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Chapter 6

Salivary and serum cortisol and relation to 
blood pressure in infancy and early childhood 
in very-low-birth-weight infants
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absTracT

background

Programming of the hypothalamic-pituitary-adrenal (HPA) axis possibly explains the re-
lation between intra-uterine growth restriction (IUGR) and/or preterm birth and elevated 
blood pressure in later life. Very-low-birth-weight infants (birth weight < 1500 g) have 
high prevalence of raised blood pressure, already in early childhood. We investigated 
cortisol levels, relation to blood pressure and reliability of salivary cortisol in infancy and 
early childhood in very-low-birth-weight infants.

Methods

We included 41 children, participating in the randomized controlled Neonatal Insulin 
Replacement Therapy in Europe (NIRTURE) trial. Serum and salivary samples for cortisol 
measurement (immunoassay) were taken simultaneously at 6 months and separately at 
2 years corrected age. Blood pressure was measured at 2 years corrected age.

results

Serum cortisol was significantly correlated to systolic and diastolic blood pressure in 
boys and in the early-insulin treated group. At 2 years corrected age, serum cortisol was 
significantly higher in the early-insulin group compared to the standard care group. At 
6 months corrected age, salivary cortisol was significantly correlated to serum cortisol.

conclusions

In very-low-birth-weight boys, the positive correlation between cortisol and blood pres-
sure is present at 2 years corrected age. Early insulin therapy could affect programming 
of the HPA axis. Salivary cortisol mirrors serum levels at 6 months corrected age.
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InTroDucTIon

The inverse relation between birth weight and blood pressure, and consequently the 
importance of fetal growth for later blood pressure, was first indicated by Barker et al. 
(1, 2) and confirmed in many studies in children and adults, reviewed by Huxley et al. (3). 
Preterm born infants have impaired growth in early postnatal life, in a period comparable 
to the third trimester of pregnancy, and also have a higher blood pressure in later life (4).

One of the proposed mechanisms underlying the association between intra-uterine 
growth restriction (IUGR) and/or preterm birth and blood pressure is programming of 
the hypothalamic-pituitary-adrenal (HPA) axis. In adults, birth weight is inversely associ-
ated with cortisol levels and cortisol levels are positively correlated to blood pressure 
(5, 6). This was also shown in children between the ages of 4.9 and 15.5 years and born 
at a gestational age > 32 weeks (7). In preterm born young adult men, cortisol is also 
associated with high systolic blood pressure (8). There are no data about the association 
between cortisol and blood pressure in preterm born infants < 32 weeks in early child-
hood. We recently showed that at the corrected age of 2 years, very-low-birth-weight 
(VLBW) infants (birth weight < 1500 g) have a high prevalence of raised blood pressure 
(systolic and/or diastolic ≥ 90th percentile for age, sex and height) (9). Elevated blood 
pressure (compared to published reference standards) in early childhood in VLBW in-
fants was also reported by Duncan et al. (10).

The aim of the present study was to measure cortisol levels in VLBW infants at 6 months 
and 2 years corrected age and correlate cortisol levels at 2 years corrected age to blood 
pressure. Our second aim was to investigate the reliability of salivary cortisol measure-
ments in this population. As the subjects were part of the Neonatal Insulin Replacement 
Therapy in Europe (NIRTURE) trial, our third aim was to evaluate the effect of early insulin 
therapy on salivary and serum cortisol levels at 6 months and 2 years corrected age. 
The blood pressure values were presented earlier, as part of the evaluation of all the 
metabolic syndrome components in this population (9). However, the emphasis of the 
present study is on cortisol, programming of the HPA axis and cortisol measurement in 
saliva compared to serum.

METHoDs

study population

The subjects were part of the NIRTURE trial, an international multicenter randomized 
controlled trial investigating the role of early insulin therapy in VLBW infants (11). After 
written informed consent was obtained from the parents, VLBW infants younger than 24 
hours of age and requiring intensive care were randomized to receive continuous intra-
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venous infusion of insulin for the first 7 days of life or standard neonatal care with insulin 
treatment only in case of hyperglycemia. Exclusion criteria included maternal diabetes 
and major congenital anomalies. All 47 infants participating in the NIRTURE trial in our 
neonatal intensive care unit were eligible for the present study. Therefore the sample 
size of the present study was determined by the number of infants we included in the 
NIRTURE trial. After discharge, all 42 surviving infants were followed in the outpatient 
clinic with visits at expected date of delivery and at the corrected ages of 3 months, 6 
months, 1 year and 2 years. Approval from the ethics committee of the VU University 
Medical Center was obtained.

