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Family History of Modifiable Risk Factors 
and Association With Future Cardiovascular 
Disease
Christy N. Taylor , MD, MPH*; Dongyu Wang, MS, MPH*; Martin G. Larson , ScD; Emily S. Lau , MD, MPH; 
Emelia J. Benjamin , MD, MPH; Ralph B. D’Agostino Sr, PhD; Ramachandran S. Vasan , MD;  
Daniel Levy , MD; Susan Cheng , MD, MMSc, MPH; Jennifer E. Ho , MD

BACKGROUND: A parental history of cardiovascular disease (CVD) confers greater risk of future CVD among offspring. Whether 
the presence of parental modifiable risk factors contribute to or modify CVD risk in offspring is unclear.

METHODS AND RESULTS: We studied 6278 parent– child trios in the multigenerational longitudinal Framingham Heart Study. We 
assessed parental history of CVD and modifiable risk factors (smoking, hypertension, diabetes, obesity, and hyperlipidemia). 
Multivariable Cox models were used to evaluate the association of parental history and future CVD among offspring. Among 
6278 individuals (mean age 45±11 years), 44% had at least 1 parent with history of CVD. Over a median follow- up of 15 years, 
353 major CVD events occurred among offspring. Parental history of CVD conferred 1.7- fold increased hazard of future CVD 
(hazard ratio [HR], 1.71 [95% CI, 1.33– 2.21]). Parental obesity and smoking status were associated with higher hazard of future 
CVD (obesity: HR, 1.32 [95% CI, 1.06– 1.64]; smoking: HR, 1.34 [95% CI, 1.07– 1.68], attenuated after adjusting for offspring 
smoking status). By contrast, parental history of hypertension, diabetes, and hypercholesterolemia were not associated with 
future CVD in offspring (P>0.05 for all). Furthermore, parental risk factors did not modify the association of parental CVD his-
tory on future offspring CVD risk.

CONCLUSIONS: Parental history of obesity and smoking were associated with a higher hazard of future CVD in offspring. By 
contrast, other parental modifiable risk factors did not alter offspring CVD risk. In addition to parental CVD, the presence of 
parental obesity should prompt a focus on disease prevention.
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Cardiovascular disease (CVD) continues to be 
the leading cause of death worldwide.1 In 2019, 
>870 000 deaths in the United States were attrib-

utable to heart disease.2 Family history of CVD is often 
used as a marker of risk in offspring and is useful in risk 
assessment.3 This risk can be further compounded by 
shared environments and engagement in adverse be-
haviors such as smoking, sedentary lifestyle, and poor 
diet.4 A better understanding of CVD risk has been cen-
tral to guiding preventive efforts and strategies.

Prior studies have evaluated the association of 
family history of CVD with future risk of CVD including 
myocardial infarction (MI) and heart failure (HF) among 
offspring. These studies were conducted in longitudi-
nal observational cohorts5,6 and case– control studies, 
relying on self- reported data from offspring with limited 
ability to validate parental cardiovascular events.7– 11 
While these prior studies have demonstrated that his-
tory of parental CVD confers elevated risk of future 
CVD among offspring, 1 major question that remains 
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unknown is whether the presence of parental modifi-
able risk factors is similarly associated with CVD risk 
in offspring. In clinical practice, for example, it remains 
unclear whether concomitant parental smoking history 
or obesity may alter or refine how we think about pa-
rental CVD as a risk enhancer among offspring.

In this context, we sought to evaluate whether the 
presence of parental modifiable risk factors, including 
parental history of smoking, hypertension, diabetes, 
obesity, and hyperlipidemia may be associated with 
CVD risk in offspring. Furthermore, we sought to inves-
tigate whether these parental risk factors may modify 
the effect of family history of CVD on future CVD risk 
in offspring. To assess parental exposures and subse-
quent cardiovascular outcomes among offspring, we 
leveraged the unique setting of the Framingham Heart 
Study, which has conducted cardiovascular risk as-
sessment across 3 generations of participants.

METHODS
The data supporting the study findings have been 
made publicly available and can be accessed through 
the National Institutes of Health database of Genotypes 
and Phenotypes (https://www.ncbi.nlm.nih.gov/gap/).

Study Population
The Framingham Heart Study began in 1948 with 
enrollment of 5209 participants from Framingham, 
Massachusetts without symptoms suggestive of CVD 
or sequelae such as stroke or MI.12,13 Thereafter, the 

Offspring Study was established in 1971, comprising 
children from the original Framingham Heart Study 
cohort as well as their spouses, followed by the Third 
Generation in 2002, which enrolled grandchildren of 
the original cohort.14 For our study, parent– child trios 
were confirmed using pedigree information across 
the 3 generations of Framingham Heart Study partici-
pants. The baseline examination was defined as the 
earliest examination attended by “offspring” during 
Offspring examination 2 (1978– 1982), 6 (1995– 1998), 
and Third Generation examination 1 (2002– 2005). 
Offspring were eligible for the study if they were free 
of prevalent CVD at their baseline examination, and if 
both parents were Framingham Heart Study partici-
pants. Of 6568 parent– child trios, we excluded n=96 
with prevalent CVD in the offspring, and n=134 with 
missing key covariate data, yielding a final sample of 
6278 trios. The study protocol was approved by the 
appropriate Institutional Review Boards, and all partici-
pants provided written informed consent.

Clinical Assessment and Imaging
At each follow- up visit, a clinical assessment was 
performed by a physician. The assessment included 
medical history, physical examination, anthropometric 
data, and a 12- lead ECG. Blood and urine samples 
were collected to assess for conditions such as hy-
percholesterolemia, hyperglycemia, myocardial injury, 
and renal insufficiency.15 Hypertension was defined as 
systolic blood pressure ≥140 mm Hg, diastolic blood 
pressure ≥90 mm Hg, or use of antihypertensive medi-
cations. Obesity was defined as a body mass index 
≥30 kg/m2. Diabetes was defined as fasting glucose 
≥126 mg/dL or use of antihyperglycemic medications. 
Hypercholesterolemia was defined as total cholesterol 
≥240 mg/dL or use of lipid- lowering medications.

