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Abstract To evaluate whether public and private prenatal
care users experience similar outcomes, taking into con-
sideration maternal pre-pregnancy social and clinical risk.
We studied 7,325 women who delivered single newborns at
five public maternity units in Porto, Portugal. Health
behaviors and prenatal care were self-reported; pregnancy
complications and delivery data were retrieved from
medical files. The odds of inadequate weight gain,
continuing to smoke, gestational hypertension, gestational
diabetes, caesarean section, preterm birth, low birthweight,
and small- and large-for-gestational-age were estimated for
public and private providers using logistic regression,
stratified by pre-pregnancy risk profile, adjusted for
maternal characteristics. 38 % of women used private
prenatal care. Among low-risk women, public care users
were more likely to gain excessive weight (OR 1.26; 95 %
CI 1.06-1.57) and be diagnosed with gestational diabetes
(OR 1.37; 95 % CI 1.01-1.86). They were less likely to
have a caesarean (OR 0.63; 95 % CI 0.51-0.78) and more
likely to deliver small-for-gestational-age babies (OR 1.48;
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95 % CI 1.19-1.83). Outcomes were similar in high-risk
women although preterm and pre-labor caesarean were less
frequent in public care users (OR 0.64 95 % CI 0.45-0.91;
OR 0.69 95 % CI 0.49-0.97). The amount of care was not
significantly related to risk profile in either case. Public
care users experienced similar outcomes to those using
private care, despite higher pre-pregnancy disadvantage.
Low-risk women need further attention if narrowing
inequalities in birth outcomes remains a priority.

Keywords Prenatal care - Healthcare provider -
Pregnancy complications - Birth outcomes

Introduction

Strategies to expand quantity, quality and access to pre-
natal care services were designed during the past half-
century to reduce inequalities in birth outcomes [1].
Despite an increase in coverage and the improvement in
mortality indicators, low birthweight and preterm births
have been rising in several countries, including Portugal
[2—4]. Prenatal care should generally be tailored by preg-
nancy risk, and more care does not guarantee a favorable
outcome. For low-risk women, a small number of visits is
enough to ensure appropriate screening or treatment
interventions, keeping costs affordable; high-risk preg-
nancies need an adaptation or scaling up of care [5].

Most research focusing on the effect of healthcare set-
ting on pregnancy outcomes is conducted in the United
States [6, 7] or in low-income countries [8, 9]. Despite
improvements in prenatal care use, programs remained
centered on specific disadvantaged populations and the
evidence regarding universal health services is scarce and
out of date.
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Since the launch of the Portuguese National Health
Service (NHS) in the early 1980s, the government has
guaranteed universal free access to healthcare for all
pregnant women and the coverage is high [10]. Also, more
than 90 % of all deliveries occur in the NHS. Low-risk
pregnancies are followed at primary healthcare centers, by
general practitioners, working as gatekeepers to public
hospitals where differentiated care is provided. However,
alternative or complementary private prenatal care with a
gynecologist or obstetrician is frequent, covered by out-of-
pocket payment or voluntary/employer health insurance
schemes. Despite the extensive offer, at the end of the
twentieth century, barriers to care were observed, resulting
in social inequalities in its use and in subsequent pregnancy
outcomes [11, 12].

Universal healthcare services are moving closer to pri-
vate solutions in several countries, so it is important to
understand if and how public services are able to narrow
social inequalities.

In a country where free prenatal care is universally
available, we aimed to evaluate whether public and private
care users experience equality of pregnancy outcomes,
taking into consideration maternal pre-pregnancy risk
profile and social characteristics.

Methods

This cross-sectional study used baseline data from Gener-
ation XXI, the Portuguese birth cohort [13, 14]. In
2005-2006, at five public maternity units in the Porto
Metropolitan Area, in the north of Portugal, resident
women delivering live births were invited to take part. The
sample includes 92 % of women invited. Women
(n = 8,495) were evaluated up to 72 h after delivery in
face-to-face interviews using detailed standardized ques-
tionnaires. Pregnancy complications and peripartum data
were retrieved from medical records. The study was
approved by the ethics committee of the University of
Porto Medical School/Hospital S. Jodo and a written signed
consent form was obtained from all participants.

