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concomitant disease at time of cancer diagno-
sis. The concept of “frailty” was introduced in 
this context and mainly describes a physical 
and functional decline which may occur as a 
consequence of certain diseases, but often 
also in the absence of identifiable specific dis-
ease [2]. Frailty thus indicates which individu-
als have a higher susceptibility to adverse out-
comes such as hospitalization or mortality 
[3-4]. The pathophysiological causal under-

Introduction

The European Organization for Research and 
Treatment of Cancer (EORTC) Elderly Task Force 
recently expressed the need for an assess-
ment of functional rather than chronological 
age when treating cancer patients [1]. This is of 
special importance in light of predictions of an 
increased cancer burden in many countries 
with aging cancer populations suffering from 
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Abstract: Background: Management of frailty is the cornerstone of geriatric medicine, but there remains a need 
to identify biomarkers that can predict early death, and thereby lead to effective clinical interventions. We aimed 
to study the combination of C-reactive protein (CRP), albumin, gamma-glutamyl transferase (GGT), and HDL to 
predict mortality. Methods: A total of 44,457 persons aged 50+ whose levels of CRP, albumin, GGT, and HDL were 
measured at baseline were selected from the Swedish Apolipoprotein MOrtality RISk (AMORIS) study. A mortality 
score, ranging from 0 to 4, was created by adding the number of markers with abnormal values according to the 
clinical cut-off (CRP > 10 mg/L, albumin < 35 mg/L, GGT > 36 kU/L, HDL < 1.04 mmol/L). Mortality was studied 
with multivariate Cox proportional hazards models. Results: 2,245 persons died from cancer, 3,276 from circulatory 
disease, and 1,860 from other causes. There was a positive trend between mortality score and all-cause mortality 
as well as cancer and circulatory disease-specific death (e.g. HR for all-cause mortality: 1.39 (95%CI: 1.32-1.46), 
2.04 (1.89-2.21), and 3.36 (2.87-3.93), for score=1, 2, and 3+, compared to score=0). Among cancer patients with 
no other co-morbidities (n=1,955), there was a positive trend between the score and mortality (HR: 1.24 (95%CI: 
1.0.-1.49), 2.38 (95%CI: 1.76-3.22), and 5.47 (95%CI: 2.98-10.03) for score=1, 2, and 3+ compared to score=0). 
Conclusions: By combining biomarkers of different mechanisms contributing to patient frailty, we found a strong 
marker for mortality in persons aged 50+. Elevated risks among cancer patients with no other co-morbidities prior 
to biomarker assessment call for validation in other cohorts and testing of different combinations and cut-offs than 
those used here, in order to aid decision-making in treatment of older cancer patients.
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of all cause mortality (HR: 1.66, 1.65, and 1.48 
in age groups < 50, 50-64, and 65+, respec-
tively) [10]. 

Another marker that can be used to assess 
frailty and poor prognosis among the older 
patients is high-density lipoprotein cholesterol 
(HDL) due to its correlation with obesity and 
dyslipidemia [11, 12]. HDL-cholesterol is also 
associated with inflammation [12]. A prospec-
tive cohort study based on 4,128 persons aged 
70 and older showed that after adjustment for 
age and gender, persons with low total choles-
terol had significantly higher mortality than 
those with normal and high total cholesterol. 
Moreover, it was shown that a combination of 
low total cholesterol and low albumin levels 
was even worse for survival, particularly among 
those who also had low HDL-cholesterol [13].  

Thus, several biomarkers and combinations of 
biomarkers have been suggested to predict 
poor prognosis and mortality. To our knowl-
edge, no large prospective cohort study has yet 
examined whether a combination of these 
markers that are easily measurable in clinical 
practice is a strong predictor for mortality in 
older persons. We aimed to study a combina-
tion of CRP, albumin, GGT, and HDL in a Swedish 
cohort of 44,457 persons aged 50 and over.

