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ABSTRACT

Background: Biological age may reflect physiological reserve more accurately than
chronological age. This study evaluated whether discordance between biological and
chronological age predicted in-hospital functional decline among older medical
inpatients.

Methods: This prospective observational cohort study included 120 patients aged 60
years or older admitted to a medical ward of General Hospital Lahore between
February 2024 and February 2025. Biological age was estimated using the PhenoAge
model based on chronological age and nine routine biomarkers. Age discordance was
calculated by subtracting chronological age from biological age. Functional status was
assessed using the Barthel Index before admission and at discharge. Functional decline
was defined as a reduction of at least 10 points. Multivariable logistic regression
identified independent predictors.

Results: The mean chronological age was 69.1 6.8 years, while the mean biological
age was 74.0 + 9.4 years. Functional decline occurred in 39 patients (32.5%). Patients
with decline had greater age discordance than those without decline (9.4 + 7.0 versus
2.7 £ 5.4 years; p<0.001). Functional decline occurred in 11.8% of patients without
acceleration, 26.3% with moderate acceleration, and 52.1% with marked acceleration.
Each five-year increase in age discordance independently increased the odds of
functional decline by 56% (adjusted odds ratio 1.56; 95% confidence interval 1.22—
2.00; p<0.001).

Conclusion: Positive biological-age discordance independently predicted in-hospital
functional decline. Biological-age estimation may improve early identification of
vulnerable older patients and support geriatric, nutritional, mobility, and discharge
interventions.

Keywords: biological age; chronological age; PhenoAge; functional decline; older
adults; hospitalization

INTRODUCTION

Population ageing has substantially increased the number
of older adults requiring acute medical hospitalization'.
While for some, admission is essential for the care of an
infection, cardiovascular disease, metabolic disturbance
and other acute illnesses, hospitalization itself may lead to
a loss of independence. Functional decline during
admission can be manifested by a loss or decrease in

mobility, self-care, need for help with activities of daily
living or new caregiver need. This breakdown continues to
be observed in some patients after they leave the hospital
and is associated with longer rehabilitation, readmission,
institutionalization and reduced survival?.

In-hospital functional decline is a complex process
involving the interplay of acute illness and pre-existing
underlying physiological vulnerability®. Adverse functional
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outcomes are associated with frailty, multimorbidity,
cognitive impairment, malnutrition, delirium,
polypharmacy, immobility, and prolonged hospital stay.
These factors, however, can't account for the fact that
patients of the same age and with the same severity of
their disease can have very different outcomes. Some older
adults return to their previous level of functioning, while
others end up with significant disability even though the
precipitating problem was treated®.

The probability of adverse outcomes is generally
greater with increasing chronological age, and thus clinical
risk assessment is often based on chronological age®.
However, calendar age is only a partial indicator of
physiological reserve. The inflammatory activity, metabolic
control, kidney function, nutritional status, immune
competence, haematological stability and cumulative
organ damage can vary considerably between two persons
of the same chronological age. Thus, chronological age by
itself may not be an adequate measure to distinguish
healthy ageing from more rapid physiological
deterioration®.

Biological age has become a possible more valuable
measure of ageing process’. Biological age is a measure of
how much wear and tear a person's body has experienced
due to aging, rather than counting years. Various strategies
have been devised based on molecular, epigenetic,
physiological and clinical data. Of these, phenotypic age (or
PhenoAge) stands out as being particularly well adapted for
hospital based research as it can be calculated via
chronological age and blood markers that are normally
available®.

The PhenoAge model includes mean corpuscular
volume, red-cell distribution width, total white-cell count,
serum creatinine, glucose, albumin and C-reactive protein,
as well as the percentage of lymphocytes®. All of these
variables are related to inflammatory, metabolic, renal,
hepatic, immune, nutritional and haematological status.
The resulting value is an age equivalent measure of the
physiological state of an individual and could be a better
overall indicator of an individual's vulnerability to health
than just chronological age'™.

Biological age and chronological age are different, this
is called age discordance™. Positive discordance means that
the biological age is older than the chronological age, which
could mean faster ageing, lower levels of homeostatic
reserve or more cumulative physiological damage.
Negative discordance occurs when biological age is lower
than chronological age and may reflect relatively preserved
physiological function. Positive age discordance may make
a person more susceptible to acute stress, and to a lesser
ability to bounce back after an illness or hospitalization™.

