morbidity ...........ccccevvevieiiiciiciiec e, 15
1.6.4 Anemia and Fetus COMPLCALIONS. .......ccoiieieerieiie e 15
1.6.5 Anemia and Infant CompliCationS............ccccvevieiiieii e 16
1.6.6 Serum Ferritin Concentration in Early Pregnancy and Risk of Subsequent
Development OF GDIM. ......c.iiiiiiee e 16

1.7 Problem STAtEMENT .........ooiiiiieiee e 16
1.8 AIMS OF the STUAY ....ocveieieice e 16



CHAPTER TWO: METHODS........ooiiii e 18

2.1 GDM @Nd HBALC ....coiiieieciese ettt st 18
2.2 HDALC IN PrEONANCY ...vvviiiieeiie it itee sttt sttt ae et e e et eesaaesnbe e teeenne e 18
2.3 ANEMIa IN the STUAY .......ccoiiiiii e 18
2.4 SEUAY POPUIALION ...ttt 19
2.5 Ethical CONSIABIALIONS ....c.veiviiiitiiiiiiieieie ettt 19
A B IT: o0 (o O ) (=T - USROS 21
2.7 CHNICAI DALA ... ettt bbb ae e 21
2.8 Laboratory ANAIYSIS ......cc.ciueiieie i siee e ee et e e nae e 22
2.9 StatiStICAl ANAIYSIS....cvieiiieicie et 22
CHAPTER THREE: RESULTS ..ottt 23
3.1 Baseline Characteristics of PartiCipant .............ccccoovveieiieii e 23
3.2 Mean Values of the Laboratory TeSES ........cccovvviiriiiiiiiiieee e 23
3.3 Percentage Of GDIM ......coiiiiiice ettt 26
3.4 BMI as a Risk Factor for GDM-WHO...........cccoiiiiiiiininieene e 27
3.5 GDM1-WHO Diagnosed at First Visit and the GDM Risk Factors .............c.c........ 27
3.6 HbAlcl at First Visit and the GDM Risk FACtOrsS ..........cccovveiineniiiniiieieicen, 29
3.7 Levels of HbALc Throughout GeStation ............cccevverieiieieeie e 30
3.8 HbALc as a Screening TesSt FOr GDM ......cc.ooiiiiiiiiiiineeeee s 33
3.9 Optimal HbA1c Value to Detect GDM-WHO..........cooviiiiiiiiiiee e 35
3.10 PregnancCy OULCOMES. ........ceiiiieriieiteareseesie ettt sr e s sne e nre e 38
3.11 HbALc and Pregnancy OULCOMES ........cccueiueeeeirirnieaiesieesieeeesiee e sneeseee e enee e e 38
3.12 GDM and Adverse Pregnancy OULCOMES ..........cccurerireeierienienieniesiesiesiesieseeeennas 43
3. 13 GDM AN T2DIM ...ttt ettt eane e 46
3.14 HDALC ANA T2DM ..ottt sttt en e 48
3.15 Hematological Parameters ACross Pregnancy .......cccceoceevvereereenienieseesieseesieeneenns 49
3.16 Percentage of Anemia in the Study Populations and its Association with the Risk
101 (0] (TS TR OPPROP 49
3.17 Adverse Pregnancy Outcomes Related to Anemia ........ccoovvieiininiienieiieseenen, 51
BBW: Baby birth weight; GAB: Gestational age at birth; N: Number.3.18 Relationship
Between Anemia and Adverse Pregnancy OUICOMES. .........ccovvvvrrierierenieniesieseseeeeeen, 51
3.19 Serum Ferritin in Early Pregnancy.........ccoooiiiiiiiiie e 53
CHAPTER FOUR: DISCUSSION ..ottt nea e 55
CHAPTER FIVE: CONCLUSION ..ottt naa e 61

Xiv



REFERANGCES ...ttt bbb 62

APPENDIX ...ttt bbbttt et re st ne et 70
ANTE-NATAL QUESTIONNAIRE ...ttt 71
(@00 17T 1 B 0] 0 S PR 74
Ethical @proVal ..o 75

XV



List of Tables

Table Number

Table 1

Table 2

Table 3
Table 4

Table 5
Table 6

Table 7
Table 8
Table 9
Table 10

Table 11

Tablel2

Tablel3

Table 14
Table 15

Table 16

Table 17

Table Title

GDM Diagnostic Threshold Values from
Various Organization.

IADPSG Threshold Values in Diagnose
Hyperglycemia in Pregnancy at first Prenatal
Visit.

Baseline Characteristic of Participant.

Mean Values of Study Tests in Participating
Subjects.

Percentage of GDM According to International
Criteria.

Association Between GDM1-WHO (GDM
Diagnosed at First Visit < 24 Weeks By WHO
Criteria) and Risk Factors.

Association Between HbAlc 1% at first visit (<
24 weeks gestation) and GDM Risk Factors.

HbAlc % Values Throughout Pregnancy and
Postnatal.

HbAlc % Throughout Pregnancy in GDM-
WHO and non GDM-WHO Cases.

The mean value of HbA1c1% at first visit (< 24
weeks gestation) and GDM

Correlation Between HbAlc, FPG and 2hr.
OGTT Throughout Pregnancy.

FPG, HbAlc, Ferritin, BBW, BHC and BMI
Sensitivity, Specificity and Cutoff Values for
GDM1-WHO at < 24 Weeks' Gestation.

FPG, HbAlc, Ferritin, BBW, BHC and BMI
Sensitivity, Specificity and Cutoff Values for
GDM2-WHO at > 24 Weeks' Gestation.

Correlations Between HbAlc %, Baby Birth
Weight and Baby Head Circumference.

FPG, 2hr. OGTT, and HbAlc Performance in
Detection Adverse Pregnancy Outcomes.

HbA1c1% at First Visit and Adverse Pregnancy
Outcomes.

HhbAlc, FPG, and OGTT Mean Values During
Pregnancy and Adverse Pregnancy Outcomes.

XVi

Page

24
25

26
28

29
30
32
33

34

37

37

38
39

41

42



Table 18

Table 19

Table 20

Table 21

Table 22

Table 23

Table 24

Table 25

Table 26

Table 27

Mean Values of Baby Birth Weight in Gram in
Different GDM Diagnostic Criteria.

Relation Between GDM1-WHO and Adverse
Pregnancy Outcomes.

Relationship Between GDM in Different criteria
and Pregnancy Outcomes.
Association Between T2DM (Type 2 Diabetes

Millets Diagnosed Before 13 Weeks at Postnatal
Visit) and Risk Factors.

The Main Values of HbA1c3 at Postnatal Visit in
GDM Women Diagnosed by Different Criteria.

Association Between Participant Risk Factors
and Anemia.

Percentage of Adverse Pregnancy Outcomes
Related to Anemia.

Relationship Between Baby Birth Weight
(BBW), Gestational Age at Birth and Perinatal
Death and IDA.

Relationship Between Anemia and IDA

(Hemoglobin < 11g/dl and Ferritin <12 pg /L)
and Pregnancy Outcomes.

Association Between Serum Ferritin in Early
Pregnancy and GDM.

XVii

43

44

45

47

48

50

51

52

53

54



List of Figures

Figure Number Figure title Page

Figure 1 Prevalence of diabetes and IGT (20-79) years by IDF 1
Region, 2017 and 2045

Figure 2 Flow Diagram of The Study Participants 20

Figure 3 HbA1c % values Throughout Pregnancy 31

Figure 4 HbA1c % Values Throughout Pregnancy in GDM- 32
WHO and non GDM-WHO

Figure 5 ROC Curve Analysis of HbAlc % at first visit in 36
Detecting GDM at < 24 weeks' gestation.

Figure 6 ROC Curve Analysis of FPG at first visit in Detecting 36
GDM at < 24 weeks' gestation

Figure 7 HbA1c at first visit in prediction adverse pregnancy outcomes 40

Figure 8 FPG at first visit in prediction adverse pregnancy out 40

comes

XViii



List of Abbreviation Used in This Thesis

2 hr. PP Two Hour Post Prandial

2hr OGTT 2 Hour Oral Glucose Tolerance Test
ACOG American Council of Obstetricians and Gynecologists
ADA American Diabetes Association

AFR Africa

BBW Baby Birth weight

BHC Baby Head Circumference

BMI Body Mass Index

CBC Complete Blood Cell Count

CDC Centers for Disease Control and Prevention
Cl Confidence of Interval

Cv Coefficient of Variation

DBP1 Diastolic Blood Pressure at First visit
DBP2 Diastolic Blood Pressure at Second visit
DBP3 Diastolic Blood Pressure at Postnatal visit
DM Diabetes Mellitus

EDTA Ethylene Diamine Tetra Acetic acid
ELISA Enzyme-Linked Immunosorbent Assay
FAO Food and Agriculture Organization of the United Nation
FAS Folic Acid Supplementation

FH DM Family History of Diabetes Mellitus

FPG Fasting Plasma Glucose

FPG1 Fasting Plasma Glucose at First visit

FPG2 Fasting Plasma Glucose at Second visit
FPG3 Fasting Plasma Glucose at Postnatal visit
GAB Gestational Age at Birth

GADG65 Glutamic Acid Decarboxylase

GDM Gestational Diabetes Mellitus

GDM1-1ADPSG Gestational Diabetes Mellitus diagnosed by Modified IADPSG
Criteria at First visit

GDM1-WHO  Gestational Diabetes Mellitus diagnosed by WHO 1999 Criteria at first
visit

GDM2-1ADPSG Gestational Diabetes Mellitus diagnosed by Modified IADPSG Criteria
at Second visit

GDM2-WHO Gestational Diabetes Mellitus diagnosed by WHO 1999 Criteria at
second visit

GDM-IADPSG Gestational Diabetes Mellitus diagnosed by Modified IADPSG Criteria

GDM-WHO Gestational Diabetes Mellitus diagnosed by WHO 1999 Criteria

HAPO Hyperglycemia and Adverse Pregnancy Outcome
Hb Hemaoglobin

Hbl Hemaoglobin at First visit

Hb2 Hemoglobin at Second visit

XiX



Hb3
HbAlc
Hctl
Hct2
Hct3
HPLC
HT
IADPSG
IDA
IDF
IDF
LGA
MCV2
MCV3
MENA
MOHPHC
N
NAC
NDDG
NICE
NIH
OGTT
PCOS
PDBB
PDLB
PH GDM
PPD
PROF
r

ROC
SBP1
SBP2
SBP3
SD
SEA
SGA
SPSS
T2DM
TD
UK
UNRWA
USA
WHO

Hemoglobin at Postnatal visit
Glycosylated hemoglobin

Hematocrit at First visit

Hematocrit at Second visit

Hematocrit at Postnatal visit

High Performance Liquid Chromatography
Hypertension

International Association of the Diabetes and Pregnancy Study Group

Iron Deficiency Anemia

International Diabetes Federation
International Diabetes Federation

Large for Gestational Age birth

Mean Corpuscular Volume at Second visit
Mean Corpuscular Volume at Postnatal visit
Middle East and North Africa

Ministry of Health-Primary Health Care
Number

North America and the Caribbean

National Diabetes Data Groups

National institution of Health and Care Excellence
National Institutes of Health

Oral Glucose Tolerance Test

Polycystic Ovary Syndrome

Previous Delivery of a Big Baby

Previous Delivery of a Low birth weight Baby
Personal History of Gestational Diabetes Mellitus
Previous Preterm Delivery

Preterm Premature Rupture of membranes
Pearson correlation

Receiver Operating Characteristics

Systolic Blood Pressure at First visit
Systolic Blood Pressure at Second visit
Systolic Blood Pressure at Postnatal visit
Standard Deviation

South East Asia

Small for Gestational Age birth

Statistical Package for the Social Sciences
Type 2 Diabetes Mellitus

Type of Delivery

United Kingdom

United Nations Relief and Works Agency for Palestine Refugees

United Stat of America
World Health Organization

XX



CHAPTER ONE: INTRODUCTION

1.1 Introduction

Diabetes in all its forms is a lifelong condition that imposes unacceptably high medical,
social and economic costs in countries at all income levels. Recent estimates by the
International Diabetes Federation (IDF) in 2017 showed that globally, 8.8% (424.9 million)
of adults have diabetes with 80% of cases in low and middle-income countries [1]. The
Middle East and North Africa (MENA) regions are disproportionately affected compared
to other regions in the world (Figure 1). The prevalence of type 2 diabetes mellitus (DM2)
in the MENA region, to which Palestine belongs, is the second highest in the world (10.8%)
and this is expected to remain in the year 2045 (IDF 2017). As figure 1 shows, North
America and the Caribbean (NAC) has the highest prevalence (11.0%) followed by MENA,
then South East Asia (SEA) while Africa (AFR) has the lowest prevalence. The prevalence
of DM2, however, is not only increasing among adults but also spreading into younger age

groups and is being reported in adolescents and children as well.
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Figure 1: Prevalence* of diabetes and IGT (20-79) years by IDF Region, 2017 and
2045. AFR: Africa; EUR: Europe; MENA: Middle East and North Africa; NAC: North America
and Caribbean; SACA: South and Central America; SEA: South East Asia; WP: Western Pacific

[1] .



1.2 Definition of Diabetes Mellitus

a group of metabolic diseases characterized by chronic hyperglycemia resulting from
defects in insulin secretion, insulin action, or both. The severity of symptoms is due to the
type and duration of diabetes. Some diabetes patients are asymptomatic especially those
with type 2 diabetes during the early years of the disease. Other patients with marked
hyperglycemia especially in children with absolute insulin deficiency may suffer from
polyuria, polydipsia (excessive drinking as a result of thirst), polyphagia (excessive hunger
or increased appetite), weight loss, and blurred vision. Uncontrolled diabetes may lead to
stupor (a state of impaired consciousness), coma and if not treated, death, due to
ketoacidosis or rarely from nonketotic hyperosmolar syndrome (a serious condition caused

by extremely high blood sugar levels) [2, 3].

1.3 Diagnostic Criteria for Diabetes Mellitus

Diabetes mellitus is diagnosed using either plasma glucose (FPG or OGTT) or HbAlc.
Estimation of the cutoff values for glucose and HbA1c is based on the association of FPG
or HbA1c with retinopathy. Fasting plasma glucose of > 126 mg/dL (7.0 mmol/L), plasma
glucose after 2-hr OGTT > 200 mg/dL (11.1 mmol/L), HbAlc > 6.5% (48 mmol/mol) or
a random plasma glucose > 200 mg/dL (11.1 mmol/L) along with symptoms of
hyperglycemia is diagnostic of diabetes mellitus [3].

In addition to monitoring the treatment of diabetes, HbAlc has been recommended to
diagnose diabetes by the International Expert Committee in 2009[4] and endorsed by ADA
[5], the Endocrine Society, WHO [6] and many scientists and related organizations around
the world. Jeon et al. form a retrospective study in 2011 concluded that HbAlc is an
acceptable complementary diagnostic test for diabetes in Korean patients [7]. The
advantages and disadvantages of the different tests used to diagnose diabetes have been
reviewed by Sacks and his colleagues [8]. The advantages of using HbAlc over FPG to
diagnose diabetes include greater convenience and pre-analytical stability, lower CV
(Coefficient of Variation) (3.6%) compared to FPG (5.7%) and 2h OGTT (16.6%). In
addition, HbAlc provides stronger correlation with micro vascular complications
especially retinopathy, a marker for glycemic control and glycation of proteins which is the

direct link between diagnosis of diabetes and its complications [9, 10]



1.4 Classification of Diabetes Mellitus

Although classification of diabetes is important and has implications for the treatment
strategies, this is not an easy task and many patients do not easily fit into a single class
especially younger adults [2, 11, 12] and 10% of those initially classified may require
revision [13]. The classical classification of diabetes proposed by the American Diabetes
Association (ADA) in 1997 as type 1, type 2, other types, and gestational diabetes mellitus
(GDM) is still the most accepted classification and adopted by ADA [2, 14].

1.4.1 Type 1 Diabetes Mellitus (p-Cell destruction, usually leading to absolute insulin
deficiency)
This type represents 5-10% of those with diabetes, and previously known as insulin-

dependent diabetes or juvenile onset diabetes, is due to destruction of B -cells in the
pancreas, due to of cellular mediated autoantibody, including islet cell autoantibodies,
autoantibodies to GADG65 (glutamic acid decarboxylase), autoantibodies to insulin, or
tyrosine phosphatases. One or more of these autoantibodies are present in 85-90% of type
1 diabetes. The remaining 10-15% patients show insulinopenia and are prone to
ketoacidosis with no evidence of autoimmunity, most of them are of African or Asian

ancestry [2].

1.4.2 Type 2 Diabetes Mellitus
This type ranges from predominantly insulin resistance with relative insulin deficiency to

predominantly insulin secretory defect with insulin resistance [5]. More than 90-95% of
diabetes patients belong to this type and most of them are adults. The number of youth (less
than 20 years) with type 2 diabetes in the United States in the year 2009 was (0.46 in 1000)
and accounted approximately for 20% of type 2 diabetes in this group [15]. The increased
incidence of type 2 diabetes in youth is mainly due to the change in the lifestyle of the
children in terms of a more sedentary life with less healthy food. Obesity is the major reason
behind insulin resistance which is mainly responsible for type 2 diabetes [16, 17]. Insulin
resistance in type 2 diabetes patients increases the demand for insulin in insulin-target
tissues. In addition, the increased demand for insulin could not be met by the pancreatic 3
cells due to defects in the function of these cells [18]. Type 2 DM previously known as
insulin independent diabetes mellitus, it differed from type 1 DM due to the absence of
ketoacidosis in most type 2 diabetes patients and autoimmune destruction of B cells does

not occur [2].



1.4.3 Other Types of Diabetes Mellitus

Diabetes has been found in patients with endocrine diseases that secrete excess hormones
like growth hormone, glucocorticoids, glucagon and epinephrine and in patients with
genetic syndromes such as Down syndrome, Klinefelter syndrome, Turner syndrome and
Wolfram syndrome [2]. Disruption of B cell function or a reduction in their number due to
genetic defect is known as monogenic diabetes [2, 3, 19] or damage of B cells due to
pancreatic carcinoma, pancreatitis, infection, pancreatectomy, trauma and atrophy of the
exocrine pancreas which leads to progressive loss of B cells [2, 3, 20], results in

hypoinsulinemia and modest hyperglycemia to severe diabetes [2].

1.4.4 Gestational Diabetes Mellitus
Pregnant women have been evaluated for diabetes for more than 50 years: It is

notwithstanding that 5 international workshops devoted to GDM have been held between
1979 and 2005, failed to reach on agreement concerning the optimal method to identify
“any degree of glucose intolerance” [21], with no international consensus on how to screen
for GDM [22]. It is still considered as one of the most serious health problems worldwide
affecting 14% of all pregnant women according to IDF [23, 24]. Gestational diabetes
mellitus (GDM) is a prevalent and potentially serious condition that may lead to adverse
effects for both mothers and neonates (WHO 1999). The evidence suggests that early
detection and treatment of this condition reduce the risks for mothers as well for their
babies [25, 26]. Although the risks of complications caused by GDM are well established,
there is considerable controversy regarding its diagnosis [27]. Some European countries
recommend screening all pregnant women with OGTT, whereas others use selective

screening based on risk factors or glucose challenge test [22].

1.4.4.1 Definition of GDM:
Gestational Diabetes Mellitus is a defect in glucose tolerance with onset or first recognition

during pregnancy. This definition, proposed in 1998 during the 4™ international conference
on gestational diabetes [28], acknowledges the possibility that women may have previously
undiagnosed diabetes mellitus, or may have developed diabetes concomitantly with
pregnancy. Although the cause of GDM is not known, there are some theories as to why
the condition occurs. The placenta supplies the growing fetus with nutrients and water and
produces a variety of hormones to maintain pregnancy. Some of these hormones (estrogen,
cortisol, and human placental lactogen) may have a blocking effect on insulin which usually
begins about 20 to 24 weeks in pregnancy [29].



Hyperglycemia in pregnancy, whether in the form of type 2 diabetes diagnosed before or
during pregnancy or in the form of gestational diabetes, has an increased risk of adverse
maternal, fetal and neonatal outcome. Mothers with gestational diabetes and babies born to
such mothers have an increased risk of developing diabetes later in life [30]. Additionally,
there is evidence that women with GDM are less likely to breastfeed which indicates that
breastfeeding improves the subsequent glucose tolerance of the mother and may reduce the
risk of type 2 diabetes in children [31].

Hyperglycemia in pregnancy is responsible for fetal complications including macrosomia
(large baby with birth weight > 4.000 Kg, which leads to birth injuries [32]), shoulder
dystocia (after the delivery of the head, the anterior shoulder of the infant cannot pass
below), large for gestational age births (LGA, newborns with birth weight above the 901"
percentile), small for gestational age (SGA, newborns with birth weight below the 10"
percentile), stillbirth (children born dead after 20 week of gestation or at 140 days) and
preterm birth (<37 weeks). Neonatal complications include neonatal hypoglycemia,
neonatal mortality before the 28" day of life [21, 33, 34], neonatal hypocalcemia, neonatal
hyperbilirubinemia and neonatal asphyxia [35]. In addition to, adverse pregnancy outcomes
for the mothers include preeclampsia, increase risk for cesarean delivery due to large
babies, hypertension during pregnancy, and significantly higher risk of subsequent type 2
diabetes [21, 33].

