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Abstract
A descriptive, cross sectional study conducted in Sudan, Khartoum state in Yastabsheron obstetric hospital during the period from

February to June 2011. Analytical and statistical methods were applied to estimate the concentration of HbA1c in apparently healthy

pregnant Sudanese women as well as in apparently healthy non-pregnant Sudanese women to assess the difference in the results
which may be caused by physiological and biochemical change that occur in blood of maternal ladies, so pregnant women can get
a good report and interpretation of the results obtained. Blood samples were taken from a total of 90 apparently healthy pregnant

women (test group) and 30 apparently healthy non-pregnant women (control group), then samples were analyzed for HbA1c by

using affinity chromatography method, and results were recorded in addition to their age, body mass index and the number of
pregnancies, then results were statistically analyzed.

Result showed that, the mean concentration of the HbA1c in cases group was (4.407 ± 1.044)% in first trimester, (4.797 ± 0.621)%

in second trimester and (4.823 ± 0.616)% in third trimester, and (5.660 ± 0.461%) in control group with a P value of 0.00, indicating
the highly significant difference between the two groups.

The study also showed that the mean concentration of HbA1c of the first trimester is lower than that of the second and third

trimesters, but there was no significant difference between the mean concentration of the second and third trimester.

On the other hand, the study showed that there was a significant weak positive correlation between HbA1c concentration with all

of body mass index and the age of pregnant women, but an insignificant weak positive correlation with the number of pregnancies.

The study concluded that, Healthy pregnant women have lower HbA1c concentrations than non-pregnant women which can be

attributed to the decrease in plasma glucose values and to the shortened erythrocyte life span that occur during pregnancy. The body
mass index and age affect the concentration of HbA1c, but it is not affected by the number of pregnancies. So the reference intervals
for HbA1c in pregnant women should therefore be lower than those currently in use for non-pregnant women.
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Introduction
Pregnancy is a major endocrine event in the female lifespan,

involving wide-ranged and often dramatic changes in the metabolism of various hormones [1]. It is a normal physiological pheno-

found in the non-pregnant state. Gestation-specific reference ranges are essential for correct interpretation of tests used in screening, diagnosis, and monitoring during pregnancy [2].

Strict glycemic control is essential to minimize the maternal and

menon with many biochemical changes that assist the nurturing

fetal morbidity and mortality of pregnancies complicated by dia-

As gestation progresses, reference ranges for the concentration

In addition to home blood glucose measurement, which may not

and with many survival of the fetus.

of many biochemical parameters change significantly from those

betes [3-5].

always reflect the true average blood glucose level [6], HbA1c is a
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useful parameter in metabolic regulation [7-10]. Thus, supplementation with HbA1c, as is common outside pregnancy, seems appropriate.

•
•

Before pregnancy, the target for metabolic control in women

with diabetes is HbA1c values near the normal range [11]. Howe-

ver, the upper normal range of HbA1c during normal pregnancy is
only sparsely investigated with different methods [12], mainly in

late pregnancy [13,14], and reference ranges are generally established from the non-pregnant state.

Increased third-trimester HbA1c levels are associated with an

•

•

increased risk of preeclampsia [5], macrosomia [3] and stillbirth

[4], leading to speculations that the target for HbA1c in pregnancy
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Study period: Study was carried during the period from February to May 2011.

Study population: Ninety (90) samples had been collected
from apparently healthy pregnant Sudanese women who represent the test group and 30 samples had been collected from
apparently healthy non pregnant Sudanese women who represent a control group.
Exclusion criteria: Pregnant women with family history of
diabetes, history of gestational diabetes, diabetes and anemia
excluded.
Ethical consideration: Permission of this study was obtained
from the local health authorities in Yastabsheron obstetric
hospital.
•

should be even lower than outside pregnancy to prevent adverse
events.

