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ABSTRACT

Background: Fetal growth restriction is a main contributing factor of perinatal morbidity and mortality. Screening for fetal
growth restriction is a major component of prenatal care but it is known to be problematic. One approach to create evolution
is to convalesce screening by emerging new sensitive and specific test.

Objective: To detect the predictive value of using combined fetal biometry and maternal serum inhibin A in fetal growth
restriction detection, in type 1 diabetic patients.

Methodology: A prospective cohort study on 100 typel diabetic pregnant women. At Gestational age afterl2 weeks,
Singleton pregnancy, age 20-40 years. For all patients Serial fetal ultrasound biometry was done and umbilical artery
Doppler study were performed, fasting glucose serum levels, Hemoglobin A1C , Maternal Serum Inhibin A were also
assessed.

Results: Incidence of IUGR was [66%] in a group of cases with high maternal serum Inhibin A level and non-IUGR was
[34%] in a group of cases with normal maternal serum Inhibin A level. Receiver operator characteristics [ROC] curves were
constructed for serum inhibin A level, pulsitility index Pl of umbilical artery UA by average visit and resuscitative index RI of
umbilical artery UA by average visit as predictors of intrauterine growth restriction IUGR in included women. It shows that,
pulsitility index of umbilical artery PIUA by average visit and serum inhibin A level the most significant predictors. Serum
inhibin A level Cut-off >240, Sensitivity 86.8%, Specificity 76.5%, Accuracy 85.8%, pulsitility index of umbilical artery
PIUA by Average visit Cut-off >1.39, Sensitivity 92.4% ,Specificity 91.2% Accuracy 89.3%, resuscitative index of
umbilical artery Rl UA by Average visit Cut-off >0.62, Sensitivity 69.7% ,Specificity 61.8% Accuracy 68.4% .

Conclusion: In type 1 diabetic women serum levels of inhibin A, and umbilical artery pulsitility index were highly
significantly increased in a status of fetal growth restriction. measurement of maternal serum inhibin A ,in type 1 diabetic
pregnant women is reliable as a single test for diagnosis of fetal growth restriction.

JRAM 2022; 3(1):1-9

Keywords: Diabetes, fetal biometry, fetal growth restriction, inhibin A

Submission Date: 26 January 2021 Acceptance Date: 19 April 2021.

Corresponding author: Hebatallah A. Hassan. gynecology and obstetrics department, Suez General Hospital, Egypt. Tel:
+201007607336. E-mail: Hebaali33@icloud.com

Please cite the article as: Hassan HA, Yosri LM and Ali EH. Prediction of fetal growth restriction using combined fetal biometry and
maternal serum [Inhibin A] in pregnant women with type 1 diabetes. JRAM 2022; 3(1):1-9. DOI: 10.21608/jram.2021.58444.1109

INTRODUCTION

Diabetes mellitus influence on fetus development and
placenta plays a crucial role in maintaining normal fetal
growth and development, in uncontrolled diabetes
hyperglycemia exceed the placental homeostatic capacity,
leading to placental insufficiency. As placenta is an organ
composed entirely of vessels, maternal vasculopathy
complicating type 1 diabetes linked to placental
malfunction and hence fetal growth restriction .

Fetal growth in diabetic pregnancy might be altered in
two contradictory ways, maternal vasculopathy
accompanied with placental insufficiency leading to
modified nutrient transport and IUGR which is common
in typel diabetes. In reverse maternal hyperglycemia,
that provokes fetal overgrowth common in other types of
diabetes ™. Fetal growth restriction is a dynamic process
and its estimation requires many ultrasound biometric
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and Doppler assessments over period of pregnancy, the
rationale of application of Doppler velocimetry in fetal
growth estimation of FGR is that it can recognize
uteroplacental function through evaluation of the
umbilical arteries B

