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Background.  Children of centenarians have lower cardiovascular disease prevalence and live longer. We aimed to 
estimate associations between the full range of parental attained ages and health status in a middle-aged U.S. representa-
tive sample.

Methods.  Using Health and Retirement Study data, models estimated disease incidence and mortality hazards for 
respondents aged 51–61  years at baseline, followed up for 18  years. Full adjustment included sex, race, smoking, 
wealth, education, body mass index, and childhood socioeconomic status. Mother’s and father’s attained age distri-
butions were used to define short-, intermediate-, and long-lived groups, yielding a ranked parental longevity score 
(n = 6,055, excluding short–long discordance). Linear models (n = 8,340) tested mother’s or father’s attained ages, 
adjusted for each other.

Results.  With increasing mother’s or father’s survival (>65 years), all-cause mortality declined 19% (hazard ratio 
[HR] = 0.81, 95% CI: 0.76–0.86, p < .001) and 14% per decade (HR = 0.87, 95% CI: 0.81–0.92, p < .001). Estimates 
changed only modestly when fully adjusted. Parent-in-law survival was not associated with mortality (n = 1,809, HR = 
1.00, 95% CI: 0.90–1.12, p = .98). Offspring with one or two long-lived parents had lower cancer incidence (938 cases, 
HR per parental longevity score = 0.76, 95% CI: 0.61–0.94, p = .01) versus two intermediate parents. Similar HRs for 
diabetes (HR = 0.89, 95% CI: 0.84–0.96, p = .001), heart disease (HR = 0.88, 95% CI: 0.82–0.93, p < .001), and stroke 
(HR = 0.86, 95% CI: 0.78–0.95, p = .002) were significant, but there was no trend for arthritis.

Conclusions.  The results provide the first robust evidence that increasing parental attained age is associated with 
lower cancer incidence in offspring. Health advantages of having centenarian parents extend to a wider range of parental 
longevity and may provide a quantitative trait of slower aging.
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The children of exceptionally long-lived parents live 
longer themselves and have lower prevalence of cardio-

vascular disease compared with age-referent controls (1–4) 
However, it is unclear whether the wider “normal” range of 
parental survival is associated with incidence of cancer and 
other common diseases in the offspring.

With the large life expectancy differences between 
men and women and the rapid rise in life expectancies for 
both groups during the twentieth century, defining longer 
maternal or paternal survival is not straightforward. Most 
previous studies have chosen conventional (or arbitrary) 
definitions for classifying the length of parental survival 
(5,6), for example, Terry and colleagues focused on both 
mothers and fathers living to ages 85 years or more. Previous 

analyses have generally also not separated predominantly 
“premature” parental deaths (unlikely to be related to 
normal aging) from those that appear predominantly age 
related. It is therefore important to map the “normal” 
spectrum (7) of likely aging-related mortality and survival 
for mothers and fathers of study participants. This allows 
exclusion of premature parental deaths more likely to be 
caused by extrinsic factors including reproduction and 
accidents, which otherwise may obscure age-related effects 
in the offspring. This approach also provides empirical cut 
points for classification of relative parental longevity.

We aimed to estimate the effects of the complete range 
of normal aging-related parental survival on cancer and 
other common disease incidence plus all-cause mortality. 
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We used data from the Health and Retirement Study (HRS), 
a U.S. representative cohort of people aged 51–61 years fol-
lowed up for 18 years. Questions on parental survival were 
asked at each follow-up, allowing a prospective analysis of 
mortality and incident disease in offspring, from middle 
age, with very high ascertainment of parental survival.

Methods

Cohort
The HRS recruited a representative multiethnic sample 

of Americans aged 51–61 years, as documented elsewhere 
(8). Baseline interviews were conducted in 1992 and repeat 
interviews biennially through 2010. For our analyses, we 
used data from all 10 HRS waves (1992–2010), collated in 
a single data set by the RAND Corporation (9).

Parental Survival
Respondents were asked at every wave about the age at 

death of their parents, or their current age if they were alive. 
There were 1,290 participants with parents (1,136 mothers 
and/or 282 fathers) recorded as living in the latest inter-
view preceding the respondents’ death, loss to follow-up, 
or current end-of-study period; these “living” parents were 
excluded from the main analyses because we cannot predict 
who will attain higher ages at death but have included them 
in a sensitivity analysis based on last reported attained age.