A parental history of traditional risk factors (smok-
ing, obesity, hypertension, diabetes, and hyperlipid-
emia) was defined as the presence of these risk factors 
in either or both parents any time before the offspring 
baseline examination. Individuals with unknown pa-
rental history for both parents were excluded from the 
analysis.

Participants (“offspring”) underwent transthoracic 
echocardiography with Doppler color- flow imaging at 
baseline examination. Cardiac structure and function 
were assessed including left ventricular end- diastolic 
(LVDD) and left ventricular end- systolic dimensions, 
left ventricular wall thickness, and left atrial diameter. 
Left ventricular wall mass was calculated according to 
the formula proposed by Devereaux and colleagues: 
(0.8×[1.04 (LVDD+LV posterior wall thickness+LV sep-
tal wall thickness3)−LVDD3]+0.6 g).16 Fractional short-
ening (FS) was calculated using the formula: ([LVDD 
−left ventricular end- systolic dimension]/LVDD)×100, 
and LV systolic dysfunction defined as FS <29%, which 

CLINICAL PERSPECTIVE

What Is New?
• Parental history of obesity and smoking were 

associated with an increased hazard of future 
CVD in offspring, though other parental modifi-
able risk factors did not alter offspring CVD risk.
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• Our findings suggest that family history of CVD 

alone is generally sufficient to capture suscepti-
bility to future CVD in offspring.

• In addition to parental CVD, the presence of pa-
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prevention.
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is estimated to correspond to an LV ejection fraction 
of 50% or less.17 Cardiac mechanics were assessed 
using speckle tracking including global longitudinal 
strain.18

A subset of participants (n=3529) underwent com-
puted tomography imaging for assessment of coro-
nary artery calcification (CAC) between the years of 
1998 and 2005.19

Clinical Outcomes
All participants were followed longitudinally for the oc-
currence of incident CVD. Events were adjudicated by 
a 3- clinician end point review committee upon review 
of all available medical records. The primary outcome 
was incident major CVD, which included coronary 
death, coronary insufficiency, and stroke.20 Secondary 
outcomes included MI, HF, and atrial fibrillation (AF). 
Parental history of CVD was defined as an adjudicated 
CVD event occurring in either parent before the off-
spring baseline examination. Follow- up for offspring 
participants was censored at 15 years, and partici-
pants without events at 15 years were eligible to be 
re- entered at the subsequent baseline examination for 
another observation period as described previously.21

Statistical Analysis
Baseline characteristics of the offspring study sam-
ple were summarized according to parental history of 
CVD. Data were reported as means with SDs or me-
dians with interquartile ranges for continuous variables 
and frequencies with percentages for dichotomous 
variables. In our primary analysis, we examined the as-
sociation of parental history of CVD as well as parental 
history of risk factors (smoking, hypertension, diabetes, 
obesity, and hyperlipidemia) with incident CVD in the 
offspring using the Kaplan– Meier method. Log- rank P 
values were presented for overall differences among 
groups. We then examined the association of paren-
tal history and future CVD events in offspring using 
Cox proportional hazards regression models. Primary 
analyses were adjusted for age and sex. In secondary 
analyses, we further adjusted Cox models for the pres-
ence of the risk factor of interest in the offspring (eg, for 
parental history of smoking, we adjusted the model for 
smoking status in the offspring). In exploratory analy-
ses, we evaluated for effect modification where addi-
tion of the offspring risk factor attenuated the primary 
association using multiplicative interaction terms (pa-
rental history of CVD×parental history of risk factor of 
interest) that were added to the Cox models. We also 
examined additive interaction terms.22 In secondary 
analyses, we examined the following outcomes: AF, 
HF, and MI. We confirmed that the proportional haz-
ards assumption was not violated using Schoenfeld 
residuals. All Cox models included a strata variable to 

indicate generation and examination cycle. In explora-
tory analyses, we examined the effect of having 0, 1, or 
2 parents with history of CVD or traditional risk factors 
on offspring risk of subsequent CVD.

In cross- sectional analyses, we used multivariable 
linear regression models to examine the association of 
parental history with echocardiographic cardiac struc-
ture, function, and CAC as measured by computed 
tomography. Primary analyses focused on parental 
history of HF for echocardiographic measures, and 
parental history of CVD for CAC measures, with sec-
ondary analyses on parental history of CVD. All mod-
els were adjusted for age and sex, then additionally 
for systolic blood pressure, hypertension treatment, 
diabetes, body mass index, smoking, and total cho-
lesterol/high- density lipoprotein ratio in the offspring. 
Effect modification by parental risk factors was also 
examined in all cross- sectional analyses. CAC scores 
were natural log- transformed after adding 1 unit to raw 
values to account for the skewness in distribution and 
normal values of zero. A 2- sided P value <0.05 was 
considered statistically significant. Statistical analyses 
were performed using SAS version 9.4 (Cary, NC).

RESULTS
Among n=6278 offspring individuals included with 
mean age 45±11 years and 53% women, 44% had at 
least 1 parent with a history of CVD and 56% had no 
known parental history of CVD. Individuals with paren-
tal history of CVD were older, with a greater burden of 
traditional CVD factors such as higher blood pressure, 
cholesterol, body mass index, diabetes, and smoking 
(P<0.01 for all, Table 1). Furthermore, among partici-
pants with a parental history of CVD, traditional CVD 
risk factors also were more prevalent among parents, 
including parental history of smoking in 35%, hyperten-
sion in 65%, and diabetes in 23%. By contrast, among 
those without parental CVD history, these risk factors 
were less prevalent including parental history among 
28% of smoking, 54% hypertension, and 10% diabetes 
(P<0.001 for all between- group differences). Parental 
history of obesity was similar among groups (P=0.41). 
Baseline characteristics stratified by offspring baseline 
examination, as well as number of parents with CVD 
and maternal versus paternal history are available in 
Tables S1 through S5.

Over a median follow- up of 15 years (Q1- Q3: 14.7– 
15 years), we observed 353 major CVD events among 
offspring. This included 90 with HF and 181 with MI. In 
addition, 264 had incident AF. Offspring with a parental 
history of CVD had greater risk of future CVD, with in-
cidence rate of 6.8 per 1000 person- years when com-
pared with 1.8 per 1000 person- years among offspring 
without a parental history of CVD. We found similar 
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differences for MI (3.5 versus 0.9 per 1000 person- 
years), HF (1.9 versus 0.3 per 1000 person- years), and 
AF (5.01 versus 1.4 per 1000 person- years).

