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Abstract

Background: A significant percentage of pregnancies with gestational diabetes mellitus (GDM) has been
found to result in the delivery of macrosomic babies. The current study intends to highlight the correlation
between maternal diabetes and fetal parameters as well as the histogenesis of the fetal pancreas in humans.

Materials and methods: The study included thirty aborted fetuses, categorized into seven groups according
to their gestational age. Morphometric analysis of fetal parameters and fetal pancreas was done, and the
values were compared within different gestational age groups. Pancreatic tissue was processed, stained with
Hematoxylin & Eosin, and examined. A comparison was then made between fetuses with and without
gestational diabetes.

Results: All the fetal biometrics as well as pancreatic parameters showed greater numeric values in mothers
with GDM as compared to the controls of the same gestational age groups. However, the difference was not
statistically significant. Histogenesis in such fetuses revealed GDM-related hyperplasia of islets of
Langerhans.

Conclusion: A timely diagnosis of GDM is thus of paramount significance due to its potential implications so
that appropriate interventions can be done on time, to improve the overall outcome.

Categories: Endocrinology/Diabetes/Metabolism, Preventive Medicine, Anatomy
Keywords: parameters, gestational age, histogenesis, macrosomic, gestational diabetes mellitus

Introduction

The knowledge of gestational age and assigning an accurate expected date of delivery (EDD) is crucial for
planning proper antenatal care, as well as improving the overall outcome [1]. The gestational age of the fetus
can be calculated by ultrasonography, fetal parameters and different software currently used in this field.
Among the various fetal parameters, crown-rump length (CRL) is considered ideal for calculating the
gestational age in the first trimester of pregnancy [1-4]. However, due to the variable position of the fetus
with advancing gestational age, its accuracy drops owing to the difficulty in measuring the complete length
of the fetus [4]. Other fetal parameters like head circumference, biparietal diameter (BPD), abdominal
circumference (AC), and femoral diaphysis length (FL), are used for predicting gestational age in the second
trimester [5].

When measured separately, AC appears to be a more reliable criterion for the assessment of fetal growth
compared to BPD or FL [6,7]. The head circumference (HC) and AC are almost equal at around 34-36 weeks
of gestational age, after which the latter gradually exceeds [8]. For the assessment of adequate growth,
measuring estimated fetal weight (EFW) can be more helpful rather than any of the above-mentioned
parameters [9,10].

Gestational diabetes mellitus (GDM), as described by the American Diabetes Association, is a condition of
elevated blood glucose level, detected for the first time in mid or third trimester of pregnancy, without any
known cause [11-14]. Increased maternal age as well as weight during pregnancy are among the cardinal risk
factors responsible for increasing trend in the global incidence of GDM [15]. Approximately 15%-45% of
pregnancies in diabetic mothers result into delivery of macrosomic babies, i.e., babies weighing more than
4,000 grams or more than 90th percentile for their gestational age [16]. In contrast, some diabetic mothers
have been reported to give birth to babies with intrauterine growth restriction (IUGR), even though the
incidence was lesser than that of macrosomia [8].
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During 15th week of gestation, elevated glucose in maternal blood can easily pass down to fetal blood
stimulating the pancreatic endocrine component and resulting into hypertrophy of fetal islets with insulin
hypersecretion [17,18]. B-cell content in a normal pancreas rises during fetal life, peaks at two months after
birth, and then gradually scales down throughout childhood [19,20].

Past studies have been done on animal models, but studies on human pancreatic development are limited.
The current study intends to highlight the correlation between maternal diabetes and fetal parameters, as
well as histogenesis of fetal pancreas in humans.

Materials And Methods
Study design and participants

Our study is a descriptive observational study. The study included total 30 fetuses, which were aborted
spontaneously or by induction in the Obstetrics and Gynecology Department of the Institute.

Data collection

The overall time period for this study was 18 months. The fetuses were collected from the Department after
obtaining proper consent and noting down detailed history.

