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INTRODUCTION 

Gestational diabetes mellitus (GDM) is a common medical 

disorder in pregnancy. Some population-based studies 

conducted in Bangladesh at different time have revealed 

an increasing trend of GDM prevalence ranging from 9% 

to 10% based on using different diagnostic criteria.1 

Though there are different diagnostic criteria for diagnosis 

of GDM like WHO, ADA, NICE, OʼSullivan but we adopt 

WHO, 2013 criteria for diagnosis of GDM in this study. 

GDM is diagnosed when FBS is 5.1-6.9 mmol/L or 2 
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ABSTRACT 

Background: Gestational diabetes mellitus is defined as diabetes diagnosed during pregnancy that is not clearly overt 

diabetes. GDM has many adverse consequences on the health of mother and fetus. 
Methods: This cohort study was carried out involving 77 women of 11 to14-week pregnant attending in the Gynecology 

& Obstetrics and Fetomaternal Medicine OPD, BSMMU from September 2020 to August 2021.  
Results: Respondents were divided into two groups. Low PAPP-A group (<0.5MoM) and normal PAPP-A group 

(>0.5MoM). In low PAPP-A group, out of 16 respondents, 8 (42.1%) developed GDM and remaining 8(13.8%) were 

euglycemic. Whereas, in normal PAPP-A group, out of 61 respondents, majority 50 (86.2%) were euglycemic and only 

11 (57.9%) women developed GDM. A total 19 (24.68%) respondents developed GDM from both low and normal 

PAPP-A group. ROC analysis of PAPP-A level for detection of GDM, a AUC value of 0.889 (95% CI 0.818-0.960) 

found which was statistically significant. A cut off value of ≤16.80 showed the highest Youden index (0.652) with 

89.4% sensitivity and 81% specificity, the accuracy was 83.35. Moreover, a cut off value ≤16.80 showed PPV and NPV 

of 62.1% and 95.9%, respectively. PAPP-A level of GDM detected (10.32±5.56) µg/ml was significantly lower from 

non GDM mothers (25.08 ±9.85) µg/ml, where p<0. 001. 
Conclusions: Study finding revealed that maternal serum PAPP-A level was lower in 11-14 weeks of pregnancy who 

subsequently developed GDM. So, a low PAPP-A level (<0.5 MoM) in 11-14 weeks of pregnancy is associated for 

development of GDM. 
 
Keywords: Gestational diabetes mellitus, Insulin like growth factor, Insulin like growth factor binding protein, 

Pregnancy associated plasma protein A 
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hour’s plasma glucose is >8.5-11 mmol/L following 75 g 

oral glucose load.2 During pregnancy the metabolic 

changes are essential to provide adequate nutrients to the 

growing fetus. As pregnancy progresses, increased level of 

somatotrophin, cortisol, prolactin, progesterone and 

estrogen lead to insulin resistance in peripheral tissues.3 

Insulin resistance is defined as condition in which 

physiologic insulin concentration elicit decreased biologic 

response in target tissues.4 In case of normal pregnancy, 

the progressive insulin resistance causes increase insulin 

secretion by the pancreatic ꞵ-cells to maintain glucose 

homeostasis.5  

Normally hypertrophy and hyperplasia occur in ꞵ-cell of 

pancreas to release more insulin in order to respond to the 

resultant increase in insulin resistance.3 Though the 

cellular mechanism involved in development of GDM are 

not yet completely understood but maternal genetic 

predisposition coupled with environmental and 

fetoplacental factors play role in development of GDM.6 

The pathophysiology of GDM takes place weeks to 

months before clinical diagnosis.7 Alteration of placental 

development and subsequent vascular dysfunction are 

present in diabetic patient. Villous immaturity, fibrinoid 

necrosis and increased angiogenesis occur in the placenta 

of diabetic patient. The type of dysfunction depends on 

how early in pregnancy glycaemia disorder occur.8 It is 

reported that reduced number and diameter of villous 

capillaries lead to reduced PAPP-A production.9 The 

Pregnancy Associated Plasma Protein -A (PAPP-A) is a 

zinc binding high molecular weight matrix 

metalloproteinase produced by trophoblast during 

pregnancy and can be identified from 28th day of 

fertilization. In non-pregnant women it is produced from 

corpus luteum and granulosa cells.10 GDM is diagnosed 

after the onset of 2nd trimester, so fetus has exposed to high 

sugar level and associated with metabolic derangement of 

GDM throughout first trimester.11 As per recommendation 

of WHO and International Association of Diabetes and 

Pregnancy Study Groups (IADPSG) diagnosis of GDM is 

performed with the use of 75gm 2-hour oral glucose 

tolerance test (OGTT) between 24 to 28 weeks.  

