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Abstract

Introduction: PAPP-A (Pregnancy-associated plasma protein-A) is con-
sidered a pro-inflammatory marker and its serum levels are elevated in
non-pregnant patients with asthma. In the current research, we aimed to in-
vestigate whether maternal serum PAPP-A levels, a biomarker for first-tri-
mester aneuploidy screening, differ in pregnant women with asthma com-
pared to healthy pregnant women.

Methods: In the first step, maternal serum PAPP-A MoM values, used as the
first-trimester fetal aneuploidy screening marker, were compared between
pregnant women with asthma and a healthy pregnant group. In the second
step, the groups compared whether PAPP-A and fB-HCG ( free f human
chorionic gonadotropin) levels were below or above the cut-off values for
Trisomy 21 and compared them according to maternal age (<35; >35).

Results: The median PAPP-A level was found to be 2.15 TU/L (0.41-9.91)
in the asthma group and 2.54 TU/L (0.56-11.40) in the control group, and
there was no difference between the groups (P=0.363). The median PAPP-A
MoM value was 0.99 (0.15-3.28) in the asthma group and 1.07 (0.33-3.37)
in the control group. This result did not show a statistically significant diffe-
rence (P =10.694). No statistically significant difference was shown between
the groups below and above 35 age (P=0.456).

Conclusion: Maternal serum PAPP-A levels in pregnant women with ast-
hma do not vary compared to the healthy pregnant group without asthma.
Based on the results of our study, the first-trimester fetal aneuploidy scre-
ening test is a reliable screening method for pregnant women with asthma.
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Introduction

Asthma is a disease accompanied by chro-
nic airway inflammation characterized by hyperre-
activity to stimuli and reversible obstruction. It is
associated with significant maternal morbidity. In
a large prospective study, the exacerbation rate of
the disease in pregnant women followed up with
mild asthma, moderate asthma, and severe asthma
were 12.6%, 25.7%, and 51.9%, respectively.! In the
same study, it was observed that 23% of asthma in
pregnant women improved and 30% became worse.
While the effects of pregnancy on asthma vary, preg-
nant women with asthma are at high risk for preg-
nancy complications. The first trimester is general-
ly well-tolerated in patients with asthma since acute
episodes are not very frequent. The National Asthma
Education and Prevention Program (NAEPP) clas-
sified asthma as mild intermittent, mild persistent,
moderate persistent, and severe persistent. Asthma
is observed at approximately 8% during pregnancy.?

Prenatal screening for fetal aneuploidy such
as Trisomy 21,13 and 18 is recommended in the first
trimester of pregnancy. In this aneuploidy screening
test performed when the crown-rump length (CRL)
is 45-84 mm between 11+0 and 13+6 weeks of ges-
tation, two maternal serum markers are used.® It is
known that pregnancy-associated plasma protein-A
(PAPP-A) has a median value (MoM) of 0.4 times in
pregnancies with trisomy 21 fetuses, and the free 3
subunit (fB-hCG) of human chorionic gonadotropin
is known to increase to a median MoM value of 1.8
in pregnancies with Down’s syndrome. PAPP-A and
fB-hCG together can identify 60-65% of Down’s sy-
ndrome in the first trimester with a 5% false-positive
rate. When these maternal serum markers are com-
bined with the measurement of nuchal translucency
(NT) in ultrasonography and the positive threshold
value is traditionally accepted as 1/270, the trisomy
21 detection rate of the test reaches 87.5-88.9%.*

Pregnancy-associated  plasma  protein-A
(PAPP-A) is a glycoprotein and its concentration in
the maternal circulation increases throughout preg-
nancy. Due to its proteolytic activity in the insulin-li-
ke growth factor system, it functions as a regulatory
protein. Low PAPP-A levels were associated with ad-
verse pregnancy outcomes such as preeclampsia and
intrauterine growth retardation (IUGR).” PAPP-A is a
pro-atherosclerotic metalloproteinase and an inflam-
matory marker. It has been shown that its serum level

is elevated in non-pregnant asthma patients. Furt-
hermore, a significant correlation has been revealed
between PAPP-A concentration and the severity of
asthma.¢

In light of this information, we aimed to in-
vestigate whether first-trimester maternal serum
PAPP-A levels varied in pregnant women with asth-
ma compared to the healthy pregnant population and
the findings’ impacts on first-trimester aneuploidy
screening results.