Methods

Study population and data collection

The Central Automation Laboratory (CALAB) 
database (1985-1996), includes data obtained 
from 351,487 men and 338,101 women, main-
ly from the greater Stockholm area (Sweden). 
All individuals were either healthy individuals 
referred for clinical laboratory testing as part of 
a general health check-up or outpatients 
referred for laboratory testing. No individuals 
were inpatients at the time their blood samples 
were taken and none were excluded due to dis-
ease symptoms or because of treatment. Apart 
from the information on blood testing, no per-
sonal data were included in the CALAB data-
base [14]. This database was linked to several 
Swedish national registries such as the National 
Cancer Register, the Hospital Discharge 
Register, the Cause of Death Register, the con-
secutive Swedish Censuses during 1970-1990, 
and the National Register of Emigration by 
using the Swedish 10-digit personal identity 

standing of frailty is that multi-system reduc-
tion in reserve capacity leads to physiological 
and metabolic changes that drive progressive 
physical and cognitive impairments resulting in 
loss of functional capacity, often augmented by 
acute or chronic disease [5]. The benefit of 
evaluating those underlying biological drivers is 
that early (or even subclinical) identification of 
frailty would then permit proactive clinical inter-
vention to reduce adverse outcomes. The cur-
rent study aims to combine several blood bio-
markers in order to strengthen the prediction of 
mortality.

Since systemic low level inflammation is strong-
ly associated with frailty and early death, 
inflammatory parameters have been used to 
study it [2]. In the context of cancer prognosis, 
the inflammation-based Glasgow Prognostic 
Score (GPS) was introduced as a predictor of 
survival, independent of tumor stage, perfor-
mance status and treatment [6]. This score is 
derived from the acute-phase proteins 
C-reactive protein (CRP) and albumin: patients 
with both abnormal CRP (> 10 mg/L) and albu-
min (< 35 g/L) levels are allocated a score of 
two, patients in whom only one of these abnor-
malities is present are allocated a score of one, 
and patients in whom neither of these markers 
show abnormal levels are allocated a score of 
zero [6]. For instance, in a study of 65 patients 
with colorectal cancer GPS was found to be a 
significant independent predictor of cancer sur-
vival (HR: 1.65 (95%CI: 1.10-2.47)) [7]. The link 
between inflammation and frailty in older 
patients has been shown in several other stud-
ies [1-4]. Biomarkers of the hepatic function are 
another way of assessing frailty in older 
patients; however the potential significance of 
liver function in aging has not been studied 
extensively. Gamma-glutamyl transferase 
(GGT) is a blood marker of liver injury and liver 
disease and is correlated with alanine trans-
aminase (ALT) activity, which is an enzyme 
released from damaged hepatocytes that 
marks fatty liver disease and is linked to obe-
sity and increased mortality and morbidity [8]. 
While a study of 1,673 community-dwelling 
men aged 70 years or older did not find a statis-
tically significant association between GGT and 
frailty [9], a prospective study in the Austrian 
Vorarlberg Health Monitoring and Promotion 
Programme did show that high levels of GGT (> 
28 mg/dL) were associated with increased risk 
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offs (CRP > 10 mg/L, albumin < 35 g/L, GGT > 
35 kU/L, and HDL < 1.03 mmol/L) [6, 21-22]. 
Due to the small number of subjects with mor-
tality score = 4, the score was truncated at 3. 
Multivariate Cox proportional hazards regres-
sion was used to investigate this mortality 
score in relation to all-cause mortality as well 
as cancer-specific and cardiovascular-specific 
death (ICD10: I00-I99). The analysis was con-
ducted for the overall age group as well as for 
different age categories (< 65, 65-74, 75+). All 
models took into account age, SES, gender, and 
the CCI. To ascertain the affect of gender, age, 
and ongoing comorbidities, stratified analyses 
were conducted for men and women, age-
groups 50-64, 65-74, and 75+, and different 
scores of the CCI. We also assessed the asso-
ciation between the mortality score and the CCI 
by calculation the correlation coefficient and 
kappa’s coefficient of agreement between both 
measurements. A sensitivity-analysis was con-
ducted in which those who had < 1 year of fol-
low-up were deleted in order to assess reverse 
causation. To assess and illustrate clinical rel-
evance of our mortality score, we calculated 
the hazard ratios for all-cause death among 
cancer patients with no other co-morbidities 
(n=1,955). In addition, we calculated the sensi-
tivity and specificity for the different values of 
the mortality score after 1, 2, and 3 years of 
follow-up in the same group of cancer patients 
[23]. All analyses were conducted with 
Statistical Analysis Systems (SAS) release 
9.1.3 (SAS Institute, Cary, NC).  