However, earlier screening has the potential to either 

improve pregnancy outcome through life style 

modification and pharmacological intervention or even 

reduce the frequency of disease and the severity of the 

associated maternal and perinatal complication.12 

Screening for GDM after 24th gestational weeks and 

diagnosing GDM at the end of 2nd trimester cause possible 

delay in achieving the positive effects of pharmacological 

therapy, diet and exercise on placental vascularity, fetal 

development and maternal complications. So it has been 

necessary to find out an optimal biomarker to predict the 

development of GDM prior to its occurrence, ideally at the 

time of enrollment of prenatal care. PAPP-A binds to the 

surface of the cells, cleaves insulin like growth factor 

binding protein (IGFBP) and release bioactive insulin like 

growth factor (IGF) in the proximity to their receptor. The 

IGF-1 has significant structural homology with insulin.13 

IGF-1 improves insulin sensitivity and reduce blood 

glucose level by increase glucose uptake by peripheral 

tissues and suppress hepatic glucose production. Thus it 

produces hypoglycemic effect and reduce insulin 

production by negative feedback mechanism.14 Reduced 

PAPP-A leads to decrease in IGF and increase in glucose 

and amino acid production is one of the possible 

mechanism for explaining the association between low 

PAPP-A and GDM.10 Several studies have reported the 

association between low level of PAPP-A with GDM.7 The 

paracrine/autocrine actions of trophoblastic IGF may be 

important in the invasion of trophoblast in endometrium.15  

Reduced serum level of PAPP-A could have an increased 

risk of spontaneous abortion, low birth weight, IUGR, pre-

eclampsia, PROM and abruption placenta.16 As only 

limited and conflicting data is available about the 

association of serum PAPP-A in 11-14 weeks of 

pregnancy with development of GDM, the aim of this 

prospective study was to investigate whether 1st trimester 

serum PAPP-A was associated in women who 

subsequently develop GDM and to evaluate its potential 

value and maternal factors as early pregnancy predictor for 

GDM. 

The general objective of this study was to determine the 

association of pregnancy associated plasma protein -A 

with GDM. Specific objective of this study was to estimate 

the serum PAPP-A level at 11-14 weeks of pregnancy. 

Also, to perform OGTT by WHO criteria in 11-14 weeks 

and at 24-28weeks of pregnancy and to find out the 

association of PAPP-A with GDM.  

METHODS 

This cohort study was carried out involving 77 women of 

11 to 14-week pregnant attending in the Gynecology and 

Obstetrics and Fetomaternal Medicine OPD, BSMMU 

from September 2020 to August 2021. At first OGTT was 

done to exclude diabetes. Blood sample was taken to 

measure serum PAPP-A level at 11-14 weeks. The 

respondents were divided into two groups-low PAPP-A 

group and normal PAPP-A group. Then both groups were 

invited to follow up at 24-28 weeks of gestation and OGTT 

was repeated to determine the percentage of patient 

developed GDM in low and normal PAPP-A group. 

Percentage of patient from two groups was compared. 

Difference between two groups was assessed by the Mann 

Whitney, Chi-square, T test and Fisher exact test. ROC 

was used to decide the best cut off point of PAPP-A level.  

Inclusion criteria 

Inclusion criteria were non diabetic (normal OGTT), 

pregnant women of 18 to 40 years of age in their 11 to 14 

weeks of gestation and has given consent to participate.  

Exclusion criteria 

Exclusion criteria were diabetes diagnose at 11-14 week’s 

gestation after doing OGTT, multiple pregnancy, pre-
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existing diabetes mellitus, diagnosed case of chronic renal 

disease, diagnosed case of cardiovascular disease, chronic 

hypertension and previous history of pre-eclampsia, 

eclampsia or SLE. 

After obtaining approval of Institutional review board, this 

cohort study was conducted among the respondent by face 

to face interview following the before mentioned criteria. 

