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In this issue, Espinoza and colleagues present the design of a 2-year 
randomized, double-blind, controlled, clinical trial testing whether 
2,000  mg/day of metformin retards the advancement of frailty in 
prediabetic older adults. Demonstrating that any drug can deflect the 
progression of frailty would be a major milestone in geriatrics, but 
this study is also important within the larger frame of geroscience 
which hypothesizes that human health can be improved by dir-
ectly targeting the biology of aging (1). Support for this hypothesis 
is found in studies of model organisms, which show that targeting 
these pathways in a variety of ways—including the administration of 
metformin—can increase health span and lifespan (2). The study by 
Espinoza is one of the few rigorously designed trials to test a drug in 
a context that has direct implications for evaluating the geroscience 
hypothesis.

The geroscience hypothesis is relatively new, and there is uncer-
tainty regarding how to optimally design studies to test it. A key uncer-
tainty is end-point selection. Espinoza and colleagues selected the Fried 
Cardiovascular Health Study (CHS) frailty phenotype as the primary 
end-point (3). This measure has good face validity with geriatricians and 
its use is supported by a great deal of observational data underscoring 
its robust prediction of health outcomes in older adults. However, the 
frailty phenotype domains were originally operationalized using data 
from the CHS study, an on-going observational study. The approach 
which has worked so well for observational research has limitations 
from a clinical trial perspective.

The Fried CHS frailty phenotype may not be sensitive to 
change.  Participants receive a point for having a value below a 
threshold cut-point for each of its five components: unintentional 
weight loss of at least 10 pounds in the past year, slowness, weak-
ness, lack of energy, and low physical activity. This approach makes 
it relatively insensitive to change because only participants whose 
measurements actually cross a cut-point during follow-up contribute 
information. Trials using relatively insensitive measures require more 
participants or longer follow-up times to detect effects.

A person’s classification may change simply due to the passage 
of time. The phenotype operationalizes the construct of shrinkage as 
unexpected weight loss over the past year. It is possible that someone 
who unexpectedly lost weight 11  months previously would no 
longer meet these criteria at a subsequent follow-up visit even in the 
absence of any underlying change. Prior weights may not be avail-
able when a person enrolls in a trial, so it may be hard to determine 
if this criterion is met at the baseline of a frailty prevention trial.

Interventions could affect component measures without affecting 
the underlying physiology of frailty. An exercise intervention is likely 
to show improvement in the physical activity component even if 
the underlying frailty pathophysiology is unaffected. Conversely, 
metformin frequently leads to weight loss so unexplained weight loss 
may end-up being more common in the treated group even if frailty 
is not exacerbated.

There are potential options for adapting the Fried frailty con-
struct for clinical trial use. Ceiling effects and sensitivity to change 
can be addressed by rescaling the component measures. Sanders and 
colleagues published a Vigor scale (0–10) which scores the frailty 
components on an expanded ordinal scale, allowing for better dis-
crimination among non- and pre-frail participants (4). One could 
adopt an approach similar to that used by Simonsick and colleagues 
when they adapted the Established Populations for Epidemiologic 
Studies of the Elderly short physical performance battery (SPPB) for 
the well-functioning Health Aging and Body Composition Study 
population (5). The SPPB is based on the performance of three lower 
extremity tasks, each of which is scored on an ordinal scale from 0 to 
4. This results in an SBBP score with integer values from 0 to 12. The 
SPPB is reasonably sensitive for those with poor mobility function 
but is insensitive in persons with good function. To adapt the bat-
tery, the investigators scored the SPPB components on a continuous 
0–1 scale assigning scores based on the ratio of the measured value 
to the best possible score. The rescaling led to a continuous sum-
mary score without a ceiling, better distributional characteristics, 
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and better sensitivity to change (6). The time dependency issue with 
respect to the shrinkage measure could be addressed in various ways. 
One might use weight loss since age 50 or 25. This would still be 
a problem for weight loss interventions, however. One could also 
consider height loss since age 25. Self-reported adult height is rea-
sonably accurate and height loss would certainly be unintentional 
and unlikely to be affected by any potential intervention. For trials 
involving a physical activity intervention, one might consider using 
accelerometry to quantify sedentary time as an alternative to using 
a questionnaire to estimate kcals of energy expenditure. These al-
ternatives do not have the depth of data supporting the use of the 
original measure, but such adaptions could make trials relevant to 
the underlying physiology of frailty more efficient.

An adapted frailty phenotype measure is by no means the only op-
tion for geroscience-relevant trials. Potential outcomes fall on a con-
tinuum from those that directly test the hypothesis (e.g. emergence of 
age-related diseases or life-span) to indirect biomarker-based assess-
ments (Figure 1). The National Insitute on Aging’s (NIA) Intervention 
Test Program evaluates pharmacological agents in mice for their ef-
fects at the far right of this continuum (e.g. median lifespan) (7). This 
end-point is a translational challenge. For example, the Targeting 
Aging with Metformin (TAME) study, a randomized trial designed to 
test metformin’s ability to retard the incidence of multiple age-related 
diseases and death, will require 3,000 people followed for more than 
4 years (8). Studies such as TAME will be necessary to definitively test 
the geroscience hypothesis. But we can anticipate many trials like the 
one described by Espinoza and colleagues that evaluate interventions 
relevant to the biology of aging, and which, if promising, might be 
scaled up. What kinds of measures might be considered for such trials?

