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İDİD

Introduction
The frequency of childbearing to women of advanced
maternal age (AMA) had increased worldwide, particu-
larly in the developed countries during the last decade.[1,2]

As reported by the Turkish Statistical Institute (TSI)

data in 2020, the age-specific birth rate among women
aged ≥35 years in Turkey was 0.60%, whereas it was
0.52% in 2005.[3] The trend toward postponing preg-
nancy is primarily driven by social and cultural factors,
extended education years, prioritization of career, later
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Abstract

Objective: This study aimed to determine the effect of advanced
maternal age (AMA) on maternal and neonatal outcomes in preg-
nant women aged ≥35 years compared with patients aged 30–34
years. Also, we aimed to analyze the risk estimates of potential con-
founders to identify whether these variables contributed to the
development of adverse pregnancy outcomes or not. 
Methods: This retrospective cohort study included 2284 pregnant
women aged ≥35 years at the time of delivery who was delivered in a
tertiary referral hospital from January 1, 2016, to December 31, 2020.
We further classified these women into two subgroups: 35–39 years as
early AMA (EAMA), and ≥40 years as very AMA (VAMA). Pregnancy
complications and adverse neonatal outcomes were recorded. 
Results: Compared to younger women, pregnant AMA women had
significantly higher risks of complicated pregnancies, including a
higher risk of gestational diabetes mellitus (GDM, p<0.001), polyhy-
dramnios (p<0.001), cesarean section (p<0.001), stillbirths (p<0.001),
major fetal abnormality (p<0.001), preterm delivery (p<0.001), lower
birth weight (p<0.001), lower 5-minute Apgar scores (p<0.001),
lower umbilical artery blood pH values (p<0.001), neonatal intensive
care unit (NICU) admission (p<0.001), and length of NICU stay
(p<0.001). 
Conclusion: We found a strong and significant association between
VAMA and adverse pregnancy outcomes, including an increased risk
of GDM, polyhydramnios, cesarean section, and adverse neonatal out-
comes, including a higher risk of stillbirths, preterm delivery, lower
birth weight, lower 5-minute Apgar scores, and NICU admission. 

Keywords: Advanced maternal age, pregnancy complications, adverse
neonatal outcomes.
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marriage, the implementation of effective contraceptive
methods, developments in assisted reproductive tech-
nologies (ART), improvements in managing pre-exist-
ing chronic diseases, and easy access to these develop-
ments by patients.[4,5]

Previous studies reported that AMA has been consid-
ered as a risk factor for chromosomal abnormalities of
the fetus and complications in the early stages of preg-
nancy, including ectopic pregnancy and miscarriage.[6]

However, studies on the associations between AMA and
pregnancy outcomes have reported conflicting findings.
Some studies have indicated that AMA has been associat-
ed with an increased risk of adverse maternal and neona-
tal outcomes, including preterm deliveries and related
complications, gestational hypertensive disorders, gesta-
tional diabetes mellitus (GDM), placental abnormalities,
stillbirths, and a higher frequency of cesarean section.[7,8]

But some investigations found no significant difference
regarding pregnancy complications between older and
younger pregnant women.[9,10] Furthermore, the extent to
which specified findings are associated with AMA and
the strength of the relationship remained contradictory
based on inadequately powered of the studies to adjust
for potential confounding factors.[11]

This study aimed to determine the effect of AMA on
maternal and neonatal outcomes in pregnant women
aged ≥35 years compared with patients aged 30–34 years
in a tertiary referral hospital. Also, we aimed to analyze
the risk estimates of potential confounders to identify
whether these variables contributed to the development
of adverse pregnancy outcomes or not. 

Methods
We conducted this retrospective cohort study in Kanuni
Sultan Süleyman Training and Research Hospital,
which was a tertiary referral hospital in Turkey, from
January 1, 2016, to December 31, 2020. The ethics com-
mittee of the hospital approved the study (2021.01.6).
We included all pregnant women aged ≥40 years at the
time of delivery and gave birth at 24 weeks of gestation
or beyond during the study period. Also, a total of 2002
pregnant women aged between 35–39 years at the deliv-
ery time and who gave birth at or beyond 24 weeks’ ges-
tation were randomly selected by a computer system and
were included in the study for further evaluation.
Pregnant women lower than 30 years old, pregnancy loss
<24 weeks of gestation, and pregnancies with missing
medical records were excluded.

AMA was defined as pregnant women being 35 years
or older at the time of delivery. We further classified
these women into two subgroups: 35–39 years as early
AMA (EAMA), and ≥40 years as very AMA (VAMA).
The study groups were compared with a control group
which consisted of pregnant women aged between 30–34
years who gave birth at the same period. The control
group patients were randomly selected by a computer
system. All pregnant women included in this study were
delivered and received postnatal care at our hospital, and
if necessary, neonates were transferred to the neonatal
intensive care unit (NICU). Also, the study subjects were
categorized into two groups based on their parity as nul-
liparous and multiparous. A pregnant woman who has
never given birth after 20 weeks of gestation or a neonate
weighing more than 500 g was defined as nulliparous,
and the remaining were defined as multiparous.

