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Abstract

Background:  Frailty is more prevalent among black versus white older Americans. We previously identified 37 metabolites associated with the 
vigor to frailty spectrum using the Scale of Aging Vigor in Epidemiology (SAVE) among older black men from the Health, Aging, and Body 
Composition (Health ABC) study. Here, we sought to develop a metabolite composite score based on the 37 SAVE-associated metabolites and 
determine whether the composite score predicts mortality and whether it attenuates the association between frailty and mortality among older 
black men.
Methods:  Plasma metabolites were measured using liquid chromatography–mass spectrometry. Most of the 37 metabolites were organic 
acids/derivatives or lipids. Metabolites were ranked into tertiles: tertiles associated with more vigorous SAVE scores were scored 0, mid-tertiles 
were scored 1, and tertiles associated with frailer SAVE scores were scored 2. Composite scores were the sum of metabolite tertile scores. 
We examined mortality associations using Cox regression. Percent attenuation estimated the extent to which metabolites attenuated the 
association between frailty and mortality.
Results:  One standard deviation frailer SAVE was associated with 30% higher mortality, adjusting for age and site (p = .0002); this association 
was attenuated by 56% after additionally adjusting for the metabolite composite score. In this model, one standard deviation higher metabolite 
composite score was associated with 46% higher mortality (p < .0001). Metabolite composite scores also predicted mortality (p = .045) in a 
validation sample of 120 older adults (40% men, 90% white).
Conclusion:  These metabolites may provide a deeper characterization of the higher mortality that is associated with frailty among older adults.
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As the worldwide population ages (1), there will be more indi-
viduals affected by frailty than ever before. Frailty is a syndrome 
encapsulating decline across multiple physiologic systems that de-
creases reserve and resilience to stressors, ultimately increasing vul-
nerability to disease and death (2). Evidence suggests that metabolic 
changes are associated with a higher risk of frailty (3,4). Knowledge 
of specific metabolic alterations and pathways that characterize 
frailty and contribute to the frailty-associated vulnerability to death 
may help guide development of novel interventions to mitigate 
frailty and improve quality of life in the older adult population.

We previously identified 37 metabolites cross-sectionally associ-
ated with the spectrum of vigor to frailty (5). Most of these metab-
olites were classified as organic acids/derivatives or lipids/lipid-like 
molecules (eg, amino acids, glycerophospholipids, and sphingo-
lipids). In this report, we developed a metabolite composite score 
using the 37 previously identified metabolites that were correlated 
with vigor to frailty. We sought to examine whether the metab-
olite composite score predicts mortality and whether it attenuates 
the higher mortality risk associated with frailer scores among 287 
community-dwelling older black men from the Health, Aging, and 
Body Composition (Health ABC) study. We also validated the me-
tabolite composite score against mortality among 120 black and 
white community-dwelling older adults from the Cardiovascular 
Health Study (CHS) All Stars study.

Methods

Cohorts
The Health ABC study was a prospective cohort of 3,075 men and 
women recruited from Pittsburgh, Pennsylvania and Memphis, 
Tennessee (6). Eligible individuals were aged 70–79 and self-reported 
no difficulty walking ¼ mile, climbing 10 steps, or with basic activ-
ities of daily living. Ineligibility included cancer treatment in the past 
3 years or plans to move from the study area in the next 3 years. 
Institutional review boards from each site approved the study. All 
participants provided written informed consent. An ancillary study 
measured plasma metabolites in a subset of 319 black men at Year 
2 (7).

The CHS All Stars study was examined as a replication cohort 
for the association between the metabolite composite score and mor-
tality. The CHS All Stars study was an ancillary study of 1,862 men 
and women alive at Year 18 of the CHS (8), a population-based 
prospective cohort of 5,888 adults aged ≥65 years (9). Ineligibility 
included wheelchair bound, unable to participate in a clinic examin-
ation, undergoing active cancer treatment, or planning to move out 
of the study area in the next 3 years. Both studies were approved 
by the Human Research Protection Office at participating univer-
sities. All participants provided written informed consent. An ancil-
lary study measured plasma metabolites in a subset of 120 men and 
women from the CHS All Stars study.