Modifiable Risk Factors in Parents and 
Association With Future CVD in Offspring
We examined the association of parental history of 
each of the modifiable risk factors with future risk of 
CVD among offspring. Figure 1 displays cumulative in-
cidence of CVD in offspring, stratified by those with 
and without parental history of CVD and absence or 
presence of modifiable parental risk factors. We found 
greater risk of major CVD events in offspring with a 
parental history of CVD regardless of parental smok-
ing history (Figure 1A). Similar findings were observed 
when stratified by other parental modifiable risk factors 
(Figure 1B through 1E).

When stratified by parental modifiable risk factors, 
individuals with parental history of concomitant CVD 
and smoking had an incidence rate of 7.45 per 1000 
person- years for future CVD, and individuals with pa-
rental history of CVD in the absence of smoking had 
an incidence rate of 6.64 per 1000 person- years for 
future CVD, though there was no statistically signifi-
cant difference (P=0.38, Table S4). Among individuals 
without parental history of CVD, incidence rates of 
CVD were also similar among those with and without 
parental history of smoking (2.08 and 1.68 per 1000 
person- years, respectively, P=0.37). We observed 

similar findings for other parental history of modifi-
able risk factors, including hypertension, diabetes, 
obesity, and hyperlipidemia. Specifically, CVD inci-
dence rates were higher among those with parental 
CVD history, with comparable incidence rates in the 
concomitant presence or absence of parental modifi-
able risk factors (Table S4). Age- adjusted analyses re-
vealed similar findings of higher CVD incidence rates 
in individuals with parental CVD history compared 
with those without and were overall not statistically 
significant except for smoking (incidence rate of 4.20 
versus 3.16, P=0.03). Incidence rates were also com-
parable in the presence or absence of modifiable risk 
factors in parents (Table S5).

Multivariable- Adjusted Analyses of 
Modifiable Risk Factors in Parents and 
Association With Future CVD in Offspring
We next examined the association of parental history 
of CVD and modifiable cardiovascular risk factors with 
incidence of CVD in offspring using multivariable Cox 
models (Table 2). Parental history of CVD conferred a 
1.7- fold increased hazard of future CVD in the offspring 
(hazard ratio [HR], 1.71 [95% CI, 1.33– 2.21]). Parental 
history of smoking was associated with 34% higher 
hazard of future CVD (HR, 1.34 [95% CI, 1.07– 1.68]). 
In addition, parental history of obesity was associated 
with 32% higher hazard of future CVD (HR, 1.32 [95% 
CI, 1.06– 1.64]). There was no association of parental 

Table 1. Baseline Characteristics of Offspring Stratified by Parental History of CVD

Characteristics

Total PHx of CVD No PHx of CVD

P value*n=6278 n=2778 n=3500

Age, y 45 (11) 50 (11) 41 (10) <0.001

Women, n (%) 3298 (53) 1443 (52) 1855 (53) 0.47

Body mass index, kg/m2 26.8 (5.2) 27.3 (5.1) 26.3 (5.2) <0.001

Systolic blood pressure, mm Hg 120 (17) 125 (18) 117 (15) <0.001

Diastolic blood pressure, mm Hg 76 (10) 77 (10) 75 (10) <0.001

Total cholesterol, mg/dL 197 (39) 204 (40) 191 (36) <0.001

High- density lipoprotein, mg/dL 52 (16) 51 (16) 53 (15) <0.001

Hypertension treatment, n (%) 781 (12) 530 (19) 251 (7) <0.001

Diabetes, n (%) 2226 (4) 152 (5) 74 (2) <0.001

Smoking, n (%) 1433 (23) 689 (25) 744 (21) 0.01

Hypercholesterolemia, n (%) 962 (15) 541 (19) 421 (12) <0.001

Parental history of modifiable risk factors

Smoking, n (%) 1827 (31) 919 (35) 908 (28) <0.001

Hypertension, n (%) 3681 (59) 1794 (65) 1887 (54) <0.001

Obesity, n (%) 2489 (40) 1026 (37) 1463 (42) 0.41

Diabetes, n (%) 977 (16) 633 (23) 344 (10) <0.001

Hypercholesterolemia, n (%) 2826 (45) 1254 (45) 1572 (45) <0.001

Family history is dichotomous and represents respective condition in either one of the parents. Data are shown as mean (SD) or otherwise noted. CVD 
indicates cardiovascular disease; and PHx, parental history.

*Between- group differences were compared using ANCOVA or Cochran– Mantel– Haenszel test as appropriate.
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history of hypertension, diabetes, or hyperlipidemia 
with future CVD in offspring (P>0.05 for all).

In secondary analyses, we additionally adjusted for 
the presence of the risk factor of interest in the off-
spring and found that the association of parental obe-
sity status with incident CVD in offspring remained 
similar (HR, 1.27 [95% CI, 1.02– 1.58]). By contrast, the 

association of parental smoking status after adjust-
ing for offspring smoking status was attenuated (HR, 
1.21 [95% CI, 0.96– 1.51]). In exploratory mediation 
analyses, we estimated up to 41% (95% CI, 12– 70%, 
P=0.006) of the effect of parental smoking status 
on future CVD was mediated by offspring smoking 
status.

Figure 1. Cumulative incidence of major CVD, stratified by parental history of CVD and modifiable risk factors.
Kaplan– Meier cumulative incidence plots for offspring with and without parental history of CVD, stratified by absence or presence 
of modifiable parental risk factors. Depicted in smoking (A), HTN (B), DM (C), obesity (D), and HCL (E). CVD indicates cardiovascular 
disease; DM, diabetes mellitus; HCL, hypercholesterolemia; HTN, hypertension; and PHx, parental history.
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In exploratory analyses, we examined the effect of 
having 0, 1, or 2 parents with exposures deemed sig-
nificant in primary analyses (history of CVD, obesity, or 
smoking status) as displayed in Table S6. Lastly, we 
observed that parental risk factors did not modify the 
effect of parental CVD history on the future CVD risk in 
offspring when examining multiplicative interaction or 
additive interaction terms (P>0.05 for all).

