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ABSTRACT

Objectives This study aims to estimate the association
of the often, in daily clinical practice, used biological
age-related biomarkers high-sensitivity troponin-T (hs-
TnT), C reactive protein (CRP) and haemoglobin (Hb) with
all-cause mortality for the purpose of older patient’s risk
stratification in the emergency department (ED).

Design Exploratory, prospective cohort study with a
follow-up at 2.5 years after recruitment started. For

the predictors, data from the hospital files including the
routinely applied biological age-related biomarkers hs-TnT,
CRP and Hb were supplemented by a questionnaire.
Setting A cardiological ED, Chest Pain Unit, University
Hospital Heidelberg, Germany.

Participants N=256 cardiological ED patients with a
minimum age of 70 years and the capability to informed
consent.

Primary outcome measures The primary outcome of
this study was all-cause mortality which was assessed by
requesting registry office information.

Results Among N=256 patients 63 died over the follow-
up period. Positive results in each of the three biomarkers
alone as well as the combination were associated with
increased all-cause mortality at follow-up. The number of
positive age-related biomarkers appeared to be strongly
indicative of the risk of mortality, even when controlled for
major confounders (age, sex, body mass index, creatinine
clearance and comorbidity).

Conclusions In older ED patients, biomarkers explicitly
related to biological ageing processes such as hs-TnT,
CRP and Hb were to a certain degree independently

of each other as well as combined associated with an
increased risk of all-cause mortality. Thus, they may have
the potential to be used to supplement the general risk
stratification of older patients in the ED. Validation of the
results in a large dataset is needed.

INTRODUCTION

Older adults are an increasing population and
frequent users of the emergency department
(ED) setting." As a challenging clientele they
frequently present with atypical symptoms,
polymedication and unclear medical history
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= The prospective design and the 2.5 years long
follow-up period with few censored observations at
early times are strengths of this study.

= As information about medical history and diagnoses
received from the visit to the emergency department
were available, effect estimates could be controlled
for major confounders.

= Limitations of this study are mainly the exploratory
approach, the single-centre design and the relative-
ly small number of events.

in the ED* and physicians then face the chal-
lenge of quickly identifying those patients with
a high-risk of adverse outcomes. Strategies to
combine biomarkers indicative of biological
age (see Wagner et al’) may enhance risk strat-
ification of older and geriatric patients in the
ED, due to their objectivity and clear clinical
implications. From a biomarkers of ageing
framework three distinct biomarkers (C
reactive protein (CRP), high-sensitive tropo-
nin-T (hs-TnT) and haemoglobin (Hb)) are
frequently encountered in routine diagnostic
procedures.

Established theories of immune-senescence
and “inflammaging’ describe biological ageing
as a chronic, low-grade inflammatory status.”
In accordance with this, markers such as
CRP have shown their potential for the prog-
nosis of older people in terms of frailty and
mortality” as well as in terms of events such as
myocardial infarction or stroke.’

Similarly, hs-TnT can serve as biomarkers of
age. Troponins are regulator proteins of the
contractile apparatus and enter the blood-
stream in case of cardiomyocyte damage. The
hs-TnT showed a notable predictive validity
regarding mortality as well as other outcomes
such as myocardial infarction or stroke in
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numerous studies.”"" It was also found that these effects
of elevated troponins are independent of their aetiology.”
They thus mark a general risk factor that must be urgently
noticed before any further treatment.

Further, geriatric patients frequently have decreased
levels of Hb in the form of anaemia.'* Recently, a study by
Han et al found that in apparently healthy older people
the occurrence of anaemia is associated with an increased
rate of hospitalisation and mortality,"” irrespective of the
underlying comorbidities."*

In this study, we therefore aim to estimate the associa-
tion of the biomarkers CRP, hs-TnT and Hb, with older
ED patient’s all-cause mortality. Accordingly, we expect
an increased all-cause mortality with elevated cardiac or
inflammation markers or low Hb levels, even when age,
overall comorbidity and other variables (sex, body mass
index (BMI), renal functioning) are controlled for. Given
the differential mechanisms in the pathways of these
biomarkers, we also hypothesise that the risk of mortality
will increase even further when these different markers
interact, and a patient therefore shows more than one
abnormal result.