For a studied population, normal aging-related human 
survival is distributed symmetrically (10) around the mode 
(M), that is, the most frequent age at death. Consequently, 
we fitted a normal curve using nonlinear least square regres-
sion (7) around the mode for mapping the distribution of the 
normal survival of mothers and fathers, using the following 
formula: f = a × exp{−0.5 × [(x − x

0
)/b]2}. The modal age at 

death for mothers is 84 (SD = 7 years); for fathers, estimates 
were 76 years (SD = 11 years). Based on these estimates, 
mothers were categorized as follows: short lived less than 
M − 1 SD, that is, 61–76 years; intermediate lived M ± 1 
SD, that is, 77–91 years; and long lived greater than M + 1 
SD, that is, more than 91 years (Figure 1). Similarly, fathers 
were classified as follows: short lived less than M − 1 SD, 
that is, 46–64 years; intermediate lived M ± 1 SD, that is, 
65–87  years; and long lived greater than M + 1 SD, that 
is, more than 87 years. Mothers dying before 61 years and 
fathers dying before 46 years were classified as premature 
deaths, and respondents with prematurely dying parent(s) 
were not included in the parental longevity score (PLS). We 
then assigned a ranked “parental longevity score” to each 
participant based on parental attained age: (a) both parents 
short lived; (b) one parent short lived and the other interme-
diate lived; (c) both parents intermediate lived; (d) one par-
ent intermediate lived and the other long lived; and (e) both 
parents long lived. Those offspring having one parent long 
lived and the other short lived (ie, a discordant status) were 

excluded from the analyses as they could not be classified 
into an ordinal rank.

Covariates
Demographic variables in models were age, sex, and 

race. The socioeconomic and lifestyle variables (termed 
“environmental factors”) include childhood environment 
of the participants represented by parental education; “job 
loss of several months experienced by respondent’s father”; 
and “a time when family received financial help from rela-
tives/friends because of financial difficulties” before the 
participants attained 16 years of age. Environmental factors 
affecting adult lives include smoking, alcohol consumption, 
education, body mass index (as proxy variable for diet), 
income, household wealth, health insurance, and exercise 
undertaken. Smoking status at baseline was coded to never 
smoked, exsmokers, and current smokers. Alcohol drink-
ing at baseline was assessed using the CAGE instrument 
(11). The educational achievement of the respondents was 
categorized as 0 ≤ high school, 1 = high school, 2 = college, 
and 3 = higher/professional. Individual baseline income and 
household wealth were used in the analyses as continuous 
variables. Access to health insurance at baseline was coded 
to yes/no. Body mass index (kg/m2) was calculated from 
self-reported weight and height at baseline and categorized 
into four natural groups (1 < 20, 2 = 20–24.9, 3 = 25–30, 
and 4 > 30). The exercise status at baseline was coded into 
a binary variable (yes/no) depending on vigorous exercises 
performed at least thrice a week.

Age-Related Diseases
Self-report of physician-diagnosed diabetes, heart dis-

ease, stroke, cancer (excluding nonmelanoma skin cancers), 
and arthritis was recorded as binary response (yes/no) in 
the first wave (1992). Incident diagnoses of heart disease, 
stroke, diabetes, arthritis, and cancer were recorded in each 
subsequent wave in answer to the question “Since we last 
talked to you, that is since [last interview date], has a doctor 
told you that you have ....” (12).

Ascertainment of Death
Death of participants was ascertained by linkage with 

National Death Index following each wave since 2000 
(13), and their year of death was recorded. For 1.5% of 
respondents who died, the year of death is unknown, but 
the wave at which they were first reported as having died is 
recorded; for these, we have used the previous year as their 
year of death.

Statistical Analysis
Age at death of the offspring from all causes was 

used as the time-to-event outcome for survival analyses. 
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Respondents who were alive at 2010 and those who were 
lost to follow-up at intermediate waves were included as 
censored observations. Initial Cox models included paren-
tal attained age as continuous variables (termed Model 
1). A smoothed hazard curve was fitted using a penalized 
spline function to plot the actual relationship between 
mortality risk in the offspring and mother’s attained age, 
adjusted for gender, race and father’s longevity. A  sec-
ond curve was fitted to plot the relationship with father’s 
attained age with similar adjustments. Parental attained 
age more than 65  years was also modeled in decades 
rather than single years, to ease interpretation. We next 
estimated the effect of PLS on the mortality of partici-
pants’ spouses/partners (hereafter termed “parent-in-law” 
longevity score) in a subsample (adjusting for their own 
PLS) where both age-eligible pairs were interviewed  
(n = 1,809) and had valid parent and parent-in-law longev-
ity scores.

Survival curves and Cox models were then fitted with 
the PLS as the explanatory variable (termed hereafter 
as Model 2). The PLS was initially included as a con-
tinuous variable to estimate the hazards per PLS. It was 
then introduced as a categorical variable to compare the 
hazards with the middle category (PLS 3)  used as the 
referent group as these participants were born to two 
intermediate-lived parents and hence are most likely to 
represent the normative aging-related parental mortality. 

The initial models were adjusted for race and gender 
(minimally adjusted) and then further adjusted for demo-
graphic and environmental covariates (fully adjusted).

Age at the self-reported incident diagnosis of age-related 
diseases, diabetes, heart disease, stroke, cancer, and arthri-
tis, was then used as time-to-event outcome for disease-
specific survival analyses, after excluding those diagnosed 
with prevalent conditions at baseline. To allow for more 
statistical power, in disease-specific analysis we collapsed 
five groups to three, combining groups PLS1 with PLS2 
and PLS4 with PLS5 and compared these two new groups 
with PLS3.

