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Abstract: Nowadays rate of gestational diabetes mellitus (GDM) is increasing and it has numerous complications for 

both mother and newborn, so appropriate and timely treatment of GDM is very important. Insulin is the most common 

treatment to control blood sugar in GDM. Knowing the amount of insulin required during pregnancy could help doctors 

to better control blood sugar in women with GDM. This study aimed to determine the amount of insulin required to 

control blood sugar in patients with gestational diabetes. This is a retrospective study, carried out using medical records 

of 225 pregnant women aged 18 to 45 years diagnosed with GDM for the first time referred to Imam Khomeini Teaching 

Hospital in Ahvaz during 2016.  Total daily insulin dose (TID) during pregnancy was recorded as units per kilogram, and 

the amount of insulin required in women with GDM was evaluated based on the characteristics of mother. The collected 

data were analyzed using SPSS version 23.00 (SPSS Inc., Chicago, IL, USA). This study showed that the amount of 

insulin required to control blood sugar by increasing gestational age significantly increases. So that the required insulin in 

gestational age less than 12 weeks: 0.52±0.09 units / kg / day, in 13 to 26 weeks: 0.64±0.05 units / kg / day, in 27 to 35 

weeks: 0.73±0.08 units / kg / day, and more than 36 weeks to birth: 0.85±0.03 units / kg / day (P < 0.05). The results also 

showed that factors such as maternal age, Body mass index (BMI), parity, history of macrosomia birth, history of 

infertility and diabetes among close relatives mother do not affect in determining the 24-hours insulin  dose (P > 0.05). 

The results of this study showed that gestational age is only factor in determining the amount of insulin required to 

control blood sugar in GDM. Because the studies in this field are very low, also many factors such as nutrition and stress 

during pregnancy effect on insulin requirements, so definitive decision about prescribed amount of insulin required to 

control blood glucose in GDM, need to do more studies in a controlled manner in the future. 

Keywords: Insulin requirements, pregnancy, gestational diabetes mellitus 

 

INTRODUCTION 

The prevalence of diabetes is rapidly 

increasing worldwide due to factors such as increased 

rate of obesity caused by urbanization lifestyle and 

aging societies. Unfortunately, this effect is more 

significant in developing countries including our 

country. Currently about 200 million of people in 

worldwide and more than 3 million people in Iran are 

affected by the diabetes. Diabetics are prone to the risk 

of complications such as vision disorders, 

cardiovascular attacks, amputation, and renal failure 

[1]. 

 

Gestational diabetes mellitus (GDM) is a form 

of diabetes that first appears in a pregnant woman and is 

usually resolved after termination of pregnancy [2]. 

GDM is the most common medical complication of 

pregnancy and 5% to 8% of pregnant women suffer 

from GDM, which usually happens around weeks 24 to 

28 of pregnancy [3]. 

 

GDM is considered a high-risk status of 

pregnancy and patients with GDM need more care than 

others. Unfortunately, the prevalence of GDM has 

increased by 40 percent in recent years. This is because 

change in diet and increased the use of a variety of fast 
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foods, weight gain, increased the age of marriage and 

subsequently elevated pregnancy age [4].  

 

High blood sugar during pregnancy is harmful 

to both of fetus and mother. Short-term and long-term 

complications of GDM for the mother and fetus are 

numerous. Adverse effects include an increased risk of 

GDM on the Infant macrosomia, neonatal 

hypoglycemia, hyperbilirubinemia, cardiac 

hypertrophy, hypocalcemia, polycythemia, obesity, and 

stillbirth. Other complications of diabetes include birth 

trauma, increased induction of labor or a cesarean 

section, and subsequent baby's obesity and diabetes [5]. 

 

The risk of fetal abnormalities and 

complications of pregnancy and delivery increases 4 to 

10 times in pregnant women with uncontrolled GDM. 