METHODS

Study design, setting and participants

The study’s design was a single-centre exploratory, prospec-
tive cohort study. It was conducted in the Chest Pain Unit
(CPU) with 12 beds as part of the cardiological ED of a
university hospital (114 beds in the cardiological depart-
ment overall). In total, 260 cardiological ED patients with
a minimum age of 70 years were recruited (participation
rate = 76%). Therefore, the study is designed for older
CPU patients in order to improve geriatric risk stratifica-
tion. The first patient was recruited in July 2017 and the
last one in May 2018. Patients were recruited only after
the first examination by the ED physician. Also, on the
basis of this initial examination, patients were excluded
in cases of missing informed consent or an expected life
expectancy of less than 24 hours. Thus, patients who were
in a life-threatening condition and therefore unable to be
interviewed or to benefit in any way from a more geriatric
risk stratification were excluded. Further, patients who
were isolated due to transmission-based precautions had
to be excluded from the study. Since all included partic-
ipants were treated in a CPU, the cohort of this study
consists of selected cardiological patients.

Baseline information was assessed by using a question-
naire, in which the Short Portable Mental Status Ques-
tionnaire (SPMSQ)'® was integrated, and additionally by
extracting relevant data from the hospital files. Follow-up
data for this study were collected by requesting registry
office information on mortality roughly 2.5 years after
recruitment of the first patient.

Based on the cognitive performance on the SPMSQ,"
about 23% of the participants had at least a minor form
of cognitive impairment. Participants presented to the
cardiological ED with numerous symptoms, including

dyspnoea (59%), thorax pain (20%), angina pectoris
(18%), vertigo (9%) and palpitations (8%). Frequent
primary diagnoses were suspicion/exclusion of myocar-
dial infarction (26%), cardiac decompensation (23%)
and heart rhythm disturbances (19%). Further informa-
tion on primary and secondary diagnoses of the sample
are presented in detail in online supplemental tables 1
and 2.

This research was conducted in accordance with the
ethical standards as laid down in the 1964 Declaration
of Helsinki. The protocol was approved by the ethics
committee of the medical faculty at the University of
Heidelberg (S-455/2016).

Patient and public involvement
No patient involved.

Study variables

The biomarkers relevant to this study were part of the
routinely applied diagnostic procedures in the ED. To
classify the lab results as positive or negative, the following
cut offs were used.

For CRP a cut-off >5mg/L was used. This cut-off is an
established reference value'® '” and was used for both
sexes, as studies showed a similar distribution of this
marker among men and women.'®

A value of hs-TnT >I14ng/L (ie, exceeding the 99th
percentile of a multicentre reference study)' describes
the cut-off for both sexes. Increased levels showed a higher
risk for cardiovascular events'’ and the prognostic value
of including gender difference for hs-TnT was detected
only modest in other studies.”

Due to the fact that mild anaemia was defined as a
Hb concentration between 10.0g/dL and 11.9g/dL in
women and between 10.0g/dL and 12.9g/dL in men,21
we used a cut-off of <12 g/dL for women and <13 g/dL for
men. This identifies anaemia as defined by the WHO.*

To assess the effect of multiple biomarkers of interest
being positive in a given patient, a combined predictor
variable ranging from 0 to 3 was created, with 0 indicating
a positive result in none of the biomarkers, 1 indicating
a positive result in either one of them, and so on. This
strategy of combining the predictors was chosen as the
sample size is relatively small and the pathways of the
biomarker effects are assumed to be different. Also, the
resulting groups were fairly balanced.

Overall comorbidity and age of the patients as a
central control variable was accounted for using the
Charlson-Age Comorbidity Index (CACI)* based on the
patient’s medical history which included the diagnoses
assigned by the ED physician. These diagnoses, which
are important confounding factors, were extracted from
the discharge letter after treatment in the CPU, therefore
including the diagnosed acute issue for which the patient
presented. Higher values of the CACI indicate more
severe comorbidity.

