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Abstract

Background There is a paucity of data on blood pressures
(BP), urinary albumin, and mineral excretion in early child-
hood in contemporary cohorts of extremely low gestational
age (GA) neonates. Our aim was to compare BPs and the
urinary excretion of albumin, calcium, and phosphate in pre-
term and term-born cohorts in early childhood.

Methods This was a prospective observational study conduct-
ed at a single center, involving children <5 years age, born
preterm (GA <30 weeks) or at term (>37 weeks’ GA). Urinary
albumin (mg/L), calcium and phosphate levels indexed to cre-
atinine (mg/dL), and BP were measured.

Results The median (IQR) follow-up age of our cohort
(n=106) was 30 (16-48) months. Preterm-born children
(n=155) had a significantly lower mean GA and birth weight
and higher mean systolic, diastolic, and mean BPs, compared
with term (n =51) controls. A significantly higher proportion
of preterm-born children weighed <10th centile and had sys-
tolic BP >95th centile at follow-up. Albumin and calcium
excretion did not differ between the groups; median urine—
phosphate creatinine ratios were higher in the preterm group.
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On logistic regression, lower GA and younger age at
follow-up were significantly associated with an increased risk
of systolic and diastolic BP above the 95th centile; male gen-
der was associated with decreased risk of diastolic
hypertension.

Conclusions Even in early childhood, children born preterm
had significantly elevated BP, compared with their term-born
counterparts. Closer monitoring of BPs in this population may
be warranted.
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Abbreviations

AKI  Acute kidney injury

BP Blood pressure

GA Gestational age

NICU Neonatal Intensive Care Unit

Introduction

Although survival among preterm (<37 weeks’ gestational age
[GA]) infants has increased in recent years, there is a recognition
that children born preterm may have long-term renal-metabolic
sequelae. Low birth weight has been related to lower glomerular
number at birth and impaired postnatal renal growth and
glomerulogenesis, possibly secondary to nephrotoxic medica-
tions, acute kidney injury (AKI), hypotension, and impaired per-
fusion [1-3]. The reduced number of nephrons with a subsequent
increase in renal blood flow per glomerulus may lead to glomer-
ular hypertrophy, which, in turn, results in albuminuria [4]. A
systematic review of the published literature found evidence for
apossible causal link between chronic kidney disease, defined as
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albuminuria, low glomerular filtration rate or end-stage renal
disease and low birth weight (excluding the <1,500-g
subgroup) [5]. Hypercalciuria and albuminuria in children born
preterm, compared with their term-born counterparts have been
reported in early to mid-childhood in some, although not all,
studies [2, 3, 6-8]. In addition, very low birth weight (<1.5 kg)
infants with diuretic-related renal calcifications have impaired
tubular reabsorption of phosphate at 1-2 years of age, compared
with their counterparts without nephrocalcinosis [9].

A recent review of 15 studies reported that the prevalence
of hypertension in children and adolescents born preterm,
using casual or ambulatory blood pressure (BP) measurement
ranged from 6 to 25% overall and 10 to 25% between the ages
of 6 and 12 years [10]. Most studies had a follow-up of be-
tween 10 and 27 years of age, and only two studies were
limited to extremely low birth weight (<1 kg) infants [6, 11].
Systolic and diastolic BPs were significantly higher at
follow-up ages of 15-27 years in the very low birth weight
compared with the normal cohort [12—16]. In another
meta-analysis of 10 studies, 1,342 preterm (mean GA 30.2;
range, 28.8-34.1 weeks) or very low birth weight (mean 1,280
g, range 1,098-1,958 g) subjects had a mean systolic BP of
2.5 mmHg (95% CI 1.7-3.3 mmHg), which was higher at a
mean (range) age of 17.8 (6.3-22.4) years, compared with the
1,738 subjects born at term [17]. Elevated BP in children born
extremely preterm is thought to be related to impaired renal
development, dysregulation of the renin—angiotensin system,
cardiovascular remodeling, altered autonomic control, and
vascular/endothelial stiffness [18].

