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Abstract
Background: Preterm birth has been associated with increased risk of hypertension and cardiovascular disease later in adulthood, attributed to
cardiovascular and metabolic alterations in early life. However, there is paucity of evidence from low- and middle-income countries (LMICs).

Methods: We investigated the differences between preterm (<37weeks gestational age) and term-born individuals in birth length and weight as
well as adult (18 and 20 years) height, weight and blood pressure in the Brazilian 1993 Pelotas birth cohort using linear regressions. Analyses
were adjusted for the maternal weight at the beginning of pregnancy and maternal education and family income at childbirth. Additional models
were adjusted for body mass index (BMI) and birthweight. Separate analyses were run for males and females. The complete sample was ana-
lysed with an interaction term for sex.

Results: Of the 3585 babies included at birth, 3010 were followed up in adulthood at 22years. Preterm participants had lower length and weight at
birth. This difference remained for male participants in adulthood, but female participants were no shorter than their term counterparts by 18years
of age. At 22 years, females born preterm had lower blood pressures (systolic blood pressure �1.00mmHg, 95%CI �2.7, 0.7mmHg; diastolic
blood pressure �1.1mmHg, 95%CI �2.4, 0.3mmHg) than females born at term. These differences were not found in male participants.

Conclusions: In this Brazilian cohort we found contrasting results regarding the association of preterm birth with blood pressure in young adult-
hood, which may be unique to an LMIC.

Keywords: Preterm birth, blood pressure, low- and middle-income countries, growth

Key Messages

• Preterm-born females in a low- and middle-income setting have lower blood pressures in adulthood compared with term-born females.

• Preterm-born males in a low- and middle-income setting were shorter and weighed less in infancy and in adulthood than their term counterparts.

• Preterm-born females in a low- and middle-income setting had lower length at birth, but by 18 years of age they were no shorter than

term female controls.
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Introduction

Prematurity is an important risk factor for infant mortality,
both in high-income countries (HIC) and low- and middle-
income countries (LMICs), with lower gestational age being
associated with higher mortality.1–3 The global prevalence of
prematurity ranges between 5% and 18%, with lower esti-
mates observed in HICs and higher figures in LMICs.4,5

Besides infant mortality, prematurity has also been associated
with increased morbidity into adulthood, based on large birth
registry studies conducted in HICs.6 Adults born preterm
have shown to be at greater risk of cardiovascular disease, in-
cluding early onset hypertension,7 heart failure,8 ischaemic
heart disease,9 type 2 diabetes10 and early cardiovascular-
related mortality.11

The link between prematurity and disease later in life is
part of the developmental origins of health and disease the-
ory, where disease traits in adult life can trace back to infancy,
birth and/or pregnancy periods. There is a body of evidence
for a variety of outcomes across LMICs and HICs,12–14 but
the scientific literature on prematurity is predominantly based
on HICs. Observational studies from HICs have demon-
strated unique alterations in the cardiometabolic systems of
adults born preterm which may make them more susceptible
to developing cardiovascular disease.15 Evidence from HICs
has shown that there is an association between prematurity
and blood pressure, fat distribution and height attained by
adulthood. Current knowledge shows an association between
adults born preterm with higher blood pressure, and two re-
cent meta-analyses showed that adolescents and adults born
preterm have higher levels of blood pressure compared with
their term-born peers,16,17 particularly in women.17

Additionally, preterm children are associated with lower ab-
solute fat mass with a more central fat distribution, which is
an independent cardiometabolic risk factor.18 Similarly,
adults born preterm have shown to have an increased visceral
fat distribution19 and to be shorter than their term-born
peers.20,21

However, LMICs pose a different environment, with six
times the prevalence of intrauterine growth restriction of the
fetus when compared with HIC, and there is new evidence
that questions the prior hypothesis of early origins of cardio-
vascular disease in the LMICs.14,22 This led us to investigate
further how prematurity plays a role in cardiovascular disease
in an LMIC. We sought to investigate blood pressure and
body composition of adults who were born preterm in an
LMIC. Based on the aforementioned studies performed in
HICs, our null hypothesis is that adults born preterm in an
LMIC would have higher blood pressure and body mass in-
dex (BMI) and that they would be shorter compared with
adults born at term.