Inclusion criteria

The study included fetuses belonging to the gestational age of 12- 40 weeks, as estimated by the last
menstrual period of the mother as well as ultrasonography. We have included the fetuses above 12 weeks of
gestation, based on the work by Wirdnam and Milner [19], who have attempted to document the
development of the A and B cell fractions in the human pancreas from week 12 of fetal life to puberty.

Exclusion criteria

We ruled out fetuses below 12 weeks of gestational age and those with the malformed pancreas.

Sample size calculation

Assuming the expected population standard deviation to be 6, and employing t-distribution to estimate
sample size, the study would require a sample size of 30 to estimate a mean with 95% confidence and a
precision of 2.3. In other words, if you select a random sample of 30 from a population, and determine the
mean to be Y, you would be 95% confident that the mean in the population lies somewhere between Y - 2.3
and Y + 2.3 [21].

Ethical committee approval

Approval for the present research was granted by the Institutional Ethics Committee (IEC no:
AIIMS/IEC/21/485) and clinical trial registration was obtained (Registration no: ECR/736/Inst/UK/2015/RR-
21). The present study conforms to the principles of the Declaration of Helsinki.

Data management and statistical analysis

10% formalin, dissection instruments like scalpel, forceps and scissors, measuring instruments like nylon
thread, measuring scale, Vernier calipers and weighing machine were used in the study.

The study included a total of thirty fetuses, which were aborted spontaneously or by induction in the
Obstetrics and Gynecology Department of the Institute. Seven groups were made for the fetuses according to
their gestational: 1st group included fetuses belonging to 12th -16th weeks of gestation, 2nd Group: 17th-
20th weeks, 3rd Group: 21st-24th weeks, 4th Group: 25th-28th weeks, 5th Group: 29th-32nd weeks, 6th
Group: 33rd-36th weeks and 7th Group included fetuses belonging to 37th-40th weeks of gestation, as
shown in Table 1.
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TABLE 1: Division of fetal groups according to gestational age.

No. of fetuses

30

Fetuses were collected in 10% formalin immediately after abortion and medical termination of pregnancy.
Parameters of fetuses such as sex, weight and gestational age were recorded. Weight in grams was recorded
with the help of electronic weighing machine. Morphometric parameters of fetuses like CRL, crown heel
length (CHL), head circumference, abdomen circumference, chest circumference, hand length and foot
length in centimeters were measured by nylon thread, as illustrated in Figures /a-1Ic.

FIGURE 1: (a-c) Measurement of crown rump length (CRL), head
circumference (HC) and foot length (FL), respectively.
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Following proper steps of dissection, pancreases were taken out from fetuses as illustrated in Figures 2a, 2b.

FIGURE 2: Stepwise dissection (a) opening up of abdominal cavity and
(b) dissecting out pancreas.

A midline incision was made from the jugular notch to the pubic symphysis. The pancreas was identified and
removed from abdominal cavity. Parameters such as weight, length, and thickness were measured by Vernier
calipers (Figure 3) and tabulated.
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FIGURE 3: Measurement of different parameters of pancreas.

All these parameters were compared within gestational age groups. Pancreatic tissue was processed, stained
with Hematoxylin and Eosin stains and examined. All the values were compared between fetuses with and
without maternal GDM.

Results

Out of total 30 fetuses, four fetuses had mothers with diabetic history, as shown in Table 2.

Diabetic history of mother Frequency Percentage 95% CI (Confidence Interval)
GDM (Gestational Diabetes Mellitus) 4 13.3% 4.4% -31.6%
NIL 26 86.7% 68.4% - 95.6%

TABLE 2: Distribution of the participants in terms of diabetic history of mother (n = 30).