Prenatal Care Provider and Components

Women were asked about the type of prenatal care used,
with options offered being primary healthcare center
(always public), out-patient clinic at a public hospital, or
private care. There are two major reasons for private care
users to use prenatal care in public hospitals as well:
pregnancy complications and because care after the 36"
gestational week is offered to all women in the hospital
where delivery will occur. Providers were further classified
as public (primary healthcare center and/or public hospital)

or private (exclusive or with public). Almost 70 % of
public users and 72 % of private users used only one type
of facility. The characteristics of women using each type of
healthcare provider can be found in the Supplementary file,
Table S1. Women self-reported their gestational age at the
first visit and the total number of visits. They also provided
the number of routine biochemical tests (blood count,
glucose, screening tests for infections), ultrasounds and
whether they had received the biochemical aneuploidy
screening [plasma protein A (PAPP-A), free-f human
chorionic gonadotrophin (free hCGp)], amniocentesis or
chorionic villus sampling.

Maternal Characteristics

Women were asked about their marital status, number of
years of formal schooling, employment status and occu-
pation (classified on the National Occupation Classification
Scale [15] ), and their household monthly income using
€500 categories. Migration status was assessed using the
women’s and their parents’ country of birth and age on
arrival in Portugal [16]. Women were asked the number of
previous pregnancies (none; 1; >2) and whether they had
planned the current pregnancy.

Smoking status 3 months before conception and at each
trimester was reported, including the number of cigarettes
per day. Pre-pregnancy weight was reported and height was
measured or obtained from the women’s identity card
registry. Body mass index (BMI) was calculated as
“weight (kg)/(heightz) (m)” and grouped as <I18.5;
18.5-24.9; 25.0-29.9; >30.0 kg/m”.

Maternal pre-pregnancy risk profile was dichotomized
as low and high, based on characteristics before the current
pregnancy. As no national guidelines are available, women
were classified according to a local hospital’s guidelines
(one of the units included) [17]. Indicators were added for
characteristics which have been shown to increase the risk
of pregnancy complications and adverse birth outcomes,
and which need specialized care [18, 19]. Women con-
sidered to be high-risk fulfilled at least one of the criteria of
history of fetal death, >3 miscarriages, previous gestational
diabetes, placental abruption or placenta praevia, previous
preterm birth (<37 weeks), low birthweight (<2,500 g) or
macrosomia (>4,500 g), previous fetal congenital anom-
aly, maternal medical diagnosis of HIV, epilepsy, dyslipi-
demia, hypertension, diabetes, cancer, cardiac or renal
disease, BMI <18.0 kg/m* or >35.0 kg/m?, age <I8 or
>4(0 years or smoking >10 cigarettes per day.

Prenatal Outcomes

Among smokers (women smoking 3 months before con-
ception), continuation was attributed to those who smoked
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the same number of cigarettes in the third trimester (vs.
women that ceased or reduced). Weight gain during preg-
nancy was calculated as the difference between the
mother’s reported weight before delivery and pre-preg-
nancy weight. Taking in consideration pre-pregnancy BMI,
weight gain was categorized according to the Institute of
Medicine (IOM) recommendations as adequate, reduced or
excessive [20]. Gestational hypertensive disorders (gesta-
tional hypertension or preeclampsia/eclampsia) and dia-
betes were retrieved from clinical records.

Birth Outcomes

Mode of delivery was classified as caesarean or vaginal.
Caesareans were also classified as in-labor (vs. vaginal
deliveries) or before the onset of labor (vs. vaginal plus in-
labor caesareans). Newborns were classified as preterm
(<37 gestational weeks), low birthweight (<2,500 g),
small- (SGA) or large-for-gestational-age (LGA). Gesta-
tional age used ultrasound measurements (if performed up
to the 20th gestational week) or, if no data available
(15 %), the last menstrual period. SGA and LGA were
defined as the sex-specific birthweight <10th or >90th
percentile for each gestational age [21].