Data regarding demographic profile, obstetric history, 

maternal medical history, past obstetric complication and 

family history were recorded. Height and pre-pregnancy 

weight or early pregnancy weight of each participant were 

recorded and BMI measured by using formula: weight in 

kilogram/height in 𝑚𝑒𝑡𝑒𝑟2(𝑘𝑔/𝑚2). For measuring the 

blood pressure, participants remained at rest for at least 15 

minutes then measured on right arm at sitting position with 

appropriate size cuff. Period of gestation was confirmed by 

early USG. At first OGTT was done to exclude preexisting 

diabetes mellitus. Patient was advised to come for OGTT 

after an overnight fasting of 8-14 hours. During the 

previous 3 days, there must be an unrestricted diet and 

unlimited physical activity. While OGTT was done patient 

was advised to take rest. First of all, fasting plasma glucose 

was measured then again plasma glucose level was 

measured after 2 hour following consumption of 75 gm 

glucose diluted with 250 ml of water. For serum PAPP-A 

estimation at 11-14 weeks, with all aseptic precaution, 3 

ml of venous blood was collected from the anti-cubital 

vein by trained blood collectors from each participants and 

taken in a sterile plain, dry test tube with proper labeling. 

The blood was allowed to clot at room temperature for 2 

hours. The serum was separated by centrifugation at room 

temperature for 20 minutes at the speed of 2000-

30000rpm. Then the serum was taken in an eppendorf and 

labeled as before. Specimen were stored at -200c until 

assayed in the lab of virology department of BSMMU. 

Serum PAPP-A was quantified by ELISA using DRG kit 

(Cat No EIA-2397) according to the manufacturer’s 

instructions at the end of sample collection in the virology 

lab of BSMMU. The intensity of color reaction was 

quantified at a wave length of 450 nm in an automatic 

ELISA microplate reader (Multi scan FC Micro Plate 

Photometer). The concentration of serum PAPP-A were 

determined by interpolation from standard curve and the 

result were expressed as micro gram g/ml (microgram/ 

milliliter). The results were converted into multiple of 

median. These respondents were divided into two groups. 

Reduced concentration of serum PAPPA in group 1 and 

normal concentration of serum PAPPA in group ll. Then 

these patients were again invited to visit at 24-28 weeks 

and again OGTT was performed. The proportion of patient 

who developed GDM were noted. The association of low 

serum PAPP-A and GDM was determined.  

Statistical analysis 

Data were analized by using the SPSS version 22.0 

software. The result was presented in tables in mean, 

standard deviation and percentage. Moreover, the 

categorical variables were presented in pie chart or bar 

diagram. Chi square test were adopted for identifying any 

association between categorical variables. Statistical 

analysis was done by using appropriate analytical tools 

like independent sample t-test for mean difference 

analysis. A ROC analysis was used to determine AUC and 

optimum cut-off PAPP-A level for best sensitivity, 

specificity and accuracy. Statistical significance was set at 

≤ 0.05 level and confidence interval at 95% level.  

The study was done in accordance with Helsinki 

Declaration for Research involving Human Subject, 1964, 

last amended in 2013. The study was approved by the 

Institutional Review Board in BSMMU.  

RESULTS 

In this study, the respondents were divided into low PAPP-

A group and normal PAPP-A group. Out of 77 sample, 16 

subjects had PAPP-A <0.5 MoM and considered as low 

PAPP-A. 61 sample had normal PAPP-A that was >0.5 

MoM. The results of the study showed that the low PAPP-

A and normal PAPP-A groups were statistically similar in 

terms of age and BMI and number of deliveries. The mean 

PAPP-A level in low PAPP-A group (7.42±3.57) was 

much lower than normal PAPP-A group (25.12±8.91) and 

the difference was statistically significant. Among 77 

sample, 19 patient developed GDM and 58 patients were 

euglycemic. The PAPP-A level in GDM group 

(10.32±5.56) was significantly lower from non GDM 

group (25.08±9.58). The odds ratio of GDM in patients 

with reduced PAPP-A level was 4.55 times than that of non 

GDM pregnant women. The result of ROC showed the 

point 16.80 as the best cut off point for PAPP-A ng/ml, 

with a maximum sensitivity of 89.4% and a maximum 

specificity 81%. AUC of 0.889 shows that PAPP-A ug/ml 

is an acceptable index for predicting gestational diabetes 

(p=0.001). Among 77 study samples, a total 16(21%) 

patients had PAPP-A less than (0.5 MoM). Hence, they 

were considered as "Low PAPP-A". 

