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Background-—Traditional risk factors for heart failure––coronary heart disease, hypertension, diabetes mellitus, obesity, and
smoking––only account for about 50% of cases. Thus, the identiﬁcation of novel risk factors is of signiﬁcant public health
importance. As high birth weight infants are at increased risk for obesity and diabetes mellitus later in life, which are both risk
factors for the development of heart failure, we sought to assess the association of high birth weight with incident heart failure in
the ARIC (Atherosclerosis Risk in Communities) study.
Methods and Results-—The ARIC study is a biracial prospective community-based investigation of 15 792 individuals aged 45 to
64 years at baseline. Study participants who were born premature or born a twin were excluded from this analysis, resulting in
9820 participants who provided either their birth weight category (low, medium, high) or exact birth weight. After adjusting for
differences in demographics, risk factors, and comorbidities, compared with medium birth weight, those with high birth weight had
a signiﬁcantly increased risk of incident heart failure (hazard ratio, 1.27; 95% CI, 1.05–1.54 [P=0.014]). The hazard for all-cause
mortality for high birth weight compared with medium birth weight was 1.16 (95% CI, 0.99–1.34; P=0.06). There was no
association of high birth weight with myocardial infarction (hazard ratio, 1.06; 95% CI, 0.84–1.34 [P=0.6]).
Conclusions-—High birth weight was associated with a signiﬁcantly increased hazard of incident heart failure independent of
traditional risk factors and a trend toward an increased hazard of death. A history of high birth weight should be ascertained in
young adults for primordial prevention of heart failure and in older adults for primary prevention. ( J Am Heart Assoc. 2019;8:
e011524. DOI: 10.1161/JAHA.118.011524.)
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H

eart failure (HF) is a global pandemic affecting more
than 26 million patients worldwide1 that is best
addressed by intervening on risk factors for HF before the
HF phenotype develops. The traditional risk factors for HF––
hypertension, coronary heart disease (CHD), diabetes mellitus, smoking, and obesity––account for only about half of
the population-attributable risk.2 Thus, identiﬁcation of novel
risk factors for HF is of signiﬁcant public health importance.
One potential nontraditional risk factor is birth weight. The
fetal origins of adult diseases hypothesis postulates that
maladaptive changes in utero as a response to environmental stressors lead to permanent changes that persist
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throughout life predisposing to the development of chronic
diseases.3
Low birth weight (LBW) (<2.5 kg) has been considered a
surrogate marker of fetal malnutrition.3 Most studies on
outcomes related to birth weight have focused on LBW with
several studies linking LBW to the development of CHD4,5 and
hypertension.6–8 High birth weight (HBW) (>4 kg) is commonly associated with maternal obesity, gestational diabetes
mellitus, and greater maternal weight gain during pregnancy.9
HBW infants are at increased risk of developing obesity10,11
and type 2 diabetes mellitus12 later in life, both of which are
risk factors for HF.2 We hypothesized that HBW would be
associated with an increased risk of incident HF in a large
biracial sample of community-dwelling adults enrolled in the
ARIC (Atherosclerosis Risk in Communities) study.

Participants and Methods
Data Source
The ARIC data set was obtained upon request from the
Biologic Specimen and Data Repository Information Coordinating Center (BioLINCC) of the National Heart, Lung, and
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baseline examination during visit 1 including anthropometric
data, medical history, and cholesterol measurements.

What Is New?
• This study demonstrates an association between high
weight at birth and subsequent development of heart failure
as an adult.

What Are the Clinical Implications?
• A history of high birth weight should be ascertained in young
adults for primordial prevention of heart failure and in older
adults for primary prevention.

Blood Institute under a data use agreement. The Washington
University Human Research Protection Ofﬁce granted this
study an exemption from institutional review board oversight.
Because of the sensitive nature of the data collected for this
study, requests to access the data set from qualiﬁed
researchers trained in human subject conﬁdentiality protocols
may be sent to BioLINCC (https://biolincc.nhlbi.nih.gov).

Study Participants
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The ARIC study is a prospective cohort trial investigating the
etiology of atherosclerotic disease in biracial communitydwelling men and women between the ages of 45 and 64
years who were selected by probability sampling from 4
communities in the United States (Minneapolis, MN; Washington County, MD; Forsyth County, NC; Jackson, MS).13 The
institutional review boards at all participating centers
approved the ARIC study protocol and all participants
provided informed consent.
From 1987–1989, 15 792 participants attended the
baseline clinical examination (visit 1). Subsequent visits were
at 3-year intervals (visit 2 in 1990–1992; visit 3 in 1993–
1995; visit 4 in 1996–1998) except for visit 5 (2011–2013).
Participants have been contacted annually (semiannually
beginning in 2012) to obtain information about hospitalizations and for additional data collection. At visit 4, 11 656
participants were asked their birth weight in pounds and
ounces. Recalled exact birth weight was converted to
kilograms. Those who could not provide their exact birth
weight were asked to categorize their birth weight as low,
medium, or high. LBW was deﬁned as <2.5 kg, medium birth
weight (MBW) as 2.5 to 4 kg, and HBW as ≥4 kg. Study
participants who were born a twin or premature were
excluded. This resulted in a total of 9820 participants who
provided either their exact birth weight or birth weight
category (complete cohort) included in this analysis, of whom
4776 provided their exact birth weight (exact birth weight
subgroup). Additional information was obtained from the
DOI: 10.1161/JAHA.118.011524