Analysis

Of 8,495 participants in the birth cohort, a subgroup of 313
women was recruited during pregnancy at two of the
hospitals included. They were invited if their first prenatal
care visit had occurred before 13 gestational weeks.
Because of that, they were excluded from this analysis.
Eligible women were therefore recruited at birth, delivered
a single fetus (137 multiple pregnancies were excluded)
and had had prenatal care [23 (0.3 %) women had had no
care or had begun care after the 36th gestational week]
(n = 8,022). Women were excluded if had missing data
on: source of prenatal care (n = 62), variables that made it
possible to define pre-pregnancy risk profile (n = 319),
smoking cessation (n = 62), weight gain (n = 194), ges-
tational hypertension/eclampsia/diabetes (n = 30), mode
of delivery (n = 1), gestational age (n = 10), or age,
education or pregnancy planning (n = 19). The final
sample comprised 7,325 women. When compared with
those excluded, those included were more educated, more
often married, with a higher monthly income, and more
likely to have had a planned pregnancy and used private
prenatal care.

Maternal socio-demographics and pre-pregnancy risk
profile were compared by care provider (public and pri-
vate) using Chi square tests. Because prenatal care com-
ponents and outcomes could vary with pre-pregnancy risk
profile, the analyses were stratified by pre-pregnancy risk
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[interactions (a0 = 10 %) between pre-pregnancy risk and
prenatal care provider were found for smoking continua-
tion, weight gain, gestational diabetes and hypertensive
disorders, preterm birth and SGA]. Odds ratio (and
respective 95 % confidence intervals) of each adverse
pregnancy outcome by care provider were computed using
multivariable logistic regression models.

To minimize selection bias because of case mix, all
socio-demographic characteristics, clinical history and
delivery hospital were included in the first adjusted model
(Model 1). Model 2 was adjusted for potential con-
founders: parity, pre-pregnancy BMI and pre-pregnancy
smoking. Interactions between healthcare provider and
each variable were tested. When statistically significant
(o0 = 10 %), interaction terms were included in the model.
Successive models 3 and 4 were adjusted to assess
potential mediators of the observed differences. Model 3
included gestational age at the first prenatal care visit and
the number of visits. Both variables were removed as no
changes in the estimates were observed. Model 4 fitted
only for birth outcomes, including prenatal outcomes
(smoking in the third trimester, weight gain, gestational
diabetes and gestational hypertensive disorders) as possi-
ble mediators.

The robustness of our results was tested by conducting
sensitivity analyses. First, the association between prenatal
care provider and birth outcomes was tested excluding
women with gestational diabetes and hypertensive disor-
ders. Then women that used more than one type of facility
were excluded, i.e., exclusive primary healthcare center or
exclusive public hospital users were compared with
exclusive private care users (Tables S2). Finally, multi-
variate imputation via chained equations was used to test
whether the exclusion of participants with missing vari-
ables led to distinct results (Table S3).

Results

Thirty-eight percent of women (n = 2,826) used private
prenatal care. Of public care users, 30 and 37 % respec-
tively were followed exclusively in primary healthcare and
in public hospitals. Public care users were more likely to be
younger, less educated, single, migrant (from Brazil or
Portuguese-speaking African countries), multigravidae, be
unemployed or have unskilled occupations, have lower
income and an unplanned pregnancy (Table 1). They more
frequently presented a pre-pregnancy high-risk profile (39
vs. 26 %) and were more often overweight or obese (34 vs.
24 %), smokers (30 vs. 20 %) and previously diagnosed
with chronic diseases (10 vs. 8 %) (Table 2).