Obesity, diabetes and glycaemic control are inter-linked, wei-

ght gain is associated with worsening diabetic control and can

be exacerbated by therapies aimed at controlling hyperglycemia.

•
•
•

•

en increasing BMI and HbA1c across all age groups [15]. There is
a need to establish the reference range of HbA1c during normal

•

Pregnancy with an internationally recognized diabetes Control

•

and Complications Trial (DCCT)-aligned method. In this study, we
evaluated the normal upper range of HbA1c during pregnancy in

Objectives

General objective
To assess HbA1c in healthy Sudanese pregnant women in re-

ference to BMI.

Specific objectives:
•
•
•

To measure HbA1c in pregnant women at 1st. 2nd and 3rd
trimester compared to non-pregnant women.
To assess the effect of body mass index on HbA1c levels
in pregnant women
To correlate HbA1c to age of pregnant women and the
number of pregnancies.

Materials and Methods
•
•

•

Study approach: Quantitative study

Study design: The scope of this study is to estimate HbA1c
in healthy pregnant Sudanese women in reference to BMI.
This study is a descriptive cross sectional case control study.
Study area: This study was carried out in Khartoum state in
Yastabsheron obstetric hospital.

An informed consent was obtained from all participants.
Health education was provided to all participants.

Data collection and clinical measurement:

Some studies observed that there is a strong relationship betwe-

reference to BMI.

The objectives of the study were explained to all
individual participating in this study.

Interview with the test group and the control
group were done to obtain the clinical data.

Clinical assessment was done by a medical doctor.

A questionnaire was designed specifically to obtain information’s which help in either including
or excluding certain individuals in or from the
study respectively.

Measurement of body mass index

The following anthropometric parameters were taken into con-

sideration

Weight and height:
•

•

•

•

Weight was recorded to the nearest kilograms (kg) with
the subject standing on the weighing machine without
shoes. The same weighing machine used for all participants and the machine was tested with known set of
weights for any error.
Height was recorded with the subject erect, bane footed
feet together, back and heels against the upright bar of
height scale.

The height measurement equipment consists of a vertical bar with a steel tape attached perpendicularly to the
vertical bar which was brought down snugly on the examinees head.
Weight was recorded in (kg) where as height was recorded in (cm).
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BMI
•

BMI was calculated from the formula:

•

Weight in kilograms\square of height in meters.

Collection of blood samples
•

•
•
•
•

Venous blood specimens “3ml” were collected from participants, using tourniquet, disposable syringe and spirit
for sterilization of the area of collection.
The collected blood was drawn into EDTA containers,
gently mixed.
Blood samples were preserved at 2-8°C for one week
prior to analysis.
Obtained blood samples were tested for determination
of HbA1c using iron exchange chromatography method.
No special patient preparation is required. Fasting specimens are not required. No special additives or preservatives other than anticoagulants are required.

Methodology

Instrument used for measurement: Nycocard reader II.

Materials required

Syringes, EDTA containers alcohol, cotton and complete hba1c

(NycoCard) kit.

Measurement of HbA1c

Principle
•

Nycocard HbA1c is a boronate affinity assay. The kit contains test devices with a porous membrane filter, test
tube pre-filled with reagent and a washing solution. The
reagent contains agent that lyses erythrocytes and precipitates hemoglobin specifically, as well as a blue boronic acid conjugate that binds cis-diols of glycated hemoglobin, when blood is added to the reagent, the erythrocytes
immediately lyse. All hemoglobin precipitates. The boronic acid conjugates binds to the cis-diol configuration
of glycated hemoglobin, the prepcipitates is evaluated by
measuring the blue (glycated hemoglobin) and the red
(total hemoglobin) color intensity with the NycoCard
READER II, the ratio between them being proportional to
the percentage of HbA1c in the sample(www.axis-shield.
com/NycoCard-HbA1c).