Methods
Study design and setting

Brazil is considered one of the top 10 countries identified as
having the highest prevalence of prematurity, with over 3 mil-
lion preterm births in 2010.5 The 1993 Pelotas cohort has de-
tailed birth history data with multiple follow-up points into
young adulthood, affording an opportunity to assess the im-
pact of preterm birth on blood pressure and body composi-
tion at different ages. The 1993 Pelotas birth cohort is a
population-based, longitudinal study that invited all mothers
who lived in urban areas of the city and gave birth in

maternity hospitals in the 1993 calendar year in Pelotas,
Brazil. Pelotas is a medium-sized city in Brazil with approxi-
mately 340 000 inhabitants, in which 92% of the population
lives in urban areas, with a human development index of
0.739 in 2010.23 In 1993, 5265 live births were eligible and,
5249 mothers agreed to participate and were interviewed
soon after giving birth. This study relies on data from follow-
ups in the perinatal period and at 18 and 22 years of age. For
the follow-ups at 18 and 22 years of age , all cohort members
were sought and invited to participate, reaching follow-up
rates equal to 81.4% and 76.3%, respectively. Further details
on study methodology have been published elsewhere.24–26

Ethical approval was obtained from the Federal University of
Pelotas Medical School Ethics Committee.

Preterm birth was defined as at gestational age <37 weeks.
Birthweight Z-scores were calculated based on Intergrowth ref-
erence data.27 Intergrowth data include the sex of the newborn,
to classify anthropometry data. Those with a Z-score below
�1.28 were classified as small-for-gestational-age and those
with a Z-score above 1.28 were defined as large-for-
gestational-age. These Z-scores correspond to the 10th percen-
tile and 90th percentile, respectively. We excluded participants
who had missing gestational age or birthweight or those not
followed up after birth. Additionally, we excluded unrealistic
gestational ages (<18 weeks or >45 weeks, n¼577) or
unrealistic birthweights (Z-scores <�3 or >3, n¼ 314).

Background variables

Maternal information was collected through a perinatal inter-
view. Family income at the time of birth was assessed in mul-
tiples of minimum wage per month (in 1993, 1 minimum
wage ¼ US$ 31.4 per month). Maternal smoking and alcohol
consumption data during pregnancy were collected retrospec-
tively at birth. Maternal age was recorded in relation to the
date of the child’s birth.

Exposure

All preterm babies were considered exposed, and prematurity
was classified according to estimated gestational age
(<37 weeks). Estimation of gestational age was based on the
last menstrual period. When information from the last men-
strual period was unknown or not reliable, the clinical matu-
rity estimate based on the Dubowitz method was used.28

Outcomes

Outcomes included the following. Catch-up growth defined
birthweight and length at birth and height at 18 years and
22 years using traditional anthropometry. Birthweight was
obtained based on hospital registries. Standing height at 18
and 22 years was measured at the research clinic, with a fixed
stadiometer with 0.1 cm precision. Weight in the birth cohort
follow-up at 22 years was measured using air-displacement
plethysmography (BodPodVR Gold Standard, USA).26 BMI
was calculated by dividing weight (kg) by height (m) squared.
Systolic and diastolic blood pressures at 22 years were mea-
sured after a 10-min rest, using an automated sphygmoma-
nometer (model HEM-705CP INT, OMRON, Beijing) with a
margin of error of 1 mmHg.26

Statistical analysis

Statistical analyses were performed in R (version 4.5.0).29

Descriptive statistics are presented as absolute and relative
frequencies. Categorical data are presented as percentages
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and quantitative statistics for non-normal data are presented
as median and the interquartile range (IQR).

Analyses were adjusted for the following maternal factors:
maternal weight at the beginning of pregnancy, maternal edu-
cation at childbirth and family income at childbirth. Linear
regressions with blood pressure and growth parameters as de-
pendent variables, preterm birth status (preterm/term) as inde-
pendent variables, and maternal factors as the covariates were
run to assess the effect of preterm birth on height, body com-
position, growth and blood pressure in adulthood.
Participants with missing data were excluded from the
analysis.