Metabolites
Metabolites in the Health ABC study were measured in plasma 
collected at Year 2 after an overnight fast of ≥8 hours using liquid 
chromatography–mass spectrometry (LC-MS) methods (7). Samples 
had never been thawed and were stored at −80°C. Metabolite 
values were LC-MS peak areas. Among the 37 metabolites con-
sidered, 33 were measured in all 287 Health ABC participants. The 
remaining four metabolites were observed in at least 90% of par-
ticipants; C54:10 triacylglycerol, C4-OH carnitine, cystathionine, 

and 5-hydroxytryptophan were missing for 1, 3, 7, and 24 partici-
pants, respectively. The low amount of missing values was assumed 
to be due to true values being below detectable limits (10) (ie, left-
censored missing not at random) and were imputed with half the 
minimum recorded value for the respective metabolite (10,11). As a 
sensitivity analysis, we applied the Quantile Regression Imputation 
of Left-Censored data (11) and obtained identical results.

Metabolites were similarly measured by the same institute for 
the CHS All Stars study. Information on 32 of the metabolites was 
available. The five metabolites not detected in the overnight-fasting 
plasma samples from the CHS All Stars study were: glucoronate, 
cystathionine, homogentisate, C54:10 triacylglycerol, and C44:13 
phosphatidylethanolamine plasmalogen. Among the 32 metabolites 
available, 30 were measured in all 120 CHS All Stars. The remaining 
two metabolites, glycodeoxycholate and inosine, were only missing 
in 1 and 7 participants, respectively. Half the minimum recorded 
value for the respective metabolite was used to replace the low 
amount of missing values (10). Metabolites for both cohorts were 
log-transformed and standardized using cohort-specific means and 
standard deviations (SDs).

Metabolite Composite Score
The metabolite composite score was developed in the Health ABC 
study similarly to the Physiologic Index of Comorbidity (12) and 
Scale of Aging Vigor in Epidemiology (SAVE) (13). We ranked me-
tabolites into tertiles (Supplementary Table S1). The “best” metab-
olite tertile was defined as the tertile associated with more vigorous 
SAVE scores. Similarly, the “worst” metabolite tertile was the tertile 
associated with frailer SAVE scores. Associations between all 37 me-
tabolites and SAVE scores were monotonic. The best, middle, and 
worst tertile for a metabolite was scored 0, 1, and 2, respectively 
(Supplementary Table S1). The metabolite composite score was then 
calculated as the sum of tertile scores for the 37 metabolites, ranging 
from 0 (best) to 74 (worst); 0 meant measurements for all metab-
olites fell into the “best” tertile and 74 meant measurements for all 
metabolites fell into the “worst” tertile for an individual. The me-
tabolite composite score was validated against all-cause mortality in 
120 participants from the CHS All Stars study. The composite score 
was calculated in the same way, using the Health ABC-specific tertile 
cutoffs and scoring for each metabolite.

To determine whether results were based on a subset of me-
tabolites, we calculated separate metabolite subscores by tax-
onomy superclass according to the Human Metabolome Database 
(Supplementary Table S2) (14). Five metabolite subscores were cal-
culated for 14 metabolites classified as organic acids/derivatives; 12 
metabolites classified as lipids/lipid-like molecules; 4 metabolites 
classified as organoheterocyclic compounds; 3 metabolites classi-
fied as benzenoids; and the remaining four metabolites classified as 
organic nitrogen compounds, organic oxygen compounds, and nu-
cleosides/nucleotides/analogs. Metabolite subscores were calculated 
identically to the total score, but with a subset of the 37 metabolites.

Scale of Aging Vigor in Epidemiology
The Scale of Aging Vigor in Epidemiology (SAVE) measured the spec-
trum of vigor to frailty (13), calculated using weight change, physical 
activity, grip strength, gait speed, and energy level assessed at Year 2 
of the Health ABC study; Supplementary Table S3 includes cutoffs 
and scoring for the five SAVE items. Weight change was the differ-
ence between Years 1 and 2. Physical activity was the kilocalories/
kilogram/week sum of self-reported time spent doing major chores, 
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walking, climbing stairs, and working/volunteering/caregiving. Grip 
strength was the maximum of two trials on the right hand using 
a hand-held dynamometer. Gait speed was average speed over 20 
m. Participants self-reported usual energy in the past month, ranging 
from 0 (no energy) to 10 (most energy ever had). The five SAVE items 
were ranked into tertiles using information from all Health ABC 
men (5). The best, middle, and worst tertile for an item was scored 
0, 1, and 2, respectively. SAVE scores were the sum of tertile scores 
for the five items, ranging from 0 (most vigorous) to 10 (most frail). 
SAVE tertiles were determined using information from all Health 
ABC participants. Among 319 Health ABC black men with metabol-
ites measured, 287 (90%) had information on the SAVE.