Material and Methods

This research is a case-control study. . The
ethics committee approval was obtained with the
decision number E2-22-1569 on 30/03/2022. Eigh-
ty-seven pregnant women with asthma aged between
18-45 years, who attended their routine check-ups
regularly in the Perinatology Outpatient Clinic of
Ankara City Hospital in the two years between Ja-
nuary 2020 and January 2022, and had the first-tri-
mester fetal aneuploidy screening between 11th and
14th gestational weeks in our hospital, were determi-
ned as the case group. Randomly selected 97 healthy
pregnant women, who continued their follow-ups re-
gularly in the antenatal outpatient clinic in the same
age and gestational week range and did not have any
chronic or pregnancy-related disease, were determi-
ned as the control group. In the case group, pregnant
women with additional chronic and pregnancy-rela-
ted conditions other than asthma were excluded from
the study. The study did not include pregnant women
with suspected or diagnosed with fetal chromosomal
or structural abnormality in the first trimester. Infor-
med consent was obtained from all the participants.

First-trimester serum PAPP-A level and MoM
range, fB-hCG level and MoM range for each patient
in the case and control groups, and biochemical Tri-
somy 21 risk ratio determined due to aneuploidy sc-
reening were recorded. PAPP-A and fB-hCG levels
were studied by the chemiluminescent immunoas-
say method. The patient’s age, parity, smoking con-
sumption status, body mass index (BMI), sociode-
mographic characteristics, and medical history were
examined. Routine obstetric and ultrasonographic
examinations of the patients were performed. The
groups of medicines they used were classified ac-
cording to the lines of treatment. Patients who were
followed up and treated in the chest diseases outpa-
tient clinic were divided into groups according to the
treatments they received. The patients who did not
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need drugs due to asthma during pregnancy were ta-
ken as Group 1. The patients who have mild intermit-
tent and mild persistent asthma which received 1.-2.
step treatment using low-dose inhaled corticosteroids
(ICS) or short-acting beta-agonist alone were taken
as Group 2. The moderate and severe persistent asth-
ma patients who received 3rd step and above asthma
treatment using leukotriene receptor agonist (LTRA)
together with medium-high dose ICS and long-a-
cting beta-agonist (LABA) were taken as Group 3.

Statistical analysis

Statistical analyses were performed with the
help of IBM SPSS version 25 software. The con-
formity of the variables to the normal distribution
was examined using analytical methods (Kolmogo-
rov-Smirnov/Shapiro-Wilk tests). Descriptive analy-
ses were presented using the median and interquartile
range for non-normally distributed variables. Indepen-
dent groups were compared using the Mann-Whitney
U test since they did not show a normal distribution.
Since the variables were non-normally distributed,
Spearman’s test was used for correlation coefficients.
The Chi-square test was used to compare the rati-
os between the groups. Cases with a p-value below
0.05 were accepted as statistically significant results.

Results

The sociodemographic characteristics of
the pregnant women with asthma and healthy cont-
rol groups were compared. There was no signi-
ficant difference between the groups in terms of
mean age (P=0.951), mean BMI (P=0.615), parity
(P=0.298), and smoking status (P=0.635) (Table 1).

Table 1. Comparison of the sociodemographic chara-
cteristics of asthma and control groups

ASTHMA GROUP  CONTROL GROUP P-VALUE
(n=87) (n=97)
Age 27.0 (20-45) 27 (19-40) 0.9512
Median (min-max)
BMI 249 (18.9-32.3) 25.2(18.2-31.1) 0.6152
Median ([min-max)
Parity
N (%)
primiparity 32 (36.8%) 43 (44.3%) 0.298b
multiparity 55 (63.2%) 54 (55.7%)
Smoking
N (%)
yes 4 (4.6%) 6 (6.2%) 0.635
no 83 (95.4%) 91 (93.8%)

Table 1.

BMI: body mass index. aMann Whitney U test was
used to compare the measurement values of two inde-
pendent groups. b Chi-square test was used to com-
pare the ratios between the groups

The biochemical parameters of the first-tri-
mester fetal aneuploidy screening test were compared
between asthma and control groups. The median (min-
max) values of the parameters examined are presen-
ted in Table 2. The median PAPP-A levels (P=0.363)
and the median PAPP-A MoM values (P=0.694) were
compared between asthma and control groups. The re-
sults were similar between the groups. When fB-HCG
levels (P=10.338) and fB-HCG MoM values (P=0.278)
were compared between the groups, the result was
not found to be statistically significant (Table 2).