 

Figure 1: Low PAPP-A patients among the study 

sample (N=77). 

Figure 1 showed Independent sample t test was used to 

compare the mean PAPP-A between low and normal 

PAPP-A group. The test was statistically significant. So it 

can be said that PAPP-A of low PAPP-A mothers 

(7.42±3.57) was significantly lower from normal PAPP-A 

mothers (25.12±8.91). 

79%

21%

Normal PAPP-A Low PAPP-A
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Table 1 showed most of the patients both in low 

(<0.5MOM) and normal PAPP-A (>0.5 MoM) were in the 

age group of 25 to 30 years of age. No significant 

difference was found for age between low and normal 

PAPP-A patients. Independent sample t test was used to 

compare the mean BMI between low and normal PAPP-A 

group. The test was not statistically significant. So it can 

be said that BMI of low PAPP-A mothers (25.28±4.02) 

was not significantly different from normal PAPP-A 

mothers (23.14±3.19). 68.7% pregnant women in low 

PAPP-A group had been pregnant more than once. In case 

of normal mother, the percentage was 54.1%. However, no 

significant association was found between gravidity and 

low PAPP-A). 

Table 1: Demographic profile of the participants. (N=77). 

Age (years) 

Pregnant patient with  Low PAPP-A Pregnant patient with  normal  PAPP-A P value 

Frequency 

(n=16) 

Percentage  

(%) 

Frequency 

(n=61) 
Percentage (%) 

  18-24 yrs. 3 18.8 23 37.7 

25-30 yrs. 11 68.8 29 47.5 

31-40 yrs. 2 12.4 9 14.8 

Mean ± SD 27.00±4.21 26.23±4.91 0.568 

BMI 25.28±4.02 23.14±3.19 0.012 

Gravida 

Primi 5 31.3 28 45.9 
0.292 

Multi 11 68.7 33 54.1 

Figure 2 showed independent sample t test was used to 

compare the mean PAPP-A between GDM and non GDM 

group. The test was statistically significant. So it can be 

said that PAPP-A of GDM group (10.32±5.56) was 

significantly lower from non GDM group (25.08±9.85). 

 

Figure 2: GDM development of the participants 

(N=77). 

Table 2: Normality test of continuous variable (N=77). 

Tests of normality 
Kolmogorov-Smirnov 

Statistic df Sig. 

Age 0134 77 0.132 

BMI 0.071 77 0.200 

Fasting blood glucose 0.172 77 0.033 

2 hours after 75 gm 

glucose 
0.2.168 77 <0.001 

PAPPA-A 0.110 77 0.082 

Table 3 showed Mann-Whitney test was used to compare 

the mean fasting blood glucose as well as 2 hours after 75 

g glucose intake between low and normal PAPP-A group. 

The test was statistically significant in each case. So it can 

be said that fasting blood glucose and 2 hours after 75 g 

glucose of low PAPP-A mothers (6.59±0.35; 8.89±0.74) 

were significantly greater from normal PAPP-A mothers 

(4.54±0.76;7.37±1.34) respectively. 

Table 3: Comparison of mean blood glucose in Low 

and normal PAPP-A (MoM) group among study 

participants (N=77). 

Parameter 

Low 

PAPP-A 

Normal 

PAPP-A P 

value (Mean±SD) (Mean±SD) 

(n=16) (n=61) 

FBS 6.59±0.35 4.54±0.76 <0.001 

2 hours after 

75 gm glucose 
8.89±0.74 7.37±1.34 <0.001 

Table 4 showed a significant association was found 

between development of GDM and PAPPA-A level 

(PO.05). The odds for developing GDM due to low PAPP-

A is 4.55 [95% CI: 1.40-14.76]. About 50% low PAPP-A 

had GDM. 

Table 5 showed a cut-off value of <16.80 showed the 

highest Youden index (0.757) with 89.4% sensitivity and 

81% specificity. In addition, the accuracy was 83.0%. 