Modifiable Risk Factors in Parents and 
Association With Future AF, HF, and MI in 
Offspring
In secondary analyses, we examined parental history 
of CVD and modifiable risk factors and their associa-
tion with secondary outcomes including AF, HF, and 
MI (Table 2). Parental history of CVD was associated 
with future risk of AF (HR, 1.60 [95% CI, 1.19– 2.15]), HF 

(HR, 2.16 [95% CI, 1.23– 3.81]), and MI (HR, 2.21 [95% 
CI, 1.54– 3.19]). By contrast, the presence of parental 
modifiable risk factors was not associated with future 
risk of AF, HF, or MI in the offspring, with the excep-
tion of parental diabetes history, which was associated 
with future risk of MI in age-  and sex- adjusted analyses 
(HR, 1.43 [95% CI, 1.01– 2.02]), though this relationship 
was no longer significant after accounting for offspring 
diabetes status (P>0.05), with no evidence for effect 
modification (P=0.24).

Association of Parental HF and Modifiable 
Risk Factors With Cardiac Structure and 
Function in Offspring
Measures of cardiac structure, function, and CAC 
scores in the offspring stratified by parental history of 
HF or CVD are presented in Table S7. Offspring with a 

Table 2. Association Between Parental History of Major CVD/CVD Risk Factors and Incidence of Cardiovascular Outcomes 
in Offspring

Primary model Secondary model

Parental history

Age-  and sex- adjusted Age- , sex- , and risk factor– adjusted*

HR 95% CI P value HR 95% CI P value

Primary outcome

CVD CVD 1.71 1.33– 2.21 <0.001 … … …

n=353† Smoking 1.34 1.07– 1.68 0.01 1.21 0.96– 1.51 0.11

Hypertension 1.05 0.85– 1.31 0.64 1.01 0.81– 1.25 0.94

Diabetes 1.18 0.91– 1.53 0.22 1.08 0.83– 1.41 0.57

Obesity 1.32 1.06– 1.64 0.01 1.27 1.02– 1.58 0.04

Hypercholesterolemia 1.14 0.92– 1.42 0.23 1.12 0.90– 1.40 0.30

Secondary outcomes

AF CVD 1.60 1.19– 2.15 0.002 … … …

n=264† Smoking 1.17 0.90– 1.53 0.25 1.09 0.83– 1.43 0.52

Hypertension 1.17 0.91– 1.52 0.22 1.14 0.88– 1.48 0.31

Diabetes 0.87 0.63– 1.21 0.41 0.82 0.58– 1.14 0.24

Obesity 1.15 0.90– 1.49 0.27 1.07 0.82– 1.38 0.62

Hypercholesterolemia 1.06 0.82– 1.37 0.64 1.06 0.82– 1.37 0.63

HF CVD 2.16 1.23– 3.81 0.008 … … …

n=90† Smoking 1.34 0.86– 2.09 0.19 1.27 0.81– 1.98 0.30

Hypertension 1.03 0.67– 1.57 0.90 0.98 0.64– 1.49 0.91

Diabetes 1.20 0.72– 2.02 0.49 1.05 0.62– 1.79 0.85

Obesity 1.23 0.79– 1.90 0.36 1.03 0.66– 1.61 0.89

Hypercholesterolemia 1.16 0.75– 1.79 0.50 1.15 0.74– 1.77 0.53

MI CVD 2.21 1.54– 3.19 <0.001 … … …

n=181† Smoking 1.04 0.76– 1.44 0.79 0.92 0.66– 1.27 0.61

Hypertension 1.01 0.75– 1.37 0.93 0.98 0.72– 1.32 0.88

Diabetes 1.43 1.01– 2.02 0.045 1.38 0.97– 1.96 0.08

Obesity 1.17 0.86– 1.58 0.33 1.16 0.85– 1.58 0.35

Hypercholesterolemia 1.14 0.84– 1.54 0.39 1.12 0.82– 1.51 0.48

AF indicates atrial fibrillation; CVD, cardiovascular disease; HF, heart failure; HR, hazard ratio; and MI, myocardial infarction.
*Adjusted for age, sex, and the same risk factor in the offspring.
†n refers to the number of observed outcomes for each respective event.
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family history of HF had a larger left atrial diameter, LV 
wall thickness, and LV mass (P<0.001 for all).

In multivariable- adjusted analyses, we found that 
parental history of HF was associated with greater left 
atrial diameter, LV wall thickness, and LV mass (P<0.05 
for all, Table 3). By contrast, there was no association 
of parental history of HF with LVEDD, FS, or global 
longitudinal strain. When examining parental history 
of modifiable risk factors, parental history of obesity 
was associated with greater LVEDD (P=0.03), and pa-
rental history of hypercholesterolemia was associated 
with greater LV wall thickness (P=0.04). Other parental 
modifiable risk factors were not associated with echo-
cardiographic traits (P>0.05 for all, Table 3).

In exploratory analyses, we examined whether pa-
rental risk factors modified the association of parental 
history of HF on echocardiographic traits and found 
3 suggestive interactions: (1, 2) concomitant parental 
obesity was associated with more pronounced rela-
tion of parental HF with offspring LV mass and LV wall 
thickness (Pint=0.02 and Pint=0.03, respectively), and 
(3) parental smoking status was associated with a 
greater relation of parental HF with offspring left atrial 
diameter. In secondary analyses, we did not observe 
that parental history of CVD was associated with echo-
cardiographic measurements in offspring (Figure 2).

Lastly, parental history of CVD was associated 
with higher CAC scores compared with those without 
(multivariable- adjusted P=0.002). In addition, paren-
tal history of diabetes was associated with higher CAC 
scores and modified the association of parental history of 
CVD with CAC score (Pint=0.01). Specifically, those with 
concomitant parental history of diabetes and CVD had 
higher CAC scores compared with individuals with only 
parental history of CVD (Figure 2). Other parental modi-
fiable risk factors were not associated with CAC scores.