Table 3 represents the association between the diabetic history of the mother and different parameters. All
fetal parameters show greater values in mothers with GDM as compared to the controls (mothers without
GDM) of the same gestational age group in the later gestational age group of fetuses, although the gap was
not significant statistically.
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Parameters

CRL (Crown Rump Length)
CHL (Crown Heel Length)
Abdominal Circumference
Chest Circumference

Head Circumference

Foot Length

Hand Length

Pancreas Weight (Gram)
Pancreas Length (cm)

Pancreas Thickness (cm)

Diabetic History of Mother
GDM (Gestational Diabetes Mellitus) (n = 4)
31.02 £ 11.65

52.55 +22.43

21.12 £ 6.86

24.50 + 8.81

28.50 + 11.21

5.95 +2.93

4.47 +1.69

2.35+1.23

212+£1.19

0.68 + 0.26

Nil (n = 26)
23.03 +7.50
37.73 + 13.88
16.25 +5.15
17.45 + 6.33
20.11£6.45
414191
315+ 1.23
1.29+1.04
1.83+0.99

0.61+0.22

TABLE 3: Association between diabetic history of mother and parameters.

***Significant at p<0.05, 1: Wilcoxon-Mann-Whitney U Test

P-value

0.170"
0.222"
0.179"
0.177"
0.119"
0.170"
0.135"
0.179"
0.427"

0.806"

We have used Fisher's exact test to find out the association between “Diabetic History of Mother” and
“Gender” as more than 20% of the total number of cells had an expected count of less than 5 (Table 4). The
difference between all the groups was, however, not significant in terms of gender distribution (x2 = 1.978, p

=0.287).

Diabetic History Of Mother

Gender
GDM (Gestational Diabetes Mellitus) Nil
Male 4 (100.0%) 17 (65.4%)
Female 0 (0.0%) 9 (34.6%)
Total 4 (100.0%) 26 (100.0%)

Fisher's Exact Test

Total X2
21 (70.0%)
9 (30.0%) 1.978

30 (100.0%)

TABLE 4: Association between diabetic history of mother and gender (n = 30).

P-value

0.287

The variables on Gestational Age (weeks), and all the fetal parameters were not normally distributed in the
two subgroups of the variable Diabetic History of Mother. Thus, non-parametric test (Wilcoxon-Mann-
Whitney U Test) was used to make group comparisons. As shown in Table 5, the mean of Gestational Age
(Weeks) in the fetuses - with and without maternal Diabetic history - was 29.50 + 9.15 and 23.77 £ 6.98,

respectively.
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Diabetic History Of Mother Wilcoxon-Mann-Whitney U Test
Gestational Age (Weeks)
GDM (Gestational Diabetes Mellitus) Nil w P-value
Mean (SD) 29.50 (9.15) 23.77 (6.98)
Median (IQR) 33 (28-34.5) 23 (19-29) 74.000 0.189
Range 16 — 36 12-38

TABLE 5: Comparison of gestational age in fetuses with and without Diabetic History of Mother (n
= 30).

The difference was again not significant between the various groups in terms of Gestational Age (weeks) (W
=74.000, p = 0.189). 50% of the fetuses with positive history of diabetes in mothers belonged to the
Gestational Age: 33-36 weeks, as shown in Figure 4. Early gestational age groups do not show much
difference in fetal parameters with regard to gestational diabetes or controls.

Association between Diabetic History Of
Mother and Gestational Age

110%

100%

90% 1

80% Diabetic
70% 4 History Of
Mother

60%

50% 4 D GDM
os
40% ; |:| Nil
30% A : :
20% H
&

10% 1

0% T T - -
12-16 17-20 21-24 25-28 29-32 33-36 37-40
Weeks  Weeks Weeks Weeks Weeks Weeks  Weeks

Gestational Age

50%

Percent

23.1%
231%
5%
9.2%

£
~

25%
15.4%

]36'/-

FIGURE 4: Gestational week-wise distribution of diabetic history of
mother.

As shown in Table 6, the mean of CRL in the fetuses with and without maternal Diabetic History was 31.02 *
11.65 and 23.03 * 7.50 respectively. The difference was again not significant in terms of CRL between the
groups (W = 75.000, p = 0.170).