Currently, the birth weight <10" centile, either by
population-based or customized charts, is the most
accepted definition for FGR ' IUGR associated with
diabetic ~ vasculopathy and  resultant  placental
insufficiency is typically asymmetric and does not
manifest before the third trimester (late onset IUGR)
Biomarker measurements of placental functioning-related
substances like Inhibin A is crucial in IUGR prediction
as during pregnancy, inhibin A synthesized and secreted
by placenta, which is involved in the placental local
regulatory axis, Multiple studies report the association
between increase inhibin A, and adverse pregnancy
outcome and fetal growth restriction ' Reduced placental
blood flow and insufficiency can be the cause of fetal
growth restriction and higher inhibin A " Combination
of ultrasound parameters and serum inhibin A strengthen
the predictive tests for IUGR ¥ Therefore, this study
was carried out to detect the predictive value of using
combined fetal biometry and maternal serum inhibin A in
fetal growth restriction detection, in type 1 diabetic
women.

PATIENTS AND METHODS

This is a prospective cohort study was carried out at the
obstetrics and gynecology outpatient clinic at Suez
General Hospital, all the laboratory tests were done in the

Suez general hospital laboratory unit, in the period from
April 2019 to July 2020.

Sample size

Before the study, the number of patients required in each
group was determined after a power calculation
according to data obtained ' In the study, FGR in
Normal Inhibin A was (3.3%) and in high inhibin A was
(10.2%), and a large effect size (f = 0.343095). A sample
size of 100 patients in the study group was determined to
provide 80% power for independent samples T test at the
level of 5% significant and Confidence interval 95%
using G. Power 3.19.2 software.

Inclusion criteria: 1) Gestational age afterl2 weeks, 2)
singleton pregnancy, 3) type 1 diabetic patient. 4)
maternal age between 20-40 years.

During the study period, 136 pregnancies undergoing
fetal growth restriction screening with fetal biometry and
inhibin A testing were recruited. Of this number, (15)
were excluded because of medical conditions, such as
chronic hypertension, heart disease, (14) excluded as
they did not complete their antenatal visit, and (7) was
excluded as they were multifetal pregnancies. The
remaining 100 pregnancies met the inclusion criteria and
were available for analysis presented in figure (1).

The exclusion criteria were as follow: 1) Multiple
pregnancy, 2) Non-diabetic pregnant patients, or
gestational diabetic patients, 3) Chronic hypertension and
kidney disease, Presence of immune disease, 4)
Consanguinity between pregnant women and her
husband.

Exclusion: underlying
disease

15

Exclusion: not completing
her follow up visits,

14

Exclusion: multifetal
v

7

IUGR Cases
66

Normal Inhibin A

High Inhibin A
22

42

Non-IUGR Cases
34

High Inhibin A
30

Normal Inhibin A ‘
4

Figure (1): Flow chart of participant recruitment

The study was ethically approved by institutional review
board (IRB 202101596) committee of faculty of
medicine for “girls” Al-Azhar University. The women
were recruited and submitted a written informed consent.

Diabetes diagnosis was based on the criteria of the
American Diabetes Association guidelines !

Detailed history was including Personal, Menstrual,
obstetric, past, and family histories were noted. Clinical
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examination including general and local examinations
was performed. Ultrasound examination was done for
fetus growth evaluation as an estimated fetal weight
(EFW) which is derived from ultrasonic measurements of
head size, abdominal circumference, and femur length,
then an EFW centile is calculated using a reference
standard formula. While a single measurement of fetal
size and the EFW below 10th centile, Cut- off inadequate
to differentiate between fetal growth restriction (FGR)
and constitutionally small fetus. Serial fetal biometry
reveals the growth retardation of the fetus, and this helps
differentiate between healthy SGA and IUGR (in three
antenatal visits). Using fetal growth chart (Figure 2)
serial Doppler assessment. Of umbilical artery pulsitility
index, (P.I) and resuscitative index (R.l) were performed
(High-resistance patterns of flow in the umbilical arteries
in IUGR).

