
Numerous studies examining cohorts
born mostly in the first half of the 20th
century have emphasized the inverse

relation between low birth weight and incidence
later in life of cardiovascular and metabolic
conditions, such as hypertension and type 2 dia-
betes.1 Epidemiologic studies seldom consider
the effects of preterm birth and intrauterine
growth restriction separately when studying the
relation of these factors to low birth weight.
Studies have suggested that adolescents and
young adults born preterm have higher inci-
dence of risk factors for metabolic (insulin
resistance) and cardiovascular (higher blood
pressure) dysfunctions.2–4 With the increased
survival of preterm newborns over the past 30
years, a substantially greater proportion of
young adults are born before 37 or even 32
weeks’ gestation and thus may represent a
growing population at risk for conditions
related to metabolic syndrome as they get older.

Pregnancy can be considered a stress test for
future cardiovascular and metabolic health.
Women with a history of gestational diabetes, ges-
tational hypertension or preeclampsia are at

increased risk of metabolic syndrome later in life.5–7

Furthermore, studies have shown that women born
with low birth weights are at increased risk of ges-
tational hypertension, preeclampsia and gestational
diabetes.8–10 However, many of these studies either
have not taken into account gestational age or have
a number of shortcomings, such as small sample,
young population (mostly teenagers), degree of
prematurity not specified or study population con-
sisting mostly of late preterm births.6,11,12

In the province of Quebec, weight and gesta-
tional age have been recorded in a registry for all
births since 1976, and data on all hospital-based
diagnoses have been collected since 1987. The
aim of our study was to examine the relation
between preterm birth and later pregnancy com-
plications, independently of intrauterine growth
restriction, among women born preterm in Que-
bec between 1976 and 1995 who delivered at
least 1 newborn between 1987 and 2008. We
also examined whether this association repre-
sents a dose–response relation, namely, whether
the more prematurely born a woman is, the
greater her risk of gestational diabetes, gesta-
tional hypertension, preeclampsia or eclampsia. 

Pregnancy complications among women born preterm

Ariane Boivin PhD, Zhong-Cheng Luo MD PhD, François Audibert MD, Benoit Mâsse PhD,
Francine Lefebvre MD, Réjean Tessier PhD, Anne Monique Nuyt MD

Competing interests:
Benoit Mâsse has received
consultancy fees from the
International Partnership for
Microbicides. No other
competing interests were
declared.

This article has been peer
reviewed.

Correspondence to:
Anne Monique Nuyt,    
anne-monique.nuyt @
recherche-ste-justine.qc.ca

CMAJ 2012. DOI:10.1503/
cmaj.120143

ResearchCMAJ

Background: Adults who were born with low
birth weights are at increased risk of cardio-
vascular and metabolic conditions, including
pregnancy complications. Low birth weight
can result from intrauterine growth restric-
tion, preterm birth or both. We examined the
relation between preterm birth and preg-
nancy complications later in life.

Methods: We conducted a population-based
cohort study in the province of Quebec involv-
ing 7405 women born preterm (554 < 32
weeks, 6851 at 32–36 weeks) and a matched
cohort of 16 714 born at term between 1976
and 1995 who had a live birth or stillbirth
between 1987 and 2008. The primary out-
come measures were pregnancy complications
(gestational diabetes, gestational hyperten-
sion, and preeclampsia or eclampsia).

Results: Overall, 19.9% of women born at
less than 32 weeks, 13.2% born at 32–36

weeks and 11.7% born at term had at least 1
pregnancy complication at least once during
the study period (p < 0.001). Women born
small for gestational age (both term and
preterm) had increased odds of having at
least 1 pregnancy complication compared
with women born at term and at appropriate
weight for gestational age. After adjustment
for various factors, including birth weight for
gestational age, the odds of pregnancy com-
plications associated with preterm birth was
elevated by 1.95-fold (95% confidence inter-
val [CI] 1.54–2.47) among women born before
32 weeks’ gestation and 1.14-fold (95% CI
1.03–1.25) among those born at 32–36 weeks’
gestation relative to women born at term.

