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Abstract Objectives In light of the potential physical and
emotional costs to both woman and child, this study was
conducted to assess pregnancy complications and birth
outcomes in primiparae at very advanced maternal age
(VAMA, aged >45) compared to younger primiparae.
Methods Retrospective cohort study comparing 222 VAMA
primiparae and a reference group of 222 primiparae aged
30-35, delivering at Sheba Medical Center from 2008
through 2013.Results VAMA primiparae were more likely
than younger primiparae to be single, to have chronic health
conditions, and higher rates of gestational diabetes mellitus
(GDM), gestational-hypertension (GHTN) and preeclamp-
sia-eclampsia. VAMA primiparae conceived mostly by
oocyte donation. They were more likely to be hospitalized
during pregnancy, to deliver preterm and by cesarean birth.
Infants of VAMA primiparae were at greater risk for low
birthweight and Neonatal Intensive Care Unit admission.
There were no differences in outcomes between VAMA
primiparae with or without preexisting chronic conditions, or
between those aged 45-49 and >50. In multivariable anal-
ysis VAMA was an independent risk factor for GDM, GHTN
and preeclamsia-eclampsia, with adjusted odds ratio of 2.38
(95 % CI 1.32, 4.29), 5.80 (95 % CI 2.66, 12.64) and 2.45
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(95 % CI 1.03, 5.85); respectively. The effect of age disap-
peared in multiple pregnancies. Conclusions Primiparity at
VAMA holds a significant risk for adverse pregnancy and
birth outcomes. The absence of chronic medical conditions
or the use of a young oocyte donor does not improve these
outcomes. Multiple pregnancies hold additional risk and
may diminish the effect of age. Primiparity at an earlier age
should be encouraged.

Keywords Birth outcome - Pregnancy complications -
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Significance

What is already known on this subject? Delayed child-
bearing is on the rise and expected to rise further. It has
been associated with adverse outcomes. However, existing
information specifically regarding primiparity at the
extreme ages of conception is limited.

What this study adds? This study, focusing on primi-
parae aged >45, reveals exceptionally high rates of preg-
nancy complications and adverse birth outcomes,
compared to younger primiparae, and demonstrates that the
absence of chronic conditions or the use of a young oocyte
donor does not improve these outcomes. The costs in
physical and emotional terms should be considered in
pursuing very-advanced-age primiparity.

Introduction
The past decades have seen a steep rise in the proportion of

advanced-age maternity among all births in the Western
world, and in the number of advanced-age primiparae in
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particular [1, 2]. In the US, from 1970 to 2006 the proportion
of first births among women aged >35 increased nearly
eight-fold [2]. In Israel, the number of first births to women
aged >45 rose by more than 230 % between 1998 and 2008
[3]. Progress in assisted reproductive technology (ART),
including oocyte donation (OD), expands the boundaries of
fertility, enabling an increasing number of women to give
birth for the first time in their fifth, sixth or even seventh
decades [4, 5]. Therefore, recent literature relates to very
advanced maternal age (VAMA), a term coined by Dildy
et al. [6], referring to women aged >45. A positive associ-
ation has been reported between advanced-age maternity and
adverse pregnancy and obstetric outcomes [7], with their
associated expense in terms of health expenditures [8].
However, existing information regarding VAMA primipar-
ity is limited, and in research this group is often embedded
within a larger population, which is primarily multiparae [9—
11] and/or of wider age range [7, 12]. In Israel, where fertility
treatments are covered by National Health Insurance for the
first two children [13] and where the use of ART is relatively
extensive [14], studies have heretofore been limited by small
sample size, lack of control groups and/or not relating
specifically to VAMA primiparae [15-19]. As the number of
VAMA primiparae is growing and expected to rise further, it
is necessary to determine whether they constitute a specific
risk group requiring a unique clinical approach. In light of the
potential physical and emotional costs to both woman and
child, this study was conducted to assess pregnancy com-
plications and birth outcomes in primiparae aged >45 as
compared to younger primiparae, in order to assist the effort
of providing a more informed consultation to these women
when planning a pregnancy.