Results

A total of 7,381 persons died during follow-up 
time, of whom 2,245 (30.4 %) died of cancer 
and 3,276 (44.4%) of circulatory disease. All 
the population characteristics are shown in 
Table 1. A higher CCI was observed for those 
who died during follow-up than for those who 
were alive at the end of follow-up (4.73% versus 
0.68% with CCI=4+) (Table 1). 

A multivariate Cox proportional hazards model 
including continuous variables of CRP, albumin, 
GGT, and HDL (adjusted for age, gender, SES, 
and CCI) showed that each variable was statis-
tically significantly associated with all-cause 
mortality: HR or one unit increase: 1.08 (95%CI: 
1.06-1.11), 0.94 (0.93-0.94), 1.37 (1.33-1.41), 
and 0.78 (95%CI: 0.73-0.82), respectively. Note 

number to provide information on socio-eco-
nomic status (SES), vital status, cancer diagno-
sis prior to baseline measurements, and emi-
gration. The linkage of national registers to the 
CALAB database is called the AMORIS study 
and it has been described in detail elsewhere 
[14-20]. This study complied with the 
Declaration of Helsinki, and the ethics review 
board of the Karolinska Institute approved the 
study.

For the current study, we selected a sub-cohort 
of all persons aged 50 years or older, whose 
levels of CRP, albumin, GGT, and HDL were 
measured at baseline and took the following 
information from the CALAB database: CRP 
(mg/L), albumin (g/L), GGT (U/L), HDL (mmol/L), 
age at diagnosis, and gender (n=44,457). From 
the other registries, we collected information 
regarding SES, co-morbidity, and death. 
Charlson co-morbidity index (CCI) was calculat-
ed by using the information from the Hospital 
Discharge Register. The CCI consists of 18 
groups of diseases with a specific weight 
assigned to each disease category (1, 2, 3, and 
6). These weights were then summed to obtain 
an overall score, resulting in five comorbidity 
levels (0, 1, 2, 3, and 4+) indicating a scale 
ranging from no comorbidity to severe comor-
bidity. Follow-up time started at time of mea-
surement and ended at time of event (i.e. 
death), emigration, or end of follow-up (31 
December 2002), whichever occurred first.

The quantitative determination of CRP was 
done with an immunoturbidimetric method 
(reagents from Orion Diagnostics, Finland; 
coefficient of variation (CV) 12% at CRP level 
40 mg/L) and albumin was measured with a 
bromcresolgreen method (CV < 1.8%). The con-
centration of HDL was calculated and the vali-
dation procedures have been reported [14]. An 
enzymatic colorimetric test using L-γ-glutamyl-
3-carboxy-4-nitroanilide as donor substrate 
was conducted to measure levels of GGT 
(reagents from Randox Laboratories Ltd, UK; 
CV ≤ 6.0%) [8]. All methods were fully automat-
ed with automatic calibration and accredited 
laboratory facilities [15].

Data analysis

A mortality score, ranging from 0 to 4, was cal-
culated as the number of biomarkers with 
abnormal values according to their clinical cut-
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Table 1. Descriptive statistics of study population by vital status.