Interpretation: Being born preterm, in addi-
tion to, and independent of, being small for
gestational age, was associated with a signifi-
cantly increased risk of later having pregnancy
complications.
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Methods

Participants and study design
This study was based on record linkage of adminis-
trative birth-related data files. In Quebec, as part of
the universal health care system, all residents are
registered with a unique health insurance identifica-
tion number in Fichier d’inscription des personnes
assurées (Health Insured Individuals database).
This number allows linking of people to the differ-
ent databases of the provincial health insurance
program. Data matching was carried out at the
Institut de la statistique du Québec (Quebec Insti-
tute of Statistics) following the protocol of the
Environnement pour la promotion de la santé et du
bien-être (Environment for the Promotion of Health
and Welfare; www .epsebe .ca /diff  /epsebe  /web /faces
/pages /promotion  _sante _bien _etre .jspx). This pro-
tocol, managed by the Quebec Institute of Statis-
tics, is a temporary data repository providing
remote access to authorized researchers. 

In our study, the linking of 3 databases was
required: Registre des événements démo-
graphiques (Demographic Events Registry), the
Health Insured Individuals database, and the
Maintenance et exploitation des données pour
l'étude de la clientèle hospitalière (Maintenance
and Data Processing for the Study of the Hospi-
tal Clientele; known in Quebec as “Med-Écho”)
database. The Demographic Events Registry
comprises information about all live births, still-
births, marriages and deaths in the province. The
Med-Écho database includes information about
all hospital-based diagnoses and interventions.
In Quebec, almost all deliveries occur in hospi-
tals (99.8% in 200513). All pairing and data link-
age were realized using probabilistic linkage
methods14 and the specific software (Generalized
Record Linkage System, version 4.4.0215) devel-
oped by Statistics Canada.

We used an exposed (born preterm) versus
unexposed (born term) design. The exposed
cohort comprised women born preterm between
1976 and 1995 in Quebec. Women born before
23 weeks’ gestation and those born to multiple-
birth (≥ 3) pregnancies were excluded. With a
frequency matching of 1:2, a cohort of unex-
posed women (i.e., born at term at 37–42 weeks’
gestation; ≥ 43 weeks excluded) was formed
according to year of birth and singleton versus
twin status. Women born at term were selected
by the Quebec Institute of Statistics by random
sampling using SAS software version 9.4. The
women were followed prospectively by linking
data from the Demographic Events Registry to
data from the Health Insured Individuals data-
bases to identify those who had at least 1 live
birth or stillbirth between 1987 and 2008. The

year 1976 represents the first year for which reli-
able data for gestational age were available in
Quebec, and 1987 represents the creation of the
Med-Écho database, which we used to identify
diagnoses of pregnancy complications. Sociode-
mographic data of the study women and of their
mothers at their birth were extracted from the
Demographic Events Registry. The success rate
of record linkage between data from the Quebec
Institute of Statistics for births (1976–1995) and
Health Insured Individuals databases for deliver-
ies (1987–2008) is estimated at 83%. The loss of
participants because of emigration is very low:
between 1976 and 2008, 0.6% women per year
emigrated out of the province (Dominique
André, Quebec Institute of Statistics: personal
communication, 2012). 

This study was approved by the Sainte- Justine
University Hospital and Research Center Ethics
Board, the Quebec Office of the Information and
Privacy Commissioner, the Quebec Institute of
Statistics and Régie de l’assurance maladie du
Québec (Quebec Health Insurance Program).

Outcome measures
The main pregnancy complications studied were
gestational diabetes, gestational hypertension,
preeclampsia and eclampsia. We also extracted
data on diagnoses of chronic hypertension, kid-
ney diseases, and type 1 and type 2 diabetes. 