This discordance in biological age might be
particularly important in older medical inpatients'. Acute

illness leads to raised metabolic needs, inflammation,
disturbed nutrition and sleep and often extended bed rest.
Patients may not have enough physiological reserve to
meet these demands without losing strength, mobility or
independence, particularly if they are biologically older
than chronologically. Biological age could thus help identify
those who are at high risk despite being seemingly similar
based on calendar age alone™.

Although there is increasing interest in biological
ageing, little is known about the association with short
term functional decline during general medical
hospitalisation™. Previous studies have primarily examined
mortality, chronic disease, frailty, or physical performance
over the long-term but not the functional loss between
admission and discharge. The establishment of this
relationship may have significant clinical implications as
PhenoAge can be obtained from laboratory tests which are
already regularly taken during hospitalization'®.

Identification of the biologically older patients at an
early stage could facilitate timely comprehensive geriatric
assessment, mobilization, nutritional intervention,
prevention of delirium, physiotherapy, medication review
and individual discharge planning”. Biological-age
assessment can also be used alongside the more traditional
methods as chronological age, comorbidity scores, frailty
scales and baseline functional status'®.

Thus, the aim of the present study was to assess
whether biological and chronological age discordance was
related to functional decline in hospital among older
medical inpatients'. The hypothesis was that there would
be a stronger association between biological age and
functional decline in patients with a higher biological age
than chronological age and that this relationship would be
independent of frailty, burden of chronic disease, baseline
function, delirium, and duration of hospital stay?°.

MATERIALS AND METHODS

Study setting and place of study

This prospective observational cohort study was conducted
in the Department of Medicine at General Hospital Lahore
Punjab , Pakistan over a one-year period from February
2024 to February 2025. The researchers assessed the
potential of using discordance between biological and
chronological age as a predictor of functional decline
during hospitalization of older medical inpatients. All
participants were recruited within 24 hours of admission,
and then followed up by prospective observation until
discharge.

Study Population
One hundred and twenty medical patients sixty years or
older consecutively admitted were included. Participants
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were admitted via the emergency department or
outpatient service to a general medical ward, were at least
48 hours old and had adequate clinical and laboratory data
available for biological-age estimation. Before the onset of
the present illness, patients had to be documented or
reliably reported as having a functional independence.

Patients were excluded who had terminal illness
(expected survival less than 3 months), severe cognitive
impairment without a caregiver, were completely
dependent in activities of daily living prior to admission,
died before functional reassessment, or had incomplete
laboratory or functional data. Patients who were
transferred to other hospital not assessed prior to
discharge were also excluded.

Sampling Technique and Sample Size

A non-probability consecutive sampling technique was
used. Eligible patients who presented for admission during
the study were approached and included in the study until
the desired sample size of 120 patients was attained. The
selected sample was deemed to be sufficiently large to
assess the association of biological-age discordance with
functional decline in hospital and to adjust for major clinical
confounders.

Data Collection Procedure

A structured data collection form was used to collect
demographic and clinical information within 24 hours of
admission. Chronological age, sex, body mass index,
smoking status, the primary diagnosis on admission to
hospital, comorbid conditions, number of regularly taken
medicines, previous hospitalisations, and baseline
functional status were all recorded. Delirium, transfer to
intensive care, decreased mobility and requirement for
physiotherapy were all recorded as clinical events relevant
during the hospital stay.

Charlson Comorbidity Index was used to measure the
burden of comorbidities. Frailty was assessed using the
Clinical Frailty Scale, which uses the pre-acute illness health
and functional status. Polypharmacy was considered to be
the use of 5 or more drugs regularly. Routine clinical
nutritional assessment at admission identified the
nutritional risk.

Laboratory Assessment

Biological-age was determined from venous blood samples
collected as part of standard clinical care within 24 hours of
admission to hospital. The serum albumin, creatinine,
glucose, C-reactive protein, alkaline phosphatase,
percentage of lymphocytes, mean corpuscular volume,
red-cell distribution width, and total white-cell count were
measured as biomarkers. Laboratory analysis was carried
out in the central laboratory of the hospital using

standardized automated method with routine quality
control procedures.