Both low and high pre-pregnancy risk women who
opted for public services began care later, and had fewer
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Table 1 Maternal socio- Prenatal care provider
demographic characteristics by
prenatal care provider Public (n = 4,499) Private (n = 2,826) p value*
Maternal age (years)
<20 351 (7.8) 29 (1.0)
20-24 987 (21.9) 209 (7.4)
25-29 1,323 (29.4) 911 (32.2)
30-34 1,168 (26.0) 1,183 (41.9)
35-39 553 (12.3) 422 (14.9)
>40 117 (2.6) 72 (2.6) <0.001
Education (schooling years)
<5 582 (12.9) 56 (2.0)
6-8 1,393 (31.0) 334 (11.8)
9-11 1,282 (28.5) 435 (15.4)
12 740 (16.4) 688 (24.3)
>13 502 (11.2) 1,313 (46.5) <0.001
Migrant status
Portuguese born 4,274 (95.3) 2,703 (96.5)
European 37 (0.8) 36 (1.2)
Portuguese speaking countries® 155 (3.5) 49 (1.8)
Other migrants 18 (0.4) 13 (0.5) <0.001
Single women 361 (8.0) 64 (2.3) <0.001
Working condition
Employed 2,831 (63.1) 2,425 (86.0)
Unemployed 1,138 (25.4) 288 (10.2)
Housewife 363 (8.1) 65 (2.3)
Student/other 155 (3.4) 43 (1.5) <0.001
Occupation
Non-qualified worker 576 (14.3) 70 (2.6)
Blue-collar worker 747 (18.5) 179 (6.6)
Clerical worker 2,211 (54.9) 1,235 (45.3)
Managerial-professional worker 496 (12.3) 1,243 (45.6) <0.001
Monthly income (€)
<500 410 (9.3) 35(1.3)
500-1,000 1,662 (37.7) 437 (15.9)
1,001-1,500 1,105 (25.1) 737 (26.9)
1,501-2,000 447 (10.2) 597 (21.8)
The number of participants in 2,000 284 (6.4) 733 (26.7)
za‘"’h category may not add up N, Jncwer/not known 498 (11.3) 203 (7.4) <0.001
ue to missing data
* Brazil, Angola, Mozambique, Number of previous pregnancies
Cape Verde, S. Tome and None 2,084 (46.3) 1,502 (53.1)
Principe, Guinea-Bissau One 1,529 (34.0) 915 (32.4)
* Chi square tests were Two or more 886 (19.7) 409 (14.5) <0.001
performed excluding the Planned pregnancy 2,729 (60.7) 2,233 (79.1) <0.001

category “does not know”

visits, ultrasounds and routine blood analyses. Private care
users reported more visits and ultrasounds, even for similar
gestational ages at the beginning of care. Among low-risk
early care users (<6 gestational weeks), 52 % of women in
public and 64 % in private settings reported at least 10
visits and differences remained for late care users (>13

gestational weeks): >10 visits were reported by 17 %
public vs. 28 % private. Biochemical aneuploidy screening
tests were less frequently reported by public care users, as
were amniocentesis/chorionic villus sampling among
younger women (<35 years), although for those aged
>35 years no difference was observed (Table 3).
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Table 2 Maternal pre-
pregnancy risk profile by

Prenatal care provider

prenatal care provider Public (n = 4,499) Private (n = 2,826) p value
Pregnancy risk classification
Low-risk 2,758 (61.3) 2,079 (73.6)
High-risk 1,741 (38.7) 747 (26.4) <0.001
Body mass index (kg/m?)
<18.5 200 (4.4) 99 (3.5)
18.5-24.9 2,775 (61.7) 2,045 (72.4)
25.0-29.9 1,047 (23.3) 512 (18.1)
>30.0 477 (10.6) 170 (6.0) <0.001
Pre-pregnancy smoking status
Never smoker 2,698 (60.0) 1,900 (67.2)
Ex-smoker 456 (10.1) 362 (12.8)
Smoker, <10 cig/day 663 (14.7) 317 (11.2)
Smoker >10 cig/day 682 (15.2) 247 (8.8) <0.001
Chronic disease 452 (10.0) 241 (8.5) 0.030
Among multigravidae
Previous fetal deaths 50 (2.1) 20 (1.5) 0.227
Previous miscarriages 504 (21.0) 357 (27.1) <0.001
Previous preterm birth (<37 weeks) 201 (8.7) 84 (6.5) 0.021
Previous low birthweight (<2,500 g) 194 (8.3) 71 (5.4) 0.002
Previous macrosomia (>4,500 g) 25 (11) 7 (0.5) 0.102
Previous congenital anomaly 95 (4.0) 36 (2.8) 0.056
The number of participants in Previous placental disorder 34 (1.5) 28 (2.2) 0.124
each category may not add up Previous gestational diabetes 52 (2.2) 39 (3.0) 0.133

due to missing data

Prenatal Outcomes

When compared with private care, pre-pregnancy low-risk
public users presented higher frequency of excessive
weight gain (38 vs. 33 %) and of gestational diabetes (7 vs.
4 %), while high-risk women were more likely to continue
smoking (11 vs. 3 %) (Table 4). After adjusting for
maternal characteristics (Table 5, Model 2), excessive
weight gain (OR 1.29; 95 % CI 1.06-1.57) and gestational
diabetes (OR 1.37; 95 % CI 1.01-1.86) remained signifi-
cantly different among pre-pregnancy low-risk women. No
differences were found after adjustment for prenatal care
components (Model 3). High-risk women presented similar
prenatal outcomes in both settings.

