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ABSTRACT
Introduction: Small or large birth weight for gestational age has been linked with later cardio-
vascular disease risk. However, cardiovascular risk markers from childhood to adulthood accord-
ing to birth weight in diverse longitudinal settings globally have not been extensively studied.
Objectives: To examine the relationship between birth weight and cardiovascular risk profile
from childhood until young adulthood in two geographically and socioeconomically dis-
tinct cohorts.
Methods: Data were derived from two longitudinal birth cohort studies; one from southern
Finland (Special Turku Coronary Risk Factor Intervention Project, STRIP) and one from northern
Australia comprising Indigenous Australians (Aboriginal Birth Cohort, ABC). The sample included
747 Finnish participants and 541 Indigenous Australians with data on birth weight, gestational
age and cardiovascular risk factors (body mass index [BMI]), waist-to-height ratio [WHtR], lipid
profile, blood pressure) collected at ages 11, 18 and 25 or 26 years. Carotid intima-media thick-
ness (cIMT) was assessed at age 18 or 19 years. Participants were categorised according to birth
weight for gestational age (small [SGA], appropriate [AGA] or large [LGA]). Associations between
birth weight category and cardiovascular risk markers were studied using a repeated meas-
ures ANOVA.
Results: Higher birth weight category was associated with higher BMI later in life in both
cohorts (p¼.003 for STRIP and p<.0001 for ABC). In the ABC, higher birth weight category was
also associated with higher WHtR (p¼.004). In the ABC, SGA participants had lower systolic and
diastolic blood pressure than AGA participants (p¼.028 for systolic, p¼.027 for diastolic) and
lower systolic blood pressure than LGA participants (p¼.046) at age 25. In the STRIP cohort, SGA
participants had lower cIMT than LGA participants (p¼.024).
Conclusions: Birth weight can predict future cardiovascular risk profile in diverse populations.
Thus, it needs to be included in targeted public health interventions for tackling the obesity
pandemic and improving cardiovascular health worldwide.

KEY MESSAGES

� The strongest association between birth weight and later cardiovascular risk profile was mani-
fested as differences in body mass index in two culturally and geographically distinct cohorts.

� Foetal growth is a determinant for later cardiovascular health in diverse populations, indicat-
ing a need to focus on maternal and foetal health to improve cardiovascular
health worldwide.
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Introduction

The British epidemiologist David Barker proposed in
1990 that foetal undernutrition leading to dispropor-
tionate foetal growth, predisposes to coronary heart
disease later in life [1]. This hypothesis and the result-
ing approach called the Developmental Origins of
Health and Disease (DOHaD) has yielded vast amounts
of literature examining the relationship between poor
foetal growth, childhood circumstances and the result-
ing health or disease trajectories during an individual’s
life course [2,3]. Foetal programming that takes place
in an adverse intrauterine environment may manifest
as either a lower or higher birth weight than
expected, and can predispose an individual to a var-
iety of chronic diseases, including disorders of the car-
diovascular, respiratory, musculoskeletal and neural
organ systems [4].

Cardiovascular disease is the leading cause of death
worldwide [5]. Individuals’ genetic and epigenetic
properties, and their interactions with the environ-
ment are thought to drive the processes that lead to
the accumulation of cardiovascular risk factors and the
subsequent development of cardiovascular disease [6].
Recent studies suggest that the association between
birth weight and cardiovascular risk is J- or U-shaped
rather than inverse, indicating that both low and high
birth weight are risk factors for cardiovascular disease
[6,7]. The association between low birth weight and
later CVD risk has been shown in several populations,
including specific cohorts such as Indigenous
Australians [8], but it remains unclear, whether low
and high birthweight affect later cardiovascular risk
profiles in a similar manner across different cultural
and geographical settings [9].

In this study we examined links between birth
weight status and cardiovascular health markers
including arterial intima-media thickness at ages 11,
18 and 25 to 26 in two prospective birth cohorts from
opposite sides of the globe, Finland and Australia. The
two cohorts are nearly contemporaneous but differ
considerably in terms of geography, culture, and soci-
oeconomic circumstances, thus providing a unique
research setting. Our hypothesis was that dispropor-
tionate foetal growth predisposes to poor cardiovascu-
lar health irrespective of geographical or
cultural setting.

Methods

The Finnish cohort comes from an urban area with
nutritional security and high levels of education [10].
In contrast, the Australian cohort comprises

Indigenous individuals from the largely rural and
remote Northern Australia with high rates of commu-
nicable diseases, unemployment, food insecurity and
overcrowded housing [11]. By applying data from
these two unique cohorts, the aim of this study was
to investigate the associations between birth weight
and later cardiovascular health indicated by body
mass index (BMI), waist-to-height ratio (WHtR), blood
pressure (systolic, diastolic and pulse pressure), serum
lipid levels (total cholesterol, high-density lipoprotein
[HDL] and low-density lipoprotein [LDL] cholesterol,
and triglycerides) as well as carotid intima-media
thickness (cIMT).

Participants

The aboriginal birth cohort (ABC), Northern
Territory, Australia

The ABC study was created to investigate the possible
developmental origins behind the high rates of non-
communicable disease in the Aboriginal population in
Australia. It is one of the longest running and largest
indigenous birth cohorts in Australasia. Between 1987
and 1990, 686 of the 1,238 singleton babies born to
Indigenous mothers at the Royal Darwin Hospital were
recruited into the study. There were no significant dif-
ferences in mean birth weight and sex ratio between
those recruited and those not recruited. The majority
of the participants (75%) resided in remote commun-
ities across the sparsely populated northern Australia
and 25% lived in urban Darwin or its immediate sur-
roundings at the time of recruitment, comparable to
the Northern Australian Indigenous population [12].
There have been three follow-ups (waves) to date:
Wave-2 in 1998–2001 (mean age 11.4 years), Wave-3
in 2006–2008 (mean age 18.2 years) and Wave-4 in
2014–2016 (mean age 25.4 years) [11,13].

