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Long-term consequences
of prematurity

ABSTRACT

Due to a shortened period of in utero organ development,
premature infants are at higher risk of chronic respira-
tory, cardiac, renal, and endocrine system disorders later
in life. With more premature babies being born and more
of them surviving, internists and primary care practition-
ers should be aware of their patient’s birth history and

of the potential long-term effects of prematurity. Such
understanding can lead to early detection of disease and
targeted lifestyle modifications.

KEY POINTS

About 10% of live births are premature, and rates are
increasing.

Survivors of premature birth may have later adverse
health effects related to organs failing to achieve optimal
development.

Increased risk of cardiovascular, metabolic, and kidney
diseases suggest that risk factors should be monitored
and patients counseled on maintaining a healthy lifestyle.

Pulmonary vulnerabilities warrant asthma control as
needed, keeping current on influenza and Pneumococcus
vaccinations, and avoiding smoking.
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M EDICAL ATTENTION to premature babies
usually focuses exclusively on immedi-
ate survival and monitoring of problems in
early childhood. As advancing technology has
allowed more early neonates to survive with
apparently good outcomes, long-term health
consequences of prematurity are less often
considered, although evidence indicates that
they can be significant.

This article reviews lifelong pulmonary,
renal, cardiac, neurologic, and endocrine vul-
nerabilities associated with prematurity and
suggests recommendations for routine man-
agement of adults who were born premature.

@ PREMATURITY:
DEFINITIONS AND EPIDEMIOLOGY

Prematurity is defined by the World Health Or-
ganization! as birth occurring before 37 weeks
of gestation, with the following categories:

e Extremely preterm (< 28 weeks)

e Very preterm (28-32 weeks)

e Moderate to late preterm (32-36 weeks).
Prematurity is the main cause of neonatal

death globally, accounting for 16% of deaths

of children under age 5 in 2014. That year, the
worldwide preterm birth rate was 10.6%, or
nearly 15 million infants.!

US figures are as follows:

e 10.0% of live births occurred before 37
weeks of gestation (2018 data)?

e Preterm birth rates (< 37 weeks of gesta-
tion) were 13.6% in Black women, 9.5%
in Hispanic women, and 9.1% in non-His-
panic White women (2016 data)?

e 2.8% of live births occurred before 34
weeks of gestation (2016 data)’

e 0.7% of births occurred before 28 weeks of
gestation (2012 data).*
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A 2013 meta-analysis found that Black
women had twice the rate of premature births
compared with White women after adjusting
for potential confounders such as socioeco-
nomic status, maternal age, and parity.’

Rates of prematurity in the United States
have been increasing as more women become
pregnant at older ages and as assisted repro-
ductive technologies more often result in mul-
tiple gestations and higher-risk pregnancies.

M WITH ADVANCES,
IMPROVED SHORT-TERM SURVIVAL

Survival rates for premature infants dramati-
cally improved in the 1980s and 1990s thanks
to adoption of surfactant, antenatal corti-
costeroids, and noninvasive ventilation.® In
general, better survival has been accompanied
by better outcomes, ie, avoiding major impair-
ments.”

Morbidity and mortality rates increase
with shorter gestational age, with girls tend-
ing to fare better than boys.® In 2012, rates of
survival to hospital discharge in the extremely
premature ranged from 9% at 22 weeks to 94%
at 28 weeks for those treated at an academic
medical center that had expertise in high-risk
obstetrics and specialized neonatal intensive
care units.*

I HIDDEN LONG-TERM HEALTH EFFECTS

Despite improvements in short-term survival,
early antenatal and postnatal exposures may
have lifelong health consequences, a concept
known as “developmental programming” or
the Barker hypothesis.”!® As the third tri-
mester of pregnancy (> 28 weeks) is a period
of rapid organ growth and maturation, pre-
mature infants are born before major organ
development is complete. Survivors of pre-
mature birth may have later adverse health
effects related to organs failing to achieve op-
timal development or undergoing more rapid
decline.®®

In addition to specific organ vulnerabili-
ties, oxidative stress of the altered environ-
ment at birth causes telomere length short-
ening and DNA methylation, leading to
epigenetic modifications that may appear later
in life.!! The hypothalamic-pituitary-adrenal
axis is overly stimulated as these babies face
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early adaptation to the outside world, possibly
leading to more rapid “wear-and-tear.”!?