1.4.4.2 Epidemiology of GDM:
The prevalence of GDM generally ranges between 2 to 6%, with sometimes much higher

values (10 to 22%) in specific populations with a general trend towards increasing
prevalence depending on the population studied and the diagnostic tests employed [3]. For
example, in India, the prevalence was 13.9% [36], while in the Middle East, it was 13.5%
[37], while in Sardinia the prevalence reached 22.3% [38]. In Gaza Strip (Palestine)
according to the annual report of the Ministry of Health-Primary Health Care (MOH-PHC
2006) the prevalence of GDM was 5.5%. (MOHPHC-Women Health, Health Status in
Palestine 2005 October 2006). In 2018, 17.4% of registered pregnant women in MOH PHC
clinics were referred to high risk pregnancy clinics for their medical condition including
GDM, but there was no clarification about the prevalence of GDM alone. Even though
GDM is a common disorder in pregnancy, it has been difficult to compare its frequency
among various populations and estimate its global impact, due to the lack of uniform

diagnostic criteria [39].
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1.4.4.3 Risk Factors for GDM:
The risk factors of GDM used in selective screening guidelines vary between the different

committees. The ADA guidelines would result in the highest rate of diagnosis and the

lowest number of missed cases [40]. These risk factors include [3]:

e Overweight (BMI > 25 kg/m?).

e First-degree relative with type 2 diabetes.

e Member of a high-risk ethnic population (e.g., African American, Latino and
American), and family origin with a prevalence of diabetes (e.g., South Asia,
specifically India, Middle East specifically Saudi Arabia, United Arab Emirates, Iraq,
Jordan, Syria, Oman, Qatar, Kuwait, Lebanon and Egypt).

e Previous macrosomic baby weighing > 4.00 kg.

e Previously diagnosed with gestational diabetes.

e Maternal age > 25 years old.

e Hypertension (> 140/90 mmHg or on therapy for hypertension).

e Polycystic ovary syndrome (PCOS).

e Multiple pregnancies.

e Exposures to toxic factors (tobacco, pesticide arsenic or treatment with 17 OH
progesterone) [3].

e Socioeconomic factors

e Physical activity

A prospective study in the antenatal care clinic of Lampang Regional Hospital Arora et al

[41], reported that 21.8% of GDM cases had no risk factors, while having one risk factor

doubles the chance of having GDM.

1.4.4.4 Diagnostic Criteria for GDM:
Gestational diabetes has been diagnosed at 24-28 weeks of gestation in women not

previously diagnosed with diabetes using two approaches. The first approach is based on
the “one-step” International Association of Diabetes and Pregnancy Study Groups
(IADPSG) consensus [42] recently adopted by WHO [43]. Gestational diabetes is
diagnosed by this method by FPG > 92 mg/dL (5.1 mmol/L), 1-hr plasma glucose after a
75 g glucose load > 180 mg/dL (10.0 mmol/L) or 2-hr plasma glucose after a 75 g glucose
load > 153 mg/dL (8.5 mmol/L). This criterion is derived from the Hyperglycemia and
Adverse Pregnancy Outcome (HAPO) study [33], even though the HAPO study showed a



continuous relationship between hyperglycemia and adverse short-term pregnancy
outcome with no threshold reported [44].

The second approach is used only in the United States and is based on the “two-step” NIH
(National Institutes of Health) consensus [45]. In the first step 1-hr plasma glucose after a
50 g glucose load under non-fasting state > 140 mg/dL (7.8 mmol/L) is followed by a
second step under fasting conditions after a 100 g glucose load for those who screened
abnormal in the first step. The diagnosis of gestational diabetes is made when at least two
of the four plasma glucose levels are met. The four plasma glucose levels according to
Carpenter/Coustan criteria are: FPG > 95 mg/dL (5.3 mmol/L); 1-hr > 180 mg/dL (10.0
mmol/L); 2-hr > 155 mg/dL (8.6 mmol/L); and 3-hr > 140 mg/dL (7.8 mmol/L) [2].

The IADPSG criteria in comparison with the Carpenter/Coustan criteria was associated
with a 3.5-fold increase in GDM prevalence, significant improvement in pregnancy
outcomes and was cost-effective [46]. In another retrospective cohort study of women
diagnosed with gestational diabetes, Ethridge et al [47] have shown that newborns of
women diagnosed of gestational diabetes by IADPSG approach have greater measures of
fetal overgrowth compared with Carpenter-Coustan “two-step” approach neonates. A
strategy using fasting plasma glucose as a screening test and to determine the need for
OGTT is valid [48, 49]. According to Sacks et al [8], correlation of glucose concentrations
and the risk of subsequent complications will eventually lead to universal guidelines.

The use of ADA/WHO cut off value of HbAlc > 6.5% (48 mmol/mol) to diagnose
gestational diabetes is not recommended by the “one step” IADPSC criteria or the “two-
step” NIH criteria. Further investigation is required in light of recent reports on HbAlc in
combination with OGTT and its usefulness to predict the adverse effects of gestational

diabetes or obviate the use of OGTT in all women with gestational diabetes [34, 50].

1.4.4.5 Threshold Values for Diagnoses GDM:
The National Diabetes Data Groups (NDDG) in 1979 suggested measuring plasma blood

glucose during a three hours oral glucose tolerance test (OGTT) with glucose levels of 105,
190, 165 and 145mg/dl (for fasting, one-hour, two-hour and three-hour post glucose load
respectively) [51]. In 1982, Carpenter and Coustan proposed changing the values to 95,
180, 155 and 140mg/dl [52]. According to the NDDG and Carpenter and Coustan criteria,
the diagnosis of GDM is established if two or more glucose values are higher than the
defined cutoffs during a three-hour OGTT. In 1989, Sacks et al proposed the more inclusive
criteria of 96, 172, 152 and 131 mg/dl, after calculating glucose concentrations in paired

whole blood and plasma specimens of 995 consecutive pregnant women [53].
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All the aforementioned diagnostic thresholds were based on data from women who were
diagnosed with diabetes after gestation and not on any short-term adverse pregnancy
outcomes. In 2010, the International Association of Diabetes and Pregnancy Groups
(IADPSG) proposed a new set of criteria, based on the incidence of adverse perinatal
outcomes, as assessed in the Hyperglycemia and Adverse Pregnancy Outcomes (HAPO)
study [33, 54]. According to these criteria, the diagnosis of GDM is made if at least one
value of plasma glucose concentration is equal to or exceeds the thresholds of 92, 180 and
153 mg/dl (for fasting, one-hour and 2-hour post glucose load glucose values respectively),
after performing a 75 g OGTT [42].

The American Diabetes Association (ADA) suggested that all pregnant women should be
screened for GDM between the 24th and 28" weeks of gestation, unless they were of low
risk status, those with no risk factors of GDM. For those women, there is no need to screen
and they are less likely to benefit from any screening by the two-step approach for GDM
[55]. Women are initially screened by measuring plasma glucose 1 hour after a 50 g glucose
load; women with glucose concentration >140 mg/dl, undergo an 100 g OGTT on a separate
day. In the one-step approach, the 100 g OGTT is performed directly without any initial
screening. In both occasions, the diagnosis of GDM is established by the Carpenter and
Coustan criteria.

The American Council of Obstetricians and Gynecologists (ACOG) also suggests
screening of all women except for those of low risk status [56]. It supports the use of the
100 g OGTT and application of either NDDG or Carpenter and Coustan criteria. The World
Health Organization (WHO) in 1999 recommends using the 75 g two-hour OGTT and the
diagnostic thresholds of 126 mg/dl and 140 mg/dl for fasting and 2-hour glucose
concentrations, respectively [57]. Finally, The IADPSG suggests screening all women at
the first prenatal visit and a 75 g OGTT between the 24™ and 28" week of gestation in those
not already diagnosed with overt diabetes or GDM by early testing. One or more abnormal
value (> 92, 180 or 153 mg/dl for fasting, 1-hour and 2-hour plasma glucose, respectively)
after a 75 g OGTT is diagnostic of GDM [42]. The diagnostic threshold values of the
various organizations are summarized in Table 1.

For the identification of overt diabetes during pregnancy and its distinction from GDM, the
IADPSG recommends that fasting plasma glucose (FPG) or glycosylated hemoglobin
(HbAZ1c) should be measured at the first prenatal visit on all or only high-risk women
depending on the frequency of diabetes in the background population and on local
circumstances [42]. Values equal to or above 126 mg/dl and 6.5% (for FPG and HbAlc,

8



respectively) establish the diagnosis of overt diabetes. Women with 92 < FPG < 126 mg/dl
are diagnosed with GDM, while those with FPG < 92 mg/dl should undergo a 75 g OGTT
at 24 to 28 weeks of gestation, are shown in Table 2. Finally, the diagnosis of GDM by
means of the 75 g OGTT is based on the aforementioned criteria (92, 180, and 153 mg/dl
for fasting one-hour, and two-hour OGTT glucose concentrations, respectively) [42].

Table 1. GDM Diagnostic Threshold Values from Various Organization.

Plasma Glucose Concentration Thresholds
(mg/dl)
Organization Gluf:)ocs;(;rl_oad FPG 1-hour 2-hour 3-hour
ADA* 100g 95 180 155 140
ACOG* 100g 105 190 165 145
WHO-19998 759 126 - 140 -
IADPSGS§ 759 92 180 153 -

*Diagnosis of GDM if two or more glucose values equal to or exceeding the threshold values

8Diagnosis of GDM if one or more glucose values equal to or exceeding the threshold values

GDM: Gestational Diabetes Mellitus, OGTT: Oral Glucose Tolerance Test, FPG: Fasting
Plasma Glucose, ADA: American Diabetes Association, ACOG: American Council of
Obstetricians and Gynecologists, WHO: World Health Organization, IADPSG: International
Association of Diabetes and Pregnancy Study Groups.

Table 2. IADPSG Threshold Values in Diagnose Hyperglycemia in Pregnancy at First
Antenatal Visit.

Measure of Glycemia Threshold Values Diagnoses
Do 759 OGTT at 24
FPG < 92mg/d| Week Gestation
FPG >92mg/dl < 126mg/dl GDM
FPG > 126mg/dl DM
HbAlc >6.5% DM

IADPSG: International Association of Diabetes and Pregnancy Groups, GDM:
Gestational Diabetes Mellitus, OGTT: Oral Glucose Tolerance Test, FPG: Fasting
Plasma Glucose, HbAlc: glycated Hemoglobin, DM: Diabetes Millets.

1.5 HbAlc
Hemoglobin Alc (HbAlc), also known as glycated hemoglobin, is a normal adult

hemoglobin resulting from irreversible non-enzymatic glycation of the beta chain in
hemoglobin A [58, 59]. HbAlc reflects the average plasma glucose level during the
previous (8-12) weeks [60]. HbAlc values are directly proportional to the degree of glucose

exposure over that period of time and further diabetic treatment can be adjusted depending



on the patients HbAlc data. HbAlc test can be performed at any time of the day, does not
require fasting, and is not affected by acute events like stress or vigorous physical exercise.
The pre-analytical stability and reproducibility is large and the coefficients of variation are

lower than for FPG and oral glucose tolerance test [4, 61, 62].

1.5.1 Factors That Affect HbAlc Level
HbA1c values depend on genetic factors like hemoglobinopathies (HbS, HbC, HbD), age

and ethnicity and non-glycemic factors that are associated with a decreased turnover of red
blood cells, such as iron deficiency, renal failure, and vitamin B12 deficiency. These factors
lead to higher HbAlc values while those associated with decreased life spans of red blood

cells, like hemolytic anemia and chronic liver disease, lead to lower HbA1c values [61].

1.5.2 HbAlc in Pregnancy
Screening and diagnosis of GDM in pregnant women will aid in preventing the adverse

pregnancy outcome by giving therapy at an early stage of pregnancy. Oral glucose tolerance
test (OGTT) is the gold standard test for diagnosing GDM, but it is a cumbersome
procedure for the patients and health care providers since it requires fasting state of the
pregnant women, minimum two blood samples collection and at least two hours for samples
to be collected. In 2011, the world health organization (WHO) and American diabetic
association (ADA) have accepted HbAlc as a diagnostic tool for diagnosis diabetes
mellitus with a threshold value > 6.5% [6, 63]. However, there is no recommendations
available for the use of HbAlc as a diagnostic tool in GDM. Several studies were
constructed to evaluate the role of HbAlc in screening and diagnosis of GDM and in
prediction of adverse pregnancy outcomes, however, using HbAlc in screening for GDM
is still debated.

The prevalence of diabetes in women of childbearing age has increased [64], and the poor
pregnancy outcome associated with late diagnosis of preexisting diabetes also increased
[62]. Due to this alarming observation the International Association of the Diabetes and
Pregnancy Study Groups (IADPSG) [42], ADA [2] and WHO [48] recommend early
screening for diabetes in pregnancy at the first antenatal visit, however, the most
appropriate test and threshold remain undefined. A recent study reported that GDM
associated with fetal overgrowth starts early in pregnancy before the diagnosis of GDM,
potentially demonstrating the need to identify pregnancies with glucose intolerance earlier
in pregnancy [65]. HbAlc, a measure of glycated hemoglobin which serves as an indicator
of blood glucose control in the prior 3-4 months, may save as good and convenient marker

for earlier identification of women at risk for GDM.
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In New Zealand, Ruth et al. reported that the optimal detection of HbAlc level in early
pregnancy (before 20 weeks of gestational age) for GDM was >5.9% (41mmol/mol) [62].
Compatible results were seen by Balaji et al. where the mean HbAlc level of GDM women
in first trimester was (5.96+0.63%) [66].

The first trimester is characterized by increased insulin sensitivity [67], pregnant women
deplete their glycogen stores quickly due to the fetoplacental glucose demands, and switch
from carbohydrate to fat metabolism within 12 hours, resulting in increased lipolysis and
ketone production [68], led to decreased in fasting plasma glucose [69]. New erythrocytes
formed will therefore be exposed to a lower time-averaged glucose concentration than those
of non-pregnant women, and the degree of glycation might be less [70]. Erythrocyte
lifespan is likely to be decreased in pregnancy [71], hence also reducing the HbAlc value.
The second and third trimesters are characterized by insulin resistance due to an increase
in placental growth hormone [72], reprogram maternal physiology to become insulin
resistant to ensure an adequate supply of nutrients to the growing fetus [73].

1.5.2.1 HbAlc in First Trimester Pregnancy (< 24 Weeks Gestation)
In normal pregnancy, HbA1c shows biphasic changes with an initial gradual decline to a

nadir level at 24 weeks due to decline in blood glucose levels, followed by a subsequent
slow increment to peak near term. All these changes fell within the usual range of normal
values for HbAlc [74, 75]. HbAlc measurement in early pregnancy (< 20 gestational
weeks) helps in the diagnosis of gestational diabetes mellitus and predicts the adverse
pregnancy outcome [62]. Since fetal malformation occurs before eight weeks of gestation
(postmenstrual dates) when most pregnant women have not yet come to medical attention,
diabetes women delivering infants with major congenital anomalies had high HbA1c values
in early pregnancy [59]. It was associated with preeclampsia, shoulder dystocia, and
perinatal death [62]. The rational of doing HbAlc in early pregnancy is that pregnant
women with HbAlc > 5.9% (41mmol/mol), could receive treatment with no need to wait
another 2-3 months to do OGTT. In addition, more obese women may have non-diagnostic
OGTT and give false-negative results. It may be that the nutrient load of their diet stresses
the pancreas more than a 75 g glucose load [76].

Ruth and his colleagues offered HbAlc test in early pregnancy (< 140 days) to all pregnant
women who visited Christchurch primary care setting in New Zealand between 2008 and
2010, and performed early pregnancy OGTT (< 20 weeks of gestation or < 140 days) most
likely to those who had HbAlc > 5.9% (41mmol/mol), second OGTT after 24 weeks of

gestation and postnatal OGTT only to women who had been referred to GDM management.
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Three subgroups were classified depending on HbAlc values, [< 5.9% (41mmol/mol), 5.9-
6.4%(41-46 mmol/mol) and > 6.5% (> 48 mmol/mol )]. The pregnancy outcome data were
analyzed to examine whether an HbAlc threshold of > 5.9% (41 mmol/mol) was associated
with increased adverse pregnancy outcome [62]. It was found that HbA1c value > 5.9% in
early pregnancy identified all women with diabetes, and between 5.9-6.4% was associated
with an increased risk of adverse pregnancy outcomes, including major congenital
anomaly, preeclampsia, shoulder dystocia, and prenatal death [62].

A study conducted by Balaji et al. in India, included 507 pregnant women who were
screened for GDM by 75g-OGTT and HbA1c irrespective to their gestational age. The
mean HbA1c level for women with normal OGTT was (5.36 = 0.36%), and with GDM
was (5.96+0.63%) at first trimesters, while the mean HbA1c level for women with normal
OGTT was 5.3% and with GDM was 6% at different trimesters [66]. Granada et al. found
that HbAlc in early pregnancy with cut point more than 5.9% may be predictive for
postpartum DM [77].

1.5.2.2 HbAlc in Second Trimester Pregnancy at (24-28 Weeks Gestation)
Novel data was about clinically significant GDM in pregnant women with normal OGTT

and HbAlc (> 40 mmol/mol, 5.8%) reported by Janet and her colleagues in New Zealand
[78]. Those women were more obese and pacific than other women with GDM. Moreover,
most women diagnosed with GDM by OGTT had an HbAlc < 40 mmol/mol (5.8%),
therefore, HbAlc measurement did not replace OGTT for diagnosing GDM. These authors
found that pregnant women with HbA1c above reference range at delivery (> 39 mmol/mol,
5.7%) were more likely to have macrosomic infants than women with a lower HbA1c [78].
In India, Rajput and his colleagues found that HbAlc in combination with OGTT can
obviate the need of OGTT in almost two thirds of women with GDM because the mean
HbA1c value in women with GDM was significantly higher than women without GDM
(5.73 £ 0.34% compared to 5.34 + 0.35%) [79].

At the Holy family Hospital of Catholic University in Korea, 107 GDM women and their
newborns were evaluated for gestational weeks and HbA1c level at time of diagnosis, and
clinical outcomes of mothers and newborn babies by reviewing their medical records, Choi
et al. recommended to screen for GDM no later than the 24th week of gestation, since the
frequency of delivery of large for gestational age (LGA) infants was higher in mothers
diagnosed with GDM after the 29th week of pregnancy or with HbA1lc levels >7.0% [80].
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1.5.2.3 HbAlc in Third Trimester Pregnancy
The third trimester HbA1lc predicates the occurrence of macrosomia [81] and increased risk

of preeclampsia [82]. Lowe et al. compared the association of maternal glucose and HbAlc
measured at 24-32 weeks of gestation with adverse outcomes for pregnant women who
underwent 75g-OGTT, and HbAlc between 24 - 32 weeks of gestation. A cord blood
sample was collected at delivery to analyze for C-peptide and glucose which was used as
an index for fetal B-cells function. Data about primary outcomes (birth weight, primary
cesarean section, clinical neonatal hypoglycemia and C-peptide) and secondary outcomes
which include preeclampsia, preterm delivery, sum of skinfolds and percent body fat were
analyzed. Lowe. et al. found significant correlation of HbAlc with OGTT. There were also
significant associations between higher levels of HbAlc and all primary and secondary
outcomes. However, the adjustment for the composite with glucose measured HbAlc was
not significantly associated with any of the neonatal anthropometric outcomes. Therefore,
their finding suggested that the measurement of HbA1c was not a useful alternative to an
OGTT in pregnant women [83]. One hundred forty-eight Caucasian women diagnosed with
GDM between the 24™ and the 28th week of gestation were screened for HbAlc at
diagnosis and before the expected delivery date (approximately 36th gestational week). A
significant correlation between HbAlc value at GDM diagnosis and individual BMI prior
to conception was observed by Capula et al. who reported that HbAlc at diagnosis and
before delivery was a good predictor of adverse pregnancy outcome [34].

Hashimoto et al. reported that not only the non-diabetic pregnant women, but also the

diabetic ones show increase in HbA1c levels in late pregnancy due to iron deficiency [75].

1.5.2.4 HbAlc After Delivery
Ekelund and his colleague, found that 30% of 174 GDM women after five years, who had

high fasting glucose and HbA1c levels during pregnancy (HbAlc> 5.7% and fasting blood
glucose > 5.2mmol/l) had developed diabetes [84].

ADA and WHO recommended diabetes screening with a 75 g oral glucose tolerance test
(OGTT) at 6-12 weeks after delivery in women with GDM [85].There is no official
recommendation for HbAlc use for diabetes screening in the postpartum period. HbAlc >
48 mmol/mol (> 6.5%) at 6 week postpartum was recommended for screening of diabetes
in GDM women by Mahesh and his colleges [86].

The UK National institution of Health and Care Excellence (NICE) and the American

Diabetes Association (ADA) have proposed measuring HbA1c as an alternative, more user
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friendly test, with HbAlc > 5.7% indicating high risk of T2DM in women with recent GDM
[87].
1.6 Anemia

According to the World Health Organization (WHO), anemia is the most common disease,
affecting > 1.5 billion people worldwide and iron deficiency anemia (IDA) accounts for
50% anemia cases [88]. IDA is common during pregnancy and postpartum period, and can
lead to serious maternal and fetal complications.

WHO expert committee defined nutritional anemia as a condition in which hemoglobin
content of the blood is lower than normal as a result of a deficiency of one or more essential
nutrients, regardless of the cause of such deficiency [89]. Accordingly, the Joint
FAO/WHO Expert Committee on Nutrition has called attention to the problem of anemia

in pregnancy, which is considered to be a great public health concern.