DISCUSSION
Our study leveraged a unique multigenerational longi-
tudinal community- based cohort to examine parental 
history of modifiable risk factors and the association 
with long- term cardiovascular risk in the offspring. We 
observed that parental history of smoking and obe-
sity was associated with future CVD in the offspring. 
Intriguingly, family history of obesity was associated 
with a higher risk of future CVD regardless of obesity 
status in the offspring. By contrast, the association of 
parental smoking status with offspring CVD appeared 
to be mediated by smoking status in the offspring. 
While parental history of CVD conferred a higher risk of 
CVD and specific cardiac events including MI, HF, and 
AF, this association was not modified by parental risk 
factors. In cross- sectional analyses, parental history of 
HF was associated with measures of cardiac structure 
and function, with associations with left atrial diameter 

and LV mass that were magnified in the setting of pa-
rental smoking and obesity status, respectively. Taken 
together, these results suggest that obesity, smoking, 
as well as parental history of overt CVD confer cardio-
vascular risk among offspring.

These results have potential clinical implications; for 
example, patients may attribute a positive family his-
tory of CVD to concomitant parental smoking status or 
parental comorbidities including diabetes or hyperten-
sion. Our findings suggest that family history of obesity 
and smoking in particular do matter. Interestingly, for 
parental smoking status, much of the effect appears 
to be mediated by offspring smoking status. By con-
trast, for other modifiable risk factors including diabe-
tes, hypertension, and hyperlipidemia, parental CVD 
alone is generally sufficient to capture susceptibility to 
future CVD in offspring. While parental modifiable risk 
factors may matter less in those circumstances, it is 
well- described that offspring lifestyle factors appear to 
be independent of genetic CVD risk.23– 25 Furthermore, 
results from the Physician’s Health Study cohort sug-
gests that adherence to a healthy lifestyle in children 
with a positive family history of premature MI was as-
sociated with a lower risk of HF with antecedent MI; 
this association appeared to be stronger in the younger 
population.26 Taken together, our study argues for a 
strong focus on preventive measures such as lifestyle 
modifications among individuals with a family history 
of CVD. We also found that presence of parental obe-
sity was associated with CVD risk in offspring. Whether 
this may be because of genetic or heritable compo-
nents of obesity versus contributions of environmental 
factors or other cardiovascular risk enhancers remains 
unclear, and future work is needed to validate these 
results and investigate underlying mechanisms.

Our analysis builds upon previous reports in the 
Framingham Heart Study showing the association of 
parental CVD with future offspring risk events5,27– 29 
by evaluating the contribution of parental risk factors 
to disease risk. Other studies have evaluated self- 
reported family history and show similar associations 
with cardiovascular risk in offspring: Colditz and col-
leagues found that among male health professionals 
of the Health Professionals Follow up Study, family 
history of MI in either parent was associated with an 
increased risk of CAD.11 The risk of MI was noted to 
be higher in offspring whose fathers had had a MI at 
a younger age. Like other studies, they relied on self- 
report questionnaires to ascertain family history. In a 
large multinational case– control study, a parental his-
tory of MI was independently associated with risk of MI 
in offspring.7 Furthermore, other case– control studies 
found a similar trend of increased risk of CVD with a 
positive family history.8– 10

Although our study was not powered to detect dif-
ferences between number and sex of parents affected 
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Table 3. Associations of Parental History of HF, CVD, and Risk Factors With Cardiac Structure and Function in Offspring

Parental history β estimate SE P value*
Interaction with PHx of  
HF P value

Outcomes

LAD HF 0.06 0.01 <0.001 …

Smoking 0.02 0.01 0.14 0.01

Hypertension 0.01 0.01 0.26 0.05

Diabetes −0.001 0.01 0.94 0.98

Obesity 0.01 0.01 0.19 1.00

Hypercholesterolemia 0.002 0.01 0.83 0.54

LVEDD HF 0.02 0.01 0.23 …

Smoking −0.01 0.01 0.39 0.26

Hypertension −0.02 0.01 0.10 0.84

Diabetes −0.01 0.01 0.34 0.58

Obesity 0.02 0.01 0.03 0.10

Hypercholesterolemia −0.004 0.01 0.67 0.44

LVWT HF 0.016 0.007 0.04 …

Smoking 0.001 0.006 0.85 0.52

Hypertension −0.006 0.005 0.25 0.37

Diabetes −0.015 0.007 0.04 0.89

Obesity 0.005 0.005 0.38 0.03

Hypercholesterolemia −0.011 0.005 0.04 0.51

LV mass HF 2.91 1.22 0.02 …

Smoking −0.65 0.91 0.47 0.76

Hypertension −1.44 0.86 0.09 0.34

Diabetes −2.45 1.16 0.03 0.73

Obesity 1.54 0.88 0.08 0.02

Hypercholesterolemia −1.38 0.86 0.11 0.96

LVFS HF 0.04 0.15 0.77 …

Smoking −0.16 0.12 0.18 0.58

Hypertension 0.04 0.11 0.68 0.98

Diabetes −0.08 0.15 0.59 0.53

Obesity −0.14 0.11 0.20 0.64

Hypercholesterolemia −0.06 0.11 0.59 0.40

GLS† HF 0.12 0.13 0.35 …

Smoking 0.03 0.10 0.79 0.64

Hypertension 0.15 0.09 0.11 0.46

Diabetes 0.16 0.12 0.20 0.38

Obesity 0.09 0.09 0.32 0.27

Hypercholesterolemia 0.13 0.09 0.16 0.21

CAC‡ HF 0.24 0.08 0.002 …

Smoking −0.06 0.08 0.48 0.09

Hypertension 0.05 0.08 0.55 0.13

Diabetes 0.25 0.09 0.008 0.01

Obesity 0.03 0.08 0.69 0.06

Hypercholesterolemia 0.11 0.07 0.12 0.79

CAC indicates coronary artery calcification; CVD, cardiovascular disease; GLS, global longitudinal strain; HF, heart failure; LAD, left atrial diameter; LVEDD, 
left ventricular end- diastolic dimension; LVFS, left ventricular fractional shortening; LVWT, left ventricular wall thickness; and PHx, parental history.