I LATER SURVIVAL IMPACTED

As the first generation of survivors of extreme-
ly preterm birth are now entering middle age,
primary care providers should be aware of the
disease burden they may carry. Unfortunately,
research into the long-term consequences of
prematurity is limited; many of the popula-
tion-based studies are based on Scandinavian
birth and morbidity rates before the era of an-
tenatal steroids and continuous positive air-
way therapy.

A 2011 Swedish national cohort study of
people born between 1973 and 1979 who sur-
vived to 1 year found that preterm birth was
associated with increased mortality in early
childhood (ages 1-5 years) and young adult-
hood (ages 18-36), even in those born late
preterm (34 to 36 weeks).” In a follow-up
study extending the population to those born
up to 1997, the prevalence of survival with-
out any major comorbidities at ages 18 to 43
years was 55% of those born preterm (22% of
those born extremely preterm, 49% of those
born very preterm, and 58% of those born late
preterm) vs 63% of those born full-term.'*

Effects of prematurity on individual organ
systems are summarized in Table 1 and de-
scribed in more detail below.

Il PULMONARY SYSTEM

Impaired vascular and alveolar development
Multiplication of lung capillaries and devel-
opment of the air-blood barrier occur before
the 26th week of gestation, but most alveo-
lar development occurs in the last trimester.”
Preterm birth is associated with alveolar sim-
plification and impaired pulmonary vascular
development and is a risk factor for neonatal
and childhood pulmonary vascular disease.
Strategies to reduce lung injury, including
noninvasive ventilation, improve long-term
outcomes.* However, aberrant lung vascular-
ization as a consequence of premature birth
adversely affects the lung’s future vascular de-
velopment. [t may also stress the myocardium,
with right ventricular dysfunction causing
pulmonary artery hypertension later in life,
especially with exposure to other factors that
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TABLE 1

Effects of prematurity on organ systems, and management recommendations

Organ system Increased risks

Management

Obstructive disease,
pulmonary hypertension

Pulmonary

Evaluate previous asthma diagnosis
Consider baseline pulmonary function testing
Avoid smoking, maintain healthy weight, promote exercise

Keep current on influenza and Pneumococcus vaccinations

Renal Chronic kidney disease

Monitor blood pressure regularly
Avoid nephrotoxins

Control blood pressure (consider an angiotensin-converting
enzyme inhibitor if a hypertension medication is needed)

Limit salt intake

Consider periodic urine microalbumin screening, renal
ultrasonography

Cardiovascular

vascular disease

Hypertension, ischemic heart disease,
congestive heart failure, peripheral

Monitor blood pressure regularly

Avoid smoking, maintain healthy weight, promote
exercise

Consider baseline echocardiogram with appropriate car-
diovascular risk assessment

Endocrine
osteoporosis

Diabetes, metabolic syndrome, obesity,

Monitor blood glucose, body mass composition, lipids
Maintain healthy body weight and abdominal girth
Ensure appropriate calcium and vitamin D supplementation
Promote weight-bearing exercise

Limit medications associated with causing metabolic
abnormalities, dyslipidemia, worsening bone density

Central nervous Autism, mood disorders,
system intellectual disabilities

further impair heart function.'®

Premature infants who have pulmonary
vascular disease in the first week of life are
more likely to develop bronchopulmonary
dysplasia and pulmonary hypertension in the
postpartum period.!” A Swedish population-
based study found that survivors of preterm
birth into childhood and young adulthood
had a higher risk of pulmonary hypertension,
even after adjusting for congenital heart de-
fects and pulmonary diseases.'8