Maternal and neonatal data were collected from the
hospital records to obtain information on maternal
demographic characteristics, pregnancy complications,
and obstetric and neonatal outcomes. Demographic
characteristics included maternal age, body mass index
(BMI), parity, the use of ART, and pre-existing at least
one maternal chronic disease, including diabetes melli-
tus, chronic hypertension, hypothyroidism, bronchial
asthma, cardiac diseases, known malignancy, and epilep-
sy. The occurrence of at least one adverse pregnancy out-
come included gestational diabetes mellitus, preeclamp-
sia, gestational hypertension, eclampsia, HELLP, pre-
mature rupture of membranes (PROM), small for gesta-
tional age (SGA) or intrauterine growth restriction
(IUGR), placenta previa, polyhydramnios, oligohydram-
nios, and intrahepatic cholestasis of pregnancy (ICP).
Obstetric outcomes included delivery mode (vaginal, or
cesarean), and the need for postpartum blood transfusion
due to postpartum hemorrhage. Neonatal outcomes
included birth week, birth weight, major congenital
abnormalities, stillbirth, 5-minute Apgar scores, NICU
admission, and NICU length of stay.

The week of gestation was determined by ultrasonog-
raphy (US) and was confirmed according to the first-
trimester US examination and last menstrual period.
Gestational hypertensive disorders were diagnosed based
on the ACOG criteria.[12] We diagnosed GDM according
to the 2010 International Association of Diabetes in
Pregnancy Study Groups (IDPSG) criteria.[13]

Polyhydramnios was defined as an amniotic fluid index
(AFI) ≥25 utilizing the four-quadrant method, or by a
single deepest pocket >10 cm upon US examination.
Oligohydramnios was defined as an AFI <5 cm in the US.
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We defined preterm birth as birth before 34 weeks of
pregnancy. PPROM was described as a rupture of the
fetal membranes before 37 weeks of completed gesta-
tion.[14] ICP was diagnosed by the association of pruritus
and bile acids ≥10 μmol/L (after other reasons of liver
dysfunction and itching were ruled out) and by normal-
ization of the levels of serum bile acids after birth.[15]

Placenta previa was described as the condition where the
abnormal implantation of placental tissue overlying the
endocervical os. We described the postpartum hemor-
rhage as the total blood loss of ≥1000 ml within 24 hours
after the delivery course (includes intrapartum loss)
regardless of delivery mode.[16] Birth weight was catego-
rized into four categories as very low birth weight (<1500
g), low birth weight (<2500 g), normal birth weight
(2500–4500 g), and high birth weight (macrosomia,
>4000 g). SGA was defined as a weight below the 10th
percentile for the gestational week.[17] IUGR was defined
as estimated fetal weight <3rd percentile based on sono-
graphic measurements of fetal biparietal diameter, head
circumference, AC, and femur length and no end-dias-
tolic flow loss on Doppler examination.[18,19] We defined
stillbirth as a baby delivered with no signs of life known
to have died after 24 completed weeks of pregnancy.

Statistical analysis

Numerical data were summarized as mean ± standard
deviation along with median (minimum–maximum),
whereas frequency and percentage were used for categor-
ical data. One-way ANOVA followed by Tukey’s test for
multiple comparisons was used to compare groups
regarding a numerical variable. Chi-square test followed
by Bonferroni corrected z test for multiple comparisons
was used to compare groups regarding a categorical vari-
able. Fisher’s exact test was used for categorical variables
in sparse contingency tables. Multiple logistic regression
was performed to assess the risk of maternal age groups
on neonatal outcomes and cesarean delivery considering
potential confounders (i.e. ART pregnancies, parity,
major fetal abnormality, multiple pregnancies). The
results are presented showing odds ratios (OR) and 95%
confidence interval (CI) estimates. All statistical tests
were two-sided. A p-value <0.05 was considered statisti-
cally significant. Analyses were performed with R version
3.6.3 statistical computing language. 

Results
During the study period, a total of 56,222 deliveries
occurred, of which 282 women aged ≥40 years were

potentially suitable for including in the study. Also, a
total of 2002 pregnant women aged between 35–39
years at the delivery time were constituted the EAMA
group, and 2000 pregnant women aged between 30–34
years at the time of delivery were included in the control
group. Patients in the EAMA and control groups were
randomly selected by a computer system.

