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Summary

Background: Adults born small for gestational age (SGA)
are at increased risk for the metabolic syndrome and cardio-
vascular disease.

Hypothesis: Impaired short-term blood pressure regulation
may contribute to the development of hypertension in patients
born SGA.

Methods: In all, 43 patients born SGA (18 female, age 19.4
± 0.3 years) were evaluated by beat-to-beat blood pressure and
heart rate registration during rest and mental and orthostatic
stress. The study group was divided into Group 1 with normal
resting blood pressure (n = 32) and Group 2 with slightly ele-
vated blood pressure (n = 11). Baroreceptor sensitivity (BRS)
was calculated. Fasting insulin as well as lipid levels were cor-
related with hemodynamic parameters.

Results: Eleven of the 43 study patients (25%) had a slight-
ly elevated resting systolic blood pressure (SBP) rising dur-
ing mental and orthostatic stress. Body mass index (BMI)
and fasting insulin levels correlated strongly with SBP in
Group 2. Baroreceptor sensitivity was lower in Group 2 at
rest (p < 0.05). 

Conclusions: Three components of metabolic syndrome
(elevated BP, high BMI, elevated insulin levels) correlate
strongly in young adolescents born SGA; BRS is reduced in
prehypertensive patients. Close follow-up is warranted during

adult life as they are predisposed for developing a metabolic
syndrome with elevated cardiovascular risk.
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Introduction

The association between patients born small for gestational
age (SGA) and increased blood pressure in adulthood has been
shown extensively.1–9 Large epidemiologic studies have ad-
dressed low birth weight as a risk factor for arterial hyperten-
sion, insulin resistance, and dyslipidemia,1–3 three factors
known as the metabolic syndrome and contributing to the de-
velopment of cardiovascular disease.6, 10–14 These findings led
to the so-called Barker hypothesis that malnutrition during fe-
tal life contributes to disturbances in physiologic and metabol-
ic regulation in the growing organism.7, 15

Impaired baroreceptor sensitivity (BRS) has been advocat-
ed to be involved in the development of systemic hyperten-
sion.16 This study was performed in 43 postpubertal patients
born SGA to investigate baroreceptor function on a beat-to-
beat basis.

Methods

Patients

The study group consisted of 43 healthy patients (18 fe-
male) born SGA; 11 of these were born SGA at term. All pa-
tients were recruited from a tertiary health care center (Lud-
wig-Maximilians-University Children’s Hospital, Munich).
All patients fulfilled the following inclusion criteria: birth
length and/or birth weight below the 10th percentile for gesta-
tional age according to Largo17 and postpubertal stage defined
as Tanner stage V for boys and girls. Patients with chromoso-
mal aberrations, syndromal abnormalities, and severe neuro-
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logical deficits were excluded. The family histories were neg-
ative for hypertension. All patients had been followed up
closely until the age of 8 years, as they were included in the
Bavarian Neurodevelopmental Study. Patients with arrhyth-
mias such as supraventricular or ventricular premature beats
during the test were excluded. The ethnicity was Caucasian for
all patients. All patients gave their informed consent for partic-
ipation in this study. The patients were subdivided into two
groups according to their resting systolic blood pressure
(SBP): Group 1 consisted of those with normal blood pressure
and Group 2 of those with an SBP between 120 and 139
mmHg defined as prehypertension.18

Study design

Measurements

The following hemodynamic parameters were recorded
and calculated:

• Heart rate was registered by a 6-lead electrocardiogram
(ECG) with measurement of each RR-interval in milliseconds
(ms) during the whole test; the values were given as mean over
the respective test phase (see below for duration).

• Beat-to-beat blood pressure was measured by a finger
cuff device positioned on the second and third finger of the
right hand using the method of vascular unloading. The pulse
wave obtained was calibrated with a conventional Dynamap®

system (Critikon, Inc., Costa Mesa, Calif., USA) on the left
upper arm. The right hand was positioned at heart level. For
each heart beat, SBP and diastolic blood pressure (DBP) was
measured; mean values (mmHg) as well as standard devia-
tions were calculated over the respective test phases.19, 20

• Baroreceptor sensitivity was calculated according to the
sequence method by the changes in RR interval (ms) divided
by the changes in beat-to-beat SBP (mmHg). A minimum of
three consecutive slopes of prolonged RR interval and in-
creased SBP (“slope up”) or shortened RR interval and de-
creased SBP (“slope down”) were considered for the calcula-
tion. The cut-off level of measurements was 6 ms for RR
interval and 1 mmHg for beat-to-beat blood pressure. The val-
ues were given as mean over the measurement time.19, 21

All measurements and calculations were done on a central
computer device (“Task-Force-Monitor,” CNS Systems, Graz,
Austria) and on a beat-to-beat basis.