Table 2. Comparison of serum biochemical parame-
ters in the first-trimester aneuploidy screening betwe-
en the groups

Asthma Group P-value
N: 87

Median (min-max)

Control Group
N:97
Median (min-max)

PAPP-A (IU/L)  2.15(0.41-9.91) 2.54 (0.56-11.40) 0.363
PAPP-AMoM  0.99(0.15-3.28) 1.07 (0.33-3.37) 0.6942
fB-HCG (ng/ml) 31.10 (10.40-136.00)  35.70 (11.20-155.00) 0.338=
£p-HCG MoM 0.81 (0.23-3.37) 0.97 (0.22-3.63) 0.278=

PAPP-A: Pregnancy-associated plasma protein-A;
fB-HCG: free B human chorionic gonadotropin;
MoM: Multiples of median. aMann Whitney U test
was used to compare the measurement values of two
independent groups.

PAPP-A MoM values were compared betwe-
en asthma and control groups at the cut-off value be-
low and above 0.4 MoM. 3 (3.4%) pregnant women
in the asthma group and 2 (2.1%) pregnant women
in the control group were below 0.4 MoM. In com-
parison, there were 84 (96.6%) pregnant women in
the asthma group and 95 (97.9%) pregnant women in
the control group above 0.4 MoM, and the result was
not statistically significant (P=0.564). {3-HCG values
were compared between asthma and control groups at
the cut-off value below and above 2 MoM. The result
was not statistically significant (P=0.244) (Table 3).
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Table 3. Comparison of asthma and control groups
according to PAPP-A MoM and fB-HCG MoM Tri-
somy 21 cut-off values

Table 4. Comparison of PAPP-A (IU/L) and PAPP-A
MoM values between the groups
under and over 35 years of age

ASTHMA GROUP CONTROL GROUP P-VALUE GROUP AGE PAPP-A {lU;‘L] P-value PAPP-A MoM P-value
N (%) N (%) Median (min-max) Median (min-max)
PAPP-A < 0,4 MoM 3 (3.4%) 2(2.1%) 0.564F ASTHMA  <35years 2.10(0.41-9.91) 0.97 (0.15-3.28)
N:87 N:76 0.2252 0.4317
= 0,4 MoM 84 (96.6%) 95 (97.9%) CONTROL <35years 2.48 (0.56-11.40) 1.03 (0.33-3.37)
N:97 N:88
TOTAL 87 (100%) 97 (100%) ASTHMA  =35years 3.24(1.20-6.98) 1.32 (0.75-2.75)
N:87 N:11 1.0 0.4567
fp-HCG =2 MoM 7 (8%) 13 (13.4%) 0.2440 CONTROL >35years 4.19(1.20-5.34) 1.28 (0.53-2.75)
N:97 N:9
< 2 MeM 80 (92%) 84 (86.6%) . .
PAPP-A: Pregnancy-associated plasma protein-A;-
TOTAL 87 (100%) 97 (100%)

PAPP-A: Pregnancy-associated plasma protein-A; {3-
HCG: free § human chorionic gonadotropin; MoM:
Multiples of median. b Chi-square test was used to
compare the ratios between the groups.

PAPP-A and PAPP-A MoM values were sepa-
rately compared between the groups under and over
35 years of age. While the median PAPP-A value was
found to be 2.10 IU/L (0.41-9.91) in the asthma group
under 35 years of age, the median value was found to
be 2.48 IU/L (0.56-11.40) in the control group, and the
results were similar between the groups (P=0.225).
While the median PAPP-A MoM value was 0.97 MoM
(0.15-3.28) in the asthma group, the median value
was 1.03 MoM (0.33-3.37) in the control group, and
no significant difference was determined between the
groups (P=0.431). Whereas the median PAPP-A va-
lue was found to be 3.24 TU/L (1.20-6.98) in the asth-
ma group over 35 years of age, the median value was
4.19 TU/L (1.20-5.34) in the control group, and the re-
sults were similar between the groups (P=1.0). While
the median PAPP-A MoM value was found to be 1.32
MoM (0.75-2.75) in the asthma group, the median va-
lue was found to be 1.28 MoM (0.53-2.75) in the cont-
rol group, and no statistically significant difference
was shown between the groups (P=0.456) (Table 4).