Preterm birth, irrespective of whether ba-
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Be alert to need for early evaluation and support

bies require neonatal intensive care, is associ-
ated with more respiratory symptoms, partially
reversible airflow obstruction, and abnormal
thoracic imaging in childhood and young
adulthood compared with those born at term.
Premature infants have decreased alveolar
volume and greater than normal age-related
decline in lung function during life. Failing
to reach optimal peak lung function in early
adulthood results in crossing the threshold for
respiratory symptoms early even if the rate of
lung function decline is normal.">"
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Increased asthma risk, poorer lung function
Prematurely born individuals have a 4-fold
higher incidence of asthma, but it is impor-
tant to differentiate between true asthma (ie,
with airway inflammation and responsiveness
to bronchodilators) and milder forms of bron-
chopulmonary dysplasia found in extremely
low-birth-weight infants born in this cen-
tury.!>?° Recently born premature babies have
fewer but larger alveoli, with less surface area
for gas exchange; they do not have ventilator-
associated barotrauma as did the earlier gener-
ations of premature babies. Most infants born
at 24 weeks of gestation suffer some degree of
bronchopulmonary dysplasia, but this inci-
dence significantly decreases to less than 40%
in those born after 28 weeks.*!8

Children born preterm have a higher risk
of wheezing disorders?! including early and
persistent wheezing?? compared with children
born at term. Kotecha et al” found a deficit of
7.2% in predicted forced expiratory volume in
the first second of expiration (FEV,) for pre-
term-born children without bronchopulmo-
nary dysplasia compared with children born
at term. Even late-preterm infants (33-36
weeks of gestation) exhibit respiratory abnor-
malities, including increased residual volume,
lower respiratory compliance, and decreased
expiratory flow ratio.?* Preterm birth is asso-
ciated with poorer lung function and airflow
impairment in adult life, with the strongest
association among those born the most im-
mature, independent of underlying pregnancy
disorders or risk factors (eg, maternal smoking
in pregnancy or socioeconomic status).”’

M RENAL SYSTEM

Nephrogenesis interrupted
Nephrogenesis continues through 34 to 36
weeks of gestation, with more than half of
nephrons formed in the third trimester.!®?
Preterm babies have fewer nephrons and more
abnormal glomeruli; as a result, the nephrons
they do have must work harder to compensate.
Adults who were born prematurely are at
higher risk of focal segmental glomeruloscle-
rosis.?”?® Their macrovasculature is anatomi-
cally different, with normal elastin replaced
by less flexible collagen, resulting in blood
vessel stiffening and a higher risk of hyper-
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tension.”’” In addition, premature infants
tend to have endothelial damage, leading to
higher vascular resistance, increased glomeru-
lar capillary pressure, sodium retention, and
fewer glomeruli at baseline.”* A potentially
confounding factor is exposure to nephrotoxic
medications while in neonatal intensive care.

Higher prevalence of kidney disease

In a Swedish study® with 40-year follow-up,
adults born premature (< 37 weeks) had twice
the risk of chronic kidney disease compared
with term controls. Those born early term
(37-38 weeks) had a 1.3-fold higher risk, and
those born extremely premature (< 28 weeks)
had a 3-fold risk, with risk being especially
high in women. Despite subclinical kidney
dysfunction and even 25% to 50% loss in
glomerular filtration rate, tubular secretion of
creatinine can maintain plasma creatinine in
the normal range.”®*

A review of cardiorenal syndrome in
preterm infants indicated that adults born
preterm enter midlife with subclinical early
chronic kidney disease (stage 2-3), and even
patients with milder disease (stage 1-2) have
a 25- to 100-fold higher risk of cardiovascular

events.”

Monitoring may be useful

No medical society guidelines cover screening
in adults who were born prematurely, although
some experts suggest checking cystatin and
urine microalbumin and performing renal ul-
trasonography.?** Although cystatin is more
sensitive than creatinine for diagnosing abnor-
malities in kidney function, these tests can be
expensive, and no prospective studies exist to
show their validity in detecting early disease.
In addition, urine microalbumin can be seen in
benign situations.

