
Gestational Age and Risk of Venous
Thromboembolism From Birth Through
Young Adulthood

WHAT’S KNOWN ON THIS SUBJECT: Preterm birth has been
associated with increased risk of venous thromboembolism (VTE)
in infancy, but the longer-term risk is unknown.

WHAT THIS STUDY ADDS: In a large national cohort, low
gestational age at birth was associated with increased risk of VTE
in infancy, early childhood, and young adulthood. These findings
call for better awareness of the long-term risk of VTE among
preterm birth survivors.

abstract
BACKGROUND: Preterm birth has been associated with increased risk
of venous thromboembolism (VTE) in infancy, but the longer-term risk
is unknown. Our aim was to examine this association from birth
through young adulthood.

METHODS: National cohort study of 3 571 574 individuals who were
live-born in Sweden from 1973 through 2008, including 206 844 born
preterm (gestational age ,37 weeks), and followed up to 2010 (ages
0–38 years). The main outcome was VTE.

RESULTS: A total of 7 519 (0.2%) individuals were diagnosed with VTE
in 70.8 million person-years of follow-up. Low gestational age at birth
was associated with VTE in infancy (ages ,1 year: adjusted hazard
ratio 47.16 [95% confidence interval 21.30–104.42] for 22 to 27 weeks,
5.54 [2.53–12.12] for 28 to 33 weeks, 3.54 [2.07–6.06] for 34 to 36
weeks, 1.00 for 37 to 41 weeks [reference]), early childhood (ages 1–5
years), and young adulthood (ages 18–38 years: adjusted hazard ratio
2.76 [1.43–5.31] for 22 to 27 weeks, 1.53 [1.24–1.89] for 28 to 33
weeks, 1.24 [1.10–1.40] for 34 to 36 weeks, and 1.00 for 37 to 41
weeks [reference]), but not in late childhood (ages 6–12 years).
Very preterm (,34 weeks) but not late preterm birth (34–36 weeks)
was also associated with VTE in adolescence (ages 13–17 years). After
further adjustment for comorbidities, these associations were
attenuated, but most remained significantly elevated.

CONCLUSIONS: In this large national cohort, low gestational age at
birth was associated with increased risk of VTE in infancy, early child-
hood, and young adulthood. Pediatrics 2014;134:e473–e480
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Preterm birth, defined as birth that
occurs before 37 completed weeks of
gestation, is a leading cause of mor-
bidity and mortality in developed
countries.1 The prevalence of preterm
birth has increased over the past 3
decades and is currently 12% in the
United States and 5% to 9% in many
other developed countries.1 Survival of
preterm infants has improved dra-
matically due to advances in neonatal
care.2 A large numbers of individuals
who were born preterm are now sur-
viving to adulthood. Although the early
effects of preterm birth are well
documented, less is known about the
long-term outcomes in adulthood.3,4 A
comprehensive understanding of these
outcomes is needed to enable earlier
prevention, detection, and treatment of
the long-term health sequelae.3,4

Venous thromboembolism (VTE) is
a major medical health problem that
affects ∼1 per 1 000 individuals per
year.5 Like many common human dis-
eases, VTE is considered to be a com-
plex disorder influenced by several
genetic and environmental factors.5

Inherited deficiencies of the natural
anticoagulant inhibitors antithrombin,
protein C, and protein S, as well as
activated protein C resistance (APC
resistance) due to the FV Leiden variant
(rs6025) and the prothrombin 20210A
variant (rs1799963), have been asso-
ciated with familial thrombophilia.5

Acquired risk factors for thrombosis
include age, immobilization, surgery,
trauma, pregnancy, puerperium, lupus
anticoagulant, malignant disease, and
female hormones.5 In childhood, VTE is
a rare but severe disease with an in-
cidence of 0.7 per 100 000 aged 1
month to 18 years in Canadian registry
data.6 VTE incidence among US chil-
dren, calculated from the National
Hospital Discharge Survey (1979–
2001), is 4.9 per 100 000 children per
year.7 Two US studies reported an in-
creasing incidence of VTE among chil-

dren.8,9 Increases in venous catheter
procedures were associated with and
may have contributed to the observed
trends.9 The highest incidence of
childhood thrombosis is in the neo-
natal period, followed by another peak
in adolescence.6–8,10,11 In children, VTE
more often involves venous sites other
than the lower limbs, such as upper
limb, renal, cerebral, and splanchnic
veins. It has been reported to be more
common among boys in infancy12 and
among girls in adolescence.7,12 Several
acquired and/or genetic risk factors
are usually present simultaneously.6,8,10

Patients in NICUs and PICUs and on-
cology patients are at increased risk,
and the presence of central venous
catheter is an important causal fac-
tor.10,11 An increased risk of VTE in
preterm infants has also been pre-
viously suggested.13 However, the risk
for VTE associated with preterm birth
beyond infancy and into adulthood has
not been determined.

