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Metabolic abnormalities have been described in subjects born preterm (b 37 weeks of gestation) [1,2], including higher blood pressure
(BP) that was independent of intrauterine growth restriction [3]. However, very few studies on those born preterm have used 24-hour ambulatory BP monitoring. Further, there is growing evidence from animal
and human studies that phenotypic changes resulting from environmental insults can be transmitted to subsequent generations, but to
date the impact of parent's preterm birth on their children's BP has
not been reported. Thus, we hypothesized that adults born moderately
preterm would have higher BP than those born at term. In addition,
we hypothesized that their offspring would also display BP abnormalities compared to the offspring of parents born at term.
Ethics approval was obtained from the Multiregion Ethics Committee (Ministry of Health, New Zealand). Written informed consent was
obtained from adult participants and verbal assent from their children.
Adult participants (F1) were the offspring of mothers (F0) from the
Auckland Steroid Trial initially recruited in 1969–1974 [4]. At the 30year follow-up, we recruited all singleton adults (F1) who had singleton
prepubertal children (F2) born at term (37–41 weeks of gestation) [1].
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Body composition was assessed using whole-body dual-energy Xray absorptiometry (Lunar ProdigyTM, GE Medical Systems, Wisconsin,
USA). 24-hour ambulatory BP monitoring was carried out using an
oscillometric device (SpaceLabs Monitor 90207; SpaceLabs Medical
Inc., Redmond, USA), with BP measured every 30 min during the day
and every 45 min at night over 24 h. Readings taken at 08:00–20:00
were classiﬁed as daytime BP and those at 24:00–06:00 as nocturnal
BP. Participants with insufﬁcient readings (b 14 daytime and b7 nighttime systolic and diastolic recordings for adults, and b20 for children)
were excluded.
General linear regression models and random effect mixed models
were used to assess differences between groups. Important confounding factors were adjusted for, including ethnicity, F0 steroid exposure,
and sex. For children, models also included height as a covariate and
family code as a random factor.
A total of 36 adult participants (22 preterm) had sufﬁcient BP readings (Table 1). Adults born preterm had 24-hour mean BP 4.3 mm Hg
higher than those born at term (p = 0.028; Table 1). Differences in diastolic BP were particularly marked, with adults born preterm having
higher diastolic BP in daytime (+5.6 mm Hg; p = 0.021) and nighttime
(+5.2 mm Hg; p = 0.042) (Table 1). Notably, the addition of total body
fat percentage into the multivariate models had little effect on differences between groups (data not shown).
Blood pressure load (percentage of ambulatory BP measurements
above recommended thresholds [10]) was greater in preterm adults.
Mean 24-hour BP loads were greater among adults born preterm than
those born at term, for both systolic (16 ± 4% vs 8 ± 5%; p = 0.036)
and diastolic (26 ± 5% vs 11 ± 6%; p = 0.002) BP. Daytime diastolic
BP load was also greater in adults born preterm (26 ± 6% vs 12 ± 7%;
p = 0.008), with a similar trend observed for daytime systolic BP load
(12 ± 3% vs 7 ± 5%; p = 0.073). There were no signiﬁcant differences
in nocturnal BP load (data not shown).
Data were available from 37 children (26 of parents born preterm)
(Table 2). Children of parents born preterm had higher mean 24-hour
heart rate (+7.7 bpm; p = 0.038) and tended to have higher daytime
diastolic BP (+ 3.8 mm Hg; p = 0.051) than the children of parents
born at term (Table 2). However, there were no differences between
groups in nocturnal or mean 24-hour BP (Table 2).
Adults born preterm had higher BP (particularly diastolic BP) than
adults born at term, and more frequently exceeded the thresholds for
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Table 1
Parameters from 24-hour ambulatory blood pressure monitoring of adults born preterm or at term. Body composition and blood pressure data are means and 95% conﬁdence intervals
adjusted for other confounding factors (including sex) in the multivariate models; other data are means ± SD, where appropriate. Daytime measurements were taken at 08:00–20:00,
and nocturnal measurements at 24:00–06:00). BMI, body mass index.

n
Demographics
Age (years)
Sex ratio (males)
Ethnicity (New Zealand European)
Body composition
BMI (kg/m2)
Total body fat (%)
24-hour blood pressure monitoring
Number of readings
Daytime systolic (mm Hg)
Daytime diastolic (mm Hg)
Nocturnal systolic (mm Hg)
Nocturnal diastolic (mm Hg)
Systolic nocturnal dip (%)
Diastolic nocturnal dip (%)
Mean 24-hour arterial pressure (mm Hg)
Mean 24-hour heart rate (bpm)

Adults born preterm

Adults born at term

22

14

35.8 ± 1.2
45%
64%

35.6 ± 1.1
29%
62%

0.59
0.48
0.99

28.6 (26.7–30.5)
35.1 (31.9–38.4)

26.2 (23.6–28.7)
28.2 (23.9–32.4)