Data on BPs and biomarkers of renal injury in early child-
hood in contemporary cohorts of extremely low GA
(<30 weeks) neonates are scant. It is important to know wheth-
er the differences in preterm and term-born cohorts manifest in
early childhood so that earlier preventive efforts can be made.
The aims of the present study, therefore, were to:

1. Compare systolic, diastolic, and mean BP and urinary
excretion of protein, calcium and phosphate, indexed to
creatinine, in extremely preterm (<30 weeks) and
term-born cohorts at follow-up ages of 6 months to
5 years

2. Assess the relationship, if any, between clinical variables
and elevated BPs

Our hypothesis was that asymptomatic children born preterm
will have higher levels of albumin and calcium excretion in
urine and higher BPs than term controls in early childhood.

Materials and methods

This was a cross-sectional, prospective observational study
conducted in the Developmental Assessment Clinic or
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General Pediatric Clinic of Children’s Hospital of Michigan
between August 2010 and June 2011. Children included were
6 months to 5 years corrected age born preterm
(GA <30 weeks; n=55). The neonatal hospitalization was
either in the Hutzel Women’s Hospital (n =31) or, following
referral from a delivery center, in Children’s Hospital of
Michigan (n =24) tertiary care Neonatal Intensive Care
Units (NICUs). These infants were all referred to and tracked
for developmental follow-up at 6 months corrected age and
every 6—12 months thereafter until 5 years of age. Term-born
(>37 weeks GA) controls (n=51), 6 months to 5 years old,
were recruited in the same time period at an out-patient pedi-
atric well-child clinic visit if they had no known cardiac or
renal disorder. Term infants who had been admitted to the
NICU were excluded. The study was approved by the
Wayne State University Institutional Review Board and writ-
ten parental consent was obtained in all cases.

Gestational age was confirmed by the best obstetric esti-
mate documented on the birth records, using an early ultra-
sound, last menstrual period or neonatal examination, in that
order. Data for the preterm subgroup were extracted from the
electronic medical records and included maternal demograph-
ic and clinical variables: race, maternal age, gravidity and
parity, diabetes, chronic hypertension or pregnancy-induced
hypertension, substance use, and receipt of prenatal care and
antenatal steroids. Neonatal data including GA, gender, birth
weight, Apgar score at 5 min, mode of delivery, history of
hypotension, need for pressors, sepsis, cumulative antibiotic
duration, hemodynamically significant patent ductus
arteriosus requiring treatment and bronchopulmonary dyspla-
sia, defined as supplemental oxygen at 36 weeks’
postmenstrual age, and length of hospitalization were record-
ed. Receipt of diuretics, specifically furosemide, were noted.
In addition, peak and nadir values and ages of serum creati-
nine and its measure at discharge home were also recorded. A
history of AKI was elicited in each preterm infant by an as-
sessment of change in serum creatinine values over a 48-h
period using the validated acute kidney injury network
(AKIN) definition [19].