The special Turku coronary risk factor
intervention project (STRIP), Turku, Finland

The STRIP study is a continuing dietary intervention
trial that was launched in 1989 in Turku, an urban
area in southwest Finland. The aim of the intervention
was to promote cardiovascular health by introducing a
heart-healthy diet beginning from infancy.
Recruitment of the children and their parents was
done at well-baby clinics by nurses during a 5-month
visit. Between February 1990 and June 1992, 1,062
babies were enrolled and equally allocated to an inter-
vention or control group. Thereafter, the intervention
was continued for 20 years, and extensive data
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focussing on diet and cardiovascular health were
obtained at least annually to the age of 20 years [10].
After the intervention period, the first follow-up of the
cohort was completed at age 26 years (n¼ 551) [14].

In this study, the STRIP intervention and control
groups were treated combined as there was no differ-
ence in birth weight (p¼.20) or birth weight category
(p¼.83) between the groups.

The participants in this study included those for
whom data on birth weight, gestational age and at
least one cardiovascular marker in the follow-ups were
available. Very preterm infants (gestational age less
than 33 weeks) and infants with extremely low birth
weight (less than 1,000 grams) were excluded. In total,
541 infants from the ABC and 747 infants from the
STRIP study were included in the analyses.

Ethics approval

This study was approved by the Human Research
Ethics Committee of the Northern Territory
Department of Health and Menzies School of Health
Research, including the Aboriginal Ethics Sub-commit-
tee with the power of veto (reference, 2013–2022).
The investigation complied with the National Health
and Medical Research Council National Statement on
Ethical Conduct in Human Research (2007) and the
Helsinki Declaration of 1975 (2008 revision). Informed
written consent was obtained from all participants or
(until the age of 18 years) their mothers. The STRIP
study was approved by the associated university and
hospital district ethical authorities. Written informed
consent was obtained from parents at study entry,
and from the participants at ages 15, 18, and 26 years.

Procedures

Birth weight and gestational age

In the ABC, infant birth weight was measured within
2 h of delivery. Birth weights were recorded to the
nearest gram using a balance scale. A neonatal
paediatrician performed a gestational age assessment
on the participants according to the Dubowitz scoring
system [15] within 4 days of birth. In the STRIP study,
data on gestational age and birth weight were col-
lected from records of well-baby clinics.

Using an international growth reference
Intergrowth-21st, the participants from both cohorts
were classified as small for gestational age (SGA;
<10th percentile of birthweight for gestational age),
appropriate for gestational age (AGA; 10–90th percent-
ile for gestational age), or large for gestational age

(LGA; >90th percentile of birthweight for gestational
age) according to sex [16].

Cardiovascular markers

In the ABC, venous blood samples were collected for
assessing serum lipid levels (total, LDL- and HDL-chol-
esterol, and triglycerides) by enzymatic methods (ana-
lytic devices employed: Hitachi 917, Roche, XPand
Plus, Siemens). Blood pressure was measured three
times during each follow-up (right arm, sitting after
resting) with an automatic oscillatory unit (LifeSign
420, Welch Allyn); the mean systolic and diastolic val-
ues were included in the analyses. Weight was meas-
ured to 0.1 kg with a digital scale (TBF-521, Tanita)
while the participant was barefoot and in light cloth-
ing. Height was measured with a portable stadiometer
to the nearest millimetre. Waist circumference was
measured to the nearest millimetre using a flexible
tape measure at the midpoint between the lowest rib
and iliac crest at the end of exhalation [13,17]. CIMT at
age 18 years was measured using external B-mode
ultrasound with the patient lying in a supine position
with a SonoHeart Elite System (Sonosite Incorporated,
Bothell, WA, USA) and a 10.5MHz linear array trans-
ducer. Two readings from both common carotid
arteries were averaged to calculate mean IMT.
Readings were taken at end-diastole (on R wave of
simultaneously recorded 3-lead ECG tracing) [18].

In the STRIP study, established clinical laboratory
methods were used to measure serum lipid levels
(total and HDL-cholesterol, and triglycerides) from ven-
ous blood samples taken after an overnight fast [19].
LDL-cholesterol concentration was calculated accord-
ing to the Friedewald formula [20]. Sitting blood pres-
sure was measured two to four times at each visit
using an oscillometric device observing appropriate
rest time (15min) and cuff sizes [21]. In the 26-year
follow-up, three blood pressure measurements were
taken and the mean value was used for analyses [14].
Weight was measured to the nearest 0.1 kg with an
electronic scale (S10, Soehnle, Murrhardt, Germany)
and height to the nearest millimetre with a stadiome-
ter [22]. Waist circumference was measured midway
between the iliac crest and the lowest rib at the mid-
axillary line to the nearest 0.5 cm with a flexible meas-
uring tape [23]. Ultrasonography was used to assess
cIMT (Acuson Sequoia 512 mainframe; Acuson,
Mountain View, CA). At age 19, the far wall of the dis-
tal common carotid arteries on both sides 1 to 2 cm
from the bulb were scanned from anterior oblique
and lateral angles using a 13MHz linear-array
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transducer [24]. Two end-diastolic frames from both
interrogation angles on both sides were analysed.
Four measures were obtained in each image; the
mean indicated average carotid IMT.

For both cohorts, BMI was calculated as weight (kg)
divided by the square of height (m2), and WHtR was
calculated as waist (m) divided by height (m). Pulse
pressure was reported as the difference between
mean systolic and mean diastolic pressure. All partici-
pants were categorised as hypertensive or non-hyper-
tensive at age 25 or 26, based on a definition by the
American Heart Association (systolic blood pressure
�130mmHg or diastolic blood pressure
�80mmHg) [25].

Outcomes

Nutritional status: BMI and WHtR; lipid levels: total
cholesterol, HDL-cholesterol, LDL-cholesterol, and tri-
glycerides; blood pressure: systolic, diastolic and pulse
pressure; carotid intima-media thickness.

Statistical analyses

Statistical tests were performed with SAS version 9.4
(SAS Institute, Inc, Cary, NC). Statistical significance
was inferred at a 2-tailed P-value <.05.