In order to more precisely account for patient’s renal
functioning as possible confounder, an estimate of the
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creatinine clearance based on the formula by Cockroft
and Gault™ was calculated based on serum creatinine.

For the purpose of sample description, participants’
result (error score) on the cognitive screening SPMSQ) is
also reported. The theoretical range of the SPMSQ is 0-10
and higher values indicate worse cognitive performance.

The primary outcome examined in this study was the
patient’s all-cause mortality (time-to-event, days) after
their initial ED visit. This information was collected using
registry office information.

Statistical methods

To describe the characteristics of the sample, means, SDs,
medians and IQRs were calculated for continuous or
discrete variables. Absolute and relative frequencies were
calculated for categorical variables.

Kaplan-Meier curves were used to illustrate the associ-
ated effect of positive hs-TnT, CRP, anaemia (Hb), as well
as the composite predictor of all three on overall survival
after the initial ED visit. Cox proportional hazards models
were then used to first, get uncontrolled HR estimates
for those effects and second, to control those effects for
patient’s BMI, age, creatinine clearance, sex and overall
comorbidity. Schoenfeld residuals did not show evidence
against the proportional hazards assumption.

Missing values were rare (max: 1.5% or 4/260 per vari-
able) and were therefore handled by listwise deletion,
which reduced the total sample to N=256 patients.

Uncertainty was quantified using 95% CIs and as this
study is of exploratory nature, provided p-values are to be
interpreted as descriptive.

All analyses were conducted using R V.3.6.1 (R Core
Team, Vienna, Austria).

RESULTS

About 343 patients were eligible, 260 were recruited
(participation rate = 76%); 4 patients had missing data
for major baseline variables due to them leaving the ED
against medical advice.

In total, the final cohort of N=256 participants can be
described as a high age but, as measures of dispersion
for example for variables such as the number of medi-
cations indicate, heterogenous sample (detailed descrip-
tive characteristics in table 1). Bivariate correlations show
that there was only a weak association between the results
in each of the three biomarkers (hs-TnT with CRP: 7=
0.30, 95% CI=0.19 to 0.41; hs-TnT with Hb: r = 0.35, 95%
CI=0.24 to 0.45; and CRP with Hb: r =0.24, 95% C1=0.13
to 0.36, respectively).

The median follow-up time calculated by reverse Kaplan-
Meier method was 835 days. Sixty-three patients (25% of
the sample) died during the follow-up period. Separate
controlled and uncontrolled estimates of the associa-
tion between each biomarker and all-cause mortality are
presented in table 2, associated Kaplan-Meier curves can
be found in online supplemental figure 1. As can be taken
from table 2 and online supplemental figure 1, positive

results in each of the three biomarkers were associated
with increased all-cause mortality at follow-up. Hb showed
the weakest association to mortality and did not remain
statistically significant when adjusted for confounders.

In the main analyses, a summary score was used to
predict mortality indicating how many of the three
biomarkers showed positive results in a patient (theo-
retical range: no positive result — three positive results).
Kaplan-Meier curves for this grouping are presented in
figure 1. Kaplan-Meier curve with 95% CI for the entire
cohort is illustrated in figure 2. The number of positive
biomarkers appeared to be strongly associated to the
patient’s all-cause mortality. Even when controlled for sex,
BMI, creatinine clearance, comorbidity and age as scored
by the CACI, the summary score of positive biomarkers
was still associated with mortality (see table 3). While the
point estimates for the effect sizes were notably high, this
estimation comes with considerable uncertainty as indi-
cated by the wide 95% CIs (eg, for the patients with three
positive biomarkers vs the no positive biomarkers refer-
ence HR=7.46and 95% CI=2.12 to 26.28).

