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Introduction 

Trophoblast-mediated spiral artery remodeling in early 

pregnancy is necessary for oxygen and nutrient supply by the 

placenta (1-3). An impaired balance between reactive oxygen 

species and antioxidants eventually leads to placental insuffi-

ciency (4). Nuclear factor erythroid 2-related factor (Nrf2)-

regulated heme oxygenase-1 (HO-1) exerts a cytoprotective 

effect against oxidative injury and regulates apoptosis and an-

giogenesis of the placenta (5). In addition, HO-1 attenuates the 

symptoms of preeclampsia (PE) (6). Furthermore, the trans-

fection of human HO-1 in an animal study increased pup size; 

on the other hand, HO-1 deficiency caused fetal growth re-

striction (FGR) (7).  

Defective placentation has been found to be associated 

with unfavorable obstetric outcomes such as PE, FGR, and 
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ABSTRACT 

OBJECTIVE: To examine early pregnancy levels of serum heme oxygenase-1, soluble vascular en-

dothelial growth factor receptor-1, B-cell lymphoma/leukemia-2 in relation to unfavorable pregnancy out-

comes, including preeclampsia, fetal growth restriction, spontaneous preterm birth, gestational diabetes 

mellitus and fetal macrosomia. 

STUDY DESIGN: A total of randomly selected 140 pregnancies were included in this prospective study. 

Peripheral blood samples were obtained between 110/7 and 136/7 gestational weeks. All pregnancies 

were followed up until the outcomes were obtained and classified as preeclampsia, fetal growth restric-

tion, spontaneous preterm birth, gestational diabetes mellitus, fetal macrosomia, and uncomplicated 

ones.  

RESULTS: Significantly high levels of early serum heme oxygenase-1 were found in the cases who sub-

sequently developed preeclampsia, spontaneous preterm birth, and fetal macrosomia (p<0.05), in con-

cordance with high soluble vascular endothelial growth factor receptor-1 levels of the preeclampsia 

group, however, B-cell lymphoma/leukemia-2 s were similar in all groups. As soluble vascular endothe-

lial growth factor receptor-1 predicted preeclampsia at a value of 11.905 ng/mL, the cutoff values for the 

heme oxygenase-1 to predict preeclampsia, spontaneous preterm birth, and fetal macrosomia were 

0.372 ng/mL, 0.354 ng/mL and 0.494 ng/ml, respectively.  

CONCLUSION: Elevated first trimester heme oxygenase-1 levels are remarkable in the pregnancies as-

sociated with preeclampsia, spontaneous preterm birth, and fetal macrosomia in comparison with un-

complicated ones.  

Keywords: B-cell lymphoma/leukemia-2, Early pregnancy, Heme oxygenase-1, Pregnancy complica-

tions, Soluble vascular endothelial growth factor receptor-1
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preterm birth (8). The release of circulating maternal antian-

giogenic factors during this defective placentation induces 

poor perfusion, hypoxia, and ischemia of the placenta. Soluble 

vascular endothelial growth factor receptor-1 (sVEGFR-1), an 

antiangiogenic factor, antagonizes the proangiogenic activity 

of vascular endothelial growth factor (VEGF) (9). Therefore, 

increased levels of sVEGFR-1 may play a central role in the 

pathogenesis of placental disorders, including PE and FGR 

(10,11). 

Trophoblast cell destiny appears to be regulated by diverse 

members of the B-cell lymphoma/leukemia-2 (Bcl-2) family. 

B-cell lymphoma/leukemia-2 (Bcl-2), an anti-apoptotic pro-

tein that regulates apoptosis by suppressing cell death, is a 

member of the Bcl-2 family. During early placentation, Bcl-2 

levels are elevated when trophoblast apoptosis is minimal. 

Increased trophoblast cell proliferation and apoptosis are char-

acteristic features of PE (12,13). 

In this preliminary randomized prospective study, the rela-

tionship between first-trimester serum HO-1 and Bcl-2 levels, 

which are protective against oxidative stress and apoptosis, 

and sVEGFR-1, which is a potent angiogenesis antagonist, 

and unfavorable obstetric outcomes, such as PE, FGR, spon-

taneous preterm birth (SPB), gestational diabetes mellitus 

(GDM), and fetal macrosomia (FM), were evaluated. 

Additionally, the possible cutoff values for these markers 

were defined. These biomarkers have clinical potential for 

predicting unfavorable obstetric outcomes. 

Material and Method 
This randomized prospective study was conducted at 

Trakya University, Faculty of Medicine, Department of 

Perinatology between January 2018 and February 2019. 

Informed consent was provided by all patients before enroll-

ment in the study. Although 166 singleton pregnancies ini-

tially undergoing first-trimester screening were included in the 

study, 26 pregnancies were excluded later, as shown in the 

flowchart (Figure 1). The study ultimately continued with 140 

patients. 