At the clinic visit, after obtaining informed parental con-
sent, a urine sample was collected with a urine bag in children
in diapers or a clean catch specimen in toilet-trained children.
The sample was immediately sent to the laboratory for mea-
surement of levels of albumin (mg/L), calcium, phosphate,
and creatinine (mg/dL). Albumin—creatinine and calcium—cre-
atinine ratios were calculated. Microalbuminuria was defined
as an albumin-creatinine ratio above 20 mg/g [11].
Hypercalciuria and hyperphosphaturia were defined as values
above the 95th age-specific centile [20]. Weight and height
were recorded at the visit using a standard clinic weighing
scale and stadiometer length boards or height scales. Weight
and height centiles, categorized by gender, were determined
based on Centers for Disease Control and Prevention curves
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[21]. For infants born preterm, corrected age, defined as age
post-term was used until 2 years old. BPs were measured after
5 min of sitting quietly (when the infant was able to sit without
support), with the back supported (on the parent’s lap or on a
chair), uncrossed legs, feet on the floor and arm supported at
the level of the heart. In younger children, BP was measured in
the supine position. BPs were measured using an appropriate
sized arm cuff, with a bladder length covering at least 80% and
a width covering at least 40% of the mid-arm circumference
[22]. BP was preferably measured in the right upper extremity.
If this was not feasible for any reason (e.g., hemiplegia, con-
tracture), the left upper extremity was used. BPs were mea-
sured using the automated technique (Dinamap®). Systolic,
diastolic, and mean BP were obtained twice in the calm state,
with at least 5 min between readings; the average measure-
ment calculated from the recorded values was used for analy-
sis. If only one BP could be obtained in a calm resting state,
then that single value was recorded. BP measurement was
timed during feeding or blowing bubbles to distract younger
infants during measurement. Age-, gender-, and height-
specific norms for BP for children were used to determine
the centiles [22]. Z scores for systolic BPs were calculated
using age, gender and height-adjusted nomograms [22].

Sample size was predetermined to detect a 7-mmHg differ-
ence in systolic BP between groups with a standard deviation
of 10.5. The calculated sample size of 36 subjects in each
group was increased to 50 in each group to account for the
inability to measure reliable BP. Data were described as mean
(SD) or median (interquartile range IQR) or n (%) as appro-
priate. Comparisons between groups utilized Student’s ¢ test,
the Mann—Whitney U test or Chi-squared test, as appropriate.
Further, we conducted binary logistic regression analysis to
examine the association between clinical variables and elevat-
ed systolic BPs above 95th centiles for gender and age. Odds
ratios (ORs) and 95% confidence intervals (Cls) were calcu-
lated. Data were analyzed using SPSS software version 20.0
(SPSS, Chicago, IL, USA).

Results

Our study cohort comprised 55 ex-preterm and 51 term chil-
dren born between 2005 and 2011. Among the preterm-born
subgroup of children, 34 (61.8%) of whom were male, the
median (IQR) GA was 26 (24-28) weeks and birth weight
was 750 (657-919) g. None of the mothers had a known
history of chronic renal or cardiac disease. None of the chil-
dren had a diagnosis of hypertension at discharge or during the
birth hospitalization. Table 1 provides a description of mater-
nal and neonatal characteristics of the ex-preterm children. For
the control group, mothers” mean (SD) age was 26 (5.7) years
and median (IQR) gravidity was 2 (1-4). Most of the controls
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Table 1  Clinical characteristics of the preterm group of children
(n=55)
Clinical characteristics Preterm group
(n=55)
Maternal characteristics
Maternal age (years), mean + SD 27.8+5.3
Gravidity median (IQR) 3(2-6)
Prenatal care, n (%) 42 (76.4)
Maternal diabetes, n (%) 2 (3.6)

Hypertension/pregnancy-induced
hypertension, n (%)

4(7.1)/5 (8.9)

Substance use, n (%) 11 (20)
Any antenatal steroids, n (%) 36 (65.5)
Neonatal characteristics

Apgar score at 5 min <5, n (%) 509

Umbilical arterial catheter 5.0+4.1
days (n=33), mean £ SD

Cumulative antibiotic days, 234+18.8
mean + SD

Bloodstream infection, n (%) 20 (36.2)

Hypotension requiring 18 (32.7)
pressors, 1 (%)

Patent ductus arteriosus requiring 20 (36.4)
treatment, n (%)

Peak serum creatinine (mg/dL), 1.26+0.52
mean + SD

Age at peak serum creatinine (days), 6 (3-14.25)
median (IQR)

Lowest serum creatinine (mg/dL), 0.30+0.10
mean + SD

Age at nadir serum creatinine (days), 52 (38.25-80)
median (IQR)

Serum creatinine at NICU discharge 0.325+0.09
(mg/dL), mean + SD

Hospital stay (days), median (IQR) 82 (52-108)

