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Abstract
Introduction

The number of patients without cancer who receive home healthcare is increasing; however, prognostic
prediction is challenging among them. This study aimed to investigate the prognostic value of generic
biomarkers for mortality in patients without cancer who receive home healthcare.

Materials and methods

The multicenter retrospective cohort study included 114 older patients without cancer, of which 12 (10.5%)
died during the study period. The median (interquartile range (IQR)) of the study observation period was 181
(49-293) days. Generic biomarkers included hemoglobin (Hb), albumin (Alb), C-reactive protein (CRP),
estimated glomerular filtration rate (eGFR), aspartate aminotransferase (AST), and alanine aminotransferase
(ALT). A multivariate-adjusted Cox proportional hazard model on all-cause mortality was used to calculate
hazard ratio (HR) and 95% confidence interval (95% CI) for each biomarker. The cut-off values of each
biomarker were calculated by receiver operating characteristic curve analysis. The performance of cut-off
values was evaluated by time-dependent area under the curves (AUCs).

Results

The median (IQR) of AST was 13 (10-21) U/L. The biomarkers significantly predictive of mortality were Hb
(fully adjusted HR: 0.41; 95% Cl: 0.25 - 0.70), Alb (HR: 0.41; 95% Cl: 0.02 - 0.69), and AST (HR: 1.09; 95% Cl:
1.00 - 1.18), along with male sex (HR: 4.07; 95% Cl: 1.15 - 14.35). The AUC of a cut-off value of AST (> 31
U/L) at 360 days was 0.72 (95% CI10.71 - 0.72; p < 0.01), which outperformed the AUCs for Hb and Alb.

Conclusion

AST, in addition to Hb and Alb, may be useful for predicting the prognosis of older patients without cancer,
who had a normal-to-mild increased level of AST, in home healthcare settings. Larger-sample and longer
follow-up studies will be warranted.

Categories: Family/General Practice, Geriatrics, Internal Medicine
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Introduction

In developed countries, the demand for home healthcare is increasing with an aging population [1,2].
Moreover, home healthcare is being promoted in Japan, where it is provided to patients who are unable to
visit medical institutions on their own, such as older adults who require nursing care [3]. Patients receiving
home healthcare are varied and include those with advanced stages of cancer and those without cancer, and
the number of non-cancer patients is increasing [4]. Compared to patients with cancer, those without cancer
typically have a longer duration of home healthcare with various clinical courses due to a diverse range of
non-cancerous diseases, leading to a difficult prognosis and a higher average age of death [3,5-7].

The ability to predict a patient’s prognosis is useful for end-of-life planning for all patients, including those
without cancer [6,8]. Almost all studies on prognostic prediction involve patients with cancer only or both
with and without cancer [3,9,10]; thus, the studies on patients without cancer are necessary with some
objective measures as patient prognosis is one of the main factors contributing to medical decisions in end-
of-life planning [11]. Several generic biomarkers are commonly measured in clinical practice in Japan [12]. In
community-dwelling older people, generic biomarkers such as hemoglobin (Hb) [13], aspartate
aminotransferase (AST) [14], alanine aminotransferase (ALT) [15], estimated glomerular filtration rate
(eGFR) [16], C-reactive protein (CRP) [17], and albumin (Alb) [18] were associated with the risk of all-course
mortality. Although Hb [9-10] and Alb [3,10] have been previously studied as potential prognostic
biomarkers in home healthcare, there is still a lack of research on other routinely employed generic
biomarkers. Therefore, our study aimed to investigate the prediction of those generic biomarkers for all-
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cause mortality in older adults without cancer who received home healthcare.

Materials And Methods

Participants

The multicenter retrospective cohort study was conducted between January 2016 and 2020. Japanese
patients were included if they were aged 65 years or more and receiving care from two home healthcare
clinics based on the chart review. These patients had common disease conditions. The exclusion criteria
were (1) aged less than 65 years; (2) cancer history; and (3) insufficient data. Overall, 114 older patients
without cancer were enrolled in this study. The present study conforms to the Declaration of Helsinki and
was approved by the Institutional Ethics Committee.

Data

Data on patient age, sex, generic biomarkers (Hb, Alb, CRP, AST, ALT, eGFR), duration of home healthcare,
and prognostic information of death were collected from electronic medical records and death certificates.

Hb was measured by the cyanmethemoglobin method. Alb was measured by the modified bromocresol purple
method. CRP was measured by the immune assay. AST and ALT were measured by the ultraviolet method.
eGFR was calculated from the serum creatinine measured by the enzymatic method.