Ethical approval was obtained from the Ethics Committee 

of Trakya University (TÜTF-BAEK No: 2018/60). All proce-

dures were performed according to the Declaration of 

Helsinki. 

Study population  
Participants with smoking, alcohol consumption, multiple 

pregnancies, fetal chromosomal or structural anomalies, in-

trauterine or perinatal infections, antiphospholipid antibody 

syndrome or maternal connective tissue, cardiac, or renal dis-

eases were excluded. Patients who had preterm premature rup-

ture of the membranes (PPROM) or iatrogenic preterm labor 

were also excluded. 

Data source 
Peripheral blood samples were collected between 110/7 and 

136/7 gestational weeks (GWs) for the first-trimester screening 
and they were centrifuged at 4000 revolutions per minute for 
10 minutes. Afterward, 3 mL of residual samples were kept in 
Eppendorf tubes at -80°C until assayed for the HO-1, 
sVEGFR-1, and Bcl-2. All pregnancies were followed up until 
they were completed. Serum HO-1 (Shanghai YL Biotech 
Co., Ltd., China), sVEGFR-1 (Shanghai YL Biotech Co., Ltd., 
China), and Bcl-2 (Shanghai YL Biotech Co., Ltd., China) 
were measured by enzyme-linked immunosorbent assay 
(ELISA). The values for HO-1, sVEGFR-1, and Bcl-2 were 
adjusted for the covariates of GWs at sampling, maternal body 
mass index (BMI), and age. The final data set was analyzed in 
six groups according to the obstetric outcomes (PE, FGR, 
SPB, GDM, FM, and uncomplicated). Pregnancies compli-
cated with both PE and/or FGR and GDM were excluded from 
the study (Figure 1). 

Preeclampsia is defined as hypertension and proteinuria 
after the 20th week of gestation (14). FGR is defined as esti-
mated fetal weight under the 10th percentile and a pulsatility 
index of the umbilical artery higher than the 95th percentile 
(15). SPB is defined as a birth before the 37th GW (16). GDM 
is diagnosed if one measurement is higher than the limit val-
ues for fasting (≥92 mg/dL), the 1st hour (≥180 mg/dL) or the 
2nd hour (≥153 mg/dL) with 75-g oral glucose tolerance test 
between 24th and 28th GWs (17). FM is defined by estimated 
fetal weight above 4000 g (18). 

Figure 1: Flowchart of pregnant women in the study.  

PE: Preeclampsia; GDM: Gestational diabetes mellitus; FGR: 
Fetal growth restriction; PPROM: Preterm premature rupture of 
membranes. 
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Statistical analysis 
The Number Cruncher Statistical System 2007 (Kaysville, 

Utah, USA) was used for statistical analysis. The normally 
distributed quantitative data and demographic statistics such 
as mean, median, standard deviation, frequency, ratio, and 
minimum-maximum were tested by The Shapiro-Wilk test 
and graphics. The Kruskal-Wallis and Dunn-Bonferroni tests 
were used to compare more than two groups of quantitative 
not normally distributed variables. The Fisher-Freeman-
Halton exact test compared the qualitative data.  

Maternal age, BMI, gestational age at the sampling were 
taken as covariates and generalized linear modeling was used 
to examine the effects of the groups on variables. Receiver op-
erating characteristic (ROC) curve analysis was used for an 
appropriate cut-off value determination. The DeLong method 
was used to compare the area under the ROC curves. The 
value of p<0.,05 was considered statistically significant. 

Results 

This study was conducted with 140 pregnancies who were 
analyzed as follows: 10 PEs (7.1%), 21 FGRs (15%), 10 SPBs 
(7.1%), 17 GDMs (12.1%), 10 FMs (7.1%); and 72 uncompli-
cated pregnancies as the controls (51.4%). The characteristics 
of the population were shown in table I.  

A generalized linear model was created for HO-1, 
sVEGFR-1, and Bcl-2. This model was also readjusted for 
maternal age, BMI, and GWs at the time of sampling as co-
variate variables. The levels of HO-1, sVEGFR-1 and Bcl-2 
are shown in table I. 

After Bonferroni-corrected bilateral evaluation, the 
sVEGFR-1 values of the PE group were found to be higher 
than those of the controls (p=0.01). Furthermore, the HO-1 
values of the controls were found to be lower than those of the 
SPB, FM, and PE groups (p=0.001; p=0.002; p=0.014, re-
spectively). However, Bcl-2 levels were not significantly dif-
ferent among the groups (p>0.05). 

ROC analysis was performed for HO-1 and sVEGFR-1 to 
compare the groups (Table II, III; Figure 2, 3). The area under 
the curve (AUC) of HO-1 and sVEGFR-1 for the PE group 
was created using the Delong method. There was no statisti-
cally significant difference in the AUCs of HO-1 and 
sVEGFR-1 between the PEs and the controls (Table II).  