Methods

This historical cohort study included all primiparae aged
>45 who delivered at Sheba Medical Center between Jan-
uary 1, 2008 and December 31, 2013 (the VAMA group),
and a Control group (Controls) of 222 primiparae aged
30-35 who delivered at the same facility during these years.
Delivery refers to any pregnancy that resulted in the birth of
a fetus, deceased or alive, spontaneously, by induction or by
Cesarean birth (CB). Participants were identified from the
computerized delivery room records. The Control group
was compiled systematically by selecting the next parturi-
ent who met Controls inclusion criteria (primiparity and age
30-35) listed after each VAMA primiparae. Data were
abstracted from participants’ computerized medical records
using a pre-constructed de-identified data sheet. The term
‘chronic condition’ refers to any persistent or constantly
recurring medical condition that existed prior to the preg-
nancy. Data regarding antenatal screening exams were
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analyzed by comparing the rate of participants who under-
went a complete or partial antenatal battery of standard
examinations. A complete battery included: nuchal
translucency, early scan, triple test and anomaly (late) scan.
If one or more of these tests were not done, the screening
was considered partial. Gestational diabetes mellitus
(GDM) was diagnosed by exceeding >2 of Carpenter and
Coustan criteria [20]. Hypertensive disorders of pregnancy
were defined according to the 2013 ACOG Taskforce report
on Hypertension in Pregnancy [21]. Gestational age was
based on last menstrual period that was corroborated in first
trimester ultrasound. Preterm premature rupture of mem-
branes (PPROM) was defined as rupture of membranes
before onset of labor and before 37 weeks of gestation.
Gestational size was calculated according to Dolberg et al.
[22]. Small for gestational age (SGA) was defined as infant
body weight <10th percentile for the gestational age. Pre-
term birth (PTB) was defined as birth between 20 0/7 weeks
of gestation and 37 weeks of gestation. Low birth-weight
(LBW) was defined as <2500 g. The study was approved by
the Sheba Medical Center IRB (No: 920051170/3656,
January 15, 2013).

Statistical Analyses

Statistical analysis was conducted using SAS for Windows,
Version 9.2. Univariate analyses included ¢ test and Mann—
Whitney for continuous variables and Chi square for cat-
egorical variables or Fisher’s exact test for small cell sizes.
Missing data were not included in the analyses. A P value
of <0.05 was considered significant. Multivariable logistic
regression explored the relationships between adverse
outcomes while adjusting for demographic and clinical
variables. Variables were included for their significance
upon univariate analysis, as well as for their clinical rele-
vance to the outcome under consideration. Interactions
between age and plurality were examined, and where
borderline or significant, additional logistic regression
models were constructed according to breakdowns of the
sample by plurality. Additional multivariate analysis
compared ART pregnancies among the VAMA and among
Controls to naturally conceived pregnancies among the
Controls. Further univariate analyses for the VAMA group
were conducted by dividing the VAMA into two sets of
sub-groups: by the existence or absence of pre-pregnancy
chronic condition and by age of 45-49 or >50.