Outcomes
The primary outcome of interest was incident HF, deﬁned as
the ﬁrst occurrence of a hospitalization with an HF diagnosis
according to International Statistical Classiﬁcation of Diseases
codes in any position or a death certiﬁcate with death from HF
in any position.14 Secondary outcomes included all-cause
mortality and myocardial infarction (MI). Follow-up time for
outcome events was deﬁned as the time from their baseline
examination until the incident event.
Deaths were determined by annual (or later, semiannual)
telephone calls, linkage to local hospital and state health
department records, or, for those lost to follow-up, linkage to
the National Death Index. MI was deﬁned by ≥1 of the
following: evolving diagnostic ECG changes, diagnostic ECG
pattern and abnormal cardiac enzymes/biomarkers, or
cardiac pain and abnormal enzymes/biomarkers and evolving
ST-T pattern or equivocal ECG pattern.13 Abstracted hospitalization events were classiﬁed by the ARIC Mortality and
Morbidity Classiﬁcation Committee.
The following methods were used for ascertainment of
events in addition to the scheduled examinations: (1) patients
were interviewed annually by phone about interim hospitalizations; (2) local hospitals provided lists of hospital discharges with cardiovascular diagnoses and were reviewed to
identify ARIC cohort hospitalizations; and (3) health department death certiﬁcate ﬁles were continuously surveyed.15

Covariates
The amount of ethanol use, level of education, and presence
of left ventricular hypertrophy (LVH) as deﬁned by the sexspeciﬁc Cornell voltage criteria on a 12-lead ECG were
obtained during visit 1. Hypertension was deﬁned as systolic
blood pressure (BP) ≥140 mm Hg and diastolic BP
≥90 mm Hg or the use of antihypertensive medications.
Diabetes mellitus was deﬁned as a fasting plasma glucose
level ≥126 mg/dL, a nonfasting plasma glucose level
≥200 mg/dL, or a self- reported history of diabetes mellitus
diagnosed by a physician or treatment for diabetes mellitus.
Information on prevalent CHD was obtained in visit 1 and
deﬁned as presence of MI from the adjudicated visit 1 ECG, by
a history of MI, or revascularization such as coronary artery
bypass surgery or percutaneous coronary intervention.

Statistical Analysis
Continuous variables were summarized as meanSD. Categorical variables were summarized by frequency count
Journal of the American Heart Association
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Kaplan–Meier curves were created for each group and
compared with the log-rank test. Unadjusted and adjusted
Cox proportional hazards models were created for mortality,
MI, and incident HF. Variables with P<0.10 in univariate
birth weight group comparisons were included in the model
as were variables selected based on clinical knowledge. The
ﬁnal model then included age, sex, body mass index (BMI),
current and former smoking, ethanol intake, hypertension,
diabetes mellitus, LVH, income, systolic BP, and highdensity lipoprotein cholesterol. All analyses were conducted
in SAS version 9.4 (SAS Institute Inc).

Table 1. Baseline Characteristics by Birth Weight Category in Complete Cohort
Variable

Overall (N=9820)

LBW (n=331)

MBW (n=8771)

HBW (n=718)

P Value

Age, y

53.95.7

53.85.7

53.85.7

54.15.6

0.38

Female

5477 (56)

261 (79)

4941 (56)

275 (38)

<0.001
<0.001

Race
Black

1920 (20)

91 (27)

1723 (20)

106 (15)

White

7900 (80)

240 (73)

7048 (80)

612 (85)

<0.001
<0.001

BMI, kg/m2
BMI <25

3325 (34)

131 (40)

2996 (34)

198 (28)

BMI 25 to 29.9

3930 (40)

104 (32)

3527 (40)

299 (42)

BMI ≥30

2259 (26)

95 (29)

2244 (26)

220 (31)
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<0.001

Smoking status
Current

2098 (21)

76 (23)

1833 (21)

189 (26)

Former

3308 (34)

82 (25)

2939 (34)

287 (40)

Never

4407 (45)

172 (52)

3395 (46)

240 (34)