Characteristics of study participants are reported as
means with standard deviations (SDs) for continuous
variables and as proportions for categorical variables.
Differences between the two cohorts and between the
STRIP intervention and control groups in birth weight
and gestational age were analysed using t-tests, while
for birth weight category, the Cochran-Mantel-
Haenszel method was applied. The Cochran-Mantel-
Haenszel method was also used for analyzing the
association between birth weight category and ele-
vated blood pressure at age 25 or 26. The main analy-
ses examined the associations between birthweight
category and longitudinal data on cardiovascular
markers. For this purpose, a repeated measures
ANOVA was used. Compound symmetry was used as
covariance structure. In each model, one of the cardio-
vascular markers was included as the outcome vari-
able along with birth weight category (SGA, AGA or
LGA), sex and assessment time point (study wave in
the ABC and assessment age in STRIP). Finally, an
interaction term between assessment time point and
birth weight category was included in the model to
calculate least square means (adjusted means) with
95% confidence intervals for each assessment time

point and to yield group-wise comparisons between
the birth weight categories.

Additionally, to assess potential mediation, all mod-
els were adjusted for BMI. Linear regression analysis
adjusted for sex was used to analyse effect of birth
weight on cIMT and differences in cIMT between the
birth weight categories.

Table 1. Characteristics of the study participants expressed as
means with standard deviations or proportions (%). The num-
ber in parenthesis refers to the number of participants for the
given variable.

ABC STRIP
mean ± SD (N) mean ± SD

Birth
Gestational age, weeks 38.9 ± 1.5 (541) 39.4 ± 1.5 (747)
Birthweight, grams 3043 ± 600 (541) 3582 ± 501 (747)
SGA, % 22.4 (N¼ 121;

50% male)
2.4 (N¼ 18;
50% male)

AGA, % 69.3 (N¼ 375;
51% male)

68.4 (N¼ 511;
51% male)

LGA, % 8.3 (N¼ 45;
51% male)

29.2 (N¼ 218;
47% male)

Age 11
Age, years 11.4 ± 1.2 (505) 11.0 ± 0.05 (592)
Weight, kg 35.4 ± 11.7 (504) 39.4 ± 8.3 (592)
Height, cm 143.4 ± 10.6 (504) 147.6 ± 6.8 (592)
BMI, kg/m2 16.9 ± 3.5 (504) 18.0 ± 2.9 (592)
WHtR 0.45 ± 0.05 (475) 0.43 ± 0.05 (577)
SBP, mmHg 107.7 ± 10.4 (492) 106.4 ± 10.3 (592)
DBP, mmHg 68.1 ± 7.1 (492) 58.6 ± 6.4 (592)
PP, mmHg 39.5 ± 7.6 (492) 47.8 ± 9.1 (592)
Total cholesterol, mmol/L 4.0 ± 0.8 (475) 4.5 ± 0.7 (586)
HDL, mmol/L 1.2 ± 0.3 (473) 1.3 ± 0.3 (585)
LDL, mmol/L 2.3 ± 0.7 (472) 2.8 ± 0.6 (585)
Triglycerides, mmol/L 1.2 ± 0.7 (475) 0.80 ± 0.4 (586)

Age 18
Age, years 18.3 ± 1.1 (416) 18.0 ± 0.06 (487)
Weight, kg 60.1 ± 18.7 (415) 66.5 ± 12.2 (487)
Height, cm 167.1 ± 8.4 (415) 173.9 ± 9.0 (487)
BMI, kg/m2 21.4 ± 5.6 (414) 21.9 ± 3.4 (487)
WHtR 0.47 ± 0.08 (398) 0.44 ± 0.05 (485)
SBP, mmHg 109.8 ± 11.8 (403) 119.3 ± 13.3 (485)
DBP, mmHg 68.4 ± 7.8 (403) 62.5 ± 7.1 (485)
PP, mmHg 40.4 ± 6.9 (403) 56.8 ± 10.9 (485)
Total cholesterol, mmol/L 4.1 ± 0.9 (398) 4.2 ± 0.8 (481)
HDL, mmol/L 1.1 ± 0.3 (398) 1.3 ± 0.3 (482)
LDL, mmol/L 2.4 ± 0.7 (398) 2.5 ± 0.6 (481)
Triglycerides, mmol/L 1.4 ± 0.9 (398) 1.0 ± 0.4 (481)

Age 25/26
Age, years 25.4 ± 1.2 (415) 26.1 ± 0.2 (526)
Weight, kg 66.7 ± 20.0 (411) 74.1 ± 16.0 (526)
Height, cm 167.3 ± 8.5 (414) 173.5 ± 9.3 (526)
BMI, kg/m2 23.8 ± 6.5 (411) 24.5 ± 4.4 (526)
WHtR 0.52 ± 0.1 (388) 0.47 ± 0.06 (526)
SBP, mmHg 110.9 ± 12.4 (396) 120.8 ± 10.9 (526)
DBP, mmHg 71.45 ± 8.6 (396) 71.9 ± 7.3 (526)
PP, mmHg 39.4 ± 6.7 (396) 48.8 ± 8.1 (526)
Total cholesterol, mmol/L 4.5 ± 1.1 (371) 4.6 ± 0.9 (524)
HDL, mmol/L 1.0 ± 0.3 (367) 1.3 ± 0.3 (524)
LDL, mmol/L 2.4 ± 0.8 (365) 2.8 ± 0.7 (524)
Triglycerides, mmol/L 1.5 ± 1.1 (369) 1.0 ± 0.5 (524)

BMI: Body Mass Index; WHtR: Waist-to-Height-Ratio; HDL: High-density
Lipoprotein cholesterol; LDL: Low-density Lipoprotein cholesterol; SBP:
Systolic Blood Pressure; DBP: Diastolic Blood Pressure; PP: Pulse Pressure;
SGA: Small for Gestational Age; AGA: Appropriate for Gestational Age;
LGA: Large for Gestational Age.
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Results

Characteristics of the participants are reported in
Table 1. Mean gestational age was lower in the ABC
compared to the STRIP participants (38.9 ± 1.5 weeks
vs. 39.4 ± 1.5 weeks, p<.0001). Mean birth weight was
also lower in the ABC participants (3,043 ± 600 grams
vs. 3,582 ± 501 grams, p<.0001). There were more SGA
babies (22.4% vs 2.4%) and less LGA babies (8.3% vs.
29.2%) in the ABC than in the STRIP cohort (p<.0001).