Results

Of the 22,402 primiparae who delivered at Sheba Medical
Center during 2008-2013, 222 were >45 years of age
(range 45-61) (Table 1). Significantly higher rates of
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g;_?:;:p;:g;ﬁi;und and Characteristic Maternal age group P value
characteristics of participants by >45 30-35
maternal age group n (%)* n (%)*
Total 222 (100.0) 222 (100.0)
Maternal age at delivery (mean + SD) 475 £ 2.6 326+ 1.8
Family status <0.0001
Married/steady partner 96 (43.4) 190 (85.6)
Single/no partner 125 (56.6) 32 (14.4)
Gravidity® 0.001
First pregnancy (gravidity = 1) 105 (47.3) 165 (74.3)
Gravidity >2 117 (52.7) 57 (25.7)
Chronic conditions 0.006
None (Healthy) 134 (60.6) 164 (74.2)
1 condition 64 (29.0) 46 (20.8)
>2 conditions 23 (10.4) 11 (5.0)
Specific chronic conditions®
Chronic hypertension 16 (7.2) 2 (0.9) 0.001
Pre-gestational diabetes 4 (1.8) 0 (0.0) 0.12
Thyroid disorder 30 (13.6) 12 (5.4) 0.004
Other endocrine disorders 2 (0.9) 3(1.4) 0.68
Asthma 8 (3.6) 9 4.1) 0.80
Psychiatric disorders 9 4.1) 6 (2.7) 0.43
Cardiovascular diseases 3(1.4) 2 (0.9) 0.68
Neurologic disorders 4 (1.8) 6 (2.7) 0.52
Hematologic & coagulation disorders 16 (7.2) 6 (2.7) 0.03
Gynecologic disorders 7(3.2) 6 (2.7) 0.78
Other significant health conditions 11 (5.0) 14 (6.3) 0.54
Previous gynecological surgery 29 (13.1) 7 (3.2) <0.0001
Means of conception <0.0001
Spontaneous 7 (3.2) 157 (75.9)
IVF 208 (95.4) 30 (14.5)
Other? 3(1.4) 20 (9.6)
Plurality <0.0001
Singleton 171 (77.0) 207 (93.2)
Multiple 51 (23.0) 15 (6.8)

IVF in vitro fertilization, SD standard deviation

# Percentages do not include missing values. There was one missing value for family status, two for chronic
health conditions and previous gynecological surgeries, and 19 missing for means of conception (most of

whom in the reference group)
b Including current pregnancy

¢ Relates to the number of women. A participant might have more than one diagnosis

Ovulation inducers and intrauterine insemination

unmarried women and prior pregnancies were seen among
the VAMA compared to the Controls. The VAMA group
also had a significantly higher rate of pre-pregnancy
chronic conditions; the rate of VAMA with >2 chronic
conditions was double that of the Controls. Over 96 % of
the women in the VAMA group reported conceiving
through ART, compared to 24 % among the Controls

(P < 0.0001). IVF was the primary method of conception
in the VAMA group and 80.3 % of those who underwent
IVF reported using OD. Multiple pregnancies were more
prevalent among the VAMA compared to the Controls
(P < 0.0001). Eight participants underwent fetal reduction.
Three of them were reduced from multiple to singleton
pregnancies, but were considered as multiple in the
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analysis. No difference was found in terms of antenatal
screening exams between the VAMA and Controls, and
rates of those who completed the battery were high among
both groups (86.0 vs. 90.5 %, respectively; P = 0.14).
Obstetric outcomes are shown on Table 2. Significantly
higher rates of pregnancy complications, including GDM,
gestational hypertension (GHTN), preeclmsia-eclampsia
(PEE) and cervical insufficiency requiring cerclage were
seen in the VAMA group compared to the Control group
and over twice the rate of VAMA suffered at least one

pregnancy complication compared to the Controls. Over
twice the rate of VAMA participants were hospitalized
during pregnancy compared to those in the Control group,
although there was no difference in number of admissions
or length of stay. The earliest gestational age for delivery in
the current study was 22 weeks (stillbirth). The overall
PTB rate (<37 weeks) among the VAMA was nearly triple
that of the Controls (30.7 vs. 11.3 %). Cesarean births were
significantly more prevalent in the VAMA group than in
the Control group, with CB due to maternal request more