MoM: Multiples of median. aMann Whitney U test
was used to compare the measurement values of two
independent groups.

The asthma group was divided into treat-
ment groups according to the type of asthma treat-
ment provided to the patients during pregnancy.
PAPP-A MoM and PAPP-A IU/L levels were com-
pared between the groups. There was no statistical-
ly significant difference in PAPP-A MoM (P=0.738)
and PAPP-A (IU/L) levels (P=0.588) among the
first group that did not receive asthma treatment du-
ring pregnancy, the second group that used either a
short-acting beta-agonist or low-dose inhaled corti-
costeroids alone, and the third group that received
combined treatment with LABA + ICS (Table 5).

Table 5. Comparison of PAPP-A MoM and PAPP-A
(IU/L) levels according to the steps of treatment pro-
vided in the asthma group

Medication N (%) PAPP-A MoM P-value PAPP-A (IU/L) P-value
Median (min-max) Median (min-
max)
None 7(8%)  0.84 (0.48-1.49) 1.73 (0.76-4.07)

0.7382 0.5882
1.-2.Step 37 1.01 (0.15-2.75) 2.34 (0.41-7.02)
medication (%42.5)

——— -
>3. Step 43 0.95 (0.39-3.28) 2.15 (0.53-9.91)
Medication (%49.4)

Ist - 2nd step treatment: treatment with a short-ac-
ting beta-agonist or low-dose ICS alone

>3rd step treatment: combined treatment using
LABA + ICS together. aMann Whitney U test was
used to compare the measurement values of two
independent groups.
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Discussion

Based on the literature data showing that se-
rum PAPP-A levels are elevated in asthma patients,
we compared first-trimester PAPP-A levels between
pregnant women with asthma and the healthy cont-
rol group without asthma. Both groups’ mean age,
BMI, and smoking status were similar in our study.
We did not reveal a significant difference in PAPP-A
level, PAPP-A MoM values independent of the ges-
tational week, fB-HCG level, and {B-HCG MoM
value between pregnant women in asthma and he-
althy control group. Upon comparing the cut-off va-
lues taken as a basis for Down’s syndrome (PAPP-A
0.4 MoM, fB-HCG 2.0 MoM), there was no statis-
tical difference between the groups below and abo-
ve the cut-off values. When maternal age under and
over 35 years was evaluated separately between the
groups, the biochemical parameters were similar.
When we divided asthma patients into groups accor-
ding to the medical treatments and compared them,
we revealed that the treatment type or severity did
not affect PAPP-A levels and PAPP-A MoM values.

PAPP-A was defined in 1974 for the first time.”
Circulating PAPP-A was primarily derived from syn-
cytiotrophoblasts. Nowadays, it is included in the sc-
reening program for Trisomy 21 since low maternal
serum levels are associated with Trisomy 21,18,13.
The multiple of the median (MoM) unit, which shows
the expression of PAPP-A concentration independent
of the gestational week. This screening program de-
termines which pregnant group should be recommen-
ded for diagnostic chorionic villus sampling (CVS)
or amniocentesis. In the screening test for trisomy
21, the PAPP-A cut-off value was accepted as 0.405
MoM (95% confidence interval 0.28 to 0.67),* while
it was 0.25 MoM for trisomy 13, Patau syndrome’
and 0.15-0.22 MoM for trisomy 18, Edward’s synd-
rome.'® PAPP-A levels have been used as a parameter
for screening tests in obstetrics and have also become
a marker used to evaluate the prognosis of pregnancy.
Based on the results of the FASTER study, PAPP-A
MoM levels B 5th percentile were associated with
spontaneous pregnancy loss, low birth weight, pre-
eclampsia, gestational HT, preterm birth, PPROM,
and ablatio placenta. It was concluded that low ma-
ternal serum PAPP-A levels in the first trimester were
strongly associated with poor pregnancy outcomes.'
Other studies in the literature support this result.!>!3