1.6.1 Hematological Adaptation to Pregnancy
Normal pregnancy involves many changes in maternal physiology including alteration in
hematologic parameters like expansion in maternal blood volume by an average of 40 to
50 % above non-pregnant level [90], and plasma volume, most predominantly in the second
trimester as well as red blood cells mass, increases but to a lesser extent than plasma volume
[91]. The increment of red cell mass is due to an increased need for oxygen transport during
pregnancy. Serum erythropoietin levels increase about 50% throughout pregnancy from a
mean of 22.8 mU/mL at booking to 43.7 mU/mL at 38 gestation weeks [92, 93]. These
changes will lead to a decrease in hematocrit due to disproportional increase in the blood
volume compared with the red cell mass [93]. During pregnancy, an increase in maternal
iron is needed as a result of the demands for growing fetus, placenta and increased
erythrocyte mass [94].
1.6.2 Diagnostic Criteria of Anemia in Pregnancy

In pregnant women, anemia is defined as hemoglobin concentration less than 11 g/dl in the
first and third trimesters, and less than 10.5 g/dl in the second trimester [95]. The reason
for these different values, during pregnancy, is that the plasma volume expansion of 40 to
50% exceeds the 20 to 25% increase in red cell mass leading to the physiological
hemodilution [96]. Iron deficiency anemia (IDA) during pregnancy poses a number of
maternal and fetal problems, including premature birth, intrauterine developmental
retardation, placental problems, decrease in newborn iron storage, the risk of decrease in

maternal blood reserves during birth, and the need for transfusion in cases of heavy blood
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loss, cardiac stress, symptoms of anemia, prolonged hospital stay, decreased maternal
breast milk production, and maternal depletion of iron stores during and after postpartum
period [97, 98].

The most important factor in the diagnosis of iron deficiency anemia is laboratory testing.
The classic laboratory findings of iron deficiency anemia include a decrease in hemoglobin
(Hb) level, serum iron concentration, serum transferrin saturation, serum ferritin level, and
an increase in total iron-binding capacity. In fact, it is adequate to study complete blood
count (CBC) and serum ferritin for diagnosis. Serum ferritin concentration <30 ug /L
together with Hb concentration <11 g/dl during the 1% trimester, <10.5 g/dl during the
2" trimester, and <11 g/dl during the 3 trimester are diagnostic for anemia during
pregnancy [99]. Ferritin level of <12 pg /L is considered the gold standard for diagnosis of
iron deficiency anemia in pregnancy [96]. Measurement of serum ferritin concentration is
the most accurate test in patients without underlying inflammation, and serum ferritin level
below the threshold value alone is adequate for diagnosis in the absence of other tests;
however, physicians should be aware that serum ferritin is also an acute phase reactant and
may be normal, even elevated, under inflammatory conditions despite the presence of
anemia, and in such cases confirmation of the diagnosis may require additional tests [100,
101].

It is recommended to measure serum ferritin at least once early in pregnancy. It is not
necessary to measure serum ferritin again later in pregnancy unless symptoms of anemia
occur. On the other hand, Hb should be measured in each trimester because the probability
of an increase in the need for iron and development of iron deficiency is always possible,
even if the baseline value is normal. Moreover, Hb concentration during delivery is

important because low maternal Hb can result in fetal problems, including mortality [102].

1.6.3 Anemia and Maternal Mortality and Morbidity
Increase risk of maternal mortality and morbidity is due to hemorrhage and late arrival at

admission in sever anemic women, which is related to poor ability to withstand the adverse
effects of excessive blood loss and increase risk of infections [103]. Theresa et al, reported
that iron deficiency anemia in early pregnancy are associated with low birth weight
(<25009) and preterm delivery (<37 weeks gestation) [104].

1.6.4 Anemia and Fetus Complications
A prospective cohort study was conducted by Qiaoyi Zhang in China found that anemia in
early pregnancy was associated with increased risk of stillbirth and preterm premature
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rupture of membranes (PROF), but anemia in late pregnancy was associated with reduced
risk of preterm birth and spontaneous preterm labor, potentially due to hemodilution.
Theresa et al. reported that increased risk of preterm delivery (< 37 week gestation) was
associated with maternal anemia or iron deficiency anemia in first trimester and high
hemoglobin concentration (> 14.5 g/dl) irrespective to gestation age, thus give a U shaped
distribution of hemoglobin while anemia in third trimester was no longer risk factor for
preterm delivery [105]. High hemoglobin (> 13.0g/dl) and hematocrit (39%) concentration
are associated with increased risk of fetal death, preterm delivery and low birth weight as
reported by Garn et al [106].
1.6.5 Anemia and Infant Complications

Rusia et al found that the maternal hemoglobin concentration showed significant
correlation with Apgar score [107], (Apgar score is the very first test given to newborns to
evaluate their conditions, which include appearance or skin color, pulse or heart rate,
Grimace response or reflexes and activity or muscle tone). Evidently, there is no correlation
between hematocrit of infant and hematocrit of mother since the fetus requirement of iron

are always met even in case of maternal iron deficiency [108].

1.6.6 Serum Ferritin Concentration in Early Pregnancy and Risk of Subsequent
Development of GDM.
High serum ferritin levels have been demonstrated in many chronic disorders and vascular
inflammation [109, 110], mildly elevated body iron stores have been associated with
elevations in glucose hemostasis indexes [111]. A significant correlation between higher
serum ferritin levels and insulin resistance syndrome has been shown [112], and greater
levels of ferritin in women with impaired glucose tolerance test and GDM have been shown

in epidemiologic studies [113, 114].

1.7 Problem Statement
e Utility of HbAlc in diagnosing GDM women, and its usefulness in providing a
better prediction of adverse pregnancy outcomes.
e Anemia in early pregnancy, mainly iron deficiency anemia, is associated with

adverse pregnancy outcomes.
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1.8 Aims of the Study

The oral glucose tolerance test (OGTT) is a cumbersome test that is time consuming, labor
intensive and often poorly tolerated by pregnant women. To date, glycated hemoglobin
(HbAZXc) is the most accepted measure of chronic glycemia outside of pregnancy. HbAlc
is an uncomplicated test, less time consuming, does not require any specific patient
preparation and is considered straightforward compared with OGTT. Therefore, we
prospectively tested the utility of HbAlc when used as a screening tool in pregnancy for
gestational diabetes mellitus (GDM) in high risk population, as well as determined the
optimal HbA1c threshold for detecting diabetes in early pregnancy as defined by an early
oral glucose tolerance test (OGTT) at < 24weeks gestation, and examined pregnancy
outcomes related to this threshold.

The aims of this study are:-

1. To investigate the percentage of GDM and adverse pregnancy outcomes.

2. To investigate the role of HbAlc in diagnosing GDM and in prediction of the
adverse pregnancy outcomes.

3. To investigate the ability of HbAlc to reduce a number of OGTT tests required.

4. To evaluate maternal anemia and its role in adverse pregnancy outcomes.
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CHAPTER TWO: METHODS

2.1 GDM and HbAlc

To evaluate the significance and role of the HbAlc levels in diagnosing GDM. The
variation of HbAlc will be examined across gestation and analyze differences between

normal and GDM women diagnosed using OGTT.

2.2 HbAlc in pregnancy

The levels of HbAlc were examined for high risk pregnant women to develop GDM
(according to UNRWA criteria which is listed in the appendix number 1) at their first
antenatal visit (< 24 gestational weeks). The rationale of this approach is these women are
unlikely to have normal glucose tolerance during pregnancy if they have high HbAlc value
particularly as HbAlc decrease in early pregnancy in pregnant women who belong to high
risk population. Adverse pregnancy outcome was followed by recording the screening tests
at pregnant women during each visit including blood pressure, urine for albumin and sugar
analysis and complete blood count (CBC) as well as performing FPG test. Pregnant women
having FPG > 126 mg/dl and HbA1c 6.5% (this value is the diagnostic criteria for DM) are
diagnosed with DM according to IADPSG criteria at < 24 gestational weeks. For women
with FPG > 85 mg/dl, OGTT was performed earlier without need to wait for the second
visit according to UNRWA protocol. At 24"-37% weeks gestation new sample was
collected from the same candidates to repeat CBC, HbAlc and FPG, urine for albumin and
sugar analysis. At 6™ weeks (42 days after delivery), additional blood collection from
participant women was used to perform the same tests.

After delivery, neonatal information was collected particularly birth weight, gestational age

of delivery, type of delivery, head circumference, gender and other related complications.

2.3 Anemia in the Study

Iron deficiency anemia in pregnant women was tested according to CDC definition (serum
ferritin < 12pg/L) in their first trimester by CBC and serum ferritin. The association
between adverse pregnancy outcomes like low birth weight (< 2500g), preterm delivery (<
37 weeks gestation) and iron deficiency anemia was

evaluated.
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2.4 Study Population

Nine hundred fifty five (955, 22% in Jenin,19.4% in Alamari, 2.7% in Hebron and 3.5% in
Kalandia) pregnant women without previous DM (Diabetes Mellitus), PCOS (Poly Cystic
Ovary Syndrome) or HT (Hypertension), who were referred to the prenatal care unit of the
United Nations Relief and Works Agency (UNRWA) for Palestine Refugees in the West
Bank, between October 2015 to May 2017 to do follow up due their first trimester, and
have one or more risk factors were consecutively invited to participate in the study.

All women signed an informed consent form and answered a standardized questionnaire.
Data from questionnaires and anthropometric measurement were collected by specially
trained midwives according to a standard protocol at mean gestational week 10.6 £ 4.3 (SD)
(first visit), mean gestational week 26.3 + 2.2 (SD) (second visit), and 5.7 £ 1.7 (SD) week
postpartum (postnatal visit). Participants with the following conditions, which are known
to interfere with or lead to misinterpretation of HbAlc results were excluded from
participation: chronic renal disease and/or presence of hemoglobinopathy. The enrollment

of the study population is presented in Figure 2.

2.5 Ethical Considerations

The project was ethically approved by the institutional review board (IRB) committee of
Al-Quds University (appendix 3). In addition, a permission to conduct the study was
achieved by the UNRWA administration, by miss Fidaa Zedan (email:
F.zedan2@UNRWA.org. Mobile number 0542168270). The staff of the UNRWA clinic
were involved in collecting the data along with the researcher. Nine clinics were engaged

in the study include (Jenin, Qalgilia, Asker, Balata, Tulkarem, Kalandia, Khamashta and
Hebron). The project was fully explained to the patients by well-trained researcher and
UNRWA clinic Nursing staff and then the participants were consented for
voluntarily participating in the study. Each participant signed a consent form (appendix 2)
that confirms her participation and assures the confidentiality of the obtained data that
DNA and serum samples will not be used for other purposes. Moreover, every participant
was assured the freedom to accept or refuse participation in the study
without intimidations. In addition, patients' samples, the questionnaires and the databases

were securely stored.
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Figure 2. Flow Diagram of The Study Participants. The information in boxes show how
many of the study participants that had completed data set for all potential predictors considered in
the model. (DM: Diabetes Millets, GDM1: Gestational Diabetes Millets at first visit, GDM2:
Gestational Diabetes Millets at second visit, FPG: Fasting Plasma Glucose, N: Number, CBC:
Complete Blood Cell count, HbAlc: glycated hemoglobin, OGTTL1: Oral Glucose Tolerance Test
at first visit, OGTT2: Oral Glucose Tolerance Test at second visit, T2DM: Type 2 Diabetes Millets.




2.6 Diagnostic Criteria

Gestational diabetes mellitus (GDM) was diagnosed at 4-22 and 24-37 by the WHO criteria
from 1999 using fasting plasma glucose (FPG) > 126 mg/dl or plasma glucose > 140 mg/dlI
2 hour after ingestion 75g glucose orally (OGTT). After the study GDM was diagnosed
according to the modified IADPSG criteria using fasting plasma glucose (FPG) > 92 mg/dl
or plasma glucose > 153 mg/dl 2 hour after the glucose load [42, 115]. GDM diagnosed by
the WHO criteria was named GDM-WHO and by modified IADPSG criteria was named
GDM-IADPSG. WHO recommendation for anemia include hemoglobin < 12 g/dl for non-
pregnant women and < 11 g/dl for pregnant women, and severe anemia in pregnancy as
hemoglobin < 7 g/dl, and for very severe anemia hemoglobin < 4 g/dl [116], and serum

ferritin concentrations < 12.0 pg /L [117].

2.7 Clinical Data

Maternal age at inclusion, gestational age, obstetric history including gravida and para
were obtained from subjects’ files. Parity was categorized as nulliparous or multiparous (>
1), referring to status before the current pregnancy. Family history of diabetes mellitus
(DM) was reported and categorized as Yes or No if a woman’s parents or siblings had
diabetes, and personal history of previous GDM, baby birth weight and pre-term delivery
were also reported. Maternal height was measured, and pregnancy weight was taken by
electrical scale at registry, and body mass index BMI (kg/m?) was calculated and
categorized as underweight (BMI < 18.5 kg/m?), normal weight (18.5 — 24.9 kg/m?),
overweight (25.0 — 29.9 kg/m?), or obese (> 30.0 kg/m?). Arterial blood pressure (systolic
and diastolic mmHg) was measured with a validated electronic device at each visit, and a
urine sample was taken each visit to detect protein and sugar levels. Data of adverse
pregnancy outcomes were obtained from medical records. Gestational hypertension was
defined as a systolic blood pressure > 140 mmHg or a diastolic blood pressure > 90 mmHg
after 20 weeks of gestation in women with previously normal blood pressure and blood
pressure levels that returned to normal postpartum. Preeclampsia was characterized by
gestational hypertension and proteinuria (> 1+ on urine dipstick) with or without pathologic

edema.
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2.8 Laboratory Analysis

In early pregnancy, OGTT (< 24 weeks of gestation) was performed to women who had
FPG > 85mg/dl, same as second OGTT > 24 weeks of gestation. Women who had 2hr
OGTT >140 mg/dl were monitored by performing 2 hours postprandial at each visit. During
postnatal visit, OGTT was only performed in a subset of women with previous GDM and
returned for their follow-up visit (N = 2 of 45).

Following an overnight fast, blood samples were drawn to determine HbA1c levels, FPG
and CBC at first and second trimesters and at sixth weeks after delivery, while serum
ferritin was taken at registry. Oral glucose tolerance tested performed 75g anhydrous
glucose, which was performed according WHO recommendation. Plasma glucose was
determined by enzymatic method using plasma, glucose oxidase method (Chem Well,
USA). Hemograms were performed by automated hematology analyzer (Sysmex,
America). HbAlc levels were determined by ion-exchange high performance liquid
chromatography (HPLC) on EDTA whole blood.

Serum ferritin was quantitatively measured by ELISA (enzyme-linked immunosorbent
assay) using (Architect, USA).

2.9 Statistical Analysis

The study data were taken from the questionnaires then entered into a computer database
by using SPSS software program, version 23 Windows (IBM, SPSS, Statistics). Continuous
variables were descriptively expressed as the mean, minimum, maximum and standard
deviation (SD). Proportions were determined for categorical variables using the Chi-
squared test. To determine the association between HbAlc level and GDM, a receiver
operating characteristic (ROC) curve was constructed. To investigate whether the HbAlc
levels during pregnancy was significantly associated with adverse pregnancy outcomes,
Pearson correlation was applied. Differences in mean HbAlc levels were determined

between normal and adverse pregnancy outcomes using independent sample T test.
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CHAPTER THREE: RESULTS

3.1 Baseline Characteristics of Participant

In this study, diagnosing of GDM was according to the criteria adopted by UNRWA in the
West Bank (WHO 1999) unless otherwise indicated. Of the 955 pregnant women recruited,
7 were excluded (5 had no blood test results available and 2 were diagnosed as T2DM
based on HbAlc value which was 8% and they started medication. Of the 948, who were
included in the study, 12 of them gave birth to twins.

The baseline maternal characteristic of the study population is presented in Table 3. The
mean maternal age of the study population was 28.5 (17- 45) years, 61.9% of participants
were between (21- 30) years old. The mean pre-pregnancy BMI was 27.2 kg/m?, and 24.6%
were obese. Gravida (total number of confirmed pregnancies that a woman had, regardless
of the outcome) ranged from 1 to 13, and nulliparous status (women who have never gave
birth either by choice or for any other reason) was 17.9% (168/939). Family history of DM
was 53% while the personal history of having previous GDM was 3.8%, and 11.1%

previously gave birth to big babies.

3.2 Mean Values of the Laboratory Tests

Table 4 shows that among all the study subjects, 947 came before 24 weeks of gestation,
942 did FPG1 (mean FPG1 values were 87.3 mg/dL (58-136) = 10.1 SD) and the mean
FPG2 values at second visit were 83 mg/dL (60-125) + 10.5 (SD). 893 did HbA1cl (at first
visit). Doing 2 hr postprandial (2 hr PP) as a monitoring test to those who were diagnosed
with GDM-WHO, only 11 values are presented. The values of HbAlcl before 24 weeks
gestation ranged from 4.0% to 7.6% with mean value 5.4 + 0.41% SD, while the HbA1c2
values (after 24 weeks gestation) ranged from 3.9% to 6.7% with mean value 5.3 + 0.42%
SD. Urine samples were taken each visit to detect protein and sugar levels by chemical
stick test to exclude participants with hypertension.

Mean hemoglobin level before 24 weeks was within the normal range (12.1g/dl). Out of
the 495 participants needed to do OGTT1 test depending on FPG1 values (> 85mg/dl)
before 24 weeks gestation, only 401 complied. Only 2 of 45 GDM participants did OGTT
test at postnatal visit and the results were < 140 mg/dl. Participants were assessed as to the
presence or absence of GDM-WHO according to WHO1999 criteria.
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Table 3. Baseline Characteristic of Participant.

Characteristic (N) N %

<20 50 5.3
21-30 589 61.9
Age, years, (951) 31-40 297 31.2
> 40 15 1.6

Underweight (<18.5) 13 14
Normal weight (18.5-24.9) 320 34.9

BMI, kg/m?, (918)

Over weight (25-29.9) 359 39.1
Obese >30 296 24.6
1 146 15.5
Gravida (940) 2-5 607 64.6
>6 187 19.9
0 168 17.9
Para (939) >1 771 82.1
: No 606 64.5
Pre-abortion (939) Yes 333 355
No 436 47

FH DM (927) Yes 491 53
No 893 96.2

PH GDM (928) Yes 35 38
No 825 88.9
PDBB (928) Yes 103 111
PDLB (928) No 848 914
Yes 80 8.6

No 882 95

PPD (928) Yes 16 5

BMI: body mass index, FH DM: family history of diabetes millets, PH GDM: personal
history of gestational diabetes mellitus, PDBB: previous delivery of a big baby, PDLB:
previous delivery of a low weight baby, PPD: previous preterm delivery. Gravida: the
total number of confirmed pregnancies that a woman had, regardless of the outcome.
Para: the number of births that a woman had after 20 weeks gestation.
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Table 4. Mean Values of Study Tests in Participating Subjects.

Test Visit N Mean (CI) SD
FPG1 mgy/dl FV 942 87.3 (58-136) 10.1
FPG2 mg/dl SV 720 83 (60-125) 10.5
FPG3 mg/d PN 504 86 (57-137) 105
Hb1. g/dI. FV 948 12.1 (8.2-14.9) 1.06
Hb2 g/dl. Y 734 11.2 (7.5-14.5) 1.05
Hb3 g/dl. PN 529 12.6 (8.3-136) 5.54
Hctl % FV 910 36. (23-46.3) 2.80
Hct2 % SV Y 621 | 33.3(24.7-44.1) 2.84
Hct3 % PN PN 502 37.8 (27.1-47.1) 3.41
MCV1 fi FV 911 | 82.9(60.8-94.9) 5.94
MCV2 fi Y 618 84.4 (60-97.3) 6.57
MCV3 fi PN 503 83.4 (60.9-98) 6.22
HbA1c1% FV 893 5.40 (4.0-7.6) 0.41
HbA1c2% sV 569 5.3 (3.9-6.7) 0.42
HbA1c3% PN 463 5.4 (4.0-7.0) 0.42
2hr.75g OGTT1 FV 401 103.9 (50-211) 25.2
2hr.75g OGTT2 sV 156 107.3 (56-181) 22.26
Ferritin pg /L FV 447 27.5 (1-156) 22.31
SBP1 FV 909 111.1 (80-142) 10.48
DBP1 FV 909 67.6 (46-92) 8.01
SBP2 SV 702 111.1 (72-146) 10.39
DBP2 SV 703 66.9 (44-115) 8.33
SBP3 PN 536 113 (57-156) 11.36
DBP3 PN 535 70 (50-110) 8.67
2hr PPG SV 11 100.2 (55-144) 27.70

FPG1.: Fasting plasma glucose at first visit; FPG2: Fasting plasma glucose at second visit;
FPG3: Fasting plasma glucose at postnatal visit; Hbl: Hemoglobin at first visit; Hb2:
Hemoglobin at second visit; Hb3: Hemoglobin at postnatal visit; Hctl: Hematocrit at first
visit; Hct2: Hematocrit at second visit; Hct3: Hematocrit at postnatal visit; MCV1: Main
corpuscular volume at first visit; MCV2: Main corpuscular volume at second visit; MCV3:
Main corpuscular volume at postnatal visit; 2hr. 75 g OGTTL1: two hour glucose tolerance
test at first visit; 2hr. 75 g OGTT2: two hour glucose tolerance test at second visit; HbAlcl:
glycated Hemoglobin at first visit; HbAlc2: glycated Hemoglobin at second visit; HbALlc3:
glycated Hemoglobin at postnatal visit; FV: first visit; SV: second visit; PN: Postnatal visit;
SBP1: Systolic Blood Pressure at first visit; DBS1: Diastolic Blood Pressure at first visit;
SBP2: Systolic Blood Pressure at second visit; DBP2: Diastolic Blood Pressure at second
visit; SBP3: Systolic Blood Pressure at postnatal visit; DBP3: Diastolic Blood Pressure at
postnatal visit. SD: Standard Deviation; and N; Number.
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3.3 Percentage of GDM

Gestational Diabetes Mellitus (GDM1-WHO) occurred in 3.8% (32/846) of participants
when diagnosed at first visit (before 24 weeks gestation) according to UNRWA protocol
applied in their perinatal clinic, while it occurred in 2.3% (14/616) when diagnosed at 24
weeks gestation or more, so the percentage of GDM diagnosed by WHO1999 criteria was
7.4% (45/616) which represented the sum of cases at the two visits except one case which
was diagnosed with GDM at first and at second visit.