Table 1 demonstrates the demographic characteris-
tics and clinical outcomes of the study subjects. The
mean age of the VAMA group was 41.6±2.18 years, the
mean age of the EAMA group was 36.67±1.41 years, and
the mean age of the control group was 31.9±1.42 years at
the time of delivery. The nulliparous women were more
prevalent in the age group ≥40 years compared to the
other two age groups. VAMA group (9.2%) were more
likely to have than the EAMA group (2.9%) and the con-
trol group (3.1%) to have conceived following ART
(p<0.001), and the frequency of multiple pregnancies was
recorded to be highest in the VAMA group (p<0.001),
regardless of parity. No differences were observed
among different age categories regarding BMI. The
presence of at least one medical condition (diabetes mel-
litus, chronic hypertension, hypothyroidism, bronchial
asthma, cardiac diseases, known malignancy, and epilep-
sy) was significantly higher in both of the AMA groups
than in the younger mothers, regardless of parity
(p<0.001). Subgroup analysis of women aged ≥40 years
compared to women 35–39 years revealed that the pres-
ence of at least one medical condition was significantly
higher in those over age 40 years (p<0.001). However,
when we analyzed these medical conditions separately,
we observed no significant differences across maternal
age subgroups (Table 2). The occurrence of at least one
adverse pregnancy outcome (GDM, preeclampsia, gesta-
tional hypertension, eclampsia, HELLP, premature rup-
ture of membranes, SGA or IUGR, placenta previa,
polyhydramnios, oligohydramnios, and ICP) was signifi-
cantly higher in both of the AMA groups than in the
younger mothers, regardless of parity (p<0.001). When
we analyzed these adverse pregnancy outcomes separate-
ly, no significant differences were detected in all mater-
nal age subgroups regarding preeclampsia, gestational
hypertension, eclampsia, HELLP, premature rupture of
membranes, SGA or IUGR, placenta previa, and oligo-
hydramnios. As compared with the controls, pregnant
AMA women were noted to have higher rates of GDM.
Subgroup analysis revealed that the rates of GDM were
significantly higher in the women aged ≥40 years than
those 35–39 years (p<0.001). The risk of polyhydramnios
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was particularly higher in multiparous women aged ≥40
years than the EAMA women and younger controls
(p=0.002). However, in nulliparous pregnancies, the
occurrence of polyhydramnios was not significantly dif-
ferent in the three groups.

The rates of cesarean delivery were increased in each
of the AMA subgroups relative to the younger controls,
regardless of parity (p<0.001). Subgroup analysis of

women aged 35–39 years compared to women ≥40 years
revealed that the cesarean delivery rate was significantly
higher in those over age 40 years. All age groups were
comparable regarding the incidence of postpartum
blood transfusion due to postpartum hemorrhage,
regardless of parity.

Table 3 presents the neonatal outcomes of the older
and younger mothers. There was a statistically signifi-

Table 1. The demographic characteristics and clinical outcomes of the study subjects. 

Age groups 
30–34 35–39 ≥≥40 p-value

Maternal age (years)
31.9±1.42 36.67±1.41* 41.6±2.18*,†

<0.001‡
32 (30–34) 37 (35–39) 37 (35–39)

Nulliparous 
31.78±1.41 36.77±1.45* 41.73±2.25*,†

<0.001‡
32 (30–34) 37 (35–39) 41 (40–49)

Multiparous 31.92±1.42 36.75±1.40* 41.53±2.17*,†
<0.001‡

32 (30–34) 37 (35–39) 41 (40–55)

Parity

Nulliparous  311 (15.6%) 227 (11.3%) 51 (18.1%)
<0.001§

Multiparous 1689 (84.5%) 1775 (88.7%) 231 (81.9%)*

Multiple pregnancies 33 (1.6%) 87 (4.3%)* 17 (6%)* <0.001§

Nulliparous  14 (4.5%) 23 (10.1%)* 8 (15.7%)* 0.004§

Multiparous 19 (1.1%) 64 (3.6%)* 9 (3.9%)* <0.001§

ART pregnancies 63 (3.1%) 58 (2.9%) 26 (9.2%)*,† <0.001§

Nulliparous  53 (17%) 37 (16.3%) 17 (33.3%)*,† 0.013§

Multiparous 10 (0.6%) 21 (1.2%) 9 (3.9%)*,† <0.001§

BMI (kg/m2)

<25 563 (28.1%) 563 (28.1%) 76 (27%)

25–30 412 (20.6%) 413 (20.6%) 62 (22%) 0.985§

≥30 1026 (51.3%) 1026 (51.2%) 144 (51.1%)

BMI (mean ± standard deviation)
29.91±7.71 29.91±7.71 29.45±6.98

0.658‡
30 (16–49) 30 (16–49) 30 (16–48)

Nulliparous 
29.05±7.52 30.46±8.01 30.67±7.04

0. 071‡
29 (16–49) 30 (16–46) 31 (18–48)

Multiparous
30.08±7.73 29.84±7.66 29.22±6.95

0.242‡
30 (16–49) 30 (16–49) 29 (17–46)

At least one additional medical condition 68 (3.4%) 148 (7.4%)* 75 (26.6%)*,† <0.001§