Based on available information in the CHS All Stars study, we 
calculated a modified version of the SAVE; Supplementary Table S4 
includes cutoffs and scoring for the five items used to calculate the 
modified SAVE. Weight change in the past year was based on self-
report with the following possible responses: lost >10 lbs, gained 
>10 lbs, both lost and gained >10 lbs, or little/no change. Physical 
activity in kilocalories/kilogram/week was estimated from the 
Minnesota Leisure Time Activity Questionnaire. Grip strength was 
the average of three trials on the dominant hand using a hand-held 
dynamometer. Gait speed was average speed over 15 feet or 3 m if 
a 15-feet space was unavailable. Participants self-reported usual en-
ergy in the past month, ranging from 0 (no energy) to 10 (most en-
ergy ever had). Among the 120 CHS All Stars, 116 had information 
to calculate the modified SAVE.

Mortality
Participants in both cohorts were contacted biannually. Deaths were 
identified by obituaries and proxy interviews during follow-up. At 
the time of analysis, those alive were censored at their last inter-
view date. Median follow-up after Year 2 was 10.3 years, and 218 
(76%) died among 287 Health ABC black men; top causes of death 
were cancer (31%), cardiovascular disease (26%), stroke (10%), and 
dementia (10%). Median follow-up was 7.4  years and 69 (58%) 
died among 120 CHS All Stars; top causes of death were cardiovas-
cular disease (20%), cancer (19%), dementia (17%), and infections 
(10%).

Participant Characteristics
Participants self-reported age, race, highest level of education, and 
smoking habits. Body mass index was calculated from height and 
weight measured during the visit. History or presence of cardiovas-
cular disease, hypertension, diabetes, cancer, osteoarthritis, and pul-
monary disease was based on self-reported physician diagnosis or 
taking medication. Health ABC participants brought all prescription 
medications used in the last 2 weeks to their Year 2 visit.

Statistical Analysis
Mean and SD and frequency and percent described differences in 
continuous and categorical measures, respectively, by SAVE tertiles. 
Differences were tested using analysis of variance for continuous 
measures and chi-square tests for categorical measures. Pairwise 
comparisons were made when overall differences were observed. 
Associations between SAVE scores and mortality were estimated 
using Cox proportional hazards regression, adjusting for age and 
study site. We examined the percent attenuation in the association 
between SAVE scores and mortality after additionally adjusting for 
a single metabolite (Model 1), all 37 metabolites (Model 2), a subset 
of metabolites after backward stepwise elimination (Model 3), the 
metabolite composite score (Model 4), more commonly measured 
risk factors (Model 5), or both the metabolite composite score and 
more commonly measured risk factors (Model 6). Analyses were 
performed in SAS 9.4. As a sensitivity analysis, we reran mortality 
analyses using Aalen additive hazards models (15) in R and found 
similar attenuations (data not shown).

Results

The Health ABC black men were 75 years old, on average. Frailer 
participants were older, taking more prescription medications, and 
more likely to have cardiovascular disease, diabetes, and pulmonary 
disease (Table 1). The most vigorous, average, and frailest Health 
ABC men had a median survival (95% confidence interval [CI]) of 
13.8 (11.3, 15.3), 10.1 (7.4, 12.5), and 8.8 (7.1, 10.3) years, respect-
ively (Figure 1A); the most vigorous tertile was significantly different 

Table 1.  Characteristics of 287 Health ABC Black Men by Tertiles of the Scale of Aging Vigor in Epidemiology (SAVE)

Mean (SD)  
or Frequency (%)

