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Abstract Frailty and the metabolic syndrome are each
associated with poor outcomes, but in very old people
(90+ years) only frailty was associated with an increased
mortality risk. We investigated the relationship between
frailty, metabolic syndrome, and mortality risk, in youn-
ger (20–65 years) and older (65+ years) people. This is a
secondary analysis of the US National Health and Nu-
trition Examination Survey (NHANES) datasets for
2003–2004 and 2005–2006, linked with mortality data
up to 2011. The metabolic syndrome was defined using
the International Diabetes Federation criteria. Frailty
was operationalized using a 41-item frailty index (FI).
Compared to the younger group (n = 6403), older adults
(n = 2152) had both a higher FI (0.10 ± 0.00 vs.
0.22 ± 0.00, p < 0.001) and a greater prevalence of the
metabolic syndrome (24.1 vs. 45.5%, p < 0.001). The
metabolic syndrome and FI were correlated in younger
people (r = 0.25, p < 0.001) but not in older people
(r = 0.08, p < 0.1). In bivariate analyses, the FI predicted
mortality risk in both age groups whereas the metabolic
syndrome did so only in the younger group. In Cox

models, adjusted for age, sex, race, education, and each
other, the FI was associated with increasedmortality risk
at both ages (younger HR 1.05 (1.04–1.06); older HR
1.04 (1.03–1.04) whereas the metabolic syndrome did
not contribute to mortality risk. The FI better predicted
mortality than did the metabolic syndrome, regardless of
age.

Keywords Frailty index .Metabolic syndrome . Frailty
in older people . Deficit accumulation . NHANES

Introduction

The metabolic syndrome describes a cluster of risk
factors for poor cardiovascular outcomes (Alberti et al.
2006; Maggi et al. 2006). It is defined as central obesity,
plus two or more of elevated triglyceride (TG) level, low
high-density lipoprotein (HDL) cholesterol level, high
blood pressure (BP) or treatment for previous diagnosis
of hypertension, and abnormal fasting blood glucose
(FBG) level or previous diagnosis of type 2 diabetes
(Alberti et al. 2006). Frailty is an age-related, multidi-
mensional condition that represents an increased vulner-
ability to adverse health outcomes compared with others
of the same age (Collard et al. 2012; Hubbard and
Theou 2012). The key concept is that frailty captures
unexplained heterogeneity in risk for people of the same
age (Vaupel et al. 1979). Frailty can be assessed by a
frailty index (FI) based on health deficit accumulation
(Mitnitski et al. 2002; Rockwood and Mitnitski 2007;
Mitnitski et al. 2013). The FI counts the number of
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health deficits a person has and divides this by the total
number of possible deficits evaluated to give an FI score
between 0 and 1 (Rockwood and Mitnitski 2007).

Both frailty and the metabolic syndrome are common
in adults worldwide, and are associated with adverse
outcomes. The FI is associated with an increased risk of
institutionalization, disability, and all-cause mortality at
all ages, especially in older people (Rockwood et al.
2011; Clegg et al. 2013; Mohler et al. 2014). In adults,
the metabolic syndrome is associated with significantly
increased risk of cardiovascular disease (CVD), type 2
diabetes, and both cardiovascular and all-cause mortal-
ity (Lakka et al. 2002; Meigs et al. 2003; Hu et al. 2004;
McNeill et al. 2005; Sattar et al. 2008). The association
of metabolic syndrome with adverse outcomes, particu-
larly mortality, in older people is less clear. Some studies
report an increased risk of diabetes, CVD, and stroke in
older people with the metabolic syndrome (Scuteri et al.
2005; Maggi et al. 2006; Wang et al. 2008). Two studies
in older populations found an association of metabolic
syndrome with cardiovascular mortality, but only in
men (Maggi et al. 2006; Wang et al. 2007). On the other
hand, several studies have shown no association of the
metabolic syndromewith either CVD (Sattar et al. 2008;
Singh et al. 2013) or mortality risk (Hao et al. 2016) in
older adults. Alexander and colleagues found an in-
creased mortality risk with some of the individual met-
abolic syndrome components including high BP, elevat-
ed HDL cholesterol, and diabetes but not with metabolic
syndrome itself (Alexander et al. 2003). Studies have
also reported that some components of the metabolic
syndrome including high BP (Blom et al. 2013) and
increased waist circumference (Visscher et al. 2001;
Price et al. 2006) are actually linked to a reduction in
mortality risk in old age (Le Couteur and Simpson
2011).