After aseptic circumstances, samples from venous blood
were collected in serum separator tubes (SST) clotted for
10-20 minutes at room temperature after that centrifuged
for 20 minutes at 2000-3000 RPM Serum was aspirated

and stored at -80- c until the test. Estimation of inhibin A
was done in the serum of all women in this study in the
early second trimester using enzyme linked
immunosorbent assay (ELIZA) kit. The kit is for
quantitative level of human INH-A, adopt purified INH-
A antibody to coat micro titer plate, make solid-base
antibody, then add INH-A to wells, combine INH-A
antibody with labeled HRP to form antigen antibody
enzyme antibody complex after washing completely, add
TMB substrate solution (sandwich technique). The
normal range of maternal serum inhibin A is 4pg/ml-
240pg/ml Measurement of maternal serum (inhibin A)
done once in second trimester and not serially assessed as
it could be conclusive from single measurement in
contrast to fetal biometry it must be noted serially at least
in three visits 3-5 weeks apart to be presented on fetal
growth chart (figure 2)

Measurement of maternal fasting glucose serum level,
Hemoglobin AIC serum level done for each patient once
in second trimester by blood sampling.
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Figure (2): Estimated fetal growth weight

Statistical analysis

Data were collected then fed to the computer and
analyzed using IBM SPSS software package version 22.0
qualitative data were described using number and
percent, tables and figures were prescribed as range,
mean and standard deviation. The qualitative variables
were presented as number, (SD >50% of the mean), P
value > 0.05 were considered non-significant and p-value
< 0.05 was considered significant. Receiver operating
characteristic curve (ROC) was used to estimate the best
cut off value with its sensitivity, specificity, positive
predictive value (PPV), negative predictive value (NPV)
and area under curve (AUC) of); with Pl of UA, RI of
UA by average visit and serum inhibin A level, the most
significant predictor.

RESULTS

Distribution of women according to serum Inhibin A
measurement done in early second trimester to predict
IUGR Incidence in late pregnancy, (table land figure 3)
in this table serum Inhibin A ranged 33-1300 with mean
479.43+472.41 and median 105 (883) in all cases. There
was highly statistically significant higher mean in JUGR
(66%) 673.83+470.43, compared to non-IlUGR (34%)
102.06+106.29. There was no statistically difference
regarding maternal gravity, parity, and maternal. Age of
diabetes affection (Table 2).

There was statistically significant difference between
groups according to fetal weight, abdominal
circumference, RI of UA and PI of UA at average visit
trimester. Fasting glucose serum level, Hemoglobin A1C
level, amniotic fluid index AFI, and no statistically



JRAM 2022; 3(1):1-9

Hassan et al. Inhibin A in predicting fetal growth restriction

significant mean maternal systolic and diastolic blood
pressure, as presented in table (3).

Receiver operator characteristics [ROC] curves were
constructed for serum inhibin A level, Pl of UA by
average visit and Rl of UA by average visit as predictors
of IUGR in included women. All items indices were
significant predictors as denoted by the significantly large
area under the curves [AUCs]; with Pl of UA by average
visit and serum inhibin A level the most significant
predictor,

Serum inhibin A level Cut-off >240, Sensitivity 86.8%,
Specificity 76.5%, Accuracy 85.8%, Pl of UA by
Average visit Cut-off >1.39, Sensitivity 92.4%

,Specificity 91.2% Accuracy 89.3%, RI of UA by
Average  visit  Cut-off >0.62, Sensitivity 69.7%
,Specificity 61.8% Accuracy 68.4% as demonstrated in
(table 4 and figure 4).

Logistic regression of factors affecting IUGR versus
NON-IUGR shows that HbA1C level, Serum inhibin A
level, Fetal weight (gm) by average visit and R. | of UA
by average visit, and P. | of UA by average visit, have
significant effect on the IUGR rate, the higher the serum
inhibin A level and PI and RI of UA by average visit the
higher the IUGR, the lower the fasting glucose serum
level and amniotic fluid index, by average visit as
presented in table (5).

Table (1): This table shows Distribution of women according to their serum inhibin A level (n=100) and

Comparison between IUGR and non-lUGR according to serum inhibin A level

Serum inhibin A In total IUGR Non-lUGR 7-test p-
Level (n=100) (n=66) (n=34) value
Mean = SD 479.43+472.41  673.83%470.43  102.06+£106.29

Median (IQR) 105 (883) 840 (940) 67 (35) 8.717 0.001*
Range 33-1300 37-1300 33-418

z-Mann-Whitney test; **p-value 0.001 HS

IUGR

Figure (3): Pie chart distribution of women according to their IUGR (high inhibin),and NON-IUGR (hormal

inhibin).