Birth Outcomes

Women in public care had lower proportions of caesarean
deliveries, both before and during labor. Low-risk women
delivered more SGA babies in public care (14 vs. 11 %)
(Table 4). After adjustment (Table 5, Model 2), the dif-
ferences remained significant: in-labor caesarean OR 0.70
(95 % CI 0.54-0.91), pre-labor caesarean OR 0.62 (95 %
CI 0.47-0.2), SGA (OR 1.48; 95 % CI 1.19-1.83). The
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adjustment for prenatal care components and for pregnancy
mediators did not explain the differences (Table 5, Models
3-4). High-risk women attending public care were less
likely to have pre-labor caesareans (OR 0.69; 95 % CI
0.49-0.97) and to deliver preterm babies (OR 0.66; 95 %
CI 0.48-0.92).

The results of the sensitivity analyses (Tables S2—-S3)
were similar to those mentioned above. When excluding
mixed care users, estimates remained similar or with
stronger significant associations. Among high-risk women,
preterm and caesarean deliveries were no longer different
by healthcare provider. When models were fitted using
multiple imputed data, in-labor caesareans among pre-
pregnancy low-risk women were no longer different by
prenatal care providers.

Discussion

Women using public prenatal care showed less favorable
clinical and social pre-pregnancy characteristics and had
less care than women using private prenatal care. None-
theless, pre-pregnancy high-risk public care users pre-
sented outcomes similar to those using private care, while
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Table 3 Prenatal care components by prenatal care provider and pre-pregnancy risk profile
Low risk High risk
Public (n = 2,758) Private (n = 2,079) p value Public (n = 1,741) Private (n = 747) p value
First prenatal visit (gestational age)
<6 619 (22.8) 631 (30.7) 351 (20.6) 235 (32.1)
6-12 1,746 (64.4) 1,348 (65.6) 1,062 (62.2) 453 (61.8)
>13 347 (12.8) 76 (3.7) <0.001 294 (17.2) 45 (6.1) <0.001
Does not know 1.4 1.1 1.9 1.6
Number of visits
>10 1,136 (41.7) 1,123 (54.5) 733 (42.7) 380 (51.8)
7-9 1,216 (44.6) 833 (40.5) 744 (43.4) 307 (41.8)
3-6 361 (13.2) 103 (5.0) 228 (13.3) 45 (6.1) <0.001
12 12 (0.4) 0 (0.0) <0.001 11 (0.6) 2 (0.3)
Does not know 0.3 0.2 0.6 0.3
Number of ultrasounds
>7 162 (6.0) 860 (42.5) <0.001 131 (7.7) 323 (44.6)
4-6 1,475 (54.5) 674 (33.3) 925 (54.4) 247 (34.1)
3 912 (33.7) 465 (23.0) 533 (31.3) 142 (19.6)
0-2 158 (5.8) 23 (1.1) 113 (6.6) 13 (1.8) <0.001
Does not know 0.7 1.2 0.8 1.5
Number of routine biochemical analysis
>7 64 (2.4) 60 (3.0) 57 (3.4) 23 (3.3)
4-6 1,005 (38.2) 772 (39.2) 621 (37.3) 290 (41.1)
3 1,312 (49.9) 1,035 (52.5) 785 (47.2) 350 (49.6)
0-2 249 (9.5) 105 (5.3) <0.001 201 (12.1) 43 (6.1) <0.001
Does not know 2.5 2.1 2.0 1.3
Biochemical aneuploidy screening®
Maternal age <35 years 881 (40.7) 1,327 (78.4) <0.001 513 (42.2) 397 (74.5) <0.001
Does not know 8.8 2.5 11.5 43
Maternal age >35 years 138 (42.3) 149 (51.4) 0.025 92 (30.9) 76 (43.4) 0.006
Does not know 33 43 6.9 1.7
Amniocentesis/chorionic villus sampling
Maternal age <35 years 107 (4.5) 111 (6.3) 0.008 65 (4.7) 38 (6.8) 0.056
Does not know 0.2 0.2 0.3 04
Maternal age > 35 years 162 (47.6) 154 (49.8) 0.577 175 (54.4) 104 (58.1) 0.418
Does not know 0.0 0.0 0.0 0.0

The number of participants in each category may not add up due to missing data. Proportions were calculated excluding women reporting “not

know”

? Plasma protein A (PAPP-A), free-p human chorionic gonadotrophin (free hCGp)

in low-risk pregnancies, only part of the inequalities
seemed to be attenuated. Public prenatal care users showed
higher rates of pregnancy-related adverse behaviors and an
increased likelihood of fetal growth restriction.

