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Abstract: Readmission rates among older adults are a growing concern, and the association of
readmission with anemia and the potential benefits of a systematic assessment and intervention
remain unclear. This study investigated the association between anemia and readmission within 28
and 90 days in an older population. Data from 1280 patients admitted to the Department of General
Medicine of Unnan City Hospital between April 2020 and December 2021 were retrospectively
analyzed. Variables such as anemia status, Charlson comorbidity index (CCI) score, Functional
Independence Measure (FIM) score, and dependent status were evaluated. Multivariate logistic
regression was used to determine the associations between 28-day and 90-day readmissions. The
average age was 84.9 years, and the prevalence of anemia was 36.4%. The readmission rates within
28 and 90 days were 10.4% and 19.1%, respectively. Anemia was significantly associated with
readmission in both periods (28-day adjusted odds ratio, 2.28; 90-day adjusted odds ratio, 1.65).
CClI score, FIM score, and dependent status were also identified as significant factors. Anemia is
significantly associated with short- and medium-term readmissions in older patients. Addressing
anemia, along with other identified factors, may help reduce readmission rates.
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1. Introduction

Anemia is a prevalent condition in older adults, and its presence correlates with
increased mortality and hospitalization rates. The effective management of anemia in
older adults is paramount and requires rigorous assessment. According to the World
Health Organization, anemia is characterized by hemoglobin (Hb) levels of <13 g/dL in
males and <12 g/dL in females [1]. Among individuals aged > 65 years, the prevalence of
anemia is 17%; however, it increases to 40% in hospitalized patients and 12% in community
settings [2]. An increase in the prevalence of anemia was observed with advancing age [3].
The specific definition of anemia in older adults remains ambiguous because the lower Hb
threshold in healthy older individuals is not markedly different from that in their younger
counterparts [4]. Numerous studies have linked anemia to increased mortality rates,
increased hospitalization, dementia, falls, diminished physical function, and decreased
quality of life (QOL) in older adults [3]. A cohort study involving 17,030 individuals aged
66 and above demonstrated an inverse J-shaped correlation between Hb levels and all-cause
mortality and hospitalization due to cardiovascular events [5]. Minimal mortality risk was
observed at Hb ranges of 13-15 g/dL for females and 14-17 g/dL for males, regardless
of chronic kidney disease (CKD) status [3,5]. Given that the definition of anemia in older
adults aligns with that in younger populations, its management should be approached in a
similar manner across different age groups.
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In a previous study, we examined anemia recognition among older adults in a rural
community hospital [6]. The findings indicated that only 40.4% of older patients in this
setting were identified as having anemia. Multivariate logistic regression analysis revealed
that age was the only significant predictor of anemia recognition. This association suggests
potential ageism in anemia recognition among the older adult population. Ageism, which
refers to stereotypes, prejudices, and discrimination based on age, has been consistently
linked to adverse physical and psychological health outcomes [7-9]. Although older adults
deserve comprehensive medical care, age-based limitations may persist. While there is
a clear association between anemia and increased mortality and hospitalization in older
adults, the potential benefits of systematic assessment and intervention remain unclear.

Although our previous research highlighted a suboptimal rate of anemia recognition,
the influence of anemia on outcomes, such as readmission rates, remains ambiguous. More-
over, the impact of anemia diagnosis and treatment on outcomes, such as readmission rates,
is yet to be determined. Frequent hospital readmissions in older patients have economic
and prognostic ramifications [10,11]. Some of these readmissions may be avoidable, and
the economic repercussions of preventable readmissions have been documented [12]. No-
tably, hospital readmissions in older individuals correlate with increased 1-year mortality
rates. However, it remains uncertain whether mitigating readmissions directly enhances
survival [11]. This study aimed to ascertain whether anemia in older adults is correlated
with readmission rates and the interval between discharge and subsequent readmission.

2. Materials and Methods
2.1. Setting

Unnan City Hospital, located in the southeastern part of Shimane Prefecture, Japan, is
a rural community hospital and the only public hospital in the city. The hospital team con-
sisted of 27 physicians, 197 nurses, seven pharmacists, 15 clinical technicians, 37 therapists
(22 physical therapists, 12 occupational therapists, three speech therapists), four nutrition-
ists, and 34 clerks. No other medical institution is equipped with a recovery or rehabilitation
unit in its vicinity. In 2023, the population of Unnan City was 35,686 (17,199 males and
18,487 females), with 40.27% aged > 65 years [13].

2.2. Participants

The study focused on a geriatric cohort, encompassing patients aged 65 years and
above. This deliberate choice was made to gain insights into the health outcomes and
medical needs of older adults, a demographic that often faces unique medical challenges.
Our research included only patients admitted to the Department of General Medicine at
Unnan City Hospital. This department was selected due to its broad spectrum of patient
care, offering a rich and diverse patient profile for assessing general health conditions
prevalent in older adults. We ensured the integrity of our research by including only
patients with comprehensive and complete electronic medical records. In our pursuit
of focused and relevant data, we excluded patients admitted to departments other than
General Medicine, which was vital to maintain the specificity and relevance of our study to
general health conditions; individuals who were admitted for routine medical checkups;
and patients with any gaps or incompleteness in their electronic medical records.