Three models were run for each outcome variable.30 Model
1 was adjusted for maternal factors, Model 2 was adjusted
for maternal factors and BMI and Model 3 was adjusted for
maternal factors, BMI and birthweight.

As sexual dimorphism in adult size, body composition and
blood pressure are well established and have their origins in
patterns of growth, development and tissue accretion in early
life,31–33 we analysed the two sexes separately. Separate anal-
yses were run for males and females. To assess whether the ef-
fect of preterm birth on outcomes differed between males and
females, an additional model was created for each regression
analysis with males and females combined with an interaction
term. We focus our discussion on the findings on the magni-
tude of effect, and provide confidence intervals.

Results

At baseline, 3207 term (51% females) and 378 preterm (52%
females) babies were included in this study. At the 22-year
follow-up, data from 2696 adults born at term (52% females)
and 314 adults born preterm (56% females) were analysed.
Of these adults, none were born extremely preterm
(<28 weeks) and 18 were born very preterm (28–32 weeks).
Table 1 shows the participant characteristics of the preterm
and term groups. On average, maternal education of preterm
babies was 1 year lower than term babies, but both groups
had low maternal education. Preterm and male term babies
belonged to households with lower family income than female
term babies. Supplementary Table S1 (available at IJE online)
shows the participant characteristics of those who were not
included in the analyses due to loss to follow-up at 18 and
22 years.

Table 2 shows that male preterm participants had lower
weight and length at birth as compared with their term-born
counterparts, and continued to have a lower height at ages 18
and 22 years. Preterm-born female participants, although hav-
ing lower length and weight at birth, were on average no
shorter than term-born females at 18 and 22 years. Females
born preterm grew 2.6 cm more between birth and age
22 years than females born at term, and such difference was
not observed among males. There was evidence of an interac-
tion between sex and preterm status: male preterms grew
shorter relative to male terms, when compared with female
preterms relative to term females (1.91 cm, p¼ 0.02). There
was no evidence of an interaction effect between sex and pre-
term status on weight or length at birth or on weight or BMI
at age 22 years. Supplementary Table S2 (available at IJE on-
line) shows the differences between preterm and term groups
in growth parameters for each gestational age category (small,
appropriate and large for gestational age).

Figure 1 shows differences in blood pressure in 22-year-old
males and females born preterm compared with those born at
term. In Models 1 and 2, all blood pressure contrasts between
preterm and term individuals were <1 mmHg, and with one
exception all were <0.5 mmHg. However in Model 3, pre-
term women showed lower systolic blood pressure (SBP:
�0.94 mmHg, 95% CI �2.6, 0.8 mm Hg) and lower diastolic
blood pressure (DBP: �0.94 mmHg, 95% CI �2.3, 0.4 mm
Hg), and these differences were not observed in men to the
same extent (SBP: �0.3 95% CI �2.4, 1.8 and DBP:
�0.4 mmHg 95% CI �1.9, 1.1).

Discussion

Leveraging from a longitudinal Brazilian birth cohort study
with follow-up data into early adulthood, this study found
that there was no significant association between preterm
birth and blood pressure in young adulthood in this LMIC.
Preterm individuals were shorter than their term counterparts
in early life, yet at 22 years of age, women had caught up to
their female counterparts born at term whereas this was not
observed in males. Contrasting with studies from HICs,7,34–38

we did not find evidence of higher blood pressure in preterm
babies compared with those born at term, rather the opposite
was true for preterm females, who demonstrated lower blood
pressure than their counterparts born at term when adjusting
for birthweight in addition to maternal factors and BMI.7,34–38

Table 1. Participant characteristics at baseline

Preterm Term

Characteristic Female Male Female Male

Participants at baseline, n (%) 196 (5%) 182 (5%) 1629 (45%) 1578 (44%)
Participants at age 18 years, n (%) 176 (5%) 167 (5%) 1481 (45%) 1495 (45%)
Participants at age 22 years, n (%) 176 (6%) 138 (5%) 1399 (47%) 1297 (43%)
Maternal smoking during pregnancy, n (%) 78 (2%) 65 (2%) 533 (15%) 482 (13%)
Maternal alcohol intake during pregnancy, n (%) 17 (<1%) 5 (<1%) 84 (2%) 77 (2%)
Family income at baseline (multiple of minimum wage), median