We conductedanational cohort study in
Sweden to examine the association
among gestational age at birth, in-
dependent of fetal growth, and VTE. A
national cohort of infants born from
1973 through2008was followedupuntil
2010 for VET. We hypothesized that low
gestational age at birth would be in-
dependently associated with an in-
creased risk of VTE.

METHODS

Study Population

We identified 3 595 055 individuals in
the Swedish Birth Registry who were
live-born from 1973 through 2008. We
excluded 8113 (0.2%) persons who had
missing information for gestational
age at birth, and 10 029 (0.3%) others
who had missing information for birth
weight. To remove possible coding
errors, we also excluded 5339 (0.1%)
who had a reported birth weight .4
SD above or below the mean birth

weight for gestational age and gender
based on a Swedish reference growth
curve14; 3 571 574 individuals (99.3% of
the original cohort) remained for in-
clusion in the study. This study was
approved by the Regional Ethics Com-
mittee of Lund University in Sweden.

VET Ascertainment

The study cohort was followed for the
earliest incidence of VTE from birth
through December 31, 2010 (maximum
attained age was 38 years). VTE was
identified by using primary and sec-
ondary diagnosis codes from the In-
ternational Classification of Diseases,
Seventh, Eighth, Ninth, and 10th Revi-
sions (ICD-7, -8, -9, and -10) in the
Swedish Hospital Registry and Out-
patient Registry. The Swedish Hospital
Registry contains all primary and sec-
ondary hospital discharge diagnoses
for 6 populous counties in southern
Sweden starting in 1964 and with na-
tionwide coverage since 1987; the reg-
istry has contained all outpatient
diagnoses nationwide starting in 2001.
Specifically, VTE included pulmonary
embolism (PE, codes 465 in ICD-7; 450 in
ICD-8; 415B and 416W in ICD-9; I26 in ICD-
10), deep vein thrombosis (DVT, codes
463 in ICD-7; 451 in ICD-8; 451 [excluding
451A, ie, superficial thrombophlebitis]
in ICD-9; I80 [excluding I800, ie, super-
ficial thrombophlebitis] in ICD-10), and
other specific types of VTE (OVTE, codes
334.40, 334.50, 464, 466 [excluding 466.10,
ie,migrating superficial thrombophlebitis],
583.00 in ICD-7; 321, 452, 453 [excluding
453.00, ie, migrating superficial throm-
bophlebitis] in ICD-8; 437G, 452, 453 [ex-
cluding 453B, ie, migrating superficial
thrombophlebitis] in ICD-9; I63.6, I67.6,
I81, I82 in ICD-10). Pregnancy- or abortion-
related VTE events were not included in
these outcomes. PE, DVT, and OVTE were
also examined separately in secondary
analyses. The validity in the Hospital
Discharge Register is generally 85% to
95%.15 The validity of VTE diagnosis has
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been reported to be 95%,16 which is
similar to other cardiovascular dis-
orders such as myocardial infarction
and stroke.15

Gestational Age at Birth
Ascertainment

The main predictor of interest was
gestational age at birth, which was
identified from the Swedish Birth Reg-
istry and linked to VTE diagnosis data
using an anonymous personal identifi-
cation number.17 Gestational age at
birth was based mainly on maternal
report of last menstrual period in the
1970s, at which time ultrasound esti-
mation was gradually introduced until
it was used exclusively starting in the
1990s. For analysis, gestational age at
birth was categorized into 5 groups
(extremely preterm, 22–27 weeks; very
preterm, 28–33 weeks; late preterm,
34–36 weeks; term, 37–41 weeks;
postterm, $42 weeks) to allow for
a nonlinear effect.

Other Perinatal and Familial
Variables

Other perinatal and familial charac-
teristics that may be associated with
gestational age at birth and VTE were
identified from the Swedish Birth Reg-
istry andnational censusdataandwere
linked using an anonymous identifica-
tion number. The following were ex-
amined as adjustment variables or
predictors: age (used as the Cox model
time scale); gender (female or male);
birth cohort (1973–1979, 1980–1989,
1990–1999, 2000–2008); fetal growth
(measured as the number of SDs from
the mean birth weight for gestational
age and gender from a Swedish refer-
ence growth curve,14 and categorized
into 6 groups [less than –2, –2 to less
than –1, –1 to,0, 0 to,1, 1 to,2,$2
SD] to allow for a nonlinear effect);
multiple birth status (singleton or
multiple birth); birth order (1, 2, 3,
$4); maternal age at delivery (,20,

20–24, 25–29, 30–34, 35–39,$40 years;
paternal age was also examined but
not retained in the final model because
of its collinearity with maternal age);
maternal marital status (married/
cohabiting, never married, divorced/
widowed), maternal and paternal ed-
ucation level (compulsory high school
or less: #9 years; practical or some
theoretical high school: 10–11 years;
theoretical high school and/or some
college: 12–14 years; college and/or
postgraduate study: $15 years; en-
tered into the model separately for
mothers and fathers); family history of
VTE in a parent or sibling (yes or no;
identified from the Swedish hospital
and outpatient registries from 1964
through 2010, not self-reported, thus
enabling unbiased ascertainment dur-
ing this time period, and entered into
the model separately for parents and
siblings).18