41.788.7

23.864.5

41.488.0

53.4103.4

Ethanol intake, g/wk

<0.001

Hypertension

2988 (31)

124 (38)

2660 (30)

204 (29)

0.009

CHD

360 (4)

6 (2)

324 (4)

30 (4)

0.16

Diabetes mellitus

679 (7)

29 (9)

597 (7)

53 (7)

0.32

LVH

143 (2)

7 (2)

126 (1)

10 (1)

0.54

Total cholesterol, mg/dL

21541

21844

21541

21339

0.16

HDL cholesterol, mg/dL

51.817

54.917

52.217

49.115

<0.001

Birth weight, kg*

3.500.71

2.150.32

3.360.41

4.800.56

<0.001
<0.001

Income
$0 to $15 999

1549 (17)

88 (28)

1385 (17)

76 (11)

$16 000 to $34 999

3097 (33)

104 (34)

2767 (33)

226 (33)

$35 000+
SBP, mm Hg
DBP, mm Hg
GFR MDRD, mL/min per 1.73 m

2

4675 (50)

118 (38)

4176 (50)

381 (56)

11917

12318

11917

11918

0.002

7311

7310

7311

7210

0.30

6711

6812

6811

6811

0.24

Values are expressed as number (percentage) or meanSD. BMI indicates body mass index; CHD, coronary heart disease; DBP, diastolic blood pressure; GFR MDRD, glomerular ﬁltration
rate as calculated in the Modiﬁcation of Diet in Renal Disease study; HBW, high birth weight; HDL, high-density lipoprotein; LBW, low birth weight; LVH, left ventricular hypertrophy; MBW,
medium birth weight; SBP, systolic blood pressure.
*Includes only the 4776 participants who provided exact birth weight.
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(percentage). Comparisons between birth weight groups were
conducted using 2-sample Student t test and Fisher exact test
for continuous and categorical variables, respectively. Variables with a non-normal distribution were summarized by the
median (ﬁrst quartile, third quartile) and compared with the
Mann–Whitney U test. When comparing >2 groups, ANOVA,
Fisher exact test, and Kruskal–Wallis test were used when
evaluating continuous, categorical, and non-normal/ordinal
data, respectively.
Crude outcome event rates were calculated and compared between birth weight groups using Fisher exact test.
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Of 9820 participants, 331 (3%) were born LBW, 8771 (89%)
NBW, and 718 (7%) HBW (Table 1). Patients were predominately white (80%) and female (56%), and mean age was
53.95.7 years at the time of enrollment. Median follow-up
was 22.8 years (25th, 75th percentiles 20.9, 23.7 years).
LBW individuals were more often female, had a BMI <25, and
reported lower income. HBW infants were more often male,
overweight or obese at ARIC study entry, current or former
smokers, with higher ethanol intake and lower high-density
lipoprotein cholesterol levels (Table 1). There were no

signiﬁcant differences in hypertension, diabetes mellitus,
LVH, and CHD between birth weight categories at the time of
study enrollment. A separate analysis of the 4776 study
participants who were able to provide their exact birth weight
revealed that 215 (4.5%) were LBW, 3946 (82%) were MBW,
and 616 (13%) were HBW (Table 2). LBW among these
individuals was also more common in women, those with an
adult BMI <25, and those of lower income. HBW individuals
were more often current or former smokers and greater
consumers of alcohol, with lower high-density lipoprotein
cholesterol levels. Likewise, among participants with known
birth weight, hypertension, diabetes mellitus, LVH, and CHD

Table 2. Baseline Characteristics by Birth Weight Category in Exact Birth Weight Subgroup
Variable

Overall (N=4776)

LBW (n=215)

MBW (n=3946)

HBW (n=616)

P Value

Age, y

53.35.7

53.15.4

53.25.7

54.25.6

<0.001

Female

2827 (59)

185 (86)

2396 (61)

246 (40)

<0.001

686 (14)

34 (16)

576 (15)

76 (12)

4090 (86)

181 (84)

3370 (85)

539 (88)

Race

0.27

Black
White
2

BMI (kg/m )

0.007
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BMI <25

1669 (35)

87 (40)

1398 (35)

184 (30)

BMI 25 to 29.9

1845 (39)

66 (31)

1529 (39)

250 (41)

BMI ≥30

1261 (26)

62 (29)

1019 (26)

180 (29)

Current

1039 (22)

42 (20)

829 (21)

168 (27)

Former

1634 (34)

58 (27)

1331 (34)

245 (40)

Never

<0.001

Smoking status

2098 (44)

114 (53)

1784 (45)

200 (33)

Ethanol intake

43.489.5

23.158.8

43.088.4

53.4103.1

<0.001

Hypertension

1325 (28)

70 (33)

1083 (28)

172 (28)

0.25

CHD

149 (3)