Alive

(N=37,076)

All-cause Death

(N=7,381)

Cancer 
specific Death

(N=2,245)

Circulatory
disease Death 

(N=3,276)

n(%) n(%) n(%) n(%)

Mean Age (years) (SD) 60.46 (7.87) 69.99 (10.28) 66.50 (9.45) 71.72 (10.03)

Gender

Men 18899 (50.97) 3987 (54.02) 1245 (55.46) 1843 (56.26)

Women 18177 (49.03) 3394 (45.98) 1000 (44.54) 1433 (43.74)

SES

White collar 16302 (43.97) 2088 (28.89) 817 (36.39) 840 (25.64)

Blue collar 15460 (41.70) 2111 (28.60) 770 (34.30) 854 (26.07)

Not gainfully employed/Missing 5314 (14.33) 3182 (43.11) 658 (29.31) 1582 (48.29)

Charlson Comorbidity Index

0 31574 (85.16) 4523 (61.28) 1499 (66.77) 1874 (57.20)

1 2790 (7.53) 1142 (15.47) 203 (9.04) 623 (19.02)

2 1997 (5.39) 1026 (13.90) 388 (17.28) 419 (12.79)

3 464 (1.25)) 341 (4.62) 75 (3.34) 180 (5.49)

4+ 251 (0.68) 349 (4.73) 80 (3.56) 180 (5.49)

Cancer prior to measurement 905 (2.44) 936 (12.68) 433 (19.29) 325 (9.92)

Circulatory disease prior to mea-
surement

5246 (14.15) 2227 (30.17) 460 (20.49) 1265 (38.61)

Mean follow-up time (years) (SD) 9.51 (2.82) 5.56 (3.61) 5.58 (3.59) 5.39 (3.62)

CRP (mg/l)

Mean (SD) 5.27 (9.56) 7.82 (18.16) 8.30 (19.55) 7.42 (16.31)

>10 2041 (5.50) 912 (12.36) 283 (12.61) 402 (12.27)

Albumin (g/l) 

Mean (SD) 42.57 (2.60) 41.17 (2.98) 41.26 (3.05) 41.19 (2.83)

<35 61 (0.16) 138 (1.87) 47 (2.09) 46 (1.40)

HDL-cholesterol (mmol/L)

Mean (SD) 1.55 (0.43) 1.47 (0.45) 1.49 (0.44) 1.42 (0.45)

<1.03 3680 (9.93) 1154 (15.63) 304 (13.54) 600 (18.32)

Gamma-glutamyltransferase (U/L)

Mean (SD) 34.61 (42.00) 46.60 (94.54) 48.13 (106.50) 41.80 (59.86)

>36 10009 (27.00) 2309 (31.28) 663 (29.53) 1048 (31.99)

Mortality score

0 23772 (64.12) 3975 (53.85) 1273 (56.70) 1700 (51.89)

1 11039 (29.77) 2480 (33.60) 706 (31.45) 1137 (34.71)

2 2048 (5.52) 762 (10.32) 214 (9.53) 363 (11.08)

3 212 (0.57) 147 (1.99) 45 (2.00) 71 (2.17)

4 5 (0.01) 17 (0.23) 7 (0.31) 5 (0.15)
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and 2.55 (95%CI: 1.95-3.33) for persons aged 
50-65, 65-74, and 75+, respectively).
In order to compare our mortality score with 
CCI, we also calculated the HRs for the associa-
tion between CCI and all-cause mortality, which 
resulted in similar risks (HR: 1.86 (95%CI: 1.74-
1.98), 2.10 (95%CI: 1.96-2.25), 2.58 (95%CI: 
2.31-2.89), and 3.59 (95%CI: 3.57-4.46) for 
CCI=1, 2, 3, and 4+ compared to CCI=0). The 
effect of co-morbidity was then assessed with 
a stratified analysis by values of the CCI (Table 
4). The patterns observed in Table 2 were seen 
in each stratum of CCI, even among those with 
CCI=0. For instance among those with CCI=2 
the risk of cancer-specific death was 1.08 
(95%CI: 0.86-1.36), 2.16 (95%CI: 1.53-3.04), 
and 5.10 (95%CI: 2.83-9.19) for score=1, 2, 
and 3, compared to score=0 (Table 4). The uni-
variate association between our mortality score 
and the CCI indicated that there was not a 
strong correlation between both measure-
ments (correlation coefficient: 0.11; p<0.0001 

that CRP and GGT were log-transformed due to 
their skewed distributions. 