The percentage of GDM1-IADPSG at first visit using modified IADPSG criteria was
32.1%, as well 1.2% diagnosed with DM and the percentage of GDM2-IADPSG at the
second visit was 19.2% while the accumulative GDM-IADPSG percentage was 45.8%
(358/781). Table 5 shows the comparison between WHO1999 criteria used in UNRWA
clinics the and modified IADPSG criteria in diagnosing GDM at different times of visits

during pregnancy.

Table 5. Percentage of GDM According to Different International Criteria.

WHO 1999 & WHO 1999 &
MEASURE UNRWA at< 24 UNRWA at > 24

weeks gestation weeks gestation
EPG > 126 mg/dl N = 3/942 | > 126 mg/dl

(0.3%) N=0

Or Or
2hr.75g OGTT | > 140 mg/dIN =30 > 140 mg/dI N = 14
GDM 32 (3.8%) 14 (2.3%)

IADPSG & WHO IADPSG & WHO IADPSG & WHO
MEASURE 2013 at < 24 weeks 2013 at < 24 weeks | 2013 at > 24

gestation. gestation. weeks gestation
. > 92 mg/dl < 126 mg/dl | > 126 mg/dI N = =2 ‘llggéf;zo

= 0 0 -

N= 306/942 (32.5%) 3/942 (0.3%) (18.9%)

& Or Or

<6.5% >6.5%
HbAIcl N = 882/893 (98.8%) | N = 11/893(1.2%)

> 153 mg/dl

2 hr.759g OGTT N = 6/156 (3.8%)
DM 1.2% (11/940)
GDM 32.1% (302/940) 19.2% (138/720)

IADPSG: International Association of Diabetes and Pregnancy Groups; WHO: World Health
Organization; GDM1.: Gestational Diabetes Mellitus at < 24 weeks gestation; GDM2: Gestational
Diabetes Mellitus at > 24 weeks gestation; OGTT: Oral Glucose Tolerance Test; FPG: Fasting
Plasma Glucose; HbAlcl: glycated Hemoglobin at first visit; DM: Diabetes Millets
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3.4 BMI as a Risk Factor for GDM-WHO

The correlation between BMI as a risk factor for GDM diagnosed by GDM-WHO and
glucose levels was analyzed. Mean BMI for 918 pregnant women was 27.2 + 5.22 kg/m?
(SD). The correlation between FPG1 and BMI revealed a significant but moderate positive
correlation (r = 0.234. A significant positive correlation between BMI and glucose levels
in the 2hr 759 OGTT1 test before 24 weeks gestation (r = 0.164) was observed which
disappeared in 2hr 75g OGTT2 (P = 0.289). HbAlcl and age were positively correlated
with BMI.

3.5 GDM1-WHO Diagnosed at First Visit and the GDM Risk Factors
Thirty-two pregnant women (3.8%) tested positive for GDM1-WHO at < 24 weeks of
pregnancy. Between 24 and 37 weeks of gestation, 14 (2.3%) women were diagnosed with
GDM2-WHO.

Risk factors in participants including age, BMI, number of previous pregnancies,
deliveries, abortions, family history of diabetes mellitus, GDM in previous pregnancy,
previously giving birth a macrosomia, low birth weight babies and previous preterm
delivery were assessed and presented in Table 6.

Chi Square analysis revealed significant correlation between age groups of pregnant
women and the presence or absence of GDM1-WHO (GDM diagnosed by WHO criteria
before 24 weeks gestation) revealed the presence of a significant relationship (P = 0.000).
Pregnant women (31-40 years old) were more likely to develop GDM1-WHO than younger
women (21-30 years old) (58.1% vs. 35.5% respectively). However, the number of women
greater than 40 years (only 2) was small for statistical analysis. Also, there was a significant
relationship between BMI groups and GDM1-WHO with (P = 0.020). Overweight and
Obese women were more likely to develop GDM1-WHO than others. More than 83% of
women with GDM1-WHO were overweight or obese. There was a significant relationship
between gravida (the number of times a woman is or has been pregnant, regardless of the
pregnancy outcome) and GDM1-WHO (P = 0.001). A significant relationship was also
observed between pre-abortion and GDM1-WHO (P=0.001). Participants who previously
experienced abortion were more like to have GDM1-WHO (64.5%). A significant
relationship existed between family history of DM and GDM1-WHO (P=0.0357). Pregnant
women whose parents or siblings had DM were more likely to develop GDM1-WHO than
pregnant women whose family were DM free (71.0% vs. 29% respectively). Whereas, there
were insignificant relationship between GDM1-WHO and preterm delivery, previously
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gave birth to low weight or macrosomic babies, and number of pregnancies reaching viable
gestational age (parity).

Table 6. Association Between GDM1-WHO (GDM Diagnosed at First Visit < 24
Weeks by WHO Criteria) and Risk Factors.

GDM1-WHO < 24 weeks (31)
Risk factors (N) Yes No P Value
N (%) N (%)
<20 0 46 (5.7%)
21-30 11 (35.5%) 506 (62.6%)
Age, years, (839 0.000
ge, years, (839) 31-40 18 (58.1%) | 247 (30.6%)
> 40 2 (6.5%) 9 (1.1%)
Underweight 1(3.3%) 10 (1.3%)
Normal weight 4 (13.3%) 290 (36.8%)
BMI, Kg/m? (818) - 0.020
Over weight 12 (40.4%) 300 (38.1%)
Obese 13 (43.3%) 188 (23.9 %)
1 2 (6.5%) 130 (16.2%)
Gravida (833) - 15 (48.4%) 522 (65.1%) 0.001
26 14 (45.2%) 150 (18.7%)
0 5 (16.1%) 147 (18.4%)
Para (832 0.753
ara (832) > 1 26 (83.9%) | 654 (81.4%)
: Yes 20 (64.5%) 282 (35.2%)
Pre-abortion (832) No 11 (35.5%) 519 (64.8%) 0.001
Yes 22 (71%) 411 (51.8%)
FH DM (825 0.036
(825) No 9 (29 %) 383 (48.2%)
Yes 6 (19.4%) 22 (2.8%)
PH GDM (826 0.000
(826) No 25 (80.6%) 773 (97.2%)
Yes 5 (16.1%) 81 (10.2%)
PDBB (826 0.288
(826) No 26 (83.9%) 714 (89.8%)
Yes 3(9.7%) 70 (8.8%)
PDLB (826) No 28 (90.3%) 725 (91.2%) 0867
Yes 1 (3.2%) 41 (5.2%)
PPD (826 0.631
(826) No 30 (96.8%) 754 (94.8%)

Underweight: BMI (<18.5); Normal weight: BMI (18.5-24.9); Over weight: BMI (25-29.9); Obese:
BMI (> 30); DM: Diabetes Mellitus; FH DM: Family history of DM; PH GDM: Personal history
of GDM; PDBB: Previous delivery of a big baby; PDLB: Previous delivery of a low weight baby;
PPD: Previous preterm delivery; N: Number.
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3.6 HbAlcl at First Visit and the GDM Risk Factors

One way ANOVA for pregnant age, BMI, gravida and HbA1c1% (HbA1c measured before
24 weeks gestation) revealed the presences of statistically significant difference (P = 0.000)
in the mean values of HbA1c between the groups as well as with pre-abortion (P = 0.000)
and personal history of GDM when independent sample T test was used (P = 0.000).
However, PDLB (Previous delivery of a low weight baby), and PPD (Previous preterm delivery)
didn’t show statistically significant difference between HbA1c1% mean values, as shown in
Table 7.

Table 7. Association Between HbA1c1% at First Visit (< 24 Weeks Gestation) and
GDM Risk Factors.

. HbA1c1% at < 24 weeks gestation
Risk Factors (N) P Value

Mean SD
<20 5.3 0.37
21-30 54 0.39

Age (886) 31-40 55 0.43 0.000
> 40 5.7 0.37
Underweight 5.3 0.28
Normal weight 5.3 0.36

2

BMI Kg/ m# (854) Overweight 4 0.39 0.000
Obese 55 0.46
1 53 0.40

Gravida (875) 2-5 5.4 0.40 0.000
>6 55 0.44
0 5.3 0.44

Para (874) > 54 041 0.040
) Yes 5.48 0.44

Pre-abortion (874) No 5 36 039 0.000
Yes 5.44 0.42

FHDM (862) No 535 0.40 0.001
Yes 5.69 0.57

PH GDM (863) No 5 39 0.40 0.000
Yes 5.51 0.39

PDBB (863) No 5 33 0.42 0.005
Yes 54 0.41

PDLB (863) No 52 0.42 0.602
PPD (863) Yes 5.28 0.38

No 5.4 0.42 0.068

Underweight: BMI (<18.5); Normal weight: BMI (18.5-24.9); Over weight: BMI (25-29.9); Obese:
BMI (> 30); DM: Diabetes Mellitus; FH DM: Family history of DM; PH GDM: Personal history
of GDM; PDBB: Previous delivery of a big baby ; PDLB: Previous delivery of a low weight baby;
PPD: Previous preterm delivery, SD: Standard Deviation.
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3.7 Levels of HbAlc Throughout Gestation

The changes in HbAlc values during pregnancy were obvious in figure 3 and table 8 which
show that HbAlc tend to decrease in first and second trimester then increase in third
trimester. The mean value of HbAlc at 4-13 weeks' gestation was 5.4% which was
significantly higher than that at 14-22 weeks' gestation (5.3%), and at 24-29 weeks'
gestation, (P =0.002, and 0.000 respectively). A statistically significant higher mean values
was observed between the mean value of HbAlc at 1-6 weeks' postnatal (5.4%) 14-22
weeks' gestation and 24-29 weeks' gestation, (P = 0.003 and 0.000 respectively). One way
ANOVA for HbAlc mean values at different time visits were statistically significant (P =
0.000).

Table 8. HbA1c% Values Throughout Pregnancy and Postnatal.

Gestational Week N HbA1c%Mean (CI) SD
4 -13 (weeks' gestation) 661 5.4 (4.0-7.6) 0.41
14 - 22 (weeks' gestation) 226 5.3 (4.0-6.5) 0.42
24 - 29 (weeks' gestation) 525 5.3 (3.9-6.6) 0.43
30 - 37 (weeks' gestation) 39 5.4 (4.7-6.7) 0.39
1 - 6 (weeks' postnatal) 403 5.4 (4.2-6.9) 0.41
7 - 13 (weeks' postnatal) 51 5.5 (4.9-7.0) 0.44

HbAlc: glycated Hemoglobin; SD: Standard Deviation; N: Number; CI: confidence intervals.
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Figure 3. HbAlc % Values Throughout Pregnancy and Postnatal Visit.

A two-way analysis of variance tested the HbAlc values of pregnant women who had or
didn’t have GDM-WHO across different gestational age revealed that pregnant women who
had GDM-WHO showed a significantly higher level of HbAlc value (P = 0.000) compared
to those who did not (Table 9). Times of visits also showed significant differences in
HbA1c values (P = 0.000) and the interaction between time of visit and GDM, was also
significant (P = 0.006). Figure 4 Represents the HbAlc values throughout pregnancy in
GDM-WHO and non GDM-WHO cases. The lowest HbAlc value was seen between 24-

29 weeks (5.26% * 0.42 SD) and the highest value was seen between 30-37 weeks (5.4%
1 0.34 SD) in non GDM cases.
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Table 9. HbAlc % Throughout Pregnancy in GDM-WHO and non GDM-WHO

Cases.
HbAlc
Time of visit GDM-WHO N
Mean SD
No 629 541 0.38
4-13 (weeks' gestation) Yes 25 5.95 0.68
Total 654 5.43 0.41
No 218 5.30 0.41
14-22 (weeks" gestation) Yes 5 5.94 0.30
Total 223 5.31 0.42
No 501 5.26 0.42
24-29 (weeks' gestation) Yes 13 5.39 0.32
Total 514 5.26 0.42
30-37 (weeks' gestation) No 38 5.40 0.34

HbAlc: glycated Hemoglobin; GDM-WHO: Gestational Diabetes Mellitus diagnosed by WHO

criteria, SD: Standard Deviation; N: Number.
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Figure 4. HbAlc % Values Throughout Pregnancy in GDM-WHO and non GDM-
WHO. HbAlc: glycated Hemoglobin; GDM-WHO: Gestational Diabetes Mellitus diagnosed by

WHO criteria.
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Table 10 showed that there was a statistically significant difference in mean value of
HbA1cl at first visit between pregnant women who had GDM and those who didn’t. The
mean HbA1cl value in women with GDM1-WHO was significantly higher than in women
without GDM1-WHO (5.9 + 0.6% compare to 5.4 + 0.4%). A statistically significant
difference was also observed in mean values of HbAlcl between women who had GDM1-
IADPSG and women who had DM in their first visit. In the same direction, a statistically
significant difference in the mean value of HbAlcl between women who developed T2DM
after delivery and those who didn’t (5.9 £ 0.5% compare to 5.4 + 0.4%).

Table 10. Mean Value of HbA1c1% (at First Visit < 24 Weeks Gestation) and GDM

HbA1c1% (at first
visit) P. Value

N Mean SD
Yes 31 5.93 0.62

GDM1-WHO NO 764 5.38 03g | 0000
Yes 14 5.52 0.37

GDM2-WHO No 569 5.39 0.40 0.202
Yes 44 5.81 0.59

GDM-WHO No 537 5.38 0.39 0.000
Yes 292 5.52 0.37

GDM1-1ADPGS No 581 5.32 0.37 0.000
DM 11 6.80 0.4
Yes 134 5.60 0.40

GDM2-1ADPGS No = =37 039 0.000
Yes 11 5.87 0.50

T2DM No 443 5.44 0.40 0.000

GDM1-WHO: Gestational Diabetes Millets at first visit diagnosed by WHO; GDM2-WHO:
Gestational Diabetes Millets at second visit diagnosed by WHO; GDM-WHO: Gestational Diabetes
Millets diagnosed by WHO; GDM1-1ADPSG: Gestational Diabetes Millets at first visit diagnosed
by modified IADPSG; GDM2-1ADPSG: Gestational Diabetes Millets at second visit diagnosed by
IADPSG; T2DM: Type 2 Diabetes Millets; SD: Standard Deviation; DM: Diabetes Mellitus.

3.8 HbA1lc as a Screening Test for GDM

Correlation analysis (Table 11) revealed a moderate positive correlation between HbAlc
and FPG and between HbAlc and 2hr. 75g OGTT (r =0.341, and 0.303, respectively).
Pregnant women who had higher FPG and higher 2hr. 75g OGTT values reported higher
HbA1c value (at different time of first visit).
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Table 11. Correlation Between HbAlc, FPG and 2hr OGTT Throughout

Pregnancy.
HbAlcl % N=893, Mean =5.4, SD = 0.41
Parameter N Mean SD r P value
FPG1 mg/dl 942 87 10.1 0.341 0.000
FPG2 mg/dl 720 83 10.5 0.186 0.000
FPG3 mg/dl 504 86 10.6 0.132 0.003
2hr. 75g OGTT1 | 401 104 25.2 0.303 0.000
2hr.759 OGTT2 156 107 22.3 0.158 0.051
HbA1c2 % N=569, Mean = 5.3, SD = 0.42
Parameter N Mean SD r P value
FPG1 mg/dl 942 87 10.1 0.261 0.000
FPG2 mg/dl 720 83 10.5 0.236 0.000
FPG3 mg/dl 504 86 10.6 0.161 0.001
759 OGTT1-2hr | 401 104 25.2 0.245 0.000
759 OGTT2-2hr 156 107 22.3 0.236 0.007
HbA1c3 % N=463, Mean = 5.4, SD = 0.42
Parameter N Mean SD r P value
FPG1 mg/dl 942 87 10.1 0.186 0.000
FPG2 mg/dl 720 83 10.5 0.200 0.000
FPG3 mg/dl 504 86 10.6 0.199 0.000
759 OGTT1-2hr | 401 104 25.2 0.388 0.000
759 OGTT2-2hr 156 107 22.3 0.238 0.017

FPGL1: Fasting Plasma Glucose at first visit; FPG2: Fasting Plasma Glucose at second
visit; FPG3: Fasting Plasma Glucose at postnatal visit; HbAlcl: glycated hemoglobin at
first visit; HbAlc2: glycated hemoglobin at second visit; HbAlc3: glycated hemoglobin
at postnatal visit; OGTT1: Oral Glucose Tolerance Test at first visit; OGTT2: Oral
Glucose Tolerance Test at second visit.
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3.9 Optimal HbA1c Value to Detect GDM-WHO

Receiver operating characteristics (ROC) curve analysis for HbALlc is used to determine if
HbA1c could be used to predict GDM-WHO when compared to the gold standard of using
OGTT. Figure 5 was used to determine the sensitivity and specificity of HbAlcl (at first
visit < 24 weeks' gestation) in detecting GDM1-WHO. The area under ROC curve (AUC)
of HbA1cl to detect GDM1-WHO was 0.772 (95% CI 0.689-0.856). It was observed that
an HbA1c1 cutoff value of > 5.75% had a sensitivity of 57.5 % and a specificity of 85.1%
in diagnosis GDM1-WHO.

In Figure 6 ROC curve analysis was also used to determine the sensitivity and specificity
of FPG1 test (at first visit < 24 weeks gestation) in detecting GDM1-WHO. The area under
ROC curve of FPGL1 to detect GDM1-WHO was 0.88 (95% CI 0.836-0.923). The optimal
cutoff value was > 94.5 g/dl, with a sensitivity of 71.9% and a specificity 81.4%. Table 12
summarizes the AUC, sensitivities, specificities and cutoff values for HbAlc and FPG at
different time of visit, ferritin, BMI, BBW, head circumference for detecting GDM1-WHO
using OGTT] (at first visit < 24 weeks of gestations), while Table 13 summarizing same

variables but in detect GDM2-WHO (at second visit > 24 weeks of gestation).
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Figure 5. ROC curve Analysis of HbAlcl % (at first visit) in detecting GDM1-WHO
at < 24 weeks gestation. ROC: Receiver Operating Characteristics; HbAlcl: glycated
hemoglobin at first visit; GDM1-WHO: Gestational Diabetes Millets diagnosed at first visit with
WHO 1999 criteria.
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Figure 6. ROC Curve Analysis of FPGL1 (at First Visit) in Detecting GDM1-WHO.
ROC: Receiver Operating Characteristics; FPG1: Fasting Plasma Glucose at first visit; GDM1-
WHO: Gestational Diabetes Millets diagnosed by WHO 1999 at first visit (< 24 weeks gestation).
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Table 12. FPG, HbAlc, Ferritin, BBW, BHC and BMI Sensitivity, Specificity and
Cutoff Values for GDM1-WHO at < 24 Weeks' Gestation.

GDM1- WHO N =32
95% Confidence
scale Cut- e e Interval =3
variable off sensitivity | specificity lower upper AUC Value
Bound Bound
FPG 1 945 71.90% 81.40% 0.836 0.923 | 0.880 | 0.000
FPG 2 88.5 62.50% 75.00% 0.634 0.891 | 0.762 | 0.000
FPG 3 945 33.30% 83.00% 0.429 0.682 | 0.555 | 0.360
HbAlc 1 575% | 57.50% 85.10% 0.689 0.856 | 0.772 | 0.000
HbAlc 2 5.85% | 34.80% 92.70% 0.634 0.847 | 0.741 | 0.000
HbAlc 3 5.85% | 60.00% 86.40% 0.703 0.911 | 0.807 | 0.000
BBW g 3665 39.30% 81.30% 0.501 0.726 | 0.613 | 0.042
HC cm 35.35 | 30.80% 77.80% 0.461 0.671 | 0.566 | 0.252
BMI kg/m? 30.7 43.30% 80.20% 0.563 0.764 | 0.664 | 0.002
Ferritin pg/L | 36.43 57.10% 75.30% 0.456 0.831 | 0.643 | 0.193

GDM1-WHO :Gestational Diabetes Millets at first visit diagnosed by WHO 1999; FPG1: Fasting
Plasma Glucose at first visit; FPG2: at second visit; FPG3: at postnatal visit; HbAlcl: glycated
hemoglobin at first visit; HbAlc2: at second visit; HbAlc3: at postnatal visit; BBW: Baby Birth
Weight; HC: Head Circumference; BMI: Body Mass Index; AUC: Area under the ROC curve

Table 13. FPG, HbAlc, Ferritin, BBW, BHC and BMI Sensitivity, Specificity and
Cutoff Values for GDM2-WHO at > 24 Weeks' Gestation.