Statistical Analysis

Cox proportional hazards regression
was used to estimate hazard ratios
(HRs) and 95% confidence intervals
(CIs) for associations between gesta-
tional age at birth or other perinatal or
familial variables and the earliest di-
agnosis of VTE. Individuals were cen-
sored at death (n = 32 566; 0.9%) or at
emigration as determined by the ab-
sence of a Swedish residential address
in census data (n = 102 217; 2.9%). The
association between gestational age at
birth and VTE was examined in differ-
ent intervals of attained age (,1, 1–5,
6–12, 13–17, 18–38 years) among per-
sons who were still at risk at the be-
ginning of the respective period (ie,
still living in Sweden and no previous
VTE). All HRs were adjusted for age
(used as the Cox model time scale) and
other perinatal and familial variables
(as noted earlier). These were esti-
mated in 2 models, first for the entire
cohort and then after excluding indi-
viduals with significant congenital

malformations (ie, other than un-
descended testicle, preauricular ap-
pendage, congenital nevus, or hip
dislocation; n = 59 857; 1.7%) or cere-
bral palsy (n = 8 295; 0.2%). The sec-
ond model was further adjusted for
diabetes, heart failure, asthma, pneu-
monia, cancer, and fracture as time-
dependent variables using the following
codes: diabetes (ICD-8/9 250, ICD-10
E10-E14), heart failure (ICD-8 427.0–
427.1, ICD-9 428, ICD-10 I50), asthma
(ICD-8/9 493, ICD-10 J45–J46), pneu-
monia (ICD-8/9 480–486, ICD-10 J12–
J18), cancer (ICD-8/9 140–209, ICD-10
all C codes), and fracture (ICD-8/9
800–829, ICD-10 S02, S12, S22, S32,
S42, S52, S62, S72, S82, S92, T02, T08,
T10, T12). Congenital malformations
(ICD-8/9 codes 740–759 and ICD-10
codes Q) and cerebral palsy (ICD-8/9
343 and ICD-10 G80) were identified
from birth records, the Swedish Hos-
pital Registry and Outpatient Registry,
or as a cause of death. First-order
interactions between gestational age
at birth and other variables were
explored using a likelihood ratio test.
The proportional hazards assump-
tion was evaluated by visual inspec-
tion of log-log plots and was met in
each of the models.19 All statistical
tests were 2-sided and used ana-level
of .05. All analyses were conducted by
using Stata statistical software, ver-
sion 12.1.

RESULTS

Subject Characteristics

Among the 3 571 574 individuals in this
cohort, 7519 (0.2%) were diagnosed
with VTE in 70.8 million person-years of
follow-up (Table 1). The overall in-
cidence rate was 10.62 per 100 000
person-years (13.59 for females and
7.81 for males). The mean duration of
follow-up was 19.8 6 10.4 years (me-
dian 19.8), and the mean age at VTE
diagnosis was 23.6 6 7.5 years (me-
dian 24.2). Of the total cohort, 206 844
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(5.8%) individuals were born preterm
(gestational age ,37 weeks). In Ta-
ble 1, the individual characteristics by
VTE are presented. In total, 515 (6.8%)
VTE events occurred in individuals born
preterm. The VTE incidence rate per
100 000 person-years was 13.57 among
those born preterm (,37 weeks) and
10.46 among those not born preterm
($37 weeks).

Main Analysis

AdjustedHRs (aHRs) for the association
between gestational age at birth and
VTE are presented in Table 2. Among
individuals still at risk in each time
period, low gestational age at birth
was strongly associated with in-
creased risk of VTE in infancy (ages,1
year: aHR was 47.16 for 22–27 weeks,
5.54 for 28–33 weeks, and 3.54 for 34–
36 weeks) and in early childhood (ages
1–5 years: aHR was not estimable for
22–27 weeks, 3.32 for 28–33weeks, and
2.53 for 34–36 weeks). No association
was observed in late childhood (ages
6–12 years; Table 2). In adolescence
(ages 13–17 years), a significant as-
sociation was found only for gesta-
tional age at birth of 28 to 33 weeks
(aHR = 2.06). In young adulthood (ages
18–38 years), significant associations
reappeared across the full range of
preterm gestational ages: aHR 2.76 for
22 to 27 weeks, 1.53 for 28 to 33 weeks,
and 1.24 for 34 to 36 weeks (Table 2).
Individuals with congenital malforma-
tions or cerebral palsies had 340
(4.5%) of the total 7 519 VTE events for
the cohort. Exclusion of these individ-
uals and adjustment for several
comorbidities in model 2 resulted in
attenuation of risk estimates, although
several remained significantly elevated
(Table 2). Specifically, late preterm
birth (34–36 weeks) remained signifi-
cantly associated with VTE in young
adulthood but not in infancy or early
childhood (based on only 6 and 9 VTE
events, respectively). Extreme preterm

TABLE 1 Individual Characteristics by VTE Diagnosis (1973–2010)