0.14
0.01

35.4 ± 9.4
122.8 (117.9–127.8)
77.0 (72.8–81.5)
106.5 (101.4–111.6)
62.4 (58.7–66.3)
13.3 (8.0–18.6)
18.4 (12.8–24.1)
87.4 (84.1–90.8)
71.0 (66.3–75.8)

35.3 ± 9.9
118.4 (111.7–125.1)
71.4 (66.0–77.1)
104.9 (98.5–111.3)
57.2 (53.0–61.8)
10.9 (3.3–18.5)
19.2 (11.2–27.3)
83.1 (79.3–87.0)
69.0 (63.3–74.7)

0.97
0.14
0.02
0.65
0.04
0.43
0.86
0.03
0.33

hypertension over the 24-hour assessment period. Importantly, observed differences in BP between groups were independent of adiposity.
Further, the prepubertal children born at term to parents born preterm
also displayed cardiovascular abnormalities, namely higher mean heart
rate and daytime diastolic BP.
The BP parameters of our moderately preterm cohort were similar to
those of the Australian and Swedish preterm cohorts [5,6], despite those
cohorts being younger and born very preterm. However, the proportion
of our preterm cohort displaying BP abnormalities over the 24-hour
monitoring was much higher than the Australian cohort and probably
related to their older age [5,6].
BP load is considered more predictive of end-organ injury than mean
arterial pressure, which provides no information on the blood pressure
variability [7]. In fact, it has been proposed that BP load should be included as a criterion along with the mean BP to deﬁne the severity of hypertension [8]. Therefore, although the mean arterial pressure proﬁle of
our preterm cohort was not in the hypertensive range, the associated
abnormalities in BP load suggest a higher risk of later hypertension.
To our knowledge this is the ﬁrst study reporting ambulatory BP
monitoring in the children of parents born preterm. Although we observed higher mean heart rate and daytime diastolic BP in these children, the signiﬁcance of these isolated ﬁndings is unclear. We have

p-Value

reported that these children of parents born preterm have increased abdominal adiposity [2], and obesity is strongly associated with hypertension in children [9]. Thus, long-term follow-up of these children is
warranted to determine the extent to which these early ﬁndings predict
later cardiovascular health risk.
Although the mechanisms underpinning the changes observed in
adults born preterm and their children are unclear, subjects born
preterm have multiple risk factors for hypertension. These include
impaired fetal growth, increased postnatal stress, central arterial
line cannulation, and suboptimal postnatal nutrition. In addition,
whether as a primary or secondary event, insulin resistance is a
well-recognized risk factor for hypertension, and our preterm cohort
had a 40% reduction in insulin sensitivity compared to term
subjects [1].
In summary, adults born preterm had higher BP and greater BP load
than those born at term, suggesting a pre-hypertensive state. As these
adults have already been reported to have reduced insulin sensitivity
[1] and increased adiposity [2], institution of preventive strategies
such as lifestyle modiﬁcations in those born preterm would potentially
have a positive impact on their later health. Further, children born at
term of parents born preterm also have subtle abnormalities in their
cardiovascular proﬁles that warrant ongoing follow-up.

Table 2
Parameters from 24-hour ambulatory blood pressure monitoring among the offspring of parents born preterm or at term. Body composition and blood pressure data are means and 95%
conﬁdence intervals adjusted for confounding factors (including sex) in the multivariate models; other data are means ± standard deviation, where appropriate. Daytime measurements
were taken between 08:00–20:00, and nocturnal ones at 24:00–06:00). BMI SDS, body mass index standard deviation scores.

n
Demographics
Age (years)
Sex ratio (males)
Ethnicity (New Zealand European)
Body composition
BMI SDS
Total body fat (%)
24-hour blood pressure monitoring
Number of readings
Daytime systolic (mm Hg)
Daytime diastolic (mm Hg)
Nocturnal systolic (mm Hg)
Nocturnal diastolic (mm Hg)
24-hour mean arterial pressure (mm Hg)
24-hour mean heart rate (bpm)

Children of parents born preterm

Children of parents born at term

26

11

p-Value

8.0 ± 1.4
36%
40%

8.8 ± 1.6
45%
45%

0.11
0.72
0.99

0.48 (0.00–0.96)
19.1 (16.0–22.7)

0.75 (0.04–1.45)
16.8 (12.6–22.4)

0.51
0.44

32.2 ± 6.9
112.0 (108.7–115.3)
72.5 (70.4–74.6)
99.9 (97.0–102.7)
59.6 (56.8–62.5)
80.0 (77.7–82.4)
85.2 (81.1–89.4)

35.2 ± 9.5
111.7 (106.7–116.7)
68.7 (65.4–72.0)
102.1 (97.6–106.6)
57.5 (53.1–61.9)
77.3 (73.6–81.0)
77.5 (71.2–83.7)

0.28
0.91
0.05
0.39
0.40
0.21
0.04
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