Diabetic History Of Mother Wilcoxon-Mann-Whitney U Test
CRL (Crown Rump Length)
GDM (Gestational Diabetes Mellitus) Nil w P-value
Mean (SD) 31.02 (11.65) 23.03 (7.50)
Median (IQR) 34.85 (29.38-36.5) 23.15(19.5-24.8) 75.000 0.170
Range 14 -40.4 10-42.2

TABLE 6: Comparison of crown rump length (CRL) in fetuses with and without diabetic history of
(n = 30).

Similarly, the mean of CHL in the two groups was 52.55 * 22.43 and 37.73 + 13.88 respectively, as shown in
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Table 7. Statistically, the difference was not significant between the groups in terms of CHL (W = 72.500, p =

0.222).

Diabetic History Of Mother

CHL (Crown Heel length)

Mean (SD)
Median (IQR)

Range

GDM (Gestational Diabetes Mellitus)
52.55 (22.43)
63.1 (50.8-64.85)

19-65

Wilcoxon-Mann-Whitney U Test

Nil w P-value
37.73 (13.88)
36.05 (31.48-39.73)  72.500 0.222
16-67.4

TABLE 7: Comparison of CHL (Crown Heel length) in fetuses with and without Diabetic History of

Mother (n = 30).

As shown in Table 8, the mean of Abdominal Circumference in the fetuses with and without maternal

Diabetic History was 21.12 £ 6.86 and 16.25 * 5.15, respectively. The difference between the groups was not
significant in terms of Abdominal Circumference (W = 74.500, p = 0.179).

Diabetic History Of Mother

Abdominal Circumference

Mean (SD)
Median (IQR)

Range

GDM (Gestational Diabetes Mellitus)
21.12 (6.86)
23.75 (20-24.88)

11-26

Wilcoxon-Mann-Whitney U Test

Nil w P-value
16.25 (5.15)
16.4 (14.27-17.45)  74.500 0.179
6.2-31

TABLE 8: Comparison of abdominal circumference in fetuses with and without diabetic history of

mother (n = 30).

Chest Circumference

Mean (SD)
Median (IQR)

Range

As shown in Table 9, the mean of Chest Circumference in the two groups was 24.50 = 8.81 and 17.45 * 6.33,
respectively. Again, this difference was not found to be statistically significant between the groups (W =

75.000, p = 0.177).

Diabetic History Of Mother

GDM (Gestational Diabetes Mellitus)
24.50 (8.81)
27 (21.75-29.75)

12-32

Wilcoxon-Mann-Whitney U Test

Nil w P-value
17.45 (6.33)
16.55 (15.38-18.15)  75.000 0.177
6.5-35.9

TABLE 9: Comparison of chest circumference in fetuses with and without diabetic history of

mother (n = 30).

As evident in Table 10, the mean of Head Circumference in the fetuses with and without maternal diabetic

history was 28.50 + 11.21 and 20.11 + 6.45,

respectively. Statistically, the difference was not significant

between the groups in terms of Head Circumference (W = 78.000, p = 0.119).
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Diabetic History Of Mother Wilcoxon-Mann-Whitney U Test
Head Circumference
GDM (Gestational Diabetes Mellitus) Nil w P-value
Mean (SD) 28.50 (11.21) 20.11 (6.45)
Median (IQR) 33.9 (27.97-34.42) 20 (17.15-22) 78.000 0.119
Range 11.7-34.5 9-35

TABLE 10: Comparison of head circumference in fetuses with and without diabetic history of
mother (n = 30).

The mean of Foot length in the two groups, as shown in Table 17, was 5.95 *2.93 and 4.14 + 1.91,
respectively. Again, no significant difference was observed between the groups in terms of Foot Length (W =

75.000, p = 0.170).

Diabetic History Of Mother Wilcoxon-Mann-Whitney U Test
Foot Length

GDM (Gestational Diabetes Mellitus) Nil w P-value
Mean (SD) 5.95 (2.93) 4.14 (1.91)
Median (IQR) 6.85 (4.95-7.85) 4 (2.9-4.85) 75.000 0.170
Range 1.8-83 1.3-85

TABLE 11: Comparison of foot length in fetuses with and without diabetic history of mother (n =
30).