Assessment of Biological Age
Biological age was estimated using the PhenoAge model,
which is derived from nine routinely measured clinical
biomarkers and chronological age. The values of the
biomarkers were then fed into the existing mathematical
algorithm to produce an age-equivalent estimate that
represents the patient's physiological state.
Biological-chronological age discordance was
determined as estimated biological age — chronological
age. Positive values meant the patient was biologically
older than the calendar age, negative values meant that the
patient was biologically younger. For categorical analysis,
participants were split into three groups: no biological-age
acceleration (discordance of 0 or less than 5 years);
moderate biological-age acceleration (discordance 5 years
or less); and marked biological-age acceleration
(discordance > 5 years). Age discordance was also analysed
as a continuous variable.

Functional Assessment

Functionality was assessed by the Barthel Index of function
which included 10 domains of activities: feeding, bathing,
grooming, dressing, bowel and bladder control, toilet use,
transfers, mobility and stair climbing. The total score is
from 0 to 100, with higher scores representing higher
functional independence.

Baseline function was assessed within 24 hours of
admission by questioning the patient/carer about the
patient's ability to carry out activities of daily living in the 2
weeks before the acute illness. A trained and blinded
investigator repeated the functional assessment within 24
hours prior to discharge from hospital when feasible.

Study Outcome

In-hospital functional decline was the primary outcome.
This was taken as a decrease of at least 10 points in Barthel
Index score from the pre admission assessment to the
assessment at the time of discharge. Patients with a
decrease of less than 10 points, no change in score or
improvement in score were classified as not having a
functional decline. Secondary outcomes assessed were:
absolute change in Barthel Index score, new dependence in
mobility assistance, need for caregiver assistance and
length of hospital stay.

Evaluation of potential confounders

Potential confounding factors included chronological age,
sex, baseline Barthel Index, frailty, number of
comorbidities, polypharmacy, nutritional risk, delirium,
admission diagnosis, and hospital stay. Delirium was
evaluated in hospital through the use of the Confusion
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Assessment Method in conjunction with routine clinical
evaluation. The length of hospital stay was defined as the
time from admission to discharge from the hospital.

Data Quality Control

All data were obtained from investigators who have been
trained in the use of the study instruments. Completed
forms were checked on a daily basis for missing and
inconsistent information. Laboratory parameters were
compared with the hospital information system and
functional data was rechecked prior to data entry. The data
was stored in a password protected database, with a
random sample of the data being checked against the
original form to reduce error in filling in the data.

Statistical Analysis

The data were analysed using SPSS version 27.0
Descriptive statistics of the continuous variables were
expressed as mean  SD or as median (IQR). For categorical
variables, frequencies and percentages were used.
Analyses of the continuous variables were carried out using
the independent-samples t test or the Mann—-Whitney U
test between those patients with and without functional
decline. Categorical variables were analyzed using chi-
square or Fisher exact test.

Pearson or Spearman correlation tests were used to
assess the correlation between chronological age,
biological age, age discordance and the change in Barthel
index. Factors associated with functional decline were first
identified by univariable logistic regression. Multivariable
logistic regression was used for all variables which were
clinically important or had a p-value < 0.10 in univariable
analysis.

Both categorical and continuous age discordance (in
5-year increments) were analyzed. Adjusted Odds Ratios
and 95% Confidence intervals were provided. Appropriate
goodness of fit testing and receiver operating characteristic
curve analysis were used for model calibration and
discrimination.  Prior to building final models,
multicollinearity was checked. Two-sided p-values of < 0.05
were regarded as statistically significant.

Ethical Considerations

Ethical clearance has been granted by the Institutional
Review Board .All participants or their legally authorized
representatives signed informed consent forms prior to
enrollment. All of the information collected was
confidential, anonymised prior to analysis and used solely
for research purposes.

RESULTS

Study Population
One hundred and thirty-two older medical inpatients were
screened for the study during the study period. Twelve

patients were not included due to insufficient laboratory
data, lack of functional data prior to admission, referral to
another health care facility or no functional assessment at
discharge. Finally, 120 participants were included in the
analysis.

The age range for the studied population was 60-86
years and the mean chronological age was 69.1 + 6.8 years.
There were 64 women (53.3%) and 56 men (46.7%). The
mean biological age was 74.0 + 9.4 years and the mean
difference between biological and chronological age was
4.9 + 6.8 years. 86 participants (71.7%) had a biological age
that was higher than their chronological age.