Procedures
•

Five µL of whole blood were mixed with R1/Reagent in
the test tube, Incubated for 2 minutes, the test tube re-

mixed and 25 µL of the reaction mixture were applied to the test
device, then 25 µL washing solution added, and the test results
read by the Nycocard reader II (www.axis-shield.com/NycoCardHbA1c).

Quality control

Reagents, standard were checked for storage, stability and pre-

paration before starting work.
Data analysis

Collected data were analyzed by a computer system using statis-

tical package for social science (SPSS) program using the One-Way
ANOVA, independent (t test) and correlation tests.

Results

During February to May 2011, a total of 90 pregnant women (at

the different three trimesters (first, second and third) of pregnancy admitted to Yastabsheron obstetric hospital and a total of 30 females (non- pregnant women) were randomly selected to conduct
this study. The two groups were apparently healthy women and

they were free of any disorders that can affect the concentration of

HbA1c. Blood samples were taken from each subject, samples were
analyzed for determination of HbA1c concentration and results

were recorded in addition to their age, body mass index and the
number of pregnancies.

The results obtained were statistically analyzed, using the One-

Way ANOVA, independent (t test) and correlation. The level of sig-

nificance was expressed as P < 0.05 for significant, and P < 0.01 for
highly significant.

Table 1 showed that, the mean concentration of the HbA1c in ca-

ses group was (4.407 ± 1.044)% in first trimester, (4.797 ± .621)%
in second trimester and (4.823 ± .616)% in third trimester), and

(5.660 ± .461)% in control group with a P value of 0.00, indicating
the highly significant difference between the two groups.

Table 2 showed the significant difference between the mean

concentration of HbA1c of first (4.407%) and second trimesters
(4.797%).

Table 3 showed the significant difference between the mean

concentration of HbA1c of first (4.407%) and third trimesters
(4.823%).

Table 4 showed the insignificant difference between the mean

concentration of HbA1c of second (4.797%) and third trimesters
(4.823%).
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Cases group
Variable
HbA1c %

Control group

N =90
First trimester

Second trimester

Third trimester

4.407 (± 1.044) %

4.797 (± .621) %

4.823 (± .616) %

P value

N= 30
5.660 (± .61) %

Table 1: Summarizes comparison of means of HbA1c % between study and control groups:

0.00

The mean difference is significant at the 0.05 level.

Variable
HbA1c %

The table shows the mean + SD, range in brackets () and probability (P) value.
Stage of pregnancy

N

Mean

Std. Deviation

Sig.

First trimester

30

4.407

1.0448

.013

Second trimester

30

4.797

.6217

Table 2: Summarizes comparison of means of HbA1c % between first and second trimester:
The mean difference is significant at the 0.05 level.

Variable

Stage of pregnancy

N

Mean

Std. Deviation

Sig.

HbA1c %

First trimester

30

4.407

1.0448

.011

Third trimester

30

4.823

.6163

Table 3: Summarizes comparison of means of HbA1c % between first and third trimester:
The mean difference is significant at the 0.05 level.

Variable

Stage of pregnancy

N

Mean

Std. Deviation

Sig.

HbA1c %

Second trimester

30

4.797

.6217

.955

third trimester

30

4.823

.6163

Table 4: Summarizes comparison of means of HbA1c % between second and third trimester:
The mean difference is significant at the 0.05 level.

Figure 1 showed the correlation between HbA1c and body mass

indexes in cases group (r= 0.268) (p-value = 0.011).

Figure 1: The scatter plot of HbA1c concentrations and body
mass index showed the significant weak positive correlation
on this fig. (r: 0.268), (p.value:0.011).

Figure 2 showed the correlation between HbA1c and age in ca-

ses group (r= 0.232) (p. value = 0.028)

Figure 2: The scatter plot of HbA1c concentrations and age
showed the weak positive significant correlation on this fig.
(r:0.232), (p.value:0.028).
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pregnancies in cases group (r=0.130) (p. valu e = 0.221).

