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BACKGROUND: Preterm neonates often require glucocorticoids to manage refractory hypotension, prevent, and treat
bronchopulmonary dysplasia. We have investigated the effect of cumulative dose and duration of glucocorticoids on blood
pressure and renal function in VLBW infants.
METHODS: In this retrospective cohort study, medical records of infants (GA ≤ 35 weeks) born January 2015 to December 2019
were reviewed to extract demographic and clinical characteristics, dose and duration of steroids, blood pressure (BP), and creatinine
at the time of discharge from the neonatal intensive care unit.
RESULTS: Two hundred and eighty-three neonates with average GA (28 ± 3 weeks) and birthweight (1060±381 g). Twenty-eight percent
(33/116) of infants who received postnatal steroids developed hypertension versus 16% (27/167) of controls (OR= 2.0, p= 0.011). There
was a correlation between the cumulative dosage of postnatal steroids and systolic BP (R2= 0.06, p < 0.001). With increasing steroid dose
and total steroid days, there was a significant increase in creatinine clearance at the time of discharge (R2= 0.13, p < 0.001; R2= 0.13,
p< 0.001, respectively).
CONCLUSIONS: Cumulative dose of postnatal steroids and duration of use is associated with increased systolic BP in premature infants.
Postnatal steroids should be used prudently to prevent long-term cardiovascular and renal morbidity.
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IMPACT:

● Preterm neonates are exposed to a high dose of glucocorticoids during their neonatal intensive care stay.
● The dose and duration of use of postnatal glucocorticoids was associated with significant increase in blood pressure at the time of

discharge in preterm neonates.
● Postnatal glucocorticoid use is associated with improved creatinine clearance likely due to a state of hyperfiltration and may lead to

chronic kidney disease later in life.
● Postnatal glucocorticoids should be used prudently in this highly vulnerable population

BACKGROUND
Preterm birth, defined as delivery before 37 weeks gestational age
(GA), accounts for roughly 12% of total births in the US and is
responsible for the majority of morbidity and mortality in
newborns. With improvements in technology and advances in
neonatal intensive care unit (NICU), premature infants, especially
those between 22 and 26 weeks, are now surviving due to
proactive and vigorous resuscitation efforts followed by neonatal
intensive care.1 Low birth weight (birthweight < 2500 g) infants,
especially those who are small-for-gestational age, have 5–10-fold
greater mortality in the perinatal periods compared to those who
are appropriate for their gestational age. Long-term follow-up
studies of this population have shown a relationship between
prematurity and cardiovascular disease, respiratory illness, hyper-
tension (HTN), and chronic kidney disease (CKD).2 These infants
are frequently exposed to high doses of glucocorticoids for
maintenance of blood pressure, weaning off mechanical

ventilation, and for prevention and treatment of bronchopulmon-
ary dysplasia (BPD).
BPD, a form of chronic lung disease that affects newborns who

are born preterm, exposed to high concentration of oxygen and
mechanical ventilation, develop HTN and CKD later in life in 5–40%
of cases.3–6 Although the definitive cause of the HTN in BPD cases is
unclear, investigators have suspected.involvement of chronic
hypoxemia, acute kidney injury, and compromised renal
circulation.3,6 Most infants diagnosed with BPD do not manifest
HTN until around the time of discharge from the NICU. Preterm
neonates, especially those born between 22 and 34 weeks GA, are
born with a lower number of nephrons compared to term
neonates,7 thus are highly vulnerable to kidney injury which may
later lead to CKD.8–13

Glucocorticoids in physiological concentration range play a
critical role in renal development during prenatal as well as
postnatal periods, but exposure to excessive amounts of
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glucocorticoids in utero have been shown to hamper renal
development in animal and human studies.14–16 Long-acting
fluorinated steroids like betamethasone and dexamethasone have
been shown to lead to elevated blood pressure and renal
programming which is associated with HTN later in life.17,18 Sick,
extremely low birth weight, preterm neonates, especially those with
intrauterine growth restriction (IUGR) and small-for-gestational age
(SGA), are exposed to multiple courses of stress doses of steroids
(4–5mg/kg/day hydrocortisone equivalent dose) over the course of
their NICU stay. The impact of such exposure on renal function at
the time of hospital discharge has not been clearly elucidated.
The American Academy of Pediatrics (AAP) does not recom-

mend routine screening for HTN in children until after the age of 3
years unless comorbid conditions are present.19 The clinical
presentation of HTN in premature infants after discharge is
nonspecific with symptoms like poor feeding, tachypnea, irrit-
ability, and lethargy. Such subtle signs could easily be missed by
primary care physicians.20 Thus, we hypothesized that HTN in
these very low birth weight (VLBW) convalescent neonates is not
only related to BPD but also to the dose and duration of exposure
to postnatal steroids as postnatal steroid use impacts renal
function at the time of discharge home.