Table 2 Obstetric outcomes by

maternal age groups Outcome Maternal age group P value
>45 30-35
n (%)* n (%)*
Total 222 (100.0) 222 (100.0)
Selected specific pregnancy complicationsb
Gestational diabetes mellitus® 66 (30.4) 26 (11.8) <0.0001
Gestationl hypertensiond 54 (26.3) 10 (4.6) <0.0001
Preeclamsia-eclampsia 36 (16.2) 9 4.1 <0.0001
HELLP 5(2.3) 1 (0.5) 0.21
Cerclage 12 (5.4) 1 (0.5) 0.002
IUGR 11 (5.0) 12 (5.4) 0.83
Placental abnormality® 8 (3.6) 4 (1.8) 0.24
Placental abruption 2 (0.9) 2 (0.9) 1.0
PPROM 9 4.1 3(1.4) 0.08
At least one pregnancy complication 130 (58.6) 56 (25.3) <0.0001
Hospitalized during pregnancy 72 (32.4) 34 (15.3) <0.0001
Gestational age at delivery (week) <0.0001
>37 154 (69.3) 197 (88.7)
32 to <37 57 (25.7) 20 (9.0)
<32 11 (5.0) 5(2.3)
Prolonged post-delivery hospitalization® 96 (44.0) 33 (14.9) <0.0001
Delivery type <0.0001
Vaginal 18 (8.2) 141 (63.5)
CS 201 (91.8) 81 (36.5)
CS reason <0.0001
Elective CS (medical indication) 73 (36.3) 36 (44.4)
Elective CS (maternal request) 69 (34.3) 4 (4.9)
Unplanned CS 59 (29.4) 41 (50.6)
Post-partum hemorrhage 6 (2.7) 4 (1.8) 0.52

CS cesarean section, JUGR intra-uterine growth retardation, NICU neonatal intensive care unit, PPROM
preterm premature rupture of membranes

# Percentages do not include missing values. There was one missing value for each of the pregnancy
complications, and three missing values for prolonged post-delivery hospitalization, delivery type and CS

reason

b Participants could have more than one complication each

¢ Participants with reported pre-gestational diabetes mellitus were excluded (n = 4)

4 Participants with reported chronic hypertension were excluded (n = 18)

¢ Including low lying placenta, placenta previa and vasa previa

f More than 4 or 7 days for vaginal or CS delivery, respectively
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prevalent in the former and unplanned CB more prevalent
in the latter. The main reasons for unplanned CB were non-
reassuring fetal monitor (31.4 %), PEE (28.4 %), labor
progression interference (14.0 %) and PROM/PPROM
(7.0 %). Prolonged post-delivery hospitalization, even
when accounting for mode of delivery, was nearly triple
the rate among the VAMA than among the Controls
(P < 0.0001).

During the study period, the participants delivered 503
liveborn infants (Table 3). Seven infants in the VAMA
group and two in the Control group were stillborn, and are
not included in neonatal-related analyses. The rates of
LBW (1500-2499 g) and very LBW (VLBW; <1500 g)
infants were higher among the VAMA compared to the
Controls, and significantly higher rates of VAMA new-
borns were admitted to Neonatal Intensive Care Unit
(NICU) compared to newborns in the Control group.

In multivariable analysis (Table 4), VAMA primiparity
was found to be an independent risk factor for GDM,
GHTN, PEE, hospitalization during pregnancy and pro-
longed post-delivery hospitalization. Multiple pregnancy

was an independent risk factor in most outcomes. Adjusted
odds ratio by plurality for outcomes that were borderline or
significant for interaction between age and plurality, neu-
tralized the effect of age in multiple pregnancies. Addi-
tional multivariate analysis revealed that while women of
the control group conceived by ART had no additional
significant risk for GDM, GHTN or PEE compared to
naturally conceived ones, the VAMA did (data not shown).

Subgroup analysis (Table 5) revealed no significant
differences in rates of the examined outcomes between
VAMA primiparae with or without chronic condition, or
between VAMA age subgroups.

Discussion

This study presents obstetric and perinatal characteristics
and outcomes of VAMA primiparity. In contrast to most
other studies relating to VAMA [9-11, 16-19, 23] this
study population included only primiparae. This, may in
part explain the extent of the effect on some outcomes, and

Table 3 Neonatal outcomes by

maternal age groups Outcome Maternal age group P value
>45 30-35
n (%)* n (%)*

Total 268 (53.3) 235 (46.7)
Birthweight (g)
<0.0001

>2500 181 (67.5) 194 (82.6)

1500-2499 70 (26.1) 37 (15.6)