*Multivariable analyses adjusted for age, sex, cohort, systolic blood pressure, hypertension treatment, body mass index, diabetes, smoking status, and total 
cholesterol/high- density lipoprotein ratio.

†Models for GLS were adjusted additionally for heart rate. β estimate represents between- group differences in each outcome.
‡CAC scores were natural log- transformed.
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with outcomes in the offspring, we did observe a po-
tential dose– response effect based on CVD and num-
ber of parents affected. Similar to prior studies such as 
the Health Professionals Follow- up Study cohort and 
Stockholm Heart Epidemiology Program, our findings 
suggest that risk of CVD is higher when more than 1 
first- degree relative is affected.8,11 Our investigation 
now adds complementary information to parental CVD 
history by examining contributions of parental modifi-
able risk factors, with some suggestion that having 2 
versus 1 parent with risk factors confers even greater 
risk.

Our findings with respect to cardiac structure and 
function are notable, in that parental smoking and 
obesity history appear to amplify the association of 
parental HF history with important precursors to HF, 

including left atrial size, and LV mass. It is important 
to acknowledge that a previous study by Lee et al ob-
served that parental history of HF was associated with 
LV systolic dysfunction, increased LV mass, and end- 
diastolic dimensions, though in multivariable- adjusted 
models, this relation was maintained for systolic dys-
function only.6 They also found that a family history of 
HF was associated with a 70% increased risk of HF in 
comparison to those without. In contrast, we observed 
that family history of HF was related to increased LV 
mass, left atrial diameter, and LV wall thickness in 
multivariable- adjusted models. Our larger sample size 
via inclusion of additional cohorts may have allowed for 
detection of more subtle associations. We did not as-
sess systolic dysfunction directly but did evaluate FS, a 
measure of ventricular ejection fraction.30 We observed 

Figure 2. Parental history of HF and CVD, and association with cardiac structure and function in offspring.
Point estimates represent adjusted means of LAD, LV mass, LVWT, and natural log- transformed CAC, with error bars representing 
SE. Stratified by 4 groups based on parental history. Means adjusted for age, sex, cohort, systolic blood pressure, hypertension 
treatment, body mass index, diabetes, smoking status, and total cholesterol/high- density lipoprotein ratio. CAC indicates coronary 
artery calcification; CVD, cardiovascular disease; HF, heart failure; LAD, left atrial diameter; LV Mass, left ventricular mass; LVWT, 
left ventricular wall thickness; and PHx, parental history.
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a higher mean FS in offspring with a family history of 
HF, though there was no statistically significant differ-
ence in multivariable models.

We also report that parental CVD history was as-
sociated with greater CAC scores in offspring. We 
now also expand upon prior findings by showing that 
parental history of diabetes was associated with CAC 
scores, and that individuals with concomitant parental 
CVD and diabetes history had the highest CAC scores. 
Interestingly, Cohen et al found that in the MESA (Multi- 
Ethnic Study of Atherosclerosis) cohort, even in asymp-
tomatic individuals with a CAC score of zero, a positive 
family history of heart disease conferred increased risk 
of future CVD.31

Our study leveraged multigenerational data with rig-
orously ascertained parental lifestyle factors and CVD 
that minimized recall bias, coupled with long- term fol-
low- up to evaluate subsequent risk in the offspring. 
However, several limitations deserve mention. First, no 
standardized definition of CVD family history exists.32 
For example, prior studies have described family his-
tory as important only if premature CVD occurred at 
younger parental ages, whereas others find it note-
worthy regardless of the age of onset.5,33 Furthermore, 
family history of CVD has ranged from composite CVD 
to specific cardiovascular end points including coro-
nary heart disease, HF, and stroke, and in some cases 
has been expanded to include siblings.34 Thus, despite 
the known association of family history with offspring 
cardiovascular risk, it has not been incorporated into 
risk prediction models such as the Framingham risk 
score, pooled cohort equations, or European System
atic COronary Risk Evaluation.35– 37 Recently, Patel and 
colleagues found that a single- question assessment 
of family history in a first- degree relative of any age 
may be just as useful as more complex definitions.38 
For purposes of our analysis, we used a conservative 
definition of parental history of adjudicated CVD that 
occurred before the baseline assessment of the off-
spring, a definition that may not be easily translated to 
other samples. Furthermore, our sample size limited 
the power to detect nuances between the affected 
number of parents and outcomes in the offspring. We 
acknowledge that although our findings cannot imply 
causality because of the observational nature of our 
study, the findings strengthen the literature on family 
history of CVD and risk. Lastly, the Framingham sam-
ple utilized for our study is primarily composed of indi-
viduals who are White, limiting generalizability to other 
racial and ethnic groups such as Black, Hispanic, and 
Asian. Future studies are needed to determine whether 
our findings are replicable in more racially and ethni-
cally diverse populations.

In summary, our study demonstrates that parental 
history of CVD captures susceptibility to future CVD in 
offspring. In addition, parental modifiable risk factors 

including family history of obesity and smoking are risk 
factors of future CVD, with evidence for mediation by 
offspring smoking status for the latter. By contrast, pa-
rental history of diabetes, hypertension, and hypercho-
lesterolemia do not seem to appreciably alter this risk. 
When considering cross- sectional findings, family his-
tory of smoking and obesity appear to amplify the ef-
fect of parental HF history on important precursors to 
HF, including LA size and LV mass. These findings add 
nuance to previous studies that highlight the impor-
tance of family history of CVD on disease susceptibility 
and suggest that parental obesity may affect offspring 
CVD risk. Irrespective of parental modifiable risk fac-
tors, the presence of parental CVD should prompt a 
focus on disease prevention.
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Table S1. Baseline characteristics of offspring stratified by examination. 