When using the summary mortality score, a 
clear statistically significant positive trend was 
observed between the score and all-cause 
mortality as well as cancer and circulatory dis-
ease-specific death (e.g. HR for all-cause mor-
tality: 1.39 (95%CI: 1.32-1.46), 2.04 (95%CI: 
1.89-2.21), and 3.36 (95%CI: 2.87-3.93) for 
score=1, 2, and 3 compared to score=0). 
Stratification by gender showed similar pat-
terns for men and women (Table 2). 

To identify whether these associations were 
affected by age, a stratified analysis by age 
groups was conducted (Table 3). The same pat-
tern as seen in Table 2 was observed in Table 
3. However, the hazard ratios were slightly high-
er among those in the youngest age group (e.g. 
HR for overall death when score=3: 4.79 
(95%CI: 3.68-6.22), 3.28 (95%CI: 2.45-4.38), 

Figure 1. ROC curve for the mortality score after 1, 2, and 3 years of follow-up among cancer patients with no other 
co-morbidities. 
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Table 2. Hazard Ratio (HR) and 95% Confidence Intervals (CI) for risk of all-cause, cancer-specific, and circulatory disease death. All models 
were adjusted for age, gender, socio-economic status, and Charlson Comorbidity Index.

Total Men Women

All-cause
N=7,381

Cancer
N=2,245

Circulatory
N=3,276

All-cause
N=3,987

Cancer
N=1,245

Circulatory
N=1,843

All-cause
N=3,394

Cancer
N=1,000

Circulatory
N=1,433

HR(95%CI) HR(95%CI) HR(95%CI) HR(95%CI) HR(95%CI) HR(95%CI) HR(95%CI) HR(95%CI) HR(95%CI)

Score=0 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

Score=1 1.39
(1.32-1.46)

1.20
(1.09-1.32)

1.47
(1.36-1.58)

1.29
(1.20-1.38)

1.07 
(0.95-1.21)

1.40 
(1.27-1.55)

1.53 
(1.41-1.65)

1.42 
(1.23-1.64)

1.57
(1.43-1.81)

Score=2 2.04
(1.89-2.21)

1.77
(1.53-2.05)

2.19
(1.95-2.46)

1.90 
(1.72-2.10)

1.65 
(1.37-1.97)

2.11 
(1.83-2.44)

2.25 
(1.97-2.56)

2.10 
(1.63-2.71)

2.18 
(1.79-2.66)

Score=3 3.36
(2.87-3.93)

3.49
(2.64-4.62)

3.40
(2.70-4.28)

3.46 
(2.86-4.18)

3.30 
(2.34-4.65)

3.62 
(2.75-4.77)

2.94 
(2.22-3.89)

3.77 
(2.32-6.12)

2.71 
(1.76-4.19)

Table 3. Age-group specific Analysis: Hazard Ratio (HR) and 95% Confidence Intervals (CI) for risk of all cause, cancer-specific, and circulatory 
disease death. All models were adjusted for age, gender, socio-economic status, and Charlson Comorbidity Index.

Age-group 50-64 (N=30,359) Age-group 65-74 (N=8,709) Age-group 75+ (N=5,389)

All cause
N=2,530

Cancer
N=1,071

Circulatory
N=3,276

All cause
N=2,110

Cancer
N=683

Circulatory
N=938

All cause
N=2,741

Cancer
N=491

Circulatory
N=1,445

HR(95%CI) HR(95%CI) HR(95%CI) HR(95%CI) HR(95%CI) HR(95%CI) HR(95%CI) HR(95%CI) HR(95%CI)

Score=0 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

Score=1 1.47 
(1.35-1.61)

1.28 
(1.12-1.46)

1.56 
(1.35-1.84)

1.45 
(1.32-1.60)

1.16 
(0.98-1.38)