The goal of GDM treatment is to normalize plasma 

glucose levels before and during pregnancy. According 

to research, fetal malformations will be avoided if the 

diabetes is controlled before 15th week of pregnancy [4, 

6]. The prevalence of GDM depending on the 

population studied and the diagnostic tests from 1 to 

14% have been reported. According to a study on the 

Metabolism Research Center, Tehran University of 

Medical Sciences, the prevalence of GDM in Tehran 

equivalent to 7/4% was reported [7]. With proper 

treatment, GDM complications, which include cardiac 

anomalies and fetal macrosomia, preterm delivery, and 

maternal and newborn deaths, can be prevented. 

 

Insulin is the most common drug to control 

blood sugar in GDM. About 15 percent of women with 

GDM need to take insulin therapy. Insulin is a safe and 

effective drug that can reduce the risk of complications 

from GDM [8]. The required dose of insulin is 

determined based on blood glucose levels, the patient's 

weight, gestational age, and other conditions of the 

patient [9]. 

 

The best strategy to control GDM is to use 

insulin. considerable researchs has not been done on the 

treatment of GDM in Iran, so this study aimed to 

evaluate the medical records on pregnant women with 

GDM in order to determine the most suitable insulin 

dose according to gestational age in Iranian women for 

precise control of the disease such that it exerts 

maximum impact on glycemic control and minimum 

complications for both mother and fetus. The results of 

this research could help determine the standard dose of 

insulin for the treatment of gestational diabetes.  

 

METHODS 

This is a retrospective study carried out using 

medical records of pregnant women with diabetes 

referred to Imam Khomeini Teaching Hospital in Ahvaz 

during 2016. Sampling was conducted as random and 

the sample size was calculated based on a pilot study of 

12 subjects and a confidence level of 95% with an 

accuracy of 0.03 for 225 individuals. 

Inclusion criteria 

 Being a diabetic for the first time during 

pregnancy 

 Ages 18 to 45 years 

 

Exclusion criteria 

 Pregnant women with diabetes Type 1 and 

Type 2 diagnoses before pregnancy 

 Women with incomplete follow-up 

 Women with abortion before 20th weeks of 

pregnancy 

 Multiple pregnancy 

 

Demographic and clinical data including 

maternal age, height, weight, gestational age, parity, 

history of macrosomal birth, infertility history, and 

history of diabetes in close relatives, 24-h insulin dose, 

and complications of pregnancy status were collected 

from the patient’s medical record at the clinic and 

recorded in an information checklist. 

 

The need for daily insulin as total insulin dose 

(TID) includes basal insulin and insulin with meals, 

which was calculated based on the weight as insulin 

units per kg of body weight per day (units/kg /day). 

 

Body Mass Index (BMI) was studied in kg/m
2
 

calculated for all subjects in four groups as follows: 

18.5-24.9 = normal; 25-29.9= overweight; 30-34.9= 

moderate obesity; 35-40 = severe obesity. 

Gestational ages of the patients were divided into four 

groups based on pregnancy weeks: 

 

(Group 1): pregnant women with gestational 

ages of 1 to 12 weeks; (Group 2): pregnant women with 

gestational ages of 13 to 26 weeks; (Group 3): pregnant 

women with gestational ages of 27 to 35 weeks; (Group 

4): pregnant women with gestational ages over 36 

weeks. 

 

In this study, clinical and demographic data of 

patients with GDM were collected by examining their 

medical records and compiled in an information 

checklist. 

 

The software SPSS version 22 was used to 

perform statistical analyses. The graphs and charts were 

plotted by Excel software. Data obtained were analyzed 

by descriptive statistics including frequency, mean, 

standard deviation, percentage, and statistical charts and 

tables. 

 

Normality of data and homogeneity of 

variance, respectively, were analyzed by Kolmogorov-

Smirnov and Leven tests. Independent t-test and one-

way ANOVA, respectively, were applied to assess the 

significance of differences and comparison of the 

quantitative variables. Chi-square test was used to 

compare qualitative variables. Mann-Whitney test was 
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employed in the case of a non-normal data distribution. 

A significance level of 0.05 was considered in all the 

tests. 