(IQR)
2.4 (1.4, 4) 2.5 (1.5, 4.5) 3 (1.5, 5.0) 2.6 (1.5, 4.8)

Maternal education (years), median (IQR) 5 (4, 8) 6 (4, 8) 6 (5, 9) 6 (5, 9)
Maternal age (years), median (IQR) 26 (21, 32) 26 (20, 31) 26 (21, 31) 26 (21, 31)
Birth length (cm), median (IQR) 47 (45, 49) 48 (46, 50) 49 (48, 50) 50 (48, 51)
Birthweight (g), median (IQR) 2625 (2278, 3000) 2820 (2405, 3218) 3170 (2880, 3470) 3300 (3000, 3600)
Small for gestational age, n (%) 17 (1%) 10 (<1%) 288 (8%) 261 (7%)

IQR represents interquartile range.
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Table 2. Differences in growth parameters between preterm and term groups, in male and female participants

Female Male

Growth parameter n Preterm relative to terma n Preterm relative to terma

Length at birth (cm) 1809 –2.1 (–2.5, –1.8) 1750 –1.8 (–2.1, –1.5)
Weight at birth (kg) 1825 –0.5 (–0.6, –0.5) 1760 –0.5 (–0.5, –0.4)
Height at age 18 years (cm) 1657 0.0 (–1.0, 1.0) 1662 –1.2 (–2.3, –0.1)
Height at age 22 years (cm) 1575 0.5 (–0.5, 1.5) 1435 –1.3 (–2.5, –0.1)
Growth from birth to age 22 years (cm) 1562 2.6 (1.6, 3.6) 1426 0.4 (–0.7, 1.6)
Weight at age 22 years (kg) 1575 0.9 (–1.4, 3.3) 1435 –1.7 (–4.5, 1.0)
BMI at age 22 years (kg/m2) 1565 0.3 (–0.6, 1.2) 1426 –0.2 (–1.0, 0.6)

BMI, body mass index.
a Coefficient for preterm status (95% confidence interval). Significant differences at P<0.05 are shown in bold.

Figure 1. Forest plot of systolic and diastolic blood pressure differences between preterm and term groups in males and females. Model 1 is adjusted for

maternal factors (maternal weight at the beginning of pregnancy, maternal education at child birth and family income at child birth), Model 2 is adjusted for

maternal factors and body mass index at 22 years, and Model 3 is adjusted for maternal factors, body mass index at 22 years and birthweight
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To our knowledge, this is the first longitudinal study into adult-
hood evaluating the patterns and levels of blood pressure by
preterm status in Latin America.

These findings may be affected by survivor bias in the cohort.
Our cohort had a smaller number of preterm infants with
lower gestational ages and lower birthweight, which could be
due to higher mortality in the setting studied. Indeed, our
Supplementary Figure S2 shows that those who died between
birth and 22 years were more likely to have a lower birth-
weight. Since there are no surviving small-for-gestational age
infants born below 32 weeks of gestation, our preterm sample
was biased towards those who were appropriate and large for
gestational age (see Supplementary Figure S1). The survivor
bias is stronger in LMICs, contributing to the literature on
long-term effects of prematurity on cardiovascular-related out-
comes, given the vast difference in neonatal mortality in LMICs
when compared with HICs.39,40 This is similar to the large
Nordic registry that found an association between size for ges-
tational age and mortality in the first 18 years of life, particu-
larly when small-for-gestational-age infants were born
preterm.41 Therefore, the difference in blood pressure between
preterm and term-born groups might be smaller in this
Brazilian cohort than has previously been reported in HIC pop-
ulations. If a large number of people with lower gestational age
and lower birthweight preterm babies would have survived to
adulthood, we would expect a higher mean blood pressure for
the preterm population. Similarly, catch-up growth might have
been reduced in females of lower gestational age and/or
birthweight.

