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Objectives: To develop a reference chart for placental growth factor (PLGF) value during 11-14 weeks’ gestation
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Methods: This was an observational study observing women in their first trimester. Maternal characteristics,
biophysical tests, and serum PLGF levels were collected during the visit. PLGF Multiple of Median (MoM) was
adjusted for maternal characteristics including age, parity, smoking habits, diabetes mellitus, weight, height,
body mass index, gestational age, and crown-rump length (CRL) utilizing the linear regression analysis. Plot
distributions of PLGF level and PLGF MoM adjusted to CRL were developed using logistic regression technique.
Results: Out of 2.062 consecutive women undergoing 11-14 weeks’ gestation ultrasound screening, the median of
PLGF level and PLGF MoM were 50.38 pg/ml (1.09-265.20 pg/ml) and 1.00 (0.02-4.80), respectively. In the
multivariate analysis, PLGF MoM was not significantly influenced by maternal factors such as age, parity,
smoking habit, diabetes mellitus, height, weight, and BMI. The adjusted PLGF MoM reference chart according to
the CRL was developed using quadratic linear regression.

Conclusion: PLGF levels at 11-14 weeks’ gestation were notably influenced by CRL but not by maternal char-
acteristics. The usefulness of this parameter in combining with other established markers as a screening tool for
the Indonesian population basis requires further investigation.

1. Introduction

In the early stage of pregnancy, angiogenesis and vasculogenesis play
a remarkable role in the development of placenta. To regulate angio-
genesis, numerous growth factors, including placenta growth factor
(PLGF) are synthesized within the placental villi [1]. It has been
demonstrated that compromised PLGF levels are linked with fetal
growth restriction and pre-eclampsia which is regarded as one of the
leading causes of maternal and neonatal morbidity and mortality,
affecting approximately 4.6% of women worldwide [2]. It was observed
that declining PLGF levels occurred prior to the onset of preeclampsia
[3]. In addition, altered early placental development may precede the
failure of maternal, placental, and fetal adaptation potentially leading to
the development of maternal hypertensive disorders during pregnancy

[4].

The Federation of International Gynaecology and Obstetrics (FIGO)
endorses a comprehensive first-trimester screening program for pre-
eclampsia, wherein PLGF is considered a recommended biochemical
marker. A previous study has shown the prominent role of PLGF in
predicting pre-eclampsia (PE) which attain to achieve good accuracy
[5]. In addition, PLGF has also been studied in relation to fetal growth
restriction [6] and small-for-gestational-age birth prediction [7].

Establishing the normal reference value of PLGF in the general
population is crucial for validating the clinical value and its utilization
as a precise marker to predict complications associated with placental
insufficiency. Limited studies have investigated normal PLGF levels
during pregnancy with most have been conducted in non-Asian pop-
ulations [8,9]. A large study in the United Kingdom found that PLGF
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levels were associated with CRL, maternal weight, smoking, and race
[8]. In a study of Asian populations, PLGF serum levels varied widely
between Indian, Malay, and Chinese populations [10]. Evidently, there
are no studies showing the reference values of PLGF during pregnancy in
the local population of Indonesia. This study aimed to fill the research
gap in determining reference values for maternal serum PLGF in the first
trimester of pregnancy in Indonesian population.

2. Materials and methods

This cross-sectional observational study took place in Harapan Kita
National Women and Children’s Hospital and Kosambi Maternal and
Children’s Center Jakarta-Indonesia between August 2019 and October
2021. Several data including maternal characteristics, medical history,
and ultrasound was gathered from women undergoing 11-14 weeks’
ultrasound screening. We recruited singleton pregnancies during the
first-trimester screening. Twin pregnancies, major fetal abnormalities,
and nonviable pregnancies were excluded from the study. All partici-
pants have given their written informed consent that the hospital ethics
committee approved. Certified sonographers, trained in 11-13 weeks
scan and PE screening by the Fetal Medicine Foundation conducted ul-
trasound examinations. Serum PLGF levels were measured using an
Electrochemiluminescence assay method on Cobas E411 analyzer from
Roche Diagnostics, USA [11]. Numerical variables were presented as
mean+/-SD or median (minimum-maximum), while categorical vari-
ables were reported as percentages (n%)). PLGF Multiple of Median
(MoM) value was adjusted for maternal characteristics including age,
parity, smoking habit, diabetes mellitus, weight, height, body mass
index, gestational age, and CRL. Linear regression analysis was exploited
to calculate the median PLGF MoM according to several maternal
characteristics. Plot distributions of PLGF levels and PLGF-MoM
adjusted according to CRL were created using regression techniques.
The statistical analysis for this study utilized SPSS 26.0 (SPSS Inc.,
Chicago, IL, USA).