Nutritional status

The associations between birth weight category and
later nutritional status are presented in Figure 1. Birth
weight category was associated with BMI in a step-
wise manner from childhood to adulthood in both
cohorts (p<.0001 for ABC and p¼.003 for STRIP) with
higher BMI found for higher birth weight category.
Group-wise comparisons of the birth weight categories
showed that participants who were LGA had higher

BMI compared to the SGA participants in both the
ABC and the STRIP study at all follow-ups. In the ABC,
the sex and study point adjusted mean for BMI in the
LGA group at age 11 was 19.5 kg/m2 (95%CI
17.9–21.0) vs. 16.2 kg/m2 (15.3–17.2, p¼.0004) in the
SGA group; at age 18 it was 24.9 kg/m2 (23.3–26.5) vs.
20.1 kg/m2 (19.1–21.1, p<.0001), and at age 25,
26.0 kg/m2 (24.3–27.7) vs. 22.3 kg/m2 (21.3–23.3,
p¼.0002). BMI was higher in the AGA group compared
to the SGA group at age 18: 21.6 kg/m2 (21.1–22.2) vs.
20.1 kg/m2 (p¼.01) and at age 25: 24.3 kg/m2

(23.8–24.9) vs. 22.3 kg/m2 (p¼.0005). LGA participants
had higher BMI than AGA participants at age 11
(19.5 kg/m2 vs. 17.0 kg/m2 [16.4–17.5, p¼.0027] and at
age 18 (24.9 kg/m2 vs. 21.6 kg/m2, p¼.0002). In the
STRIP study, BMI in the LGA group at age 11 was
18.4 kg/m2 (17.9–18.9) vs. 16.2 kg/m2 (14.5–18.0,
p¼.018) in the SGA group; at age 18, 22.7 kg/m2

(22.1–23.2) vs. 20.3 kg/m2 (18.4–22.1, p¼.016) and at
age 26, 25.1 kg/m2 (24.6–25.7) vs. 22.3 kg/m2

Figure 1. Associations between birthweight category and nutritional status in the ABC and STRIP cohorts. Bars indicate least
adjusted means with error bars for 95% confidence intervals. The values in the boxes refer to the longitudinal analyses with WGA
referring to birth weight category and AGE to assessment time point. Significant intracohortal differences between the birthweight
categories at each follow-up are indicated with brackets. Unit for BMI is kg/m2. Abbreviations: BMI: Body Mass Index; WHtR:
Waist-to-Height-Ratio; SGA: Small for Gestational Age; AGA: Appropriate for Gestational Age; LGA: Large for Gestational Age; WGA:
Weight for Gestational Age category. Asterisks indicate statistical significance with �p<.05, ��p<.01 and ���p<.001.
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(20.5–24.1, p¼.003). BMI was higher in the AGA group
compared to the SGA group only at age 26: 24.4 kg/
m2 (24.1–24.8) vs. 22.3 kg/m2 (p¼.024). LGA partici-
pants had higher BMI than AGA participants at ages
18 (22.7 vs. 21.9 kg/m2 [21.6–22.3], p¼.025) and at age
26 (25.1 vs 24.4 kg/m2, p¼.022) (Figure 1).

Similar to BMI, birth weight category was associated
in a step-wise manner with WHtR in the ABC (p¼.004)
with higher WHtR levels found for higher birth weight
category. This association persisted after adjusting for
BMI (p¼.004). In contrast, there was no association
between birth weight category and WHtR in the STRIP
study (p¼.33).

In the ABC, group-wise comparisons between the
birth weight categories showed that WHtR was higher
in the LGA participants compared to the SGA partici-
pants at ages 11 (0.48[0.45–0.50] vs. 0.44[0.45–0.45],
p¼.007) and 18 (0.51[0.49–0.54] vs. 0.46[0.44–0.48],
p¼.0007). Similarly, the LGA participants had higher
WHtR than the AGA participants at ages 11 (0.48 vs.
0.45[0.44–0.46], p¼.030) and 18 (0.51 vs.
0.48[0.47–0.48], p¼.006). There were no differences in
WHtR between the SGA and AGA participants at any
studied age and no differences between any of the
birth weight categories were found at age 25.

Lipid levels

The associations between birth weight category and
serum lipid levels are summarized in Figure 2. The lon-
gitudinal analyses revealed that there were no associa-
tions between birthweight category and total, HDL-,
LDL-cholesterol, or triglyceride levels in the cohorts.
Group-wise comparisons between the birth weight
categories indicated that in the ABC at age 11, the
LGA participants had higher triglyceride levels com-
pared to SGA (1.50mmol/l [1.22–1.78] vs. 1.09mmol/l
[0.93–1.26], p¼ 0.013) and AGA (1.50 vs. 1.20mmol/l
[1.10–1.29], p¼ 0.041) participants. These associations
did not persist after adjusting for BMI.

Blood pressure

The associations between birth weight category and
future blood pressure levels are presented in Figure 3.

The longitudinal analyses revealed that birth weight
category was not associated with systolic blood pres-
sure levels in either cohort. Group-wise comparisons
of the birth weight categories, however, showed that
in the ABC cohort at age 11, systolic blood pressure
was higher in the LGA group compared to the SGA
group (113.7mmHg [109.7–117.7] vs. 109.0mmHg

[106.7–111.3], p¼.046), and in the AGA group com-
pared to the SGA group (112.0mmHg [110.7–113.2]
vs. 109.0mmHg, p¼.028). Systolic blood pressure was
higher in the LGA group compared to the AGA group
(113.7mmHg vs. 112.0mmHg, p¼.037). These associa-
tions did not persist after adjusting for BMI.

In the longitudinal analyses, birth weight category
was also not associated with diastolic blood pressure
levels in the ABC or STRIP cohorts. In the group-wise
analyses, AGA participants had higher diastolic blood
pressure than SGA participants in the ABC at age 25
(71.9mmHg [71.1–72.8] vs. 69.9mmHg [68.2–71.5]
p¼.027). In the STRIP study, LGA participants had
higher diastolic blood pressure than AGA participants
at age 11 (59.5mmHg [58.5–60.5] vs. 58.2mmHg
[57.5–58.8], p¼.031) (Figure 3). These associations did
not persist after adjusting for BMI. There were no asso-
ciations between birth weight category and pulse
pressure in either cohort.

In the STRIP study, 17.0% (N¼ 127) and in the ABC
12.9% (N¼ 70) of participants had elevated blood
pressure at age 25 or 26. There was no association
between birth weight category and elevated blood
pressure in either cohort (p¼.34 for STRIP, p¼.36
for ABC).