Gestational age of the women was collected
from the Demographic Events Registry, as noted
on the declaration of birth. The weight percentile
for gestational age was calculated using the
Canadian reference charts by Arbuckle and col-
leagues16,17 (1972 chart for women born during
1976–1979 and 1986 chart for those born during
1980–1995). A birth weight for gestational age
below the 10th percentile or above the 90th per-
centile was considered small or large for gesta-
tional age. The medical diagnoses were catego-
rized according to the coding system of the
International Classification of Diseases, 9th revi-
sion, before Apr. 1, 2006, and the coding system
of the International Statistical Classification of
Diseases and Related Health Problems, 10th
revision, from Apr. 1, 2006, onward.

Statistical analysis 
Based on initial estimates, we were expecting
7000 eligible women born before 37 weeks’ ges-
tation and, of those, about 8% (560) born before
32 weeks. Our plan was to select 2 women born
at term for each woman born before 37 weeks.
Assuming that the risk of 1 or more pregnancy
complications is 10% among women born at
term, the planned sample size would provide at
least 90% power to detect an absolute difference
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of 1.5% or more (10.0% v. 11.5%, odds ratio
[OR] 1.2) between women born at term and
those born at 32–36 weeks, or 4.5% or more
(10.0% v. 14.5%, OR 1.5) between women born
at term and those born before 32 weeks using a
2-sided test with an α level of 5%. The potential
efficiency gain induced by the frequency match-
ing would slightly increase the power.

All analyses were performed using SPSS
software, version 19.0. All reported p values are
2-sided. Gestational ages were divided into
3 categories: less than 32 weeks, 32–36 weeks
and term (37–42 weeks). Preeclampsia and
eclampsia were grouped together in all analyses.
Group comparisons were performed on discrete
variables using the χ2 test and on continuous
variables using analysis of variance.

To establish whether a trend existed between
gestational age at birth and the pregnancy com-
plications studied, we performed normal logistic
regressions using gestational age as a continuous
variable and controlling for singleton versus twin

status and year of birth of the participants. We
performed normal logistic regressions using the
3 gestational age groups to obtain adjusted ORs
and 95% confidence intervals (CIs). This analy-
sis was done to distinguish the effect of preterm
birth from the impact of confounding variables
shown to be associated with increased risk of the
pregnancy complications studied: small for ges-
tational age and large for gestational age,8,10 mul-
tiple pregnancy, maternal age of 25 years or
older,18 diagnosis of chronic hypertension, type 1
or 2 diabetes, and kidney disease.19 The analyses
were realized for (a) the risk of a pregnancy
complication at least once during the study
period (with the number of women affected as
the unit of measurement and not the number of
episodes; e.g., a woman with 3 pregnancies com-
plicated by preeclampsia was included as 1 par-
ticipant) and for (b) the risk of a pregnancy com-
plication at the first live delivery. The former
analysis allowed us to study all pregnancies of
the participants over the whole study period,
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Women born during 
1976–1995
n = 875 139 

Born before 37 weeks'
gestation
n = 51 148 

Born at 37–42 weeks' 
gestation

n = 823 991

Excluded  n = 563
•  Missing data for matching  

n = 206
•  Higher order multiple birth 

(≥ 3)  n = 357 Preterm cohort  
n = 50 585 

Term cohort 
(matched 2:1)
n = 101 170 

Excluded  n = 2470
•  Missing data 

for matching 

Excluded  n = 5023
•  Not matched because 

of lack of term-born 
twins in certain years

Delivered
n = 16 923

Excluded  n = 209
•  Missing birth weight  

n = 174
•  Improbable birth 

weight for gestational 
age*  n = 35

Delivered
n = 7651

Excluded  n = 246
•  Improbable gestational 

age (23–34 wk)  n = 18
• Missing birth weight  

n =121
•  Improbable birth weight 

for gestational age*  
n = 107 Women born preterm 

who delivered
n = 7405

Women born at term 
who delivered

n = 16 714

Matched  
n = 96 147

Figure 1: Establishment and follow-up of the study cohorts. *Based on criteria by Alexander and colleagues.20



whereas the latter analysis allowed us to control
for confounding factors (e.g., pre-existing
chronic hypertension), because the database does
not date the diagnosis of the associated condition
versus a specific pregnancy unless present at the
first live delivery.