3. Results

A total of 2.062 PLGF measurements were obtained from women
who underwent first-trimester screening. Table 1 presents the de-
mographic composition of the studied population. The mean female age
was 29.31 years ranging from 18.28 to 46.69 years, and the majority of
participants (57%) were nulliparous. The median BMI of the studied
subjects was 24 kg/m2 (14.91-54.01 kg/m?2). At the first-trimester stage
clinic visit, the median of CRL was 63.70 mm (45-84 mm). The median
PLGF value was 50.38 pg/mL (1.09-265.20 pg/ml) and the PLGF MoM

Table 1
Characteristics of the studied population (n = 2.062).

Variables Value

Maternal Age (year) 29.41 (18.28-46.69)

Parity

Nulliparous 1176 (57%)

Parous 886 (43%)
Ethnicity

South Asian (Indonesian) 100%
Maternal Weight (kg) 59 (34-140)

Maternal Height (cm)
Maternal BMI (kg/mz)
Gestational Age (Days)
Smoking Habits

Yes

No

Type 2 Diabetes Mellitus

Yes

No
CRL (mm)
PLGF (pg/ml)
PLGF MoM

157 (135-180)
24 (14.91-54.01)
89 (79-100)

16 (0.8%)
2046 (99.2%)

11 (0,5%)

2051 (99.5%)
63.70 (45-84)
50.38 (1.09-265.20)
1.00 (0.02-4.80)
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was 1.00 (0.02-4.80).

In bivariate analysis, the determination of PLGF MoM involved
considering parity, diabetes, maternal age, gestational age, and CRL, as
outlined in Table 2. Multivariate regression analysis revealed that PLGF
MoM was only associated with CRL (Table 2). Eventually, the final
model emphasized the prominent role of CRL influencing the ultimate
values of PLGF MoM as indicated in Table 3. This adjusted PLGF MoM
model yielded high accuracy (R = 0.955, R? 0.911, p-value <0.001).

Table 4 presents PLGF levels, MoM levels, and adjusted PLGF MoM
values according to gestational age. Our finding indicated that the me-
dian PLGF level increased as pregnancy progressed from 11 to 14 weeks.
However, both PLGF MoM and adjusted PLGF MoM remain constant at
each week of pregnancy. The adjustment of PLGF MoM involving PLGF
level and CRL variables is indicated in the following formula =
1.433-0.021*CRL+0.018*PLGF. PLGF levels and adjusted PLGF MoM
reference chart according to the CRL were then constructed utilizing a
quadratic linear regression method (Fig. 1).

4. Discussion

The present study demonstrated the reference values for PLGF in the
first-trimester screening in an Indonesian population. The median PLGF
was shown to be 50.38 pg/mL (1.09-265.20) with PLGF MoM of 1.00
(0.02-4.80). The multivariate analysis identified that CRL was the sole
factor associated with first-trimester PLGF levels. Other studies in
normal populations have reported that the median PLGF levels could
vary between 28 and 63 pg/mL [4,12,13]. Our results showed that PLGF
levels in the Indonesian population fell in a similar range as demon-
strated by other groups in other populations in the current literature.
After adjusting for CRL, the median PLGF MoM was 1.0. This finding was
consistent with previous research, reported by Akolekar et al. [8], which
found a median MoM of PLGF as 0.991 after adjusting for fetal CRL,
maternal weight, smoking, and ethnic origin.

Median PLGF levels increased with the progression of pregnancy,
aligning with other findings that monitored PLGF levels during preg-
nancy. Ng et al. [10], observed that PLGF levels increased from the first
to the third trimester of pregnancy, reaching a peak at 30 weeks and
subsequently declining. In addition, Palm et al. [14], also noted that
increased PLGF levels from the first trimester until 29-30 weeks, rising
by 16 pg/ml per week and then decreasing by 14 pg/ml per week until
week 40. This study confirmed that PLGF levels increase in early preg-
nancy with advancing gestational age in a large Indonesian study
population.