Acute kidney injury, n (%) 7 (12.7)

Bronchopulmonary dysplasia, 7 (%) 22 (39.3)

Furosemide for >7 days, n (%) 15(27.2)

Diuretics at discharge, n (%) 18 (32.7)

Systolic BP at discharge (mmHg), 77+12
mean = SD

Diastolic BP at discharge (mmHg), 43+8
mean = SD

Mean BP at discharge (mmHg), 55+9
mean = SD

IOR interquartile range, N/CU Neonatal Intensive Care Unit, BP blood
pressure

(46; 83.6%) had received prenatal care. Two (3.9%) mothers
had diabetes and 4 (7.8%) had hypertension.

The median (IQR) follow-up age of the cohort was 30 (16—
48) months. The comparison of demographic and neonatal
variables and follow-up measures between the two groups is
shown in Table 2. As expected, the groups had significant
differences in mean GA, birth weight, and proportion of mul-
tiples, but were similar in age, race, and gender. A greater

@ Springer



1246

Pediatr Nephrol (2017) 32:1243-1250

Table 2 Comparison of clinical
and follow-up characteristics of
the preterm group (n =55) and

term controls (n=51)

Preterm group Term controls (n=51) p value
(n=55)
Clinical characteristics
GA (weeks), mean + SD 262+2.7 389+1.6 0.0001
Birth weight (g), mean = SD 792+278 3217 +649 0.0001
Small for GA, n (%) 10 (18.1) 6 (11.8) 0.772
Boys, n (%) 34 (61.8) 33 (64.7) 0.843
Multiples, n (%) 20 (36.2) 0 0.0001
African—American race, n (%) 47 (83.9) 37 (67.3) 0.393
Follow-up data
Age (months), mean + SD* 30.5+17.7 (8-68) 35.8+19.4 (6-70 0.151
Weight (kg), mean = SD 11.985+4.317 15.549 +5.532 (range 0.0001
(5.3-26.6) 5.8-30.6)
Weight <10th centile, 7 (%) 14 (25.5) 4(7.8) 0.018
Height centile (cm), mean+ SD 31.36+29.99 68.15+30.50 0.0001
Height <10th centile, n (%) 16 (29.1) 4(7.8) 0.005
Z score height, median (IQR) —0.85 (-1.45t0 0.10)  0.77 (0-1.28) 0.0001*
Systolic BP (mmHg), mean + SD 101£13 96+ 8 0.024
Diastolic BP (mmHg), mean + SD 64+12 60+9 0.022
Mean BP (mmHg), mean +SD 77+11 72+8 0.004
Systolic BP >90th gender- and 25 (45.5) 10 (19.6) 0.010
height-specific centile, n (%)
Systolic BP > 95th gender- and 17 (30.9) 2(3.9) 0.001
height-specific centile, n (%)
Z score systolic BP, median (IQR) 1.59 (0.37 to 2.38) 0.56 (—0.19 to 1.40) 0.0001%*
Z score diastolic BP, median (IQR) 1.86 (0.84 to 2.37) 1.19 (0.5 to 1.64) 0.002%*
Albumin excretion (mg/g creatinine), 5.08+4.60 5.76+5.70 0.514
mean + SD
Calcium excretion (mg/g creatinine), median ~ 0.18 (0.10-0.325) 0.16 (0.06-0.335) 0.305*
(IQR)
Phosphate excretion (mg/g creatinine), 1.69 (1-2.30) 1.08 (0.66-2.04) 0.035%
median (IQR)
Microalbuminuria, n (%) 7 (12.7) 7 (13.7) 0.885
Hypercalciuria, n (%) 0 23.9) 0.229
Hyperphosphaturia, n (%) 5(9.0) 5(9.8) 1.000