105

In comparison to a previous study, there was an agreement be-

tween this study and the study was conducted by Andrea Mosca.,
et al. for determination of HbA1c in Healthy pregnant women in

which Healthy pregnant women have lower HbA1c concentrations

than non-pregnant women, due to the decrease in plasma glucose
values and to the shortened erythrocyte life span that occur during

pregnancy. So the reference intervals for HbA1c in pregnant women
should therefore be lower than those currently in use [18]. Also,

this study agrees with another previous study, which was conducted by C Jacques., et al. in which they estimate HbA1c in different

stages of healthy pregnant women, and found that HbA1c levels
progressively decreased during the first 25 weeks of pregnancy,
then remained stable [19].

The study also agreed with the study of Nilsen J R., et al. which

Figure 3: The scatter plot showed the insignificant weak
positive correlation between HbA1c concentrations and the
number of pregnancies on this fig. (r: 0.130), (p.value:0.221).

Discussion
The present study was carried out in order to measure the con-

centration of HbA1c in pregnant women at the different stages of
pregnancy as well as in non pregnant women to detect if there are
any differences between results and to ensure proper interpretation of laboratories result may obtained for the whole study group.

Elevated HbA1c is associated with increased risk of adverse

pregnancy outcomes (e.g., abortion, stillbirth, and congenital ab-

normalities) [16]. Some previous study found that even a slightly
raised HbA1c level was positively associated with an increased risk
of major congenital abnormalities [17].

The statistical analysis showed that the mean concentration of

HbA1c in pregnant women in the different trimesters of pregnancy
was lower than the mean of non-pregnant women.

The study also showed that the mean concentration of HbA1c

of the first trimester is lower than that of the second and third trimesters, but there was no significant difference between the mean
concentration of the second and third trimester.

On the other hand, the study showed that there was a significant

weak positive correlation between HbA1c concentration with all of
body mass index and the age of pregnant women, but an insignificant weak positive correlation with the number of pregnancies.

found that HbA1c was significantly decreased early in pregnancy

and further decreased in late pregnancy compared with age-matched non pregnant women [20-70].

Conclusion

Healthy pregnant women have lower HbA1c concentrations

than non-pregnant women which can be attributed to the decrease

in plasma glucose values and to the shortened erythrocyte life span

that occur during pregnancy. The body mass index and age affect
the concentration of HbA1c, but it is not affected by the number

of pregnancies. So the reference intervals for HbA1c in pregnant

women should therefore be lower than those currently in use for
non-pregnant women.

Bibliography
1.
2.
3.
4.
5.

Marshall WJ and Bangert SK. “Clinical Biochemistry: Metabolic and Clinical Aspects. Second Editions”. Elsevier Health
Sciences 39.160 (2008): 462-467.
HuyA. “Biochemical test in pregnancy”. Australian prescriber
28 (2005): 96-101.
Evers IM., et al. “Macrosomia despite good glycaemic control
in type I diabetic pregnancy: results of a nationwide study in
the Netherlands”. Diabetologia 45.11 (2002): 1484-1489.

Lauenborg J., et al. “Audit on stillbirths in women with pregestational type 1 diabetes”. Diabetes Care 26 (2003): 1385-1389.
Ekbom P., et al. “Urinary albumin excretion and 24-hour blood
pressure as predictors of pre-eclampsia in type I diabetes”.
Diabetologia 43 (2000): 927-931.

Citation: Marwan Ismail. “HbA1c in Healthy Sudanese Pregnant Women in Reference to Body Mass Index". Acta Scientific Nutritional Health 3.5 (2019):
101-108.

HbA1c in Healthy Sudanese Pregnant Women in Reference to Body Mass Index

6.

7.

8.
9.

Kyne-Grzebalski D., et al. “Episodic hyperglycaemia in pregnant women with well-controlled type 1 diabetes mellitus: a
major potential factor underlying macrosomia”. Diabetic Medicine 16 (1999): 702-706.