Our multivariate analysis indicated that CRL was the only factor
influencing PLGF levels. This finding aligns with a study conducted by
Kasdaglis et al. [4], which identified a significant association between
PLGF levels and CRL. Furthermore, they observed no direct correlation
between PLGF levels and BMI. However, PLGF levels were significantly
lower in women with BMI > 30. A study by Audette et al. [15], observed
no differences between the low and normal PLGF levels group in terms
of maternal age, body mass index, obesity rate, parity, ethnicity, family
history of hypertension, smoking status, history of bleeding in the first
trimester, time to conception, and duration of use of artificial repro-
ductive technologies. In contrast, a study by Akolekar et al. [8], found

Table 2
Linear regression analysis of factors associated with PLGF MoM.
B Std Error Beta t P

(Constant) 1,121 0,477 2,351 0,019
Parity 0,001 0,006 0,001 0,153 0,878
Diabetes Mellitus 0,018 0,043 0,003 0,422 0,673
Maternal Height 0,002 0,003 0,024 0,671 0,502
Maternal Weight —0,003 0,004 —0,066 —0,668 0,504
BMI (Kg/m?) 0,006 0,010 0,059 0,628 0,530
CRL (mm) —0,021 0,000 —0,429 —57,802 <0,001
PLGF levels (pg/ml) 0,018 0,000 1,065 142,003 <0,001
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Table 3
Final Model of Adjusted PLGF MoM based on CRL and PLGF level.
B Std Error Beta t sig
(Constant) 1,433 0,021 66,749 0,000 1.390 0.018
CRL —0,021 0,000 —0,429 —58,452 0,000 —0.022 —0.021
PLGF levels (pg/ml) 0,018 0,000 1,065 145,145 0,000 0.018 0.018
Model: R = 0.955, R? 0.911, sig <0.001, F:10558.631.
Table 4
The median range of PLGF levels and PLGF-MoM according to the gestational age.
Variables Median (Range)
Overall (2062) 11 (n = 257) 12 (n = 994) 13 (n = 666) 14 (n = 145)

PLGF Level (pg/ml)
PLGF MoM
Adjusted PLGF MoM

50.38 (1.09-265.20)
1.0 (0.02-4.80)
1.02 (0.00-4.69)

36.74 (8.36-108.80)
1.00 (0.23-2.96)
1.069 (0.50-2.31)

45.93 (1.09-220.40)
1.00 (0.02-4.80)
0.99 (0.24-4.18)

61 (2.09-265.20)
1.00 (0.03-4.34)
1.01 (0.00-4.69)

82.86 (18.28-188.40)
1.00 (0.22-2.27)
1.22 (0.00-3.06)

R? Quadratic =0.207

PLGF

level formulation =

Fig.

1. Scatter Plot of PLGF by CRL (PLGF
73.23-1.894*CRL+0.025*CRL [2]).

that log PLGF was dependent on fetal crown-rump length, maternal
weight, smoking, and race. We hypothesized this finding was possibly
affected by mono-ethnic populations rather than multi-ethnic pop-
ulations in other studies.

One notable strength of our study lies in its extensive sample size. In
comparison to previous descriptive studies evaluating PLGF levels in the
first trimester, we incorporated a larger number of studied subjects [4,
12,13]. To the best of our knowledge, this was the only study describing
PLGF levels within the Indonesian population. Moreover, this study
stands out as one of the few studies conducted in Southeast Asia to
delineate PLGF reference values during the first trimester. This obser-
vational study recruited women from an unselected Indonesian popu-
lation reflecting the implication of the finding could be relevant to both
high- and low-risk populations. Notably, an Asian study highlighted
significant variation in PLGF levels among different ethnic groups such
as Indian versus Malay and Chinese [10]. In the context of Indonesian
population, the impact of genetic variation or subethnicity on PLGF
levels should be investigated in further studies.

This study has a limitation in that the assessment of PLGF value was
confined to weeks 11-14 of pregnancy. Given the inclination towards
the trend suggesting that PLGF values beyond 19 weeks of pregnancy
possess greater predictability for placental-associated complications
[16], subsequent investigations will extend to determine PLGF levels
during the second trimester of pregnancy. Moreover, enhancing the
clinical efficacy of PLGF could be accomplished by integrating it with
well-established markers in routine clinical practice, thereby justifying
the need for further innovation.

128

5. Conclusion

The PLGF levels at 11-14 weeks of gestation were significantly
influenced by CRL but showed no significant correlation with maternal
characteristics in the Indonesian population. There is a need to establish
PLGF reference values in the second trimester of pregnancy and combine
PLGF values with established markers as a placental-associated
complication screening tool. Further investigation should be under-
taken to assess the usefulness of this parameter for the Indonesian
population.
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