Carotid intima-media thickness

Mean values for cIMT with 95% confidence intervals at
age 18/19 years for each birth weight category are
presented in Figure 4. In the ABC, there was no associ-
ation between birth weight category and cIMT
(p¼ 0.72). Similarly, group-wise comparisons revealed
no differences in cIMT between the birth
weight categories.

In the STRIP study, there was no association
between birth weight category and cIMT (p¼.19).
However, in the group-wise comparisons, SGA partici-
pants had a tendency for lower cIMT than AGA partici-
pants (386 mm [367–406] vs. 407 mm [402–412],
p¼.085) and had lower cIMT than LGA participants
(386 mm vs. 409 mm [403–416], p¼.024).

Discussion

The present study shows that birth weight for gesta-
tional age is associated with later cardiovascular
health in these two unique, distinct cohorts from dif-
ferent parts of the world. The strongest associations
were found between birth weight category and BMI,
with SGA infants having lower BMI and LGA infants
higher BMI throughout the follow-ups in both cohorts.
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Figure 2. Associations between birthweight category and serum lipid levels in the ABC and STRIP cohorts. Bars indicate adjusted
means with error bars for 95% confidence intervals. The values in the boxes refer to the longitudinal analyses with WGA referring
to birth weight category and AGE to assessment time point. Significant intracohortal differences between the birthweight catego-
ries at each follow-up are indicated with brackets. Unit for total cholesterol, HDL, LDL and triglycerides is mmol/l. Abbreviations:
HDL: High-density Lipoprotein; LDL: Low-density Lipoprotein; SGA: Small for Gestational Age; AGA: Appropriate for Gestational
Age; LGA: Large for Gestational Age; WGA: Weight for Gestational Age category. Asterisks indicate statistical significance with�p<.05, ��p<.01 and ���p<.001.
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Interestingly, WHtR, an indicator of central adiposity,
was associated with birth weight category in the
Indigenous Australian ABC cohort, but not in the
Finnish STRIP study. Future lipid levels showed to be
largely independent of birth weight category in both
cohorts. However, in the ABC at age 11, LGA

participants had higher triglyceride levels than SGA
and AGA participants. Birth weight category was also
associated with blood pressure levels in both cohorts.
In the STRIP cohort, LGA participants had higher sys-
tolic and diastolic blood pressure than AGA partici-
pants at age 11. In the ABC, differences in blood

Figure 3. Associations between birthweight category and longitudinal trends in blood pressure levels in the ABC and STRIP
cohorts. Bars indicate least square means with error bars for 95% confidence intervals. The values in the boxes refer to the longi-
tudinal analyses with WGA referring to birth weight category and AGE to assessment time point. Significant intracohortal differen-
ces between the birthweight categories at each follow-up are indicated with brackets. Unit for SBP, DBP and pulse pressure is
mmHg. Abbreviations: SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure; SGA: Small for Gestational Age; AGA:
Appropriate for Gestational Age; LGA: Large for Gestational Age; WGA: Weight for Gestational Age category. Asterisks indicate stat-
istical significance with �p<.05, ��p<.01 and ���p<.001.
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pressure were only seen at age 25 when SGA partici-
pants had lower systolic blood pressure than AGA and
LGA participants and lower diastolic blood pressure
than AGA participants. When adjusting for BMI, the
associations found for blood pressure and lipid levels
did not persist, indicating that BMI likely mediates
these associations. Birth weight category was associ-
ated with cIMT only in the STRIP cohort, where SGA
participants had lower cIMT than LGA participants at
age 19.

The observed association between birth weight and
BMI from childhood to adulthood is in line with prior
studies showing that high birth weight may lead to
obesity later in life [26–28]. In a cross-sectional study
on Korean adolescents (N¼ 1304), higher birth weight
was associated with both higher BMI and higher fat
mass index [26] and a study on 6 to 11 year old
Canadians showed that every 100 g increase in birth
weight was associated with a 5% increase in a child’s
obesity risk [28]. Moreover, there is growing evidence
that obesity and the association between birth weight
and future BMI could at least in part be explained by
polygenic inherited susceptibility to obesity, suggest-
ing a shared background for the phenotypes. As an
example, a genome-wide polygenic score to quantify
the genetic risk for future obesity was generated in a
genome-wide association study and it was found that
this genetic risk score was associated with only small
differences in birth weight but that these differences
grew in size with time reaching a gradient of 12 kg by
the age of 18 between top and bottom risk score dec-
iles [34].

Collectively, genetic and epigenetic properties are
thought play an important role in the association

between birth weight and later CVD risk. The associ-
ation between low birth weight and later CVD has
been documented in numerous epidemiological stud-
ies [29–31] Foetal epigenetic programming in a sub-
optimal intrauterine environment is suggested to drive
the processes leading to greater cardiovascular risk in
adulthood [32]. More recently, it has been proposed
that foetal overnutrition leading to high birth weight
also causes epigenetic programming that increases
the individual’s risk of CVD in adulthood [33].

A large multi-cohort study from Finland and the UK
examined the role of birth weight adjusted for gesta-
tional age on later metabolic profile and found that
lower birth weight was adversely associated with car-
diometabolic biomarkers such as lipid levels and
inflammatory markers in adulthood. The magnitude of
this association, however, was modest, similar to that
caused by high BMI in adulthood. It was suggested
similar molecular pathways may underlie both low
birth weight and adulthood overweight [35].

Somewhat unexpectedly, only few associations
between birth weight category and blood pressure or
lipid levels were found in the present study, whereas
previous studies have reported inverse associations
between these variables. In the Bogalusa Heart Study
(Louisiana), lower birth weight was associated with
both higher blood pressure levels (systolic, diastolic
and pulse pressure) [36] from childhood to adulthood
as well as higher LDL cholesterol and triglyceride
levels in adolescence [37]. A large (N¼ 300.000), gen-
ome-wide association study using data from the EGG
consortium and the UK biobank found evidence to
support that the inverse association between birth
weight and blood pressure is attributable both directly
to the foetal genotype and indirectly to maternal gen-
etic factors that produce an adverse intrauterine envir-
onment. According to the study, it is possible that
some of the same alleles that are associated with
lower birth weight might also cause higher blood
pressure later in life [38]. The lack of association
between birth weight and blood pressure and lipid
levels in our study may be due to the relatively small
sample sizes.