<1500 17 (6.3) 4 (1.7)
NICU admission at delivery 57 (21.4) 25 (10.6) 0.001
Sex 0.25

Female 146 (54.5) 116 (49.4)

Male 122 (45.5) 119 (50.6)
Newborns in multiple births 95 (35.4) 30 (12.8)
<0.0001
Small for gestational age 41 (15.3) 34 (14.5) 0.79
5 min APGAR <7 3 (1.1 2 (0.9 1.0
Meconium-stained amniotic fluid 9 (3.6) 19 (8.6) 0.02
Primary apnea of newborn 8 (3.2) 1 (0.5) 0.04
Jaundice 80 (32.0) 47 (21.3) 0.009
Hypoglycemia 18 (7.2) 3(1.4) 0.002
Respiratory distress syndrome 19 (7.6) 4 (1.8) 0.004
Congenital cardiac malformations® 14 (5.4) 11 (4.9) 0.80

Stillborns (n = 9) are excluded from this analysis

CS cesarean section, NICU neonatal intensive care unit, PPROM preterm premature rupture of membranes

# Percentages do not include missing values. There were two missing values for NICU admission at
delivery, and 32 missing values for the following: meconium-stained amniotic fluid, primary apnea of
newborn, jaundice, hypoglycemia, respiratory distress syndrome and congenital cardiac malformations (18
in the study group and 14 in the reference group)

® Diagnosed prenatally or at post-delivery hospitalization
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Table 4 Adjusted odds ratio for adverse outcomes for VAMA vs. 30-35 age group

Outcome n All Pregnancies/Births Plurality®
AOR (95 % CI)® : -
n Multiple n Singleton

AOR (95 % CI)* AOR (95 % CI)°
Maternal-related
Total 444 66 378
Gestational diabetes mellitus®™® 436 2.38 (1.32, 4.29)
Gestational hypertension®" 422 5.80 (2.66, 12.64) 61 0.99 (0.17, 5.64) 361 9.02 (3.64, 22.35)
F’reeclampsia-eclampsiad 440 2.45 (1.03, 5.85) 65 0.99 (0.18, 5.39) 375 4.06 (1.35, 12.14)
Hospitalized during pregnancy 440 1.87 (1.02, 3.44)
Preterm birth (GA <37 weeks) 440 1.18 (0.58, 2.40)
Prolonged post-delivery hospitalization® 437 2.62 (1.48, 4.62) 64 1.79 (0.33, 9.66) 373 3.00 (1.60, 5.64)
Neonate-related"
Total 503 130 373
Low birthweight (<2500 g) 497 0.91 (0.49, 1.66)
NICU admission 497 1.27 (0.61, 2.62) 129 0.67 (0.23, 1.96) 368 1.88 (0.61, 5.80)

VAMA very advanced maternal age, AOR adjusted odds ratio, GA gestational age, N/CU neonatal intensive care unit

* Interaction between age and plurality was borderline or significant for gestational hypertension (P = 0.06), preeclampsia-eclampsia
(P = 0.07), prolonged post-delivery hospitalization (P = 0.05) and NICU admission (P = 0.03). For these outcomes adjusted odds ratio by
plurality was calculated

° Adjusted for: family status, gravidity, plurality, chronic health condition, GDM and GHTN/PEE

¢ Adjusted for: family status, gravidity, chronic health condition, GDM and GHTN/PEE

9 The outcome variable was excluded from the model

¢ Participants with reported pre-gestational diabetes mellitus were excluded (n = 4)

T Participants with reported chronic hypertension were excluded (n = 18)

€ More than four or seven days for vaginal or CS delivery; respectively

I Relates to the number of newborns. Stillborns are excluded from the analysis (n = 9)

Table 5 Pregnancy complications among VAMA by chronic condition and by maternal age subgroups