Results

Study cohort
The initial population of our study comprised all
women born from 1976 to 1995 in the province
of Quebec (Figure 1). After exclusion of records
without complete data for matching and those
born before 23 weeks’ gestation or to multiple-
birth (≥ 3) pregnancies, 50 585 women born

preterm constituted the exposed cohort and
101 170 women born at term were in the unex-
posed cohort. Considering that matching criteria
were year of birth and singleton (v. twin) status,
5023 women born at term were not matched
because of insufficient numbers of term-born
twins. We identified women who had a live-birth
delivery or a stillbirth between 1987 and 2008
and for whom data about their own birth weights
and gestational ages were available and plausi-
ble. The final sample for analysis included 7405
women born preterm (554 born < 32 weeks and
6851 born at 32–36 weeks) and 16 714 women
born at term. The birth and demographic charac-
teristics of the women at their birth and at first
live delivery are presented in Table 1.
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Table 1: Characteristics of 7405 women born preterm and 16 714 born at term, at the time of their birth and during the study 
period, by their gestational age 

Characteristic 

Women’s gestational age; no. (%) of women* 

p value 
< 32 wk 
n = 554 

32–36 wk 
n = 6851 

Term, 37–42 wk 
n = 16 714 

At birth     

Mother’s age, yr     

< 18 27 (4.9) 196 (2.9) 323 (1.9) < 0.001 

≥ 25 266 (48.0) 3661 (53.4) 9491 (56.8) < 0.001 

Mean ± SD 24.8 ± 5.1 25.3 ± 4.8 25.4 ± 4.6 < 0.001 

Mother’s education < 12 yr† 332 (62.9)  4001 (62.0) 9019 (55.7) < 0.001 

Mother’s first delivery (v. second or 
more) 

251 (45.3) 3090 (45.1) 7101 (42.5) < 0.001 

Multiple birth 57 (10.3) 513 (7.5) 1 245 (7.4) 0.04 

Gestational age, wk, median (IQR) 30 (29–31) 36 (34–36) 40 (39–40) < 0.001 

Birth weight, g, mean ± SD 1500 ± 504 2482 ± 543 3199 ± 490 < 0.001 

Small for gestational age 48 (8.7) 1002 (14.6) 2498 (14.9) < 0.001 

Born < 1980 265 (47.8) 3519 (51.4) 9012 (53.9) < 0.001 

During study period     

Parity, no. of live births    0.14 

1 304 (54.9) 3476 (50.7) 8350 (50.0)  

2 186 (33.6) 2527 (36.9) 6187 (37.0)  

≥ 3 64 (11.6) 848 (12.4) 2 177 (13.0)  

Stillbirth delivery 6 (1.1) 36 (0.5) 89 (0.5) 0.22 

At first live delivery n = 517 n = 6405 n = 15 978  

Age, yr     

< 18 32 (6.2) 417 (6.5) 873 (5.5) 0.009 

≥ 25 yr 203 (39.3) 2456 (38.3) 6490 (40.6) 0.007 

Mean ± SD 23.1 ± 3.7 23.1 ± 3.8 23.4 ± 3.8 < 0.001 

Education < 12 yr† 212 (44.6) 2466 (41.7) 5340 (36.0) < 0.001 

Multiple birth < 5‡ 26 (0.4) 86 (0.5) 0.12 

Note: IQR = interquartile range, SD = standard deviation. 
*Unless stated otherwise. 
†Data on education levels were available for 23 163 (96%) of the mothers at the time of the women’s birth and for 21 209 (88%) of the women at the time of 
their first delivery.  
‡Numbers less than 5 are not reported, to respect confidentiality.  