GDM2- WHO N =14
95% CI
v;(f:;lgle C(:;# sensitivity | specificity | lower | upper | AUC VaF;ue
Bound | Bound

FPG 1 94.5 50.00% 80.60% 0.521 0.815 0.668 | 0.031
FPG 2 915 78.60% 88.40% 0.878 | 0.942 | 0.910 | 0.000
FPG 3 91.5 61.50% 77.80% 0.49 0.82 0.655 | 0.058
HbAlc 1 5.65 42.90% 76.80% 0.466 0.759 0.613 | 0.075

HbAlc 2 5.55 38.50% 80.70% | 0.474 | 0.779 | 0.627 | 0.119
HbAlc 3 5.65 50.00% 76.10% | 0.483 | 0.836 | 0.659 | 0.085

BBW 4190 21.40% 97.50% | 0.440 | 0.723 | 0.582 | 0.295
BHC 35.75 | 28.60% 77.60% | 0457 | 0.728 | 0.592 | 0.237
BMI 29.7 50.00% 76.70% | 0.498 0.78 0.639 | 0.075

Ferritin pg/L 46.6 20.00% 84.20% | 0.167 | 0.627 | 0.397 | 0.431

GDM2-WHO :Gestational Diabetes Millets at second visit diagnosed by WHO; FPGL1: Fasting
Plasma Glucose at first visit; FPG2: at second visit; FPG3: at post-natal visit; HbAlcl: glycated
hemoglobin at first visit; HbAlc2: at second visit; HbAlc3: at postnatal visit; BBW: Baby Birth
Weight; HC: Head Circumference; BMI: Body Mass Index; AUC: Area under the ROC curve; ClI:
confidence intervals.
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3.10 Pregnancy Outcomes

The birth weight of 880 babies were obtained from their medical record files with mean
value 3220g (760-5200), head circumference mean value was 34.4 cm (21-39), and the
mean value for the gestational age was 38.8 weeks (24-42).While cesarean delivery
represent 33.6% including (elective cesarean and cesarean section scheduled of a previous
cesarean section, malpositioning or malpresentation of fetus) of all cases in the study
population, 7.2% suffer from abortion during the study, 0.6% of the delivered babies had
perinatal death, and 8.6% of them were considered to have macrosomia (baby birth weight

> 4000g), while 3.53% complain from different complications after delivery.

3.11 HbAlc and Pregnancy Outcomes

Table 14 shows a positive correlation between a baby’s birth weight and baby’s head
circumference with HbA1cl (at first visit) (r = 0.149, p = 0.00 and r = 0.093, p = 0.008,
respectively).

A positive correlation was found between HbA1c2 (at second visit) with baby birth weight
(r = 0.159, p = 0.00) while no correlation was found between HbA1c2 (at second visit)
with a baby’s head circumference.

Table 14. Correlations between HbAlc% and Baby Birth Weight & Baby Head
Circumference.

Correlation Between CoFr)?jII:t(i)Qn r vaFI)ue
HbAlcl& BBW 0.149 0.000
HbAlc2 & BBW 0.159 0.000
HbA1lc3 & BBW 0.178 0.000
HbAlcl & BHC 0.093 0.008
HbAlc2 & BHC 0.073 0.084
HbA1c3 & BHC 0.141 0.002

HbAlcl: Glycated hemoglobin at first visit; HbAlc2: Glycated hemoglobin at second visit;
HbA1c3: Glycated hemoglobin at postnatal visit; BBW: Baby Birth Weight; BHC: Baby Head
circumference.

Receiver operating characteristics (ROC) curve analysis for HbAlc is used to determine if
HbA1c could be used to predict adverse pregnancy outcomes compared to OGTT and FPG.
Figure 7 shows the sensitivity and specificity of HbAlcl (at first visit < 24 weeks gestation)
in detecting adverse pregnancy outcomes. The area under ROC curve of HbAlcl to detect

adverse pregnancy out comes was 0.589 (95% CI 0.551- 0.627). It was observed that an
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HbA1cl cutoff value was > 5.65% had a sensitivity of 31.1 % and a specificity of 80.2%
in detecting adverse pregnancy outcomes, while OGTT1 cutoff value was > 119.5 mg/dl
had a sensitivity of 28.4% and a specificity of 79.5%. This mean that HbA1c1 at first visit
could predict of the adverse pregnancy outcomes better than OGTT1.

In Figure 8 ROC curve analysis was also used to determine the sensitivity and specificity
of FPGL1 (at first visit < 24 weeks' gestation) in detecting adverse pregnancy outcomes. The
area under ROC curve of FPG was 0.565 (95% CI 0.836-0.923). The optimal cutoff value
was > 98.5 mg/dl, with a sensitivity of 16.9% and a specificity 90.7%. However, the area
under ROC curve of 2hr OGTT was 0.558 (95% CI 0.501-0.615) and the 2hr OGTT cutoff
value was 119.5 mg/dl with a sensitivity of 28.4% and a specificity of 79.5%. The AUC,
sensitivities, specificities and cut off values for HbAlc, FPG and OGTT for detecting

adverse pregnancy outcomes are shown in Table 15.

Table 15. FPG, 2hr. OGTT, and HbA1c Performance in Detecting Adverse
Pregnancy Outcomes.

Adverse pregnancy outcomes N =409
95% Confidence
e I Interval =)
Test Cut-off | sensitivity | specificity AUC
lower | upper Value

Bound | Bound
FPG 1 98.5 16.90% 90.70% 0.527 0.602 0.565 0.001
FPG 2 104.5 4.60% 96.50% 0.508 0.595 0.551 0.021
FPG 3 93.5 25.20% 83.50% 0.506 0.607 0.556 0.031

2 hr.
0GTT1L 1195 28.40% 79.50% 0.501 0.615 0.558 0.046
2 hr.
0GTT2 1185 33.30% 78.20% 0.445 0.63 0.538 0.424

HbAlc1l | 5.65% | 31.10% 80.20% 0.551 0.627 0.589 0.000
HbAlc?2 | 5.65% | 22.90% 88.20% 0.529 0.626 0.578 0.002

HbAlc 3 | 5.85% 22.50% 88. 5% 0.541 0.646 0.594 0.001
FPG1.: Fasting Plasma Glucose at first visit; FPG2: Fasting Plasma Glucose at second visit; FPG3:
Fasting Plasma Glucose at postnatal visit; HbAlcl: glycated hemoglobin at first visit; HbAlc2:
glycated hemoglobin at second visit; HbAlc3: glycated hemoglobin at postnatal visit; 2hr.OGTT1.:
2 hour Oral Glucose Tolerance Test at first visit; 2hr.OGTT2: 2 hour Oral Glucose Tolerance Test
at second visit; AUC: Area under the ROC curve; Cl: confidence intervals.

39



HbA1c% at first visit
100

Sensitivity

AUC = 0.589
P < 0.001

40 60 80 100
100-Specificity

Figure 7. ROC Curve Analysis of HbAlcl (at First Visit) in Prediction
Adverse Pregnancy Outcomes. ROC: Receiver Operating Characteristics;
HbALcl: Glycated Hemoglobin at first visit (< 24 weeks' gestation).
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Figure 8. ROC Curve Analysis of FPG1 (at First Visit) in Prediction
Adverse Pregnancy Outcomes. ROC: Receiver Operating Characteristics; FPG1:
Fasting Plasma Glucose at first visit (< 24 weeks' gestation).
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Table 16 showed that there was a statistically significant difference in mean values of
HbA1c1 (at first visit) with baby birth weight (P = 0.001). The mean HbA1cl value was
5.6%. in baby’s with weight > 4000g and 5.4% in baby’s weight < 4000g. Also, a
statistically significant difference was observed between HbAlcl values in cesarean and
normal deliveries at first visit (P = 0.001). However, there was no statistical difference in
mean values of HbAlcl levels (at first visit) between perinatal death and abortion during

pregnancy.

Also, HbA1c2 (at second visit) was significantly different in mean value between baby's
birth weight > 40009 and <4000g (5.5% vs. 5.3%, p = 0.001, respectively. There was also
statistically significant difference between HbA1c2 (at second visit) values in cesarean and
normal delivery (5.34% vs. 5.26%, respectively). There was no significant difference in
mean value of HbAlc2 (at second visit) between perinatal death and abortion during

pregnancy.

Tablel6. HbA1c1% (at First Visit) and Adverse Pregnancy Outcomes.

HbA1c1% at first visit
Adverse pregnancy outcomes N P value
Mean SD
. Cesarean 281 5.5 0.42
Type of delivery 0.001
Normal 546 54 0.41
) Yes 5 5.4 0.24
Perinatal death 0.95
No 822 5.4 0.42
Abortion during Yes 56 55 0.51
0.057
the study No 829 5.4 0.41
>4000 g 74 5.6 0.53
BBW 0.001
<4000¢g 751 5.4 0.40

HbALcl: glycated Hemoglobin at first visit; N: Number; SD: Standard Deviation; BBW: Baby
Birth Weight).

In the study subjects, 56.4% (528) of the participants had completed their pregnancy
without any complication and 43.6% (409) suffered from cesarean delivery, abortion,
perinatal death, and having a macrosomic baby or any other baby’s abnormalities, but when

the type of delivery was excluded from adverse pregnancy outcomes the percentage was
14.6%.
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Table 17 depicted the overall levels of HbAlc, FPG and OGTT test in all adverse pregnancy

outcomes. We found a statistically significant difference in mean value of HbAlc1l (at first

visit) between women who had pregnancy without any complications and those who had

adverse outcomes (P = 0.001). The mean values were 5.34% and 5.49% respectively. As

well as at second visit (P = 0.001). Also, there was a statistically significant difference in

mean values of FPG1 (FPG measured at first visit) between participants who had normal
pregnancy and those who had not (P = 0.000) and the same as for FPG2 and FPG3 (FPG

measured at second and postnatal visit). However, OGTT2 (OGTT measured at second

visit) didn’t show a statistically significant difference.

Table 17. HbAlc, FPG and OGTT Mean Values During Pregnancy and Pregnancy

Outcomes.
Pregnancy Outcomes N Mean SD P value
Normal 487 5.34 0.39
HbAlc 1% 0.001
Adverse outcomes 379 5.49 0.44
Normal 330 5.24 0.4
HbAlc 2% 0.001
Adverse outcomes 225 5.36 0.45
0 Normal 260 5.38 0.38 0.000
HbAlc 3% Adverse outcomes 200 5.53 0.45 '
Normal 517 86.1 9.41
FPG 1 0.000
Adverse outcomes 402 88.7 10.82
Normal 426 82.2 10.23
FPG 2 0.021
Adverse outcomes 282 84.1 10.94
Normal 279 85.1 10.03
FPG 3 0.022
Adverse outcomes 222 87.3 11.07
ohr. 750 OGTTL Normal 210 101.1 22.81 0.022
v 159 Adverse outcomes 183 107.0 27.5 '
ohr. 750 OGTT? Normal 87 106.5 22.39 0.440
r. 159 Adverse outcomes 66 109.3 22.17 '

HbAlcl: Glycated hemoglobin at first visit; HbAlc2: Glycated hemoglobin at second visit;
HbA1c3: Glycated hemoglobin at postnatal visit; FPG1: Fasting Plasma Glucose at first visit;
FPG2: Fasting Plasma Glucose at second visit; FPG3 : Fasting Plasma Glucose at Postnatal visit;
OGTT1: Glucose Tolerance Test at first visit; OGTT2: Glucose Tolerance Test at second visit; N:
Number; SD: Standard Deviation.
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3.12 GDM and Adverse Pregnancy Outcomes

Table 18 represents the mean values of baby birth weight (BBW) in GDM and non GDM
women. A statistically significant difference in mean value of baby birth weight between
GDM-IADPSG diagnosed and non-diagnosed at first and at second visit. The weight was
higher in GDM-WHO women but not statistically significant. There was also no significant
difference in head circumference and gestational age at birth between pregnant women who
had GDM and those who had not.

Table 18. Mean Values of Baby Birth Weight in Gram in Different GDM Diagnostic

Criteria.

BBW (g) N Mean SD P. Value
Yes 28 3399 579
GDM1-WHO 0.064
No 763 3201 552
Yes 14 3426 503
DM 2-WH 167
G © No 599 3228 530 0.16
Yes 268 3331 517
GDM1-IADPSG No 584 3163 567 0.000
DM 11 3473 626
Yes 137 3375 586 0,001
GDM2-1ADPSG No 579 3208 513 '

GDM1-WHO: GDM diagnosed at first visit by WHO criteria; GDM2-WHO: GDM diagnosed at
second visit by WHO criteria; GDM1-IADPSG: GDM diagnosed at first visit by modified
IADPSG; GDM2-IADPSG: GDM diagnosed at second visit by modified IADPSG; BBW: Baby
Birth Weight; SD: Standard Deviation; N: Number.
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A significant relationship existed between adverse pregnancy outcomes and GDM1-WHO

(P = 0.004). Pregnant women who suffered from different adverse pregnancy outcomes

were more likely to have GDM1-WHO diagnosed before 24 weeks gestation (67.7%) as
shown in Table 19, which presents also that 92.5% of non GDM1-WHO (diagnosed at first
visit) their baby birth weight was < 4000g, and it is statistically significant (P = 0.007).

In our study population there was no significant relationship between type of delivery,

abortion during the study and perinatal death in participants who had GDM1-WHO (at <

24 weeks gestation) and who hadn’t.

Out of 880 babies born, 8.4% were macrosomic, and 0.6% were perinatal death. While

33.6% of the participant had cesarean delivery and 7.2% suffered from abortion.

Table 19. Relation Between GDM1-WHO and Pregnancy Outcomes.

GDM1-WHO
Adverse Pregnancy Outcomes P. value
Y gnancy L Yes N (%) |NO N % Vel
o out Normal 10 (32.3%) | 463 (58.6%) 0.004
regnancy Outcomes :
gnancy Adverse effect | 21 (67.7%) | 327 (41.4%)
0, 0,
D Normal 15 (53.6%) | 510 (66.8%) 0.147
Cesarean 13 (46.4%) | 254 (33.7%)
<4 22 (78.6%) |7 2.5%
BEBW 000 g (78.6%) | 706 (92.5%) 0.007
> 4000 g 6 (21.4%) 57 (7.5%)
Yes 4 (12.9%) 45 (5.6%)
ADS 0.087
No 27 (87.1%) | 765 (95.4%)
0, 0,
PD Yes 0 (0.0%) 5 (0.7%) 0.668
No 28 (100%) | 759 (99.3%)

GDM1-WHO: Gestational Diabetes Millets diagnosed at first visit by WHO 1999; TD: type of
delivery; ADS: abortion during the study; PD: perinatal death; N: Number; BBW: Baby Birth

Weight.
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There was a strong evidence of a significant relationship between FPG1 > 94.5 mg/dl and

adverse pregnancy outcomes when we excluded cesarean delivery, 87.6% of pregnancies

with FPG1 < 94.5 mg/dl had no adverse pregnancy outcomes, (p = 0.001). Likewise, 87.9%

of pregnancies with HbAlcl < 5.75% had no adverse pregnancy outcomes when cesarean
delivery excluded too, while 55.8% of those whose HbAlcl > 5.75% had suffered from

one or more adverse pregnancy outcomes including cesarean delivery which was

statistically significant (P = 0.001), as shown in Table 20.

Table 20. Relationship Between GDM in Different criteria and Pregnancy Outcomes.

GDM GDM 1 Adverse Pregnancy Adverse Pregnancy
according outcomes outcomes (without
to different 409 (43.6%) cesarean) 138 (14.6%0)
criteria N Yes—N | No-N P Yes—N | No-N P value
(%) (%) value | (%) (%)
WHO 1999 | Yes— | 32 846 | 21 10 0.003 | 9 (29%) | 22
N (%) | (3.8%) (67.7%) | (32.3%) (71%) 0.006
No— | 814 331 466 98 708 '
N (%) | (96.2) (41.5%) | (58.5%) (12.2%) | (87.8%)
IADPSG Yes— | 302 940 | 146 150 57 238
2010 N (%) | (32.1%) (49.3%) | (50.7%) (19.3%) | (80.7%)
No - | 627 245 365 0.001 | 72 547
N (%) | (66.7%) (40.2%) | (59.8%) (11.6%) | (88.4%) | 0.000
Yes- |11 9 2 5 6
DM1 N (%) | (1.2%) (81.8%) | (18.2%) (45.5%) | (54.5%)
HbAlcl Yes— | 153 893 | 82 65 0.001 | 39 110
(>5.75%) N (%) | (17.1%) (55.8%) | (44.2%) (26.2%) | (73.8%) 0.000
No— | 740 301 425 88 (12.1% 642 '
N (%) | (82.9%) (41.5%) | (58.5%) (87.9%)
FPG1 Yes— | 213 942 | 102 106 0.081 | 46 161(77.8
(>94.5 N (%) | (22.6%) (49%) (51%) (22.2%) | %) 0.001
mg/dl) No—- | 729 300 411 89 631 '
N (%) | (77.4%) (42.2%) | (57.8%) (12.4%) | (87.6%)

GDM 1: Gestational Diabetes Millets at first visit; HbAlc: Glyated hemoglobin; FPG: Fasting
Plasma Glucose; DM: Diabetes mellitus diagnosed at first visit; WHO: World Health Organization;
IADPSG: IADPSG: International Association of Diabetes and Pregnancy Groups.
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3.13 GDM and T2DM

Pregnant women who developed T2DM after delivery represent 2.4% (11/458) of the study
population before 13 weeks postnatal visit by WHO criteria (FPG > 126, or HbA1c > 6.5%),
66.7% of T2DM were previously diagnosed with GDM-WHO, 6 (54.5%) of T2DM were
previously diagnose with GDM-IADPSG, and 2 (18.2%) were diagnosed as having DM at
first visit by IADPSG criteria. only 5.1% of the obese participants (6/117) had developed
T2DM, 3.5% of participants whose FPG1 was between 85-125 mg/dl had developed T2DM
while 50% of them with FPG1 greater than or equal 126 mg/dl had developed T2DM and
13.8% of GDM-WHO cases had developed T2DM. 28.6% of DM1 and 3.0% of GDM-
IADPSG developed T2DM.

A significant relationship was seen between women who developed T2DM and gravida,
women who had > 6 previous pregnancies were at risk to develop T2DM. Also, older
women (31-40) were more likely to develop T2DM.

There was a strong evidence of a relationship between GDM1-WHO diagnosed at first visit
and T2DM (P = 0.000), but the correlation was weak (r = 0.164). While 3.3% (15/448) of
the study population were at high risk of having or developing T2DM by using the
combining FPG > 100 mg/dl and HbA1c>5.7% [87] . 96.0% of women who didn’t develop
T2DM were GDM1-WHO free, and 81.8% (9/11) of T2DM had suffered from one of the

adverse pregnancy outcomes as shown in Table 21.
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Table 21. Association Between T2DM (Type 2 Diabetes Millets Diagnosed Before 13
Weeks at Postnatal Visit) and Risk Factors.

T2DM at PN
Risk factors (N) Yes No P Value
N (%) N (%)
<20 0 22 (4.9%)
21-30 4 (36.4%) 276 (61.7%)
Age, years, (458) 0.02
31-40 6 (54.5%) 145 (32.4%)
> 40 1 (9.1%) 4 (0.9%)
Underweight 0 9 (2.0%)
) Normal weight | 1 (9.1%) 157(35.4%)
BMI, Kg/m* (454) Over weight | 4(36.4%) | 166 (37.5%) 0.112
Obese 6 (54.5%) 111 (25.1 %)
1 0 63 (14.1%)
Gravida (458) 2-5 5 (45.5%) 292 (65.3%) 0.018
>6 6 (54.5%) 92 (20.6%)
0 0 74 (16.6%)
Para (458) > 1 11(100%) | 373 834%%) | 04
Pre-abortion (458) ves 7 (63.6%) 165 (36.9%) 0.071
No 4 (36.4%) 282 (63.1%)
FH DM (456) Yes 9 (81.8%) 247 (55.5%) 0.082
No 2 (18.2%) 198 (44.5%)
Yes 1(9.1%) 17 (3.8%)
PHGDM (436) No 10 (90.9%) 428 (96.2%) 0375
Yes 3 (33.3%) 17 (4%)
GDMI-WHO (435) No 6 (66.7%) 409 (96.0%) 0.000
Yes 1 (33.3%) 9 (2.5%)
GDM2-WHO (369) No 2 (66.7%) 357 (97.5%) 0.001
Yes 5 (45.5%) 70 (8.8%)
GDM1-IADPSG (455) No 4 (36.4%) 277 (62.4%) 0.000
DM 2 (18.2%) 5 (1.1%)
Yes 6 (60.0%) 92 (21.5%)
GDM2-1ADPSG (438) No 4 (40.0%) 336 (78.5%) 0.004
Adverse pregnancy Yes 9 (81.8%) 9 (81.8%) 0.009
outcomes (455) No 2(18.2%) 255 (57.4%) '

T2DM: type 2 diabetes millets; PN: postnatal visit; Underweight: BMI (<18.5); Normal
weight: BMI (18.5-24.9); Over weight: BMI (25-29.9); Obese: BMI (> 30); DM: Diabetes Mellitus;
FH DM: Family history of DM; PH GDM: Personal history of GDM; GDM1-WHO: GDM
diagnosed at first visit by WHO criteria; GDM2-WHO: GDM diagnosed at second visit by WHO
criteria; GDM1-1ADPSG: GDM diagnosed at first visit by modified IADPSG; GDM2-1ADPSG:
GDM diagnosed at second visit by modified IADPSG; SD: Standard Deviation; N: Number.
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3.14 HbAlc and T2DM

There was a statistically significant difference in mean value of HbAlcl (at first visit)
between pregnant women who developed T2DM and those who did not (P = 0.00). The
mean value of HbAlclwas 5.87% in women who developed T2DM and 5.44% in women
who did not develop T2DM. A significant difference was observed in mean HbA1c2 levels
at second visit between pregnant women who developed T2DM and those who did not (P
=0.001). The mean value was 5.8% in women who developed T2DM and 5.31% in women
who did not develop T2DM. On the other hand, the mean value of HbA1c3 at postnatal
visit was significantly different between GDM and non GDM cases, HbAlc level was
higher in GDM pregnant women than in non GDM pregnant women in our study population
as shown in Table 22.

Table 22. The Main Values of HbA1c3 at Postnatal Visit in GDM Women Diagnosed
by Different Criteria.