GA gestational age, BP blood pressure, /OR interquartile range

*Mann—Whitney U test

 Corrected age for preterm infants until 2 years of age

proportion of children born preterm had weights and heights
below the 10th centile for corrected age at the time of
follow-up. The preterm group had higher systolic, diastolic,
and mean BPs and a greater proportion had systolic BP above
the 90th (25, 45.5% vs 10, 19.2%; p = 0.010) and 95th centiles
(17,30.9% vs 2, 3.9%; p = 0.001) by the specific age, gender,
and height centiles. The proportion with diastolic BP above
the 90th centile (65.5% vs 48.0%; p = 0.13) in the two groups
were comparable. Figure 1 depicts scatter plots of the z scores
of systolic and diastolic BP in groups of term-born and pre-
term children at different ages. Albumin and calcium excre-
tion did not differ between groups; median urine phosphate
creatinine ratios were higher in the preterm group than in
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term-born controls. Microalbuminuria was detected in
13.2% of the cohort and did not differ between groups.
Table 3 is a comparison of neonatal characteristics in
preterm-born children with (n = 17) and without (n = 38) sys-
tolic BP above the 95th centile at follow-up. There was no
difference in the proportion of infants who had an umbilical
arterial catheter or received antibiotics between the two
groups. The only significant difference between the groups
was the younger age of the group with high systolic BP. The
proportion of boys tended to be lower in those with BP above
the 95th centile.

Binary logistic regression was performed to evaluate the
association between high systolic BP (>95th centile for age,
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Systolic BP z scores in PT and term-born groups

Diastolic BP z scores in PT and term-born groups
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Fig. 1 Systolic blood pressure (BP) z scores in preterm- and term-born groups. GA gestational age, N/CU Neonatal Intensive Care Unit, PT preterm

gender, and height centile) and GA, gender, multiples, weight
centiles at follow-up, and age at follow-up. Table 4 depicts
ORs and 95% Cls of the variables associated with systolic
hypertension. Lower GA and younger age at follow-up were
significantly associated with a higher risk of systolic BP >
95th centile. Similar analyses of diastolic BPs above the
95th centiles revealed significant associations with GA (OR
0.924; 95% C1 0.854-1.000, p = 0.049), age (OR 0.953; 95%

Discussion

C10.926-0.981, p =0.001), and male gender (OR 0.217;95%
CI10.079-0.599, p=0.003).

In this prospective observational case—control study, children
born preterm at <30 weeks GA had significantly higher BPs

Table 3 Comparison of neonatal
characteristics of preterm-born

children with and without systolic
BP above the 95th centile for age

Clinical characteristics Systolic No systolic p value
hypertension hypertension
n=17) (n=38)

Any antenatal steroids, n (%) 9(52.9) 27 (71.1) 0.200
GA (weeks), mean = SD 25.7+2.1 259+2.1 0.702
Birth weight (g), mean = SD 752+219 755+159 0.975
Small for GA, n (%) 3(17.7) 7 (18.4) 0.785
Boys, n (%) 7 (41.2) 27 (71.1) 0.072
Multiples, n (%) 5(29.5) 15 (39.5) 0.619
African—American race, n (%) 15 (88.5) 32 (84.2) 0.451
Apgar score at 5 min< 5, n (%) 0 2(5.2)

Umbilical arterial catheter days, mean + SD 55+54,n=10 53+3.5,n=23 0.903
Cumulative antibiotic days, mean + SD 273+21.1 22.0+17.8 0.431
Bloodstream infection, n (%) 7(41.2) 13 (34.2) 0.907
Hypotension requiring pressors, n (%) 6 (35.3) 12 (31.6) 0.833
Patent ductus arteriosus requiring treatment, n (%) 8(47.1) 12 (31.6) 0.529
Peak serum creatinine (mg/dL), mean + SD 1.23+£0.52 1.28+0.53 0.764
Serum creatinine at NICU discharge (mg/dL), 0.30+0.09 0.34+0.10 0.160

mean + SD

Hospital stay (days), mean = SD 111+92 77+35 0.175
Acute kidney injury, n (%) 3(17.7) 4(10.4) 0.671
Bronchopulmonary dysplasia, n (%) 7 (41.2) 14 (36.8) 0.279
Furosemide for >7 days, n (%) 6(35.3) 8 (21.1) 0.602
Diuretics at discharge, n (%) 8 (47.1) 9(23.7) 0.151
Weight centiles at follow-up, mean + SD 37.6+352 35.0+33.1 0.808
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Table 4  Association of clinical variables with systolic blood pressure
(BP) above the 95th centile for age and gender