Interaction between gender of offspring and PLS was 
tested. The complex multistage sampling design of the 
HRS was accounted for in the analyses and baseline sample 
weights were used. The graphs were fitted and drawn using 
R version 2.14.0, and other analyses were conducted using 
Stata, version 10.1.

Included Sample
At study baseline (1992), out of 9,764 age-eligible HRS 

participants, 4,746 (49%) had parent(s) still alive. After 
18 years of follow-up, only 1,290 (13%) participants had 
parent(s) recorded as living.

The mean life span of mothers (n = 8,573) was 75 years 
(SD = 5.5) and fathers (n = 9348) was 71 years (SD = 14.6). 

Figure 1.  Frequency distribution of parental age at death (gray). The curve represents the normal distribution of aging-attributable parental deaths centered on 
their modal (most frequent) age at death. The normal distributions were modeled using nonlinear least square regression. (A) mothers and (B) fathers.
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Short-lived fathers (46–65 age group, n = 1,528) had a 
mean age of 58.1 years (SD = 0.14); intermediate (66–85 
age group, n = 3,831) had a mean age of 76.21 (SD = 
0.093); and long lived (≥87 years age group, n = 696) had a 
mean age of 90.83 (SD = 0.13). Short-lived mothers (61–76 
age group, n = 2,058) had a mean age of 69.46 years (SD 
= 0.10); intermediate (77–90 age group, n = 3,256) had a 
mean age of 83.56 (SD = 0.06), and long-lived mothers (≥91 
years age group, n = 741) had a mean age of 94.24 years 
(SD = 0.11).

The participants were aged 51–61  years at 1992 
(mean  =  55.5, SD  =  3.2) and those interviewed in 
2010 were aged 69–79 years (mean = 73.4, SD = 3.1). 
The samples included in the models are presented in 
Figure 2.

Results

Baseline Characteristics (1992)
Offspring with higher PLS had mothers with slightly 

more years of education (p = .05; Table 1) and were less 
likely to be born to families receiving financial help (p = 
.006) although trends were modest. Higher PLS offspring at 
HRS baseline (in middle age) were less likely to be current 
smokers (19% in PLS5 vs 30% in PLS1), were better edu-
cated, were less obese, had higher mean household wealth, 
and had higher personal incomes.

All-Cause Mortality (1992–2010)
In penalized smoothing spline regression models 

of each parent’s continuous attained age (adjusted for 

Figure 2.  Flowchart of participants included in the analyses and their outcomes. Model 1 used parental attained age as a continuous variable, and Model 2 used 
parental longevity score to categorize the offspring in ordered ranks.
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gender, race, and other parent’s attained age, n = 8,340), 
age of parental death more than 65 years was associated 
with offspring mortality (Figure 3), with an approximately 
linear reduction in hazard ratio (HR) with increasing 
parental attained age for both mothers and fathers. This 
association was stronger for mother’s attained age: for 
every additional decade of mother’s (n = 6,584) and father’s 
(n = 5,848) survival beyond 65, the minimally adjusted HR 
in the offspring was 0.76 (95% CI: 0.72–0.80) and 0.83 

(95% CI: 0.78–0.88), respectively, that is, representing a 
central estimate of 19% and 14% reductions in offspring 
mortality per mother’s and father’s attained decade more 
than 65 years, respectively. After full adjustment, the HRs 
were slightly attenuated to 0.81 (95% CI: 76–0.86, p < 
.001) for mothers and 0.86 (95% CI: 0.81–0.92, p < .001) 
for fathers (Supplementary Table 2). An interaction term 
between parents’ survival and offspring gender was not 
significant in the Cox models.

Table 1.  Distribution of Demographic and Environmental Factors and Prevalence of Age-Related Diseases at Baseline (1992)

Total (n = 6055) PLS1 (n = 638) PLS2 (n = 2310) PLS3 (n = 1865) PLS4 (n = 1047) PLS5 (n = 195) p*

Demographic variables
  Age 56 (3.2) 56 (3.3) 56 (3.2) 56 (3.1) 56 (3.1) 56 (3.1) .79

Sex (%)
    Male 2844 (47) 308 (48) 1076 (47) 862 (46) 516 (49) 82 (43) .27
    Female 3211 (53) 330 (52) 1234 (53) 1003 (54) 531 (51) 113 (57)

Race (%)
   White 4965 (82) 517 (81) 1835 (80) 1585 (85) 862 (82) 166 (85) .01

African American 874 (14) 100 (16) 392 (17) 224 (12) 138 (14) 20 (11)
    Others 216 (4) 21 (3) 83 (4) 56 (3) 47 (4) 9 (4)