METHODS
Study design
We conducted a retrospective cohort chart review of patients from
MetroHealth Medical Center, affiliated with Case Western Reserve
University, Cleveland, Ohio between January 2015 and January 2019.

Inclusion criteria
All premature infants born with gestational age ≤35 weeks and
birthweight ≤1500 g that were admitted to the NICU.

Exclusion criteria
Infants with known congenital malformations, birth asphyxia as defined by
standard hypoxic–ischemic encephalopathy criteria, and infants trans-
ferred from an outside hospital were excluded.

Study protocol
Blood pressure was obtained using a standard oscillometry method
(Philips noninvasive blood pressure monitor) with an appropriately sized
cuff when the infant was undisturbed, sleeping, or in a quiet wakefulness
state. Three consecutive systolic, diastolic, and mean blood pressure (BP)
measurements recorded in the medical records at the time of discharge
home were extracted. Pulse pressure (PP) and mean arterial pressures
(MAP), which represents the pulsatile component of blood pressure curve
and MAP and is a steady component related to perfusion, were calculated
using the following formula:

pulse pressure PPð Þ ¼ SBP� DBP

mean arterial pressure MAPð Þ ¼ ðSBPþ 2 ´DBPÞ=3

Medical records were reviewed for infant demographic, clinical
characteristics, type, dosage and duration of postnatal steroids, and
creatinine at the time of discharge. Collected demographic and clinical
data included gestational age, birthweight, head circumference, sex,
race, APGAR scores, length of NICU stay, antenatal betamethasone use,
surfactant use, ventilator days, patent ductus arteriosus diagnosis
and management (medical versus surgical), total postnatal steroid days,
and total steroid dose exposure. Maternal information extracted
included type of delivery, chorioamnionitis, maternal pre-eclampsia,
and eclampsia. Additional information obtained at the time of discharge
included diagnosis of SGA (small-for-gestational age), IUGR, diagnosis of
BPD as defined by the National Institute of Health consensus statement
of 2001,21 culture proven bacterial sepsis, weight, length, blood urea
nitrogen, and serum creatinine. BPD was defined as FiO2 > 21% for at
least 28 days with severity classified as mild (FiO2= 21%), moderate
(FiO2 < 30%), or severe (FiO2 at least 30% and/or positive pressure
support).21

Postnatal glucocorticoids prescribed included mostly hydrocortisone,
and rarely dexamethasone and prednisolone. All steroids used were
converted to the hydrocortisone equivalent dose using the following ratio
of potency: dexamethasone 1:40, betamethasone 1:40, prednisolone 1:5,
hydrocortisone 1:1.22 HTN in our study was defined as mean BP > 95th
percentile and severe HTN as mean BP >99th percentile for corrected
gestational age at the time of discharge.23

Serum creatinine was obtained via the Jaffe method, which is a
colorimetric method to assay blood or urine. Creatinine clearance (CrCl) at
the time of NICU discharge was calculated using the Schwartz formula
equation:24

CrClml=min=1:73m2 ¼ k ´height cmð Þ=creatinine mg=dlð Þ;

where k= 0.45, the constant for infants less than 1 year of age.

Ethical issues
The study was approved by the Institutional Review Board at MetroHealth
Medical Center.

Statistical analysis
Data were entered into the REDCap® database, a browser-based metadata-
driven software and workflow methodology for clinical and translational
research, and later exported to Microsoft Excel and SPSS v24 for analysis.
Demographic data of study population were analyzed and presented as
descriptive statistics, the mean and standard deviations were calculated,
and categorical data were presented as percentages. The comparison
between groups was performed using t-test for parametric data and
Mann–Whitney U test for non-parametric data. Chi-square test and Fisher
exact tests were used for categorical data as appropriate. Odds ratio and
95% confidence intervals were calculated. A correlation analysis was
conducted between SBP, DBP, PP, cumulative dose and duration of
steroids, serum creatinine, and creatinine clearance. To adjust for GA,
logistic regression analyses were conducted with blood pressures as the
dependent variable and corrected GA at the time of discharge along with
days of steroids or cumulative dose of steroids as independent variables.
Additionally, logistic regression analyses were conducted with serum
creatinine levels at discharge as the dependent variable and corrected GA
at the time of discharge along with days of steroids or cumulative dose of
steroids as independent variables. Data analysis was conducted using SPSS
version 24.