Statistics

Data for descriptive statistics are presented as the median and interquartile range (IQR) for continuous
variables or as a percentage of the population. For survival analysis, hazard ratio (HR) and 95% confidence
interval (95% CI) were determined using univariate, sex- and age-adjusted, and fully multivariate-adjusted
Cox proportional hazard models on all-cause mortality (the outcome). Moreover, measured variables, such
as age, sex, and generic biomarkers, were used in the multivariate analysis. Then, receiver operating
characteristic (ROC) curve analysis was performed using all-cause mortality for the biomarkers that
significantly predicted mortality in the multivariate Cox proportional hazards model, and the closest point
from the upper left corner was used as the cut-off value of each biomarker. Time-dependent ROC curve
analysis was used to evaluate the performance of the cut-off values, and the area under the curves (AUCs)
and 95% CI were calculated by 1000 bootstraps. The cut-off values were evaluated at different time points:
90-day, 180-day, and 360-day. Statistical analyses were performed using BellCurve for Excel version 3.23
(Social Survey Research Information Co., Ltd., Tokyo, Japan) and R version 4.3.1 (R Foundation for Statistical
Computing, Vienna, Austria). A P-value < 0.05 was considered statistically significant.

Results

Table I presents the baseline characteristics of the study patients. The median age (IQR) of participants was
87 (82-91) years, and 24.6% were male. The median (IQR) of the study observation period was 181 (49-293)
days. The median (IQR) of AST was 13 (10-21) U/L (the min-max level was 6-77 U/L).

% or median (n = 114)
24.6

87 (82-91)

11.8 (10.4 - 12.8)
3.5(3.2-3.8)

65 (44 - 77)

21 (17 - 26)

13 (10 - 21)

TABLE 1: Baseline clinical characteristics of patients

Note: Data are shown as the median (interquartile range).

Alb, albumin; AST, aspartate aminotransferase; ALT, alanine aminotransferase; CRP, C-reactive protein; eGFR, estimated glomerular filtration rate; Hb,

hemoglobin

Of the 114 patients, 12 (10.5%) died during the period. The cause of death was attributed to disease
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conditions such as cognitive disorders, hypertension, renal failure, and heart failure. As shown in Table 2,
the biomarkers that significantly predicted mortality were Hb (fully multivariate-adjusted HR: 0.41; 95% Cl:
0.25 - 0.70; p < 0.01), Alb (HR: 0.41; 95% Cl: 0.02 - 0.69; p < 0.05), AST (HR: 1.09; 95% Cl: 1.00 - 1.18; p <
0.05), and male sex (HR: 4.07; 95% Cl: 1.15 - 14.35; p < 0.05). The impact of respective biomarkers on
mortality seemed to be consistent when analyzing the univariate and adjusted HR.

] Univariate analysis Sex- and age-adjusted analysis 0 Multivariate analysis
Characteristics HR (95% ClI) P-value HR (95% ClI) P-value HR (95% ClI) P-value
Male sex 5.21(1.65 - 16.48) <0.01 - - 4.07 (1.15 - 14.35) <0.05
Age (years) 1.00 (0.92 - 1.09) 0.98 - - 0.90 (0.78 - 1.04) 0.14
Hb (g/dL) 0.51(0.36 - 0.71) <0.01 0.53 (0.37 - 0.76) <0.01 0.41(0.25- 0.70) <0.01
Alb (g/dL) 0.17 (0.07 - 0.43) <0.01 0.12 (0.03 - 0.49) <0.01 0.41 (0.02 - 0.69) <0.05
eGFR (mL/min/1.73m?) 0.99 (0.97 - 1.01) 0.24 0.99 (0.96 - 1.01) 0.2 0.99 (0.97 - 1.02) 0.52
AST (UL) 1.04 (1.01 - 1.07) <0.01 1.04 (1.01-1.07) <0.05 1.09 (1.00 - 1.18) <0.05
ALT (U/L) 1.04 (1.00 - 1.07) <0.01 1.03 (1.00 - 1.07) 0.09 0.98 (0.90 - 1.08) 0.71
CRP (mg/dL) 1.14 (0.98 - 1.32) 0.09 1.07 (0.91 - 1.25) 0.42 0.95 (0.76 - 1.19) 0.67

TABLE 2: Prediction of all-cause mortality

Alb, albumin; AST, aspartate aminotransferase; ALT, alanine aminotransferase; Cl, confidence interval; CRP, C-reactive protein; eGFR, estimated
glomerular filtration rate; Hb, hemoglobin; HR, hazard ratio

The cut-off values of Hb, Alb, and AST were 11.1 g/dL, 3.3 g/dL, and 31 U/L, respectively. The number of
patients with Hb < 11.1 g/dL, Alb < 3.3 g/dL, and AST > 31 U/L were 41 (36.0%), 31 (27.2%), and 18 (15.8%),
respectively. The cut-off values that significantly predicted mortality were Alb < 3.3 g/dL (fully multivariate-
adjusted HR: 5.27; 95% Cl: 1.38 - 20.11; p < 0.05) and AST > 31 U/L (HR: 10.77; 95% Cl: 2.97 - 29.03; p <
0.01). As shown in Table 3, the AUCs of AST > 31 were 0.67 (95% CI 0.66 - 0.67; p < 0.01), 0.68 (95% CI 0.67 -
0.69; p < 0.01), and 0.72 (95% CI 0.71 - 0.72; p < 0.01) at 90, 180 and 360 days, respectively. The AUC at 360
days for Hb was 0.67 (95% Cl: 0.66 - 0.67; p < 0.01) and that for Alb was 0.68 (95% Cl: 0.68 - 0.69; p < 0.01).