Mean pre admission Barthel Index was 88.4 + 11.5
points and mean discharge Barthel index was 80.8 + 16.2
points. Of the 39 participants with a decrease of at least 10
points, 32.5% experienced functional decline in hospital.
The other 81 patients (67.5%) had a decrease in functional
status of less than 10 points or no change in functional
status.

The mean chronological age was not significantly
different between the group of patients with and without
functional decline. But the gap between the two types of
age was far greater than the gap between the two ages. The
mean biologic age was 81.3 + 8.5 years among the patients
with functional decline, and 70.5 £ 7.7 years among the
patients who did not decline.

The biological — chronological age discordance was
also significantly higher for the functional-decline group.
Among patients with functional deterioration, the
difference between biological age and chronological age
was 9.4 + 7.0 years, while among the patients without
functional deterioration, the difference was 2.7 + 5.4 years.

Charlson Comorbidity Index and Clinical Frailty Scale
scores were higher for patients with functional decline.
These patients were also more likely to receive
polypharmacy, be at nutritional risk, experience delirium
during the hospitalization, and have a history of
hospitalization in the year prior to the hospital stay. Sex
distribution, pre admission Barthel index and body mass
index were not found to be significantly different among
them. As shown in Table 1, the mean length of the hospital
stay was significantly higher in patients who had functional
decline.

Distribution of Biological-Age Discordance

Participants were split into three groups based on their
difference between their biological age and chronological
age. Thirty-four patients (28.3%) did not show any
biological-age acceleration: biological age was equal to or
lower than chronological age. Moderate acceleration (0.1—
5.0 years) was found in 38 patients (31.7%) and marked
acceleration (more than five years) was found in 48 patients
(40.0%).
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There was a corresponding gradient of in-hospital
functional decline with each of the three levels of biological
age. There was functional decline in 4 of 34 patients
(11.8%) without biological-age acceleration; in 10 of 38
patients (26.3%) with moderate acceleration; and in 25 of
48 patients (52.1%) with marked acceleration. Statistically
significant difference was found between the groups.

There were no significant differences among the three
groups in pre-admission Barthel Index scores, but there
were significant differences in discharge scores. The mean
Barthel Index scores for patients without biological-age
acceleration, moderate-acceleration, and  marked-
acceleration groups were 89.2 + 10.6 points, 82.7 + 14.3
points, and 71.8 + 17.4 points, respectively.

The mean decrease in Barthel Index was 1.8 + 5.9 for
patients without acceleration, 6.4 + 8.7 for patients with
moderate acceleration, and 14.1 + 12.6 for patients with
marked acceleration. These results showed that the extent
of this biological-age acceleration was related to the degree
of functional decline in a graded manner.

Delirium in-hospital was found in 2.9% of the without
acceleration group, 10.5% of the moderately accelerated
group and 20.8% of the markedly accelerated group.
Likewise, the need for new mobility assistance and
caregiver support at discharge was more often the higher
the biological age discordance. Table 2 also indicates that
the mean length of stay in hospital also rose steadily in the
three categories.

Correlation Between Age Measures and Functional
Change

There was a weak positive correlation with chronological
age and the decrease in Barthel Index score, suggesting
that functional decline slightly increased with age. The
correlation coefficient between chronological age and
Barthel Index reduction was 0.24 and P value is 0.008.

Biological age was found to be more associated with
functional deterioration. The biological age and Barthel
Index reduction had a correlation coefficient of 0.46, and
the p value was <0.001. Biological-chronological age
discordance showed the highest relationship with
reduction in functional status with a correlation coefficient
of 0.49 and a p-value of <0.001.

The results showed that the association between
biological age and age discordance was more tightly
coupled to the functional decline in hospital than
chronological age alone.

Univariable Analysis

Every one year increment in chronological age was
independently associated with functional decline by an
additional 9% in univariable logistic regression analysis.
This means that for every five-year difference between

biological-chronological age, there was a 78% higher risk of
functional decline.

Patients with moderate biological-age acceleration
were 2.68 times more likely to have functional decline than
patients without biological-age acceleration, but this was
not statistically significant. The patients with extreme
biologic-age acceleration had over eight times the risk of
functional deterioration, in contrast.

Clinical Frailty Scale scores and Charlson Comorbidity
Index scores were significantly associated with a decline in
function. In the univariable analyses, the use of
polypharmacy, nutritional risk, delirium and prolonged
hospitalization were also each associated with increased
odds of functional deterioration.