GDM1-WHO: GDM diagnosed at first visit by WHO criteria; GDM2-WHO: GDM diagnosed at

HbA1c3% (at Postnatal Visit)
o o N Mean SD P. Value
GDM in Different Criteria
Yes 20 5.95 0.49
GDM1-WHO NO 240 541 039 0.000
Yes 10 5.67 0.49
GDM2_WHO No 364 = 10 0.33 0.027
Yes 169 5.47 0.42
GDM1- IADPSG No 284 5.42 0.40 0.000
DM 7 6.1 0.61
Yes 98 5.54 0.44
GDM2- |IADPGS No 35 = 20 0.40 0.002

second visit by WHO criteria; GDM1-IADPSG: GDM diagnosed at first visit by modified
IADPSG; GDM2-IADPSG: GDM diagnosed at second visit by modified IADPSG; SD: Standard
Deviation; N: Number.
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3.15 Hematological Parameters Across Pregnancy

The mean value of Hemoglobin before 24 weeks gestation was 12.1+1.06 g/dl, which
decreased to 11.2+1.06 g/dl after 24 weeks gestation, then return to almost the original
value after delivery 12.3+1.32 g/dl. The mean value of serum ferritin was 27.5 + 22.3 ug/L.
Hemoglobin concentration at first visit, showed a positive correlation with serum ferritin (r
= 0.165; P = 0.00) (Table 4).

3.16 Percentage of Anemia in the Study Populations and its Association
with the Risk Factors

The percentage of anemia in the study population was 13.8% of the participants (131/948)
according to WHO criteria with hemoglobin value < 11g/dl before 24 weeks gestation. The
percentage reached 22.8% of the participants (167/734) by WHO criteria, hemoglobin <
10.5g/dI after 24 weeks gestation. Serum ferritin test was done to 447 participants at first
visit, 25.3% have iron deficiency anemia (IDA) as defined by ferritin < 12 pg /L. Our data
showed that 93.5% of the participants were committed to take folic acid at first visit, and
97.2% iron supplements at second visit, even though it didn’t protect them from developing
anemia.

Participants age, BMI, number of previous pregnancies, deliveries and abortions,
previously giving birth to a low birth weight baby and previous preterm delivery, iron
supplementation were assessed and presented in Table 23. There was a significant
relationship between pregnant age and anemia diagnosed before 24 weeks gestation (P =
0.004). Pregnant participants whose age ranged between 21-30 years old represented 50%
of the anemic population, while 1.1% of the non-anemic were > 40 years old. A significant
relationship between the number of pregnancies (gravida) and anemia diagnosed before 24
weeks gestation (P = 0.020), with a 8.6% of anemia in primigravida (a woman who is
pregnant for the first time). A significant relationship was observed between pre-abortion
and anemia diagnosed before 24 weeks gestation (P = 0.020). Of the 147 anemic pregnant
women, 44.9% previously suffered from abortion. There was no statistically significant
relationship between BMI, previous preterm delivery and previously having a low birth
weight baby with anemia.
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Table 23. Association Between Participants Risk Factors and Anemia.

Anemia According Hb. value

Risk factors (N) Anemic Hb | Non-anemic Hb P
<11 g/dl > 11 g/dl value
N % N%
<20 8 (6.2%) 42 (5.2%)
21-30 65 (50.0%) 520 (64.0%)
Age, years, (943) 31-40 52 (40.0%) 242 (29.8%) 0.004
> 40 5 (3.8%) 9 (1.1%)
Underweight 5 (4.0%) 8 (1.0%)
Normal weight 44 (35.2%) 274 (34.9%)
2
BMI, ko/m®, O11) ™G erweight | 45 (36.0%) 310 (39.4%) 0.07
Obese 31 (24.8%) 194 (24.7%)
1 11 (8.6%) 134 (16.7%)
Gravida (932) 2-5 83 (64.8%) 518 (64.4%) 0.02
>6 34 (26.6%) 152 (18.9%)
0 17 (13.4%) 150(18.7%)
Para (931 0.15
(931) >] 110 (86.6%) 654 (81.3%)
Pro-abortion Yes 57 (44.9%) 275 (34.2%) 0.02
(931) No 70 (55.1%) 529 (65.8%) '
PDLB (920) Yes 8 (6.3%) 71 (8.9%) 0.335
No 118 (93.7%) 723 (91.1%) '
PPD (920) Yes 3 (2.4%) 43 (5.4%) 0.147
No 123 (97.6% 751 (94.6% '
23 (97.6%) (94.6%)
Yes 126 (98.4%) 734 (92.7%)
FAS (920) No 2 (L6%) 58 (7.3%) 0.014

BMI: Body Mass Index; Underweight: BMI (<18.5); Normal weight: BMI (18.5-24.9); Over
weight: BMI (25-29.9); Obese: BMI (> 30); PDLB: Previous delivery of a low weight baby; PPD:

Previous preterm delivery; FAS: Folic acid supplementation at first visit; N: number.
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3.17 Adverse Pregnancy Outcomes Related to Anemia

Table 24 represents pregnancy outcomes related to anemia. 8.6% of the delivered babies
have birth weight < 2500, whereas 17.6% were preterm delivery < 37 weeks gestation.
1.4% of the participants had one of these different complications, such as macrocephaly,
microcephaly, postpartum hemorrhage, abnormal baby for termination, deep venous
thrombosis, fetal distress and early neonatal death, and 0.6% had perinatal death.

Table 24. Percentage of Adverse Pregnancy Outcomes Related to Anemia

Pregnancy Outcomes N (%)
> 2500 783 (91.4%)
BBW <2500 74 (8.6%)
GAB >37 weeks 704 (82.4%)
<37 weeks 150 (17.6%)
: No 853 (99.4%)
Perinatal Death Yes 5 (0.6%)
o No 915 (98.6%)
Other Complications Yes 13 (1.4%)

BBW: Baby birth weight; GAB: Gestational age at birth; N: Number.
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3.18 Relationship Between Anemia and Adverse Pregnancy Outcomes.

The relationship between anemia diagnosed at first and second visits and adverse
pregnancy outcomes such as low birth weight baby and preterm delivery were statistically
insignificant. A significant relationship was found between anemia diagnosed at first visit
and perinatal death (P = 0.022) as shown in Tables 25. The same was found as the
relationship between IDA and baby birth weight and preterm delivery were statistically not

significant

Table 25. Relationship Between Baby Birth Weight (BBW), Gestational Age at Birth

and Perinatal Death and Anemia Diagnosed at first and Second visit.

Adverse Anemia (Hb1) Anemia (Hb 2)
p <11 g/di >11 g/dl P <1059/l | >10.5g/dI
regnancy Value P
Outcomes N (%) N (%) N (%0) N (%) Value
>2500 | 106 (13.6%) | 671 (86.4%) 151(23.1%) | 502 (76.9%)
BBW > 0.376 0.503
9500 13 (17.8%) | 60 (8.2%) 10 (18.5%) | 44 (81.5%)
<37 |27 (18%) 123 (82%) 32 (25.6%) | 93 (74.4%)
GAB 0.119 0.412
>37 |91(13.1%) | 606 (86.9%) 129 (22.2%) | 452 (77.8%)
Yes | 3(60%) 2 (40%) 2 (40%) 3 (60%)
PD No |116(13.7%) | 730 (86.3%) 0.022 159 (22.6%) | 543 (77.4%) 0.32

BBW: Baby birth weight; GAB: Gestational age at birth; N: Number. Hb: Hemoglobin measured

at first visit; Hb2: Hemoglobin measured at second visit; PD: Perinatal Death.
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Out of 865 pregnant women, 189 (21.8%) experienced adverse pregnancy outcomes which
might be due the high percentage of cesarean delivery (33.6%). In general, there was
insignificant relationship between pregnant women with IDA (by serum ferritin measured
at first visit < 12 ug /L) and adverse pregnancy outcomes related to anemia (P = 0.271).
The same was seen in anemia (Hb2 value at > 24 weeks gestation) (P = 0.390). However,
a statistically significant relationship was found between anemia diagnosed at first visit
(hemoglobin values at < 24 weeks gestation) and pregnancy adverse outcomes (P = 0.042)
as shown in Table 26.

Table 26. Relationship Between Anemia and IDA (Hemoglobin < 11g/dl and Ferritin
<12 ug /L) and Pregnancy Outcomes.

Pregnancy Outcomes
Anemic Parameters (N) | Adverse Normal Total P value
Outcomes
N N N
Ferritin g /L <12 27 (25.7%) | 78 (74.3%) 105 0.271
(414) >12 62 (20.1%) | 247 (79.9%) 309 '
Hb1 g/dl <11 35(29.4%) | 84 (70.6%) 119
0.042
(858) >11 | 153 (20.7%) | 586 (79.3%) 739
Hb2 g/dl <10.5 40 (24.2%) | 125 (75.8%) 165
0.390
(713) >10.5 | 115 (21.0%) | 433 (79.0%) 548

Hb1: Hemoglobin measured at first visit; Hb2: Hemoglobin measured at second visit; N: Number.

3.19 Serum Ferritin in Early Pregnancy

The mean value of serum ferritin at first visit in pregnant women who developed GDM1-
WHO was 36.8 ug /L, and in GDM1-IADPSG was (28 + 21.66 g /L). Those who were
diagnosed with DM had ferritin levels of 31.7 pg /L, but wasn't statistically significant as
presented in Table 27.

Receiver operating characteristics (ROC) curve analysis for serum ferritin was used to
determine if serum ferritin could be used to predict high risk pregnant women to develop
GDM1-WHO.The area under ROC curve of ferritin to detect GDM1-WHO was 0.643
(95% CI 0.456 - 0.831) but it was statistically insignificant (P = 0.193). The optimal cutoff
value was > 36.43 ug /L, with a sensitivity of 57.1% and a specificity 75.3%. The data were
presented in Table 12 previously.
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Table 27. Association Between Serum Ferritin in Early Pregnancy and GDM.

Ferritin pg /L N Mean SD P value

Yes 7 36.8 24.04

GDMI-WHO No 384 27.4 22.64 0275
Yes 5 19.5 16.31

GDM2_WHO No 291 27.9 23.33 0421
Yes 108 28.0 21.66

GDM1-IADPSG No 323 27.4 22.56 0.875
DM 6 317 24.32
Yes 5 19.5 16.31

CDM2-IADPSG No 291 27.9 23.33 0275

GDM1-WHO: GDM diagnosed at first visit by WHO 1999 criteria; GDM2-WHO: GDM
diagnosed at second visit by WHO 1999 criteria; GDM1-IADPSG: GDM diagnosed at first
visit by modified IADPSG; GDM2-1ADPSG: GDM diagnosed at second visit by modified
IADPSG; SD: Standard Deviation; N: Number.
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CHAPTER FOUR: DISCUSSION

The ongoing epidemic of obesity and diabetes has led to more type 2 diabetes in women of
childbearing age, with an increase in the number of pregnant women with undiagnosed
diabetes [64]. It is reasonable to test women with risk factors for GDM at their initial
prenatal visit. According to ADA 2016, women with diabetes in their first trimester would
be classified as having T2DM. GDM is diabetes diagnosed in the second or third trimester
of pregnancy [118]. The percentage of overweight in our study population was 34.9%, and
obesity was 24.6%. Accumulated GDM percentage was 7.4% by WHO 1999 criteria and
45.8% by modified IADPSG criteria.

There was a positive correlation between BMI and 2hr 75g OGTT1 measured at first visit,
while no correlation was found between BMI and 2hr 759 OGTT2 measured at second
visit.

GDM s considered as a risk factor to develop T2DM, Robinson et al. reported that all
women with GDM must be screened for T2DM within 1-6 months after delivery [119]. In
this study, pregnant women who developed type 2 diabetes mellitus (T2DM) before 13
weeks postnatal visit represented 2.4% (11/458), 33.3% of them were previously diagnosed
with GDM1-WHO. These findings were similar to what was reported in a large systematic
review involving 20 cohorts from different populations with different ethnic backgrounds
[120]. Eades et al. in one region of Scotland found that 25% of women with GDM
developed T2DM [121], while in this study 13.8% of women with GDM-WHO, and 3.0%
with GDM-IADPSG developed T2DM. The proportion of T2DM in women with GDM2-
IADPSG in this study was 60%, which is almost similar value to a study conducted in the
Kingdom of Saudi Arabia by Mahzari et al. [122].

We found that the percentage of GDM diagnosed at first visit was higher than at the second
visit in different diagnostic criteria, and some of those cases, GDM disappear at the second
visit and new cases appear.

According to UNRWA protocols in Palestine followed in perinatal care unit is that any
pregnant woman who has FPG < 84 mg/dl, OGTT test is not required or obligatory.
However, we found that 57.2% (246/430) at first visit and 57.1% (260/455) at second visit
of them were overweight and obese, while 67.7% (245/362) of normal results of 2hr
OGTTL1 was also overweight or obese. This means that FPG in early pregnancy alone was

not sufficient to exclude GDM.
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In the present study, HbAlc levels in GDM women were higher than that in non GDM
women. In this prospective study that included women without pre-existing medical
conditions, we systematically examined HbAlc measured across pregnancy starting in the
first trimester and its relation with GDM risk factors. Older women, multiparous,
multigravida, obese one, those who had a family history of DM, and those who previously
had GDM, were more likely to have high HbAlcl value at the first visit, and it was
statistically significant. We examined the distribution of HbAlc levels across pregnancy
among women who did or didn’t develop GDM. Women without GDM had lower first
trimester HbA1c levels than women who developed GDM. HbA1c decreased slightly from
the first to the second trimester and then tend to increase in the third trimester. This is
intuitive and in line with the high erythrocyte turnover in pregnancy [123], and the decrease
in insulin sensitivity with increase gestation [72]. Our findings were similar to other studies,
such as Stefani et al, who reported longitudinal data across pregnancy of HbAlc value in
each trimester [124].

In this study, the optimal cutoff value of the HbAlc level (with maximal sensitivity and
specificity) to predict GDM was 5.75%. The area under the ROC curve of HbAlc level for
the detection of GDM was 0.772. However, the sensitivity was 57.5% and the specificity
was 85.1%. These findings confirmed the lack of adequate sensitivity and specificity as in
other previous studies [125]. Osmundos and colleagues [126], reported that pregnant
women with an HbA1c level of 5.7% - 6.4% was associated with low sensitivity (13%) and
high specificity (94%) for the prediction of GDM [126]. In a study by Renz and colleagues,
GDM was diagnosed by the World Health Organization (WHQO) 1999 and the American
Diabetes Association (ADA)/WHO 2013 criteria[127], They found that an HbAlc level
of > 5.8% exhibited 95% specificity but low sensitivity (26%). In Korean women, the
HbA1c level at a cutoff point of 5.05% exhibited 91% sensitivity and 62% specificity [128].
In another study conducted by Soumya et al, the OGTT and HbA1c tests were performed
in 500 pregnant women at 24-28 weeks of gestation, the cutoff point of the HbAlc level
was 5.3%, which had a sensitivity of 95.6% and a low specificity (52%) [129].

Our findings demonstrated that HbAlc levels at different times of visits were associated
with various adverse pregnancy outcomes in a continuous fashion. Outcomes like
macrosomia and cesarean delivery were associated with HbA1c at first visit, while perinatal
death and abortion during the study were not associated with HbA1c1. The results provided

supporting evidence for recent reports that HbAlc level during pregnancy was associated
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with adverse pregnancy outcomes [35, 62]. Thus, HbA1c level may be used as a prognostic
biomarker for adverse pregnancy outcomes. The optimal cutoff value of HbAlc in adverse
outcomes prediction with 0.589 AUC was 5.65%, while the sensitivity was low at 31.1%
and specificity was moderately high at 80.2%.

In addition, compared with women with HbAlc > 5.75% (the optimal cutoff point), the
women with higher HbAlcl level > 5.75% had a higher risk of adverse pregnancy
outcomes and this finding was similar to high risk Taiwanese women [130]. In the present
study, it was observed that HbAlc levels in GDM pregnant women were significantly
higher than that in normal pregnant women (5.93 + 0.62% Vs. 5.38 + 0.38%, p = 0.000),
and this was similar to the findings of Balaji. et al. [66]. Pearson Correlation Coefficient
showed that there was a positive correlation between FPG1 and HbA1cl (0.341, p=0.000),
this was consistent with the study by Ketema and Kibret [131].

In our study 66.7% of T2DM diagnosed before 13 weeks at postnatal visit were previously
diagnosed with GDM-WHO. However the mean values of HbAlc at the first and second
visit were significantly higher in those who developed T2DM (5.87% and 5.8%) compared
to those who did not develop T2DM (5.44% and 5.31%, respectively), while pregnant
women who had GDM had higher HbAlc level at postnatal visit than normal pregnant
women, the mean value of HbA1c3 was 5.95% in GDM1-WHO, 5.67% in GDM2-WHO,
5.47% in GDM1-IADPSG and 5.54% in GDM2-1ADPSG in agreement line with previous
study [132]. As well, 81.8% (9/11) of T2DM in our study suffered from one of the adverse
pregnancy outcomes. Postnatal HbAlc > 5.7% is proposed as a cutoff value to identify
women at risk of T2DM with previous GDM [133]. An HbA1c test is more feasible than
OGTT as HbAl1c now is the preferred diagnostic test for diabetes since adherence to a
recommendation to use OGTTs postnatal is poor [134]. The concentration of HbAlc
depends on glycemia and the life span of erythrocytes [135]. Lower levels of HbAlc in
healthy pregnant women compared to non-pregnant women [136] could be explained by
an increase in red blood cell turnover in pregnant women [135].

Increase risk of macrosomia in GDM is mainly due to the increased insulin resistance of
the mother, higher amount of blood glucose passes through the placenta into the fetal
circulation, which trigger fetal pancreas to make extra insulin that can cause the baby to
grow too large, and also extra glucose in the fetus is stored as body fat causing macrosomia
[137]. The percentage of macrosomia in our study was 8.4%, while the prevalence was
4.5% in Al Qassim Region of Suadi Arabia [138]. Higher prevalence was 20% in Nordic

countries [139]. Macrosomia represent an obstetric challenge, and elective cesarean
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delivery is the best option. 33.6% of the participant had cesarean delivery in this study, but
this percentage not only due to macrosomia.

Gestational Diabetes Mellitus is associated with a variety of fetal effects including increase
rate of spontaneous abortion, intrauterine fetal death, congenital anomalies,
neurodevelopmental problems [140]. A significant relationship was found between pre-
abortion and GDM cases and HbA1c in the present study. Greene et al. reported that the
risk for spontaneous abortion was 12.45% with HbA1c lesser than or equal 9.3% [141].
Anemia is one of the most common hematological disorder encountered during pregnancy,
the most frequent reason for anemia during pregnancy is iron deficiency. The Percentage
of anemia in this study population was 13.8% of the participants diagnosed at first visit
(<24 weeks gestation) according to WHO criteria with hemoglobin value < 11g/dl. This
result was consistent with a study done in Nakhonsawan, Thailand 2010 [142], which
reported 14.1%. While the percentage of anemia in this study was low value compared to
the prevalence of anemia from Sudan, 2009 [143] and Uganda, 2013 [144] which reported
70% and 63.1% prevalence respectively. In 2018, records indicate that the percentage of
anemia among registered pregnant women screened at the MOH PHC centers was 27.5%.
Anemia in pregnancy is related to different socio-demographic factors [145]. This study
assessed socio-demographic variables associated with anemia. Group age of 21-30 years,
multigravida and pre-abortion showed statistically significant association with anemia.
This indicated a high percentage of anemia in women of reproductive age and a large
number of children ever born. This finding was consistent with Bharati et al [146], and
Suryanarayana, et al [147]. On the other hand Singh et al observed an insignificant
association between anemia and gravida [148].

Anemia increased with the duration of pregnancy reaching 22.8% (at second visit) which
is similar to Suryanarayana, et al [147]. Anemia seems to be higher among women with
multiparity (86.6%) in the present study, but it was statistically insignificant. In contrast to
a study conducted by Obse et al. in Ethiopia parity > 5 has a significant association with
anemia [149].

A study in Southern Ethiopia demonstrated that undernourished pregnant women who had
low BMI < 18.5 kg/m? were more likely to have anemia [150]. While in this study
population the percentage of undernourished who were anemic (BMI < 18.5 kg/m?) was
4.0%, which was statistically insignificant with anemia.

In the present study the percentage of iron deficiency anemia (IDA) was 25.3% (113/447)
as defined by serum ferritin < 12 ug /L, which is the same the prevalence found in other
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developing countries (25-35%) [151, 152], similar to the results from Southern Iran [153],
where the prevalence of IDA was 28.5%. While the prevalence from industrial countries
was (5-8%) [151].

A negative association between anemia and duration of gestation and low birth weight has
been reported in the majority of studies according to a comparative study conducted by
Allen et al [154], and also showed, similar to our findings, insignificant relationship
between IDA and preterm delivery and low birth weight. Several potential biological
mechanisms were identified through which anemia or iron deficiency could affect
pregnancy outcome. Anemia (by causing hypoxia) and iron deficiency (by increasing
serum norepinephrine concentrations) can induce maternal and fetal stress, which
stimulates the synthesis of corticotropin-releasing hormone (CRH). Elevated CRH
concentrations are a major risk factor for preterm labor, pregnancy-induced hypertension
and eclampsia, and premature rupture of the membranes. CRH also increases fetal cortisol
production, and cortisol may inhibit longitudinal growth of the fetus. An alternative
mechanism could be that iron deficiency increases oxidative damage to erythrocytes and
the fetoplacental unit. Iron deficiency may also increase the risk of maternal infections,
which can stimulate the production of CRH and are a major risk factor for preterm delivery
[154].