I CARDIOVASCULAR SYSTEM

Cardiac and vascular insults

Premature infants are exposed to hostile intra-
uterine and extrauterine conditions that can
adversely affect the heart and vascular tree.
Evidence from animal models and small stud-
ies of preterm infants shows that preterm birth
interferes with normal cardiac development

with potential consequences into childhood
and adulthood.’®>?
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Vascular abnormalities may be evident
by adolescence or early adult life, including
an elevated pulse-wave velocity, increased
carotid intima-media thickness,*® aortic nar-
rowing and stiffness, and impaired microvas-
cular function. Increased left ventricular mass
with increased wall thickness and reduced
luminal diameter has been reported in young
adults who were born preterm.** The heart of
a preterm infant develops under different con-
ditions in the neonatal period than it would
have encountered in utero and experiences
higher pressure and volume loads.

Studies have found indicators of cardiac
and vascular impairments:

Cardiac dysfunction. Cardiac imaging
studies in those born preterm show biventric-
ular hypertrophy beginning in early postnatal
development, and right ventricular dysfunc-
tion and reduced ejection fraction in early
adulthood.*

Otherwise healthy adults born preterm
demonstrate a blunted cardiac response to ex-
ercise, suggesting early cardiac dysfunction.'
Huckstep et al*® found impaired left ventricu-
lar response to physiologic stress in preterm-
born young adults. The differences in cardio-
vascular response to exercise of normotensive
young adults born preterm compared to term-
born controls were striking; ejection fraction
at 60% exercise capacity was 6.7% lower in
the preterm group, which further declined to
a 7.3% difference at 80% exercise capacity.

Hypertension. Prematurity confers a high-
er risk of developing hypertension. Toddlers
born extremely preterm tend to have systolic
blood pressure above the 90th percentile.”’
In young adults born preterm, the estimated
difference in office-measured systolic pressure
was 3.8 mm Hg higher than in term-born con-
trols.’” These differences appear small but are
significant, given that at the population level,
a 2 mm Hg reduction in diastolic pressure is
estimated to result in a 6% reduction in the
risk of coronary heart disease and a 15% re-
duction in risk of cerebrovascular events.*®

Adolescents born preterm exhibit an im-
balance in the circulatory renin-angiotensin
system compared with term-born peers.”” In a
case series of 6 infants (born at 23-29 weeks
of gestation) with hypertension associated
with severe chronic lung injury, captopril, an
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angiotensin-converting enzyme inhibitor, im-
proved respiratory and cardiac indices 5 to 7
weeks after birth.*

Ischemic heart disease. A population-
based cohort study found that adults ages 30 to
43 who were born preterm (gestational age <
37 weeks) have a 53% increased relative risk
of ischemic heart disease compared with a full-
term birth cohort, and those born early term
(37 to 38 weeks) have a 19% increased risk.*!

Heart failure. Large epidemiologic stud-
ies in children and young adults have found
that preterm birth is associated with an in-
creased risk of heart failure. Individuals born
extremely preterm (< 28 weeks) had a 17-fold
increased risk of heart failure compared with
those born at term (> 37 weeks), and very pre-
term infants (28-31 weeks) had a more than
3-fold risk increase.*

I CENTRAL NERVOUS SYSTEM

The third trimester of pregnancy brings rapid
brain development with axonal proliferation,
myelination, and increased volume of gray
and white matter.*¥ Very preterm infants (<
32 weeks of gestation) have a smaller hippo-
campus and frontotemporal regions than term
infants.>6:4

During infancy, babies born premature
have a higher risk of cerebral palsy, cognitive
disability, and seizure disorder. The subsequent
hypoxia and periventricular leukomalacia al-
ter the formation of the prefrontal cortex and
its neural network, possibly leading to behav-
ioral symptoms.

Several neurologic conditions have links
to prematurity:

Autism. Children born premature have
higher rates of autism spectrum disorder: the
prevalence in the United States is 1.5% over-
all but is 7.1% in infants born at 23 to 27 weeks
of gestation.® Differences in the disorder have
also been detected. Chen et al®* found that
children with autism spectrum disorder born
prematurely had better peer relationships but
worse nonverbal behaviors than term children
with the disorder.