Environmental factors related to childhood
Mother’s education (y) 9 (5) 9 (5) 9 (5) 9 (4) 10 (4) 10 (5) .05
Father’s education (y) 8 (6) 8 (6) 8 (6) 8 (6) 9 (5) 8 (6) .49
Father losing job (%) 952 (20) 102 (23) 369 (21) 288 (19) 163 (18) 30 (17) .08
Family receiving financial help (%) 545 (11) 58 (12) 223 (12) 178 (11) 71 (7) 15 (8) .006

Environmental factors related to adulthood
Household wealth 89,000 (17,5200) 75,000 (141,150) 83,750 (168,500) 98,100 (183,247) 92,000 (200,200) 128,000 (257,200) <.001
Annual income 15,000 (30,000) 14,280 (30,000) 13,500 (29,200) 15,000 (31,000) 17,000 (32,500) 15,000 (30,150) .005
Smoking (%)

    Never 2282 (38) 215 (34) 831 (36) 738 (40) 418 (40) 80 (41) .001
    Ex 2182 (36) 229 (36) 829 (36) 660 (35) 386 (37) 78 (40)
    Current 1591 (26) 194 (30) 650 (28) 467 (25) 243 (23) 37 (19)

Drinking assessment, CAGE (%)
    Not excess 5227 (86) 536 (84) 1992 (86) 1615 (87) 907 (87) 177 (90) .17
    Excess 828 (14) 102 (16) 318 (14) 250 (13) 140 (13) 18 (10)

Vigorous activity (%)
    ≥3/wk 4864 (80) 529 (83) 1837 (80) 1518 (81) 824 (79) 156 (81) .15
    0–2/wk 1191 (20) 109 (17) 473 (20) 347 (19) 223 (21) 39 (19)

Body mass index, kg/m2 (%)
    <20 222 (4) 25 (4) 84 (4) 66 (4) 36 (3) 11 (6) .05
    20–24.9 1962 (32) 187 (29) 723 (31) 621 (33) 366 (35) 65 (33)
    25–29.9 2465 (41) 257 (40) 930 (40) 760 (41) 439 (42) 79 (41)
    ≥30 1406 (23) 169 (26) 573 (25) 418 (22) 206 (20) 40 (20)

Education (%)
    <High school 1514 (25) 188 (29) 646 (28) 431 (23) 212 (20) 37 (19) <.001
    High school 3262 (54) 331 (52) 1246 (54) 1028 (55) 562 (54) 95 (49)
    College 814 (13) 79 (12) 265 (11) 254 (14) 177 (17) 39 (20)
    Mast/Prof 465 (8) 40 (6) 153 (7) 152 (8) 96 (9) 24 (12)

Health insurance (%)
    No plan 1724 (29) 191 (30) 699 (31) 506 (27) 276 (27) 52 (27) .005
    1–4 plans 4275 (71) 440 (70) 1611 (69) 1359 (73) 762 (73) 141 (73)

Prevalence of age-related diseases (%)
  Diabetes 609 (10) 84 (13) 278 (12) 159 (9) 73 (7) 15 (7) <.001

Heart disease 764 (13) 99 (16) 342 (15) 203 (11) 102 (10) 22 (9) <.001
  Stroke 161 (3) 23 (4) 72 (3) 41 (2) 18 (2) 7 (3) .04
  Cancer 324 (5) 36 (6) 134 (6) 95 (5) 50 (5) 9 (5) .7
  Arthritis 2282 (38) 254 (40) 910 (40) 687 (37) 360 (34) 71 (36) .05

Note: PLS = parental longevity score; continuous variables: median (inter-quartile range) and categorical variables: numbers (percentage).
*p values for continuous variables obtained through Kruskal–Wallis and for categorical variables through chi square test.

http://biomedgerontology.oxfordjournals.org/lookup/suppl/doi:10.1093/gerona/glt061/-/DC1
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In analyses based on PLS, the divergence in survival 
between offspring groups is evident from approximately 
57  years of offspring age (Figure  4). The minimally 
adjusted HR for all-cause mortality per increasing PLS (n = 
6055) was 0.75 (95% CI: 0.71–0.80, p < .001). Controlling 
for the full model variables attenuated the HR to 0.8 (95% 
CI: 0.77–0.86, p < .001; Supplementary Table 3). Dose–
response trends were evident compared with the referent 
middle category of PLS3; the fully adjusted HR for PLS4 
was 0.76 (95% CI: 0.62–0.94, p = .01) and for PLS5 was 
0.68 (95% CI: 0.47–0.97, p = .03). The fully adjusted HR 
for PLS2 was 1.27 (95% CI: 1.13–1.43, p < .001) and for 
PLS1 was 1.41 (95% CI: 1.18–1.67, p < .001).

Parent-in-law Effects
We also examined the effects of parent-in-law longevity 

scores on available spouse/partners in the HRS subsample 
(n = 1,809). For all-cause mortality, HR (fully adjusted) 
per parent-in-law longevity score was 1.00 (95% CI: 
0.90–1.12, p = .98), whereas HR per PLS (the effect of 
participants’ own parents) in the subsample was 0.82 (95% 
CI: 0.73–0.91, p < .001), which was similar to the overall 
sample estimate.