The finding that birth weight was associated with
WHtR in the ABC but not in the STRIP cohort, may be
explained by different patterns of fat accumulation in
the populations. In a previous study examining the
prevalence of metabolic syndrome in the ABC, it was
noted that large waist circumference was quite com-
mon despite low rates of overweight and the relative
underweight nature of the cohort. It was suggested
that there could be a susceptibility for central fat

Figure 4. Carotid intima media thickness (IMT) according to
birth weight category in the cohorts. Significant intracohortal
differences between the birthweight categories at each follow-
up are indicated with brackets. Asterisks indicate statistical sig-
nificance with �p<.05, ��p<.01 and ���p<.001. Values are
in mm.

2068 P. SJÖHOLM ET AL.



accumulation in the population and that central adi-
posity could serve as a better predictor of metabolic
and cardiovascular disorders than BMI also in
Indigenous Australians [39]. Another study compared
body fat distribution between adults of Aboriginal and
European ancestry in Australia and concluded that
there were significant differences in body shape with
Aboriginal women having larger waist circumferences
than their European Australian counterparts [40]. A
study from the ABC confirmed that especially females
in the Aboriginal population are more likely to be
affected by central obesity [41].

A key finding of this study was that larger babies,
although born in completely different global contexts,
tend to have larger BMIs already in childhood, putting
these individuals at greater risk for obesity-related dis-
orders such as type 2 diabetes and cancer [42,43]. A
previous study examining tracking of obesity in the
ABC found a tendency for overweight children to
remain overweight as adults [41], a phenomenon seen
in many other populations as well [44]. With the pro-
portion of newborns with high birth weight increasing
in many populations [45–47], and the obesity pan-
demic posing a major global health threat [48], the
effect of birth weight on future BMI is of evident
importance. The rising rates of high birth weight
infants have been explained by maternal factors such
as pre-pregnancy obesity, gestational weight gain, and
gestational diabetes [49], indicating a need to focus
on maternal health to prevent childhood obesity and
help tackle the obesity pandemic [50]. On the other
hand, there is evidence that if childhood obesity dis-
continues into adulthood, the risk for later type 2 dia-
betes, hypertension, dyslipidemia, and atherosclerosis
is similar to those who were never obese [51], impli-
cating the benefits of interventions in childhood or
even earlier [52].

A particular strength of this study is that we were
able to compare two unique cohorts that were estab-
lished almost simultaneously on opposite sides of the
globe in very different socioeconomic and cultural set-
tings. Both of these longitudinal studies began in
infancy, and have had good retention rates and sys-
tematically structured follow-ups. We acknowledge
that comparisons between the cohorts remain obser-
vational, as the methodologies to assess anthropomet-
rics and blood pressure, blood sampling and carotid
ultrasonography were not standardised across the
cohorts to allow for statistical comparisons. As the
sample sizes of both studies and especially the num-
ber of SGA infants in the STRIP cohort and the num-
ber of LGA infants in the ABC were quite low, it is

possible that some existing associations were not
found. Parental effects on birth weight were not ana-
lysed although especially maternal risk factors such as
gestational diabetes and maternal BMI could add
important information about the intergenerational
inheritance of cardiovascular risk. Finally, clinical rele-
vance of the cardiovascular risks described in this
paper remain to be analysed in later studies, as the
participants were still young with little cardiovascular
morbidities.

Collectively, findings of this study suggest that birth
weight category is associated with later cardiovascular
risk profile with the most robust associations seen in
nutritional status indicated by BMI and WHtR. This
finding supports targeted prevention strategies for
those individuals at risk to improve cardiovascular
health worldwide. Additional research on the longitu-
dinal health trajectories of small and large birth
weight infants is needed for evaluation of the extent
of cardiovascular risk related to birth weight. Future
research endeavours may focus on the possibilities of
incorporating birth weight into CVD risk assessment
and on the impact of targeted intervention strategies
for individuals at risk based on their birth weight.

Acknowledgements

The authors acknowledge past and present study team
members, particularly Susan Sayers AO, founder of the
Aboriginal Birth Cohort study. We especially thank the
young adults in the Aboriginal Birth Cohort and their fami-
lies and communities for their cooperation and support, and
all the individuals who helped in urban and rural locations.

Author contributions

PS, KP, BD, MJ, and GS contributed to the analysis and inter-
pretation of data. BD and GS were responsible for the
design and implementation of the larger ABC study of which
this paper is a part. BD and GS collected and managed the
ABC data used in this study. OR is the principal investigator
and HN the vice principal investigator of the STRIP study. PS
wrote the paper with input from all authors. All authors
approved of the final version to be submitted and agree to
be accountable for all aspects of the work.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

ABC study was supported by the National Health and
Medical Research Council of Australia [Project Grant
APP1046391, 436011, 137203, 320860]; the Channel 7

ANNALS OF MEDICINE 2069



Children’s Research Foundation of South Australia (2006);
the National Heart Foundation (G04D1504) the Colonial
Foundation, Diabetes Australia, Pfizer and Northern Territory
Government Research and Innovation Grant (2006). STRIP
has been supported financially by the Academy of Finland
[grant numbers: 206374, 294834, 251360, 275595, 307996,
and 322112]; the Juho Vainio Foundation; the Finnish
Foundation for Cardiovascular Research; the Finnish Ministry
of Education and Culture; the Finnish Cultural Foundation;
the Sigrid Jus�elius Foundation; Special Governmental grants
for Health Sciences Research; Turku University Hospital; the
Yrj€o Johansson Foundation; the Finnish Medical Foundation;
and the Turku University Foundation.

Data availability statement

Data may be obtained from a third party and are not pub-
licly available. All data are stored confidentially and are not
freely available in the public domain, but specific proposals
for collaboration are welcomed. Collaborations are estab-
lished through formal agreement with the ABC steering
committee. Contact information: abcstudy@menzies.edu.au.

References

[1] Barker DJ. The fetal and infant origins of adult dis-
ease. BMJ. 1990;301(6761):1111–1111.