1.64 
(1.42-1.89)

1.27 
(1.17-1.39)

1.11 
(0.90-1.37)

1.31 
(1.17-1.47)

Score=2 2.29 
(2.01-2.61)

1.86 
(1.50-2.30)

2.58 
(2.09-3.18)

2.12 
(1.83-2.45)

1.55 
(1.18-2.05)

2.66 
(2.16-3.27)

1.78 
(1.55-2.04)

2.00 
(1.48-2.71)

1.67 
(1.38-2.02)

Score=3 4.79 
(3.68-6.22)

3.83 
(2.44-6.00)

5.10 
(3.33-7.80)

3.28 
(2.45-4.38)

2.77 
(1.65-4.65)

3.88 
(2.57-5.87)

2.55 
(1.95-3.33)

3.85 
(2.35-6.31)

2.44 
(1.68-3.54)
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Table 4. Hazard Ratio (HR) and 95% Confidence Intervals (CI) for risk of all-cause, cancer-specific, and cardiovascular death, stratified by Charl-
son comorbidity index. All models were adjusted for age, gender, socio-economic status. *Also adjusted for history of cancer prior to measure-
ment. ^Also adjusted for history of circulatory disease prior to measurement.

Total Men Women
All-cause Cancer* Circulatory^ All-cause Cancer* Circulatory^ All-cause Cancer* Circulatory^