Mood disorders. Premature-born children
tend to develop anxiety, depression, atten-
tion deficit-hyperactivity disorder, and sleep
disorders, which may be diagnosed at an early
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age and may persist into adulthood.!*##¢ Sys-
tematic reviews of mental health outcomes
indicate that long-term risks of depression and
anxiety in preterm and low-birth weight ba-
bies are 4 times higher than in those born full-
term,'° with even babies born between 36 and
38 weeks having a higher risk of developing
inattention and hyperactivity.

Intellectual disability. Children born very
preterm have cognitive 1Q scores 12 points
lower than term babies.”® Lifelong neurodevel-
opmental complications are inversely corre-
lated with gestational age at birth; in an Aus-
tralian study, disability-free survival (disability
defined as intellectual disability, autism, or ce-
rebral palsy) was 42.4% for those born at 24
weeks, 78.3% for those born at 28 weeks, and
97.2% for those born full-term. Birth weight,
Apgar score, socioeconomic background, and
maternal ethnicity were prognostic indica-
tors.*?

I ENDOCRINE SYSTEM

Disorders reflecting disruption of the endo-
crine system are also likelier to be found in
adults who were born premature:

Diabetes. Premature infants have a higher
risk of eventually developing type 1 and type 2
diabetes and insulin resistance.**%%’ By age 18
to 43, the risk for having type 1 diabetes was
1.2 times higher, and for type 2 diabetes 1.5
times higher, than in adults born full-term.*
Possible mechanisms include abnormal fat de-
position, decreased beta cell formation (which
typically occurs in the third trimester), and an
altered T-cell response, leading to the autoim-
mune etiology of type 1 diabetes.*

Obesity. Fetal fat distribution, which typi-
cally begins in the second trimester of preg-
nancy with deposition in the head and neck
area, followed by the trunk and upper and
lower extremities, is radically altered. Babies
born before the third trimester, a time when
subcutaneous fat is rapidly deposited, tend to
be leaner and have lower fat stores.®® In the
first months of life, premature infants are
typically placed on high-calorie diets to try to
“catch up,” thus causing an adiposity rebound
effect.

Studies show that fat deposited too quickly
the first year of life predicts future adult obe-
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sity.”? Fat distribution is altered in preterm ba-
bies mostly with deposits in visceral fat rather
than subcutaneous fat, as seen in healthy term
neonates.’’ Breukhoven et al** found that fat
mass, truncal fat, and limb fat mass were high-
er in young adults who were born premature.
Visceral fat accumulation is highly inflam-
matory and excess fatty acid efflux damages
healthy tissue, especially in the liver and pan-
creas of those born with extremely low birth
weight.®® Breastfeeding can help reduce the
risk of obesity in low birth-weight babies.

Metabolic syndrome. Adults born preterm
were 2.5 to 4 times more likely than those
born full-term to meet criteria for metabolic
syndrome. This held true not just for very
premature infants but also for those born late
preterm.’>** Evidence on effects of prematu-
rity on lipid levels is mixed: some studies show
lower levels of low-density lipoprotein levels
in adults born preterm and others higher lev-
ols. 4454

Osteoporosis. Conflicting data surround
the risk of osteoporosis in preterm-born adults.
Placental transfer of calcium, magnesium, and
phosphorus tends to occur in the last trimes-
ter.” Once born, premature neonates have
restricted spontaneous movement and hence,
less mechanical stimulation of bone.”® Un-
fortified breast milk and parenteral nutrition
do not include enough mineral content for
appropriate bone formation. Bone mass is re-
duced in children born premature, especially
those who had a low birth weight (< 1,500 g).
This may correlate with higher fracture risk
and osteoporosis in adulthood.>

M BIRTH HISTORY SHOULD BE PART
OF THE MEDICAL RECORD

Considering that prematurity is common and
evidence for long-term health sequelae is
strong, birth history should become a routine
part of the patient medical record. It should
include birth weight, gestational age, length
of stay in neonatal intensive care, maternal
smoking history, and perinatal complications
(eg, the need for mechanical ventilation).”
Unfortunately, such questions are only rarely
asked in an adult primary or specialty care
clinic. Table 2 provides questions to ask adults
about prematurity.