Moreover, a cut-off value of <16.80 showed, PPV and 

NPV of 62.1% and 95.9%. 

ROC analysis of PAPP-A level for detection of GDM 

among pregnant women found an AUC value of 0.889 

(95% CI 0.818-0.960) which was statistically significant 

(Table 6, Figure 3). 

63.6%

36.4%
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Table 4: Association of GDM with low PAPP-A 

(N=77). 

PAPP-A 

GDM 

OR 
95% 

CI 

P 

value 
Yes 

(%) 

No 

(%) 

Low (MOM 

<0.5) 
8 (50) 8 (50) 

4.55 
1.40-

14.76 
0.008 

Normal 

(MOM ≥0.5) 

11 

(18.0) 

50 

(82.0) 
 

Figure 3: ROC analysis of PAPP-A level for detection 

of GDM among pregnant women (N=77). 

Table 5: Determination of cut off value with Youden index. (N=77). 

Cutoff value Sensitivity Specificity PPV NPV Accuracy 
Yourdon index 

(j=sen+spe-1) 

16.76 0.894 0.793 0.586 0.958 0.818 0.652 

16.80 0.894 0.810 0.621 0.959 0.833 0.757 

17.20 0.842 0.810 0.593 0.940 0.818 0.705 

Table 6: Cross tabulation of GDM with PAPP-A level based on derived cut-off value (N=77). 

PAPP-A GDM Normal Total 

<16.80 17 11 28 (TP+FP) 

>16.80 2 47 49 (FN+TN) 

 
All patients with GDM (TP+FN) 19 All patients without GDM (FP+TN) 77 (TP+FN+FP+TN) 

 58  

DISCUSSION 

The responders were divided into two groups.  low PAPP-

A group (<0.5 MoM) and normal PAPP-A group (>0.5 

MoM). 16 women (21%) were in low PAPP-A group and 

61(79%) women were in normal PAPP-A group. During 

follow up 19 (24.68%) women developed GDM and 58 

(75.32%) were diagnosed as non GDM. Percentage of the 

patient developed GDM in these two groups were 

compared. In the present study, it was observed that in low 

PAPPA group 31.3% patients were primi gravida and 

68.7% patients were multigravida. No significant 

difference was found between gravidity and low PAPP-A 

(p>0.05). Wright et al; 2015 illustrated in their study that 

serum PAPP-A was lower in parous women than 

nulliparous women.17 The incidence of GDM increased 

from 3-5% in nulliparous women to 14.6% in women with 

parity ≥ 4. So, there may be a relationship with multiparity, 

low PAPP-A level and increased chance of development 

of GDM. In this current study it was observed that first 

trimester BMI among the pregnant women having low 

PAPP-A and normal PAPP-A had no significant 

difference. Among the study population, 1st trimester BMI 

were 25.72±3.46 kg/𝑚2 in the patient developed GDM and 

21.42±3.35 kg/m2 in non GDM ones. BMI was 

significantly higher in GDM patients. Wright et al (2015) 

stated in their study, that serum PAPP-A was decreased 

with maternal weight and increased with height.17 But they 

didn’t show any relation with BMI. In the study of 

Ledesma et al (2014), women over 70 kg weight and low 

level of PAPP-A was associated with higher risk of GDM. 

Martin et al (2015) stated that increasing maternal BMI is 

a significant risk factor for the development of GDM.18 A 

higher BMI value was strongly associated with higher 

insulin level and insulin resistance in GDM.19 Many study 

reported that pre pregnancy BMI and obesity were 

associated with higher prevalence of GDM and an 

independent risk factor for GDM.20 Beneventi et al (2014) 

reported inverse association between low PAPP-A and 

BMI.10 Overweight and obesity is associated with higher 

risk of GDM.21 ROC analysis of PAPP-A level for 

detection of GDM among mothers found on AUC value of 

0.889 (95% CI 0.818-0.960) which was statistically 

significant in this study. A cut off value of ≤16.80 showed 

the highest Youden index (0.757) with 89.45% sensitivity 

and 81% specificity. In addition, the accuracy was 83.3%. 