90-days 180-days 360-days
Characteristics AUC (95% Cl) P-value AUC (95% Cl) P-value AUC (95% ClI) P-value
Hb < 11.1 g/dL 0.74 (0.73-0.74) <0.01 0.71(0.71-0.72) <0.01 0.67 (0.66 - 0.67) <0.01
Alb < 3.3 g/dL 0.73 (0.73-0.74) <0.01 0.72(0.72-0.73) <0.01 0.68 (0.68 - 0.69) <0.01
AST >31 U/L 0.67 (0.66 - 0.67) <0.01 0.68 (0.68 - 0.69) <0.01 0.72(0.71-0.72) <0.01

TABLE 3: The time-dependent AUC of cut-off values of each biomarker

Alb, albumin; AST, aspartate aminotransferase; AUC, area under the curve; Cl, confidence interval; Hb, hemoglobin

Discussion

This is the first description to indicate that AST, in addition to Hb and Alb, is an independent prognostic
biomarker for older patients without cancer, who had a normal-to-mild increased level of AST, in the home
healthcare settings. These findings suggest that the AST level could be measured at baseline and utilized in
combination with the helpful biomarkers (Alb and Hb) as reported previously [3,9-10] for estimating
prognosis in older patients. The time-dependent AUC of AST > 31 also increased by 360 days (Table 5).
Furthermore, because the upper limit of the AST level reference range is 30 U/L [19], the cut-off value of AST
> 31 U/L would be easily acceptable and usable for care workers and general people when applying AST to
home healthcare settings.
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In clinical practice, AST and ALT levels are typically used as an indicator of liver function [20] and their
increases indicate a poor prognosis in the general older population [14-15,21-22]. Moreover, the AST level is
reported to have a better predictive ability for all-cause mortality than the ALT level [14]. Notably, AST is
known as a less specific marker of liver function than ALT; the AST level reflects the damage to other
tissues such as those of the heart, skeletal muscle, and kidneys [14]. The causes of death in the home
healthcare settings are not commonly liver-specific diseases but rather multiorganic disorders; thus, the
prognostic value of AST might be explained by such complex tissue damage in older patients without cancer
[14,20].

In the present study, we observed that low levels of Hb or Alb were associated with a poor prognosis in
patients in home healthcare, which is in line with previous studies [3,9,18]. Low Alb levels are associated
with malnutrition [18], undernutrition [23], and inflammation in non-cancerous diseases [24]. Low Hb levels
are associated with anemia caused by iron deficiency, chronic renal failure, and inflammation [25]. Thus, the
underlying status, as often seen in older patients, could explain the results of the present study.

It is of interest to note the increase in the time-dependent AUC of AST > 31 by 360 days in comparison to
that of Hb and Alb. This may indicate the AST level to be useful for the relatively long-term prognostic
ability while Hb and Alb are predictive of shorter-term prognosis. Patients without cancer, as studied in the
present study, often have a longer duration of home healthcare [3,5-7], which might partly lead to the
highlight of the relevance of AST. Since the number of patients without cancer is increasing [4], we expect
more studies to find out the clinical relevance of their combinations with more biomarkers such as AST
besides Hb and Alb.

Our study had several limitations. First, even though the result was explainable, that was obtained in a
comparatively small sample-sized study. Second, although this was a cohort study, a retrospective design
was used with a comparatively short observation period. Third, although the study patients were not specific
and severe but stable and common disease conditions, the detailed data on diseases and prescribed drugs
were unavailable. In older people, multimorbidity complications and polypharmacy are usually seen [26].
Polypharmacy may affect liver and renal function [27]. Caution should thus be exercised when generalizing
the findings of this study. Larger-sample and longer follow-up studies with detailed data are required in
future work.

Conclusions

This study showed that the AST level, in addition to Hb and Alb, could be useful for predicting the prognosis
of older patients without cancer, who had a normal-to-mild increased level of AST, in home healthcare
settings. High levels of AST might also predict a relatively long-term poor prognosis in comparison to low
levels of Hb and Alb. We expect to find out the relevance of combinations of those biomarkers on clinical
courses in such patients. Further studies are warranted to accumulate the findings.
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