VTE (n = 7519), n (%) No VTE (n = 3 564 055), n (%)

Age at diagnosis (y)
0–9 411 (5.5) —

10–19 1699 (22.6) —

20–29 3888 (51.7) —

$30 1521 (20.2) —

Mean 6 SD. 23.667.5 —

Gestational age at birth (wk) —

22–27 16 (0.2) 7736 (0.2)
28–33 125 (1.7) 45 671 (1.3)
34–36 374 (5.0) 152 922 (4.3)
37–41 6181 (82.2) 3 060 109 (85.9)
$42 823 (10.9) 297 617 (8.3)

Gender
Female 4679 (62.2) 1 731 307 (48.6)
Male 2840 (37.8) 1 832 748 (51.4)

Birth cohort
1973–1979 4134 (55.0) 688 720 (19.3)
1980–1989 2690 (35.8) 973 754 (27.3)
1990–1999 586 (7.8) 1 029 085 (28.9)
2000–2008 109 (1.4) 872 496 (24.5)

Fetal growth (SD)
Less than –2 415 (5.5) 112 024 (3.1)
22 to less than –1 1286 (17.1) 534 522 (15.0)
21 to ,0 2701 (35.9) 1 264 088 (35.5)
0 to ,1 2113 (28.1) 1 116 680 (31.3)
1 to ,2 795 (10.6) 427 958 (12.0)
$2 209 (2.8) 108 752 (3.1)

Multiple birth status
Singleton 7387 (98.2) 3 479 713 (97.6)
Multiple birth 132 (1.8) 84 342 (2.4)

Birth order
1 3198 (42.5) 1 408 237 (39.5)
2 2723 (36.2) 1 221 530 (34.3)
3 1092 (14.5) 508 667 (14.3)
$4 493 (6.6) 215 453 (6.0)
Unknown 13 (0.2) 210 168 (5.9)

Maternal age at delivery (y)
,20 370 (4.9) 83 638 (2.3)
20–24 1990 (26.5) 676 219 (19.0)
25–29 2758 (36.7) 1 249 024 (35.1)
30–34 1674 (22.3) 1 032 783 (29.0)
35–40 616 (8.2) 431 809 (12.1)
$40 111 (1.5) 86 464 (2.4)
Unknown 0 (0.0) 4118 (0.1)

Maternal marital status
Married/cohabiting 4906 (65.2) 2 867 096 (80.4)
Never married 1691 (22.5) 348 717 (9.8)
Divorced/widowed 922 (12.3) 348 242 (9.8)

Maternal education (y)
#9 2222 (29.6) 672 977 (18.9)
10–11 2875 (38.2) 1 147 506 (32.2)
12–14 1431 (19.0) 1 044 058 (29.3)
$15 658 (8.8) 554 237 (15.6)
Unknown 333 (4.4) 145 277 (4.1)

Paternal education (y)
#9 2400 (31.9) 765 333 (21.5)
10–11 2289 (30.4) 1 126 980 (31.6)
12–14 1553 (20.7) 958 766 (26.9)
$15 814 (10.8) 537 323 (15.1)
Unknown 463 (6.2) 175 653 (4.9)

VTE in a parent 855 (11.4) 110 838 (3.1)
VTE in a sibling 110 (1.5) 9647 (0.3)
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birth (22–27 weeks) remained signifi-
cantly associated with VTE in infancy
but not in young adulthood. Beyond
adjusting for age (which was used as
the time scale) and comorbidities, ad-
justment for any other covariates had
a negligible effect on any of the risk

estimates. We also found no significant
first-order interactions between ges-
tational age at birth and other perina-
tal or familial variables with respect to
VTE risk (P. .05 for each), including no
interactions between gestational age
at birth and gender or birth cohort.

Low gestational age at birth was
strongly associated with VTE in all birth
cohorts (not shown in the tables).

Secondary Analysis

Postterm birth ($42 weeks) was as-
sociated with VTE in infancy (,1 year;
aHR 1.99), and this association re-
mained significant after further ad-
justment for comorbidities (Table 2).
However, there was no association be-
tween postterm birth and VTE in early
childhood, late childhood, adolescence,
or young adulthood.

Risk estimates for the association be-
tween model covariates and VTE from
birth to maximum follow-up (1973–
2010) are presented in Table 3. After

TABLE 1 Continued

VTE (n = 7519), n (%) No VTE (n = 3 564 055), n (%)

Inpatient or outpatient diagnoses
Significant congenital anomaliesa 257 (3.4) 59 600 (1.7)
Cerebral palsy 100 (1.3) 9099 (0.3)
Diabetes 195 (2.6) 23 536 (0.7)
Heart failure 126 (1.7) 4989 (0.1)
Asthma 565 (7.5) 230 845 (6.5)
Pneumonia 944 (12.6) 133 079 (3.7)
Cancer 515 (6.9) 19 607 (0.6)
Fracture 1562 (20.8) 478 641 (13.4)

a Other than undescended testicle, preauricular appendage, congenital nevus, or hip dislocation.