Outcomes
Eclampsia diagnoses were grouped with those of
preeclampsia in all analyses because of small
numbers with eclampsia (0.2% of women born
preterm [n = 14] and 0.1% of women born at
term [n = 22]; p = 0.28). The percentage of
women with at least 1 pregnancy complication at
least once during the study period increased sig-
nificantly with decreasing gestational age at their
own birth (p < 0.001 for trend; Figure 2). A simi-
lar correlation was observed when we analyzed
data at first live delivery only (p < 0.001 for
trend): the percentage of women with at least
1 pregnancy complication was 17.0% (n = 88)
among those born before 32 weeks’ gestation,
10.8% (n = 694) among those born at 32–36
weeks’ gestation and 9.6% (n = 1535) among
those born at term. The odds of a pregnancy
complication at the first live delivery increased
with decreasing gestational age categories at
their own birth (after adjustment for small for
gestational age, large for gestational age, single-
ton status, year of birth of the participant,
chronic hypertension, kidney disease, type 1 or 2
diabetes, age 25 years or older, and multiple-
birth pregnancy) (Table 2). Restricting the analy-
sis to singleton women with a singleton first live
delivery yielded similar results (Appendices 1
and 2, available at www .cmaj .ca /lookup /suppl
/doi: 10.1503 /cmaj  .120143/-/DC1).

Overall, the occurrence and odds of at least
1 pregnancy complication at least once during
the study period were increased among women
born small for gestational age (whether preterm
or term) and for all preterm women after adjust-
ment for being born from a multiple birth or
large for gestational age, and for birth year of the
participant (Table 3).

Precise socioeconomic status of participants
is not included in the administrative databases
except for education level, which was available
for 88% of the women and for 96% of their
mothers at the time of first live delivery. When
we controlled for education level (for the sub-
groups for which the data were available), over-
all results were unchanged, and preterm birth
remained significantly associated with increased
risk of pregnancy complications at first live
delivery, with the risk increasing with decreasing
gestational age category.

The proportion of women with a diagnosis of
chronic hypertension or type 2 diabetes over the
study period was significantly increased in the
cohort of preterm women. For chronic hyperten-
sion, the proportion was 1.4% (n = 104) among
preterm women versus 0.8% (n = 140) among
term women (OR [adjusted for singleton v. twin
status, small for gestational age, large for gesta-

tional age and year of birth] 1.70, 95% CI 1.32–
2.20). For type 2 diabetes, the proportion was
0.5% (n = 34) among preterm women versus
0.3% (n = 45) among term women (adjusted OR
1.75, 95% CI 1.12–2.73). The proportion of
women with a diagnosis of chronic kidney dis-
ease was not different between women born
preterm (0.9%, n = 66) and those born at term
(0.8%, n = 138) (OR 1.06, 95% CI 0.79–1.42).
Chronic hypertension, type 1 or 2 diabetes and
small for gestational age were associated with a
significantly increased risk of pregnancy compli-
cations (Appendix 1). 

Interpretation

We found that the risk of pregnancy complica-
tions was significantly higher among women
born preterm, independently of their own fetal
growth. Furthermore, the increased risk of preg-
nancy complications associated with preterm
birth represented a dose–response relation, with
women of lowest gestational age being at the
greatest risk. When divided into categories of
gestational age, the risk of having at least 1
pregnancy complication nearly doubled among
women born before 32 weeks’ gestation versus
those born at term. This study strengthens previ-
ous findings of increased risk of pregnancy
complications in women born with low birth
weights.6,8–12