SAVE Tertiles

Overall p Value,  
Pairwise Comparisons

Vigorous (T1)  
n = 73

Average (T2)  
n = 105

Frail (T3)  
n = 109

SAVE scores 2.4 (0.7)  
Range: 0–3

4.5 (0.5)  
Range: 4–5

7.0 (1.1)  
Range: 6–10

—

Age 74 (3) 75 (3) 75 (3) .006, T1 < T2, T3
Pittsburgh site 34 (47%) 56 (53%) 63 (58%) .33
More than high school education 28 (38%) 24 (23%) 28 (26%) .06
Current smoker at baseline 9 (12%) 22 (21%) 21 (19%) .31
Body mass index (kg/m2) 27 (4) 27 (4) 27 (5) .82
Prevalent disease at baseline
  Cardiovascular disease 11 (15%) 36 (34%) 39 (36%) .006, T1 < T2, T3
  Hypertension 34 (47%) 65 (62%) 67 (61%) .08
  Diabetes 8 (11%) 18 (17%) 37 (34%) .0004, T1, T2 < T3
  Cancer 10 (14%) 11 (10%) 11 (10%) .72
  Osteoarthritis 2 (3%) 9 (9%) 11 (10%) .17
  Pulmonary disease 7 (10%) 8 (8%) 21 (19%) .02, T2 < T3
Total number of prescription medications 2.2 (2) 3.0 (3) 4.0 (4) .0003, T1, T2 < T3
Deaths 46 (63%) 82 (78%) 90 (83%) —
Death rate per 100 person-years 5.3 (4.0, 7.0) 8.5 (6.8, 10.5) 9.5 (7.7, 11.7) —
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from the middle and frailest tertiles (p  =  .002 and p < .0001, re-
spectively), though the frailest tertile was not significantly different 
from the middle tertile (p  =  .34). Those in the best, middle, and 
worst tertile of the metabolite composite score had a median sur-
vival (95% CI) of 12.6 (10.7, 15.0), 11.5 (9.5, 13.3), and 6.8 (5.0, 
8.6), years, respectively (Figure 1B); the best and middle tertiles of 
the metabolite composite score were significantly different from the 
worst tertile (p < .0001), though the best versus middle tertiles were 
not significantly different (p = .28). One standard deviation higher 
metabolite composite score was associated with 52% higher mor-
tality among Health ABC men, while adjusting for age and study site 
(95% CI = 1.33, 1.75; p < .0001).

One standard deviation frailer SAVE score was associated with 
30% higher mortality among the Health ABC black men, while 
adjusting for age and study site (p = .0002; Table 2). Supplementary 
Table S5 includes information on how the association between frailer 
SAVE scores and mortality was attenuated after further adjustment 
for metabolite(s), the metabolite composite score, or more commonly 
measured risk factors, in addition to age and study site. Adjusting for 
a single metabolite resulted in small attenuations (≤16%; Model 1). 
Forcing all 37 metabolites into the same model attenuated the asso-
ciation between frailer SAVE scores and mortality by 33% (Model 
2). Applying a backward stepwise selection approach (p < .10 cri-
terion) to the model containing all 37 metabolites while forcing 
SAVE scores, age, and study site, left 10 metabolites in the model 
(Model 3), which attenuated the association between frailer SAVE 
scores and mortality by 26%. When adjusting for the metabolite 
composite score, the association between SAVE scores and mortality 
was attenuated by 56% (Model 4). For comparison, adjusting for 
more commonly measured risk factors (education, smoking status, 
body mass index, and certain chronic conditions) attenuated the as-
sociation between SAVE scores and mortality by 12% (Model 5). 
Adjusting for the metabolite composite score and more commonly 
measured risk factors resulted in the greatest amount of attenuation 
(63%) in the association between SAVE scores and mortality (Model 

6), driven mostly by the metabolite composite score. The SAVE and 
more commonly measured risk factors minimally attenuated the as-
sociation between the metabolite composite score and mortality; 
in this model, one standard deviation higher metabolite composite 
score was associated with 46% higher mortality (p < .0001; Model 
6, Supplementary Table S5).

We examined whether a specific chemical taxonomy superclass 
was driving the 56% attenuation in the association between frailer 
SAVE scores and mortality after adjusting for the metabolite com-
posite score (Table 2). Adjusting for the metabolite subscore based 
on the 14 metabolites classified as organic acids/derivatives or the 
12 metabolites classified as lipids/lipid-like molecules resulted in 
attenuations of 35% and 24%, respectively, in the age- and site-
adjusted association between frailer SAVE scores and mortality. 
Adjusting for the other metabolite subscores minimally attenuated 
(≤12%) the association between SAVE scores and mortality. When 
adjusting for both the metabolite subscores containing organic acids/
derivatives and lipids/lipid-like molecules (ie, 26 of the 37 metab-
olites), the association between frailer SAVE scores and mortality 
was attenuated by 50%, which accounted for almost the full amount 
of attenuation observed when adjusting for the total metabolite 
composite score.