Multivariable Analysis

A multivariable logistic regression model was constructed
to test if there was an independent association between
biological-chronological age discordance and functional
decline. The following were included in the model: age
discordance, chronological age, sex, Clinical Frailty Scale,
Charlson Comorbidity Index, in-hospital delirium, and
length of hospital stay.

Biological-chronological age discordance was an
independent predictor of functional decline after these
variables were accounted for. For each 5-year difference in
age discordance, there was 56% higher adjusted odds of
functional deterioration.

Biological-age acceleration, as a categorical predictor,
was also studied. The more a patient's biological age was
older than their chronological age, the higher the adjusted
odds of functional decline were, with the odds being 3.89
times higher in patients with biological-age acceleration of
more than five years.

Each increment in the Clinical Frailty Scale was an
independent predictor, with a 54% increase in the adjusted
odds of functional decline for every point increase. The
adjusted odds of functional deterioration rose by 2.84
times with each additional day of hospitalization and those
who developed delirium in hospital.

In univariable analyses, chronological age and
Charlson Comorbidity Index were significantly associated
with functional decline but were not independently
associated with functional decline after accounting for
biological-age discordance, frailty, delirium and length of
stay. The results of the regression are shown in table 3.

Predictive Performance

The area under the receiver operating characteristic (ROC)
curve for a conventional clinical model was 0.73 and
included chronological age, sex, clinical frailty scale,
Charlson comorbidity index, in hospital delirium, and
length of stay.
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Biological-chronological age discordance added 0.02
to the area under the curve, which reflects better
discrimination between patients who experienced
functional decline and those who did not.

A biological-age discordance threshold > 5 years
revealed a sensitivity of 64.1% and specificity of 71.6% for
the identification of patients who developed functional
decline. Positive predictive value = 52.1% and negative
predictive value = 80.6%.

Principal Findings

About one-third of the population experienced in-hospital
functional decline. Biological age and positive discordance
between biological and chronological age was significantly

higher in patients with functional deterioration as
compared to patients who did not deteriorate in function.

There was a well-defined age-discordance continuum.
Biological-age acceleration was associated with a gradient
of increased frequency and severity of functional decline,
delirium, needs for mobility support, caregiver support and
hospital length of stay.

Even when accounting for chronological age and sex
as well as frailty, comorbidity burden, delirium and length
of hospitalization, biological-chronological age
discordance was still independently associated with
functional decline. It also enhanced the performance of the
classical clinical model.

Table 1: Baseline and Clinical Characteristics According to In-Hospital Functional Decline

Variable No functional decline (n=81) Functional decline (n=39) p-value

Chronological age, years 67.8+6.3 71.8+7.0 0.002

Female sex, n (%) 41 (50.6%) 23 (59.0%) 0.389

Male sex, n (%) 40 (49.4%) 16 (41.0%) 0.389

Biological age, years 70.5+7.7 81.3+8.5 <0.001
Biological-chronological age discordance, years 2.7+5.4 9.4+7.0 <0.001
Body mass index, kg/m? 25.8+4.2 249+45 0.279

Charlson Comorbidity Index 2.7+1.5 41+1.8 <0.001

Clinical Frailty Scale 3.7+1.1 50+1.3 <0.001

Pre-admission Barthel Index 89.8+10.4 85.6 +13.0 0.058
Polypharmacy, n (%) 39 (48.1%) 27 (69.2%) 0.030

Nutritional risk, n (%) 19 (23.5%) 19 (48.7%) 0.005

In-hospital delirium, n (%) 5(6.2%) 10 (25.6%) 0.002

Previous hospitalization within one year, n (%) 21 (25.9%) 18 (46.2%) 0.026
Length of hospital stay, days 6.0+2.7 8.8+3.8 <0.001

Table 2: Functional and Clinical Outcomes According to Biological-Age Discordance
Outcome No acceleration, Moderate acceleration, Marked acceleration, p-value
<0 years (n=34) 0.1-5.0 years (n=38) >5 years (n=48)

Functional decline, n (%) 4(11.8%) 10 (26.3%) 25 (52.1%) <0.001
Pre-admission Barthel Index 91.0+9.3 89.1+10.7 85.9+13.1 0.073
Discharge Barthel Index 89.2 +10.6 82.7+14.3 71.8+17.4 <0.001
Reduction in Barthel Index 1.8+5.9 6.4+8.7 14.1+12.6 <0.001
In-hospital delirium, n (%) 1(2.9%) 4 (10.5%) 10 (20.8%) 0.038