The male disadvantage hypothesis suggests that males are
more sensitive to adverse factors during development than
females.42–44 The sex disparity in the effects of preterm birth
is likely multifactorial and may include hormonal, genetic and
immunological differences. Males are more vulnerable to in-
fectious diseases,45 as well as to the exposure to certain hor-
mones that increases the incidence of wasting and stunting in
infancy.46 A review of three studies of birth cohorts in
Pelotas, Brazil (including data from the 1993 cohort analysed
in this study), revealed preterm birth was associated with
body composition at 6, 18 and 30 years of age in males only.47

Preterm birth was associated with decreased body fat and fat-
free mass in childhood but increased fat mass in adulthood.

Systolic and diastolic blood pressure was lower in women
born preterm compared with those born at term, whereas in
men the difference was negligible. Again, these effects ob-
served in women are in the opposite direction to that reported
in studies from high-income settings.7,34–38 One possible fac-
tor contributing to this sex difference could be the greater
catch-up in height in women compared with men. In both
sexes, those born preterm were around 2 cm shorter at birth
in absolute terms, compared with those born at term.
However, whereas this difference had disappeared in women
at 22 years, it remained in men. However, adjusting for adult
height and body composition made little difference to the
blood pressure difference between preterm and term individu-
als in either sex, suggesting that this catch-up, although poten-
tially important for health, may not have been an important
causal factor in the blood pressure contrasts.

Importantly, the lower blood pressure of preterm women
only became evident in Model 3, which included additional
adjustment for birthweight. In many studies, a lower birth-
weight has been associated with a higher blood pres-
sure.16,17,48 This may again indicate effects of survivor bias,

such that in this population, preterm birth status in women
acts as a reliable marker of ‘above average fetal growth’,
resulting in lower blood pressure when adjusted for maternal
factors, BMI at 22 years and birthweight. Another hypothesis
is known as the ‘birthweight paradox’,30 which in this context
would propose that the association of birthweight and blood
pressure may change when stratified on another exposure, i.e.
preterm birth, female sex or both. Whereas it is possible that
individuals born preterm have a different biological associa-
tion between birthweight and blood pressure compared with
those born at term, we suggest that it is more likely that our
results are generated by our sample missing preterm small-
for-gestational age (SGA) individuals. By having lost the indi-
viduals with the lowest metabolic capacity, the group of pre-
terms appears better able to tolerate their adult metabolic
load. Why this beneficial effect is stronger in females is less
clear. Possibly the effect of having lower birthweight due to
being female does introduce a collider effect; this would be
worth studying in the future.

There is evidence that the risk of non-communicable dis-
eases such as cardiovascular diseases, hypertension and type 2
diabetes, is shaped both by adult traits and by early develop-
mental experience. Maternal exposures such as malnutrition
and psychosocial stress are associated with poor growth of
the offspring in utero, which has long-term detrimental effects
on the capacity for metabolic homeostasis.49 A recent review
demonstrated the long-lasting effects of prematurity on car-
diovascular structure and function, in both the left and the
right heart, with increased systolic and diastolic blood pres-
sures.50 Additionally, the catch-up weight that preterm indi-
viduals need to gain can predispose them to a fast rate of fat
accumulation which could be a risk factor for chronic dis-
eases, including metabolic and cardiac.6,51

Regarding hypertension, two meta-analyses reported an in-
crease in SBP in those born preterm compared with term.16,48

The results showed high consistency, with preterm individuals
showing higher BP in all 20 SBP studies and in 95% of the
studies that evaluated DBP. Yet these meta-analyses included
only one study conducted in an LMIC. New evidence is start-
ing to show differences in cardiovascular outcomes for those
born preterm in an LMIC. A study from the 1982 Pelotas
Cohort also showed no association between preterm birth
and higher blood pressure but did find an association when
comparing hypertension and those born small for gestational
age in a smaller population (total n¼ 1076 adolescents) of
participants who were up to 15 years old.52 The current study
evaluates a larger sample size of individuals up to young
adulthood (n¼ 3010 young adults). The Birth to Twenty
Cohort, an African cohort from Soweto, Johannesburg, with
1540 young adults, also did not find any association between
prematurity and hypertension in young adults when compar-
ing them at age 23 years, which is in line with our results.53

Being the largest study to date examining this association in
an LMIC, our study helps highlight that cardiovascular out-
comes for premature infants might be different from what has
been previously reported in HICs.