Replication Cohort
The CHS All Stars were 85 years old on average, 62 (52%) were 
white women, 10 (8%) were black women, 46 (38%) were white 
men, and 2 (2%) were black men. The metabolite composite score 
significantly predicted mortality among the CHS All Stars; one 
standard deviation higher metabolite composite score was associ-
ated with 30% higher mortality, adjusting for age and gender (95% 
CI  =  1.01, 1.67; p  =  .045). Since the metabolite composite score 
was developed among Health ABC black men, we also examined 
its association with mortality stratified by gender among the CHS 
All Stars. One standard deviation higher metabolite composite score 
was associated with 52% higher mortality among the 48 men, while 
adjusting for age (95% CI = 1.04, 2.22; p = .03); the association was 
not statistically significant among the 72 women (1.11 (0.78, 1.58); 
p = .57; and p value for interaction = 0.31).

The modified SAVE was skewed toward frailer scores in the CHS 
All Stars study (Supplementary Figure S1), and the mortality hazard 
ratio per standard deviation frailer score was 1.21 (0.96, 1.54); 
p = .11, adjusting for age and gender. The association between the 
modified SAVE and mortality in the CHS All Stars study changed 
very little after additionally adjusting for the metabolite composite 
score [1.20 (0.95, 1.52); p = .12]; in this same model, the metabolite 
composite score remained significantly associated with mortality 
[1.32 (1.02, 1.70); p = .04].

Discussion

We developed a novel metabolite composite score using information 
from 37 metabolites associated with the spectrum of vigor to frailty 
among older black men and found that the metabolite composite 
score attenuated the association between frailer SAVE scores and 
mortality by 56%. The metabolite composite score also significantly 
predicted mortality independent of age, study site, the SAVE, and 
more commonly measured risk factors, such as education, smoking 
status, body mass index, and chronic diseases. We also found that 
the metabolite composite score significantly predicted mortality in a 
replication sample of older adults.

Figure 1.  Kaplan–Meier survival curves with 95% confidence intervals (A) by 
tertiles of the Scale of Aging Vigor in Epidemiology (SAVE) and (B) by tertiles 
of the metabolite composite score among 287 Health ABC black men.
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Among the 37 metabolites included in our composite score, 
70% were classified as organic acids/derivatives (eg, amino acids) 
or lipids/lipid-like molecules (eg, glycerophospholipids, sphingo-
lipids). This subset of metabolites attenuated the higher mortality 
risk associated with frailty most prominently. Lower levels of 
most (9 of 12)  lipids/lipid-like molecules included in our com-
posite score were associated with frailer SAVE scores. This is con-
gruent with prior studies of lipids among older adults (16). For 
example, one study reported low-density lipoprotein cholesterol 
in the lowest quartile (≤97.8  mg/dL) was associated with 90% 
higher mortality when compared with levels in the highest quar-
tile (>144.0 mg/dL) (16). Low-density lipoprotein cholesterol ap-
pears to decline with age among older adults (17–19), decreasing 
by an average of 19 mg/dL over 15 years in a prospective cohort 
of community-dwelling Finnish adults aged ≥70 not taking lipid-
lowering medications (19). Predictors of decline in lipids among 
older adults include male gender, older age, higher baseline white 
blood cell count, weight loss during follow-up (20), and poten-
tially an increase in cytokines (21). Thus, acquired low levels of 
cholesterol have been suggested as a surrogate marker for frailty 
(16) and thought to be a result of chronic conditions and immune 
dysregulation (21).

In addition to certain lipids, we observed an inverse association 
between SAVE scores and amino acids involved in our composite 
score (ie, methionine, tyrosine, asparagine, leucine, histidine, and 
tryptophan). Metabolic pathways involving metabolism of lipids 
and amino acids are located in the mitochondrial matrix (22). 
Mitochondria are especially vulnerable to oxidative stress that can 
then cause damage to lipids and proteins (22). A previous report 

noted higher levels of oxidative stress among frailer older adults 
(23). Oxidative stress may be one common factor contributing 
to lower plasma amino acid and lipid levels among frailer Health 
ABC black men.

We also calculated the metabolite composite score in 120 partici-
pants from the CHS All Stars study, which included black and white 
men and women who were about 12 years older, on average, when 
compared with the 287 Health ABC black men. Even with these 
demographic differences, we still found a significant association be-
tween the metabolite composite score and mortality among the CHS 
All Stars. We also observed a similar pattern in the association be-
tween SAVE scores and mortality in the CHS All Stars, though the 
SAVE scores in this cohort were skewed toward the frailer end of 
the distribution.