TABLE 2 aHRs for Association Between Gestational Age at Birth and VTE in Different Intervals of Attained Age (1973–2010)

VTE Events Person-Years Ratea Model 1b Model 2c

HR (95% CI) P HR (95% CI) P

Ages ,1 y
22–27 wk 7 4692 149.19 47.16 (21.30–104.42) ,.001 42.12 (17.13–103.61) ,.001
28–33 wk 7 42 444 16.49 5.54 (2.53–12.12) ,.001 3.61 (1.29–10.12) .02
34–36 wk 16 112 094 10.58 3.54 (2.07–6.06) ,.001 1.54 (0.67–3.58) .31
37–41 wk 95 3 057 884 3.11 1.00 1.00
$42 wk 19 297 504 6.39 1.99 (1.21–3.28) .007 1.83 (1.03–3.28) .04

Ages 1–5 y
22–27 wk 0 20 937 0.00 NE NE NE NE
28–33 wk 6 199 903 3.00 3.32 (1.44–7.64) .005 3.18 (1.27–7.98) .01
34–36 wk 17 719 115 2.36 2.53 (1.51–4.22) ,.001 1.65 (0.83–3.29) .15
37–41 wk 141 14 552 802 0.97 1.00 1.00
$42 wk 20 1 431 880 1.40 1.39 (0.86–2.23) .18 1.42 (0.82–2.46) .21

Ages 6–12 y
22–27 wk 0 20 847 0.00 NE NE NE NE
28–33 wk 4 225 864 1.77 1.92 (0.70–5.25) .21 1.32 (0.41–4.21) .64
34–36 wk 10 833 369 1.20 1.29 (0.67–2.46) .44 1.36 (0.71–2.60) .36
37–41 wk 162 16 892 326 0.96 1.00 1.00
$42 wk 16 1 720 492 0.93 0.99 (0.59–1.66) .96 0.93 (0.52–1.66) .81

Ages 13–17 y
22–27 wk 0 9988 0.00 NE NE NE NE
28–33 wk 20 125 085 15.99 2.06 (1.31–3.24) .002 1.82 (1.13–2.94) .01
34–36 wk 39 477 323 8.17 1.09 (0.78–1.51) .61 0.87 (0.60–1.25) .45
37–41 wk 725 9 710 678 7.47 1.00 1.00
$42 wk 76 1 032 982 7.36 1.00 (0.79–1.28) .98 1.03 (0.81–1.32) .78

Ages 18–38 y
22–27 wk 9 10 571 85.14 2.76 (1.43–5.31) .002 1.79 (0.85–3.77) .13
28–33 wk 88 187 506 46.93 1.53 (1.24–1.89) ,.001 1.36 (1.08–1.70) .008
34–36 wk 292 766 648 38.09 1.24 (1.10–1.40) ,.001 1.17 (1.04–1.33) .01
37–41 wk 5058 16 168 492 31.28 1.00 1.00
$42 wk 692 2 115 402 32.71 0.98 (0.91–1.07) .68 0.99 (0.92–1.08) .90

NE, not estimable.
a Incidence rate for first episode of VTE per 100 000 person-years.
b Adjusted for age, gender, birth cohort, fetal growth, multiple birth, birth order, maternal age, maternal marital status, maternal and paternal education, and family history of VTE in a parent
or sibling.
c Excluding individualswith significant congenital anomalies or cerebral palsy, and adjusted for the same variables as above, aswell as diabetes, heart failure, asthma, pneumonia, cancer, and
fracture.
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adjusting for the other variables in-
cluded in model 1, VTE was positively
associated with female gender, birth

cohort, fetal growth less than –2 SD,
birth order of $4, maternal age at
delivery,20 years, having a divorced/

widowed mother, and family history of
VTE in a parent or in a sibling (Table 3).
VTE was inversely associated with
higher maternal and paternal educa-
tion levels and multiple birth. Results
were only slightly attenuated with ad-
justment of comorbidities and exclu-
sion of congenital malformations and
cerebral palsy in model 2. When
shorter intervals of attained age were
examined, females had decreased risk
of VTE relative to males in infancy (aHR,
0.54; 95% CI, 0.38–0.76), similar risk in
early and late childhood, and increased
risk in adolescence (aHR, 2.12; 95% CI,
1.84–2.45) and young adulthood (aHR,
1.83; 95% CI, 1.74–1.93; not shown in the
tables).

Subanalysis Association of
Gestational Age and Subtypes of
VTE

Supplementary Tables 4, 5, and 6 pres-
ent HRs for the association between
gestational age at birth and PE (Sup-
plementary Table 4), DVT (Supplemen-
tary Table 5), and thrombosis at other
venous sites (OVTE; Supplementary Ta-
ble 6). Low gestational age at birth was
associated with pulmonary embolism
in infancy and young adulthood, and
OVTE in infancy, early childhood, and
young adulthood (Supplementary
Tables 4, 5, and 6). Low gestational age
at birth was associated with DVT in
infancy and early childhood, whereas
in young adulthood, only late preterm
birth (gestational age 34–36 weeks)
was significantly associated with DVT.
Exclusion of individuals with congenital
malformations or cerebral palsy and
adjustment for comorbidities in model
2 resulted in attenuation of risk esti-
mates and precision was limited
because of small numbers (Supple-
mentary Tables 4, 5, and 6).