Nulliparous  15 (4.8%) 33 (14.5%)* 13 (25.5%)* <0.001§

Multiparous 53 (3.1%) 115 (6.5%)* 62 (26.6%)*,† <0.001§

At least one adverse pregnancy outcome  509 (25.5%) 627 (31.3%)* 199 (70.6%)*,† <0.001§

Nulliparous  105 (33.8%) 96 (42.3%)* 34 (66.7%)*,† <0.001§

Multiparous 404 (23.9%) 531 (29.9%)* 165 (71.4%)*,† <0.001§

Type of delivery (cesarean section) 1065 (53.2%) 1318 (65.8%)* 217 (77%)*,† <0.001§

Nulliparous  169 (54.3%) 154 (67.8%)* 44 (86.3%)*,† <0.001§

Multiparous 896 (53%) 1164 (65.6%)* 173 (74.9%)*,† <0.001§

Postpartum blood transfusion 90 (4.5%) 92 (4.6%) 15 (5.3%) 0.827§

Nulliparous  10 (3.2%) 14 (6.2%) 1 (2%) 0.171§

Multiparous 80 (4.7%) 78 (4.4%) 14 (6.1%) 0.515§

Numerical data were summarized as mean ± standard deviation along with median (minimum–maximum), whereas frequency and percentage were used for cat-
egorical data. *Significantly different than age group 30–34 (control); †Significantly different than age group 35–39, according to multiple comparisons. p-val-
ues are based on ‡one way ANOVA, §chi-square test. 