 

RESULTS 

Demographic and clinical characteristics 

The results showed that average age of the 

samples was 31.88 ± 5.24 years with a mean BMI of 

29.77 ± 3.25 kg/m
2
 (Table 1). Also, most subjects 

(n=105) were overweight (BMI between 25 and 29.9) 

and normal weight (BMI between 18.5 to 24.9) was 

only observed in 13 patients (Fig. 1). Results showed a 

mean gestational age of 24.97 ± 9.57 weeks. Most 

patients (n=87) showed gestational ages between 27 and 

35 weeks (Fig. 2). Parity or pregnancy times equaled 2 

in most subjects (n = 86) with a mean parity of 2.43 ± 

1.20 (Fig. 3). The results also showed that 64 patients 

had history of infertility (Fig. 4), 77 patients had history 

of macrosomia birth (Fig. 5), and 150 patients had 

diabetes in their first-degree relatives (Fig. 6). 

 

Table-1: Demographic profile of patients with GDM 

Variable Mean SD Min. Max. 

Age (year) 31.88 5.24 81 54 

Stature (cm) 162.47 5.28 841 874 

Weight (kg) 78.60 8.54 44 885 

BMI (kg/m
2
) 29.77 3.25 20.7 40.3 

Gestational  age 

(weeks) 
24.97 9.57 4 51 

Parity 2.43 1.20 8 7 

 

 
Fig-1: Distribution of GDM according to BMI 

 

 
Fig-2: Distribution of GDM according to gestational age 
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Fig-3: Distribution of GDM according to parity 

 

 
Fig-4: Distribution of GDM according to history of infertility 

 

 
Fig-5: Distribution of GDM according to macrosomia birth history 
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Fig-6: Distribution of GDM according to diabetes records in close relatives 

 

The percentages of history of infertility, birth 

macrosomia, and a history of diabetes in first-degree 

relatives, respectively, were 28.4%, 34.2%, and 66.6%. 

 

Results of insulin doses needed for blood sugar 

control 

The doses of insulin needed to control blood 

glucose in women with GDM were evaluated according 

to different variables (Table 2). 

 

Table-2: Doses of insulin needed based on different variables. 

Variable Group Mean SD p-value 

Maternal age 

(year) 

01 >  0.65 0.092 
0.449 

01 ≤  0.64 0.094 

Macrosomia birth record 
Yes 0.66 0.090 

0.314 
No 0.64 0.091 

History of infertility 
Yes 0.64 0.092 

0.838 
No 0.65 0.093 

History of family diabetes 
Yes 0.64 0.092 

0.960 
No 0.64 0.095 

BMI (kg/m
2
) 

18.5-24.9 0.60 0.086 

0.272 
25-29.9 0.65 0.094 

30-34.9 0.64 0.092 

51-04  0.67 0.092 

Gestation age  

(weeks) 

1 to 12 0.52 0.091 

0.003 
80  to  62  0.64 0.058 

67  to  04  0.73 0.085 

 > 02 0.85 0.039 

 

No significant differences were observed 

between the ages of pregnant women with GDM and 

insulin doses required to control blood sugar in the 

patients (P = 0.449) (Fig. 7). Evaluation of insulin 

needed for blood sugar control in GDM based on 

pregnancy age revealed that insulin requirements 

significantly rose with increasing age of pregnancy (P = 

0.003) (Fig. 8). 

 

The results showed no significant differences 

between the amounts of insulin needed to control blood 

sugar in patients with GDM and BMI (P = 0.272) (Figs. 

9 and 10). 

 

The results showed statistically significant 

associations between the doses of insulin needed to 

control blood sugar in patients with GDM and their 

parity (P = 0.275) (Fig. 11). 

 

According to the results of statistical analyses, 

no significant differences were found between the 

amounts of insulin needed to control blood sugar in 

GDM and history of birth macrosomia (P = 0.314) (Fig. 

12). 

 

This study recorded no significant 

relationships between the amount of insulin needed to 

control blood sugar in patients with GDM and history 

of infertility (P = 0.838) (Fig. 13). 