Outcome Total Chronic condition P value Age group P value

>1 None Age 45-49 Age >50

n (%) n (%)* n (%)? n (%)* n (%)*

Total 222 (100.0) 87 (39.4) 134 (60.6) 193 (86.9) 29 (13.1)
Gestational diabetes mellitus® 66 (30.4) 26 (31.3) 40 (29.9) 0.81 57 (30.3) 9 (31.0) 0.93
Gestational Hypertension® 54 (26.3) 35 (26.1) 19 (26.8) 0.92 45 (25.1) 9 (34.6) 0.30
Preeclamsia-eclampsia 36 (16.3) 15 (17.2) 21 (15.7) 0.75 30 (15.5) 6 (20.7) 0.58
Hospitalized during pregnancy 72 (32.6) 34 (39.1) 38 (28.4) 0.09 58 (30.1) 14 (48.3) 0.06
GA <37 weeks 68 (30.8) 28 (32.2) 40 (29.9) 0.71 59 (30.5) 9 (31.0) 0.96

GA gestational age, VAMA very advanced maternal age

 Percentages do not include missing values. There was one missing value for each outcome examined
® Participants with reported pre-gestational diabetes mellitus were excluded (n = 4)

¢ Participants with reported chronic hypertension were excluded (n = 18)

4 Percentages do not include missing values. There was one missing value for gestational diabetes mellitus and one missing value for gestational
hypertension

may suggest the heightened impact of primiparity at these  cost to both woman and child. Compared to the younger
ages. The main findings indicated that VAMA primiparity  participants, VAMA primiparae suffered from higher rates
bears a considerable physical and potentially emotional  of chronic conditions, pregnancy complications such as
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GDM, GHTN, PEE, PTB, and higher rates of CB and
poorer neonatal outcomes. In addition to the immediate
issues, there may be longer-term costs inherent in raising a
child who may have developmental problems associated
with prematurity and LBW [24].

The rate of VAMA participants who were married or
had a stable partner at delivery stands in contrast to other
studies that have reported higher rates of steady partners
among VAMA parturients [10, 23]. This difference may be
due the exclusive inclusion of primiparae in this study,
socio-demographically distinguishing this group from
general VAMA population. Fewer than half of the VAMA
primiparae were primigravidae, possibly reflecting the low
success rate of fertilization treatments in this age [25],
focusing attention on the cost-effectiveness of trying to
achieve and preserve pregnancies at VAMA.

Forty percent of the women in the VAMA group suf-
fered from some chronic condition. Lower but similar rates
were reported by Glasser et al. [15]. The rate of chronic
hypertension among the VAMA was significantly higher
than that among the Controls, and consistent with that
found in other Israeli studies relating to the general VAMA
population [16, 17], but higher than that reported in other
countries [9, 10]. Since there is evidence of a link between
chronic hypertension and PEE [21], thorough screening
before fertility treatments is advised. Importantly, however,
the present findings indicate that the risk for adverse
pregnancy complications and birth outcomes among
VAMA primiparae was not significantly different for those
with or without chronic conditions, suggesting that good
health among women in this group does not ensure better
pregnancy outcomes. Antenatal screening exams rates were
similar between the study and reference groups and
reflected the rates reported in Israel, reducing the likeli-
hood that the VAMA primiparae were over diagnosed due
to a more extensive follow-up.

Nearly all VAMA participants conceived using ART,
mostly IVF and OD. It is likely that the proportion of OD
might even be higher and was underreported. Other Israeli
studies have also reported high OD rates among VAMA
women [15, 16], in contrast to findings in other countries
reporting significantly lower rates of ART use [9, 11]. This
discrepancy might be due to the fact that in Israel the cost of
fertility treatments (with OD) is covered by the National
Health Insurance Law for women up to the age of 54 [13, 26],
as well as to the fact that this study included only primiparae,
while others included both primi- and multiparae [9, 11].