Age groups 

30–34 35–39 ≥≥40 p-value

Additional medical conditions

Diabetes mellitus 30 (42.3%) 35 (28%) 29 (32%) 0.127§

Nulliparous 6 (37.5%) 9 (30%) 4 (25%) 0.741§

Multiparous 24 (43.6%) 26 (27.7%) 25 (33.3%) 0.135‡

Chronic hypertension 24 (33.8%) 40 (32%) 40 (44.4%) 0.185§

Nulliparous 4 (25%) 8 (26.7%) 8 (50%) 1.258§

Multiparous 20 (36.4%) 32 (34%) 32 (42.7%) 0.524§

Hypothyroidism 7 (9.9%) 21 (16.8%) 15 (16.7%) 0.370§

Nulliparous 3 (18.8%) 6 (20%) 2 (12.5%) 0.912§

Multiparous 4 (7.3%) 15 (16%) 13 (17.3%) 0.077‡

Bronchial asthma 3 (4.2%) 8 (6.4%) 4 (4.4%) 0.561‡

Nulliparous 1 (6.3%) 1 (3.3%) 0 (0%) 0.317‡

Multipar 2 (3.6%) 7 (7.4%) 4 (5.3%) 0.452‡

Cardiac disease 4 (5.6%) 12 (9.6%) 3 (3.4%) 0.281‡

Nulliparous 1 (6.3%) 3 (10%) 2 (12.5%) 0.385‡

Multiparous 3 (5.5%) 9 (9.6%) 1 (1.3%) 0.159‡

Known malignancy 1 (1.4%) 4 (3.2%) 0 (0%) 0.305‡

Nulliparous 0 (0%) 0 (0%) 0 (0%) NA
Multiparous 1 (1.8%) 4 (4.3%) 0 (0%) 0.286‡

Epilepsy 2 (2.8%) 4 (3.2%) 0 (0%) 0.147‡

Nulliparous 1 (6.3%) 3 (10%) 0 (0%) 0.363‡

Multiparous 1 (1.8%) 1 (1.1%) 0 (0%) 0.266§

Adverse pregnancy outcomes

Gestational diabetes 71 (3.6%) 125 (6.2%)* 43 (15.2%)*,† <0.001§

Nulliparous 15 (4.8%) 15 (6.6%)* 7 (13.7%)*,† 0.041§

Multiparous 56 (3.3%) 110 (6.2%)* 36 (15.6%)*,† <0.001§

Preeclampsia 153 (25.5%) 192 (28.1%) 65 (24.4%) 0.421§

Nulliparous 32 (24.8%) 41 (34.2%) 12 (25%) 0.219§

Multiparous 121 (25.7%) 151 (26.8%) 53 (24.3%) 0.774§

Gestational hypertension 34 (5.7%) 38 (5.6%) 12 (4.3%) 0.697§

Nulliparous 6 (4.7%) 4 (3.3%) 1 (2.1%) 0.774‡

Multiparous 28 (6%) 34 (6%) 11 (4.8%) 0.789§

HELLP 1 (0.2%) 4 (0.6%) 0 (0%) 0.280‡

Nulliparous 1 (0.8%) 1 (0.8%) 0 (0%) 1.000‡

Multiparous 0 (0%) 3 (0.5%) 0 (0%) 0.224‡

Eclampsia 2 (0.3%) 0 (0%) 0 (0%) 0.179‡

Nulliparous 0 (0%) 0 (0%) 0 (0%) NA
Multiparous 2 (0.4%) 0 (0%) 0 (0%) 0.171‡

Premature rupture of membranes 93 (15.5%) 115 (16.8%) 32 (12%) 0.188§

Nulliparous 23 (17.8%) 23 (19.2%) 6 (12.5%) 0.585§

Multiparous 70 (14.9%) 92 (16.3%) 26 (11.9%) 0.304§

SGA/IUGR 109 (18.2%) 130 (19%) 38 (14.8%) 0.331§

Nulliparous 30 (23.3%) 18 (15%) 12 (25%) 0.179§

Multiparous 99 (76.7%) 102 (85%) 36 (75%) 0.051§

Placenta previa 82 (13.9%) 108 (15.8%) 42 (15.8%) 0.584§

Nulliparous 10 (7.8%) 4 (3.3%) 6 (12.5%) 0.095||

Multiparous 73 (15.5%) 104 (18.4%) 36 (16.5%) 0.453§

Polyhydramnios 6 (1%) 27 (3.9%) 14 (5.3%)*,† 0.001§

Nulliparous 0 (0%) 1 (0.8%) 1 (2.1%) 0.309‡

Multiparous 6 (1.3%) 26 (4.6%) 13 (6%)*,† 0.002§

Oligohydramnios 25 (4.2%) 37 (5.4%) 7 (2.6%) 0.161§

Nulliparous 6 (4.7%) 4 (3.3%) 1 (2.1%) 0.774||

Multiparous 19 (4%) 33 (5.9%) 6 (2.8%) 0.135§

Intrahepatic cholestasis 22 (3.7%) 14 (2%) 3 (1.1%) 0.051§

Nulliparous 6 (4.7%) 5 (4.2%) 2 (4.2%) 1.000‡

Multiparous 16 (3.4%) 9 (1.6%) 1 (0.5%)*,† 0.022‡

Data were summarized as frequency and percentage. †Significantly different than age group 35–39, according to multiple comparisons. p-values are based on
§chi-square test; ||Fisher’s exact test. NA: not available, no statistics are computed because of insufficient data.

Table 2. Additional medical conditions and adverse pregnancy outcomes of the study subjects.  
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Table 3. Neonatal outcomes of the patients. 

Age groups 
30–34 35–39 ≥≥40 p-value

Gestational age at birth
36.7±3.69 35.9±4.53* 33.15±4.40*,†

<0.001‡
38 (17–42) 38 (19–42) 34 (23–40)

Nulliparous 
35.56±4.47 34.03±5.52* 32.9±4.57 *

<0.001‡
37 (20–41) 36 (24–42) 34 (24–40)

Multiparous
36.87±3.49 36.12±4.33* 33.2±4.37*,†

<0.001‡
38 (17–42) 38 (19–42) 34 (23–40)

Birth weight (gram)
2867.87±860.3 2836.42±948.4 2120.98±1000*,†

<0.001‡
3050 (245–5040) 3000 (100–5640) 2240 (100–5000)

Nulliparous 
2529±947.21 2503.03±1090.08 2076.47±923.48*,†

0.011‡
2700 (250–4720) 2890 (200–5110) 2300 (420–4330)

Multiparous
2930.12±828.92 2879.06±320.39 2130.8±1017.85*,†

<0.001‡
3090 (245–5040) 3035 (100–5640) 2205 (100–5000)