Moreover, a cut off value of ≤16.80 showed PPV and NPV 

of 62.1% and 95.9% respectively. The OGTT is currently 

the gold standard for the diagnosis of diabetes. Fasting 

plasma glucose and plasma glucose 2 hours after 75 gm 

oral glucose load is now a day routinely measured during 

early pregnancy to detect preexisting diabetes.22 In this 

present study significant inverse correlation was observed 

between PAPPA and FBS (p=<0.001). There was also a 

significant correlation between PAPPA and 2 hours after 

75 gm oral glucose. The PAPP-A level is gestational age 

dependent. PAPP-A levels in maternal blood become 

detectable soon after implantation and increase throughout 
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pregnancy. Therefore, the unit multiple of median (MoM) 

was used as it is gestational age independent.23 In this 

study, 8 (42%) patients of low PAPPA group (<0.5 MoM) 

and 11 (57.9%) patients normal PAPP-A group 

(>0.5M0M) developed GDM. There was a significant 

difference between the two groups in terms of GDM (P-

<0.008) and the risk of GDM was 4.55 fold higher in 

pregnant women with reduced PAPP-A than that of the 

normal PAPP-A (95% CI 1.40-14.76). In the study of 

Ramezani et al, (2019), 33.73% patient of low PAPP-A 

group developed GDM.10 So, there was a correlation 

between low PAPP-A and GDM (P-0.001). Based on 

Beneventi et al 2014, a significant association was found 

between low PAPPA levels and GDM.7 According to Inan 

et al, Sweeting et al, Donnovan et al and Shah et al, a 

significant association between low PAPPA levels and 

GDM exists.24-27 Ramezani et al (2020) stated that low 

PAPPA was linked to an increased risk of GDM, implying 

that the protein may protect against the disease.28 On the 

other hand, the results of Husllein et al (2012) did not show 

any difference between the amount of PAPP-A in the first 

trimester and GDM.29 According to Wright et al (2015) 

PAPP-A level was different among different ethnicity.17 It 

is higher in women of East Asian racial origin. The 

possible explanation of different result of their study was 

different ethnicity and different criteria for diagnosis of 

GDM. GDM has a relatively high prevalence. Women 

evaluated for GDM at 24-28 weeks of pregnancy. So, there 

is only a short window of time to intervene clinically. If 

there is an opportunity to intervene earlier during 

pregnancy, have a greater opportunity to improve 

outcome. Early diagnosis may reduce the adverse fetal and 

maternal complication of disease. Women at risk for GDM 

identified in 1st trimester of pregnancy could follow the 

lifestyle modification earlier than usual in pregnancy. 

Thereby, lifestyle modification can reduce the incidence of 

GDM; improve maternal health, pregnancy outcome and 

long term health of the offspring. Identification of new risk 

factor for GDM helps to early prediction of at risk pregnant 

women for developing GDM and by taking preventive 

measures, maternal and fetal complications could be 

prevented.10 Low level of PAPP-A is associated with an 

increased risk of development of GDM. The current 

finding indicated that PAPP-A could be a biomarker to 

predict the risk of GDM. Further large scale studies 

involving diverse group of subjects are needed to explore 

/clarify the association between 1st trimester PAPP-A and 

other potential biomarker of GDM. 

This study has some limitations. The respondents were 

relatively limited as recruited pregnant women from only 

one selected hospital in Dhaka city, so that the results of 

the study may not be reflect the exact picture of the 

country. In order to make the sample representation of the 

population, it will require such a study that would be 

conducted over a large population of vast area. But such 

an extensive study was not feasible during limited time 

period. Therefore, the outcome of this study cannot 

represent the entire population. The present study was 

conducted at a limited period of time. Prospective follow 

up study is needed to assess the association of PAPP-A 

level with development of GDM. 

CONCLUSION 

This study was undertaken to evaluate the association of 

maternal serum PAPP-A level at 11-14 weeks of 

pregnancy with GDM. This Study showed that the 

respondents in whom serum PAPP-A level is was 

decreased at 11-14 weeks had developed GDM. So, it can 

be concluded that the serum PAPP-A level can be used as 

a biomarker for prediction of GDM in early pregnancy. 

Recommendations 

Serum PAPP-A can be used as tool for prediction of GDM. 

A more extensive and advanced study should be carried 

out considering all the variables of the study. To overcome 

these limitations and thoroughly understand the role of 

PAPP-A in the progress of GDM, a well-designed 

population-based prospective studies should be conducted. 
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