The relationship between the metabolic syndrome
and FI in both younger and older people is also not
clear. In adults aged 50+ years, people who are frail
are more likely to havemetabolic syndrome (Viscogliosi
2016), and likewise, the metabolic syndrome is linked to
an increased risk of frailty (Tang et al. 2013; Lin et al.
2015). Other studies, however, report no association
between metabolic syndrome and frailty in older popu-
lations (70+ years) (Barzilay et al. 2007; Hao et al.
2016). A recent study in very old people (90+ years)
showed that while a higher FI score was associated with
a greater risk of mortality, metabolic syndrome status
was not (Hao et al. 2016). The relative contributions of

the FI and metabolic syndrome to mortality risk in other
age groups have not been investigated. The aims of this
study were to describe the relationship between FI and
metabolic syndrome in both younger and older people,
and to evaluate how the FI and the metabolic syndrome
affect mortality risk in these two groups.

Methods

Sample and study design

This was a secondary analysis of the USNational Health
and Nutrition Examination Survey (NHANES) dataset
for 2003–4 and 2005–6. The NHANES protocol was
approved by the Institutional Review Board of the Cen-
ters for Disease Control and Prevention; further details
about the study design and participants are found else-
where (Zipf et al. 2013). There were 10,020 participants
aged 20 years or older in the cohort. Individuals missing
data for central obesity or more than one other factor in
the metabolic syndrome definition were excluded
(n = 1412). A further 53 were excluded for missing
frailty or mortality data, for a final sample size of 8555
(6403 participants <65 years and 2152 participants
≥65 years).

Self-reported demographic, health, and functional
data were collected via interview and questionnaires.
A standardized clinical exam was undertaken with each
participant to obtain laboratory results and clinical mea-
surements (Zipf et al. 2013). NHANES-linked mortality
files were used to identify mortality status at the time of
follow up (December 31, 2011). Time to death was
calculated from the date of the clinical examination.

Metabolic syndrome

Metabolic syndrome was determined with the Interna-
tional Diabetes Federation (IDF) criteria (Alberti et al.
2006) with some adaptations for the dataset used. The
definition used was central obesity as defined by
Europid cut-points (waist circumference ≥94 cm for
men; ≥80 cm for women), plus two or more other
criteria: elevated TG level (≥150 mg/dL), low HDL
cholesterol level (<40 mg/dL for men and <50 mg/dL
for women), high BP (systolic BP ≥130 mmHg or
diastolic BP ≥85 mmHg) or previous diagnosis of hy-
pertension, and abnormal FBG level (≥100 mg/dL) or
previous diagnosis of type 2 diabetes. The original
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definition also included Btreatment of previously diag-
nosed hypertension^ or Bt reatment for l ipid
abnormalities,^ but, as treatment data were not avail-
able, previous diagnosis of hypertension was used as a
surrogate identifier for high BP, and lipid abnormalities
were based only on blood test results. For some analy-
ses, the degree of metabolic syndrome was determined
from 0 to 5 based on the number of criteria present.

Frailty index

Frailty was determined with a previously published 46-
item FI created for the NHANES dataset (Blodgett et al.
2015). From that 46-item FI, we excluded items associ-
ated with, or used to define the metabolic syndrome
(high BP diagnosis, diabetes diagnosis, systolic BP,
homocysteine, glycohemoglobin); therefore, we finally
used a 41-item FI. The FI is a continuous score from 0 to
1, although for some analyses frailty was stratified by FI
score according to the following groups: <0.1, 0.1–0.21,
0.21–0.45, and >0.45, as in previous studies (Blodgett
et al. 2015; Hao et al. 2016).

Statistical analysis

Sample characteristics are presented as mean ± SD,
or percentage present, and differences across age
groups were compared with t tests or chi-squared
tests as appropriate. Spearman correlation coeffi-
cients were calculated to examine the association
between FI and the level of metabolic syndrome for
each age group. Kaplan-Meier curves with log-rank
analysis were used to compare survival probability
stratified by FI level and metabolic syndrome status
for both younger (<65 years) and older people
(≥65 years), with censoring for non-responders. Un-
adjusted Cox proportional hazard ratios for mortality
risk were calculated for each of the components of
the FI and the metabolic syndrome, FI score, meta-
bolic syndrome status, education, race, age, and sex,
for each age group. Adjusted Cox proportional haz-
ard ratios for mortality were determined for FI and
metabolic syndrome status with covariates of age,
sex, education, and race for the whole sample and
after stratifying by age. Data analysis was conducted
using SPSS v20 and graphs were created in
SigmaPlot v.11. A value of p < 0.05 was considered
statistically significant.