Incident Disease (1992–2010)
Increasing PLS was associated with significantly 

lower incidence of cancers (HR per PLS = 0.93, 95% CI: 
0.88–0.98, p = .01; Figure 5 and Supplementary Table 3). 
Participants with at least one long-lived parent had 24% 
lower incidence of cancer (HR = 0.76, 95% CI: 0.61–0.94, 
p = .01) compared with those having two intermediate-
lived parents. There was no significant difference in cancer 
incidence between offspring of short and intermediate-
lived parents. In Cox models, increasing PLS was also 
associated with reduced hazard of incident diabetes, (HR 
= 0.89, 95% CI: 0.83–0.95, p = .001), heart disease (HR = 
0.88, 95% CI: 0.82–0.93, p < .001), and stroke (HR = 0.86, 
95% CI: 0.78–0.95, p = .002) with clear dose–response 
relationships for most of these (Figure 5 and Supplementary 
Table 3), with the exception of arthritis, for which no trend 
was apparent.

Figure  4.  Survival curve in three offspring groups (categorized by parental  
longevity score) for all causes of mortality during follow-up (1992–2010), adjusted 
for gender and race (n = 6,055).

Figure  3.  Relationship between parental ([A] mothers and [B] fathers) 
attained age and risk of mortality from all causes in the offspring during follow-
up (1992–2010) using penalized smoothing spline graphs (adjusted for gender 
and race and other parent’s attained age; n = 8,340).

http://biomedgerontology.oxfordjournals.org/lookup/suppl/doi:10.1093/gerona/glt061/-/DC1
http://biomedgerontology.oxfordjournals.org/lookup/suppl/doi:10.1093/gerona/glt061/-/DC1
http://biomedgerontology.oxfordjournals.org/lookup/suppl/doi:10.1093/gerona/glt061/-/DC1
http://biomedgerontology.oxfordjournals.org/lookup/suppl/doi:10.1093/gerona/glt061/-/DC1
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Sensitivity Analyses
For a sensitivity analysis, we included the 1,290 par-

ticipants with living parents (178, 726, and 386 attain-
ing short-lived, intermediate-lived, and long-lived status, 
respectively) with their last known “living” parental age in 
models. Their inclusion changed the estimates only mod-
estly (Supplementary Table 4).

The group with discordant parents (one long lived and 
one short lived) compared with group 3 (two intermediate-
lived parent) had estimates around the null value for all-
cause mortality, incident heart disease cancer, stroke, and 
diabetes, with 95% CI always crossing null values.

Discussion
We aimed to estimate the association between parental 

survival and offspring survival, as well as incident cancer 
and other common diseases, in a large U.S. population 
cohort. We found that a wide range of increasing parental 
attained ages (>65  years) were associated with progres-
sively lower mortality and incidence rates of diabetes, 
stroke, and heart disease (but not arthritis) among offspring 
aged 51–61 years at baseline (1992) and followed up for 
18 years. We have also shown, for the first time, that there 
are robust associations between parental attained age and 
cancer incidence in offspring.

Our study finding of an association between parental 
survival and cancer incidence in offspring was minimally 

modified on adjusting for measured environmental factors. 
We did not observe this association at baseline (as others) 
(6) perhaps because of differential response to study invi-
tations. An association between extreme parental life span
and cancer was suggested by only one previous study (to
the best of our knowledge), which included 295 offspring
of centenarians and 276 age-matched controls, with 32
incident cancer cases (3) and with no adjustment for envi-
ronmental confounders such as smoking. Although we
have studied 938 cases of cancer, data are not available to
allow separate analyses by cancer subtype. This informa-
tion was not collected in HRS interviews, and the HRS
linked Medicare records (for those aged 65 plus) can pro-
vide only a small data set for a minority of the follow-up
period for our participants (who were 51–61 years old at
baseline). It is unlikely that known hereditary cancer syn-
dromes of breast, ovary, colon, and retina could account
for the association we found as these are relatively rare and
affect younger groups. Also important is that our finding of
reduced cancer incidence was clearest in the comparison of
longer lived versus normal or modal parental survival and
is not attributable to parents who died young. It is therefore
more likely that longer parental life span representing the
broader decelerated aging phenotype has protective effects
on common forms of “sporadic” cancers in later life.

The offspring of longer lived parents also had higher 
overall survival, better cardiovascular health, and less 
diabetes at baseline, and they continued to experience the 

Figure 5.  Hazard ratios (fully adjusted) for incident disease during follow-up (1992–2010) in offspring categorized by parental longevity score.

http://biomedgerontology.oxfordjournals.org/lookup/suppl/doi:10.1093/gerona/glt061/-/DC1
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same health advantages as they aged. These findings from a 
population sample, and studying the effects of a wide range 
of parental survival confirm and extend previous observa-
tions substantially (14) as many of the earlier studies were 
either cross sectional (4,15) or focusing on exceptionally 
long-lived groups (3,16) or only reported effects on male 
offspring (17).