DISCUSSION

This exploratory, prospective cohort study examined the
association of the three biomarkers CRP, hs-TnT and Hb
with mortality in order to improve older patient’s risk
stratification in the ED. The main results of this study can
be summarised as follows. First, each marker alone was
associated with an increased risk of all-cause mortality
during more than 2-year follow-up. Second, these
biomarkers were to a certain degree independently asso-
ciated to patient’s all-cause mortality. Third, the number
of positive results on age-related biomarkers was strongly
indicative of the risk of patient’s all-cause mortality.

As geriatric patients in the ED represent a complex
clientele,” the quick identification of those with high-risk
of adverse outcomes constitutes a considerable challenge.
There are few studies which have examined risk stratifi-
cation of ED patients using a biological ageing markers
framework, especially from a dedicated geriatric perspec-
tive. As Bahrmann e af similar to Wagner e al’ argue on
the issue of this approach, combining such biomarkers
reflecting different pathophysiological pathways might
be better than those which have the same general mech-
anism. Therefore, and based on theoretical consid-
erations such as inflammaging and existent previous
research tying CRP, hs-TnT and Hb to biological ageing
processes across different pathways, we aimed to provide
a joint examination of those biomarkers in terms of their
predictive validity regarding the mortality of a heteroge-
neous sample of older ED patients, including both, frail
and well performing older adults.

As we found in our study CRP, hs-TnT and Hb were
individually all associated with older ED patient’s all-
cause mortality, CRP and hs-TnT even when controlled
for major confounders such as comorbidity, age, creati-
nine clearance, sex, and BMI. Our study therefore largely
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Table 1 Descriptive statistics of the cohort (N=256)

Variable N (%) Mean (SD) Median (IQR)
Age 79.27 (6.0) 79.00 (75 to 83)
Sex

Female 97 (38%)

Male 159 (62%)
School years

<9 years 116 (45%)

>9 years 140 (55%)
Falls in the past 12 months

At least one 80 (31%)

None 176 (69%)
Smoker

Current/former 104 (41%)

Never 152 (59%)
Diabetes

Yes 73 (29%)

No 183 (71%)
Malignancy in anamnesis

Active 21 (8%)

Inactive 19 (7%)

None 216 (84%)
BMI 26.85 (4.8) 26.37 (23.74 to 29.76)
SPMSQ 1.50 (1.6) 10to2)
No of medications 7.64 (3.8) 7 (510 9.75)
CACI 5.72 (2.0) 5(@to7)
Creatinine clearance (mL/min) 60.42 (24.8) 60.26 (42.25 to 76.69)
Increased high-sensitivity troponin-T (hs- 166 (65%)
TnT)
Increased CRP 115 (45%)
Decreased haemoglobin 102 (40%)

Creatinine clearance as calculated by Cockroft and Gault formula.
BMI, body mass index; CACI, Charlson Age Comorbidity Index; SPMSQ, Short Portable Mental Status Questionnaire (number of errors).

conforms with previous research, which illustrated an  higher had a continuous increased risk of cardiovascular
association for each marker to mortality. death.?” It should be considered that elevated serum

For instance, Bahrmann et alshowed that older patients troponin concentrations can be caused by any type of
presenting to the ED with hs-TnT levels of 108 ng/L or ~ heart muscle cell injury, affected by a multitude of factors.

Table 2 Uncontrolled and controlled associations (hazard-ratio) of biological ageing-related biomarkers and mortality from
separate Cox-regression models (N=256)

Variable Crude HR 95% CI Adjusted HR 95% CI
Increased high-sensitivity ~ 7.28 (2.92 to 18.16) 4.41 (1.71 to 11.43)
troponin-T (hs-TnT)

Increased CRP 3.67 (2.12 t0 6.34) 2.97 (1.69 to 5.23)
Decreased haemoglobin 2.64 (1.60 to 4.38) 1.55 (0.89 to 2.68)

Adjusted estimates are controlled for sex, body mass index, creatinine clearance, age and comorbidity (Charlson-Age Comorbidity Index
Score).
CRP, C reactive protein.
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Figure 1 Kaplan-Meier curves for composite. Kaplan-Meier

curves with 95% Cls for patients grouped by the number of
positive ageing-related biomarkers (theoretical range: 0-3,
N=256).