RESULTS
The Neonatal Intensive Care Unit at MetroHealth Medical Center is
a Level IIIC inner-city high-risk tertiary care delivery center. There
were 12,453 deliveries during the study period, of which 1758
infants were admitted to the NICU. A total of 283 infants met our
inclusion criteria (154 males, 129 females), of whom 116 infants
were steroid exposed and served as subjects and 167 non-
exposed infants served as controls (Fig. 1 and Table 1). The mean

12,453 Births

1758 Premature
infants

N = 283

116 Received
steroids 167 No steroids

33
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83
Normotensive

140
Normotensive

27
Hypertensive

Fig. 1 Flow diagram of patient population.
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birthweight of our cohort was 1060 ± 381 g and gestational age
28 ± 3 weeks. Hydrocortisone was prescribed for majority of our
patient population with few exceptions. Dexamethasone was
prescribed as a low-dose short (3 days) course therapy mainly for
cases with upper airway edema or to facilitate extubation.
Prednisolone was rarely used, mainly in convalescent severe
BPD cases. All 116 infants received hydrocortisone, of which 30
infants received a combination of dexamethasone and hydro-
cortisone with dexamethasone being prescribed for a short period
of time and only two infants received prednisolone 1–2 weeks
prior to discharge home.

Patient clinical characteristics and demographics are summar-
ized in Table 1. There were statistically significant differences
between steroid exposed and non-exposed subjects in terms of
steroid use, birthweight, GA, race, antenatal betamethasone
exposure, surfactant use, maternal pre-eclampsia, treated PDA,
culture proven sepsis, APGARs at 1 and 5min of life, days of
mechanical ventilation, BPD, and length of NICU stay (Table 1).
Among all infants, 21% (60/283) developed HTN and 10% (27/283)
developed severe HTN at the time of discharge from the NICU
(Table 2).
Among infants who received postnatal steroids (exposed

group), 28% (33/116) developed HTN versus 16% (27/167) of
non-exposed group (OR [CI]= 2.0 [1.2–3.7], p= 0.01) (Table 2).
Similarly, among patients who were exposed to postnatal steroids,
15% (17/116) developed severe HTN versus 6% (10/167) of non-
exposed infants (OR [CI]= 2.7 [1.2–6.1], p= 0.02). There was no
statistically significant difference between patients who were
exposed or not exposed to steroids regarding their diastolic or
mean arterial BP.
In the logistic regression analysis with SBP as the dependent

variable and total days of steroids and corrected GA at discharge
as the independent variables, there was a statistically significant
correlation between the number of days of steroids and corrected
GA at discharge and SBP. Similarly, with SBP > 95% as the
dependent variable and total cumulative dose of steroids and
corrected GA at discharge as the independent variable, there was
a statistically significant correlation between the total cumulative
dose of steroid exposure and corrected GA at the time of
discharge and SBP (p= 0.03 and 0.02 respectively) (Table 3). We
found a significant correlation between total days exposure to
steroids and SBP (Fig. 2a: R2= 0.0704, p < 0.0001) as well as a
correlation between cumulative dose of postnatal steroid
exposure and SBP (Fig. 2b: R2= 0.059, p < 0.001). Furthermore,
there was a significant association between total steroid days and
PP (Fig. 2c: R2= 0.03, p= 0.008) as well as cumulative dose of
postnatal steroids and PP (Fig. 2d: R2= 0.024, p= 0.02).
Overall, diagnostic testing at discharge was notable for mean

creatinine of 0.46 ± 0.17mg/dl in all VLBW infants, 0.27 ± 0.10mg/dl in
those that were exposed to postnatal steroids, and 0.47 ± 0.45mg/dl
in non-exposed (p< 0.001). Mean CrCl in all VLBW infants was 50 ± 19
ml/min, with 92 ± 32ml/min in those who were exposed to postnatal
steroids and 69 ± 2ml/min in non-exposed (p< 0.001).
There was a statistically significant decrease in creatinine with