3 (1)

121 (3)

25 (4)

0.15

Diabetes mellitus

332 (7)

21 (10)

265 (7)

46 (8)

0.20

LVH

60 (1)

3 (1)

47 (1)

10 (2)

0.51

Total cholesterol, mg/dL

21341

21746

21340

21340

0.33

HDL cholesterol, mg/dL

52.617

56.819

53.017

48.715

<0.001

Birth weight, kg

3.500.71

2.150.32

3.360.41

4.800.56

<0.001

Income
$0 to $15 999

0.003
642 (14)

42 (21)

538 (14)

62 (11)

$16 000 to $34 999

1412 (31)

68 (33)

1155 (31)

189 (32)

$35 000+

2499 (55)

93 (46)

2074 (55)

332 (57)

11817

12117

11817

11918

SBP, mm Hg

0.11

DBP, mm Hg

7210

7210

7310

7210

0.53

GFR MDRD, mL/min per 1.73 m2

67.511

66.511.6

67.411

68.410.9

0.039

Values are expressed as number (percentage) or meanSD. BMI indicates body mass index; CHD, coronary heart disease; DBP, diastolic blood pressure; GFR MDRD, glomerular ﬁltration
rate as calculated in the Modiﬁcation of Diet in Renal Disease study; HBW, high birth weight; HDL, high-density lipoprotein; LBW, low birth weight; LVH, left ventricular hypertrophy; MBW,
medium birth weight; SBP, systolic blood pressure.
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in mortality (HR, 1.16; 95% CI, 0.99–1.34 [P=0.06]) but not
with an increased hazard of incident MI (HR, 1.06; 955 CI,
0.84–1.34 [P=0.60]). In the individuals who provided exact

Table 3. Outcomes in the Complete Cohort and Exact Birth
Weight Subgroup
Outcomes in Complete Cohort

Variable

Overall
(N=9820)

LBW
(n=331)

MBW
(n=8771)

HBW
(n=718)

P
Value

Death

2411 (25)

76 (23)

2119 (24)

216 (30)

0.001

MI

1000 (10)

38 (11)

874 (10)

88 (12)

0.11

HF

1380 (15)

45 (15)

1207 (14)

128 (19)

0.010

Outcomes in Exact Birth Weight Cohort

Variable

Overall
(N=4776)

LBW
(n=215)

MBW
(n=3946)

HBW
(n=616)

P Value

Death

1087 (23)

43 (20)

863 (22)

181 (29)

<0.001

MI

467 (10)

26 (12)

368 (9)

73 (12)

0.07

HF

637 (14)

28 (14)

498 (13)

111 (19)

0.002

Values are expressed as number (percentage). HBW indicates high birth weight; HF,
heart failure; LBW, low birth weight; MBW, medium birth weight; MI, myocardial
infarction.

DOI: 10.1161/JAHA.118.011524

Figure 1. A, Kaplan–Meier estimates of incident heart failure
(HF) hospitalization by birth weight category in the complete
cohort. B, Kaplan–Meier estimates of incident myocardial infarction (MI) by birth weight category in the complete cohort. C,
Kaplan–Meier estimates of all-cause mortality by birth weight
category in the complete cohort. The graphs show the unadjusted
Kaplan–Meier estimates of the primary end points in the total
cohort (HF hospitalization, MI, and all-cause mortality).
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did not differ between birth weight groups at the time of
enrollment.
The unadjusted crude outcome rates are displayed in
Table 3. Among the complete cohort, there were 2411 (25%)
deaths, 1000 (10%) MIs, and 1380 (15%) incident HF events,
whereas among those with exact birth weight there were
1087 (23%) deaths, 467 (10%) MIs, and 637 (14%) incident HF
events. In both the complete cohort and the exact birth
weight subgroup, death and incident HF were signiﬁcantly
related to birth weight category, with numerically more deaths
and incident HF in HBW individuals.
Figure 1A through 1C depict the survival curves for
incident HF, MI, and all-cause mortality among the complete
cohort. There was lower incident HF-free survival and overall
survival in individuals with HBW. Analysis limited to the study
participants who provided an exact birth weight (Figure 2A
through 2C) did not alter the association of HBW with
impaired overall survival and incident HF-free survival. Survival
free of MI did not differ signiﬁcantly between birth weight
categories in the complete cohort or the subgroup with exact
birth weights.
On Cox proportional hazards analysis of the complete
cohort, HBW compared with MBW was positively associated
with a signiﬁcantly increased hazard of incident HF (hazard
ratio [HR], 1.27; 95% CI, 1.05–1.54 [P=0.014]) (Table 4).
Other variables independently associated with incident HF
included age, female sex, overweight or obesity, current or
former smoking, higher ethanol intake, hypertension, diabetes
mellitus, LVH, greater income, systolic BP, and high-density
lipoprotein cholesterol. LBW was not associated with incident
HF. HBW was also associated with a trend toward an increase
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1.14; 95% CI, 0.96–1.35 [P=0.13]) or MI (HR, 1.06; 95% CI,
0.81–1.39 [P=0.67]).