DISCUSSION

We found that low gestational age at
birth was associated with an increased

TABLE 3 HRs for Associations Between other Perinatal and Familial Factors and VTE From Birth to
Maximum Follow-up (1973–2010)

Model 1a Model 2b P

HR (95% CI) HR (95% CI)

Gender
Male 1.00 1.00 —

Female 1.74 (1.66–1.82) 1.90 (1.81–2.00) ,.001
Birth cohort
1973–1979 1.00 1.00
1980–1989 1.23 (1.16–1.30) 1.26 (1.19–1.34) ,.001
1990–1999 1.64 (1.47–1.82) 1.64 (1.47–1.83) ,.001
2000–2008 2.29 (1.80–2.91) 2.52 (1.92–3.31) ,.001

Fetal growth (SD)
Less than –2 1.31 (1.18–1.46) 1.21 (1.08–1.35) .001
22 to less than –1 1.01 (0.94–1.08) 0.99 (0.92–1.06) .72
21 to ,0 1.03 (0.97–1.09) 1.02 (0.97–1.09) .43
0 to ,1 1.00 1.00
1 to ,2 1.04 (0.96–1.13) 1.03 (0.95–1.12) .51
$2 1.09 (0.95–1.26) 1.03 (0.88–1.19) .74

Multiple birth status
Singleton 1.00 1.00 —

Multiple birth 0.82 (0.68–0.97) 0.82 (0.68–0.99) .04
Birth order
1 1.00 1.00 —

2 1.02 (0.97–1.08) 1.00 (0.95–1.06) .98
3 1.02 (0.94–1.10) 0.98 (0.90–1.06) .58
$4 1.15 (1.04–1.28) 1.11 (1.00–1.24) .06

Maternal age at delivery (y)
,20 1.30 (1.15–1.46) 1.28 (1.14–1.45) ,.001
20–24 1.06 (1.00–1.12) 1.05 (0.99–1.12) .12
25–29 1.00 1.00 —

30–34 0.96 (0.90–1.02) 0.96 (0.90–1.03) .26
35–40 0.98 (0.89–1.08) 0.97 (0.88–1.07) .56
$40 0.95 (0.78–1.15) 0.91 (0.74–1.12) .39

Maternal marital status
Married/cohabiting 1.00 1.00
Never married 1.04 (0.98–1.11) 1.03 (0.97–1.10) .38
Divorced/widowed 1.19 (1.11–1.28) 1.17 (1.08–1.25) ,.001

Maternal education (y)
#9 1.00 1.00 —

10–11 0.98 (0.93–1.04) 0.98 (0.92–1.04) .46
12–14 0.89 (0.83–0.96) 0.90 (0.84–0.97) .008
$15 0.81 (0.73–0.89) 0.81 (0.73–0.89) ,.001

Paternal education (y)
#9 1.00 1.00 —

10–11 1.01 (0.95–1.07) 0.99 (0.94–1.05) .83
12–14 0.93 (0.87–0.99) 0.94 (0.87–1.00) .06
$15 0.89 (0.81–0.98) 0.91 (0.83–1.00) .06

VTE in a parent
No 1.00 1.00 —

Yes 2.50 (2.32–2.68) 2.46 (2.29–2.65) ,.001
VTE in a sibling
No 1.00 1.00 —

Yes 3.06 (2.53–3.69) 2.84 (2.33–3.45) ,.001

—, reference group.
a Adjusted for age, gender, birth cohort, fetal growth, multiple birth, birth order, maternal age, maternal marital status,
maternal and paternal education, and family history of VTE in a parent or sibling.
b Excluding individuals with significant congenital anomalies or cerebral palsy and adjusted for the same variables as model
1, as well as diabetes, heart failure, asthma, pneumonia, cancer, and fracture.
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risk of VTE in infancy, early childhood,
and young adulthood among individu-
als born in Sweden in from 1973
through 2008. These associations were
consistent across birth cohorts and
were independent of fetal growth and
other perinatal and socioeconomic
factors. They were attenuated after
adjusting for comorbidities and ex-
cluding congenital malformations and
cerebral palsies, which are more com-
mon with preterm birth. Thus, common
comorbidities associated with preterm
birth explain at least part of its asso-
ciationwithVTE. Althoughpretermbirth
haspreviouslybeenassociatedwithVTE
in infancy,13 this is the first study to
examine this association beyond in-
fancy and into adulthood. Our findings
suggest that preterm birth is an im-
portant risk factor for VTE not only in
early childhood but also in young
adulthood, even among those born late
preterm (34–36 weeks). The associa-
tions we found between preterm birth
and long-term risk of VTE are novel and
may contribute to the reported in-
creasing incidence of VTE in the United
States.8,9