The temporary cutoff points for sVEGFR-1 for PEs and 
the cutoff points for HO-1 for PEs, SPBs, and FMs were cal-
culated (Table II, III). At a value of 11.905 ng/mL, sVEGFR-
1 predicted PEs with a sensitivity of 71.43% and a specificity 
of 63.89%. At a value of 0.372 ng/mL, HO-1 predicted PEs 
with a sensitivity of 71.43% and a specificity of 68.06%. 
Further, at a value of 0.354 ng/mL HO-1 predicted SPBs with 
a sensitivity of 70% and a specificity of 66.67%. On the other 
hand, HO-1, at a value of 0.494 ng/m mL, anticipated FMs 
with a sensitivity of 70% and a specificity of 80.56%. 
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Table II: Cutoff values of the sVEGFR-1 and HO-1 for preeclampsia and under the ROC curves values 

sVEGFR-1 HO-1 

AuROC (95% CI) 0.711 (0.598 – 0.808) 0.764 (0.655 - 0.852) 

p 0.018* <0.001** 

Cutoff >11.905 >0.372 

Sensitivity (95% CI) 71.43 (29.0 - 96.3) 71.43 (29.0 - 96.3) 

Specificity (95% CI) 63.89 (51.7 - 74.9) 68.06 (56.0 - 78.6) 

PPV (95% CI) 16.1 (9.9 - 25.2) 17.9 (10.9 - 27.9) 

NPV (95% CI) 95.8 (87.6 - 98.7) 96.1 (88.3 - 98.8) 

AUC comparison 
dp 0.206 

AUC: area under the ROC curves (95% confidence interval); HO-1: heme oxygenase 1; NPV: negative predictive value; PPV: positive predictive 
value; sVEGFR-1: soluble vascular endothelial growth factor receptor 1, d DeLong method, **p<0.01 

Table III: Cutoff values of HO-1 for adverse pregnancy outcomes and under the ROC curves values 

HO-1 SPB versus Control FM versus Control 

AuROC (95% CI) 0.767 (0.661 – 0.854) 0.793 (0.689 – 0.875) 

p 0.003** 0.001** 

Cut-off >0.354 >0.494 

Sensitivity (95% CI) 70 (34.8 – 93.3) 70 (34.8 – 93.3) 

Specificity (95% CI) 66.67 (54.6 – 77.3) 80.56 (69.5 – 88.9) 

PPV (95% CI) 22.6 (9.6 – 41.1) 33.3 (14.6- 57) 

NPV (95% CI) 94.1 (83.8 – 98.8) 95.1 (86.3 - 99) 

SPB: spontaneous preterm birth; FM: fetal macrosomia, AUC: area under the ROC curves (95% confidence interval); HO-1: heme oxygenase 1; NPV: 
negative predictive value; PPV: positive predictive  value, **p<0.01 

Figure 2: The receiver operating characteristic (ROC) curves 
of sVEGFR-1 and HO-1 to differentiate preeclampsia from 
controls.

Figure 3a: The receiver operating characteristic curve of HO-
1 to differentiate spontaneous preterm birth from Controls
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Discussion 

HO-1 is considered to be a marker of increased oxidative 
stress in cultured trophoblasts (19). The induction of HO-1 in 
trophoblasts maintains pregnancy in humans. However, re-
duced HO-1 levels result in pregnancies with PE or FGR (20). 
These stressful conditions induce the multifunctional regula-
tor nuclear factor erythroid 2-related factor (Nrf2) pathway, 
which increases the transcription of Nrf2-regulated genes such 
as HO-1, so this response is considered not only cytoprotec-
tive but also a modulator of pregnancy longevity. HO-1 pro-
vides beneficial effects against oxidative injury, apoptosis, 
and angiogenesis (6).  

While some studies have found high serum HO-1s in se-
vere PE (21), others have reported decreased expression of 
HO-1 mRNA (22). Vitoratos et al. studied 31 pregnant women 
divided into severe PE, mild PE, and control groups. Serum 
levels of HO-1 were measured in the third trimester. The se-
vere PE group had significantly higher serum HO-1 levels 
than the mild PE and control groups (21). Nakamura et al. 
found divergent results in their study involving 24 pregnant 
women with PE and 24 normotensive pregnant women in the 
third trimester. They found that the mRNA expression of HO-
1 decreased in the cellular component of the blood in patients 
with PE (22). Farina et al. followed 30 pregnant women who 
underwent chorionic villous sampling (CVS) at 11th GWs. 
Five of them developed PE later in gestation, and the mRNA 
expression of HO-1 was significantly lower in the CVS tissues 
from patients with PE (23).  