Discussion
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Figure 2. A, Kaplan–Meier Estimates of incident heart failure
(HF) hospitalization by birth weight category in the exact birth
weight subgroup. B, Kaplan–Meier estimates of incident
myocardial infarction (MI) by birth weight category in the exact
birth weight subgroup. C, Kaplan–Meier estimates of all-cause
mortality by birth weight category in the exact birth weight
subgroup. The graphs show the unadjusted Kaplan–Meier
estimates of the primary end points in the exact birth weight
cohort (HF hospitalization, MI, and all-cause mortality).
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In this prospective cohort of biracial community-dwelling
adults in the United States we observed that, after adjusting
for differences in demographics and comorbidities, HBW is
signiﬁcantly associated with a 27% to 36% increased hazard of
incident HF, a trend toward increased mortality, and no
association with MI compared with MBW. Notably, the
association of HBW with incident HF persisted after adjustment for traditional risk factors for HF including age, male sex,
BMI, hypertension, diabetes mellitus, overweight or obesity,
and smoking, suggesting that HBW may be a novel, independent risk factor for the development of HF.
An estimated 6.5 million American adults have HF with
projections that its prevalence will increase 46% from 2012
to 2030, resulting in over 8 million adults with HF. It is
estimated that 1 000 000 new cases of HF are diagnosed
annually.16 Data from Olmstead County, MN, indicate that
CHD, hypertension, diabetes mellitus, obesity, and smoking
are responsible for only 52% of incident HF cases in the
population.2 Thus, although greater adherence to the
American Heart Association’s Life’s Simple 7 guidelines
(better proﬁles in smoking, BMI, physical activity, diet,
cholesterol, BP, and glucose) would be expected to lower the
incidence of HF17 associated with traditional risk factors,
even strict adherence would not prevent the development of
HF in the approximately one half of cases unrelated to
traditional risk factors. Thus, the identiﬁcation of new risk
factors is of signiﬁcant public health importance so that new
interventions can be developed to reduce the toll of HF on
patients.
The precise mechanism by which HBW is positively
associated with incident HF and, possibly, mortality is not
known. HBW was not associated with an increased hazard of
MI, suggesting that the mechanism of HF associated with
HBW is not mediated through myocyte loss caused by MI. The
metabolic syndrome represents a cluster of cardiometabolic
risk factors including hypertension, insulin resistance, dyslipidemia, and obesity that are associated with an increased risk
of HF.18 Insulin resistance and inﬂammation are thought to be
critical mediators of the syndrome.19,20 However, numerous
studies indicate that LBW, as opposed to HBW, infants are
at increased risk for the development of metabolic syndrome.21–23 Similarly, inﬂammatory markers are increased in
adults born at LBW rather than HBW.24–27 Thus, the available
data suggest that although LBW predisposes to metabolic
syndrome and inﬂammation, LBW is not an independent risk
factor for HF. On the other hand, HBW is associated with an
increased risk for obesity and type 2 diabetes mellitus,10–12
Journal of the American Heart Association
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birth weights, HBW was also positively associated with an
increased hazard of incident HF (HR, 1.36; 95% CI, 1.09–1.69
[P=0.006]) (Table 4) compared with MBW but not death (HR,
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Table 4. Cox Proportional Hazards Model for Incident HF
Complete Cohort

Exact Birth Weight Subgroup

Variable

HR

95% CI

P Value

HR

95% CI

P Value

HBW (vs MBW)

1.27

1.05–1.54

0.014

1.36

1.09–1.69

0.006

LBW (vs MBW)

0.98

0.71–1.35

0.89

1.25

0.84–1.86

0.27

Age (per 1-y increase)

1.09

1.08–1.10

<0.001

1.08

1.07–1.10

<0.001

Female

0.76

0.67–0.88

<0.001

0.80

0.65–0.98

0.033

White

1.07

0.91–1.25

0.43

0.96

(0.75–1.23

0.76

BMI 25 to 29.9 (vs BMI <25)

1.21

1.04–1.41

0.014

1.28

1.02–1.61

0.035

BMI ≥30 (vs BMI <25)

1.94

1.65–2.28

<0.001

1.95

1.53–2.49

<0.001

Current smoking (vs never)

2.87

2.48–3.33

<0.001

3.20

2.57–3.97

<0.001

Former smoking (vs never)

1.34

1.16–1.55

<0.001

1.40

1.14–1.73

0.002

Ethanol intake (per 1-unit increase)