Strengths and Limitations

All women delivered in public hospitals so the impact of
peripartum context on pregnancy outcomes was attenuated.
At the time of recruitment, public hospitals were respon-
sible for 95 % of deliveries in the region. We would expect

the inclusion of the small group of women delivering in a
private setting to increase the differences found in this
study, as we predict that these women would be more
advantaged, presenting lower prevalence of the most
adverse outcomes. Also, caesarean deliveries are more
frequent in private than in public hospitals [22].

Our data are from 2005 to 2006, and changes in prenatal
care are likely to have occurred. Primary healthcare was
restructured after 2005, resulting in the creation of Family
Health Units that, as using a more flexible and multidis-
ciplinary approach [23], might positively impact the
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Table 4 Prevalence of pregnancy and birth outcomes by healthcare provider

Low risk

High risk

Public (n = 2,758)

Private (n = 2,079) p value

Public (n = 1,741) Private (n = 747) p value

Prenatal outcomes

Smoking continuation” 61 (12.8) 26 (10.6) 0.400 92 (10.6) 11 (3.4) <0.001
Reduced weight gain® 689 (25.0) 529 (25.4) 0.191 492 (28.3) 191 (25.6) 0.244
Excessive weight gain® 1,051 (38.1) 689 (33.1) <0.001 648 (37.2) 290 (38.8) 0.913
Gestational Diabetes? 186 (6.7) 88 (4.2) <0.001 144 (8.4) 61 (8.3) 0.892
Gestational hypertensive disorders® 87 (3.2) 58 (2.8) 0.462 55 (3.3) 34 (4.8) 0.084
Birth outcomes
Caesarean delivery 883 (32.0) 825 (39.7) <0.001 607 (34.9) 317 (42.4) <0.001
Caesarean in labor 567 (23.2) 458 (26.8) 0.009 349 (23.5) 172 (28.6) 0.016
Caesarean before labor 316 (11.5) 367 (17.6) <0.001 258 (14.8) 145 (19.4) 0.004
Preterm birth 171 (6.2) 131 (6.3) 0.886 144 (8.3) 88 (11.8) 0.006
Low birthweight 164 (6.0) 110 (5.3) 0.329 163 (94) 76 (10.2) 0.529
Small-for-gestational-age 396 (14.4) 220 (10.6) <0.001 330 (19.0) 132 (17.7) 0.450
Large-for-gestational-age 101 (3.7) 74 (3.6) 0.850 83 (4.8) 32 (4.3) 0.598

quality of care. However, recent policies on cost controls
and the economic crisis seem to be negatively affecting
access to and use of public care services [24], although
prenatal care remains free of charge.

Most outcomes were collected from medical files, so we
expect misclassification to be minimal. Misclassification
may have occurred in the report of pre- and in-pregnancy
smoking habits and weight [25]. However, these charac-
teristics are in accordance with what would be expected for
this group of women [13, 26]. However, it is possible that
more educated women underreport their smoking con-
sumption, because of social desirability. If so, smoking
cessation among private care users would be overestimated
and differences between healthcare providers may be
attenuated. Other pre-pregnancy characteristics are less
likely to be biased.

Prenatal care providers were distinguished by the system
of payment. However, healthcare professionals are differ-
ently distributed in the public and private sectors. In private
settings, care is mainly provided by gynecologists/obste-
tricians. In public settings low-risk women are followed by
general practitioners in primary healthcare centers and
high-risk women referred to hospitals, where specialized
care is offered. Differences between sources of care may,
therefore, represent different healthcare providers. How-
ever, public care is designed assuming that different levels
of risk need different levels of specialization. Low-risk
pregnancies, followed by general practitioners, are expec-
ted to present similar outcomes to those with comparable
risk followed by gynecologists/obstetricians. Unfortu-
nately, to the best of our knowledge, no clinical trial in
developed settings has tested this hypothesis.

@ Springer

We did not collect the number or sequence of visits to
each prenatal care facility. However, a large proportion of
women received care from only one setting, reinforcing our
results. When excluding mixed users, similar estimates
were observed and significant differences were emphasized
(Table S2).