HR(95%CI) HR(95%CI) HR(95%CI) HR(95%CI) HR(95%CI) HR(95%CI) HR(95%CI) HR(95%CI) HR(95%CI)
Charlson = 0

Score=0 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)
Score=1 1.40 

(1.31-1.49)
1.30 

(1.16-1.46)
1.42 

(1.28-1.57)
1.33 

(1.22-1.44)
1.21 

(1.05-1.40)
1.35 

(1.18-1.54)
1.51 

(1.36-1.67)
1.45 

(1.21-1.73)
1.54 

(1.32-1.80)
Score=2 2.14 

(1.92-2.39)
1.89 

(1.57-2.29)
2.18 

(1.84-2.58)
2.11 

(1.85-2.41)
1.82 

(1.44-2.29)
2.33 

(1.91-2.85)
2.09 

(1.72-2.54)
1.89 

(1.32-2.71)
1.67 

(1.21-2.31)
Score=3 3.49 

(2.74-4.45)
3.39 

(2.22-5.18)
3.62 

(2.52-5.21)
3.90 

(2.91-5.22)
3.22 

(1.89-5.49)
4.63 

(3.04-7.04)
2.71 

(1.74-4.22)
3.57 

(1.77-7.18)
1.96 

(0.93-4.13)
Charlson = 1

Score=0 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)
Score=1 1.33 

(1.17-1.52)
1.29 

(0.95-1.74)
1.25 

(1.04-1.49)
1.24 

(1.04-1.47)
1.13 

(0.76-1.69)
1.31 

(1.04-1.65)
1.48 

(1.21-1.80)
1.52 

(0.95-2.43)
1.14 

(0.85-1.53)
Score=2 1.80 

(1.49-2.18)
1.37 

(0.85-2.20)
2.06 

(1.62-2.62)
1.65 

(1.30-2.09)
1.10 

(0.59-2.06)
1.95 

(1.44-2.65)
2.09 

(1.52-2.88)
1.90 

(0.92-3.90)
2.37 

(1.59-3.55)
Score=3 2.49 

(1.74-3.56)
1.91 

(0.76-4.78)
2.43 

(1.50-3.92)
2.45 

(1.62-3.69)
1.10 

(0.34-3.56)
2.57 

(1.50-4.38)
2.18 

(1.03-4.62)
15.98 

(3.64-70.10)
1.83 

(0.58-5.74)
Charlson = 2

Score=0 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)
Score=1 1.38 

(1.20-1.58)
1.08 

(0.86-1.36)
1.60 

(1.30-1.98)
1.19 

(0.98-1.45)
0.80 

(0.57-1.13)
1.52 

(1.33-2.03)
1.57 

(1.30-1.90)
1.41 

(1.04-1.92)
1.70 

(1.24-2.32)
Score=2 2.22 

(2.82-2.72)
2.16 

(1.53-3.04)
2.13 

(1.55-2.93)
2.02 

(1.53-2.67)
2.26 

(1.45-3.52)
1.92 

(1.25-2.97)
2.43 

(1.81-3.26)
2.04 

(1.17-3.54)
2.30 

(1.43-3.69)
Score=3 3.19 

(2.18-4.65)
5.10 

(2.83-9.19)
2.69 

(1.49-4.86)
2.61 

(1.58-4.28)
4.43 

(2.03-9.67)
2.01 

(0.92-4.39)
4.04 

(2.26-7.22)
6.24 

(2.54-15.31)
4.21

(1.71-10.36)
Charlson = 3

Score=0 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)
Score=1 1.27 

(0.99-1.61)
1.31 

(0.76-2.27)
1.30 

(0.93-1.81)
1.05 

(0.76-1.45)
0.79 

(0.37-1.68)
0.94 

(0.61-1.44)
1.56 

(1.09-2.23)
2.01 

(0.93-4.35)
2.14 

(1.28-3.57)
Score=2 1.71 

(1.25-2.33)
3.72 

(2.02-6.85)
1.35 

(0.87-2.10)
1.18 

(0.79-1.76)
2.27 

(0.96-5.34)
0.98 

(0.57-1.67)
3.44 

(2.12-5.57)
10.05 

(4.11-24.59)
2.51 

(1.17-5.39)
Score=3 2.80 

(1.57-4.98)
8.69 

(2.90-26.05)
2.09 

(0.89-4.89)
2.71 

(1.38-5.34)
5.90 

(1.64-21.17)
1.79 

(0.69-4.64)
2.63 

(0.82-8.44)
48.72 

(5.04-471.16)
1.90 

(0.26-14.20)
Charlson = 4

Score=0 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)
Score=1 1.34 

(1.04-1.73)
0.79 

(0.46-1.36)
1.67 

(1.16-2.40)
1.28 

(0.89-1.83)
0.82 

(0.39-1.72)
1.60 

(0.97-2.64)
1.44 

(1.00-2.06)
0.78 

(0.35-1.75)
1.82 

(1.08-3.10)
Score=2 1.78 

(1.32-2.40)
1.47 

(0.80-2.70)
1.93 

(1.26-2.97)
1.70 

(1.13-2.56)
1.82 

(0.87-3.79)
1.74 

(0.97-3.14)
1.98 

(1.26-3.12)
1.05 

(0.29-3.74)
2.22 

(1.17-4.22)
Score=3 4.24 

(2.68-6.71)
4.62 

(2.12-10.53)
4.50

(2.22-9.09)
5.67 

(3.08-10.43)
8.76 

(3.30-23.25)
4.22 

(1.53-11.64)
2.88

(1.36-6.09)
1.03 

(0.13-7.91)
5.13 

(1.89-13.90)
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reduce risk of adverse health events. This is 
especially relevant in patients undergoing extra 
stressors of e.g. surgery or cancer treatment 
[2, 24]. 