increased steroid days (Fig. 3a: R2= 0.10, p < 0.001) and total
cumulative steroid dose (Fig. 3b: R2= 0.08, p < 0.001). With
increasing cumulative steroid dose and total steroid exposure
days, there was a statistically significant increase in creatinine
clearance at time of discharge (Fig. 3c, d: R2= 0.13, p < 0.001; R2=
0.13, p < 0.001, respectively). In the logistic regression analysis with
CrCl as the dependent variable and total days of steroids and
corrected GA at discharge as the independent variable, there was
a statistically significant correlation between the number of days
of steroid exposure and corrected gestational age at discharge
and CrCl (Table 4). When CrCl was the dependent variable and
total dose of steroids and corrected GA at discharge were the
independent variable, we did not find any statistically significant
difference (Table 4) (p= 0.13).

DISCUSSION
Our retrospective cohort study is the first to report that total
cumulative dose and duration of postnatal glucocorticoid
exposure in the NICU are associated with HTN at the time of
discharge in VLBW neonates. Postnatal steroid exposure was also
significantly associated with improved CrCl at the time of
discharge. This association of postnatal steroids and HTN was
suspected in the past but never analyzed as we have done in our
work. High-dose steroids increase distal sodium transport and

Table 1. Patient demographics and clinical characteristics.

Steroid non-
exposed
(n= 167)

Steroid
exposed
(n= 116)

P value

Birth weight (grams) 1222 ± 275
(530–1680)

788 ± 249
(420–1460)

<0.001

Gestational age (weeks) 29 ± 2
(24–35)

25 ± 2
(22–33)

<0.001

Small-for-gestational
age (%)

12% (20/167) 11% (13/116) 0.843

Gender (% male) 56% (93/167) 53% (61/116) 0.629

African American (%) 60% (101/
167)

75% (87/116) 0.01

Caucasian (%) 33% (55/167) 20% (23/116) 0.01

Asian (%) 4% (6/167) 3% (4/116) 0.948

Other (%) 3% (5/167) 2% (2/116) 0.498

Antenatal
betamethasone (%)

92% (153/
167)

82% (95/116) <0.001

Surfactant (%) 48% (80/167) 97% (112/
116)

<0.001

Delivery (% C-section) 65% (109/
167)

66% (76/116) 0.966

Maternal diabetes 13% (21/167) 9% (10/116) 0.589

Gestational 7% (12/167) 2% (2/116)

Type I 1% (2/167) 3% (3/116)

Type II 4% (7/167) 4% (5/116)

Maternal pre-eclampsia 36% (60/167) 25% (29/116) 0.04

Maternal eclampsia 0.6% (1/167) 0% (0/167) 0.319

Maternal
chorioamnionitis

29% (48/167) 39% (45/116) 0.094

Treated PDA (%) 6% (10/167) 33% (38/116) <0.001

Ibuprofen 5% (9/167) 18% (21/116)

Surgical 0.6% (1/167) 15% (17/116)

Sepsis (culture positive) 8% (14/167) 28% (33/116) <0.001

Apgar at 1 min 7 (1–9) 4 (1–9) <0.001

Apgar at 5 min 8 (2–9) 6 (1–9) <0.001

Days of ventilation 30 (0–185) 108 (0–353) <0.001

Nitric oxide use 0.6% (1/167) 4% (5/116) 0.064

Bronchopulmonary
dysplasia (%)

33% (55/167) 84% (97/116) <0.001

Mild BPD 26% (44/167) 31% (36/116)

Moderate BPD 5% (9/167) 36% (42/116)

Severe BPD 1% (2/167) 16% (19/116)

Length of stay (days) 56 ± 26
(17–185)

121 ± 54
(36–353)

<0.001

Corrected gestational
age at discharge (weeks)

38 ± 3 43 ± 7 <0.001
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increase intravascular volume which indirectly increases glomer-
ular filtration leading to a state of hyperfiltration and clinically
improved laboratory values. Steroids acting through their
genomic effects on steroid response element (SRE) in various
genes have been shown to up- or down-regulates several genes
related to serum and glucocorticoid kinase 1 (SGK-1) tight junction
proteins (Claudin-4, Claudin-8, Claudin-2, Zonulin-1), ion channels
(ENaC, ROMK/BK, TRPV4/5/6, TRPM 7/6) which may also impact
renal function in a yet to be defined fashion.25,26