Table (2): Distribution of women according to their baseline characteristics in IUGR and NON-IUGR cases

Baseline characteristics Total (n"100) IUGR (n=66) Non-IUGR (n=34) t/x2#  p-value
Age (years)

Mean £ SD 30.50+4.16 30.67+4.34 30.18+3.83

Range 21-40 21-40 22-38 U=ty Uy
No. of Gravity

Mean + SD 0-4 2.18+0.88 2.15+0.86

Range 2(1) 0-4 0-3 Y D)
No. of parity

Mean £ SD 0-2 1.05+0.64 0.94+0.81

Range 1(1) 0-2 0-2 0.491 0.485
Age of Diabetes Affection (years)

Mean = SD 6-18 11.30+2.57 11.74+2.76

Range 11.45+2.63 6-18 7-18 el

t-Independent Sample t-test; #x>: Chi-square test

4
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Table (3): Comparison between IUGR and non-lUGR according to average visit regarding systolic (mmHg), diastolic
(mmHg), GA (wks), Fetal weight (gm), RI of UA and PI of UA

Average visit IUGR (n=66) Non-IUGR (n=34) t-test p-value
Systolic blood pressure (mmHg)
Mean + SD 116.90+7.67 115.09+5.41
Range 110-148.3 110-130 L 022
Diastolic blood pressure (mmHQ)
Mean + SD 75.20£4.16 75.21£3.91
Range 70-88.3 70-85.7 O e
Gestational age (wks)
Mean + SD 32.44+1.17 32.65+0.92
Range 28-34 29-34 0.817 0.368
Fetal weight (gm)
Mean + SD 1562.17+172.02 2337.74+248.10 *
Range 866.7-1890 1533.3-2666.7 6.497 0.001
Resuscitative index of umbilical artery
Mean + SD 0.68+0.10 0.61+0.05 *
Range 0.54-0.93 0.47-0.74 . .
Pulsitility index of umbilical artery
Mean £ SD 1.26+0.19 0.64+0.16 7.496 0.001*
Range 0.91-1.74 0.45-0.96
Abdominal circumference (mm)
Mean £+ SD 279.11+£81.22 291.11+12.30
Range 240.67-922.67 274-322.33 012 g
Fasting glucose level
Mean £ SD 249.09+£52.94 176.38+21.14 -
Range 120-350 150-250 9.045 0.001
Amniotic fluid index
Mean £ SD 6.30£1.43 10.06+1.22 -
Range 4-11.5 8-13 et R
Haemoglobin A1C level
Mean + SD 7.88+0.45 6.84+0.66 -
Range 6.5-9 6-9 S O,

t-Independent Sample t-test; S; *p-value <0.05
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Figure (4): Receiver-operating characteristic (ROC) curve for prediction of IUGR using the serum inhibin A, P1 of

UA and RI of UA by average visit
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Table (4): Cut-off value of inhibin A, PI of UARI of UA

Item Cut-off
Serum inhibin A Level >240
Pl of UA by Average visit >1.39
RI1 of UA by Average visit >0.62

86.8%
92.4%
69.7%

Table (5): Logistic regression of factors affecting IUGR versus non-lUGR.

Parameters B
Fasting Glucose Serum Level -0.04
HbALC Level -1.14
Serum inhibin A Level 0.03
Fetal weight (gm) by Average visit 0.08
RI of UA by Average visit -10.71
Pl of UA by Average visit -34.87
AFI by Average two trimester 1.65

Sen. Spe. PPV NPV Accuracy
76.5% 87.5% 72.2% 85.8%
91.2% 953% 86.1% 89.3%
61.8% 78.0% 51.1% 68.4%

Odds 95% C.I.