0.99

0.99–1.00

0.024

1.00

0.99–1.00

0.34

Hypertension

1.51

1.31–1.73

<0.001

1.37

1.11–1.69

0.003

Diabetes mellitus

2.36

2.01–2.76

<0.001

2.56

2.04–3.22

<0.001

LVH

1.96

1.43–2.69

<0.001

2.52

1.62–3.92

<0.001

Income $16 000 to 34 999 (vs $0–15 999)

0.85

0.73–0.99

0.038

0.88

0.69–1.11

0.28

Income $35 000+ (vs $0–15 999)

0.65

0.54–0.76

<0.001

0.65

0.51–0.84

<0.001

SBP (per 1-mm Hg increase)

1.008

1.00–1.01

<0.001

1.01

1.00–1.02

0.001

HDL-C (per 1-mmol/L increase)

0.75

0.63–0.89

<0.001

0.80

0.63–1.02

0.07

BMI indicates body mass index; HBW, high birth weight; HDL-C, high-density lipoprotein cholesterol; HF, health failure; LBW, low birth weight; LVH, left ventricular hypertrophy; MBW,
medium birth weight; SBP, systolic blood pressure.
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both of which are risk factors for HF.2 However, after
adjustment for obesity and diabetes mellitus, both of which
are associated with an increased hazard of HF in this study,
HBW remains independently associated with incident HF.
Although the fetal origins of disease hypothesis initially
focused on fetal deprivation in LBW infants,3 its implications
extend beyond the LBW population and include babies
exposed to other forms of metabolic stress during different
critical periods of development, which ultimately result in a
disease state. Mothers with gestational diabetes mellitus are
at increased risk for delivering a neonate at HBW. Gestational
diabetes mellitus results in increased delivery of glucose and
other macronutrients to the fetus, resulting in increased fetal
production of insulin, the dominant fetal growth hormone. The
in utero environment thus promotes the deposition of adipose
tissue and increased insulin secretion early in life, thereby
setting the fetus up for an abnormal body composition and
future disease.3 It remains to be determined how the fetal
milieu imparts a susceptibility to HF in adulthood.
Over 300 000 HBW infants are born in the United States
annually.28 Nonmodiﬁable risk factors for HBW include
parental height, parity, ethnicity, maternal age, infant sex,
and previous delivery of an HBW infant. Maternal weight,
gestational weight gain, and glycemic control are the risk
factors for HBW that are most amenable to intervention
DOI: 10.1161/JAHA.118.011524

through diet, exercise, and lifestyle modiﬁcation.9 Recent data
suggest that genetic factors also contribute to birth weight
and may drive the development of cardiometabolic diseases in
later life.29

Study Limitations
This analysis has certain limitations. First, echocardiographic
data were not available to characterize HF as a function of left
ventricular structure or function. Second, self-reported birth
weight and birth weight categories were used without
veriﬁcation of their accuracy. However, recalled birth weight
data obtained in the ARIC study followed expected patterns.
Speciﬁcally, recalled exact birth weight was higher in males
than females, and positively correlated with adult height,
weight, and BMI.30 Furthermore, the characteristics and
outcomes of the complete cohort and the exact birth weight
subgroup were concordant, suggesting that estimates of birth
weight categories were as reliable as measures of exact birth
weight. Third, incident HF events not requiring hospitalization
were not captured. However, community surveillance reports
have demonstrated that 74% of outpatients with HF are
hospitalized within 1.7 years.31 Given the extended follow-up
of this cohort, it is likely that most patients diagnosed with HF
in the outpatient setting would have been admitted to the
Journal of the American Heart Association

7

High Birth Weight and Incident Heart Failure

Rashid et al

Conclusions
In this analysis of biracial community-dwelling adults in the
United States, HBW was independently associated with
incident HF and may represent a novel risk factor, although
the mechanisms remain to be deﬁned. At this time, the most
effective intervention would appear to be at the level of
maternal nutrition and weight gain. In addition, a history of
HBW should be ascertained in young adults for primordial
prevention of HF and in older adults for primary prevention.

Author Contributions
Downloaded from http://ahajournals.org by on June 18, 2019

Mr Novak had full access to all data in the study and takes
responsibility for the integrity of the data and the accuracy of
the data analysis. Concept and design: Rashid, Brown;
acquisition, analysis, or interpretation of data: all authors;
drafting of the article: Rashid, Brown; critical revision of the
article for important intellectual content: all authors; statistical analysis: Novak; administrative, technical, or material
support: all authors; supervision: Brown.

Disclosures
None.