Reliable biomarkers reflecting changes to fundamental aging 
processes would be valuable. Currently, NIA is supporting an ini-
tiative to develop and validate such biomarkers for clinical trials, 
but at this point, the data related to options for human studies is 
insufficient to support their suitability for use in trials. There is a rap-
idly growing literature on indirect measurements which may have 
value in the clinical trials context, and some broad strategies have 
emerged: (a) surrogate markers of individual biological hallmarks 
or pillars; (b) multivariable biomarker composites; and (c) deficit 
accumulation indices.

Epigenetic age estimators are leading examples of this ap-
proach. There are age-related patterns of accumulating DNA 

methylation. It is possible to calculate a “biological age” based on 
these patterns. Levine and colleagues extended this idea to calcu-
late a score based on an apparent phenotypic age which was cal-
culated using levels of various age-related blood chemistries (9). 
Much work is needed to understand the reliability and sensitivity 
to change of such measures. Recent preliminary reports suggest 
that epigenetic age estimators are sensitive to short-term adminis-
tration of a thymotrophic drug combination (recombinant human 
growth hormone, dehydroepiandrosterone, and metformin) and 
vitamin D (10,11).

Biomarker composites are scores based on age-related bio-
markers which can be used to calculate a summary score which 
may or may not be referenced to an expected age for an individual 
with that biomarker profile (12). The behavior of these composites 
in intervention settings may indicate the pace of the aging process. 
For example, the Comprehensive Assessment of Long-term Effects of 
Reducing Intake of Energy trial tested the effects of 2 years of 25% 
caloric restriction in healthy, nonobese adults (13). In a post hoc ana-
lysis, Belsky and colleagues used a collection of clinical chemistries 
to calculate a “biological age” score and showed that caloric restric-
tion slowed apparent age-advancement (14).

Cumulative deficit indices calculate the proportion of the sum 
of the number of abnormal clinical signs, symptoms, diseases, or 
biomarker measures an individual has (numerator) relative  to 
the total number of items included in the index (denominator) to 
create a score ranging from 0 to 1 (also called Frailty Indices) (15). 
The trial described by Espinoza and colleagues includes a frailty 
index as a secondary end-point. Such indices strongly predict mor-
tality and disease outcomes independent of age, and recent data 
published from the Look AHEAD (Action for Health in Diabetes) 
trial show that a frailty index is responsive to an intensive lifestyle 
intervention (16). When the index includes a large number of items 
the influence of any single component is dampened. This lowers 
the susceptibility of this approach to items which may be respon-
sive to the intervention for reasons that are not related to the aging 
process.

Being the early days of the geroscience hypothesis, no one is en-
tirely certain what the best end-point might be. The choice might 
depend on the biological target (e.g. senolytics vs mechanistic target 
of rapamycin [mTOR] inhibitors) among many other factors. Early 
guesses may be off-base and as knowledge emerges, investigators 
may kick themselves for getting it wrong. Until we have a solid em-
piric foundation laying out which end-points are valid, clinically 
meaningful, reproducible, and sensitive to change, readers, peer-
reviewers, and editors should be open-minded and pay attention to 
not only the prespecified primary end-point but also to secondary 
and exploratory end-points. A secondary or exploratory end-point 
may turn out to be the one that will ultimately be found to be the 
most useful.

To accelerate progress in evaluating the geroscience hypothesis, 
it will be important that those conducting such studies bank ap-
propriately collected biological samples, obtain potentially useful 
measures in a standardized way, and be prepared to share data and 
results in common formats. Sharing how a variety of measures be-
have across intervention types and settings will help to minimize 
missteps and inefficiencies. In recognition of the value of this goal, 
the NIA recently funded the Translational  Geroscience Network 
(R33 AG061456) which has a goal to identify and promulgate 
standard protocols and data collection instruments to facilitate 
data sharing across geroscience efforts. Its first work products are 
expected to appear later in 2020.
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Figure 1. Evaluation continuum for clinical trials in geroscience. Clinical trials 
are being designed to test the geroscience. Potential end-points for such trials 
exist on a continuum, with biomarker-based measures of the underlying 
aging biology on one end, and rate of occurrence of clinical disease, geriatric 
syndromes like frailty, and mortality on the other. With increasing levels of 
assessment from biomarker-based to hard clinical outcomes, the duration 
required to observe change in the trial endpoint (time), number of research 
subject and costs to run the trial (expense), and salience of the endpoint to 
geroscience hypothesis also increases.
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