The rate of multiple pregnancies among the VAMA was
over triple that of the Controls, likely due to the nearly
exclusive use of ART among the former. Over one-third of
the newborns in the VAMA group were twins, a higher rate
than the 25 % reported in the general population for this age
group in Israel [27]. Multiple pregnancy is considered a

major risk factor for adverse obstetric outcomes [28], and as
found by Simchen et al. [29], multiple pregnancies achieved
by IVF-OD are at even greater risk for adverse outcomes
such as PTB and LBW, compared to non-OD multiple
pregnancies. In our study, multiple pregnancy was an inde-
pendent risk factor for most outcomes, indicating that this
type of pregnancy add to the risk in this already high-risk
group. Multivariable analysis by plurality neutralized the
effect of maternal age on outcomes in multiple pregnancies,
emphasizing the heightened risk. Therefore, despite the
possible controversy in terms of cost-effectiveness (“two
babies for the ‘price’ of one”), the alternative of transferring
a single, good-quality embryo might be the preferred option
in women of this age group. Furthermore, the findings of this
study may also indicate that using a young oocyte donor does
not improve pregnancy outcome.

Pregnancy complications were more prevalent among
the VAMA primiparae compared to the younger ones.
Nearly one-third of the VAMA suffered from GDM, a
much higher rate than that reported in most other studies
relating to VAMA [9-11, 16, 19]. The high incidence of
GDM may in part be explained by undiagnosed cases of
pre-gestational diabetes, emphasizing again the necessity
of better screening these women before pregnancy. One-
quarter of the VAMA participants suffered from GHTN.
Together with those who suffered from chronic hyperten-
sion, these women, more than 30 % of the VAMA group,
constitute a high-risk group for PEE; indeed the rate of
PEE among them was quadruple that in the Control group.
This finding is supported by Glasser et al. [15], but is
higher than that reported by other studies of VAMA that
did not relate exclusively to primiparae [9, 10, 16], lending
strength to the evidence that primiparity is an independent
risk factor for PEE [21]. Another possible explanation for
this was proposed by Le Ray et al. [11], who reported
higher rates of preeclmpsia among VAMA women who
underwent IVF-OD, compared to those who underwent
IVF alone or did not undergo IVF at all, suggesting an
association between IVF-OD and preeclamsia. Neverthe-
less, our results suggest that despite the additional risk
inherent in ART, VAMA primiparity remains an indepen-
dent risk factor for GDM, GHTN and PEE.

Almost one-third of the VAMA women were hospital-
ized during pregnancy, consistent with the findings of
Simchen et al. [19], and reflecting their high rate of preg-
nancy complications. The association of VAMA with
GDM, GHTN, PEE and hospitalization during pregnancy
remains even when adjusting for other demographic,
medical and obstetric factors.

Preterm birth was significantly more prevalent among
the VAMA compared to the Controls, consistent with the
established association between prematurity and advanced
maternal age [30], and with the increased rate of
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complications in the VAMA group. Other studies that
included a mixed population of primi- and multiparae
subjects reported lower rates of PTB among their VAMA
participants, possibly due to lower complications rates
[10], lower rates of ART pregnancies [16], and including
only singleton pregnancies [17, 31], as the association
between ART and multiple pregnancies to PTB has been
reported [30].

The vast majority of VAMA women delivered by CB,
similar to the 94 % reported by Glasser et al. [15], although
higher than those found by others [9, 10]. In the present
study this high rate may in part reflect the high rate of
multiple gestations and the predominant elective factor for
CB in the VAMA group. Additional possible contributors
were the increased rates of previous gynecological surg-
eries and pregnancy complications among the VAMA,
which may have led to medical indications requiring CB.
Considering the reasons for CB, the rate of “CB upon
maternal request” among the VAMA was over six times
that among the Controls, possibly reflecting the state of
mind regarding mode of delivery among the VAMA
primiparae, who may be more prone to request CB, and/or
their caregivers who may be prone to recommend it [32,
33]. Lower rates of unplanned CB were seen among the
VAMA compared to the Controls likely since the elective
factor among the VAMA primiparae was significant, and
many deliveries were performed before labor onset.
Indeed, labor-related indications comprised almost half of
the unplanned CB.