 

In addition, the amount of insulin needed to 

control blood glucose in GDM showed no significant 

relationships with history of diabetes in first-degree 

relatives of patients (P = 0.960) (Fig. 14). 
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Fig-7: Average age of patients with GDM according to the insulin dose needed for blood sugar control 

 

 
Fig-8: Average age of gestational age in patients with GDM according to the insulin dose needed for blood sugar 

control 

 

 
Fig-9: Average BMI values in patients with GDM according to the insulin dose needed for blood sugar control 

 

 
Fig-10: Doses of insulin needed to control blood sugar in GDM according to the patients’ BMI values 
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Fig-11: Doses of insulin needed to control blood sugar in GDM according to the patients’ parity 

 

 
Fig-12: Doses of insulin needed to control blood sugar in GDM according to the history of macrosomia birth in 

patients 

 

 
Fig-13: Doses of insulin needed to control blood sugar in GDM according to the history of infertility in patients 
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Fig-14: Doses of insulin needed to control blood sugar in GDM according to the history of diabetes in close 

relatives of the patients. 

 

DISCUSSION 

Due to the increasing incidence of GDM and 

the resultant multiple complications for both mother 

and infant, appropriate and timely treatment of this 

disease is of utmost importance. Insulin is the most 

common treatment for diabetes to control blood sugar in 

GDM [8]. 

 

The required insulin doses in GDM are 

determined based on the patient's condition. For a 

pregnant woman affected by diabetes for the first time, 

initial dose of insulin is determined as daily dose 

needed based on gestational age and weight of the 

patient, which will be regulated later according to the 

activity, nutritional regime, and other factors. Stress, 

infection, steroids, obesity, and gestational age all 

increase insulin requirements [9]. 

 

Most previous studies have focused on the 

treatment of women with Type II diabetes, but the 

increasing prevalence of diabetes in pregnancy 

necessitates more studies on the treatment of such 

patients. This study, therefore, aimed to assess the doses 

of insulin required to reduce blood sugar in GDM 

taking into account several factors including maternal 

age, pregnancy age, BMI, parity, history of infertility, 

macrosomia birth, and history of diabetes in close 

relatives. 

 

Two forms of diabetes in pregnancy have been 

studied: diabetes before pregnancy and diabetes first 

appears during pregnancy. In this study, however, 

pregnant women with a diagnosis of any diabetes before 

pregnancy were excluded from the study. 

 

The results showed an average age of 31.88 ± 

5.24 years and a mean BMI of 29.77 ± 3.25 kg/m
2
 (in 

the range of 20.7-40.3) for women with GDM. Also, 

most patients (46.7%) were overweight and normal 

weight was only observed in 5.7% of the subjects. 

 

The results showed no significant differences 

among age, BMI, parity, history of macrosomia, birth, 

infertility history, and history of diabetes in first-degree 

relatives of patients and insulin doses needed to control 

blood sugar in patients with GDM. 

 

The results presented by Padmanabhan et al. 

[11] showed no relationships between insulin 

requirements in GDM, age, parity, and maternal 

complications such as retinopathy, proteinuria, 

hypertension, and smoking. 

 

McManus et al. [14] showed no relationships 

between GDM, insulin needs, and the patient's age, 

BMI, and weight gain during pregnancy, or problems 

related to mother and fetus. These results are consistent 

with the findings of present study. 

 

Padmanabhan et al. [11] reported an average 

BMI value of 31.1 kg/m
2
 (ranging from 27 to 36.7) in 

patients with GDM with no normal weights in the 

subjects. They further showed that BMI and weight 

gain during pregnancy could have a role in determining 

the doses of insulin needed. Their results do not 

correspond with the findings of this study. 

 

Padmanabhan et al. [11] detected a significant 

relationship between weight gain during pregnancy and 

the final dose of insulin. This is because increased 

amounts of lipids are associated with greater production 

of cytokines and proinflammatory adipokines such as α- 

TNF and leptin, which are directly related to changes in 

insulin sensitivity (10, 14, and 15). Accordingly, weight 

gain in pregnancy can have major metabolic effects 

leading to varying degrees of insulin resistance in 

pregnancy. 