In our study the reduction in blood pressure in preterm
women reached borderline statistical significance, yet the
magnitude of effect is meaningful in public health terms. For
example, a reduction of salt intake of 3 g/d reduces SBP by
3.2 to 3.6 mm Hg among individuals with hypertension, and
by 1.8 mm Hg per day in normotensives.54 Slightly larger
effects of physical activity on blood pressure have been
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reported. Population-based studies of modest reductions in
levels of blood pressure (<2 mm Hg) are accompanied by sub-
stantial reductions on the incidence of hypertension.55

The results observed in the opposite direction as expected,
i.e. lower blood pressure among adults born preterm rather
than high blood pressure, demonstrate the unique contribu-
tions of studies conducted in LMICs. This aligns with the
results from the 1982 Pelotas Cohort as well as the Birth to
Twenty Cohort from Johannesburg, showing no real differ-
ence in adult blood pressure in those who were born pre-
term.52,53 Further studies are needed, focusing on the long-
term impacts of prematurity in LMICs while taking into con-
sideration the survival bias effect. In addition, future studies
could use 24-h blood pressure monitoring systems and exam-
ine whether end organ changes in the heart, brain, eye and
kidney are associated with preterm birth in this population, as
has been reported in high-income settings.56–59

There are some strengths of this study. In terms of represen-
tativeness of the data, the 1993 Pelotas birth cohort included
99.7% of all births happening in the city in that year. The
follow-up rates were also high, ranging from 76.3% to
81.4%, at least within longitudinal studies.26 In addition, the
data collected in different cohort follow-ups adhered to a
standardized protocol always performed by trained person-
nel. A few limitations should also be noted. Whereas sample
size may have affected the power to reach statistical signifi-
cance in some of the observations presented, the effect sizes
and directionality of the results are substantially informative,
particularly considering the paucity of long-term studies of
prematurity in LMICs. Gestational age assessment was based
on the last menstrual period, which has been shown to be an
estimate to the gold standard (ultrasound) in resource-limited
settings.60 However there is still a difference between both,
given that the last menstrual period will be affected by recall
bias which can contribute to definition problems such as de-
termining a preterm birth when it is not.61 Assuming that the
preterm newborn has to recover the lost weight in the shortest
possible time, it can lead to an excessive accumulation of fat
that increases the risk of metabolic and cardiovascular prob-
lems in adult life.51 However, there is no growth standard for
preterm infants and fetal growth is often used as the reference
parameter. The best standard at this time is the
INTERGROWTH reference data, which were used in this
analysis.27 If practically feasible, ambulatory blood pressure
monitoring could be used in future studies as this method has
a stronger association with cardiovascular disease risk com-
pared with the office-based measurement available in this
study.62–65 The ascertainment of cardiovascular outcomes in
early adults is challenging, as many of these conditions will
have onset later into adulthood. Nevertheless, blood pressure
is a good marker of cardiovascular health and a major con-
tributor to the global burden of disease.66 Additionally, in our
cohort we were not able to adjust for gestational diabetes or
hypertension in our analysis due to the lack of reliable data.

As the prevalence of prematurity survivors increases, it may
be necessary to explore whether the current risks of yester-
day’s preterm infants are indicative of the future risks of
tomorrow’s preterm infants in LMICs.67 Understanding the
medium- or long-term consequences of prematurity for hyper-
tension in LMICs is vital, as most preterm births5 and cardio-
vascular disease68 occur in LMICs. This study starts to
address the paucity of research on prematurity in LMICs. The
results indicate that data from HICs cannot be directly

translated to LMIC populations, which has important impli-
cations for the interpretation and global application of medi-
cal research more generally. Future studies should collect data
prospectively and use advanced (imaging) equipment to assess
cardiovascular alterations in more detail in multiple LMICs.

Conclusion

In conclusion, our analyses add to growing literature indicat-
ing that in LMICs, the association of preterm birth with blood
pressure in young adulthood may be different from that
reported in HIC. This may relate to differential rates of sur-
vival of the smallest preterm infants, contributing to a healthy
survivor effect. The long-term implications of preterm birth
for health in LMICs needs further research, as adverse effects
may become evident at older ages in the life course, and this
potential health burden has yet to be characterized.
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