The effect sizes for overall mortality of having longer 
lived parents in our study may appear somewhat smaller 
than previously reported ones although this may be due to 
our use of a comparison group of parents who attained “nor-
mal” or intermediate survival. This comparison group was 
designed to avoid possible effects of the usual comparisons 
with short-lived groups, who might have specific suscep-
tibilities for early mortality not related to “normal” aging. 
If we compare the two extreme groups (two short-lived 
parents vs two long-lived parents, the HRs in reference to 
PLS3 is 1.41 [95% CI: 1.18–1.67] vs 0.67 [95% CI: 0.47–
0.97], with regards to all-cause mortality), the effect sizes 
would appear to be comparable (if not larger) than those 
reported in other studies. To our knowledge, this is also the 
first study to demonstrate that parental attained age of only 
65  years appears to be the threshold after which a steep 
linear reduction in mortality rates is evident in offspring. 
Previous studies reported attainment of 80  years or more 
was necessary for parental attained age–associated survival 
benefits to appear in offspring (18,19) and exceptional life 
span, mainly more than 95 years has been the focus of many 
research studies (2,20–22).

Our analyses found little evidence for a larger than 
expected or “elite” health advantage in the offspring of 
exceptionally long-lived parents, instead trends for offspring 
mortality, for example, appeared linear through parental 
attained ages more than 100 years (n = 160 offspring with 
at least one parent aged ≥100 years) although our power to 
detect smaller deviations from linear effects is limited.

We have also demonstrated that parental survival has 
comparable effects on survival of offspring irrespective of 
offspring gender although previous studies have reported 
the contrary (23,24). Our analysis has shown that mortality 
differentials associated with parental survival are apparent 
in offspring from as early as 57 years old, in contrast to one 
previous study reporting this threshold as 70 years (15). This 
suggests that the aging process can be studied in offspring 
from middle age (25). Offspring included in most related 
studies were already relatively old (3,4,22,26), which may 
have obscured (27,28) effects due to comorbidities, multi-
ple treatments, and the loss of valid control groups.

Familial longevity has two broad components: intrinsic 
and “environmental” (29). Some environmental factors may 
be “inherited” from the previous generation such as educa-
tion, wealth, diet, and smoking, which may be consistent 
with our findings as some of these attributes were differen-
tially distributed in offspring across PLS groups. However, 
controlling for these factors changed the effect sizes of the 

parental survival associations only modestly, suggesting 
that the parental survival health advantage is not primarily a 
socioeconomic or “extrinsic” construct. This was reinforced 
when we found that survival of parents-in-law or partner’s 
parents had no effect on mortality despite partners generally 
sharing adult environments for substantial periods. Given 
these results, the beneficial effect of longer lived parents 
on their offspring is likely to be transmitted predominantly 
through intrinsic factors such as genetic variants or epige-
netic markers. Our results do not claim to contradict the 
well-established and stronger influence of individual envi-
ronmental factors (often referred to as “nurture” variables) 
on variability in human life span and age-associated disease 
incidence. It only suggests that the protective influence of 
having long-lived parents is likely to be primarily due to 
inherited intrinsic factors (often referred to as “nature” vari-
ables). Parental attained age may be a powerful quantitative 
trait for the study of intrinsic mechanisms underlying lower 
incidence of age-related disease and lower mortality risks, 
which might be termed “slower aging.”

The major strength of our study is the design of HRS, 
which ascertained offspring and parental deaths simultane-
ously for 18  years. Rosengren and colleagues (17) using 
a Swedish population study also collected follow-up data 
on middle-aged offspring, but only baseline data on paren-
tal attained age. They noted that almost 46% of the parents 
(predominantly mothers) with average age of 82 years were 
still alive at baseline as the mean age difference between 
generations is approximately 30  years (6). Other nota-
ble studies in this field perhaps faced similar limitations 
(15,24). Only 13% of HRS respondents were recorded as 
having living parent(s) as per their last available records. 
Inclusion of these respondents in the sensitivity analyses 
with their last recorded parental “living” age as parental 
survival only marginally modified the estimates.

Another strength of our study is the use of cohort and sex 
relevant cut points to classify parental survival, in contrast to 
arbitrary (or life expectancy based) and/or gender-neutral cut 
points used in most previous studies (5,6,17,30–35) despite 
very different gender-specific life span. We were able to esti-
mate the distribution of normative aging-related life span of 
the HRS parents and empirically establish sex-specific paren-
tal survival or “longevity” cut points, which helped distin-
guish predominantly prematurely dying parents (unrelated to 
aging) from predominantly “normally” aging parents (10).