Characteristic Odds ratio 95% CI p value
Gestational Age (weeks) 0.860 0.770-0.962 0.008
Boy 0.338 0.101-1.132 0.079
Multiples 0.458 0.052—4.009 0.480
Age at follow—up (months) 0.961 0.925-0.999 0.043
Weight centiles 1.005 0.987-1.024 0.595

and a higher prevalence of elevated BP beyond the 90th and
95th centiles based on age-, gender-, and height-specific
norms at a median follow-up age of 30 months. Lower GA
and age at follow-up were independently associated with ele-
vated BP above the 95th centile. Male gender was associated
with a lower risk of diastolic BP above the 95th centile.
Urinary excretion of phosphate was also increased in children
born extremely preterm, although the proportion of children
with phosphaturia exceeding the 95th centile was similar in
the two groups. Albumin and calcium excretion in the urine
were similar in preterm-born children and term-born controls.

The association between elevated BPs and preterm birth
has been demonstrated in several studies at school age, ado-
lescence, and young adulthood. Very few studies have evalu-
ated this association in early childhood. In a recent
population-based subset cohort of 68 extremely preterm (GA
<27 weeks) infants in Sweden, systolic and diastolic BP z
scores at a corrected age of 2.5 years were significantly higher
than in term controls [23]. Among the children born extremely
preterm, 44% had systolic BPs at or higher than the 90th
centile. Extreme prematurity was associated with a 2.63
(95% CI 1.24-5.57) higher odds ratio for systolic hyperten-
sion; when stratified by gender, the significant effect of ex-
treme prematurity was limited to boys. Diastolic BP z scores
were significantly higher in both boys and gitls born preterm
than in the term-born controls. In another cross-sectional study
of systolic BPs in very low birth weight infants at 1, 2, and
3 years of age, observed values and systolic BP z scores
exceeded the expected value at each age (p<0.01) [23]. At
2 years, the mean (SD) systolic BP (91.5 [10] vs 87.1 [2.9]
mmHg) and z scores (0.41 [0.98] vs reference value 0) were
significantly higher than expected norms in the very low birth
weight infants (n = 33). Systolic BP was greater than the 90th
and 95th centiles in 15% and 9% of infants respectively [24].
In this study, in contrast to girls, systolic BP z scores in boys
fell from 1-3 years of age and did not differ from what was
expected at 3 years. The rate of prehypertension, defined as
levels above 90th centile, decreased from 42 to 0% in boys
and was unchanged (17-24%) in girls. At 2 years of age, rates
of prehypertension were similar in both genders [24].

Our study confirms that elevated systolic and diastolic BPs
in children born preterm, compared with term controls, may
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manifest as early as 1-5 years of age, although the exact age
of onset of this predilection cannot be determined. Rates of
elevated BPs above the 90th centile in our cohort are almost
identical to those reported in the Swedish study, but higher than
the other cross-sectional study. This difference may be due to
the automated method of BP measurement in our study and the
Swedish study, compared with the manual method. In the cur-
rent study, male gender was associated with a significantly
lower risk of diastolic, but not systolic BP, above the 95th
centile. Although results are conflicting, a previous large
follow-up study of 296 children born in 1989—1992 with birth
weights 600 to 1,250 g and 95 term controls at 16 years dem-
onstrated that male gender was associated with increased sys-
tolic BP (5.1 mmHg) and decreased diastolic BP (—2.4 mmHg)
compared with female gender [25]. Other studies have also
shown higher BPs in adolescent girls and adult women born
preterm [25-27]. The decline in the rate of systolic hyperten-
sion with increasing age is also consistent with previous litera-
ture [24]. The reasons for elevated BPs at younger ages may be
related to anxiety in the younger child during measurement, or
“white coat hypertension,” or catch-up growth, or renal recov-
ery during early childhood. Neither our study nor the Swedish
study was able to find any associations between neonatal var-
iables and BPs at follow-up in the preterm-born group of chil-
dren, perhaps because of the small sample size [23].