 

Characteristics  

Offspring 

Exam 2 

Offspring 

Exam 6 

Gen 3  

Exam 1 

n = 1795 n = 1626 n = 2857 

Age, years 42 (10) 57 (9) 41 (8) 

Women, n (%) 919 (51) 860 (53) 1519 (53) 

Body mass index, kg/m2 25.7 (4.4) 27.7 (5.1) 26.9 (5.6) 

Systolic blood pressure, mmHg 120 (17) 127 (19) 117 (15) 

Diastolic blood pressure, mmHg 78 (10) 76 (10) 76 (10) 

Total cholesterol, mg/dL 199 (38) 209 (42) 189 (35) 

HDL, mg/dL 49 (13) 52 (16) 54 (16) 

Hypertension treatment, n (%) 145 (8) 357 (22) 279 (10) 

Diabetes mellitus, n (%) 35 (2) 111 (7) 80 (3) 

Smoking, n (%) 701 (39) 252 (16) 480 (17) 

Hypercholesterolemia, n (%) 239 (13) 324 (20) 399 (14) 

Parental History        

Major CVD, n (%) 895 (50) 1141 (70) 742 (26) 

Smoking, n (%) 596 (42) 486 (31) 745 (26) 

Hypertension, n (%) 923 (52) 1038 (64) 1720 (60) 

Obesity, n (%) 588 (33) 508 (31) 1393 (49) 

Diabetes mellitus, n (%) 256 (15) 284 (14) 437 (15) 

Hypercholesterolemia, n (%) 675 (38) 511 (31) 1640 (57) 

 

Parental history is dichotomous and represents respective condition in either one of the parents.  

Data are shown as mean (SD) or otherwise noted. 

Abbreviations: HDL = high-density lipoprotein, CVD = cardiovascular disease. 

 

 

 

 

 



Table S2. Clinical characteristics by number of parents with CVD history. 

Characteristics 0 PHx of CVD 1 PHx of CVD 2 PHx of CVD 

 n = 3500 n = 2162 n = 616 

Age, years 41 (10) 49 (11) 54 (10) 

Women, n (%) 1855 (53) 1131 (52) 312 (51) 

Body mass index, kg/m2 26.3 (5.2) 27.1 (5.0) 27.8 (5.5) 

Systolic blood pressure, mmHg 117 (15) 123.7 (17.5) 129.5 (18.9) 

Diastolic blood pressure, mmHg 75 (10) 77.2 (10.1) 78.1 (10.3) 

Total cholesterol, mg/dL 191 (36) 204 (41) 207 (37) 

High density lipoprotein, mg/dL 53 (15) 51 (16) 49 (15) 

Hypertension treatment, n (%) 251 (7) 369 (17) 161 (26) 

Diabetes mellitus, n (%) 74 (2) 112 (5) 40 (6) 

Smoking, n (%) 744 (21) 531 (25) 158 (26) 

Parental History        

Smoking, n (%) 908 (28) 717 (35) 202 (35) 

Hypertension, n (%) 1887 (54) 1373 (64) 421 (69) 

Obesity, n (%) 1463 (42) 788 (36) 238 (39) 

Diabetes mellitus, n (%) 344 (10) 461 (21) 172 (28) 

 

Parental history of risk factors is dichotomous and represents respective condition in either one of the parents. 

Parental history of CVD was shown as an ordinal variable (0 = no PHx, 1=PHx from one parent, 2=PHx from both parents). 

Data are shown as mean (SD) or otherwise noted. 

Abbreviations: CVD = cardiovascular disease, PHx = parental history. 

* Between-group differences were compared using Analysis of Covariance (ANCOVA) or Cochran-Mantel-Haenszel (CHM) test as 

appropriate. 

 

 

 

 

 

 



Table S3. Clinical characteristics by maternal vs paternal history of CVD. 

Characteristics Paternal PHx of CVD Maternal PHx of CVD 

 n = 1605 n = 557 

Age, years 48 (11) 52 (11) 

Women, n (%) 828 (52) 303 (54) 

Body mass index, kg/m2 27.0 (5.0) 27.6 (5.2) 

Systolic blood pressure, mmHg 122.8 (17.0) 126.6 (18.7) 

Diastolic blood pressure, mmHg 77.1 (9.9) 77.7 (10.6) 

Total cholesterol, mg/dL 202 (41) 208 (41) 

High density lipoprotein, mg/dL 52 (16) 50 (16) 

Hypertension treatment, n (%) 246 (15) 123 (22) 

Diabetes mellitus, n (%) 70 (4) 42 (8) 

Smoking, n (%) 406 (25) 125 (22) 

Parental History      

Smoking, n (%) 540 (36) 177 (34) 

Hypertension, n (%) 1009 (63) 364 (66) 

Obesity, n (%) 580 (36) 208 (37) 

Diabetes mellitus, n (%) 307 (19) 154 (28) 

 

Parental history is dichotomous and represents respective condition in either one of the parents.  

Data are shown as mean (SD) or otherwise noted. 

Abbreviations: CVD = cardiovascular disease, PHx = parental history. 

* Between-group differences were compared using Analysis of Covariance (ANCOVA) or Cochran-Mantel-Haenszel (CHM) test as 

appropriate. 

 

 

 

 

 

 

 



Table S4. Incidence rates of CV outcomes in offspring based on parental history of CVD and modifiable risk factors. 

 

 Parental History 

  Incidence rate (events per 1000 person-years)   

+PHx CVD  

+PHx RF 

+PHx CVD 

-PHx RF 

p-value 
-PHx CVD 

+PHx RF 

-PHx 

CVD 

-PHx RF 

p-value 

    

CVD 

n=353  
Smoking 7.45 6.64 0.38 2.08 1.68 0.37 

Hypertension 6.50 7.14 0.47 1.70 1.99 0.45 

Diabetes 6.87 6.82 0.95 1.83 1.83 0.99 

Obesity 6.77 6.86 0.47 1.96 1.74 0.45 

 Hypercholesterolemia 6.18 7.37 0.16 1.65 1.98 0.38 

AF 

n=264 
Smoking 5.17 5.03 0.87 1.15 1.42 0.48 

Hypertension 4.88 5.39 0.50 1.60 1.04 0.09 

Diabetes 3.75 5.50 0.05 1.82 1.30 0.36 

Obesity 4.55 5.42 0.25 1.39 1.33 0.86 

 Hypercholesterolemia 4.29 5.77 0.04 1.16 1.51 0.29 

HF 

n=90 
Smoking 2.00 1.90 0.82 0.38 0.29 0.63 

Hypertension 1.65 2.38 0.12 0.37 0.26 0.49 

Diabetes 1.91 1.88 0.96 0.20 0.33 0.63 

Obesity 1.72 1.99 0.56 0.33 0.30 0.86 

 Hypercholesterolemia 1.63 2.10 0.30 0.27 0.36 0.56 

MI 

n=181 
Smoking 3.75 3.49 0.71 0.54 0.97 0.15 

Hypertension 3.38 3.75 0.55 0.74 1.04 0.26 

Diabetes 4.09 3.38 0.32 1.01 0.86 0.73 

Obesity 3.49 3.57 0.89 0.81 0.92 0.69 

 Hypercholesterolemia 3.21 3.73 0.39 0.84 0.89 0.84 

 

* p-value was calculated for incidence rate ratios using Poisson regression.  