New mobility assistance at discharge, n (%) 2 (5.9%) 7 (18.4%) 17 (35.4%) 0.003
New caregiver requirement, n (%) 3 (8.8%) 8(21.1%) 18 (37.5%) 0.009
Length of hospital stay, days 55+2.4 6.7+2.9 8.3+3.8 <0.001

Table 3: Logistic Regression Analysis of Predictors of In-Hospital Functional Decline
Predictor Unadjusted odds ratio p-value Adjusted odds ratio (95% p-value
(95% confidence interval) confidence interval)
Biological-chronological age discordance, per 1.78 (1.41-2.25) <0.001 1.56 (1.22-2.00) <0.001
five-year increase

Marked biological-age acceleration, >5 years 8.15 (2.52-26.37) <0.001 3.89 (1.37-11.03) 0.011
Chronological age, per year 1.09 (1.03-1.16) 0.003 1.03 (0.96-1.10) 0.412

Female sex 1.40 (0.66-3.00) 0.389 1.24 (0.52-2.94) 0.627

Clinical Frailty Scale, per point 2.15(1.55-2.99) <0.001 1.54 (1.10-2.16) 0.012
Charlson Comorbidity Index, per point 1.63 (1.30-2.04) <0.001 1.19 (0.93-1.53) 0.168
In-hospital delirium 5.24 (1.68-16.36) 0.004 2.84 (1.01-8.02) 0.048

Length of hospital stay, per day 1.30(1.15-1.47) <0.001 1.11 (1.01-1.23) 0.032
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DISCUSSION

The present study revealed strong association between
discordance between biological and chronological age, and
functional decline among older medical patients in
hospital'. About one-third of the subjects had a clinically
significant decrease in the Barthel Index score during their
hospital stay. Patients with functional decline were
significantly older and were more positively age discordant
than patients who were able to maintain function?.

Biological-age acceleration and functional
deterioration were clearly related®. Few patients with
biological age equal or less than chronological age
experienced functional decline. The frequency was higher
in the moderate acceleration group and the highest in the
group whose biological age was more than 5 years older
than their chronological age. This suggests a spectrum of
physiological vulnerability to biological age discordance
and not just a dichotomy of risk*.

In the unadjusted analysis, but not statistically
significant after taking into account biological-age
discordance, frailty, delirium, comorbidity and length of
stay, chronological age was associated with functional
decline®. This discovery shows that age alone cannot be
used to evaluate older patients. Some may have a high
inflammatory load, while others may have low
inflammatory load; some may be well nourished, while
others may not have a very good nutritional status; some
may be in a much better kidney condition, while others may
not be as good; some may be in a more stable metabolic
state, while others may not; some may be immune
competent while others may not; and some may have a
very stable hematological profile while others may not.
Biological age may better reflect these differences and thus
offer a more true measure of the patient's tolerance to an
acute illness®.

The biological-age model applied in this study
included laboratory measures of multiple physiological
systems which were routinely collected’. Low albumin is a
potential sign of malnutrition, inflammation, liver diseases,
or low protein reserve. Creatinine is a marker of renal
function, and high C-reactive protein and abnormalities in
white-cell counts are markers of inflammatory activation.
The glucose, alkaline phosphatase, Iymphocyte
percentage, mean corpuscular volume and red-cell
distribution width offer further details of metabolic,
hepatic, immune, and haematological health. The reason
for this stronger relationship of a functional decline with
biological age than chronological age alone may be the
integration of these variables in a single age-equivalent
measure®.

There was also a higher reduction in Barthel index
scores for discharge, longer hospital stay, more delirium
and more mobility and caregiver support needed in
patients with marked biological-age acceleration®. The
results suggest that biological ageing could be a modifier of
the functional decline and of its clinical severity and impact.
These patients may be less physiologically capable and may
have impaired abilities to tolerate periods of bed rest,
acutely inflamed tissues, nutritional deprivation, sleep
impediments, and other stressors present with hospital
admission™.

In the adjusted model, frailty was independently
associated with functional decline™. This was not surprising
as frailty is defined as a decreased ability to withstand
physiological stress and is closely linked to disability. Still,
the effect of biological age discordance was found to be
significant even when frailty was taken into account. The
two indicators can thus reflect some of the same, but not
necessarily all components of vulnerability. Biological age
reflects laboratory evidence of multisystem physiological
deterioration, while frailty is the primary measure of
clinical performance, dependence and overall health
status™.