Differences in preterm observed in high-risk women
were probably explained by selection bias. Most women
delivering preterm (and all delivering very preterm) are
transferred to public settings with neonatal intensive care
facilities. Preterm delivery was therefore likely to be
overestimated among private users, explaining the
observed differences.

Another possible limitation of our study was the chosen
definition of pre-pregnancy risk. No consensual definitions
are available and we opted for the features that are most
often reported and so generally agreed to be relevant [17—
19]. Most of the characteristics listed were included in our
definition, although that excluded factors such as previous
pre-eclampsia or severe asthma. Though most are rare
conditions, the low-risk group may include some high-risk
women.

Finally, causal inference should be drawn carefully due
to the observational design of our study. Self-selection of
healthcare provider is likely to have occurred, which limits
generalizability of the results. However, we have adjusted
for a large number of socio-demographic and clinical
characteristics that may be related to the decision to use
particular healthcare providers, minimizing potential
selection bias. Nevertheless, the differences observed may
result from uncontrolled variables. We tested propensity
score matching (considering all the variables that we used
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in Models 1 and 2) to control for self-selection to prenatal
care provider and similar results were found (data not
shown). We conducted several sensitivity analyses to
assure the strength of our results. This study therefore
seems to be a robust alternative to randomized and quasi-
randomized experiments.

Interpretation

Women opting for out-of-pocket private services (disre-
garding the public offer) show, in general, better social
profile and are more likely to plan pregnancy, adopt heal-
thy lifestyles and to be aware of the risk of complications
[27, 28]. Prenatal care in Portugal is available at all pri-
mary healthcare centers, which are at relatively short dis-
tance from residence and each woman is entitled to free
care. Thus, the decision to use alternative care seems to be
related to the perception of quality or the access to spe-
cialized care [12]. Because public prenatal care for low-
risk women is offered by general practitioners, private
settings are a possible route to access an obstetrician. The
observed apparent protection provided by private providers
may therefore be a result of differences in women’s atti-
tudes and expectations, which we could not fully attenuate
by adjusting for social profile and pregnancy planning. This
may also explain the higher rates of caesarean deliveries
before the onset of labor, which are, as previously descri-
bed for this cohort, also associated with cultural back-
ground [16].

Our results may also be explained by the early initiation
of care or the higher number of visits in private settings.
However, adjusting for these characteristics did not change
the results and we would expect to see the same differences
independently of the risk profile, and not only in low-risk
pregnancies. Additionally, no data supports the theory that
privately-insured women have better results based on the
number of visits [29].

We can hypothesize that public providers disregarded
preventable adverse health behaviors in alleged low-risk
women. Differences were found for weight gain and ges-
tational diabetes and not for smoking. This may reflect the
widely-recognized risk of smoking, justifying more efforts
regarding smoking cessation [30]. We cannot assess whe-
ther the differences in prenatal outcomes reflect time
constraints, providers’ skills or nonexistent clinical guide-
lines. However, no national guidelines exist on weight gain
and IOM recommendations have only recently started to be
adopted. Despite the higher likelihood that public care
users will gain excessive weight or have impaired glucose
metabolism, macrosomia (or excessive fetal growth) was
not different. This might reflect either early diagnosis and/
or timely treatment, based on the existing referral system to
hospitals with perinatal support [31].

@ Springer

High-risk women appeared to have a similar and prob-
ably more standardized clinical approach, regardless of the
care setting. Health behaviors were possibly addressed
more carefully in women with another risk factor than in
apparently low-risk ones. Also, other non-behavioral risk
factors may contribute to adverse outcomes. Unfortunately,
we could not assess the effect of the quality of care, which
would be of particular interest as the minimization of risk
was not mediated by the amount of care. Differences
between public and private providers in prenatal care
components do not seem to reflect effectiveness, but rather
increased medicalization of care provided by private pro-
viders to wealthier and healthier women, which may not
always be necessary.

Conclusion

Most public prenatal care users experienced similar out-
comes to those from private care. Public care seems to
solve the major problems effectively, but only attenuates
part of their users’ increased social and clinical risk. To
further overcome inequalities in birth outcomes, prevention
strategies need to incorporate special attention to low-risk
women, as well as those at higher risk of problems.
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