Gender, male 1029 (51.6%) 948 (50.2%) 132 (47%) 0.317§

Nulliparous  169 (54.3%) 89 (44.9%) 22 (43.1%) 0.070§

Multiparous 860 (51.1%) 859 (50.9%) 110 (47.8%) 0.650§

Major fetal anomaly 57 (2.9%) 67 (3.4%) 27 (9.6%)*,† <0.001§

Nulliparous  13 (4.4%) 6 (2.6%) 2 (3.9%) 0.578

Multiparous 44 (2.7%) 61 (3.5%) 25 (10.8%)*,† <0.001§

Stillbirth 72 (3.6%) 142 (7.1%)* 30 (10.6%)* <0.001§

Nulliparous 17 (5.5%) 22 (9.7%) 6 (7.6%) 0.097§

Multiparous 55 (3.3%) 12 (6.8%)* 24 (10.4%)* <0.001§

Preterm birth <34 weeks 305 (15.3%) 248 (21.3%)* 118 (41.8%)*,† <0.001§

Nulliparous 79 (25.4%) 48 (34.8%)* 23 (45.1%)*,† 0.006§

Multiparous 226 (13.4%) 200 (19.5%)* 95 (41.1%)*,† <0.001§

Birth weight

<2500 g 544 (27.2%) 527 (26.3%) 169 (59.9%)*,† <0.001§

Nulliparous 132 (42.4%) 91 (40.1%) 31 (60.8%)*,† 0.025§

Multiparous 412 (24.4%) 436 (24.6%) 138 (59.7%)*,† <0.001§

<1500 g 200 (10%) 236 (11.8%) 84 (29.8%)*,† <0.001§

Nulliparous 53 (17%) 49 (21.6%) 12 (23.5%) 0.307§

Multiparous 147 (8.7%) 187 (10.5%) 72 (31.2%)*,† <0.001§

>4000 g 107 (5.3%) 110 (5.5%) 6 (2.1%) 0.055§

Nulliparous 10 (3.2%) 10 (4.4%) 1 (2%) 0.628§

Multiparous 97 (5.7%) 100 (5.6%) 5 (2.2%) 0.073§

5-minute Apgar <7 171 (8.6%) 228 (11.4%)* 50 (17.7%)*,† <0.001§

Nulliparous 43 (13.8%) 37 (16.4%) 8 (15.7%) 0.709§

Multiparous 128 (7.6%) 191 (10.8%)* 42 (18.2%)*,† <0.001§

Neonatal ICU 316 (15.8%) 546 (27.3%)* 107 (37.9%)*,† <0.001§

Nulliparous 52 (16.7%) 71 (31.3%)* 22 (43.1%)*,† 0.028§

Multiparous 264 (15.6%) 475 (26.8%)* 85 (36.8%)*,† <0.001§

Neonatal ICU (days)
13.66±10.1 19.5±20.26* 34.71±31.2*,†

<0.001‡
10 (1–120) 10 (1–143) 27 (1–190)

Nulliparous 
15.59±11.65 22.18±20.7* 33.77±36.1*,†

0.001‡
12 (2–70) 14 (3–117) 22.5 (0–150)

Multiparous
13.37±9.79 18.63±20.06* 34.95±31.07*,†

<0.001‡
10 (1–120) 10 (1–143) 27 (1–190)

Umbilical cord blood pH
7.29±0.06 7.28±0.07* 7.25±0.11*,†

<0.001‡
7.3(6.7–7.8) 7.3 (6.6–7.6) 7.3 (6.8–7.4)

Nulliparous 
7.28±0.09 7.28±0.07* 7.24±0.13*,†

0.047‡
7.3 (6.8–7.8) 7.3 (6.8–7.3) 7.3 (6.8–7.3)

Multiparous
7.29±0.05 7.28±0.06* 7.25±0.11*,†

<0.001‡
7.3 (6.6–7.6) 7.3 (6.6–7.6) 7.3 (6.8–7.4)

Numerical data were summarized as mean ± standard deviation along with median (minimum–maximum), whereas frequency and percentage were used for cat-
egorical data. *Significantly different than age group 30–34 (control); †Significantly different than age group 35–39, according to multiple comparisons. p-val-
ues are based on ‡one way ANOVA, §chi-square test. 
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cant increase in the incidence of major fetal anomalies in
multiparous women in the VAMA group (p<0.001),
whereas no difference was found in the incidence of
major fetal anomalies in nulliparous pregnancies as the
maternal age increased. In multiparous pregnancies with
AMA, there was a significantly increased incidence of
stillbirth among neonates born to older women relative
to the younger controls (p<0.001). However, the inci-
dence of stillbirth was not associated with AMA in nul-
liparous pregnancies. When comparing multiparous
AMA to younger women, the percent of preterm birth
was significantly increased in all the AMA age subgroups
(p<0.001). However, when comparing only nulliparous
AMA to younger controls, the proportion of preterm
birth was significantly increased only in the VAMA sub-
group (p=0.006). The percent of low birth weight was
significantly increased among neonates born to VAMA
women as compared to the neonates of EAMA and
younger controls (p<0.001). The proportion of very low
birth was significantly increased only in the neonates
born to multiparous VAMA women as compared to the
newborns of multiparous EAMA and multiparous
women in the control group (p<0.001), while the per-
cent of very low birth was not significantly different
between nulliparous AMA women and younger nulli-
parous controls. The frequency of high birth weight in
infants born to older women was not significantly differ-
ent from the proportion seen in the women in the con-
trol group. There was a statistically significant increase
in the incidence of 5-minute Apgar scores of <7 in mul-

tiparous women in the EAMA and VAMA group in
comparison to the control group (p<0.001), whereas no
difference was observed in the incidence of 5-minute
Apgar scores of <7 in nulliparous pregnancies as the
maternal age increased. A significantly higher incidence
of NICU admission and a significantly longer NICU
length of stay was found among neonates born to the
VAMA group relative to the EAMA group and younger
controls, regardless of parity (p<0.001). There was a sta-
tistically significant decrease in the umbilical cord blood
pH value in nulliparous and multiparous pregnancies in
the VAMA group relative to the EAMA group and
younger controls, regardless of parity (p<0.001).