Protocol

A test lasting 30 min was performed, which consisted of a
first phase with the patient supine in a quiet room after an
overnight fast. After 20 min of recording, a psychological
stress test was performed as second phase with the patient
supine again (spelling of complicated words and counting of a
prepared formula within 4 min). After 5 min of relaxation, the
patient stood up and the circulatory variables were recorded
during the first minute of upright posture as the third phase of
the test.

Biochemical Markers

Blood samples were taken after a 12-h overnight fast. In-
sulin levels were measured using radioimmunoassay (Adaltis,
Bologna, Italy). Total cholesterol and high-density and low-
density cholesterol were obtained by standard methods. 

Statistics

Calculations were performed using the Statistical Package
for Social Sciences for Windows, version 12.0 (SPSS, Inc.,
Chicago, Ill., USA). Differences within the group were tested
using the independent sample t-test and the nonparametric
Mann-Whitney test. Correlations were analyzed using Spear-
man’s correlation coefficient. All significance testing was
fixed at p<0.05 (two-sided).

Results

Blood Pressure and Heart Rate

Of the 43 patients, 11 (25%) showed a resting SBP of >120
mmHg but < 140 mmHg; those patients formed Group 2 and
were compared with the remaining subjects (Group 1). There
were no differences regarding birth weight, birth length, pon-
deral index, gestational age, and catch-up growth at 1 year 
of age (Table I). All patients suffered an increase in their SBP
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TABLE I Anthropometric data and biochemical profile

SBP >120 mmHg SBP ≤120 mmHg
(n = 11) (n = 32)

Sex 7 M, 4 F 18 M, 14 F
Age (years) 19.4 ± 0.3 19.4 ± 0.3
Weight (kg) 67.0 ± 9.1 56.3 ± 9.9 a

Height (cm) 170.9 ± 9.3 169.0 ± 8.3
BMI (kg/m2) 23.0 ± 3.4 19.6 ± 2.3 b

Birth weight (kg) 1.85 ± 0.52 1.77 ± 0.64
Birth length (cm) 43.2 ± 3.7 43.3 ± 5.4
Ponderal index (kg/m3) 22.5 ± 2.6 21.5 ± 2.9
Gestational age (week) 35.6 ± 3.4 34.5 ± 4.2
Weight at age 1 year (kg) 8.7 ± 1.5 8.4 ± 0.8
Catch-up growth at 
age 1 year 6.8 ± 1.4 6.5 ± 0.7

Cholesterol (mmol/l) 4.97 ± 0.89 4.53 ± 0.84
LDL (mmol/l) 3.04 ± 0.75 2.72 ± 0.56 
HDL (mmol/l) 1.44 ± 0.35 1.42 ± 0.30
Insulin (mU/l) 7.9 ± 3.41 7.9 ± 3.10
HOMA-index 1.54 ± 0.71 1.58 ± 0.84

a p< 0.05.
b p< 0.001.
Abbreviations: M = male, F = female, SBP = systolic blood pressure,
BMI = body mass index, Ponderal index = birth weight (kg) / birth
length (m)3, Catch-up growth = weight at age 1 year �birth weight
(kg), LDL = low-density lipoprotein, HDL = high-density lipopro-
tein, HOMA-index = insulin (mU/l) � glucose (mmol/l) / 22.5. 
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values during psychological stress (spelling), whereas it re-
mained unchanged during upright posture (Table II). Diastolic
blood pressure differed significantly during all test phases be-
tween the two groups. Heart rate increased in both groups dur-
ing both challenges, and significant differences were seen only
during mental stress. Although patients in Group 2 had a sig-
nificantly elevated BMI compared with that in Group 1, a cor-
relation between BMI and resting SBP was seen in Group 2 
(r = 0.53, p = 0.002), but not in Group 1 (r = �0.25, p = 0.44).

Baroreceptor Sensitivity

Baroreceptor sensitivity decreased in both groups during
the test; resting values were significantly lower in Group 2
than in Group 1 (Fig. 1).

Correlations between Hemodynamic Parameters and
Biochemical Profile

The fasting insulin level correlated with resting as well as
SBP during mental stress in Group 2 (r = 0.74 p < 0.05, and 
r = 0.87, p < 0.05, respectively), whereas there was no correla-
tion with total or low-density lipoprotein cholesterol. A corre-
lation of fasting insulin levels and BMI was observed as well
(r = 0.47, p = 0.05). These correlations could not be found 
in Group 1.