As shown in Table 12, the mean of Hand Length in the fetuses with and without maternal Diabetic history
was 4.47 + 1.69 and 3.15 * 1.23, respectively. Statistically, the difference was not significant between the
groups in terms of Hand Length (W = 77.000, p = 0.135).

Diabetic History Of Mother Wilcoxon-Mann-Whitney U Test

Hand Length

GDM (Gestational Diabetes Mellitus) Nil w P-value
Mean (SD) 4.47 (1.69) 3.15(1.23)
Median (IQR) 5.1 (4.1-5.48) 2.95 (2.4-4.15) 77.000 0.135
Range 2-57 09-6

TABLE 12: Comparison of hand length in fetuses with and without diabetic history of mother (n =
30).

Similarly, although the pancreatic parameters were found to increase in fetuses with positive maternal
Diabetic history, the values were not statistically different from the other group with negative history of
maternal diabetes. As shown in Table 13, the mean of Pancreas Weight (Gram) in the groups with and
without maternal history of diabetes was 2.35 + 1.23 and 1.29 # 1.04, respectively (W = 74.500, p = 0.179).
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Pancreas Weight (Gram)

Mean (SD)
Median (IQR)

Range

Diabetic History Of Mother
GDM (Gestational Diabetes Mellitus)
2.35(1.23)

2.8 (1.95-3.2)

06-3.2

Wilcoxon-Mann-Whitney U Test

Nil w P-value
1.29 (1.04)
0.73 (0.62-1.91)  74.500 0.179

04-35

TABLE 13: Comparison of pancreas weight in fetuses with and without diabetic history of mother

(n = 30).

Pancreas Length (cm)

Mean (SD)
Median (IQR)

Range

As represented in Table /4, the mean of Pancreas Length in the groups with and without maternal history of
diabetes was 2.12 + 1.19 and 1.83 * 0.99, respectively (W = 65.500, p = 0.427).

Diabetic History Of Mother

GDM (Gestational Diabetes Mellitus)
2.12 (1.19)
2.42 (1.81-2.72)

0.42-3.2

Wilcoxon-Mann-Whitney U Test

Nil w P-value
1.83 (0.99)

1.8 (1.36-2.4) 65.500 0.427
0.2-3.7

TABLE 14: Comparison of pancreas length in fetuses with and without diabetic history of mother

(n = 30).

Pancreas Thickness

Mean (SD)
Median (IQR)

Range

The mean of Pancreas Thickness in the two groups was 0.68 = 0.26 and 0.61 * 0.22, respectively, as shown in
Table 15. Statistically, the difference was not significant between the groups in terms of Pancreas Thickness

(W =56.500, p = 0.806).

Diabetic History Of Mother
GDM (Gestational Diabetes Mellitus)
0.68 (0.26)

0.7 (0.48-0.9)

04-0.9

Wilcoxon-Mann-Whitney U Test

Nil w P-value
0.61 (0.22)
0.6 (0.51-0.7)  56.500 0.806
02-13

TABLE 15: Comparison of pancreas thickness in fetuses with and without diabetic history of

mother (n = 30).

Figures 5a, 5b illustrate H&E-stained pancreatic tissue of fetus with and without maternal GDM,

respectively.
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FIGURE 5: (a) Fetus no. 5 (Non- GDM): H&E-stained pancreas under 4x
magnification. (b) Fetus no. 4 (GDM): H&E-stained pancreas under 4x
magnification.

Figures 6a, 6b show normal histogenesis of pancreas under 10x magnification and 40x magnification,
respectively, while Figures 7a, 7b represent GDM related hypertrophy of islets of Langerhans under 10x and
40x magnification, respectively.

FIGURE 6: Normal histogenesis in a fetus under (a) 10x and (b) 40x
magnification.

FIGURE 7: Fetus showing GDM-related hyperplasia of islets of
Langerhans under (a) 10x and (b) 40x magnification.