[2] Bianco-Miotto T, Craig JM, Gasser YP, et al.
Epigenetics and DOHaD: from basics to birth and
beyond. J Dev Orig Health Dis. 2017;8(5):513–519.

[3] Barouki R, Gluckman PD, Grandjean P, et al.
Developmental origins of non-communicable disease:
Implications for research and public health. Environ
Health. 2012;11(1):42.

[4] Briana DD, Malamitsi-Puchner A. Perinatal biomarkers
implying ‘developmental origins of health and dis-
ease’ consequences in intrauterine growth restriction.
Acta Paediatr. 2020;109(7):1317–1322.

[5] Roth GA, Abate D, Abate KH, et al. Global, regional,
and national age-sex-specific mortality for 282 causes
of death in 195 countries and territories, 1980–2017:
a systematic analysis for the global burden of disease
study 2017. The Lancet. 2018;392(10159):1736–1788.

[6] Knop MR, Geng T, Gorny AW, et al. Birth weight and
risk of type 2 diabetes mellitus, cardiovascular dis-
ease, and hypertension in adults: a meta-analysis of 7
646 267 participants from 135 studies. JAHA. 2018;
7(23): e008870.

[7] Lai C, Hu Y, He D, et al. U-shaped relationship
between birth weight and childhood blood pressure
in China. BMC Pediatr. 2019;19(1):264.

[8] Arnold L, Hoy W, Wang Z. Low birthweight increases
risk for cardiovascular disease hospitalizations in a
remote indigenous Australian community–a prospect-
ive cohort study. Aust NZ J Public Health. 2016;40(S1):
S102–S106.

[9] Haas SA, Oi K. The developmental origins of health
and disease in international perspective. Soc Sci Med.
2018;213:123–133.

[10] Simell O, Niinikoski H, Ronnemaa T, STRIP Study
Group, et al. Cohort profile: the STRIP study (special
Turku coronary risk factor intervention project), an
infancy-onset dietary and life-style intervention trial.
Int J Epidemiol. 2009;38(3):650–655.

[11] Sayers SM, Mackerras D, Singh GR. Cohort profile: the
Australian aboriginal birth cohort (ABC) study. Int J
Epidemiol. 2017;46(5): 1383–1383f.

[12] Australian Bureau of Statistics. Census of Population
and Housing: Reflecting Australia – Stories from the
Census. Published online 2016. https://www.abs.gov.
au/AUSSTATS/abs@.nsf/Lookup/2071.0Main+Features
100012016?OpenDocument.

[13] Sayers S, Singh G, Mackerras D, et al. Australian abori-
ginal birth cohort study: follow-up processes at 20
years. BMC Int Health Hum Rights. 2009;9:23.

[14] Pahkala K, Laitinen TT, Niinikoski H, et al. Effects of
20-year infancy-onset dietary counselling on cardio-
metabolic risk factors in the special Turku coronary
risk factor intervention project (STRIP): 6-year post-
intervention follow-up. Lancet Child Adolesc Health.
2020;4(5):359–369.

[15] Dubowitz LMS, Dubowitz V, Goldberg C. Clinical
assessment of gestational age in the newborn infant.
J Pediatr. 1970;77(1):1–10.

[16] Villar J, Ismail LC, Victora CG, et al. International
standards for newborn weight, length, and head cir-
cumference by gestational age and sex: the newborn
Cross-Sectional study of the INTERGROWTH-21st pro-
ject. The Lancet. 2014;384(9946):857–868.

[17] Sayers SM, Mackerras D, Singh G, et al. An Australian
aboriginal birth cohort: a unique resource for a life
course study of an indigenous population. A study
protocol. BMC Int Health Hum Rights. 2003;3(1):1.

[18] Juonala M, Singh GR, Davison B, et al. Childhood
metabolic syndrome, inflammation and carotid
intima-media thickness. The aboriginal birth cohort
study. Int J Cardiol. 2016;203:32–36.

[19] Niinikoski H, Pahkala K, Ala-Korpela M, et al. Effect of
repeated dietary counseling on serum lipoproteins
from infancy to adulthood. PEDIATRICS. 2012;129(3):
e704–e713.

[20] Friedewald WT, Levy RI, Fredrickson DS. Estimation of
the concentration of low-density lipoprotein choles-
terol in plasma, without use of the preparative ultra-
centrifuge. Clin Chem. 1972;18(6):499–502.

[21] Niinikoski H, Jula A, Viikari J, et al. Blood pressure is
lower in children and adolescents with a Low-
Saturated-Fat diet since infancy: the special Turku cor-
onary risk factor intervention project. Hypertension.
2009;53(6):918–924.

[22] Niinikoski H, Lagstr€oM H, Jokinen E, et al. Impact of
repeated dietary counseling between infancy and 14
years of age on dietary intakes and serum lipids and
lipoproteins: the STRIP study. Circulation. 2007;116(9):
1032–1040.

[23] Nupponen M, Pahkala K, Juonala M, et al. Metabolic
syndrome from adolescence to early adulthood: effect
of infancy-onset dietary counseling of low saturated
fat: the special Turku coronary risk factor intervention
project (STRIP). Circulation. 2015;131(7):605–613.

2070 P. SJÖHOLM ET AL.

mailto:abcstudy.edu.au
https://www.abs.gov.au/AUSSTATS/abs@.nsf/Lookup/2071.0Main+Features100012016?OpenDocument
https://www.abs.gov.au/AUSSTATS/abs@.nsf/Lookup/2071.0Main+Features100012016?OpenDocument
https://www.abs.gov.au/AUSSTATS/abs@.nsf/Lookup/2071.0Main+Features100012016?OpenDocument


[24] Laitinen TT, Nuotio J, Rovio SP, et al. Dietary fats and
atherosclerosis from childhood to adulthood.
Pediatrics. 2020;145(4):e20192786.

[25] Whelton PK, Carey RM, Aronow WS, et al. 2017 ACC/
AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/
PCNA guideline for the prevention, detection, evalu-
ation, and management of high blood pressure in
adults: a report of the American college of cardi-
ology/American heart association task force on clinical
practice guidelines. Hypertension. 2018;71(6):
e13–e115.

[26] Kang M, Yoo JE, Kim K, et al. Associations between
birth weight, obesity, fat mass and lean mass in
Korean adolescents: the fifth Korea national health
and nutrition examination survey. BMJ Open. 2018;
8(2):e018039.