Data collection

At every visit to the outpatient clinic, body weight was measured using an electronic 
scale to the nearest 0.1 kg, length and head circumference were measured to the nearest 
0.1 cm and BMI was calculated. Standard deviation scores (SDS) of weight, length and 
BMI were calculated according to Dutch references (12, 13). At 2 years corrected age, 
blood pressure was measured in the calm state using an appropriately sized cuff and au-
tomated blood pressure measuring device (Dinamap, Critikon, Tampa, Florida, USA); the 
mean value of two measurements was used for analysis and measurements in noncalm 
state were excluded. At 6 months and 2 years corrected age, blood and salivary samples 
were taken for measurement of cortisol. We only took blood samples at two of the visits 
to the outpatient clinic to limit the burden of blood sampling for the children. Saliva was 
collected by suction using a saliva aspiration set. At 6 months corrected age, this was 
performed by the research nurse in the outpatient clinic early in the afternoon and just 
before the blood sample was taken. At 2 years corrected age, saliva was collected by the 
parents at home immediately after awakening in the morning; the blood sample was 
taken early in the afternoon. As the saliva sample at 2 years corrected age was the only 
sample taken in the morning, comparison of 2-year salivary cortisol to the other cortisol 
values, all taken in the afternoon, was not possible.

assays

Serum cortisol was measured by competitive immunoassay (Advia Centaur, Siemens 
Medical Solutions Diagnostics, Malvern, Pennsylvania, USA). Lower limit of quantitation 
is 30 nmol/l, intra-assay coefficient of variation is 3% at 700 nmol/l and inter-assay coef-
ficients of variation are 6% at both 150 nmol/l and 500 nmol/l and 8% at 1000 nmol/l.

Salivary cortisol was measured by automated immunoassay (Architect i2000, Abbott, 
North Chicago, Illinois, USA). This assay is described in detail by Heijboer et al. (14).
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statistical analysis

Statistical analyses were performed using the Statistical Package of Social Sciences 
software for Microsoft Windows version 19 (SPSS Inc., Chicago, Illinois, USA). Differences 
between subgroups were evaluated using Student’s t-test for normally distributed val-
ues and Mann-Whitney test and Wilcoxon signed-rank test for not normally distributed 
values. Bivariate correlation analysis was performed to study the relations between birth 
weight, cortisol concentrations and blood pressure and between serum and salivary 
cortisol concentrations. P values < 0.05 were considered as significant.

rEsulTs

In our neonatal intensive care unit, 47 VLBW infants participated in the NIRTURE trial. 
Five infants died. One child was excluded because parents refused blood and salivary 
sampling at 6 months corrected age; at 2 years corrected age this child was lost to 
follow-up. Forty-one children were included in the present study. Table 1 shows the 
characteristics and outcome of these children. Seventeen infants (9 male/8 female) were 
assigned to the early-insulin group and 24 infants (12 male/12 female) received standard 
neonatal care. In the standard care group, 6 infants were treated with insulin for 1 or 2 
days because of hyperglycemia due to sepsis.

Table 1. Characteristics and outcome of the VLBW children (n = 41)

gestational age (wk) (mean (range)) 27.9 (25.4-30.1)

birth weight (g) (mean (range)) 1059 (670-1460)

birth weight sDs (mean (range))a  -0.1 (-2.7-1.3)

sgab 4 / 41 (10%)

sex 21 M / 20 F

racial group 26 Caucasian, 10 Black, 3 Moroccan, 2 Asian

Highest level of parental educationc 3 low, 18 medium, 20 high

antenatal steroids (betamethasone i.m.) 39 / 41 (13 one dose, 24 two doses, 2 three doses)

Postnatal steroids (hydrocortisone) 2 / 41

bronchopulmonary dysplasiad 8 / 41 (20%)

outcome at 2 years corrected age 3 developmentally delayed; 3 cerebral palsy

aStandard deviation scores (SDS) at birth according to Niklasson et al. (15).
bSmall-for-gestational-age (SGA) was defined as a birth weight below the 10th percentile.
cHighest level of education completed by either parent was used as an indicator of socioeconomic status 
and classified as low (primary school, low occupational training), medium (high school, medium occupa-
tional training) or high (high occupational training, university).
dBronchopulmonary dysplasia was defined as the need for supplemental oxygen at 36 weeks postmen-
strual age.
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Table 2 shows serum and salivary cortisol at 6 months and 2 years corrected age and 
blood pressure at 2 years corrected age with the group divided in male and female 
children and divided in early-insulin therapy and standard care. At 2 years corrected 
age, serum cortisol was significantly higher in children treated with insulin compared 
to children in the standard care group. Paired-samples t-test showed no differences 
between serum cortisol levels at 6 months and 2 years corrected age (both taken in the 
afternoon).

At 2 years corrected age, serum cortisol (taken at the visit to the outpatient clinic 
early in the afternoon) was significantly correlated to both systolic blood pressure and 
diastolic blood pressure in boys (r = 0.79; p < 0.001 and r = 0.65; p = 0.004 resp.), but not 
in girls (r = 0.39; p = 0.15 and r = 0.47; p = 0.08 resp.) and in the early-insulin group (r = 
0.80; p = 0.001 and r = 0.68; p = 0.008 resp.), but not in the standard care group (r = 0.33; 
p = 0.19 and r = 0.36; p = 0.14 resp.). These correlations are shown in Figure 1. There was 
no correlation between salivary cortisol (taken at home early in the morning) and blood 
pressure. Birth weight was not correlated to serum or salivary cortisol at any age or to 
blood pressure at 2 years corrected age. At 6 months corrected age, salivary cortisol was 
significantly correlated to serum cortisol (r = 0.62; p = 0.001).