Also, the independence of the association of delirium
and functional decline was clinically important™. Delirium
may result in decreased patient engagement with mobility,
feeding, rehabilitation, and self-care. May also be a sign of
serious acute illness or underlying neurological sensitivity.
Biological-age acceleration might be a useful indicator of an
especially high-risk population if along with delirium, these
patients would benefit from intensive multidisciplinary
treatment™.

An additional independent predictor of functional
decline was longer hospital stay'™. Longer stays can be the
cause of prolonged periods of immobility, muscle wasting,
sleep disturbances, inadequate nutrition, and hospital-
acquired complications, as well as being an opportunity for
older adults to become exposed to these risks. But the
association could also go the other way—patients who
have functional decline might need longer hospital stays for
rehabilitation and discharge planning'®.

The conventional clinical model was enhanced by the
incorporation of the biological-age discordance, which
increased the discriminatory ability of the clinical model".
This indicates that biological age may be of prognostic value
in addition to the age, comorbidity, frailty, and acute clinical
events. The negative predictive value of the five-year
discordance threshold was also relatively high, suggesting
that patients who do not have a marked acceleration may
be less likely to have functional decline. However, biological
age discordance should not be used alone as a diagnostic
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test. It may be best suited as part of a comprehensive risk
assessment program'®,

Routine laboratory variables are used, which makes
this approach clinically practical™. Biological age could be
determined automatically, for example in hospital
information systems, and without the use of molecular
testing or special equipment. Patients that were
biologically older than their chronological age might be
offered early geriatric assessment, medication review,
nutritional support, delirium prevention, physiotherapy,
structured mobilisation and individual discharge
planning?®.

This study had several strengths?. It was prospective,
it included all consecutive admissions to hospital for
medical conditions, it used a standard instrument to assess
functional status and it looked at biological-age
discordance both as a continuous and categorical variable.
Other key factors, such as frailty, comorbidity, delirium,
baseline function and length of hospital stay, were also
taken into account™.

There are some drawbacks to take into account’. The
study was performed in one centre and the sample was
relatively small and this may restrict the generalizability
and precision of the findings. Some baseline Barthel Index
scores were based on patient/carer reported scores and
thus could have been influenced by reporting bias.
Laboratory measurements were made during acute illness
and the age obtained was biological age, which may also
have reflected disease-related variables®.

Patients who died or were transferred were not
included in final functional analysis, as were those who did
not have discharge assessments®. They may have
underestimated the association between biological-age
acceleration and poor outcomes as they were not included.
Functional status was only measured at discharge and the
study did not assess if functional losses continued post
hospital. Other disease severity, socioeconomic,
rehabilitation intensity or social support factors are also
potential sources of residual confounding™.

These findings should be confirmed in larger and
more heterogeneous groups of patients in future
multicentre studies®. Biological age measurements
repeated after clinical stabilization may help to differentiate
between chronic biological ageing and the effect of acute
illness. More information is also required on longer follow-
up to see if age discordance is predictive of persistent
disability, readmission, institutionalization and mortality.
Interventional trials should be conducted to assess how
targeted geriatric care of patients with accelerated
biological ageing might lower hospital associated
disability!2°,

CONCLUSION

In older patients in medical wards, positive discordance
between biological and chronological age was an
independent predictor of functional decline in hospital.
Those who were biologically older than their chronological
age by greater than 5 years had highest biological
functional independence loss, longest length of stay and
greatest mobility and caregiver support needs. Biological-
age discordance alone was a better prognostic variable
than chronological age alone and biological-age
discordance combined with conventional clinical
assessment was a better predictor than chronological age
alone. Thus, the use of routine admission biomarkers to
calculate a biological age may be a practical approach to
identifying vulnerable older people early in the course of
hospital admission. Biological-age assessment along with
frailty evaluation, delirium screening, nutritional
assessment, and baseline functional status may help to
provide more personalized care. Structured discharge
planning, nutritional intervention, delirium prevention, and
early mobilization and rehabilitation are all targets to
consider for patients with significant biological-age
acceleration. More extensive multicentre studies with
documented clinical data are needed to recommend
routine use.
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