References
1. Ponikowski P, Anker SD, AlHabib KF, Cowie MR, Force TL, Hu S, Jaarsma T,
Krum H, Rastogi V, Rohde LE, Samal UC. Heart failure: preventing disease and
death worldwide. ESC Heart Fail. 2014;1:4–25.
2. Dunlay SM, Weston SA, Jacobsen SJ, Roger VL. Risk factors for heart failure: a
population-based case-control study. Am J Med. 2009;122:1023–1028.

weight: adults born preterm international collaboration. Hypertension.
2016;68:880–887.
7. Huxley R, Neil A, Collins R. Unravelling the fetal origins hypothesis: is there
really an inverse association between birthweight and subsequent blood
pressure? Lancet. 2002;360:659–665.
8. Law CM, Shiell AW. Is blood pressure inversely related to birth weight? The
strength of evidence from a systematic review of the literature. J Hypertens.
1996;14:935–941.
9. Walsh JM, McAuliffe FM. Prediction and prevention of the macrosomic fetus.
Eur J Obstet Gynecol Reprod Biol. 2012;162:125–130.
10. Danielzik S, Czerwinski-Mast M, Langn€ase K, Dilba B, M€uller MJ. Parental
overweight, socioeconomic status and high birth weight are the major
determinants of overweight and obesity in 5–7 y-old children: baseline data of
the Kiel Obesity Prevention Study (KOPS). Int J Obes Relat Metab Disord.
2004;28:1494.
11. Cnattingius S, Villamor E, Lagerros YT, Wikstr€
om AK, Granath F. High birth
weight and obesity—a vicious circle across generations. Int J Obes (London).
2012;36:1320.
12. Harder T, Rodekamp E, Schellong K, Dudenhausen JW, Plagemann A. Birth
weight and subsequent risk of type 2 diabetes: a meta-analysis. Am J
Epidemiol. 2007;165:849–857.
13. The ARIC Investigators. The Atherosclerosis Risk in Communities (ARIC) Study:
design and objectives. Am J Epidemiol. 1989;129:687–702.
14. Rosamond WD, Chang PP, Baggett C, Johnson A, Bertoni AG, Shahar E, Deswal
A, Heiss G, Chambless LE. Classiﬁcation of heart failure in the Atherosclerosis
Risk in Communities (ARIC) study: a comparison of diagnostic criteria. Circ
Heart Fail. 2012;5:152–159.
15. Loehr LR, Rosamond WD, Poole C, Marie McNeill A, Chang PP, Folsom AR,
Chambless LE, Heiss G. The association of multiple anthropometrics of
overweight and obesity with incident heart failure: the Atherosclerosis Risk in
Communities (ARIC) study. Circ Heart Fail. 2009;2:18–24.
16. Benjamin EJ, Virani SS, Callaway CW, Chamberlain AM, Chang AR, Cheng S,
Chiuve SE, Cushman M, Delling FN, Deo R, de Ferranti SD, Ferguson JF, Fornage
M, Gillespie C, Isasi CR, Jimenez MC, Jordan LC, Judd SE, Lackland D, Lichtman JH,
Lisabeth L, Liu S, Longenecker CT, Lutsey PL, Mackey JS, Matchar DB, Matsushita
K, Mussolino ME, Nasir K, O’Flaherty M, Palaniappan LP, Pandey A, Pandey DK,
Reeves MJ, Ritchey MD, Rodriguez CJ, Roth GA, Rosamond WD, Sampson UKA,
Satou GM, Shah SH, Spartano NL, Tirschwell DL, Tsao CW, Voeks JH, Willey JZ,
Wilkins JT, Wu JH, Alger HM, Wong SS, Muntner P; American Heart Association
Council on Epidemiology and Prevention Statistics Committee and Stroke
Statistics Subcommittee. Heart disease and stroke statistics—2018 update: a
report from the American Heart Association. Circulation. 2018;137:e67–e492.
17. Ogunmoroti O, Oni E, Michos ED, Spatz ES, Allen NB, Rana JS, Virani SS,
Blankstein R, Aronis KN, Blumenthal RS, Veledar E. Life’s Simple 7 and
incident heart failure: the Multi-Ethnic Study of Atherosclerosis. J Am Heart
Assoc. 2017;6:e005180. DOI: 10.1161/JAHA.116.005180
18. Perrone-Filardi P, Paolillo S, Costanzo P, Savarese G, Trimarco B, Bonow RO. The
role of metabolic syndrome in heart failure. Eur Heart J. 2015;36:2630–2634.
19. Reaven GM. Banting lecture 1988. Role of insulin resistance in human disease.
Diabetes. 1988;37:1595–1607.
20. Suzuki T, Katz R, Jenny NS, Zakai NA, LeWinter MM, Barzilay JI, Cushman M.
Metabolic syndrome, inﬂammation, and incident heart failure in the elderly:
the Cardiovascular Health Study. Circ Heart Fail. 2008;1:242–248.
21. Boney CM, Verma A, Tucker R, Vohr BR. Metabolic syndrome in childhood:
association with birth weight, maternal obesity, and gestational diabetes
mellitus. Pediatrics. 2005;115:e290–e296.
22. Ramadhani MK, Grobbee DE, Bots ML, Cabezas MC, Vos LE, Oren A, Uiterwaal
CS. Lower birth weight predicts metabolic syndrome in young adults: the
Atherosclerosis Risk in Young Adults (ARYA)-study. Atherosclerosis.
2006;184:21–27.
23. Yarbrough DE, Barrett-Connor E, Kritz-Silverstein D, Wingard DL. Birth weight,
adult weight, and girth as predictors of the metabolic syndrome in
postmenopausal women: the Rancho Bernardo Study. Diabetes Care.
1998;21:1652–1658.