Results from some studies showed association between maternal IDA in early pregnancy
and a great risk of preterm delivery [103, 155] in contrast to our study.

Maternal anemia is considered a risk factor for poor pregnancy outcomes, and it threatens
the life of the fetus. In the present study about, about 21.8% of the study sample suffered
from adverse pregnancy outcomes such as preterm delivery and low birth weight baby,
29.4% were anemic pregnant diagnosed at first visit which was statistically significant,
similar to a study conducted by Nair et al. [156]. Even though 25.7% of them had IDA (Iron
Deficiency Anemia) but the relationship wasn’t significant.

Serum ferritin level was higher (30 pg /L) in GDM in comparison with the normal group,
but it was not significant, this is in contrast to the finding of Soheilykhan et al. [157]. These
authers reported that a high level of serum ferritin in early pregnancy was significantly
associated with GDM. The limitation of this study was measuring ferritin once during
pregnancy and did not assess the effect of the inflammatory marker of GDM.

Ferritin is a marker utilized to assess total body iron stores and it is also an acute phase

reactant. The hormone hepcidin is the body’s main regulator of systemic iron homeostasis,
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and it is secreted in response to iron loading and inflammation[158]. Hepcidin has been
associated with inflammatory states in humans [158]. The role of hepcidin in pregnancy is
poorly understood, and only two studies have examined the association between GDM and

hepcidin, both reporting increased hepcidin levels in GDM [159].
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CHAPTER FIVE: CONCLUSION

HbA1c level in early pregnancy is increased in GDM. This may help in measuring glycemic
control in women with GDM. It does not replace OGTT which is still considered the gold
standard for diagnosing GDM. However, including HbAlc as part of the diagnostic criteria
for diabetes during pregnancy in 2010 by IADPSG was important.

HbA1c level was associated with various adverse pregnancy outcomes in high risk women.
However, it lacks adequate sensitivity and specificity to replace OGTT test to diagnose
GDM. The current study was a prospective study. Additional randomized control design
studies are required. However, OGTT was not a good predictor of adverse pregnancy
outcomes and measuring HbAlc may help since HbAlc levels showed a significant
relationship with adverse pregnancy outcomes but not all outcomes.

High percentage of women with elevated postnatal HbAlc, suggest that a substantial
proportion of women had a high risk of future T2DM. More research is needed before
general recommendation to replace the postnatal OGTT with the use of HbAlc > 5.7% to
identify women at high risk for T2DM.

The overall percentage of anemia in this study indicated that it is a moderate public health
problem. Gravida status and para were important risk factors contributing to anemia in
pregnant women, therefore increase awareness for family planning methods might have a

contribution to reduce the risk of anemia.

61



REFERANCES

10.

11.

12.

13.

14.

15.

16.

Cho NH, Shaw JE, Karuranga S, Huang Y, da Rocha Fernandes JD, Ohlrogge AW, Malanda
B: IDF Diabetes Atlas: Global estimates of diabetes prevalence for 2017 and projections
for 2045. Diabetes research and clinical practice 2018, 138:271-281.

American Diabetes Assocation: Diagnosis and classification of diabetes mellitus.
Diabetes care 2014, 37 Suppl 1:581-90.

Galtier F: Definition, epidemiology, risk factors. Diabetes & metabolism 2010, 36(6 Pt
2):628-651.

Gillett MJ: International Expert Committee report on the role of the Alc assay in the
diagnosis of diabetes: Diabetes Care 2009; 32(7): 1327-1334. The Clinical biochemist
Reviews / Australian Association of Clinical Biochemists 2009, 30(4):197-200.

American Diabetes A: Diagnosis and classification of diabetes mellitus. Diabetes care
2009, 32 Suppl 1:562-67.

John WG, Diabetes UKDoHACo: Use of HbA1lc in the diagnosis of diabetes mellitus in
the UK. The implementation of World Health Organization guidance 2011. Diabetic
medicine : a journal of the British Diabetic Association 2012, 29(11):1350-1357.

Jeon JY, Ko SH, Kwon HS, Kim NH, Kim JH, Kim CS, Song KH, Won JC, Lim S, Choi SH et al:
Prevalence of Diabetes and Prediabetes according to Fasting Plasma Glucose and
HbA1lc. Diabetes & metabolism journal 2013, 37(5):349-357.

Sacks DB, Arnold M, Bakris GL, Bruns DE, Horvath AR, Kirkman MS, Lernmark A, Metzger
BE, Nathan DM: Guidelines and recommendations for laboratory analysis in the
diagnosis and management of diabetes mellitus. Clinical chemistry 2011, 57(6):e1-e47.
Shaw JE, d'Emden MC, Goodall I: Is Australia ready to use glycated haemoglobin for the
diagnosis of diabetes? The Medical journal of Australia 2011, 195(1):7-8.

Cheng YJ, Gregg EW, Geiss LS, Imperatore G, Williams DE, Zhang X, Albright AL, Cowie
CC, Klein R, Saaddine JB: Association of A1C and fasting plasma glucose levels with
diabetic retinopathy prevalence in the U.S. population: Implications for diabetes
diagnostic thresholds. Diabetes care 2009, 32(11):2027-2032.

Thunander M, Torn C, Petersson C, Ossiansson B, Fornander J, Landin-Olsson M: Levels
of C-peptide, body mass index and age, and their usefulness in classification of
diabetes in relation to autoimmunity, in adults with newly diagnosed diabetes in
Kronoberg, Sweden. European journal of endocrinology / European Federation of
Endocrine Societies 2012, 166(6):1021-1029.

Rosenbloom AL, Silverstein JH, Amemiya S, Zeitler P, Klingensmith GJ: Type 2 diabetes in
children and adolescents. Pediatric diabetes 2009, 10 Suppl 12:17-32.

Cakan N, Kizilbash S, Kamat D: Changing spectrum of diabetes mellitus in children:
challenges with initial classification. Clinical pediatrics 2012, 51(10):939-944.

American Diabetes A: (2) Classification and diagnosis of diabetes. Diabetes care 2015,
38 Suppl:S8-S16.

Dabelea D, Mayer-Davis EJ, Saydah S, Imperatore G, Linder B, Divers J, Bell R, Badaru A,
Talton JW, Crume T et al: Prevalence of type 1 and type 2 diabetes among children and
adolescents from 2001 to 2009. Jama 2014, 311(17):1778-1786.

Ginsberg H, Kimmerling G, Olefsky JM, Reaven GM: Demonstration of insulin resistance
in untreated adult onset diabetic subjects with fasting hyperglycemia. The Journal of
clinical investigation 1975, 55(3):454-461.

62



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Kraemer FB, Ginsberg HN: Gerald M. Reaven, MD: Demonstration of the central role of
insulin resistance in type 2 diabetes and cardiovascular disease. Diabetes care 2014,
37(5):1178-1181.

Halban PA, Polonsky KS, Bowden DW, Hawkins MA, Ling C, Mather KJ, Powers AC,
Rhodes CJ, Sussel L, Weir GC: beta-cell failure in type 2 diabetes: postulated
mechanisms and prospects for prevention and treatment. Diabetes care 2014,
37(6):1751-1758.

Murphy R, Ellard S, Hattersley AT: Clinical implications of a molecular genetic
classification of monogenic beta-cell diabetes. Nature clinical practice Endocrinology &
metabolism 2008, 4(4):200-213.

Chen N, Unnikrishnan IR, Anjana RM, Mohan V, Pitchumoni CS: The complex exocrine-
endocrine relationship and secondary diabetes in exocrine pancreatic disorders.
Journal of clinical gastroenterology 2011, 45(10):850-861.

Sacks DB: Diagnosis of gestational diabetes mellitus: it is time for international
consensus. Clinical chemistry 2014, 60(1):141-143.

Buckley BS, Harreiter J, Damm P, Corcoy R, Chico A, Simmons D, Vellinga A, Dunne F,
Group DCI: Gestational diabetes mellitus in Europe: prevalence, current screening
practice and barriers to screening. A review. Diabetic medicine : a journal of the British
Diabetic Association 2012, 29(7):844-854.

Whiting DR, Guariguata L, Weil C, Shaw J: IDF diabetes atlas: global estimates of the
prevalence of diabetes for 2011 and 2030. Diabetes research and clinical practice 2011,
94(3):311-321.

Plows JF, Stanley JL, Baker PN, Reynolds CM, Vickers MH: The Pathophysiology of
Gestational Diabetes Mellitus. /Int J Mol Sci 2018, 19(11).

Falavigna M, Schmidt M, Trujillo J, Alves LF, Wendland ER, Torloni MR, Colagiuri S,
Duncan BB: Effectiveness of gestational diabetes treatment: a systematic review with
quality of evidence assessment. Diabetes research and clinical practice 2012, 98(3):396-
405.

Hartling L, Dryden DM, Guthrie A, Muise M, Vandermeer B, Donovan L: Benefits and
harms of treating gestational diabetes mellitus: a systematic review and meta-analysis
for the U.S. Preventive Services Task Force and the National Institutes of Health Office
of Medical Applications of Research. Annals of internal medicine 2013, 159(2):123-129.
Waugh N, Pearson D, Royle P: Screening for hyperglycaemia in pregnancy: Consensus
and controversy. Best practice & research Clinical endocrinology & metabolism 2010,
24(4):553-571.

Metzger BE, Coustan DR: Summary and recommendations of the Fourth International
Workshop-Conference on Gestational Diabetes Mellitus. The Organizing Committee.
Diabetes care 1998, 21 Suppl 2:B161-167.

Costa MA: The endocrine function of human placenta: an overview. Reprod Biomed
Online 2016, 32(1):14-43.

Karagiannis T, Bekiari E, Manolopoulos K, Paletas K, Tsapas A: Gestational diabetes
mellitus: why screen and how to diagnose. Hippokratia 2010, 14(3):151-154.

Taylor JS, Kacmar JE, Nothnagle M, Lawrence RA: A systematic review of the literature
associating breastfeeding with type 2 diabetes and gestational diabetes. J Am Coll Nutr
2005, 24(5):320-326.

Benedetti TJ, Gabbe SG: Shoulder dystocia. A complication of fetal macrosomia and
prolonged second stage of labor with midpelvic delivery. Obstetrics and gynecology
1978, 52(5):526-529.

Group HSCR, Metzger BE, Lowe LP, Dyer AR, Trimble ER, Chaovarindr U, Coustan DR,
Hadden DR, McCance DR, Hod M et al: Hyperglycemia and adverse pregnancy
outcomes. The New England journal of medicine 2008, 358(19):1991-2002.

63



34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Capula C, Mazza T, Vero R, Costante G: HbA1lc levels in patients with gestational
diabetes mellitus: Relationship with pre-pregnancy BMI and pregnancy outcome.
Journal of endocrinological investigation 2013, 36(11):1038-1045.

Ye M, Liu Y, Cao X, Yao F, Liu B, Li Y, Wang Z, Xiao H: The utility of HbA1lc for screening
gestational diabetes mellitus and its relationship with adverse pregnancy outcomes.
Diabetes research and clinical practice 2016, 114:43-49.

Seshiah V, Balaji V, Balaji MS, Paneerselvam A, Kapur A: Pregnancy and diabetes
scenario around the world: India. International journal of gynaecology and obstetrics:
the official organ of the International Federation of Gynaecology and Obstetrics 2009,
104 Suppl 1:535-38.

Al Mahroos S, Nagalla DS, Yousif W, Sanad H: A population-based screening for
gestational diabetes mellitus in non-diabetic women in Bahrain. Annals of Saudi
medicine 2005, 25(2):129-133.

Murgia C, Berria R, Minerba L, Malloci B, Daniele C, Zedda P, Ciccotto MG, Sulis S,
Murenu M, Tiddia F et al: Gestational diabetes mellitus in Sardinia: results from an
early, universal screening procedure. Diabetes care 2006, 29(7):1713-1714.
Ben-Haroush A, Yogev Y, Hod M: Epidemiology of gestational diabetes mellitus and its
association with Type 2 diabetes. Diabetic medicine : a journal of the British Diabetic
Association 2004, 21(2):103-113.

Avalos GE, Owens LA, Dunne F, Collaborators AD: Applying current screening tools for
gestational diabetes mellitus to a European population: is it time for change? Diabetes
care 2013, 36(10):3040-3044.

Arora D, Arora R, Sangthong S, Leelaporn W, Sangratanathongchai J: Universal screening
of gestational diabetes mellitus: prevalence and diagnostic value of clinical risk factors.
Journal of the Medical Association of Thailand = Chotmaihet thangphaet 2013,
96(3):266-271.

International Association of D, Pregnancy Study Groups Consensus P, Metzger BE, Gabbe
SG, Persson B, Buchanan TA, Catalano PA, Damm P, Dyer AR, Leiva A et al: International
association of diabetes and pregnancy study groups recommendations on the
diagnosis and classification of hyperglycemia in pregnancy. Diabetes care 2010,
33(3):676-682.

Diagnostic criteria and classification of hyperglycaemia first detected in pregnancy: a
World Health Organization Guideline. Diabetes research and clinical practice 2014,
103(3):341-363.

Roglic G, Colagiuri S: Gestational diabetes mellitus: squaring the circle. Diabetes care
2014, 37(6):e143-144.

Vandorsten JP, Dodson WC, Espeland MA, Grobman WA, Guise JM, Mercer BM, Minkoff
HL, Poindexter B, Prosser LA, Sawaya GF et al: NIH consensus development conference:
diagnosing gestational diabetes mellitus. NIH consensus and state-of-the-science
statements 2013, 29(1):1-31.

Duran A, Saenz S, Torrejon MJ, Bordiu E, Del Valle L, Galindo M, Perez N, Herraiz MA,
Izquierdo N, Rubio MA et al: Introduction of IADPSG criteria for the screening and
diagnosis of gestational diabetes mellitus results in improved pregnancy outcomes at a
lower cost in a large cohort of pregnant women: the St. Carlos Gestational Diabetes
Study. Diabetes care 2014, 37(9):2442-2450.

Ethridge JK, Jr., Catalano PM, Waters TP: Perinatal outcomes associated with the
diagnosis of gestational diabetes made by the international association of the diabetes
and pregnancy study groups criteria. Obstetrics and gynecology 2014, 124(3):571-578.
Colagiuri S, Falavigna M, Agarwal MM, Boulvain M, Coetzee E, Hod M, Meltzer S|,
Metzger B, Omori Y, Rasa | et al: Strategies for implementing the WHO diagnostic

64



49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

criteria and classification of hyperglycaemia first detected in pregnancy. Diabetes
research and clinical practice 2014, 103(3):364-372.

Trujillo J, Vigo A, Reichelt A, Duncan BB, Schmidt MI: Fasting plasma glucose to avoid a
full OGTT in the diagnosis of gestational diabetes. Diabetes research and clinical
practice 2014, 105(3):322-326.

Starikov RS, Inman K, Chien EK, Anderson BL, Rouse DJ, Lopes V, Coustan DR: Can
hemoglobin Alc in early pregnancy predict adverse pregnancy outcomes in diabetic
patients? Journal of diabetes and its complications 2014, 28(2):203-207.

Classification and diagnosis of diabetes mellitus and other categories of glucose
intolerance. National Diabetes Data Group. Diabetes 1979, 28(12):1039-1057.
Carpenter MW, Coustan DR: Criteria for screening tests for gestational diabetes.
American journal of obstetrics and gynecology 1982, 144(7):768-773.

Sacks DA, Abu-Fadil S, Greenspoon JS, Fotheringham N: Do the current standards for
glucose tolerance testing in pregnancy represent a valid conversion of O'Sullivan's
original criteria? American journal of obstetrics and gynecology 1989, 161(3):638-641.
Group HSCR: Hyperglycemia and Adverse Pregnancy Outcome (HAPO) Study:
associations with neonatal anthropometrics. Diabetes 2009, 58(2):453-459.

American Diabetes A: Standards of medical care in diabetes--2007. Diabetes care 2007,
30 Suppl 1:54-541.

American College of O, Gynecologists Committee on Practice B-O: ACOG Practice
Bulletin. Clinical management guidelines for obstetrician-gynecologists. Number 30,
September 2001 (replaces Technical Bulletin Number 200, December 1994).
Gestational diabetes. Obstetrics and gynecology 2001, 98(3):525-538.

Alberti KG, Zimmet PZ: Definition, diagnosis and classification of diabetes mellitus and
its complications. Part 1: diagnosis and classification of diabetes mellitus provisional
report of a WHO consultation. Diabetic medicine : a journal of the British Diabetic
Association 1998, 15(7):539-553.

Lahousen T, Roller RE, Lipp RW, Schnedl WJ: [Determination of glycated hemoglobins
(Hb Alc)]. Wiener klinische Wochenschrift 2002, 114(8-9):301-305.

Miller E, Hare JW, Cloherty JP, Dunn PJ, Gleason RE, Soeldner JS, Kitzmiller JL: Elevated
maternal hemoglobin Alc in early pregnancy and major congenital anomalies in
infants of diabetic mothers. The New England journal of medicine 1981, 304(22):1331-
1334,

Nathan DM, Turgeon H, Regan S: Relationship between glycated haemoglobin levels
and mean glucose levels over time. Diabetologia 2007, 50(11):2239-2244.

Kowall B, Rathmann W: HbA1c for diagnosis of type 2 diabetes. Is there an optimal cut
point to assess high risk of diabetes complications, and how well does the 6.5% cutoff
perform? Diabetes, metabolic syndrome and obesity : targets and therapy 2013, 6:477-
491.

Hughes RC, Moore MP, Gullam JE, Mohamed K, Rowan J: An early pregnancy HbA1lc
>/=5.9% (41 mmol/mol) is optimal for detecting diabetes and identifies women at
increased risk of adverse pregnancy outcomes. Diabetes care 2014, 37(11):2953-2959.
American Diabetes A: Diagnosis and classification of diabetes mellitus. Diabetes care
2010, 33 Suppl 1:562-69.

Lawrence JM, Contreras R, Chen W, Sacks DA: Trends in the prevalence of preexisting
diabetes and gestational diabetes mellitus among a racially/ethnically diverse
population of pregnant women, 1999-2005. Diabetes care 2008, 31(5):899-904.

Sovio U, Murphy HR, Smith GC: Accelerated Fetal Growth Prior to Diagnosis of
Gestational Diabetes Mellitus: A Prospective Cohort Study of Nulliparous Women.
Diabetes care 2016, 39(6):982-987.

65



66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

Balaji V, Madhuri BS, Ashalatha S, Sheela S, Suresh S, Seshiah V: A1C in gestational
diabetes mellitus in Asian Indian women. Diabetes care 2007, 30(7):1865-1867.
Garcia-Patterson A, Gich I, Amini SB, Catalano PM, de Leiva A, Corcoy R: Insulin
requirements throughout pregnancy in women with type 1 diabetes mellitus: three
changes of direction. Diabetologia 2010, 53(3):446-451.

de Veciana M: Diabetes ketoacidosis in pregnancy. Seminars in perinatology 2013,
37(4):267-273.

Mills JL, Jovanovic L, Knopp R, Aarons J, Conley M, Park E, Lee YJ, Holmes L, Simpson JL,
Metzger B: Physiological reduction in fasting plasma glucose concentration in the first
trimester of normal pregnancy: the diabetes in early pregnancy study. Metabolism
1998, 47(9):1140-1144.

Lind T, Cheyne GA: Effect of normal pregnancy upon the glycosylated haemoglobins. Br
J Obstet Gynaecol 1979, 86(3):210-213.

Lurie S: Density distribution of erythrocytes in class A2 (insulin requiring) gestational
diabetes. Archives of gynecology and obstetrics 1996, 258(2):65-68.

Catalano PM, Huston L, Amini SB, Kalhan SC: Longitudinal changes in glucose
metabolism during pregnancy in obese women with normal glucose tolerance and
gestational diabetes mellitus. American journal of obstetrics and gynecology 1999,
180(4):903-916.

Handwerger S, Freemark M: The roles of placental growth hormone and placental
lactogen in the regulation of human fetal growth and development. J Pediatr
Endocrinol Metab 2000, 13(4):343-356.

Phelps RL, Honig GR, Green D, Metzger BE, Frederiksen MC, Freinkel N: Biphasic changes
in hemoglobin Alc concentrations during normal human pregnancy. American journal
of obstetrics and gynecology 1983, 147(6):651-653.

Hashimoto K, Osugi T, Noguchi S, Morimoto Y, Wasada K, Imai S, Waguri M, Toyoda R,
Fujita T, Kasayama S et a/: A1C but not serum glycated albumin is elevated because of
iron deficiency in late pregnancy in diabetic women. Diabetes care 2010, 33(3):509-
511.

Rowan J, Allen H, Budden A, Elder R, Farrant M, Hughes R, Ivanova V, Moore P, Marnoch
C, McGrath N: New Zealand National GDM Guidelines: an alternative view of some
good practice points. The Australian & New Zealand journal of obstetrics & gynaecology
2015, 55(1):17-20.

Granada C, Forbes J, Sangi-Haghpeykar H, Davidson C: Can overt diabetes mellitus be
predicted by an early A1C value in gestational diabetics? The Journal of reproductive
medicine 2014, 59(7-8):343-347.

Rowan JA, Budden A, Sadler LC: Women with a nondiagnostic 75 g glucose tolerance
test but elevated HbA1c in pregnancy: an additional group of women with gestational
diabetes. The Australian & New Zealand journal of obstetrics & gynaecology 2014,
54(2):177-180.

Rajput R, Yogesh Y, Rajput M, Nanda S: Utility of HbA1lc for diagnosis of gestational
diabetes mellitus. Diabetes research and clinical practice 2012, 98(1):104-107.