Frailty is defined as a dynamic state at which physiologic 
reserves are so reduced that an individual cannot tolerate add-
itional challenges, causing an increased vulnerability to disease, 
disability, and death (24). Dysregulated immune, endocrine, 
stress, and energy are thought to be involved in the pathophysi-
ology of frailty (25). Metabolomics has the potential to iden-
tify new biomarkers and metabolic pathways for therapeutic 
targets to improve physiologic reserve and mitigate the asso-
ciated vulnerabilities. To inform interventions aimed at allevi-
ating symptoms of frailty, improving quality of life, and reducing 
frailty-associated mortality, more research is needed to determine 
the underlying mechanisms causing differences in metabolite 
profiles during a frail state and an understanding of how these 
metabolic differences can contribute to the frailty-associated 
higher risk of death.

Table 2.  Mortality Hazard Ratio Per Standard Deviation Frailer Scale of Aging Vigor in Epidemiology (SAVE) Score and Hazard Ratio Per 
Standard Deviation Higher Metabolite Composite Score and Subscores Adjusting for Age and Study Site Among 287 Health ABC Black Men.

Model
Mortality Hazard Ratio Per Standard Deviation  
(95% Confidence Interval), p Value Percent Attenuationa

Model 1
  SAVE 1.30 (1.14, 1.50), p = .0002 Reference
Model 2
  SAVE 1.12 (0.96, 1.31), p = .14 56%
  Total metabolite composite score 1.46 (1.25, 1.69), p < .0001 —
Model 3
  SAVE 1.19 (1.03, 1.38), p = .02 35%
  Subscore of 14 organic acids/derivatives 1.35 (1.17, 1.56), p < .0001 —
Model 4
  SAVE 1.23 (1.06, 1.42), p = .007 24%
  Subscore of 12 lipids/lipid-like molecules 1.25 (1.09, 1.44), p = .002 —
Model 5
  SAVE 1.26 (1.09, 1.46), p = .001 12%
  Subscore of 4 organoheterocyclic compounds 1.16 (1.01, 1.33), p = .03 —
Model 6
  SAVE 1.28 (1.11, 1.48), p = .0005 6%
  Subscore of 3 benzenoids 1.10 (0.96, 1.26), p = .19 —
Model 7
  SAVE 1.29 (1.12, 1.48), p = .0005 5%
  Subscore of 4 remaining metabolitesb 1.07 (0.93, 1.23), p = .33 —
Model 8
  SAVE 1.14 (0.98, 1.33), p = .08 50%
  Subscore of 14 organic acids/derivatives 1.31 (1.13, 1.52), p = .0003 —
  Subscore of 12 lipids/lipid-like molecules 1.20 (1.05, 1.38), p = .009

aPercent attenuation = 100×
ï
(β̂SAVEfrom reduced model − β̂SAVEfrom more complex model)

β̂SAVEfrom reduced model

ò
.

bTwo organic nitrogen compounds, one organic oxygen compounds, and one nucleosides, nucleotides, and analogs.
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A potential limitation of the current study was the unit-less 
LC-MS peak areas used for metabolite values, which do not provide 
information on whether values were outside a healthy range. Another 
potential limitation was lack of a measure of clinically manifested 
frailty. Instead, we only had a measure of vigor to frailty relative to 
all Health ABC participants, that is, a relatively healthy older adult 
cohort, recruited to be nondisabled. It may be that a Health ABC 
participant with a frail SAVE score may not actually appear frail 
when compared with a more general older adult population. Last, 
we were limited by the small number of CHS All Stars, which did not 
provide enough power to examine gender differences in the associ-
ation between the metabolite composite score and mortality. There 
were several strengths of this study, including the well-characterized 
cohort with detailed mortality information available on every par-
ticipant, plasma samples collected after overnight-fasting, informa-
tion on known metabolites among a unique sample of older black 
men, and replicating the association between the metabolite com-
posite score and mortality in an independent sample of older adults.

In this study, we developed a composite score of 37 metabolites 
that appeared to be a meaningful marker of the frailty-associated 
higher mortality among older black men from the Health ABC 
study. We validated the metabolite composite score against mortality 
among older adults from the CHS All Stars study. Future work needs 
to determine temporality between metabolite composite scores and 
vigor to frailty to better inform points of intervention that can have 
the largest and most sustainable positive impact among older adults. 
The identified set of plasma metabolites, especially those classified 
as organic acids/derivatives or lipids/lipid-like molecules appeared to 
provide a deeper characterization of frailty that attenuated a sub-
stantial portion of the frailty-associated higher vulnerability to death.

Supplementary Material

Supplementary data are available at The Journals of Gerontology, 
Series A: Biological Sciences and Medical Sciences online.
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