Hartland AJ., et al. “Establishing trimester- and ethnic grouprelated reference ranges for fructosamine and HbA1c in nondiabetic pregnant women”. Annals of Clinical Biochemistry 36
(1999): 235-237.
O’Kane MJ., et al. “Determination of a diabetes control and
complications trial-aligned HbA1c reference range in pregnancy”. Clinica Chimica Acta 311 (2001): 157-159.

Kilpatrick ES. “Glycated haemoglobin in the year 2000”. Journal of Clinical Pathology 53 (2000): 335-339 .

10. Marshall SM and Barth JH. “Standardization of HbA1c measurements: a consensus statement”. Diabetic Medicine 17
(2000): 5-6.

106

19. Jacques C., et al. “Hemoglobin A1c and its variations in pregnancy”. La Presse Medicale 12 (1983): 673-6.

20. Nilsen J R., et al. “HbA1c level are significantly lower in early
and late pregnancy”. American Diabetes Association 27 (2004):
1200-1201.
21. Arneson W and Brickell J. “Clinical chemistry: A laboratory
perspective”. (2007): 161-168.
22. Abbadie JM and Koelsch AA. “Performance of the Roche second generation hemoglobin A1c immunoassay in the presence
of HB-S or HB-C traits”. 38 (2008): 31-36.

23. American Diabetes Association: Standards of medical care in
diabetes- 2006. Diabetes Care 29 (2006): S4-42.
24. Aleyassine H. “Glycosylation of hemoglobin S and hemoglobin
C”. Clinical Chemistry 26 (1980): 526-527.

11. Kendrick JM. “Preconception care of women with diabetes”.
Journal of Perinatal and Neonatal Nursing 18 (2004): 14-25.

25. Butte NF. “Carbohydrate and lipid metabolism in pregnancy:
normal compared with gestational diabetes mellitus”. The
American Journal of Clinical Nutrition 71 (2000): 565-615.

13. Parentoni LS., et al. “Glycated hemoglobin reference limits obtained by high performance liquid chromatography in adults
and pregnant women”. Clinica Chimica Acta 274 (1998): 105109.

27. Bunn HF., et al. “Further identification of the nature and linkage of the carbohydrate in hemoglobin A1c”. Biochemical and
Biophysical Research Communications 67 (1975): 103-109.

12. Worth R., et al. “Glycosylated haemoglobin in normal pregnancy: a longitudinal study with two independent methods”.
Diabetologia 28 (1985): 76-79.

14. Lind T and Cheyne GA. “Effect of normal pregnancy upon the
glycosylated haemoglobins”. British Journal of Obstetrics and
Gynaecology 86 (1979): 210-213.

15. Richardson T., et al. “Obesity in type 2 diabetes - local experience in a district general hospital”. British Journal of Diabetes
and Vascular Disease 3 (2003): 49-52.

16. Greene MF. “Spontaneous abortions and major malformations
in women with diabetes mellitus”. Seminars in Reproductive
Endocrinology 17 (1999): 127-136.
17. Suhonen L., et al. “Glycaemic control during early pregnancy
and fetal malformations in women with type I diabetes mellitus”. Diabetologia 43 (2000): 79-82.

18. Mosca A., et al. “Reference Intervals for Hemoglobin A1c in
pregnant women: Data from an Italian multicenter study”.
American Association for Clinical Chemistry 52 (2006): 11381143.

26. Bookchin RM and Gallop PM. “Structure of hemoglobin HbA1c:
nature of the N-terminal beta chain blocking group”. Biochemical and Biophysical Research Communications 32 (1968): 8693.

28. Bernstein RE. “Glycosylated hemoglobin: hematologic consideration determines which assay for glycohemoglobin is advisable”. Clinical Chemistry 26 (1980): 174-175.