We also found that posttermbirth ($42
weeks) was associated with an in-
creased risk of VTE in infancy. The
cause is unclear and the association
remained after exclusion of congenital
malformations and cerebral palsy and
adjustment for comorbidities. How-
ever, this association was found only in
infancy and not among older age
groups. We also identified other peri-
natal and familial risk factors for VTE,
including low maternal age, divorced
or widowed maternal marital status,
low parental education level, and high
birth order. These findings have not
been well studied and will need con-
firmation in other populations. How-
ever, they are consistent with previous
findings that socioeconomic factors
may affect the risk of VTE.16 Consistent
with previous studies, we found that

males had increased risk of VTE in in-
fancy,12,20 whereas females had in-
creased risk in adolescence and young
adulthood.7,12 We also observed a de-
creased VTE risk among multiple
births. This was in contrast to a small
study based on 38 VTE cases that
showed an opposite finding in infancy13

and to our knowledge has not other-
wise been studied. Family history of VTE
in a parent or sibling was also associ-
ated with an increased risk of VTE,
similar to previous reports.18,21

The associations we observed between
preterm birth and VTE were partly
explained by common comorbidities.
The remaining associations may be
related to other long-term complica-
tions of preterm birth that were un-
measured.3 A growing body of evidence
from human and animal studies has
shown that early nutrition and other
environmental factors may affect long-
term health outcomes in adulthood.22,23

For instance, maternal exposure to
glucocorticoids in pregnancy may in-
duce hypertension and insulin re-
sistance, obesity, and altered muscle
mass as well as alterations in the
hypothalamic-pituitary-adrenal axis in
the adult progeny of several experi-
mental species.23,24 Obesity is a risk
factor for VTE.25 Preterm birth is as-
sociated with diabetes and hypothy-
roidism,26,27 which have also been
associatedwith increased risk of VTE.28,29

Cigarette smoking during pregnancy is
a risk factor for preterm birth30 and
may be associated with an increased
risk of VTE in the offspring.13 A better
understanding of patterns of human
plasticity in response to early nutrition
and other environmental factors is
needed to further elucidate the link
between preterm birth and VTE.23

The most important strength of the
current study was its ability to examine
the association between gestational
age at birth and long-term risk of VTE
using nationwide birth, hospital, and

outpatient registry data for a large
national cohort. The results were ad-
justed for fetal growth as well as other
broadly measured potential con-
founders. Information on common
comorbidities enabled us to examine
their contribution to the main findings.

Limitations included the unavailability
of information on pregnancy compli-
cations, procedural interventions such
as venous catheterization, and smoking
history. VTE was identified from in-
patient and outpatient diagnoses, thus
we were unable to identify previously
silent and undiagnosed events. In-
formation on genetic risk factors5 was
also unavailable, although the results
were adjusted for family history of VTE,
which is linked to several genetic risk
factors.18,21 Gestational age was esti-
mated by maternal report of last
menstrual period rather than ultra-
sound for earlier birth cohorts. How-
ever, we found that the association
between gestational age at birth and
VTE was consistently strong among
different birth cohorts. Finally, preterm
infants today may have a different long-
term VTE risk from this cohort due to
changes in neonatal care and im-
proved survival at earlier gestational
ages. It is unclear to what extent our
findings in young adulthood are gen-
eralizable to later cohorts, and any
such comparisons should be made
with caution.

CONCLUSIONS

Among individualsborn inSweden from
1973 through 2008, low gestational age
at birth was associated with an in-
creased risk of VTE in infancy, early
childhood, and young adulthood. These
findings call for better awareness of
the long-term risk of VTE among pre-
term birth survivors. Additional stud-
ies are needed to further elucidate the
influence of perinatal factors in the
pathogenesis and long-term risk of
VTE.

ARTICLE

PEDIATRICS Volume 134, Number 2, August 2014 e479



REFERENCES

1. Goldenberg RL, Culhane JF, Iams JD,
Romero R. Epidemiology and causes of pre-
term birth. Lancet. 2008;371(9606):75–84

2. Saigal S, Doyle LW. An overview of mortality
and sequelae of preterm birth from in-
fancy to adulthood. Lancet. 2008;371(9608):
261–269

3. Rai E. Long-term outcomes of prematurity
in adolescence. Adolesc Med State Art Rev.
2013;24(1):330–340, xvi

4. Doyle LW, Anderson PJ. Adult outcome of
extremely preterm infants. Pediatrics. 2010;
126(2):342–351

5. Rosendaal FR. Venous thrombosis: a multi-
causal disease. Lancet. 1999;353(9159):
1167–1173

6. Andrew M, David M, Adams M, et al. Venous
thromboembolic complications (VTE) in
children: first analyses of the Canadian
Registry of VTE. Blood. 1994;83(5):1251–
1257

7. Stein PD, Kayali F, Olson RE. Incidence of
venous thromboembolism in infants and
children: data from the National Hospital
Discharge Survey. J Pediatr. 2004;145(4):
563–565