Table 2. Cortisol and blood pressure

girls
(n=20)

boys
(n=21)

standard care
(n=24) (12M/12f)

Early-insulin
(n=17) (9M/8f)

At 6 months corrected age

cortisol serum (nmol/l)a 288 (68-435) 208 (95-328) 210 (68-435) 260 (92-380)

cortisol saliva (nmol/l)a 3.5 (0.1-20.3) 4.1 (0.1-9.1) 3.6 (0.1-6.6) 4.9 (0.1-20.3)

At 2 years corrected age

systolic bP (mmHg) 91 (75-120) 96 (82-133) 92 (75-115) 97 (81-133)

Diastolic bP (mmHg) 56 (51-79) 61 (50-81) 57 (50-73) 60 (51-81)

cortisol serum (nmol/l)a 191 (67-671) 199 (80-828) 163 (67-573)c 272 (154-828)c

cortisol saliva (nmol/l)b 11.7 (3.5-37.7) 9.7 (2.4-41.3) 11.5 (3.7-41.3) 6.8 (2.4-35.9)

All data are expressed as median and range. The total group of VLBW children (n = 41) is divided in boys and 
girls and divided in treatment group (standard care and early-insulin therapy). Marked data are significantly 
different.
a sample taken in the afternoon.
b sample taken in the morning.
c cortisol serum at 2 years corrected age: standard care vs. early-insulin p = 0.002 (Mann-Whitney test).
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DIscussIon

The present study shows that in subgroups of VLBW infants, the positive correlation be-
tween cortisol and blood pressure can be demonstrated as early as at 2 years corrected 
age. At 2 years corrected age, insulin-treated children have higher serum cortisol levels 
than children in the standard care group. Salivary cortisol measurement is reliable in 
6-month-old VLBW children.

The positive correlation between serum cortisol levels and blood pressure has been 
shown before in adults and older children (5-7). The present study confirms this associa-
tion in early childhood in VLBW infants and supports the hypothesis that programming 
of the HPA axis may contribute to the high prevalence of raised blood pressure in this 
population (9, 10). The correlation between cortisol and both systolic and diastolic blood 
pressure was significant only in boys. This is in accordance with the study of Szathmari et 
al. (8) in preterm born young adults, showing an association between cortisol and high 
systolic blood pressure only in men. In older children (between the ages of 4.9 and 15.5 
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figure 1. Correlation between blood pressure (BP) and serum cortisol at 2 years corrected age with the 
group of VLBW children divided in boys (●) and girls (▪) (A for systolic BP en C for diastolic BP) and divided 
in treatment group (standard care (○) and early-insulin therapy (□)) (B for systolic BP and D for diastolic BP).
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years), including preterm born children > 32 weeks gestation, the association between 
cortisol levels and blood pressure was not different between boys and girls (7). The age 
groups, which show the sex difference in this association (adulthood and early child-
hood), correspond to periods that the hypothalamic-pituitary-gonadal axis is active, as 
this is also active in the postnatal period (16, 17).

VLBW children treated with insulin in the first postnatal week, have higher serum 
cortisol levels at 2 years corrected age than children treated with standard care. In the 
insulin treated group, there also was a significant correlation between serum cortisol 
levels and blood pressure (systolic and diastolic). These results suggest that early insulin 
treatment may affect the programming of the HPA axis, although the study population 
was small. Animal studies in offspring of diabetic mothers show that increased insulin 
concentrations within the immature hypothalamus may lead to irreversible malpro-
gramming (with morphological changes) of regulation centres for metabolism and body 
weight (18).

Proposed mechanisms for the positive relation between increased HPA axis activity and 
blood pressure are reduced insulin sensitivity and activation of the central sympathetic 
nervous system (19). The absence of a significant correlation between salivary cortisol 
and blood pressure at 2 years corrected age could be caused by the small population 
of our study. On the other hand, the fact that only afternoon (serum) and not morning 
(salivary) cortisol levels were correlated to blood pressure, could also indicate that the 
failure to suppress cortisol during the day, resulting in sustained hypercortisolism, is 
related to elevated blood pressure.

In this study, we found a significant correlation between salivary and serum cortisol 
levels in VLBW infants at 6 months corrected age. This finding confirms the reliability 
of salivary cortisol measurements shown before in premature infants (20) and older 
children (21). We did not find the inverse relation between birth weight and cortisol 
levels as shown in other studies in children (7, 22).

Our study is limited by the small number of infants and the lack of data from term born 
children. The correlations between cortisol and blood pressure need to be confirmed in 
a larger group of VLBW infants. Cortisol levels and blood pressure have to be compared 
with those of term born children from our own population.

In conclusion, in VLBW boys, the positive correlation between cortisol and blood 
pressure is already present at 2 years corrected age, suggesting that programming of 
the HPA axis could contribute to the high prevalence of raised blood pressure in VLBW 
infants in early childhood. Early insulin treatment could affect this programming, result-
ing in higher cortisol levels. Salivary cortisol mirrors serum levels at 6 months corrected 
age and has an important advantage as non-invasive method, especially in children.
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