[27] Yuan Z, Yang M, Liang L, et al. Possible role of birth
weight on general and central obesity in Chinese chil-
dren and adolescents: a cross-sectional study. Ann
Epidemiol. 2015;25(10):748–752.

[28] Shi Y, de Groh M, Morrison H. Perinatal and early
childhood factors for overweight and obesity in
young Canadian children. Can J Public Health. 2013;
104(1):e69–e74.

[29] Martyn CN, Gale CR, Jespersen S, et al. Impaired fetal
growth and atherosclerosis of carotid and peripheral
arteries. The Lancet. 1998;352(9123):173–178.

[30] Skilton MR, Viikari JSA, Juonala M, et al. Fetal growth
and preterm birth influence cardiovascular risk factors
and arterial health in young adults: the cardiovascular
risk in young finns study. ATVB. 2011;31(12):
2975–2981.

[31] Skilton MR, Evans N, Griffiths KA, et al. Aortic wall
thickness in newborns with intrauterine growth
restriction. The Lancet. 2005;365(9469):1484–1486.

[32] Crispi F, Miranda J, Gratac�os E. Long-term cardiovas-
cular consequences of fetal growth restriction: biol-
ogy, clinical implications, and opportunities for
prevention of adult disease. Am J Obstet Gynecol.
2018;218(2S):S869–S879.

[33] Fall CHD, Kumaran K. Metabolic programming in early
life in humans. Philos Trans R Soc Lond B Biol Sci.
2019;374(1770):20180123.

[34] Khera AV, Chaffin M, Wade KH, et al. Polygenic pre-
diction of weight and obesity trajectories from birth
to Adulthood. Cell. 2019;177(3):587–596.e9.

[35] W€urtz P, Wang Q, Niironen M, et al. Metabolic signa-
tures of birthweight in 18 288 adolescents and adults.
Int J Epidemiol. 2016;45(5):1539–1550.

[36] Mzayek F, Hassig S, Sherwin R, et al. The association
of birth weight with developmental trends in blood
pressure from childhood through Mid-Adulthood: the
Bogalusa heart study. Am J Epidemiol. 2007;166(4):
413–420.

[37] Mzayek F, Sherwin R, Fonseca V, et al. Differential
association of birth weight with cardiovascular risk
variables in African- Americans and whites: the
Bogalusa heart study. Ann Epidemiol. 2004;14(4):
258–264.

[38] Warrington NM, Beaumont RN, Horikoshi M, EGG
Consortium, et al. Maternal and fetal genetic effects
on birth weight and their relevance to cardio-meta-
bolic risk factors. Nat Genet. 2019;51(5):804–814.

[39] Sellers EAC, Singh GR, Sayers SM. Large waist but low
body mass index: the metabolic syndrome in
Australian aboriginal children. J Pediatr. 2008;153(2):
222–227.

[40] Piers LS, Rowley KG, Soares MJ, et al. Relation of adi-
posity and body fat distribution to body mass index
in Australians of aboriginal and European ancestry.
Eur J Clin Nutr. 2003;57(8):956–963.

[41] Sj€oholm P, Pahkala K, Davison B, et al. Socioeconomic
status, remoteness and tracking of nutritional status
from childhood to adulthood in an Australian aborigi-
nal birth cohort: the ABC study. BMJ Open. 2020;
10(1):e033631.

[42] Jensen MD, Ryan DH, Donato KA, et al. Executive
summary: Guidelines (2013) for the management of
overweight and obesity in adults: a report of the
American college of cardiology/American heart associ-
ation task force on practice guidelines and the obes-
ity society published by the O. Obesity. 2014;22(S2):
S5–S39.

[43] Franks PW, Hanson RL, Knowler WC, et al. Childhood
obesity, other cardiovascular risk factors, and prema-
ture death. N Engl J Med. 2010;362(6):485–493.

[44] Evensen E, Wilsgaard T, Furberg A-S, et al. Tracking of
overweight and obesity from early childhood to ado-
lescence in a population-based cohort – the tromsø
study, fit futures. BMC Pediatr. 2016;16(1):64.

[45] Hadfield RM, Lain SJ, Simpson JM, et al. Are babies
getting bigger? An analysis of birthweight trends in
New South Wales, 1990–2005. Med J Aust. 2009;
190(6):312–315.

[46] Surkan PJ, Hsieh C-C, Johansson ALV, et al. Reasons
for increasing trends in large for gestational age
births. Obstet Gynecol. 2004;104(4):720–726.

[47] Kramer MS, Morin I, Yang H, et al. Why are babies
getting bigger? Temporal trends in fetal growth and
its determinants. J Pediatr. 2002;141(4):538–542.

[48] Bl€uher M. Obesity: global epidemiology and patho-
genesis. Nat Rev Endocrinol. 2019;15(5):288–298.

[49] Kaul P, Bowker SL, Savu A, et al. Association between
maternal diabetes, being large for gestational age
and breast-feeding on being overweight or obese in
childhood. Diabetologia. 2019;62(2):249–258.

[50] Poston L, Caleyachetty R, Cnattingius S, et al.
Preconceptional and maternal obesity: epidemiology
and health consequences. Lancet Diabetes
Endocrinol. 2016;4(12):1025–1036.

[51] Juonala M, Magnussen CG, Berenson GS, et al.
Childhood adiposity, adult adiposity, and cardiovascu-
lar risk factors. N Engl J Med. 2011;365(20):1876–1885.

[52] Weihrauch-Bl€uher S, Wiegand S. Risk factors and
implications of childhood obesity. Curr Obes Rep.
2018;7(4):254–259.

ANNALS OF MEDICINE 2071


	Abstract
	Introduction
	Methods
	Participants
	The aboriginal birth cohort (ABC), Northern Territory, Australia
	The special Turku coronary risk factor intervention project (STRIP), Turku, Finland

	Ethics approval
	Procedures
	Birth weight and gestational age
	Cardiovascular markers
	Outcomes

	Statistical analyses
	Results
	Nutritional status
	Lipid levels
	Blood pressure
	Carotid intima-media thickness

	Discussion
	Acknowledgements
	Author contributions
	Disclosure statement
	Funding
	Data availability statement
	References