DECEMBER 2020

Downloaded from www.ccjm.org on May 6, 2025. For personal use only. All other uses require permission.


http://www.ccjm.org/

PRAVIA AND BENNY

A British Thoracic Society survey®® found
that few adult respiratory physicians routinely
consider early-life factors during patient as-
sessment. Even when asked, acquiring such in-
formation can be a challenge; unless patients
are accompanied by parents, they are unlikely
to know some of these details. Studies have
found that maternal recall of children’s birth
history provides accurate information.’*® Pa-
tients themselves usually know at least if they
were born very premature, if from no other
source than family discussion.

A more systematic method for recording
neonatal data in adult patient records would
be preferable; ICD-10 codes and linked elec-
tronic datasets in the medical record may be
used to clarify and maintain this information
through the continuum of pediatric to adult
care. As pediatricians manage the early com-
plications related to prematurity, they should
play a role in keeping a patient’s detailed med-
ical history. Diagnoses acquired in childhood,
such as asthma, should always be reconsidered
in adulthood.

I PROMOTE A HEALTHY LIFESTYLE

Birth history is nonmodifiable, but multiple
other risk factors for future disease can be
changed. Diet and exercise habits are espe-
cially important to review in patients who
were born premature. Several studies have
indicated that premature-born adults may not
have well-rounded diets and may limit exer-
cise, increasing risk of osteoporosis and car-
diometabolic disease.®" A Finnish study found
that premature-born young women had a less
nutritious diet than women born full-term
or men born either premature or full-term.%
Another study found that young adults who
were born very low-birth weight had lower
consumption of fruits, vegetables, and milk
products.® A study evaluating physical fitness
found that young adults born prematurely
demonstrated lower muscular fitness than
controls.®

Early focus on lifestyle modifications is key.
Patients born prematurely should be educated
about cardiovascular exercise, strength train-
ing, tobacco avoidance, good nutrition, and
age-based immunizations. Primary care pro-
viders should encourage healthy habits at a
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TABLE 2

Questions for acquiring a detailed history
for premature-born adults

Were you born premature? If yes, do you know why?
What was your gestational age?

How much did you weigh at birth?

Were you on mechanical ventilation? If yes, for how long?
Did you have any surgeries during the neonatal period?
How long did you stay in the neonatal intensive care unit?

What was the nature and extent of any chronic disabilities
after discharge from neonatal intensive care?

Did you have any other complications?

Do you have a history of long-term medication use?

young age to combat the future risk of high
blood pressure, metabolic syndrome, impaired
glucose regulation, reduced pulmonary func-
tion, and poorer bone health, and they should
help patients understand the importance of
normal blood pressure, body mass index, blood
glucose levels, and cholesterol levels.

Prematurely
? . e m
B WOULD SPECIAL SCREENING BE USEFUL? oot o1

There are currently no guidelines regarding have a 4-fold
care of adults who were born premature or
low birth weight. Suggestions have been made
to screen using echocardiography, computed
tomography calcium score testing, incen-
tive spirometry, renal ultrasonography, and
specialized blood work to gauge disease risk.
However, providers would be faced with mak-
ing clinical decisions that may not be evi-
dence-based. More population-based research
is needed, especially in children and adults
born this century, as their needs have changed
compared with those born before the 1990s.

higher
incidence
of asthma

I PREVENTING FUTURE PREMATURITY

As fertility treatments become ever more suc-
cessful, multiple births, births to older mothers,
and prematurity are an ongoing public health
issue. Prematurity may even be considered a
chronic and multigenerational condition: small
studies have found that adult women who were
born preterm have a higher risk of having pre-

VOLUME 87 ¢ NUMBER 12 DECEMBER 2020 765

Downloaded from www.ccjm.org on May 6, 2025. For personal use only. All other uses require permission.


http://www.ccjm.org/

PREMATURITY

mature births, independent of hypertension,
diabetes, and abnormal fat distribution.
Preventing prematurity is important; newer
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