Discussion

Approximately 15%-45% of pregnancies in diabetic mothers result in the delivery of macrosomic babies, i.e.,
babies weighing more than 4,000 grams or more than the 90th percentile for their gestational age [16]. Asian
females have been reported to have an increased incidence of GDM, compared to other ethnic groups in the
world [22].
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The growth pattern in fetuses with and without diabetic mothers remains almost similar up to the beginning
of the third trimester, after which slight changes in AC are reported in fetuses of the diabetic mother [8].
This occurs due to uneven accumulation of subcutaneous fat, in such fetuses chiefly in the abdominal and
interscapular regions [23].

According to AC were seen during the 32nd to 34th gestational weeks. They observed that fetuses with a
maternal history of diabetes showed an accelerated rate of growth, as compared to their counterparts with
no such history - especially after the 26th week of gestation. The parameter showing the greatest difference
included the abdominal area, femur length as well as biparietal diameter [24]. This was in accordance with
our study where all fetal parameters show greater values in mothers with a history of gestational diabetes as
compared to the controls of the same gestational age group in a later gestational age group of fetuses,
although the difference was not statistically significant.

An ultrasonographic study by Landon et al. revealed growth rate of AC in fetuses with GDM mothers was
much higher (1.36 cm/week) in the third trimester when compared to their control counterparts (0.9
cm/week) - even though the growth rate of other parameters in both the groups was more or less the same
[25]. However, in our study, the maximum difference was seen in CHL of fetuses with maternal GDM (52.55 *
22.43) and without GDM (37.73 * 13.88).

As per the observations made by Brand et al., during the initial phase of pregnancy, fetuses of mothers with
GDM showed restricted growth. On the other hand, during the later phase, especially after the 24th week of
gestation, the same fetuses showed accelerated growth. AC and EFW were markedly higher in these fetuses
in contrast to those without a maternal history of GDM [26].

Rekani et al., in their study, found that babies born to diabetic women weighed more (mean birth weight:
4230 + 511) than those born to non-diabetic women (mean birth weight: 4053 + 201) with a statistically
significant (p=0.0398) difference. However, their study, along with another one conducted by Saleh et al.,
reported a higher incidence of macrosomia in babies without diabetic history in mothers, as opposed to
those with diabetic mothers [27,28]. The fetal weight was, however, not taken into account in our study for
comparison between the fetuses of mothers with and without GDM.

According to former beliefs, in diabetic pregnancy, hypertrophy of islets was thought to be the outcome of
elevation in the number of B-cells only. Milner et al. later used immunocytochemical staining methods to
show that the elevation in B-cells was associated with hyperplasia of A and PP-cells. It was suggested that
diabetes in pregnancy changes the fetal environment influencing the stem cells which are responsible for the
development of cells containing pancreatic hormones in the future [29].

The histological study of the pancreas from fetuses of diabetic mothers in our study revealed hyperplasia of
islets of Langerhans. Stoyanov et al. reported an autopsy finding of diabetic fetopathy in an aborted fetus,
which on a histological study revealed hyperplasia, as well as amyloidosis of Islets of Langerhans. The
collection of amyloid proteins was thought to be due to elevated insulin and amylin in the fetus - in
response to diabetes in the mother and increased glucose in the fetus [30].

Limitation of study

The present study has a very small sample size, which can limit the generalizability of our findings to a
bigger population. So, we would like to propose a bigger study in the future on a larger number of fetuses for
a better representation of the findings.

Conclusions

Our study concluded that with progression of gestational age, all fetal parameters including CRL, CHL, head
circumference, abdominal circumference, chest circumference, hand length and foot length, show a higher
trend in mothers with gestational diabetes as compared to those without gestational diabetes. A similarly
higher trend was observed in pancreatic parameters like length, weight and thickness, of fetuses with
maternal history of gestational diabetes as compared to their counterparts whose mothers had no such
history. Histogenesis of pancreas in these fetuses revealed hyperplasia of Islets of Langerhans. A timely
diagnosis of GDM is thus of paramount significance due to its potential implications so that appropriate
interventions can be done on time, improving the overall outcome.
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