29. Bry L., et al. “Effects of hemoglobin variants and chemically
modified derivatives on assays for glycohemoglobin”. Clinical
Chemistry 47 (2001): 153-163.
30. Brooks AP., et al. “Iron deficiency and glycosylated haemoglobin A”. Lancet 2 (1980): 141.
31. Chandalia HB., et al. “Glycated haemoglobin”. Current Science
83 (2002): 1522-1532.

32. Coban E., et al. “Effect of iron deficiency anemia on the levels
of hemoglobin HbA1c in nondiabetic patients”. Acta Haematology 112 (2004): 126-128.
33. Ceriello A., et al. “Vitamin E reduction of protein glycosylation
in diabetes. New prospect for prevention of diabetic complications?”. Diabetes Care 14 (1991): 68-72.

Citation: Marwan Ismail. “HbA1c in Healthy Sudanese Pregnant Women in Reference to Body Mass Index". Acta Scientific Nutritional Health 3.5 (2019):
101-108.

HbA1c in Healthy Sudanese Pregnant Women in Reference to Body Mass Index

34. Chevenne D., et al. “Uremia and HbA1c measured by high-performance liquid chromatography”. Diabetic Care 21 (1998):
463-464.
35. Celic .”Effect of experimental diabetes mellitus on plasma lactate dehydrogenase and glutamic oxaloacetatic transaminase
levels in rats”. Turkish Journal of Biology 21 (2002): 151-154.
36. Cole RA., et al. “A rapid method for the determination of glycosylated haemoglobins using high pressure liquid chromatography’. Metabolism 27 (1978): 289-301.

37. Davies S., et al. “Human chorionic gonadotropin testing for
early pregnancy viability and complications”. Clinics in Laboratory Medicine 23 (2003): 257-264.

38. Dart RG., et al. “Transvaginal ultrasound in patients with low
beta-human chorionic gonadotropin values: how often is the
study diagnostic?” Annals of Emergency Medicine 30 (1997):
135-140.
39. Diabetes Control and Complications Trial Research Group.
“The effect of intensive treatment of diabetes on the development and progression of long-term complications in insulindependent diabetes mellitus”. The New England Journal of
Medicine 329 (1993): 977-986.
40. Davie SJ., et al. “Effects of vitamin C on glycosylation of proteins”. Diabetes 41 (1992): 167-173.
41. Davis JE., et al. “A high-performance liquid chromatography
method for haemoglobin A1C Diabetes”. 102 (1978): 27-27.
42. Gaw A., et al. Clinical Biochemistry: An Illustrated Colour Text
4th (2008): 142-143.

43. Goldstein DE., et al. “American Diabetes Association Technical
Review on Tests of Glycemia”. Diabetes Care 18 (1995): 896909.

44. Goldstein DE., et al. “HemoglobinA1c levels in children and
adolescents with diabetes mellitus”. Diabetes Care 3 (1980):
503-507.
45. Glinoer D. “The regulation of thyroid function in pregnancy:
pathways of endocrine adaqutation from physiology to pathology”. Endocrine Review 18 (1997): 404-433.

46. Hylten F. “Blood volume changes in normal pregnancy”. Haematology 14 (1985): 601-612.

47. Hoffman L., et al. “Gestational diabetes mellitus management
guidelines. The Australasian diabetes in pregnancy society”.
The Medical Journal of Australia 1998 169: 93-97.

107

48. Huisman TH., et al. “Chromatography of hemoglobin types on
carboxy methyl cellulose”. Journal of Laboratory and Clinical
Medicine 52 (1958): 312-327.
49. Icie G and Macy. “Metabolic and biochemical changes in normal pregnancy”. JAMA 168 (1958 ): 2265-2271.

50. Jiao Y., et al. “Abnormally decreased HbA1c can be assessed
with erythrocyte creatine in patients with a shortened erythrocyte age”. Diabetes Care 21 (1998): 1732-1735.
51. Koenig RJ., et al. “Correlation of glucose regulation and hemoglobin AIc in diabetes mellitus”. The New England Journal of
Medicine 295 (1976): 417-20.