S.E. p value :

ratio Lower  Upper

0.01 0.106 0.96 0.94 0.98

0.06 0.045* 0.04 0.01 0.14

0.02 0.001* 1.00 0.99 1.00

0.02 0.032* 1.02 1.01 1.02

3.62 0.003* 0.82 0.55 2.68

14.41 0.001* 0.98 0.49 3.13

0.34 0.115 2.19 0.68 4.07

*: Significant p value

DISCUSSION

Fetal growth restriction is a main contributing factor of
perinatal morbidity and mortality. Screening for fetal
growth restriction is a major component of prenatal care
but it is known to be problematic. One approach to create
evolution is to convalesce screening by emerging new
sensitive and specific tests. As abnormal placentation is
assumed to be the main cause of fetal growth restriction,
one strategy is to combine fetal biometry with a marker
of placental dysfunction ™ multiple studies report the
association between increase inhibin A, and fetal growth
restriction as type 1 diabetes usually result in defective
placentation and vasulopathy, and as the incidence of
type 1 diabetes is expanding at an alarming rate, mostly
in younger age groups it was remarkable to specify our
study in type 1 diabetic women . So, this study was
designed to evaluate the predictive value of combining
early maternal serum (inhibin A) in second trimester and
fetal ultrasound biometry (in type 1 diabetic women) on
IUGR incidence. Distribution of women according to
serum Inhibin A measurement done in early second
trimester to predict IUGR incidence in late pregnancy,
show high correlation between high serum inhibin A, in
early second trimester and incidence of IUGR (66%) in
reverse normal inhibin serum level in NON-IUGR cases
(34 7). This conclusion in agreement with Fitzgerald et al.
™M1 who reported that increased inhibin-A levels may be
caused by premature accelerated differentiation of the
villous cytotrophoblast, resulting in marked alterations in the
syncytiotrophoblast morphology and concurrent villous
cytotrophoblast depletion increasing the pregnancy at risk of
fetal growth restriction, and also in consistence with Zongji
Shen ™ who found positive correlation in inhibin A
concentrations between the serum and placental extract (r
= 0.57, P < 0.001). Both maternal serum and placental
inhibin A in FGR and Preeclampsia groups were
significantly higher than in controls, Serum inhibin A
level might be a useful for diagnosis and monitoring of

FGR and preeclampsia ™, and agreed with ladfors et al
(31 who conducted a retrospective chart review study,
medical files of preghant women with TIDM and T2DM
were analyzed at Skane University Hospital during the
years 2006 to 2016. Maternal weight in early pregnancy
and at term was registered the rates of light-for-dates
infants were 50% among women with TIDM and 23%
among women with T2DM. In contrast with Gutaj et al.
2 who reported an association between large for
gestational age (LGA) being the most typical one and
diabetes LGA may be associated with maternal
hyperglycemia, in spite other factors such as gestational
weight gain and maternal lipids can have a role between
diabetes and fetal abnormalities.

Regarding ultrasound fetal biometry and Doppler
assessments, in this study ultrasound fetal biometry and
Doppler was statistically highly significant with
predictive value < 0.001.the most significant parameters
were, EFW, FL, P. I, and R. | of UA.. EFW positive
correlation agree with a retrospective cohort study done by
Lunshof et al™ Who found that, the EFW gave a better
sensitivity than the AC in IUGR diagnosis. Also in
consistence with a study done by Warrander et al. ™ who
found that Hadlock HCACFL is the most precise model
presently available to evaluate fetal weight in early onset
fetal growth restriction whatever fetal size, or
presentation, and disagree with Mailath-Pokorny et al.
18] who shows that there is a significant relation
between short FL and IUGR and poor perinatal
outcome, as supported by recent literature. This
conclusion in contrary to our study as we approve the use
of combined ultrasound parameters in IUGR prediction
more dependable than rely on single ultrasound
parameter.