Results

Relationship between frailty and metabolic syndrome
in younger and older groups

The older group had a lower proportion of women than
the younger group, and there were differences between
the age groups for education level and proportions of
each race (Table 1). The older group also had a higher
mean FI score than the younger group (0.22 ± 0.13 vs.
0.10 ± 0.10). The maximum FI scores in the younger
and older groups respectively were 0.65 and 0.78. In
both age groups, women had higher FI scores than men
(younger 0.12 ± 0.10 vs. 0.09 ± 0.09, p < 0.001; older
0.24 ± 0.13 vs. 0.21 ± 0.13, p < 0.001). The FI score was
correlated with age in both groups (younger r = 0.36,
p < 0.001; older r = 0.26, p < 0.001). There was a greater
proportion of people with metabolic syndrome in the
older group than the younger group (45.49 vs. 24.14%,
p < 0.001), and the mean values for each of the mea-
sured metabolic syndrome items, except TG level, were
higher in the older group (Table 1). In the older group
but not the younger group, there was a greater propor-
tion of women with metabolic syndrome than men
(younger 23.3 vs. 25.1%, p = 0.09; older 49.5 vs.
41.9%, p < 0.001). There was a significant correlation
between FI and level of metabolic syndrome (0–5) in the
whole sample (r = 0.32, p < 0.001), and the younger
group (r = 0.25, p <0.001) but this association was weak
in the older group (r = 0.08, p < 0.01). In the younger
group, there was a weak correlation between FI score
and each of the metabolic syndrome items (Supplemen-
tary Table S1). In the older group, there was no correla-
tion between FI and most of the metabolic syndrome
items, apart from a weak correlation with waist circum-
ference and a weak negative correlation with diastolic
BP (Supplementary Table S1). The mean FI of those
who had metabolic syndrome in each age group was
higher than the mean FI for those who did not have
metabolic syndrome (younger 0.14 ± 0.12 vs.
0.09 ± 0.09, p < 0.001; older 0.24 ± 0.13 vs.
0.21 ± 0.12, p < 0.001).

The relationship between each of the metabolic syn-
drome components and education level, and race for the
whole sample is shown in Supplementary Tables S2 and
S3. There was a higher prevalence of metabolic syn-
drome in those with less than grade 12 education com-
pared to more than grade 12 (35.1 vs. 24.7%, p < 0.001).
Those of Mexican-American race had the highest
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prevalence of metabolic syndrome (31.0%), and those
who identified as Bother race^ had the lowest prevalence
(24.4%).

Mortality risk, frailty, and metabolic syndrome
in younger and older groups

Mortality rate for the whole sample was 9.2% and, as
expected, mortality was higher in the older group than
the younger group (27.2 vs. 3.1%, p < 0.001). Kaplan-
Meier curves, with log-rank analysis, showed a strong
association between baseline FI score and 10-year mor-
tality risk for both age groups (p < 0.001) (Fig. 1). There
was a relationship between having the metabolic syn-
drome at baseline and increased mortality risk for the
younger group (p < 0.001), but not the older group
(p = 0.48) (Fig. 2).

Whole sample unadjusted Cox proportional hazard
ratio analysis showed that most items in the FI, FBG

level/score, waist circumference, blood pressure, age,
and being of non-Hispanic white race were associated
with increased mortality risk. Female sex and higher
education level were associated with decreased mortal-
ity risk (Supplementary Table S4). In the younger group,
most items in the FI, each of the metabolic syndrome
components (except TG score/level), and age were as-
sociated with increased mortality risk. Female sex and
higher education level were associated with decreased
risk (Supplementary Table S5). In the older group, most
of the FI items, a high BP score, age, and being of non-
Hispanic white race were associated with increased risk,
whereas female sex and a higher waist circumference
score were associated with reduced risk (Supplementary
Table S6). FI score was associated with an increased risk
of mortality in all age groups, and metabolic syndrome
status was associated with increased risk in the whole
sample and younger group, but not the older group
(Supplementary Table S6). Age-adjusted Cox