Abbreviations: CVD = cardiovascular disease, AF= atrial fibrillation, HF = heart failure, MI = myocardial infarction, PHx = parental 

history.  



Table S5. Age-adjusted incidence rates of CV outcomes in offspring. 

 Parental History 

  Incidence rate (events per 1000 person-years)   

+PHx CVD  

+PHx RF 

+PHx CVD 

-PHx RF 

p-value 
-PHx CVD 

+PHx RF 

-PHx 

CVD 

-PHx RF 

p-value 

    

CVD 

n=353  
Smoking 4.20 3.16 0.03 2.33 1.68 0.17 

Hypertension 3.41 3.40 0.98 1.70 2.13 0.28 

Diabetes 3.64 3.46 0.73 1.94 1.88 0.93 

Obesity 3.86 3.24 0.18 2.24 1.66 0.15 

 Hypercholesterolemia 3.60 3.41 0.67 1.88 1.88 1 

AF 

n=264 
Smoking 2.46 2.00 0.18 1.24 1.33 0.81 

Hypertension 2.09 2.05 0.90 1.51 1.00 0.11 

Diabetes 1.61 2.27 0.07 1.79 1.24 0.31 

Obesity 2.16 2.08 0.79 1.51 1.17 0.29 

 Hypercholesterolemia 2.09 2.15 0.85 1.30 1.30 0.99 

HF 

n=90 
Smoking 0.84 0.64 0.29 0.39 0.26 0.44 

Hypertension 0.61 0.75 0.36 0.33 0.23 0.49 

Diabetes 0.70 0.65 0.77 0.19 0.29 0.67 

Obesity 0.70 0.63 0.65 0.34 0.25 0.52 

 Hypercholesterolemia 0.68 0.65 0.85 0.29 0.28 0.96 

MI 

n=181 
Smoking 2.71 2.25 0.31 0.61 1.05 0.2 

Hypertension 2.33 2.45 0.77 0.77 1.19 0.16 

Diabetes 2.81 2.27 0.27 1.11 0.94 0.72 

Obesity 2.54 2.30 0.58 0.94 0.96 0.95 

 Hypercholesterolemia 2.39 2.39 >0.99 0.97 0.94 0.91 

 

* p-value was calculated for incidence rate ratios using Poisson regression.  

Abbreviations: CVD = cardiovascular disease, AF= atrial fibrillation, HF = heart failure, MI = myocardial infarction, PHx = parental 

history.  



Table S6. Number of events stratified by parental history in 0, 1, or 2 parents. 

 Parental history exposure Incident CVD offspring 

  N (%) HR (95% CI) p-value 

CVD PHx of CVD = 0 (n = 3500) 92(3) REF  

 PHx of CVD = 1 (n = 2162) 164(8) 1.51 (1.15, 1.98) 0.003 

 PHx of CVD = 2 (n = 616) 97 (16) 2.37 (1.74, 3.23) <0.001 

  
   

Smoking PHx of smoking = 0 (n = 3434) 155 (5) REF  

 PHx of smoking = 1 (n = 1265) 80 (6) 1.29 (0.98, 1.69) 0.07 

 PHx of smoking = 2 (n = 325) 22 (7) 1.60 (1.02, 2.51) 0.04 

  
   

Obesity PHx of obesity = 0 (n = 3791) 216 (6) REF  

 PHx of obesity = 1 (n = 2048) 116 (6) 1.30 (1.03, 1.63) 0.03 

 PHx of obesity = 2 (n = 439) 21 (5) 1.49 (0.95, 2.34) 0.08 

 

Parental history was shown as ordinal variables (0 = no PHx, 1=PHx from one parent, 2=PHx from both parents). 

Abbreviations: CVD = cardiovascular disease, PHx = parental history. 

* HRs and 95% CIs were calculated using Cox proportional hazard regression models adjusted for age and sex.  

 

 

 

 

 

 

 

 

 

 

 

 

 



Table S7. Baseline echocardiographic characteristics of offspring. 

 

Characteristics 
Total PHx of HF No PHx of HF 

p-value 
n = 6278 n = 1003 n = 5275 

LVEDD, cm 4.9 (0.4) 4.9 (0.5) 4.9 (0.4) 0.19 

LVEDS, cm 3.1 (0.4) 3.1 (0.4) 3.1 (0.4) 0.97 

LAD, cm 3.3 (0.7) 3.7 (0.7) 3.3 (0.7) <0.001 

FS, % 36.4 (4.1) 37.0 (4.8) 36.3 (4.0) 0.01 

LVWT, cm 1.8 (0.3) 1.9 (0.3) 1.8 (0.3) <0.001 

GLS, % -20.2 (3.2) -20.1 (3.2) -20.2 (3.2) 0.008 

LV Mass, g 157.1 (45.0) 165.4 (47.8) 155.6 (44.3) <0.001 

  
  PHx of CVD No PHx of CVD  

  n = 1775 n = 4503   

CAC Score 0 (0, 33.6) 3.7 (0, 115.8) 0 (0, 2.3) <0.001 

 

Data shown as mean (SD) or median (Q1, Q3). 

Data on coronary artery calcification not available for exam 2. 

Abbreviations: LVEDD = left ventricular end-diastolic dimension, LVEDS = left ventricular end-systolic dimension, LAD = left atrial 

diameter, FS = fractional shortening, LVWT = left ventricular wall thickness, GLS = global longitudinal strain, LV Mass = left 

ventricular mass, CAC = coronary artery calcification, PHx = parental history, HF = heart failure, CVD = cardiovascular disease. 
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