Aside from myocardial infarction reasons for an increase
can be due to other cardiac as well as non-cardiac diseases,
such as for example myocarditis, arrhythmias, sepsis,
renal failure, severe acute neurological diseases and crit-
ical illness.”® A recent study by Zelis et alalso estimated the
predictive value of several biomarkers, including hs-TnT,
for adverse outcomes in older ED patients. In line with
our results, hs-TnT showed one of the strongest associa-
tions to mortality.*

CRP as an inflammatory marker was shown to be an
independent predictor of overall, cardiovascular and
inhospital mortality, as studies by Zimmermann et al as
well as by Yoshinaga et al have indicated.”® These findings
support the theory of inflammaging. The ageing process
leads to a paradoxically hyperactivated but at the same
time defective immune system. Depending on which of
these dominates, inflammatory markers could help to
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Figure 2 Kaplan-Meier curve for the entire cohort. Kaplan-
Meier curve with 95% CI for the entire cohort.

Table 3 Summary of cox-regression model using the
composite predictor (number of positive biomarkers,
theoretical range 0-3, N=256)

Variable Hazard ratio 95% ClI
Biomarker composite

None (n=60) Ref Ref

One (n=63) 1.54 (0.39 to 6.04)

Two (n=79) 4.29 (1.25 to 14.75)

Three (n=54) 7.46 (2.12 to 26.28)
Sex

Female Ref Ref

Male 1.11 (0.64 to 1.92)
BMI 0.94 (0.90 to 1.00)
CACI 1.32 (1.16 to 1.51)
Creatinine clearance 1.00 (0.98 to 1.01)

Note: Creatinine clearance estimation as calculated by Cockroft-
Gault formula. Biomarker composite describes the number of
biomarkers with a positive result.

BMI, body mass index; CACI, Charlson Age Comorbidity Index;
Ref, reference category.

distinguish between healthy ageing and age-associated
pathologies or the occurrence of comorbidities.”

Moreover, Han et al recently examined apparently
healthy older men and could show the association of
decreased levels of Hb with overall and cancerrelated
mortality.” Other studies have also linked lowered Hb to
mortality.'* **

In our study, we were able to show that positive results
on the presumably independent biomarkers CRP, hs-TnT
and Hb were indicative of the older ED patient’s risk
of all-cause mortality during the follow-up period, even
when their effects were controlled for each other. This
is in line with the assumption that they exert effects at
least in part across their own respective pathways.”'*** We
could also show that a strong association of the number of
positive biomarkers to mortality existed, even when major
confounders were controlled for. These results support
the idea that risk stratification may especially benefit from
the incorporation of a multitude of biological age-related
markers that exert their effects over different physiolog-
ical pathways.”® Our exploratory approach to examine the
association of the number of positive results to mortality
implies equal weighting of each positive result. However,
effect sizes for the separate biomarkers indicate that the
relationship might be stronger for selected markers (in
our case, hs-TnT). This should be considered in future
work, which may build on large multicentre datasets
that would resolve the issue of the high uncertainty asso-
ciated with the estimates and provide the opportunity
for construction of clinical risk scores involving these
biomarkers.

In this context, itshould be considered that this study has
an exploratory, hypothesis-generating character. Wagner
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et al noted there are many theories trying to explain the
ageing process but as of yet it is not fully understood,”
though the three biomarkers focused on this study are
assumed to be strong candidates for an involvement.
However, their elevation or decrease could also be caused
by underlying diseases such as of the cardiovascular,
oncological or infectious type. As has been noted previ-
ously, despite many efforts it remains difficult to identify
‘pure’ biomarkers of ageing due to their overlap with
disease markers.* Hence, it is important to rule out such
underlying diseases by using further diagnostic tools. For
this purpose, it would be meaningful to expand on the
results of this research by examining the biomarkers in
a large cohort, where precise health data are available.
This health data should be based on a comprehensive
health assessment, and include several indicators for
latent diseases which may not have yet manifested in a
diagnosis.”