52. Koga M., et al. “Association of erythrocyte indices with glycated
haemoglobin in pre-menopausal women”. Diabetic Medicine
(2007): 24843-24847.
53. Kennedy L. “Glycation of haemoglobin and serum proteins”.
In: Alberti KGMM, DeFronzo RA, Keen H, Zimmet P, eds International textbook of diabetes mellitus 1st ed. John Wiley and
sons (1992): 985-1007.
54. Lazarus JH., et al. “Screening for thyroid disease in pregnancy”.
Jelinpathol 58 (2005): 449-52.

55. Little RR., et al. “Can glycohemoglobin be used to assess glycemic control in patients with chronic renal failure”. Clinical
Chemistry 48 (2002): 784-786.

56. Little R., et al. “Measurement of glycated hemoglobin (GHB) in
patients with chronic renal failure (CRF)”. Clinical Chemistry
43 (1997): S136.
57. McChesney R., et al. “Intact HCG, free HCG beta subunit and
HCG beta core fragment: longitudinal patterns in urine during
early pregnancy”. Hum Reprod. 20 (2005): 928-35.
58. Menard L., et al. “Quantitative determination of glycosylated
hemoglobin A1 by agar gel electrophoresis”. Clinical Chemistry
26 (1980): 1598-1602.
59. Mustafa AM and Alamin. “Some biochemical markers of cardiovascular disease in Sudanese Type 1 diabetics”. University
of Juba (2007).
60. Nitin S. “HbA1c and factors other than diabetes mellitus affecting it”. Singapore 251 (8): 616.

61. Oliver M F. “Obesity”. British Medical Bulletin 37 (1981): 49-58.
62. Paspulati RM., et al. “Sonographic evaluation of first- trimester
bleeding”. Radiologic Clinics of North America 42 (2004): 297314.

Citation: Marwan Ismail. “HbA1c in Healthy Sudanese Pregnant Women in Reference to Body Mass Index". Acta Scientific Nutritional Health 3.5 (2019):
101-108.

HbA1c in Healthy Sudanese Pregnant Women in Reference to Body Mass Index

63. Paisey R., et al. “Persistent fetal haemoglobin and falsely high
glycosylated haemoglobin levels”. BMJ 289 (1984): 279-80.

108

64. Reynolds K., et al. “Human physiology\ pregnancy and birth
(wikibooks). 17 (2002): 326-42.
65. Robert S., et al. “The merck manual home health handbook”.
22 (2003): 1616-1643.

66. Rahbar S., et al. “Studies of unusual hemoglobin in patients
with diabetes mellitus”. Biochemical and Biophysical Research
Communications 36 (1969): 838-43.

67. Spicer KM., et al. “A simplified assay haemoglobin A1c in diabetic patients by use of isoelectric focusing and quantitative
micro densitometry”. Diabetes 27 (1978): 384-834.
68. Thornburg KL., et al. “Hemodynamic changes in pregnancy”.
Seminars in Fetal and Neonatal Medicine 24 (2000): 11-14.

69. Trivelli LA., et al. “Haemoglobin components in patients with
diabetes mellitus”. The New England Journal of Medicine 353
(1971): 284-287.

70. UK Prospective Diabetes Study (UKPDS) Group. “Intensive
blood-glucose control with sulphonylureas or insulin compared with conventional treatment and risk of complications
in patients with type 2 diabetes (UKPDS 33)”. Lancet 352
(1998): 837-853.

Volume 3 Issue 5 May 2019
© All rights are reserved by Marwan Ismail.

Citation: Marwan Ismail. “HbA1c in Healthy Sudanese Pregnant Women in Reference to Body Mass Index". Acta Scientific Nutritional Health 3.5 (2019):
101-108.