Choi YJ, Kahng J, Bin JH, Lee HS, Lee JH, Kim SY, Sung IK, Lee WB, Chun CS: [The
relationship between the timing of gestational diabetes screening and HbA1lc level and
neonatal outcome]. The Korean journal of laboratory medicine 2009, 29(2):110-115.
Evers IM, de Valk HW, Mol BW, ter Braak EW, Visser GH: Macrosomia despite good
glycaemic control in Type | diabetic pregnancy; results of a nationwide study in The
Netherlands. Diabetologia 2002, 45(11):1484-1489.

Hiilesmaa V, Suhonen L, Teramo K: Glycaemic control is associated with pre-eclampsia
but not with pregnancy-induced hypertension in women with type | diabetes mellitus.
Diabetologia 2000, 43(12):1534-1539.

66



83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

Lowe LP, Metzger BE, Dyer AR, Lowe J, McCance DR, Lappin TR, Trimble ER, Coustan DR,
Hadden DR, Hod M et al: Hyperglycemia and Adverse Pregnancy Outcome (HAPO)
Study: associations of maternal A1C and glucose with pregnancy outcomes. Diabetes
care 2012, 35(3):574-580.

Ekelund M, Shaat N, Almgren P, Groop L, Berntorp K: Prediction of postpartum diabetes
in women with gestational diabetes mellitus. Diabetologia 2010, 53(3):452-457.
American Diabetes A: Diagnosis and classification of diabetes mellitus. Diabetes care
2006, 29 Suppl 1:543-48.

Katreddy MV, Pappachan JM, Taylor SE, Nevill AM, Indusekhar R, Nayak AU: Hemoglobin
Alc in early postpartum screening of women with gestational diabetes. World journal
of diabetes 2013, 4(3):76-81.

Waage C, Jenum AK, Mdala |, Berg JP, Richardsen K, Birkeland K: Associations between
gestational diabetes mellitus and elevated HbA1lc early postpartum in a multi-ethnic
population. Prim Care Diabetes 2017, 11(2):132-139.

Api O, Breyman C, Cetiner M, Demir C, Ecder T: Diagnosis and treatment of iron
deficiency anemia during pregnancy and the postpartum period: Iron deficiency
anemia working group consensus report. Turk J Obstet Gynecol 2015, 12(3):173-181.
Beutler E, Waalen J: The definition of anemia: what is the lower limit of nhormal of the
blood hemoglobin concentration? Blood 2006, 107(5):1747-1750.

Pritchard JA: Changes in the Blood Volume during Pregnancy and Delivery.
Anesthesiology 1965, 26:393-399.

Scott DE: Anemia in pregnancy. Obstetrics and gynecology annual 1972, 1:219-244.
McMullin MF, White R, Lappin T, Reeves J, MacKenzie G: Haemoglobin during
pregnancy: relationship to erythropoietin and haematinic status. European journal of
haematology 2003, 71(1):44-50.

Harstad TW, Mason RA, Cox SM: Serum erythropoietin quantitation in pregnancy using
an enzyme-linked immunoassay. American journal of perinatology 1992, 9(4):233-235.
Stevens GA, Finucane MM, De-Regil LM, Paciorek CJ, Flaxman SR, Branca F, Pena-Rosas
JP, Bhutta ZA, Ezzati M, Nutrition Impact Model Study G: Global, regional, and national
trends in haemoglobin concentration and prevalence of total and severe anaemia in
children and pregnant and non-pregnant women for 1995-2011: a systematic analysis
of population-representative data. Lancet Glob Health 2013, 1(1):e16-25.

Centers for Disease C: CDC criteria for anemia in children and childbearing-aged
women. MMWR Morbidity and mortality weekly report 1989, 38(22):400-404.

Tiwari M, Kotwal J, Kotwal A, Mishra P, Dutta V, Chopra S: Correlation of haemoglobin
and red cell indices with serum ferritin in Indian women in second and third trimester
of pregnancy. Med J Armed Forces India 2013, 69(1):31-36.

Savajols E, Burguet A, Grimaldi M, Godoy F, Sagot P, Semama DS: Maternal
haemoglobin and short-term neonatal outcome in preterm neonates. PLoS One 2014,
9(2):e89530.

Reveiz L, Gyte GM, Cuervo LG: Treatments for iron-deficiency anaemia in pregnancy.
Cochrane Database Syst Rev 2007(2):CD003094.

Guyatt GH, Oxman AD, Ali M, Willan A, Mcllroy W, Patterson C: Laboratory diagnosis of
iron-deficiency anemia: an overview. J Gen Intern Med 1992, 7(2):145-153.

Breymann C, Honegger C, Holzgreve W, Surbek D: Diagnosis and treatment of iron-
deficiency anaemia during pregnancy and postpartum. Archives of gynecology and
obstetrics 2010, 282(5):577-580.

American College of O, Gynecologists: ACOG Practice Bulletin No. 95: anemia in
pregnancy. Obstetrics and gynecology 2008, 112(1):201-207.

Recommendations to prevent and control iron deficiency in the United States. Centers
for Disease Control and Prevention. MMWR Recomm Rep 1998, 47(RR-3):1-29.

67



103.

104.

105.

106.

107.

108.

1009.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

Allen LH: Anemia and iron deficiency: effects on pregnancy outcome. The American
journal of clinical nutrition 2000, 71(5 Suppl):1280S-1284S.

Scholl TO, Hediger ML, Fischer RL, Shearer JW: Anemia vs iron deficiency: increased risk
of preterm delivery in a prospective study. The American journal of clinical nutrition
1992, 55(5):985-988.

Scholl TO, Reilly T: Anemia, iron and pregnancy outcome. The Journal of nutrition 2000,
130(2S Suppl):443S-447S.

Garn SM, Ridella SA, Petzold AS, Falkner F: Maternal hematologic levels and pregnancy
outcomes. Seminars in perinatology 1981, 5(2):155-162.

Rusia U, Madan N, Agarwal N, Sikka M, Sood SK: Effect of maternal iron deficiency
anaemia on foetal outcome. Indian journal of pathology & microbiology 1995,
38(3):273-279.

Harthoorn-Lasthuizen EJ, Lindemans J, Langenhuijsen MM: Does iron-deficient
erythropoiesis in pregnancy influence fetal iron supply? Acta obstetricia et
gynecologica Scandinavica 2001, 80(5):392-396.

Kalantar-Zadeh K, Rodriguez RA, Humphreys MH: Association between serum ferritin
and measures of inflammation, nutrition and iron in haemodialysis patients. Nephrol
Dial Transplant 2004, 19(1):141-149.

Tuomainen TP, Nyyssonen K, Salonen R, Tervahauta A, Korpela H, Lakka T, Kaplan GA,
Salonen JT: Body iron stores are associated with serum insulin and blood glucose
concentrations. Population study in 1,013 eastern Finnish men. Diabetes care 1997,
20(3):426-428.

Ferrannini E: Insulin resistance, iron, and the liver. Lancet 2000, 355(9222):2181-2182.
Ford ES, Cogswell ME: Diabetes and serum ferritin concentration among U.S. adults.
Diabetes care 1999, 22(12):1978-1983.

Chen X, Scholl TO, Stein TP: Association of elevated serum ferritin levels and the risk of
gestational diabetes mellitus in pregnant women: The Camden study. Diabetes care
2006, 29(5):1077-1082.

Lao TT, Tam KF: Maternal serum ferritin and gestational impaired glucose tolerance.
Diabetes care 1997, 20(9):1368-1369.

Weinert LS: International Association of Diabetes and Pregnancy Study Groups
recommendations on the diagnosis and classification of hyperglycemia in pregnancy:
comment to the International Association of Diabetes and Pregnancy Study Groups
Consensus Panel. Diabetes care 2010, 33(7):e97; author reply e98.

Scanlon KS, Yip R, Schieve LA, Cogswell ME: High and low hemoglobin levels during
pregnancy: differential risks for preterm birth and small for gestational age. Obstetrics
and gynecology 2000, 96(5 Pt 1):741-748.

Garcia-Casal MN, Pena-Rosas JP, Urrechaga E, Escanero JF, Huo J, Martinez RX, Lopez-
Perez L: Performance and comparability of laboratory methods for measuring ferritin
concentrations in human serum or plasma: A systematic review and meta-analysis.
PLoS One 2018, 13(5):e0196576.

American Diabetes A: Erratum. Classification and diagnosis of diabetes. Sec. 2. In
Standards of Medical Care in Diabetes-2016. Diabetes Care 2016;39(Suppl. 1):513-S22.
Diabetes care 2016, 39(9):1653.

Canadian Diabetes Association Clinical Practice Guidelines Expert C, Booth G, Cheng AY:
Canadian Diabetes Association 2013 clinical practice guidelines for the prevention and
management of diabetes in Canada. Methods. Can J Diabetes 2013, 37 Suppl 1:54-7.
Bellamy L, Casas JP, Hingorani AD, Williams D: Type 2 diabetes mellitus after gestational
diabetes: a systematic review and meta-analysis. Lancet 2009, 373(9677):1773-1779.

68



121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

Eades CE, Styles M, Leese GP, Cheyne H, Evans JM: Progression from gestational
diabetes to type 2 diabetes in one region of Scotland: an observational follow-up
study. BMC Pregnancy Childbirth 2015, 15:11.

Mahzari MM, Alwadi FA, Alhussain BM, Alenzi TM, Omair AA, Al Dera HS: Development
of type 2 diabetes mellitus after gestational diabetes in a cohort in KSA: Prevalence
and risk factors. J Taibah Univ Med Sci 2018, 13(6):582-586.

Lurie S, Mamet Y: Red blood cell survival and kinetics during pregnancy. Eur J Obstet
Gynecol Reprod Biol 2000, 93(2):185-192.

Hinkle SN, Tsai MY, Rawal S, Albert PS, Zhang C: HbAlc Measured in the First Trimester
of Pregnancy and the Association with Gestational Diabetes. Sci Rep 2018, 8(1):12249.
Odsaeter IH, Asberg A, Vanky E, Morkved S, Stafne SN, Salvesen KA, Carlsen SM:
Hemoglobin Alc as screening for gestational diabetes mellitus in Nordic Caucasian
women. Diabetol Metab Syndr 2016, 8:43.

Osmundson SS, Zhao BS, Kunz L, Wang E, Popat R, Nimbal VC, Palaniappan LP: First
Trimester Hemoglobin Alc Prediction of Gestational Diabetes. American journal of
perinatology 2016, 33(10):977-982.

Renz PB, Cavagnolli G, Weinert LS, Silveiro SP, Camargo JL: HbAlc Test as a Tool in the
Diagnosis of Gestational Diabetes Mellitus. PLoS One 2015, 10(8):e0135989.

Kwon SS, Kwon JY, Park YW, Kim YH, Lim JB: HbA1c for diagnosis and prognosis of
gestational diabetes mellitus. Diabetes research and clinical practice 2015, 110(1):38-
43,

Soumya S, Rohilla M, Chopra S, Dutta S, Bhansali A, Parthan G, Dutta P: HbAlc: A Useful
Screening Test for Gestational Diabetes Mellitus. Diabetes Technol Ther 2015,
17(12):899-904.

Ho YR, Wang P, Lu MC, Tseng ST, Yang CP, Yan YH: Associations of mid-pregnancy
HbA1c with gestational diabetes and risk of adverse pregnancy outcomes in high-risk
Taiwanese women. PLoS One 2017, 12(5):e0177563.

Ketema EB, Kibret KT: Correlation of fasting and postprandial plasma glucose with
HbA1c in assessing glycemic control; systematic review and meta-analysis. Arch Public
Health 2015, 73:43.

Aroda VR, Christophi CA, Edelstein SL, Zhang P, Herman WH, Barrett-Connor E,
Delahanty LM, Montez MG, Ackermann RT, Zhuo X et al: The effect of lifestyle
intervention and metformin on preventing or delaying diabetes among women with
and without gestational diabetes: the Diabetes Prevention Program outcomes study
10-year follow-up. J Clin Endocrinol Metab 2015, 100(4):1646-1653.

. In: Diabetes in Pregnancy: Management of Diabetes and Its Complications from
Preconception to the Postnatal Period. edn. London; 2015.

Carter EB, Martin S, Temming LA, Colditz GA, Macones GA, Tuuli MG: Early versus 6-12
week postpartum glucose tolerance testing for women with gestational diabetes. J
Perinatol 2018, 38(2):118-121.

English E, Idris I, Smith G, Dhatariya K, Kilpatrick ES, John WG: The effect of anaemia and
abnormalities of erythrocyte indices on HbA1lc analysis: a systematic review.
Diabetologia 2015, 58(7):1409-1421.

Mosca A, Paleari R, Dalfra MG, Di Cianni G, Cuccuru |, Pellegrini G, Malloggi L, Bonomo
M, Granata S, Ceriotti F et al: Reference intervals for hemoglobin Alc in pregnant
women: data from an Italian multicenter study. Clinical chemistry 2006, 52(6):1138-
1143.

Kc K, Shakya S, Zhang H: Gestational diabetes mellitus and macrosomia: a literature
review. Ann Nutr Metab 2015, 66 Suppl 2:14-20.

Alsammani MA, Ahmed SR: Fetal and maternal outcomes in pregnancies complicated
with fetal macrosomia. N Am J Med Sci 2012, 4(6):283-286.

69



139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.
152.

153.

154.

155.

156.

157.

Henriksen T: The macrosomic fetus: a challenge in current obstetrics. Acta obstetricia et
gynecologica Scandinavica 2008, 87(2):134-145.

Ornoy A: Prenatal origin of obesity and their complications: Gestational diabetes,
maternal overweight and the paradoxical effects of fetal growth restriction and
macrosomia. Reprod Toxicol 2011, 32(2):205-212.

Greene MF, Hare JW, Cloherty JP, Benacerraf BR, Soeldner JS: First-trimester
hemoglobin Al and risk for major malformation and spontaneous abortion in diabetic
pregnancy. Teratology 1989, 39(3):225-231.

Sukrat B, Suwathanapisate P, Siritawee S, Poungthong T, Phupongpankul K: The
prevalence of iron deficiency anemia in pregnant women in Nakhonsawan, Thailand.
Journal of the Medical Association of Thailand = Chotmaihet thangphaet 2010,
93(7):765-770.

Haggaz AD, Radi EA, Adam I: Anaemia and low birthweight in western Sudan. Trans R
Soc Trop Med Hyg 2010, 104(3):234-236.

Mbule MA, Byaruhanga YB, Kabahenda M, Lubowa A: Determinants of anaemia among
pregnant women in rural Uganda. Rural Remote Health 2013, 13(2):2259.

Karaoglu L, Pehlivan E, Egri M, Deprem C, Gunes G, Genc MF, Temel I: The prevalence of
nutritional anemia in pregnancy in an east Anatolian province, Turkey. BMC Public
Health 2010, 10:329.

Bharati P, Som S, Chakrabarty S, Bharati S, Pal M: Prevalence of anemia and its
determinants among nonpregnant and pregnant women in India. Asia Pac J Public
Health 2008, 20(4):347-359.

Suryanarayana R, Chandrappa M, Santhuram AN, Prathima S, Sheela SR: Prospective
study on prevalence of anemia of pregnant women and its outcome: A community
based study. J Family Med Prim Care 2017, 6(4):739-743.

Singh N, Aggarwal AN, Gupta D, Behera D: Prevalence of low body mass index among
newly diagnosed lung cancer patients in North India and its association with smoking
status. Thorac Cancer 2011, 2(1):27-31.

Obse N, Mossie A, Gobena T: Magnitude of anemia and associated risk factors among
pregnant women attending antenatal care in Shalla Woreda, West Arsi Zone, Oromia
Region, Ethiopia. Ethiop J Health Sci 2013, 23(2):165-173.

Gedefaw L, Ayele A, Asres Y, Mossie A: Anemia and Associated Factors Among Pregnant
Women Attending Antenatal Care Clinic in Wolayita Sodo Town, Southern Ethiopia.
Ethiop J Health Sci 2015, 25(2):155-162.

Sifakis S, Pharmakides G: Anemia in pregnancy. Ann N Y Acad Sci 2000, 900:125-136.
Isah HS, Fleming AF, Ujah IA, Ekwempu CC: Anaemia and iron status of pregnant and
non-pregnant women in the guinea savanna of Nigeria. Ann Trop Med Parasitol 1985,
79(5):485-493.

Karimi M, Kadivar R, Yarmohammadi H: Assessment of the prevalence of iron deficiency
anemia, by serum ferritin, in pregnant women of Southern Iran. Med Sci Monit 2002,
8(7):CR488-492.

Allen LH: Biological mechanisms that might underlie iron's effects on fetal growth and
preterm birth. The Journal of nutrition 2001, 131(2S-2):5815-589S.

Scholl TO: Iron status during pregnancy: setting the stage for mother and infant. The
American journal of clinical nutrition 2005, 81(5):1218S-1222S.

Nair M, Choudhury MK, Choudhury SS, Kakoty SD, Sarma UC, Webster P, Knight M:
Association between maternal anaemia and pregnancy outcomes: a cohort study in
Assam, India. BMJ Glob Health 2016, 1(1):e000026.

Soheilykhah S, Mojibian M, Jannati Moghadam M: Serum ferritin concentration in early
pregnancy and risk of subsequent development of gestational diabetes: A prospective
study. Int J Reprod Biomed (Yazd) 2017, 15(3):155-160.

70



158. Ganz T: Hepcidin and iron regulation, 10 years later. Blood 2011, 117(17):4425-4433.

159. Derbent AU, Simavli SA, Kaygusuz I, Gumus, Il, Yilmaz S, Yildirim M, Uysal S: Serum
hepcidin is associated with parameters of glucose metabolism in women with
gestational diabetes mellitus. J Matern Fetal Neonatal Med 2013, 26(11):1112-1115.

71



Appendix

1- ANTE-NATAL QUESTIONNAIRE
PERSONAL INFORMATION Serial No._

Contact number: --------=--=--=-mmmmmm e NAME: -----m-mmmm oo

Age -------mm-m-e-e-- years

Gravid (number of pregnancy: ---------------=-=-=--m-mmmmemme-
WEIGHT: kg

HEIGHT: cm

> w ke

RISK ASSESSMENT

A. Factors related to past history
5. Number of abortion
6. Multiparity
a. 1
b. 2
c. 3
d 4
e. 5
7. Family history of diabetes mellitus
a. Yes
b. No
8. Ifyes,
a. Father
b. Mother
c. Brother
d. Sister
9. Personal history of GDM
a. Yes
b. No
10. Previous delivery of a big baby (> 4000gm).
a. Yes
b. No
11. Previous delivery of a low birth weight baby (<2500gm).
a. Yes
b. No
12. Previous preterm delivery
a. Yes
b. No
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B. Factors related to present pregnancy
13. Gestational age (weeks). First Visit ------=-====zmmmmmmmmmmm oo
14. Gestational age (weeks). Second Visit ----=-====-====mmmmmmmmmmmmmeeeee

15. Postnatal Visit (WeekKS): =-=========m=mmmmmm oo

16. Blood pressure: first Visit: ==-==-=======mmmmmm e
17. Blood pressure: SeCoNd ViSit: ============mmmmmmmmm oo

18. Blood pressure: Postnatal Visit: -----=-==-======mmmmmmmmmmm oo

19. Protein in urine: first visit:

a. Negative b. positive.
20. Protein in urine: second visit:

a. Negative b. positive
21. Protein in urine: Postnatal visit:

a. Negative b. positive
22. Sugar in urine first visit:

a. Negative b. positive.
23. Sugar in urine second visit:

a. Negative b. positive.
24. Sugar in urine Postnatal visit:

a. Negative b. positive.

25. Fasting plasma glucose (mg/dL) — first Visit ------=-=-==-===n-mmmmmmmommeeeeom :
26. Fasting plasma glucose (mg/dL) — second Visit ----=-=-=-=====-====mnmmmmmmmmmmmmee- :

27. Fasting plasma glucose (mg/dL) — Postnatal Visit ------=-=-=-==n=mnmmmmmmmmmmmoeeeen :
28. Hemoglobin (Hb) g/dl. First Visit: =-=-=-======mmmmmm oo

29. Hemoglobin (Hb) g/dl. Second Visit: -=-===========mmmmmmm oo
30. Hemoglobin (Hb) g/dl. Pst partum; ------==-==-===-mmeoemoomoo oo
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31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Hematocrit (Hct) % . First Visit: ----=---=--==-mmmmm oo
Hematocrit (Hct) % . second Visit: =-==-======mmmmm oo
Hematocrit (Hct) % . postnatal Visit; =--=-======mmmmmm oo

Mean corpuscular volume (MCV)fL — First Visit: ---------=-=-m-emmmmmm oo

HDBALC % first ViSit © =-=-=nememmmmm e
HbA1c % second ViSit © ~~--==~======m==mmemmmem e
HbA1c % postnatal Visit : =-=--=-=s-memmemeemm e e e eeeee

Ferritin ng/mL: first VISIt & ----mmmmmm oo oo

759 OGTT — 2 hr (mg/dL) first Visit : —=====-=mmmmm oo

759 OGTT — 2 hr (mg/dL) second ViSit : ==-=-====-=-mmmmmmmmmm oo

759 OGTT — 2 hr (mg/dL) postnatal Visit : -==-=======mmmmm e

Maternal weight (Kg): first ViSit: ==-====mmmmmm oo oo e

Iron supplementation: first visit:
a. Yes
b. No
Iron supplementation: second visit:
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a. Yes
b. No

49. Iron supplementation: postnatal visit:

a. Yes
b. No

CHILD INFORMATION

Gender of the Child.

Weight at Birth (gm).

Head Circumference

Gestational Age at Birth (Weeks).

Type of Delivery (Vaginal /Cesarean).

Perinatal Death
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2- Consent form
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