 

The discrepancies in results may be due to 

differences in subject population (genetic, lifestyle, diet, 

calories, etc.) and also to treatment protocol. 

Furthermore, weight gain in pregnancy was not 

evaluated in this study. 

 

Iversen et al. [16] studied women with GDM 

with matched age, weight, and BMI and found that 
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increased maternal parity had no roles in insulin 

sensitivity or beta cell function, which corresponds with 

the findings of this study. As a result, parity or 

pregnancy times cannot determine the doses of insulin 

to reduce blood glucose in GDM. 

 

The results of insulin doses needed to control 

blood sugar in GDM based on gestational age in this 

study reveals that insulin requirements significantly 

increases with rising pregnancy age. Similarly, 

Padmanabhan et al. [11] noted that doses of insulin 

required lowering blood glucose in GDM increased 

with elevating gestational age. They also showed that 

doses of insulin needed in the third trimester of 

pregnancy were almost double the amounts required in 

the second trimester. Contrarily, a 10% increase in the 

insulin requirement was observed between four 

intervals (1-12, 13-26, 27-35, and 36 weeks to term) in 

our study. The differences in results can be attributed to 

the effects of BMI and weight gain during pregnancy. 

This is because our study did not intend to consider 

weight gain during pregnancy and the relationship 

between weight gain and doses of insulin were not 

evaluated. In the research of Padmanabhan et al., [11] 

on the other hand, weight gain contributed to the insulin 

doses needed in addition to gestational age and BMI 

values. 

 

In the study of Padmanabhan et al. [11], 

average insulin dose required in the first, second, and 

third trimester, respectively, were 0.36 (0.1-0.7), 0.61 

(0.69-0.95), and 0.95 (0.53-1.32) units/kg/day. 

 

A reduced amount of insulin needed in the first 

trimester of pregnancy is because of the temporary 

decrease in progesterone levels, thereby, a shift in the 

production of luteinizing hormone to the placenta as 

well as diminished need for food caused by severe 

pregnancy nausea and vomiting [12]. 

 

In a study, Jovanovic stated that the amount of 

insulin required increased with rising gestational age, so 

that the required weekly dose of insulin at weeks 1-18, 

18-26, 26-36, and 36-40, respectively, were equal to 

7.0, 8.0, 9.0, and 1.0 units/kg/day [9]. Likewise, a 10% 

increase in the amount of insulin needed at various 

intervals was observed with increasing pregnancy age. 

 

Roversi et al. [13] in a study on 280 women with GDM 

demonstrated that the need to insulin elevated from 15 

weeks of pregnancy until delivery, and that average 

maximum tolerated dose of insulin (MTD) increased as 

38 units per day from week 15 of pregnancy until 

delivery time. Similar to present study, other studies 

also showed increased amounts of insulin demand with 

rising gestational age, but they have not presented 

detailed information (14 and 17). 

 

Several studies have shown that the production 

of hormones including human lactogen, progesterone, 

cortisol and chorionic growth hormone responsible for 

increased insulin resistance are raised by the placenta 

through postreceptor effect in the second half of 

pregnancy (10 and 18) indicating an elevated need for 

insulin with increasing gestational age. 

 

         Langer et al. studied 40 patients with GDM and 

their insulin need for every 5 weeks (weeks 8, 11, 16, 

and 19) and showed elevated insulin doses with 

increasing gestational age [19]. This result is also 

consistent with the findings of current study. 

 

In another study, Langer et al. [20] 

investigated 57 pregnant women with GDM and found 

that insulin doses needed to control levels of glucose in 

the diabetics significantly increased up to 30 weeks of 

pregnancy in spite of constant glucose levels. 

Afterwards, no significant increases were observed in 

the amounts of insulin required in patients. This result 

does not correspond with the findings of present study. 

The dissimilarity can be related to differences in the 

population’s studied as well as to the influences of 

factors such as insulin therapy protocol, nutrition, 

physical activity, and genetic factors. 