Practically one could argue that in case of conspicuous
values of the biomarkers an increased risk can be assumed
and further diagnostic tools are needed. Therefore, the
biomarkers can serve as a good adjunct in risk stratifica-
tion but they cannot replace further diagnostic measures.
As Madhavan et alstated, a biomarker elevation should be
considered in clinical context rather than in isolation.*
Still, as numerous studies showed conspicuous values of
the used biomarkers reflect an increased risk of adverse
outcomes in line with our results,* '** one could argue
that regardless of whether the elevations are caused by
underlying diseases or by the ageing process, they should
be taken into account.

Previous approaches to risk stratification of older
patients in the ED frequently employed questionnaire-
based methods (eg, Identification of Seniors at Risk37).
Although there is quite a body of research on these
approaches, they were found to be limited in their predic-
tive validity.”** In comparison, the biological age-related
biomarkers showed relatively solid associations to the
patient’s all-cause mortality in this and numerous other
studies.” **° Concerning this matter, the cohort presented
in this study was previously examined with regards to
the usefulness of a cognitive screening method for the
patient’s risk stratification. Even when the timeframe of
the current study was restrained to 1year after initial ED
visit, we found the association for biomarkers of ageing to
mortality to be considerably stronger than the association
of the cognitive measure to mortality.*’

Thus, incorporation of biomarkers into the risk stratifi-
cation of older patients in the ED appears to be a conve-
nient, feasible and low-cost approach, as blood collection
is already implemented into the diagnostic routines. In
general, the assessment of biomarkers of age can also be
considered a much more objective approach than (self-)
report-based measures.

Limitations
Several limitations of this study must be taken into
account. Due to the study being a prospective cohort

study with exploratory character, we refrain from causal
inferences. While a cohort of older ED patients is diffi-
cult to recruit, and the follow-up time in this study was
considerably long, this cohort only constitutes a relatively
small sample. This rather small sample size, and conse-
quently the low number of overall events, prevented us
from examining in more detail the specific interactions of
the separate biomarkers. The small number of events also
causes the effects found in this study to come with consid-
erable uncertainty, as indicated by the wide CIs. For this
reason, weighting approaches required to construct clin-
ical risk scores for application in clinical practice were
not feasible. In this context, one could argue that this
study has due to the low number of cases more of a pilot
character. Also, strong conclusions about whether the
values of these biomarkers definitely reflect the biolog-
ical ageing process or whether the effects are attributable
to underlying diseases is not possible, though we made a
strong effort to control for possible confounders available
in our data. The recruitment of the study sample was also
limited to one specific CPU and is therefore as a conve-
nience sample not representative of the more heteroge-
neous patient populations present in the hospital. The
CPU ward relates, among other things, to several specific
health problems, associated treatment approaches and
reasons of hospital confinement. The preconditioned
informed consent procedure also constitutes a selection
effect. Finally, while we did not use age-specific cut-offs
for hs-TnT as their use is discouraged for convenience
in the guideline of the European Society of Cardiology,"'
age-related variation of 99th percentile values might
provide useful information in risk stratification processes
and should be examined in further research.

CONCLUSIONS

As the results in this study show, biomarkers with an
explicit relation to biological ageing processes such
as CRP, hs-TnT and Hb were strongly associated to
older ED patient’s all-cause mortality. Therefore, they
should be considered as potential candidates to supple-
ment or replace risk stratification approaches based on
for example, questionnaires, especially since, unlike
questionnaire-related methods, some of these biomarkers
are already implemented into the routine diagnostic
process within the ED. Given their other properties such
as a clear clinical interpretation and objectivity, they
could become part of low-cost, feasible risk stratification
methods. Future research should address the validation of
risk stratification approaches based on biological ageing
biomarkers in large, multicentre and across the clinical
characteristic diverse samples, which would also allow for
a deeper examination of the interactions of the different
aging-related biomarkers than it was possible in this small
study with pilot character.
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