Table 1 Demographic and clinical characteristics of the sample by age group

Whole sample (n = 8555a) Age groups

Under 65 (n = 6403b) Over 65 (n = 2152c) p value

Women (%) 51.4 52.7 47.5 <0.001

Mean age (years ± SD) 48.9 ± 18.9 40.3 ± 13.0 74.7 ± 6.5 <0.001

Education level (%):
Less than Year 12

27.9 24.4 38.2 <0.001

Year 12 or equivalent 24.3 23.5 26.5

More than Year 12 47.7 52.0 35.0

Race (%):
Mexican-American

20.3 21.7 16.1 <0.001

Non-Hispanic White 52.0 47.8 64.5

Non-Hispanic Black 20.4 22.3 15.0

Other 7.3 8.2 4.4

Mean FI (± SD) 0.13 ± 0.12 0.10 ± 0.10 0.22 ± 0.13 <0.001

Metabolic syndrome (%) 29.5 24.1 45.5 <0.001

Mean waist circumference (cm ± SD) 98.0 ± 15.3 97.3 ± 15.7 100.4 ± 13.6 <0.001

HDL level (mg/dL ± SD) 54.9 ± 16.5 54.7 ± 16.5 55.6 ± 16.5 <0.05

TG level (mg/dL ± SD) 148.1 ± 122.9 147.5 ± 133.6 149.8 ± 83.7 0.61

SBP (mm Hg ± SD) 124.8 ± 20.2 120.2 ± 16.8 138.6 ± 23.1 <0.001

DBP (mm Hg ± SD) 69.2 ± 13.7 70.6 ± 12.4 65.1 ± 16.3 <0.001

FBG level (mg/dL ± SD) 104.9 ± 35.1 102.0 ± 35.2 113.3 ± 33.5 <0.001

FI frailty index, HDL high-density lipoprotein, TG triglyceride, SBP systolic blood pressure, DBP diastolic blood pressure, FBG fasting
blood glucose, SD standard deviation
a n = 8469 for HDL level, n = 4106 for TG level, n = 8294 for SBP and DBP, n = 4118 for FBG level
b n = 6336 for HDL level, n = 3067 for TG level, n = 6220 for SBP and DBP, n = 3078 for FBG level
c n = 2133 for HDL level, n = 1039 for TG level, n = 2074 for SBP and DBP, n = 1040 for FBG level
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proportional hazard ratios for each of these items for the
whole sample are shown in Supplementary Table S7.

Multivariable Cox proportional hazards regression
models, adjusting for age, sex, education, race, FI, and

metabolic syndrome, showed that FI was associated
with increased mortality risk at both ages (younger HR
1.05 (1.04–1.06); older HR 1.04 (1.03–1.04)) whereas
the metabolic syndrome did not contribute to mortality

Fig. 1 Kaplan-Meier curves for 10-year survival probability strat-
ified by frailty index level for the whole sample (a), younger
(under 65 years, b), and older (65 years and older, c) groups.
Log-rank analysis showed a significant difference between the
curves for each age group (p < 0.001)

Fig. 2 Kaplan-Meier curves for 10-year survival probability strat-
ified by metabolic syndrome status for the whole sample (a),
younger (under 65 years, b), and older (65 years and older, c)
groups. Log rank analysis showed a significant difference between
the curves for the whole sample and the younger group
(p < 0.001), but not the older group (p = 0.48)
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risk in either age group (Table 2). Age, sex, and educa-
tion level were significant covariates for the younger
group, while in the older group age and sex were the
only significant covariates (Table 2).

To determine whether these results were consistent
across age groups, we repeated the multivariable Cox
hazard regression analysis with the older group divided
into those aged 65–79 years, and those aged 80 and
over. The same result as seen in the original analysis
was obtained for both age groups (65–79 years, age HR
1.09 (1.06–1.12), sex HR 0.45 (0.35–0.58), metabolic
syndrome not significant (NS), FI 1.04 (1.03–1.05), race
NS, education NS; 80 years and over, age HR 1.13
(1.06–1.20), sex HR 0.55 (0.44–0.69), metabolic syn-
drome NS, FI 1.03 (1.02–1.04), race NS, education NS).