 

In this study, the amount of insulin needed by 

patients (Group 1) in the first trimester averaged 0.52 

units/kg/day, which increased in the next groups by 

about 10 percent. 

 

The results offered by Jovanovic et al. [12] on 

insulin needs in the first trimester of pregnancy showed 

a significant increase of 18% in average weekly dose of 

insulin between 3-7 weeks (from 0.67 to 0.80 

units/kg/day) followed by a significant reduction of 9% 

in insulin needs (from 0.80 to 0.72 units/kg/day) 

between 7-15 weeks of pregnancy (12). The results of 

their study do not agree with those detected in here. The 

reason for the higher amounts of insulin needed in their 

study compared to those found in present study could 

be because most patients had a history of diabetes 

before pregnancy in the study of Jovanovic et al. [12] 

while in our study, diabetes was first diagnosed in 

pregnancy.  

 

The reduced insulin requirements in the second 

half of the first trimester can partly be because of poor 

control of blood sugar at the onset of pregnancy and 

also of the need for high doses of insulin to promptly 

control this situation. Additionally, insulin dose 

reduction is necessary to prevent hypoglycemia after 

glucose control. This possible overshoot may make it 

difficult to determine required amounts of insulin in 

GDM. 

 

Studies in the field of GDM treatment in 

women with previous diabetes and those with first-time 

diabetes diagnosed in pregnancy have shown that 

diabetic women prior to the second trimester of 

pregnancy require more insulin than those needed by 
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first-time diabetics. In the third trimester, however, 

insulin levels were similar in both groups [11]. 

The results of this study, as a number of other similar 

studies, revealed that the doses of insulin required to 

lower blood sugar in pregnancy diabetes increase with 

gestational age, but there are differences on some 

details. 

 

CONCLUSION 

The results of this study indicate that factors 

such as maternal age, BMI, parity, history of 

macrosomia birth, maternal history of infertility, and 

diabetes among close relatives have no impacts in 

determining 24-h insulin in GDM. Moreover, 

gestational age is the only factor in determining the 

amount of insulin needed to control blood sugar in 

GDM, so that the required amounts of insulin for blood 

sugar control elevate by increasing gestational age.  

 

The doses of insulin required at different 

gestational ages are as follows: 

 Less than 12 weeks:  0.52 ± 0.09 units/kg/day 

 13 to 26 weeks: 0.64 ± 0.05 units/kg/day 

 27 to 35 weeks: 0.73 ± 0.08 units/kg/day 

 36 weeks to term: 0.85 ± 0.03 units/kg/day 

 

Nonetheless, as studies in this area are very 

limited, detailed comparisons of our results with those 

of others are not possible. In addition, many factors 

including nutrition, stress, and activity levels affect 

insulin requirements during pregnancy. Therefore, 

definitive conclusions and decisions about prescribing 

doses of insulin required to control blood glucose in 

GDM need to be further investigated in a controlled 

manner. 

 

ACKNOWLEDGEMENT 

This work was supported by Vice-Chancellor 

of University in Researches, Ahvaz Jundishapur 

University of Medical Sciences (Grant no D-9505). 

 

REFERENCES 

1. Hatami H, Azizi F, Jnghorbani M. 

Epidemiology and control of common 

disorders in Iran. Tehran, Iran: Khosravi 

Publications. 2004. 

2. Cunningham FG, Gant NF, Leveno KJ, 

Gilstrap L, Hauth J, Wenstrom K. Dystocia 

abnormal labor and fetopelvic disproportion. 

Williams Obstetrics. 21st ed. New York: 

McGraw-Hill. 2001:425-50. 

3. Australian National Diabetes Services Scheme 

(NDSS). Gestational Diabetes: Caring for 

yourself and your baby. 2010; P 26. 

4. Larijani B, Hossein-nezhad A. Diabetes 

Mellitus And Pregnancy. Journal of Diabetes 

and Metabolic Disorders. 2002;1(1):9-22. 