An inverse relation between birth weight and
risk of preeclampsia and of gestational diabetes
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has been shown in case–control and population-
based cohort studies.8,21,22 In a large population-
based cohort study, Zetterström and colleagues10

found an increased risk of preeclampsia among
women born small for gestational age (v. appro-

priate weight for gestational age). However, ges-
tational age itself was not considered as an inde-
pendent variable or not mentioned in most of the
studies. Some reports included the concept of
full-term versus preterm birth and suggested an
increased risk of gestational hypertension,
preeclampsia or gestational diabetes among
women born preterm.6,11,12 These studies had a
number of shortcomings. For example, in the
studies by Klebanoff and coauthors12 and Pouta
and colleagues,6 the participants were born
between 1959 and 1966, and their average gesta-
tional age was not specified. It is thus possible to
assume that the degree of prematurity was rela-
tively mild, because these women survived at a
time when neonatology in its current form did
not exist. In the study by Innes and colleagues,11

the participants (born 1975–1983) were adoles-
cents (12–20 years). Moreover, the primary aim
was not to investigate the impact of preterm
birth, and these observations were secondary
analyses. Our study showed that preterm birth
was a substantial risk factor for pregnancy com-
plications, especially among women who were
born before 32 weeks.

Before pregnancy, women born preterm may
have undiagnosed risk factors for the studied
pregnancy complications related to their preterm
birth. Children and young adults born preterm
have higher indexes of insulin resistance and glu-
cose intolerance, and higher blood pressure val-
ues,2–4,23 which are risk factors for cardiometabolic
diseases. Indeed, we found a significantly
increased proportion of preterm women with
diagnoses of chronic hypertension and type 2 dia-
betes; nevertheless, the impact of preterm birth
remained significant after controlling for these
conditions. Taken together, these data do not
challenge the relation between low birth weight
(often not distinguished from small for gesta-
tional age) and increased incidence of hyperten-
sion among adults, but they do support the postu-
late of an effect — probably major — of preterm
birth itself on the development of conditions
linked to metabolic syndrome in adults.

A potential hereditary component to the inci-
dence of pregnancy complications could not be
controlled for in our study because most of the
participants were born before 1987, and hospital
diagnoses of their mothers were not available.
The possibility thus exists that the association
between birth weight and prematurity and risk of
pregnancy complications could be due to genetic
factors that lead to premature birth and future
pregnancy complications. Most studies regarding
the developmental programming of pregnancy
complications did not take into account preg-
nancy complications in the previous generation;

Research

1782 CMAJ, November 6, 2012, 184(16)

Table 2: Adjusted odds of pregnancy 
complications at first live delivery associated 
with gestational age of women 

Complication; gestational 
age of women 

Adjusted OR* 
(95% CI) 

Gestational diabetes  

< 32 wk 2.34 (1.65–3.33) 

32–36 wk 1.20 (1.03–1.40) 

Term, 37–42 wk 1.00 (ref) 

Gestational hypertension  

< 32 wk 1.56 (1.09–2.25) 

32–36 wk 1.06 (0.92–1.22) 

Term, 37–42 wk 1.00 (ref) 

Preeclampsia or eclampsia  

< 32 wk 1.79 (1.19–2.69) 

32–36 wk 1.23 (1.04–1.44) 

Term, 37–42 wk 1.00 (ref) 

≥≥≥≥ 1 complication  

< 32 wk 1.95 (1.54–2.47) 

32–36 wk 1.14 (1.03–1.25) 

Term, 37–42 wk 1.00 (ref) 

Note: CI = confidence interval, OR = odds ratio, ref = 
reference group. 
*Adjusted for women’s characteristics at the time of their 
birth (small for gestational age, large for gestational age, 
multiple birth, year of birth), chronic hypertension, type 1 
and 2 diabetes (except for gestational diabetes), kidney 
disease, age ≥ 25 years and multiple-birth pregnancy. 