In addition to BP measurement, we evaluated urinary ex-
cretion of albumin, calcium, and phosphate indexed to creat-
inine. Previous studies have shown that low birth weight is a
risk factor (OR 1.81 [95% CI 1.19-2.77]) for albuminuria in
adulthood [5]. At younger ages, though, this association has
not been consistently seen. Microalbuminuria above 20 mg/g
creatinine, though, was detected in 5 preterm-born children
and was not significantly different in the two groups [12]. In
another single-center study, 2 out of 50 preterm-born
(<30 weeks GA and <1,000 g birth weight) children had
microalbuminuria and 2 had hypercalciuria [8].

Microalbuminuria, defined as an albumin—creatinine ratio
above 20 mg/g, was noted in 8.3% of a preterm group of
children in one study [7]. Rates of microalbuminuria were
similar in preterm-born and term-born children in our study
and higher than the previous reports at older ages. Calcium
excretion was comparable in the two groups, and below the
reported 95th age-specific centiles in the healthy population.
Median phosphate excretion was higher in the preterm-born
group, but rates of phosphaturia above the 95th age-specific
centile were comparable in the two groups. In early childhood,
therefore, we could not detect any strong evidence for
microalbuminuria, or altered calcium, or phosphate excretion.
We speculate that this might reflect newer management ap-
proaches or better growth in the neonatal period. In addition,
Luyckx and colleagues have opined that low nephron number
is unlikely to be the sole risk factor for renal disease, and
would probably be associated with renal disease only in the



Pediatr Nephrol (2017) 32:1243-1250

1249

presence of additional intrauterine and postnatal insults [28].
The wide age range of follow-up in our study and the variation
of some urinary markers with age may have precluded the
detection of abnormalities. Ongoing follow-up of the
high-risk preterm population appears to be warranted.

We acknowledge the limitations of our study. BP was mea-
sured at a single clinic visit using an automated device.
Children in the study underwent a maximum of two BP mea-
surements. However, a previous study showed that at 2.5 years
of'age, there was no difference in mean systolic or diastolic BP
among children in whom BP was measured 1, 2, or 3 times.
We did not have measures of renal size on ultrasound and used
random urine samples for the measurement of albumin, calci-
um, and phosphate excretion. We did not have information on
vitamin supplementation and details of the pregnancy were
unavailable for the term-born controls. Although we used pub-
lished age-specific norms for calcium and phosphate to creat-
inine ratios derived from a healthy population, children born
preterm may weigh less and have decreased creatinine excre-
tion, with an alteration in these ratios. Our sample size, al-
though small, was in line with that of other studies. Our co-
horts had a wide age range, with the associated limitations of
age-related variability in urinary electrolyte and albumin ex-
cretion. Although not statistically significant, the mean ages in
the preterm and term subgroups were also different, and this
could have altered our BP findings. The preterm sample was
drawn from among those who attended developmental
follow-up clinic, with the consequent selection bias.
Nonetheless, the current prospective evaluation of renal func-
tion and BP at a young age in a high-risk, preterm contempo-
rary cohort provides important insights into the developmental
origins of adult disease. The age at follow-up was earlier than
in many studies and allowed an investigation of the interplay
of morbidities associated with preterm birth and environmen-
tal factors. Our data suggest that BP might be elevated at an
age below 3 years in preterm children and should be measured
at every medical visit. Earlier detection of elevated BP at this
age may allow targeted interventions to prevent further
progression.
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