Discussion

This study was the first to look at the relationship
between the FI and metabolic syndrome in younger
and older people. We found that the FI was a better
predictor of mortality risk than metabolic syndrome in
those aged both under and over 65 years. We also found
that the association between FI and the metabolic syn-
drome weakened with age.

Previous work has shown that the metabolic syn-
drome is not associated with increased mortality in a
very old (90+ years) Chinese population (Hao et al.
2016). The present study extends this work to show that
metabolic syndrome was not associated with increased
mortality risk in those aged greater than 65 years. This
was seen even when the older group was divided into
those aged 65–79 years, and those aged 80 plus. Other
studies that found associations of the metabolic syn-
drome with adverse outcomes in older populations,
focused on cardiovascular outcomes, rather than all-
cause mortality risk (Scuteri et al. 2005; Maggi et al.
2006; Wang et al. 2007; Wang et al. 2008). In support of
the findings of the current paper, there is evidence that
some individual components of metabolic syndrome are
actually associated with reduced mortality risk in old
age, including higher waist circumference (Visscher
et al. 2001; Price et al. 2006; Le Couteur and Simpson
2011). Indeed, in the current study, univariate analysis
showed that waist circumference was actually protective
against mortality risk. High BP has been associated with
both increased (Alexander et al. 2003) and decreased
(Blom et al. 2013) mortality risk in old age. Interesting-
ly, the current study found that high BP was the only
metabolic syndrome component associated with in-
creased mortality risk in the over 65 population. It is
likely, however, that the univariate analysis was

Table 2 Cox proportional hazard model for 10-year mortality risk for the whole sample, younger and older groups, adjusted for covariates

Variables Whole sample <65 years ≥65 years

HR 95% CI HR 95% CI HR 95% CI

Agea 1.07 1.07–1.08 1.06 1.05–1.08 1.11 1.09–1.12

Sex 0.53 0.46–0.61 0.56 0.42–0.75 0.51 0.43–0.60

Metabolic syndrome 1.08 0.94–1.25 1.09 0.81–1.46 1.14 0.97–1.35

FIa 1.04 1.03–1.05 1.05 1.04–1.06 1.04 1.03–1.04

Raceb:

Non-Hispanic White 1.09 0.88–1.36 1.08 0.74–1.59 1.06 0.81–1.39

Non-Hispanic Black 1.22 0.94–1.56 1.14 0.76–1.73 1.31 0.95–1.80

Other race 0.97 0.66–1.43 1.35 0.76–2.41 0.76 0.44–1.29

Educationc:

Year 12 or equivalent 0.96 0.80–1.16 0.64 0.44–0.93 1.10 0.89–1.36

>Year 12 0.77 0.64–0.92 0.44 0.31–0.63 0.91 0.74–1.12

a Age, per year; FI per 0.01
b Relative to Mexican-American
c Relative to Less than Year 12
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significantly confounded by age, as seen in the loss of
associated risk for BP or waist circumference with age-
adjusted Cox regression analysis (Supplementary
Table S7).

This study confirms that in studying late life illness, it
is important to consider not just a disease or syndrome
of interest, such as the metabolic syndrome, but the
other health deficits that a patient may have. Other
studies have shown that the value of the FI lies in
predicting adverse outcomes even when the index is
composed of factors not traditionally thought to be
related to the outcome (Song et al. 2011). Traditional
modeling finds importance in riskwhen people share the
same deficits, but a body of work suggests that at some
point, sharing the same number of deficits can be as
important as the nature of the deficits that are shared
(Rockwood and Mitnitski 2007; Kulminski et al.
2008a). The frailty index approach allows that insight
to be formalized.