Generally, neonate-related outcomes were poorer in the
VAMA group compared to the Control group. Although
the rate of stillborns was triple among the VAMA prim-
iparae than among the Controls, this was not statistically
significant due sample size limitation. Nearly one-third of
the newborns in the VAMA group were LBW, about
twice the rate in the Control group, and higher than that
reported by others who included both primi- and multi-
parae [9, 16]. Glasser et al. [15], who included only
primiparae reported a rate of 42 %. The VLBW and SGA
rates among the VAMA were also higher than those
reported in other studies [11, 16]. Nevertheless, unlike
Carolan et al. [9], we found no difference in the rate of
SGA between the study and reference groups, possibly
due to the heightened risk inherent in primiparity to this
outcome. This is borne out by the limited analysis per-
formed by Carolan et al. [9] for CB, PTB and LBW by
parity, which revealed significantly higher rates of these
outcomes among the primiparae in both study and refer-
ence groups, rates which are very similar to the ones
found in our study. Neonatal intensive care unit admission
rate of VAMA newborns was almost twice the rate of
11 % reported by Yogev et al. [16], most of whose
VAMA subjects were multiparae.

@ Springer

Sub-group analysis of the VAMA group revealed no
differences between women aged 4549 and >50. These
findings are partially in contradiction to those of other
studies that reported higher rates of GDM, PEE, PTB [16]
and LBW [19] among women aged >50. However, those
studies included both primi-and multiparae subjects. This
might imply that, despite the incremental risk by the rise in
maternal age seen in the general VAMA population,
VAMA primiparae are at such high risk in the first place,
that this increment in maternal age has no further negative
effect on them.

The present study had several limitations. Firstly, this is
a retrospective cohort study based on computerized medi-
cal records. This prevented complete access to potentially
important data, such as reason for infertility, maternal BMI,
level of education, socio-economic status and smoking
habits. Also, pregnancies that were miscarried or termi-
nated and have not resulted in a birth (still or live) were out
of the scope of this study, and should be taken into account
when relating to general outcome of conceiving in VAMA.
Secondly, the study population included only women who
gave birth at Sheba Medical Center, which is a Level 3
maternity hospital, and may not represent the level or
methods of treatment in other hospitals, or the general
maternity population in Israel. However, comparing Sheba
Medical Center to other Israeli hospitals, it is apparent that
Sheba Medical Center is not very different from other
tertiary centers in terms of the rates of primiparae par-
turients, CB rates and instrumental deliveries [34]. Thirdly,
the sample size of the study population limits the ability to
further examine rare outcomes, such as intra-uterine
growth restriction, hemolysis, elevated liver enzymes, low
platelet count syndrome (HELLP) and stillbirth. Wide
confidence intervals for some outcomes suggest lack of
power.

In conclusion, this study population focused on primi-
parae, distinguishing it from most other studies relating to
VAMA. The findings reveal different characteristics,
higher rates of pregnancy complications, and adverse birth
outcomes among VAMA primiparae compared to younger
primiparae. These findings reflect the potentially high cost—
the “double jeopardy”’—of primiparity at VAMA. The
absence of chronic conditions or the use of a young oocyte
donor does not necessarily improve the outcome of these
pregnancies. Multiple pregnancies hold additional risk and
may diminish the effect of age. Efforts should be made to
reduce their number. In light of this, primiparity at an
earlier age should be encouraged, and awareness of the
risks of VAMA primiparity should be heightened, even for
women who do not suffer from chronic condition. Con-
sidering the considerable resources invested in achieving
and preserving these pregnancies, and as their rates are
expected to rise, a better understanding of their
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consequences is necessary in order to provide better-in-
formed consultation to this unique risk group. It is rec-
ommended that further research be conducted on larger
groups of VAMA primiparae, in order to clarify the risks of
rare but serious negative outcomes, as well as longitudinal
studies on the short- and long-term outcomes. Also, the
financial costs of these pregnancies involving ART should
be considered in determining health policy. These costs
were beyond the scope of the present study, but in light of
chronically limited health care resources such assessment
is recommended. It is hoped that the findings of this study
can contribute to this effort and can assist caregivers,
couples and individuals planning such pregnancies.
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