We conducted a multiple logistic regression analysis
to adjust the variables, including parity, ART pregnancies,
multiple pregnancies, and major fetal abnormalities and
summarized the in Table 4. We found that VAMA is a
significant independent risk factor for the occurrence of
adverse pregnancy outcomes, including GDM (OR=4.95,
95% CI=3.30–7.42, p<0.001), polyhydramnios (OR=5.92,
95% CI=2.92–11.98, p<0.001), and cesarean section
(OR=2.74, 95% CI=2.04–3.67, p<0.001), and adverse
neonatal outcomes, including stillbirth (OR=2.55, 95%
CI=1.57–4.13, p<0.001), preterm birth (OR=3.54, 95%
CI=2.68–4.67, p<0.001), low birth weight (OR=3.58,
95% CI=2.74–4.68, p<0.001), 5-minute Apgar scores of
<7 (OR=1.80, 95% CI=1.24–2.61, p=0.002), and the
need for NICU admission (OR=0.70, 95% CI=0.53–0.91,
p=0.008).

Table 4. Multiple logistic regression results of the adverse pregnancy outcomes and neonatal outcomes. 

Age groups

35–39 ≥≥40

Adj. OR (95% CI) p-value Adj. OR (95% CI)  p-value

Stillbirth 2.18 (1.60–2.96)* <0.001 2.55 (1.57–4.13)* <0.001

Preterm birth 1.52 (1.25–1.84)* <0.001 3.54 (2.68–4.67)* <0.001

Birth weight <2500 g 0.92 (0.79–1.06)* 0.240 3.58 (2.74–4.68)* <0.001

Birth weight <1500 g 1.20 (0.97–1.47)* 0.089 3.26 (2.40–4.43)* <0.001

5-minute Apgar <7 1.37 (1.10–1.71)* 0.005 1.80 (1.24–2.61)* 0.002

Neonatal ICU 1.01 (0.88–1.17)* 0.889 1.44 (1.10–1.88)* 0.008

Type of delivery (cesarean section) 1.66 (1.46–1.88)† <0.001 2.74 (2.04–3.67)† <0.001

Gestational diabetes 1.85 (1.37–2.50)† <0.001 4.95 (3.30–7.42)† <0.001

Polyhydramnios 1.39 (0.77–2.52)† 0.271 5.92 (2.92–11.98)† <0.001

Adj.: Adjusted for *ART pregnancies, parity, major fetal anomaly, multiple pregnancies; †ART pregnancies, parity, multiple pregnancies. Reference group is
women aged 30–34.
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Discussion
The current study demonstrates that compared to
younger women, pregnant women aged >35 years have
significantly higher risks of complicated pregnancies,
including a higher risk of GDM, polyhydramnios,
cesarean section, stillbirths, major fetal abnormality,
preterm delivery, lower birth weight, lower 5-minute
Apgar scores, lower umbilical artery blood pH-values,
NICU admission, and length of NICU stay. Also, we
performed a multiple logistic regression analysis to adjust
the variables, including parity, ART pregnancies, multi-
ple pregnancies, and major fetal abnormalities, and found
that VAMA is significantly associated with adverse preg-
nancy outcomes, including a higher risk of gestational
diabetes mellitus, polyhydramnios, cesarean section, and
adverse neonatal outcomes, including an increased risk of
stillbirths, preterm delivery, lower birth weight, lower 5-
minute Apgar scores, and NICU admission. 

Many studies have reported a higher incidence of
gestational hypertensive disorders among pregnant
women with AMA.[20–22] The higher risk of developing
early-onset preeclampsia may be explained by the age-
associated vascular endothelial damage and dysfunction,
which is incapable of handling cope with the substantial
physiological cardiovascular changes of pregnancy.[23]

Contrary to the literature, Cakmak Celik et al.’s study
from Turkey reported no significant difference in the
preeclampsia incidence in AMA women, in agreement
with our study.[24] In Turkey, pregnant women with ges-
tational hypertensive diseases are frequently referred to
and managed in tertiary care centers. We considered
that the tendency of referring the patients with a diag-
nosis of preeclampsia to the tertiary centers leads to the
similarity of preeclampsia incidence in younger and
older patients in Turkey.

Previous studies found a significant correlation
between AMA and GDM, in line with our research.[22,25,26]

This correlation might be due to the potential impair-
ment of carbohydrate metabolism that occurs with
increasing age.[22] Also, we consider that the higher fre-
quency of GDM in AMA women was not associated with
maternal adipose tissue since we detected no significant
differences between the groups regarding the maternal
BMI. Also, we analyzed patients with pre-existing dia-
betes mellitus separately and excluded them from the
subgroup of women diagnosed with GDM. We found
similar rates of pre-existing diabetes between the groups.
As a consequence of the higher rates of GDM in AMA
women, we found a significantly higher incidence of

polyhydramnios in the EAMA and VAMA groups com-
pared to the control group.