Interestingly, in the current study, multivariate Cox
hazard regression analysis showed that metabolic syn-
drome was not associated with increased mortality risk
in the younger group either. Previous studies have
shown an association between metabolic syndrome
and all-causemortality risk in general population studies
(Lakka et al. 2002; Hu et al. 2004; McNeill et al. 2005).
However, none of these studies included frailty as a
covariate. Univariate analysis showed an increased mor-
tality risk with the metabolic syndrome, as well as each
of its components, in those aged under 65 years, and it is
clear from the literature that the metabolic syndrome is
an important risk assessment tool for the adult popula-
tion (Lakka et al. 2002; Meigs et al. 2003; McNeill et al.
2005). Nevertheless, the fact that the current study found
that the FI was a better predictor of all-cause mortality
indicates that the FI has great value as a clinical tool for
risk assessment in adult populations. This finding also
demonstrates that health-related deficits accumulate
gradually over the lifespan, rather than only appearing
in old age. This supports other literature, especially in
relation to late life cognitive impairment (Lafortune
et al. 2016), on the importance of midlife health status
to late life illness. Further, viewed from a frailty per-
spective, variability about results in relation to similar
age cut-points is likely to be less important than is
understanding not just a person’s age, but their overall
health status, which is what the FI seeks to quantify.

Common pathophysiological pathways such as in-
flammation (Cesari et al. 2006; Barzilay et al. 2007;

Hubbard and Woodhouse 2010; Collerton et al. 2012)
and changes in body composition could help explain
the link between frailty and metabolic syndrome in
younger adults. The FI quantifies health deficit accu-
mulation across a range of systems, so it seems likely if
someone has the metabolic syndrome then they will
have more health-related deficits. It is important to note
that, for the FI used in the current study, factors associ-
ated with the metabolic syndrome were removed from
the index. The relationship between metabolic syn-
drome and the FI was very weak in those aged over
65 years, although those with metabolic syndrome did
have higher mean FI scores than those without the
syndrome. Other studies have found an association
between these syndromes in populations aged 50 plus
(Viscogliosi 2016) but not in those aged over 70
(Barzilay et al. 2007) or over 90 (Hao et al. 2016).
Overall, the current study indicates that there is a rela-
tionship between FI and metabolic syndrome, but this
relationship declines in old age.

The metabolic syndrome has previously been associ-
ated with both race and education level (Park et al. 2003;
Lee et al. 2005). The current study found a negative
association of education level with metabolic syndrome
in the whole population. However, this association
weakened in old age, with education a significant co-
variate in the Cox hazard regression mortality analysis
for the younger group but not the older group. The
association between low education level and increased
metabolic syndrome risk has been attributed to the as-
sociation of lower socioeconomic status with other risk
factors such as obesity, smoking, and inactivity (Park
et al. 2003). Race was not a significant covariate for
mortality risk for either age group. There were slight
differences across the races, however, in the prevalence
of metabolic syndrome with Mexican-Americans hav-
ing the highest prevalence, as has been seen in previous
studies (Meigs et al. 2003; Avila-Funes et al. 2014).
There was no clear association of race with any of the
metabolic syndrome components.

Female sex was a significantly protective factor for
mortality risk in both age groups, despite the fact that
women have higher mean FIs, and a higher prevalence
of the metabolic syndrome than men in both groups.
This paradox has been seen in other studies of the FI
(Howlett et al. 2014), and the metabolic syndrome
(Maggi et al. 2006; Wang et al. 2007). Studies suggest
that there may be health behavior or indeed biological
vulnerability explanations for this morbidity-mortality
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paradox (Case and Paxson 2005; Kulminski et al.
2008b).

There are some limitations to this study. The study
population is from the USA, so the generalizability
worldwide is unclear. Europid cut-points were also used
for the weight circumference component of the meta-
bolic syndrome definition in the current study. However,
as recommended by the IDF (Alberti et al. 2006), some
analysis was also completed with North American cut-
points (waist circumference ≥102 cm for men and
≥88 cm for women). Using these cut-points, the preva-
lence of the metabolic syndrome was lower but the other
outcomes were similar (data not shown). Additionally,
the original IDF metabolic syndrome definition includ-
ed treatment for low HDL or high TG level as an
alternative to abnormal serum results for these factors.
As treatment data was not available for the current
dataset, only abnormal serum results were used in the
definition. This may result in a potential for underesti-
mation of the metabolic syndrome in this dataset. Final-
ly, the dataset used in the current study did not provide
mortality causes. Future studies looking at the associa-
tion of FI and metabolic syndrome with specific out-
comes such as cardiovascular mortality would be
interesting.

Overall, this study found that there is an association
between FI and metabolic syndrome but this association
weakens with old age. Furthermore, the FI is a better
predictor of mortality risk than the metabolic syndrome
at all ages. The FI can be incorporated into the exami-
nation and risk assessment of patients across the
lifespan, and is feasible in clinical epidemiological
settings.
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