While assessing the results, it should be noted that the 
chronic disease data were from self-report of physician-
diagnosed conditions. The self-reported health data in HRS 
was benchmarked against the National Health Interview 
Survey and demonstrated a high degree of similarity 
between prevalence estimates (12). Our most striking result, 
namely of a parental survival association with cancer inci-
dence, seems unlikely to have been affected by poor self-
reporting as a diagnosis of cancer would be a very major and 
easily recalled life event for respondents. Also note that as 
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HRS does not record dates of birth for parents, detailed clas-
sifications were not possible for mother’s or father’s relative 
survival within narrow birth cohorts or other key groupings 
(eg, race and education). However, the limited misclassifi-
cation arising from this is unlikely to bias analyses against 
offspring outcomes. Our parental longevity ranked catego-
ries are unweighted, implying that the effects of father’s 
and mother’s attained ages are similar; as noted in the linear 
models, the strengths of associations for these with offspring 
survival were a little different, so our simplified categories 
may also contribute to a small misclassification. There is 
inevitably limited information available on exposures or pre-
ventive treatments relevant to specific diseases, for example, 
access to mammograms for breast cancer. However, only 
factors affecting both parents and offspring could explain 
the parent offspring health associations we report.

Future studies of specific forms of cancer should explore 
the effects of parental survival as individual cancer subtypes 
are mostly too rare to be studied in population-representative 
studies. Also, studies of causation might examine genetic and 
biomarker differences between offspring of long-lived par-
ents versus intermediate or shorter lived parents to identify 
the “nature” variables influencing variability in individual 
life span and risk of age-associated diseases. The potential 
for use of parental longevity as a clinical tool alongside fam-
ily history of specific diseases should also be explored.

Conclusion
Our analysis has demonstrated for the first time that mid-

dle-aged offspring of relatively longer lived parents experi-
ence substantially lower incidence of cancer, other common 
diseases, and all-cause mortality compared with contempo-
raries born of intermediate-lived or shorter lived parents. 
This protective association between parental attained age 
and offspring health status altered only modestly after 
accounting for early and midlife environmental factors. 
The health advantages associated with having a centenarian 
(or nonagenarian) parent extend proportionately to a wide 
range of parental longevity and may provide a quantitative 
trait to identify novel mechanisms of slower aging.

Supplementary Material

Supplementary material can be found at: http://biomedgerontology.
oxfordjournals.org/

Funding

William Henley was partially supported by the National Institute for 
Health Research (NIHR) Collaboration for Leadership in Applied Health 
Research and Care (CLAHRC) for the South West Peninsula. The views 
expressed in this publication are those of the authors and not necessar-
ily those of the NHS, the NIHR or the Department of Health in England. 
The work was supported by internal funding from the Medical School, 
University of Exeter, which had no direct role in collection, analysis, and 
interpretation of data; the writing of the report and decision to submit the 
work for publication.

Acknowledgments

The authors acknowledge the role of the Health and Retirement Study 
participants and interviewers.

Conflict of Interest

There were no conflicts of interest for any author.

References
1. Dutta A, Henley W, Lang I, et  al. Predictors of extraordinary sur-

vival in the Iowa established populations for epidemiologic study
of the elderly: cohort follow-up to “extinction”. J Am Geriatr Soc.
2011;59:963–971.

2. Abbott MH, Abbey H, Bolling DR, Murphy EA. The familial com-
ponent in longevity–a study of offspring of nonagenarians: III.
Intrafamilial studies. Am J Med Genet. 1978;2:105–120.

3. Terry DF, Wilcox MA, McCormick MA, et al. Lower all-cause, car-
diovascular, and cancer mortality in centenarians’ offspring. J Am
Geriatr Soc. 2004;52:2074–2076.

4. Terry DF, Wilcox M, McCormick MA, Lawler E, Perls TT.
Cardiovascular advantages among the offspring of centenarians.
J Gerontol A Biol Sci Med Sci. 2003;58:M425–M431.

5.	 Terry DF, Evans JC, Pencina MJ, et al. Characteristics of Framingham 
offspring participants with long-lived parents. Arch Intern Med. 
2007;167:438–444.

6. Gjonca E, Zaninotto P, Gjonça E. Blame the parents? The association
between parental longevity and successful ageing. Demograph Res. 
2008;19:1435–1450.

7. Cheung SL, Robine JM. Increase in common longevity and the com-
pression of mortality: the case of Japan. Popul Stud. 2007;61:85–97.

8. Connor JH. Technical Description of the Health and Retirement
Survey Sample Design; 1995.

9.	 Clair PS, Blake D, Bugliari D, et al. RAND HRS Data Documentation, 
Version K; 2011.

	10. Kannisto V. Mode and dispersion of the length of life. Popul Eng
Selec. 2001;13:159–171.

	11. Ewing JA. Detecting alcoholism. The CAGE questionnaire. JAMA.
1984;252:1905–1907.

	12.	 Fisher GG, Faul JD, Weir DR, Wallace RB, Langa KM. Documentation
of Chronic Disease Measures in the Health and the Retirement Study
(HRS/AHEAD); 2005:15.