In our PE group, the first trimester HO-1 levels were found 

to be higher than those in the controls. The higher levels of 

HO-1 in PE may be due to the activation of the Nrf2/HO-1 

pathway in the first trimester as a response to enhanced oxida-

tive stress. We also determined that the cutoff level of HO-1 

in the first trimester was 0.372 ng/mL to predict PE. This        

cutoff level may be useful in clinical practice to predict preg-

nancies at high risk of PE.  

An imbalance between oxidants and antioxidants has been 

reported in the etiology of SPB, but it is not clear whether ox-

idative stress is an etiology or a result of SPB (24). There are 

no human-origin articles in the literature investigating the re-

lationship between HO-1 and SPB. In a mouse model study, it 

was found that statins could prevent PB by increasing the syn-

thesis, expression, and activity of HO-1 in the myometrium 

and cervix (25). However, the current study showed that the 

first-trimester serum HO-1 was significantly higher in the SPB 

group. Our cutoff value was 0.354 ng/mL to predict SPB in 

the current pregnancy. To the best of our knowledge, there is 

no first-trimester cutoff value mentioned for HO-1 for the pre-

diction of SPB and PE in the previous literature. 

The modulatory effect of HO-1 on placental growth fac-

tors is also important in fetal growth (26). High FM-associated 

levels of HO-1 again reveal the role of HO-1 in fetal growth 

and the maintenance of pregnancy. The birth weights were   

between 2530 and 2635 g in our FGR group. However, if there 

were more severe FGR cases in our study, the significant re-

sults in terms of the serum markers studied may be observed.  

There are contradictory results about an association of 

HO-1 with GDM in the literature. Low maternal HO-1 levels 

of approximately 16th GW have been reported in those who 

develop GDM later on. (27). On the other hand, the expression 

of HO-1 mRNA has been found to be elevated in mononuclear 

cells of GDM cases at approximately 24th GW (28). The 

mechanism explaining the association of GDM with HO-1 in 

the first trimester is unclear (29). Since our serum samples 

were obtained in the first trimester, we could not come to any 

firm conclusions about HO-1 levels and GDM. 

Oxidative stress in trophoblasts may modulate the produc-

tion of antiangiogenic factors through the upregulation of 

sVEGFR-1 (19). The sVEGFR-1 levels studied at 12th-16th 

GWs were high in one study, but no cutoff value was given 

(30). Another study found high sVEGFR-1 mRNA in the 

chorionic villous samples among patients who developed PE 

later on (23). The first-trimester serum sVEGFR-1 levels in 

the PE group were found to be higher in our study. 

Several studies have examined PE in the third trimester. In 

one study, the maternal sVEGFR-1 was not different between 

late PE and controls; however, the sVEGFR-1 of early-onset 

PE was found to be significantly higher in the third trimester 

(31). In our study, we found a sVEGFR-1 cutoff value of 

11.905 ng/mL for the PE group. Unlike the studies in the ad-

Figure 3b:The receiver operating characteristic curve of HO-1 
to differentiate fetal macrosomia from Controls



Gynecology Obstetrics & Reproductive Medicine 2022;28(2):122-128   127

vanced weeks, we took blood samples in the first trimester be-
fore PE developed. This cutoff value may be employed to 
identify pregnancies likely to develop PE. There are also sev-
eral studies demonstrating a relationship between sVEGFR-1 
and FGR (11,32). The reason for our nonsignificant results 
may be that the average birth weights in our FGR group were 
not all that low. 

Bcl-2 is an anti-apoptotic protein that regulates apoptosis. 
In our previous study, we found significantly higher serum 
Bcl-2 levels in the mild PE group than in women who had se-
vere PE. (33). In contrast, some studies have reported that Bcl-
2 levels are unchanged in PE (34,35). In our study, there were 
no significant differences in the Bcl-2 levels in the first 
trimester in all groups. Perhaps the protective effects of Bcl-2 
might be more effective in advanced gestational weeks. 
Therefore, we might have found a difference if the serum sam-
ples were taken from our patients after 14th GWs. 

To the best of our knowledge, this is the first study to in-
vestigate serum HO-1, Bcl-2, and sVEGFR-1 levels in the first 
trimester together for the prediction of unfavorable obstetric 
outcomes. The prospective study design of our study allowed 
us to follow patients from the first trimester until the end of 
pregnancy. Thus, unfavorable obstetric outcomes were deter-
mined, and the study groups were formed properly. Regarding 
the limitations of our study, increasing our sample size would 
help to obtain more meaningful results. 

In conclusion, in the first trimester of pregnancy, high 
serum sVEGFR-1 levels are associated with the development 
of PE, while high HO-1 levels are associated with PE, SPB, 
and FM. This may show that protective mechanisms such as 
the Nrf2 pathway are activated in response to oxidative stress 
in the placenta during the first trimester.  
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