Numerous studies identified a higher incidence of
cesarean delivery among pregnant women aged >35
years and reported that AMA is a strong risk factor for
cesarean delivery.[5,20,22,25–27] Kanmaz et al. stated that
pregnancy complications being more common in AMA
pregnancies, increased uterine surgery rates, higher
rates of ART pregnancies and increased non-vertex fetal
presentation rates have a significant role in this result.[26]

Ates et al. indicated that older nulliparous women usual-
ly have an extended story of infertility and the possibili-
ty of this being the only pregnancy might affect the clin-
ician’s choices regarding the delivery route.[20] Also,
higher cesarean section rates might reflect a tendency
for physicians to recommend cesarean delivery in
VAMA women.[22,27] In our clinic, we determined the
delivery route by standard obstetric indications except
for the ART pregnancies. We attributed the higher rates
of cesarean birth in AMA women to complicated preg-
nancies being more common in AMA pregnancies and
higher rates of ART pregnancies.

Saleh Gargari et al. reported that the most crucial risk
factor for the occurrence of placenta previa was AMA.[28]

Contrary to Saleh Gargari et al., we found similar rates
of placenta previa in all age groups since pregnancies
with placenta previa were frequently referred to a tertiary
center in all age groups in our country. Yogev et al. found
a significant correlation between AMA and postpartum
hemorrhage and the need for blood transfusion.[29]

However, Lao et al. indicated that aging was related to
decreased postpartum hemorrhage, the risk decreasing
progressively from those aged 25–29 years to those aged
≥40 years.[30] We did not detect a higher risk of postpar-
tum hemorrhage in EAMA and VAMA groups.

Maternal age of more than 35 years is a crucial risk
factor that is related to a 65% increase in the odds of still-
birth.[31] The physiopathological mechanism of the
increase in stillbirth risk with AMA is unclear. Low utero-
placental perfusion caused by poor uterine vasculature in
older women has been suggested the direct effect of
maternal aging. The increased risk might also be attrib-
uted to the correlation between AMA and definite risk
factors for stillbirths, including obstetric and medical
complications.[32] Likewise, we found a significant age-
associated increase in the stillbirth incidence in particular.

Women at AMA were at higher risk of delivery
before 34 weeks of pregnancy and had low birth
weight.[11,22,25,27] Frederiksen et al. attributed this to
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obstetric or medical complications reported to increase
with older maternal ages.[11] Marozio et al. noted that the
higher frequency of preterm delivery and low birth
weight was primarily due to iatrogenic preterm delivery
indicated for obstetric complications.[22] Fitzpatrick et al.
found that the rates of both spontaneous and iatrogenic
preterm birth were higher in women of AMA than in the
younger mothers.[27] We also demonstrated a significant
association between AMA and higher risk of preterm
delivery and low birth weight without separating the
type of preterm delivery. In our study population, the
rates of fetuses with SGA and IUGR were similar
between the groups. Thus, we consider that the higher
rate of low birth weight infants was predominantly
linked to the high preterm birth rate. As expected, we
show that a 5-minute Apgar score <7, which is signifi-
cantly associated with long-term cognitive outcomes,
and NICU admission were more frequent and length of
NICU admission stay was longer among neonates of
AMA women in comparison to younger women, consis-
tent with the literature.[20,25]

Multiple logistic regression analysis adjusted for
potential confounding and mediating factors, including
parity, ART pregnancies, multiple pregnancies, and
major fetal abnormalities, demonstrated that VAMA is
an independent risk factor for adverse pregnancy out-
comes, including an increased risk of GDM, polyhy-
dramnios, cesarean section, and adverse neonatal out-
comes, including a higher risk of stillbirths, preterm
delivery, lower birth weight, lower 5-minute Apgar
scores, and NICU admission. It means that the associa-
tion between VAMA and these adverse pregnancy out-
comes markedly persists after adjusting for the above-
mentioned pregnancy-related characteristics in the mul-
tiple regression analysis. Thus, we indicate an increased
risk of experiencing an adverse pregnancy outcome for
groups of pregnant women at VAMA. These results
should be taken into account when counseling and man-
aging pregnant women of VAMA. 

The main strength of this study is the large sample
size relative to previously published studies with low
sample sizes. We also examined both maternal and
neonatal data, which provide us to perform univariate
and multivariate analyses on both maternal and neonatal
confounding variables that might have affected the study
results. However, there are some limitations to this
study. This study has been organized retrospectively and
may contain limitations of this kind studies. Since our
hospital is a tertiary referral center, the incidence of

adverse pregnancy outcomes may be higher than in the
entire population. 

Conclusion
Our study demonstrates a strong and significant associa-
tion between VAMA and adverse pregnancy outcomes,
including an increased risk of gestational diabetes melli-
tus, polyhydramnios, cesarean section, and adverse
neonatal outcomes, including a higher risk of stillbirths,
preterm delivery, lower birth weight, lower 5-minute
Apgar scores, and NICU admission. Patients should be
informed that the probability of pregnancy complica-
tions and adverse neonatal outcomes with rises in age.
Also, these patients should be managed with appropriate
care protocols and antenatal care services should be opti-
mized for pregnant women with VAMA.
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