Insulin-like growth factor (IGF) binding pro-
tein (IGFBP)-4 is an essential regulator of the IGF
system and a substrate for the pregnancy-associated
plasma protein-A (PAPP-A) enzyme, which is a dime-
ric protein detected in high concentrations in the plas-
ma of pregnant women. PAPP-A is a local regulatory
protein for IGF bioavailability. PAPP-A is secreted as
a disulfide-linked homodimer and is classified as a
metzincin metalloproteinase linked to the matrix me-
talloproteinase family.'* The bioactivity of IGFBP-4
and PAPP-A has biological significance because it is
associated with several pathological conditions such
as metabolic disorders, type 2 diabetes mellitus, at-
herosclerotic/cardiovascular diseases (CVD), and tu-
morigenesis. At the posttranslational stage, IGFBP-4
is regulated by the proteolytic degradation of the
PAPP-A enzyme.'> PAPP-A is expressed and presen-
ted in various tissues and fluids, including adipose tis-
sue, human osteoblasts, fibroblasts, ascitic fluids, and
pleura. It reaches detectable levels in maternal blood
after embryo implantation following fertilization and
increases throughout pregnancy, reaching its highest
level at term.'® Its level is significantly lower in he-
althy non-pregnant women, but it is found in higher
serum concentrations in males and females. PAPP-A
is not a pregnancy-specific protein and is synthesi-
zed in many different cell types in males and fema-
les, such as fibroblasts, osteoblasts, vascular smooth
muscle cells, testis, ovary, endometrium, fallopian
tubes, kidney, bone, and colon.'” PAPP-A is associa-
ted with inflammatory conditions, and its expression
level is upregulated by proinflammatory cytokines
such as IL-1p and tumor necrosis factor (TNF)-a.'®

A study carried out in 2007 investigated the
importance of the PAPP-A level in asthma disease.
Because PAPP-A is a potential pro-atherosclerotic
metalloproteinase and a new inflammatory marker,
PAPP-A levels were compared in 35 asthma patients
and 20 healthy subjects. Patients using only B2 ago-
nists were included in the study, while those using
corticosteroids or other anti-inflammatory drugs were
excluded. PAPP-A concentrations were found to be
8.1£5.0 mU/L in the asthmatic group and 4.9+2.1
mU/L in the control group, statistically significant-
ly higher in the asthmatic group. When compared
according to the severity of asthma, it was consi-
derably higher in stage 3 asthma patients than in
the control group and other first and second-stage
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asthma patients.® In another study investigating the
relationship between PAPP-A levels and the severity
of the disease in patients with Chronic Obstructive
pulmonary disease (COPD), which is defined by
chronic airflow limitation and increased airway inf-
lammation, the average PAPP-A level in the group
of 75 people with COPD was 33.74+36.8 ng/ml, and
in the control group with 35 people was 13.849.9
ng/mL. This difference was statistically significant
between the groups. PAPP-A levels were higher in
stage 1 and 2 COPD groups than in stage 3 and 4
COPD patients. This study stated that PAPP-A could
be a new marker showing inflammation in diseases
such as asthma, pulmonary embolism, and lung can-
cer.”” A study on 36 severe allergic asthma patients
and 36 healthy control subjects from Turkey deter-
mined that PAPP-A and IGFB-4 levels were higher
in patients with allergic asthma. In contrast, IGF-1
levels were similar between the groups. Omalizu-
mab treatment was applied to the allergic asthma
case group for six months. A significant decrease
was observed in PAPP-A, IGFBP-4, and IGF-1 le-
vels after treatment.” Studies state that PAPP-A le-
vels may be a sensitive and specific early diagnos-
tic biomarker in acute coronary syndrome, coronary
artery diseases,’'*? and cardiovascular diseases.23
The limitations of our study are that our sample size
is relatively small, and the study is a single-center
study.

Conclusion

This is the first study that evaluates serum
PAPP-A levels in pregnant women with asthma to the
best of our knowledge. Maternal serum PAPP-A level
in pregnant women with asthma was not observed
to vary compared to the healthy pregnant group
without asthma. We revealed that medical treatments
used for asthma treatment did not influence PAPP-A
levels. Based on the results of our study, although
first-trimester fetal aneuploidy screening seems to
be a reliable screening method in pregnant women
with asthma, more extensive studies are needed.
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