8. Raffini L, Huang YS, Witmer C, Feudtner C.
Dramatic increase in venous thromboem-
bolism in children’s hospitals in the United
States from 2001 to 2007. Pediatrics. 2009;
124(4):1001–1008

9. Boulet SL, Grosse SD, Thornburg CD, Yusuf
H, Tsai J, Hooper WC. Trends in venous
thromboembolism-related hospitalizations,
1994–2009. Pediatrics. 2012;130(4). Avail-
able at: www.pediatrics.org/cgi/content/
full/130/4/e812

10. Parasuraman S, Goldhaber SZ. Venous
thromboembolism in children. Circulation.
2006;113(2):e12–e16

11. Nowak-Göttl U, Janssen V, Manner D, Kenet
G. Venous thromboembolism in neonates

and children—update 2013. Thromb Res.
2013;131(suppl 1):S39–S41

12. Tuckuviene R, Christensen AL, Helgestad J,
Johnsen SP, Kristensen SR. Pediatric ve-
nous and arterial noncerebral thrombo-
embolism in Denmark: a nationwide
population-based study. J Pediatr. 2011;159
(4):663–669

13. Tuckuviene R, Christensen AL, Helgested J,
Hundborg HH, Kristensen SR, Johnsen SP.
Infant, obstetrical and maternal charac-
teristics associated with thromboembolism
in infancy: a nationwide population-based
case-control study. Arch Dis Child Fetal
Neonatal Ed. 2012;97(6):F417–F422

14. Marsál K, Persson PH, Larsen T, Lilja H,
Selbing A, Sultan B. Intrauterine growth
curves based on ultrasonically estimated
foetal weights. Acta Paediatr. 1996;85(7):
843–848

15. Ludvigsson JF, Andersson E, Ekbom A, et al.
External review and validation of the
Swedish national inpatient register. BMC
Public Health. 2011;11:450

16. Rosengren A, Fredén M, Hansson P-O,
Wilhelmsen L, Wedel H, Eriksson H. Psycho-
social factors and venous thromboembolism:
a long-term follow-up study of Swedish men.
J Thromb Haemost. 2008;6(4):558–564

17. Crump C, Sundquist K, Sundquist J, Winkleby
MA. Gestational age at birth and mortality in
young adulthood. JAMA. 2011;306(11):1233–
1240

18. Zöller B, Li X, Sundquist J, Sundquist K.
Determination of age-specific and sex-
specific familial risks for the different
manifestations of venous thromboembo-
lism: a nationwide family study in Sweden.
Thromb Haemost. 2011;106(1):102–112

19. Garrett JM. gr23: Graphical assessment of
the Cox model proportional hazards as-
sumption. Stata Tech Bull. 1997;35:9–14

20. Schmidt B, Andrew M. Neonatal thrombo-
sis: report of a prospective Canadian and
international registry. Pediatrics. 1995;96(5
pt 1):939–943

21. Bezemer ID, van der Meer FJ, Eikenboom
JC, Rosendaal FR, Doggen CJ. The value of
family history as a risk indicator for ve-
nous thrombosis. Arch Intern Med. 2009;
169(6):610–615

22. Barker DJ, Gluckman PD, Godfrey KM, Harding
JE, Owens JA, Robinson JS. Fetal nutrition and
cardiovascular disease in adult life. Lancet.
1993;341(8850):938–941

23. Bateson P, Barker D, Clutton-Brock T, et al.
Developmental plasticity and human health.
Nature. 2004;430(6998):419–421

24. Seckl JR. Prenatal glucocorticoids and
long-term programming. Eur J Endocrinol.
2004;151(suppl 3):U49–U62

25. Goldhaber SZ, Bounameaux H. Pulmonary
embolism and deep vein thrombosis. Lan-
cet. 2012;379(9828):1835–1846

26. Crump C, Winkleby MA, Sundquist K, Sundquist
J. Risk of diabetes among young adults born
preterm in Sweden. Diabetes Care. 2011;34
(5):1109–1113

27. Crump C, Winkleby MA, Sundquist J, Sundquist
K. Preterm birth and risk of medically treated
hypothyroidism in young adulthood. Clin
Endocrinol (Oxf). 2011;75(2):255–260

28. Stein PD, Goldman J, Matta F, Yaekoub AY.
Diabetes mellitus and risk of venous
thromboembolism. Am J Med Sci. 2009;337
(4):259–264

29. Danescu LG, Badshah A, Danescu SC, et al.
Venous thromboembolism in patients hos-
pitalized with thyroid dysfunction. Clin Appl
Thromb Hemost. 2009;15(6):676–680

30. Shiono PH, Klebanoff MA, Rhoads GG.
Smoking and drinking during pregnancy.
Their effects on preterm birth. JAMA. 1986;
255(1):82–84

e480 ZÖLLER et al

http://www.pediatrics.org/cgi/content/full/130/4/e812
http://www.pediatrics.org/cgi/content/full/130/4/e812