5. Cunningham FG, Leveno KJ, Bloom SL, 

Hauth JC, Gilstrap III LC, Wenstrom KD. 

Normal labor and delivery. Williams 

obstetrics. 2005;22:410-0. 

6. Fardi AZ, Abd ES, Najafipour F, Shahr AE. 

Evaluation Of Material Complication Of Overt 

And Gestational Diabetes. 2007; 10(1):17-24 

7. American Diabetes Association. Position 

Statement. Gestational diabetes mellitus. 

Diabetes Care 2004; 27:88-90. 

8. Committee on Practice Bulletins--Obstetrics. 

Practice Bulletin No. 137: Gestational diabetes 

mellitus. Obstet Gynecol 2013; 122:406-416. 

9. Jovanovic L. Role of diet and insulin treatment 

of diabetes in pregnancy. Clinical obstetrics 

and gynecology. 2000 Mar 1;43(1):46-55. 

10. Barbour LA, McCurdy CE, Hernandez TL, 

Kirwan JP, Catalano PM, Friedman JE. 

Cellular mechanisms for insulin resistance in 

normal pregnancy and gestational diabetes. 

Diabetes Care 2007; 30 (2): 112-119. 

11. Padmanabhan S, Jiang S, Mclean M, Cheung 

NW. Effect of pregnancy on insulin 

requirements differs between type 1 and type 2 

diabetes: A cohort study of 222 pregnancies. 

Aust N Z J Obstet Gynaecol 2016; 56(4):352-

357. 

12. Jovanovic L, Knopp RH, Brown Z, Conley 

MR, Park E, Mills JL, Metzger BE, Aarons 

JH, Holmes LB, Simpson JL. Declining insulin 

requirement in the late first trimester of 

diabetic pregnancy. Diabetes Care. 2001 Jul 

1;24(7):1130-6. 

13. Roversi GD, Gargiulo M, Nicolini U, Ferrazzi 

E, Pedretti E, Gruft L, Tronconi G. Maximal 

tolerated insulin therapy in gestational 

diabetes. Diabetes Care. 1980 May 1;3(3):489-

94. 

14. McManus RM, Ryan EA. Insulin requirements 

in insulin-dependent and insulin-requiring 

GDM women during final month of 

pregnancy. Diabetes Care. 1992 Oct 

1;15(10):1323-7. 

15. Kirwan JP, Hauguel-De Mouzon S, Lepercq J, 

Challier JC, Huston-Presley L, Friedman JE, 

Kalhan SC, Catalano PM. TNF-α is a predictor 

of insulin resistance in human pregnancy. 

Diabetes. 2002 Jul 1;51(7):2207-13. 

16. Iversen DS, Stoy J, Kampmann U, Voss TS, 

Madsen LR, Moller N, Ovesen PG. Parity and 

type 2 diabetes mellitus: a study of insulin 

resistance and β-cell function in women with 

multiple pregnancies. BMJ Open Diabetes 

Research and Care 2016;4:e000237. 

17. Steel JM, Johnstone FD, Hume R, Mao JH. 

Insulin requirements during pregnancy in 

women with type I diabetes. Obstet Gynecol 

1994; 83:253-258. 

18. Newbern D, Freemark M. Placental hormones 

and the control of maternal metabolism and 

fetal growth. Curr Opin Endocrinol Diabetes 

Obes 2011; 18: 409-416. 



 

 

 

 

 

Seyed Bahman Ghaderian et al., Sch. J. App. Med. Sci., Mar 2017; 5(3B):805-815 

Available online at https://saspublishers.com/journal/sjams/home    815 

 

 

 

19. Langer O, Anyaegbunam A, Brustman L, 

Guidetti D, Levy J, Mazze R: Pregestational 

diabetes: insulin requirements throughout 

pregnancy. Am J Obstet Gynecol 1988; 

159:616-621. 

20. Langer O, Anyaegbunam A, Brustman L, 

Guidetti D, Mazze R. Gestational diabetes: 

insulin requirements in pregnancy. Am J 

Obstet Gynecol 1987;157(3):669-75. 