The importance of our work is the fact that postnatal use of
glucocorticoids is currently not standardized so these powerful
medications are prescribed widely with no clear indication or
defined start or end point for their use, resulting in their
inappropriate use clinically. To illustrate our point, one infant in
our cohort was exposed to a total of 710mg/kg of hydrocortisone

equivalent dose over a 244-day period whereas a clinically effective
dose of hydrocortisone is roughly 1–2mg/kg/day over a 3–4-day
period. This same infant had the highest serum creatinine as well
as lower CrCl (Figs. 2 and 3). We have adjusted our data for
corrected gestational age at the time of discharge since the BP and
creatinine levels were obtained at discharge and we still found a
significant correlation between steroid use and HTN.
HTN was defined as blood pressure >95th percentile for age and

severe HTN is defined as blood pressure >99th percentile for age.
These values were based on the available reference tables for infants
between 26 to 44 weeks postconceptional age.23 In healthy term
infants, the incidence of HTN is 0.2%.20 and in neonates admitted to
the NICU (all gestational ages), the incidence of HTN has been
reported to range from 0.7 to 3%.27–29 In our cohort of VLBW infants,
the incidence of HTN was 28 and 15% for severe HTN in the postnatal

Table 3. Risk factors associated with systolic blood pressure >95 percentile corrected for gestation age at discharge.

Adjusted odds ratio 95% CI P value

Total days on steroids 1.014 1.0061–1.028 0.032

Total dose of steroids 1.006 1.001–1.011 0.020

Table 2. Incidence of hypertension.

Steroid exposed (N= 116) Steroid non-exposed (N= 167) Odds ratio [95% CI] P value

HTN (SBP > 95%ile) 33/116 (28%) 27/167 (16%) 2.0 [1.2–3.7] 0.01*

Severe HTN (SBP > 99%ile) 17/116 (15%) 10/167 (6%) 2.7 [1.2–6.1] 0.02*

HTN (DBP > 95%ile) 5/116 (4%) 4/167 (2%) 1.8 [0.5–6.9] 0.37

Severe HTN (DBP > 99%ile) 1/116 (0.9%) 2/167 (1.2%) 0.7 [0.1–8.0] 0.79

HTN (MAP > 95%ile) 7/116 (6%) 4/167 (2%) 2.6 [0.8–9.2] 0.16

Severe HTN (MAP > 99%ile) 2/116 (2%) 2/167 (1%) 1.5 [0.2–10.4] 0.74

HTN hypertension, SBP systolic BP, DBP diastolic BP, MAP mean arterial BP.
* significant P value.
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steroid exposed group which underlines the extent of the problem.
As for treatment of HTN, we first confirmed presence of HTN by at
least three blood pressure measurements while infant was sleeping or
in a state of quite wakefulness. Once confirmed a Pediatric
Nephrology consult was obtained and our usual line of treatment is
to stop use of postnatal steroids and use hydralazine for systolic blood
pressure >95%ile for GA as first line of treatment, followed by ACE
inhibitors based on degree of HTN. Thus, it is critical to have
outpatient follow-up of these infants to manage their HTN since there
are long-term consequences of persistent HTN.
Our study has demonstrated that the creatinine clearance and

estimated GFR increased in infants exposed to postnatal steroids
because of hyperfiltration leads to short-term improvement in
kidney function30–33 even though there was a concern for CKD
development later in life. This effect hides the major concern for
renal damage which may be occurring in these vulnerable infants
and shows up clinically only later in life. Exposure to high-dose
glucocorticoids in utero or ex utero till infants corrected to term
gestational age have shown to cause several deleterious effects in
human34,35 as well as animal studies.16,36 Animal studies where
experimental conditions were controlled have demonstrated
formation of renal cysts, loss of nephrons, and dysmorphogenesis
in kidneys after exposure to high-dose steroids besides fetal
programming leading to HTN later in life.16,37–39

Results of our retrospective study have several limitations
because of the smaller number of subjects, our ability to find
similar control subjects, and our lack of ability to control for all
confounding variables, thus multivariate analysis to control for all
confounding variables could not be done. A similar study in a
larger multi-center population may provide definitive answers but

nevertheless, we have demonstrated a statistically significant
association between the dose and duration of postnatal steroids
to HTN at the time of discharge in VLBW infants. This finding
assumes special importance clinically since postnatal steroids are
widely prescribed with little or no regard for their impact on renal
development and function. Thus, in summary, postnatal steroids
should be used judiciously to prevent not only HTN but potentially
CKD in these highly vulnerable infants.
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