	13. HRS Project Staff. Sample Sizes, Response Rates and Mortality
Ascertainment; 2011:1–13.

	14.	 Terry DF, Evans JC, Pencina MJ, et al. Characteristics of Framingham 
offspring participants with long-lived parents. Arch Intern Med. 
2007;167:438–444.

	15. Frederiksen H, McGue M, Jeune B, et al. Long-lived parents predic-
tive of successful aging? Gerontologist. 2001;41:81.

	16. Terry DF, Wilcox MA, McCormick MA, Perls TT. Cardiovascular
disease delay in centenarian offspring. J Gerontol A Biol Sci Med Sci.
2004;59:385–389.

	17.	 Rosengren A, Thelle D, Wilhelmsen L. Parental age and coronary dis-
ease in the general male population. J Intern Med. 2002;251:258–267.

	18. Klein BE, Lee KE, Klein R. Attained parental age and chil-
dren’s survival at mid-life ages in a large population. Gerontology.
2007;53:399–403.

	19.	 Gavrilova NS. GLA. When does human longevity start? Demarcation of 
the boundaries for human longevity. Rejuvenat Res. 2001;4:115–124.

	20.	 Adams ER, Nolan VG, Andersen SL, Perls TT, Terry DF. Centenarian 
offspring: start healthier and stay healthier. J Am Geriatr Soc.
2008;56:2089–2092.

	21. Arai Y, Hirose N, Nakazawa S, et  al. Lipoprotein metabolism in
Japanese centenarians: effects of apolipoprotein E polymorphism and
nutritional status. J Am Geriatr Soc. 2001;49:1434–1441.

http://biomedgerontology.oxfordjournals.org/lookup/suppl/doi:10.1093/gerona/glt061/-/DC1
http://biomedgerontology.oxfordjournals.org/lookup/suppl/doi:10.1093/gerona/glt061/-/DC1


1418	 Dutta et al.

	22. Atzmon G, Rincon M, Rabizadeh P, Barzilai N. Biological evi-
dence for inheritance of exceptional longevity. Mech Ageing Dev. 
2005;126:341–345.

	23. You D, Gu D, Yi Z. Familial transmission of human longev-
ity among the oldest-old in china. J Appl Gerontol. 2010;29: 
308–332.

	24. Vandenbroucke JP, Matroos AW, van der Heide-Wessel C, van der
Heide RM. Parental survival, an independent predictor of longevity in 
middle-aged persons. Am J Epidemiol. 1984;119:742–750.

	25. Westendorp RG, van Heemst D, Rozing MP, et al. Nonagenarian sib-
lings and their offspring display lower risk of mortality and morbid-
ity than sporadic nonagenarians: the Leiden Longevity Study. J Am
Geriatr Soc. 2009;57:1634–1637.

	26. Adams ER, Nolan VG, Andersen SL, Perls TT, Terry DF. Centenarian 
offspring: start healthier and stay healthier. J Am Geriatr Soc. 2008;56: 
2089–2092.

	27. Wijsman CA, van Heemst D, Rozing MP, et  al. Homocysteine
and familial longevity: the Leiden Longevity Study. PLoS One. 
2011;6:e17543.

	28. de Ruijter W, Westendorp RG, Assendelft WJ, et  al. Use of
Framingham risk score and new biomarkers to predict cardiovascular

mortality in older people: population based observational cohort 
study. BMJ. 2009;338:a3083.

	29. Galioto A, Dominguez LJ, Pineo A, et al. Cardiovascular risk factors
in centenarians. Exp Gerontol. 2008;43:106–113.

	30. Frederiksen H, McGue M, Jeune B, et al. Do children of long-lived
parents age more successfully? Epidemiology. 2002;13:334–339.

	31.	 Florez H, Ma Y, Crandall JP, et al. Parental longevity and diabetes risk 
in the Diabetes Prevention Program. J Gerontol A Biol Sci Med Sci.
2011;66:1211–1217.

	32. Lipton RB, Hirsch J, Katz MJ, et  al. Exceptional parental longev-
ity associated with lower risk of Alzheimer’s disease and memory
decline. J Am Geriatr Soc. 2010;58:1043–1049.

	33. Klein BE, Knudtson MD, Lee KE, Klein R. Parents’ attained age
and biomarkers of aging in their children. Arch Gerontol Geriatr.
2009;49:284–288.

	34. Ikeda A, Iso H, Toyoshima H, et al. Parental longevity and mortality
amongst Japanese men and women: the JACC Study. J Intern Med. 
2006;259:285–295.

	35. Baldassarre D, Amato M, Veglia F, et al. Correlation of parents’ lon-
gevity with carotid intima-media thickness in patients attending a
Lipid Clinic. Atherosclerosis. 2005;179:111–117.