Table 3: Adjusted odds of ≥ 1 pregnancy complication associated with 
gestational age of women and whether they were born small for 
gestational age 

Gestational age of women; 
size at birth 

No. (%) of women 
with ≥ 1 complication 

Adjusted OR*  

(95% CI) 

< 32 wk    

SGA, n = 48 11 (22.9) 2.42 (1.23–4.76) 

Not SGA, n = 506 99 (19.6) 1.94 (1.54–2.43) 

32–36 wk    

SGA, n = 1002 158 (15.8) 1.48 (1.23–1.77) 

Not SGA, n = 5849 746 (12.8) 1.16 (1.05–1.27) 

Term, 37–42 wk     

SGA, n = 2498 346 (13.9) 1.28 (1.13–1.46) 

Not SGA, n = 14 216 1612 (11.3) 1.00 (ref) 

Note: CI = confidence interval, OR = odds ratio, ref = reference category, SGA = small for 
gestational age. 
*Adjusted for women’s characteristics at the time of their birth: large for gestational age, 
multiple birth, year of birth. 
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those that did showed that the link between birth
weight and preeclampsia and gestational dia-
betes was not modified after adjustment for
preeclampsia and gestational diabetes in the pre-
vious generation.10,21 These studies thus suggest
that pregnancy complications may have a devel-
opmental origin.

The reproduction rate of women born preterm
has been reported to be lower than that of women
born at term.24 In our study, the mothers of women
born preterm were less educated and more often
primiparous than the mothers of women born at
term. A significantly smaller proportion of women
born before 32 (v. 32–36 and 37–42) weeks’ gesta-
tion were small for gestational age at birth. We
cannot explain this observation, but one can postu-
late that the lower survival rates of very preterm,
small- for- gestational- age infants, especially in the
late 1970s and 1980s, could account for this differ-
ence. At the time of their first live delivery, a
higher proportion of preterm women than of term
women were less than 18 years old and had not
reached 13 years of education, findings reported in
other studies.25 Overall, the incidences of gesta-
tional diabetes, gestational hypertension, and
preeclampsia or eclampsia among the women born
at term were similar to the reported incidence in
the Canadian or comparable populations.19,26

The ways by which a perinatal environment
can permanently alter cardiovascular and meta-
bolic development and function, ultimately lead-
ing to chronic illnesses, are incompletely under-
stood. Deleterious perinatal conditions (e.g., low
birth weight and preterm birth) are associated
with vascular dysfunction, arterial rigidity and
microvascular changes; all could contribute to
elevated blood pressure27–29 and to maladaptation
to physiologic changes from pregnancy result-
ing in preeclampsia.30 Impaired β-cell develop-
ment, as reported in models of deleterious peri-
natal conditions resulting in type 2 diabetes
in adults, could prevent normal adaptation to
pregnancy, during which insulin sensitivity
decreases through changes in the insulin sig-
nalling pathway.31

Strengths and limitations
Our study addresses a number of shortcomings
in previous studies of the relation between
preterm birth and later pregnancy complications
by evaluating the effect of preterm birth as a
dose–response relation and independently of
small weight for gestational age. 

Certain limitations inherent in the use of
administrative databanks remain, including the
absence of information about confounding vari-
ables such as socioeconomic status, ethnicity,
lifestyle factors, family history and obesity,

which can affect the risk of pregnancy complica-
tions. The social determinants of small-for-gesta-
tional-age and preterm births overlap, which
makes it difficult to disentangle risk factors for
these outcomes. However, results were un -
changed when education level (as a surrogate
index of socioeconomic status) was taken into
account in the analyses, which supports the con-
cept that preterm birth is an independent risk fac-
tor of cardiometabolic pregnancy complications.

Conclusion
Our population-based study showed an increased
risk of hypertensive and diabetic complications
of pregnancy associated with preterm birth, espe-
cially among women born before 32 weeks’ ges-
tation. These findings were independent of low
weight for gestational age. The impact of the
patients’ preterm birth on obstetric care should
be taken into account in the care of pregnant
patients, as well as in the allocation of resources
in the health care system.
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