Discussion

Large epidemiological studies have demonstrated a clear
correlation between low birthweight and risk factors for car-
diovascular disease such as obesity, hypertension, dyslipi-
demia, and type 2 diabetes in adulthood.1–9 The same was
shown in smaller patient groups with children born SGA test-
ed in their pre- and postpubertal life.10, 13, 21 In our study group
of young adults born SGA, we observed that the prevalence of
prehypertension as a predisposition for hypertension later in
life is nearly the same as in the normal population (25 vs.
31%);18, 23 however, as patients born SGA may develop fur-
ther risk factors for cardiovascular disease, they may be at in-
creased risk. 

Our findings of slightly elevated blood pressure have been
confirmed in other studies. Arends et al. found a resting SBP
of 1.3 standard deviations in 28 prepubertal patients born SGA
compared with normal control children.10 Strambi et al. found
an elevated resting SBP in 228 patients born SGA compared
with 204 controls, with a marked rise between the ages of 7
and 18 years.22 

According to the Seventh Report of the Joint National
Committee on Prevention, Detection, Evaluation, and Treat-
ment of High Blood Pressure, SBP deserves more attention as
it is a major risk factor of cardiovascular disease.18 By lower-
ing the mean SBP in a population by 3.5 mmHg, cardiovascu-
lar mortality could be reduced by 26%.8, 24, 25 Therefore; our
study group could represent a population at increased risk for
systolic hypertension and cardiovascular disease and should
be monitored closely. 

In our study group, we found no significant correlation be-
tween birth weight, gestational age, catch-up-growth in the
first year of life, ponderal index at birth, and hemodynamic pa-
rameters. This might be due to the fact that this dependency
would develop later in life. A large epidemiologic survey de-
tected a decrease in SBP by 5.2 mmHg for each kilogram in-
crease in birth weight among patients aged 64–71 years.5

Therefore, our study group was probably too small and too
young to detect any strong correlation at this young age.

As fasting insulin levels correlated strongly with resting
SBP and BMI, we performed BRS testing in order to detect
even slight changes in autonomic function of baroreceptor
control. Such changes are well known among patients affected
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TABLE II Blood pressure, heart rate, and baroreceptor sensitivity
during rest, during mental stress and during orthostatic challenge

SBP >120 mmHg SBP ≤120 mmHg
(n = 11) (n = 32)

SBP at rest 126.0 ± 5.9 109.9 ± 7.7 a

SBP during mental stress 135.1 ± 5.8 119.2 ± 10.3
SBP upright 136.0 ± 7.2 117.6 ± 14.3
DBP at rest 77.6 ± 5.5 67.7 ± 7.9 b

DBP during mental stress 86.4 ± 5.6 77.6 ± 9.9 b

DBP upright 91.9 ± 8.6 80.8 ± 12.1 b

HR at rest 72.7 ± 10.7 68.1 ± 10.1
HR during mental stress 88.8 ± 16.1 80.1 ± 10.2 a

HR upright 88.7 ± 10.5 91.3 ± 7.3
BRS at rest (ms/mmHg) 25.5 ± 10.3 34.9 ± 14.0 a

BRS during mental stress 14.1 ± 3.9 21.0 ± 11.8
BRS upright 9.5 ± 4.7 12.0 ± 6.4

a p< 0.05.
b p< 0.001.
Abbreviations: SBP = systolic blood pressure, DBP = diastolic blood
pressure, HR = heart rate, BRS = baroreceptor sensitivity. 
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FIG. 1 Correlation of resting systolic blood pressure and fasting in-
sulin levels in prehypertensive patients born SGA (r = 0.74, p<0.05).
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by diabetes mellitus type 2, even in the absence of autonomic
neuropathy, and could play a key role in the development of
systolic hypertension in these subjects.26–29 Levels of BRS
were significantly lower in prehypertensive patients at rest, in-
dicating an impaired function of baroreceptor control. Whe-
ther this is due to a reduced response of the carotid barorecep-
tor itself or represents autonomic neuropathy at its initial stage
remains to be determined. Surely, compared with normoten-
sive individuals, beat-to-beat blood pressure regulation is less
effective. One can therefore speculate that decreased barore-
ceptor control, which becomes worse throughout life, may
contribute to the development of systolic hypertension as an
additional factor.8, 26–29

Conclusion

We demonstrated that in a group of adolescents born SGA,
SBP levels correlate with BMI as well as fasting insulin levels
in individuals with prehypertension. Baroreceptor control was
significantly reduced. Limitations of our study were the rela-
tively small number and the heterogeneity of the group of pa-
tients, as SGA can be caused by several factors.

We speculate that impaired short-term blood pressure con-
trol in prehypertensive patients could play a key role in the de-
velopment of hypertension. These patients may represent a
group at risk for cardiovascular disease worsened by the devel-
opment of a metabolic syndrome later in life, and we propose
that these patients should be followed closely lifelong.
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