https://pubmed.ncbi.nlm.nih.gov/?term=Shen+Z&cauthor_id=21535305
https://pubmed.ncbi.nlm.nih.gov/?term=Shen+Z&cauthor_id=21535305
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Regarding umbilical artery Doppler highly significant
predictive value < 0.001. Agreed with study done by lees
et al. & \who concluded that progressively increasing Pl
in the UA corresponds to decrease in the placental
surface area which reduce its nutrient exchange capacity,
and is associated with placental vascular insufficiency
reflected by, reversed end diastolic flow (EDF) in the
UA, and also in consistence with Khadija et al. ™ who
conducted observational case-control study of singletons
with intra-uterine growth restriction (fetal weight <10th
percentile). Intra-uterine growth restricted fetuses (cases)
and normal (controls) were examined for the umbilical
artery. Fetal umbilical artery Doppler ultrasound is an
effective tool in the detection of early intra-uterine
growth restriction fetuses. In disagreement with
Macdonald et al™ who found Pulsatility Indices (P1) of
the uterine arteries (UtA), umbilical artery (UA) and fetal
vessels were analyzed, individually and in combination,
for prediction of fetal weight found abnormal umbilical
Doppler patterns in a few rate in contrast cerebral-
placental-uterine ratio (CPUR).

This study concluded that. Mean serum inhibin A level
was 673.83+ 470.43 in IUGR cases and 102.06 + 106.29
in NON-IUGR cases, [P value <0.001]. with a cutoff
point >240 pg. / ml with high sensitivity and specificity
(86.8% and 76.5%) respectively). So, increased level of
Inhibin-A is associated with fetal growth restriction.
Most of previous studies support this concern and in
agreement with our study as Singnoi et al. ® who
concluded that, the rates of preterm birth, preeclampsia,
fetal growth restriction, and low birth weight were
crucially elevated in the group of high levels than those
in the normal group; (12.2% vs 8.3%, p-value 0.049,
7.3% vs 2.0%, p-value <0.001; 10.2% vs 3.3%, p-value
<0.001; and 15.1% vs 9.5%, p-value 0.008 respectively),
but Low levels of serum Inhibin-A were not remarkably
associated with any unfavorable outcomes. In agreement
with D'Anna et al. ®% who found that elevated maternal
inhibin-A concentrations in the second trimester are
strongly associated with intrauterine growth restriction in
a retrospective analysis of serum samples from a bank of
stored serum, originally taken for Down's syndrome
screening over 15-18 weeks, was performed. In
disagreement with Morris et al. ' who found
that Down's screening serum biomarkers have low
screening value in pre-eclampsia and small for
gestational age prediction. when combined with other
tests. Five serum screening markers were evaluated
(alpha feto protein, Inhibin-A, human chorionic
gonadotropin, unconjugated estrogen,human placental
lactogen , 44 studies, testing pre-eclampsia cases and 86
studies, testing fetal growth restriction cases met the
selection criteria. The results revealed low predictive
accuracy overall.

In this study, logistic regression analysis of the IUGR
showed that the rate of IUGR was significantly
associated with serum inhibin A Level <0.001**,P.l1 of

UA<0.001** , R.lI of UA 0.003* Fetal weight (gm) by
Average visit 0.032* HbAL1C 0.045* but neither Fasting
Glucose Serum Level nor amniotic fluid index by
Average visit, as presented in (table 5 ). Our findings
that elevated inhibin-A in the second trimester might be
reflective of an abnormal development of the placenta in
early gestation which could cause serious clinical adverse
outcome (fetal growth restriction and preeclampsia) in
late pregnancy. So high inhibin-A with in the second
trimester could be considered one of the risk factors of
abnormal placentation these conclusions. In consistence
with study done Singnoi, et al. ! who theorize that the
high incidence of preterm birth in cases of high inhibin A
levels shown in previous studies ?2%% could be a sequel
of preeclampsia or fetal growth restriction rather than
spontaneous preterm birth -and also in agreement with
Yue et al. P4 in there multivariate regression analysis
was accustomed to assess the influence of confounding
variables, including age, parity, gravidity and pre-
pregnancy BMI. And Inhibin A. and the result was,
Inhibin A risk factor for: preeclampsia, gestational
hypertension, gestational diabetes, macrosomia, low birth
weight, preterm delivery.

CONCLUSION

In type 1 diabetic women serum levels of inhibin A, and
umbilical artery pulsitility index were significantly high
in a status of fetal growth restriction. Measurement of
maternal serum inhibin A in type 1 diabetic pregnant
women is a reliable as single test for diagnosis of fetal
growth  restriction  .therefore, combining  both
assessments strongly predictive for IUGR. In addition,
help in establishing an integrated efficient model of
IUGR screening.
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