3. Calkins K, Devaskar SU. Fetal origins of adult disease. Curr Probl Pediatr
Adolesc Health Care. 2011;41:158–176.

24. Pellanda LC, Duncan BB, Vigo A, Rose K, Folsom AR, Erlinger TP; ARIC
Investigators. Low birth weight and markers of inﬂammation and endothelial
activation in adulthood: the ARIC study. Int J Cardiol. 2009;134:371–377.

4. Lawlor DA, Ronalds G, Clark H, Davey Smith G, Leon DA. Birth weight is
inversely associated with incident coronary heart disease and stroke among
individuals born in the 1950s: ﬁndings from the Aberdeen Children of the
1950s prospective cohort study. Circulation. 2005;112:1414–1418.

25. Sattar N, McConnachie A, O’Reilly D, Upton MN, Greer IA, Smith GD, Watt G.
Inverse association between birth weight and C-reactive protein concentrations in the MIDSPAN Family Study. Arterioscler Thromb Vasc Biol.
2004;24:583–587.

5. Barker DJ. Fetal origins of coronary heart disease. BMJ. 1995;31:171.

26. Tzoulaki I, Jarvelin MR, Hartikainen AL, Leinonen M, Pouta A, Paldanius M,
Ruokonen A, Canoy D, Sovio U, Saikku P, Elliott P. Size at birth, weight gain
over the life course, and low-grade inﬂammation in young adulthood: northern
Finland 1966 Birth Cohort study. Eur Heart J. 2008;29:1049–1056.

6. Hovi P, Vohr B, Ment LR, Doyle LW, McGarvey L, Morrison KM, Evensen KA,
van der Pal S, Grunau RE; APIC Adults Born Preterm International Collaboration, Brubakk AM. Blood pressure in young adults born at very low birth

DOI: 10.1161/JAHA.118.011524

Journal of the American Heart Association

8

ORIGINAL RESEARCH

hospital and captured as an incident HF admission. Fourth, as
with all observational studies, unmeasured and residual
confounding of the relationship between birth weight and
cardiovascular outcomes cannot be completely addressed by
Cox proportional hazards analysis. Finally, without formal
causal mediation analysis we are unable to state precisely
how much of the increased hazard of HF is mediated directly
by HBW. Given the lack of information on maternal health
during the pregnancy, it is possible that HBW is a marker of
maternal weight gain or the development of gestational
diabetes mellitus.

High Birth Weight and Incident Heart Failure

Rashid et al

28. Martin JA, Hamilton BE, Osterman MJK, Driscoll AK, Drake P. Births: Final Data
for 2016. National Vital Statistics Reports; Vol 67, No. 1. Hyattsville, MD:
National Center for Health Statistics; 2018.
29. Horikoshi M, Beaumont RN, Day FR, Warrington NM, Kooijman MN, FernandezTajes J, Feenstra B, Van Zuydam NR, Gaulton KJ, Grarup N, Bradﬁeld JP.

Genome-wide associations for birth weight and correlations with adult
disease. Nature. 2016;538:248–253.
30. Tilling K, Smith GD, Chambless L, Rose K, Stevens J, Lawlor D, Szklo M. The
relation between birth weight and intima-media thickness in middle-aged
adults. Epidemiology. 2004;15:557–564.
31. Roger VL, Weston SA, Redﬁelf MM, Hellerman-Homan JP, Yawn BP, Jabobsen
SJ. Trends in heart failure incidence and survival in a community-based
population. JAMA. 2004;292:344–350.

Downloaded from http://ahajournals.org by on June 18, 2019
DOI: 10.1161/JAHA.118.011524

Journal of the American Heart Association

9

ORIGINAL RESEARCH

27. Bhuiyan AR, Srinivasan SR, Chen W, Azevedo MJ, Berenson GS. Inﬂuence of
low birth weight on C-reactive protein in asymptomatic younger adults: the
Bogalusa Heart Study. BMC Res Notes. 2011;4:71.