Chronic inflammation is suggested to play a 
role in the pathophysiology of poor prognosis 
[3]. A combination of abnormal values of albu-
min (< 3.8 g/dL), cholesterol (< 170 mg/dL), 
IL-6 (> 3.8 pg/mL), and CRP (> 2.65 mg/L) was 
studied in a prospective cohort study of 870 
high-functioning persons aged 70-79. Those 
with three or four abnormal values of inflamma-
tory markers were 6.6 and 3.2 time more likely 
to die after 3 and 7 years of follow-up, respec-
tively. Even though pro-inflammatory markers 
are the most commonly studied biomarkers in 
terms of frailty and poor prognosis [1, 4], mark-
ers of liver dysfunction can also add predictive 
information for patient frailty [9]. GGT is one of 
the commonly used markers for chronic liver 
disease, but it has also been associated with 
all-cause mortality, cardiovascular disease and 
death, as well as diabetes and cancer inci-
dence death [22, 25-26]. A recent study in 
NHANES III, based on 14,950 adult partici-
pants, showed that those with elevated GGT 
levels (> 51 U/L in men or > 33 U/L in women) 
were 1.5 times more likely to die from all causes 
of death as well as from cancer. No statistically 
significant results were found for death due to 
cardiovascular disease [25]. Related to liver 
dysfunction and early death are also markers 
of the lipid metabolism as several of them are 
produced by the liver. An Italian prospective 
study that collected data on 359 persons aged 
80 years and older showed a statistically sig-
nificant difference in mean HDL cholesterol 
between those who died after 2 years of follow-
up and those who did not (36.7 mg/dL versus 
43.4 mg/dL) [11]. 

Our study corroborates the above findings as 
we found a significant positive association 
between abnormal values of inflammatory, 
hepatic, as well as lipid biomarkers and mortal-
ity. However, by calculating a summary mortali-
ty score we also aimed to assess the combina-
tion of different mechanisms that might 
contribute to patient frailty in order to get a 
more precise prediction. All our analyses for 
mortality score showed a strong positive trend 
and hazard ratios of a magnitude that is of clini-
cal relevance, especially for those having a 

and kappa’s coefficient of agreement: 0.05; p: 
0.003).

The sensitivity analysis in which those with fol-
low-up of < 1 year were excluded showed simi-
lar, but attenuated, patterns to those observed 
in Table 2, however the results were still statis-
tically significant (results not shown). For 
instance, the hazard ratios for all-cause death 
increased with the values of our mortality 
score: 1.23 (95%CI: 1. 21-1.35), 1.66 (95%CI: 
1.43-1.94), and 2.05 (95%CI: 1.48-2.85), for 
score=1, 2, and 3 compared to score=0.

To assess and illustrate clinical relevance of 
our mortality score, we calculated the hazard 
ratios for all-cause death among cancer 
patients with no other co-morbidities (n=1,955). 
We found a clear statistically significant posi-
tive trend between the score and all-cause 
mortality (e.g. HR: 1.24 (95%CI: 1.0.-1.49), 
2.38 (95%CI: 1.76-3.22), and 5.47 (95%CI: 
2.98-10.03) for score=1, 2, and 3 compared to 
score=0). When assessing death after one year 
of follow-up, this resulted in a specificity of 0.68 
and a sensitivity of 0.59 for a mortality score 
with a cut-off of 0 versus ≥ 1. The area under 
the curve (AUC) was 0.65 when using the mor-
tality score as a predictor of death within one 
year of follow-up (Figure 1).

Discussion

In this large prospective cohort study, the com-
bination of CRP, albumin, GGT, and HDL was 
associated with mortality in persons older than 
50. The hazard ratios of our mortality score 
were of a similar magnitude for all-cause mor-
tality, cancer-specific and circulatory disease 
mortality. The score was shown to be predictive 
among patients for whom the CCI was low. 

The principle focus of geriatric medicine is to 
identify, assess and treat frail older people in 
order to reduce their elevated risks of adverse 
health outcomes and loss of independence. 
Age and chronic-disease related activation of 
inflammation and neuroendocrine dysregula-
tion and metabolic changes leading to physio-
logical frailty (e.g anorexia, anaemia) and clini-
cal frailty (e.g. falls) is a known concept in 
geriatric medicine. There remains however a 
need for combined clinical-biomarker predictor 
tools to identify people at risk of poor prognosis 
in whom clinical intervention may proactively 
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that is difficult to explain by confounding only, 
was found for all-cause mortality as well as 
cancer and circulatory disease-specific death. 
The elevated hazard ratios among cancer 
patients with no other co-morbidities call for 
validation in other cohorts, testing combina-
tions with other markers, and testing other cut-
offs than the clinically accepted levels used 
here, with a view to informing decision-making 
in treatment of older patients with cancer.
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