2.3. Data Collection

Data were retrospectively collected from the electronic medical records of the hospital.
This study considered readmissions within 28 and 90 days as the dependent variables.
Though the lower limit for normal Hb in older patients remains undefined, one Swedish
study involving healthy participants aged 70-88 determined a lower limit of 11.5 g/dL for
those aged 80-82 years [14]. In the older Japanese population, a threshold of 11.0 g/dL
is commonly used [15]. Given that the average age of our participants was 84.9 years,
anemia was defined as an Hb level less than 11.0 g/dL. Based on previous studies, risk
factors for readmission were identified and assessed as independent variables [11]. Data
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on these variables, including age, sex, albumin level, BMI, dependent conditions, Charlson
comorbidity index (CCI) [16], admission and discharge facilities, Functional Independence
Measure (FIM) score on admission [17], number of medications, Hb level, admission
duration, readmission occurrence, time to readmission, and readmission within 28 and
90 days, were derived from the electronic medical records. Laboratory metrics, such as
albumin and Hb levels, were extracted from tests conducted on the day of admission. FIM
values were recorded by a nurse through interviews at the time of admission. Dependent
status was defined as a level of care needs that corresponds to the use of long-term care
insurance, which is one of the Japanese social insurance systems, and it is graded from 1 to
5 (with 5 indicating that the individual requires the most care).

2.4. Statistical Analysis

For continuous variables, data normality was confirmed before statistical testing. The
t-test and Mann-Whitney U test were applied to parametric and nonparametric data, re-
spectively. Fisher’s exact test was used for nominal variables. Certain continuous variables
were dichotomized for binary analysis: CCI (either > 5 or <5) [16] and dependent condition
(either dependence > 1 or 0) [18]. To explore the correlation between readmission occur-
rence and other influential factors, multivariate logistic regression analysis was performed.
Only variables that were correlated with anemia in the univariate regression analysis were
considered in the multivariate logistic model. All statistical analyses were conducted using
Easy R (version 1.54; R Foundation for Statistical Computing, Vienna, Austria), with the
significance level set at p < 0.05 [19].

2.5. Ethical Considerations

Patient information anonymity and confidentiality are of utmost importance. Both
the patients and their family members were briefed on the use of their medical records
for this study, and informed consent was obtained. A summary of the research, excluding
personal patient details, is accessible on the website of the hospital. Contact details for the
hospital representative were available, ensuring that any questions regarding the study
could be addressed promptly. All the study procedures were performed in accordance with
the Declaration of Helsinki and its subsequent amendments. This study was approved by
the Clinical Ethics Committee of Unnan City Hospital (approval number: 20210005; date:
18 May 2021).

3. Results
3.1. Demographics of Participants

Figure 1 shows a flowchart of the study population selection process. From April 2020
to December 2021, 1756 patients were admitted to the Department of General Medicine
of Unnan City Hospital. A total of 299, 144, and 22 patients were excluded because of
hospitalization for medical checkups, age < 65 years, or incomplete data (no Hb data, 3; no
albumin data, 9; no BMI data, 7; and no FIM data, 3), respectively. Eleven patients were
excluded because they were still hospitalized at the time of the study. In total, 1280 patients
were included in this study.

3.2. Characteristics of the Study Participants

Table 1 shows the characteristics of the study participants. The mean patient age
was 84.9 years (standard deviation [SD] = 8.4). The prevalence of anemia was 36.4%. The
prevalence of readmission was 24.9%, and the average readmission duration was 232.4 days
(SD =190.2). The prevalences of readmission within 28 and 90 days were 10.4% and 19.1%,
respectively. The average length of hospital stay was 25 days (SD = 28.0). The proportion of
patients who were admitted from a nursing home was 23.0% and the proportion discharged
to a nursing home was 29.1% (Table 1).
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Patients admitted to the hospital,
April 2020 to December 2021 (n=1756)
Excluded because of hospitalization for medical check-up
(n=299)
Excluded because of an age <65 years (n=144)
Excluded (n=22)
Missing Hb data : 3
Missing alb data : 9
Missing BMI data : 7
Missing FIM data : 3
Patients aged >65 years who were admitted to the hospital,
April 2020 to December 2021 (n=1291)
Excluded because of the patients before discharge (n=11)
Final analytic dataset (n=1280)
Figure 1. Demographics of participants.
Table 1. Characteristics of the study participants.
Age (year), mean (SD) 84.9 (8.4) FIM at admission, mean (SD) 74.0 (41.8)
Sex, male (%) 578 (45.2) Number of medications, mean (SD) 6.3 (3.5)
Sex, female (%) 702 (54.8) Hb (g/dL), mean (SD) 11.5(2.2)
Albumin (g/dL), mean (SD) 3.4 (0.6) Length of hospital stay (day), mean (SD) 25 (28.0)
BMI (kg/ m?), mean (SD) 20.3 (3.7) Readmission, # (%) 319 (24.9)
Dependent condition, 1 (%) . . .
(dependence > 1) 620 (48.4) Duration until readmission (day), mean (SD) 232.4 (190.2)
CClI score (>5), n (%) 873 (68.2) Readmission within 28 days (%) 134 (10.5)
Discharge to nursing home, n (%) 373 (29.1) Readmission within 90 days (%) 245 (19.1)
Admission from nursing home, 1 (%) 295 (23.0)

The data are presented as percentages and number of patients () or mean (standard deviation [SD]). BMI = body
mass index, CCI = Charlson comorbidity index, FIM = Functional Independence Measure, Hb = hemoglobin.

3.3. Association between Anemia and Readmission

Table 2 shows the univariate regression analysis of patient characteristics for anemia.
Age, sex, BMI, Alb level, dependent condition, CCI, duration of admission, presence of
readmission, and number of medications differed significantly between the anemia and
no-anemia groups. The FIM score was not associated with anemia (Table 2). Multivariate
logistic regression was performed on the factors associated with readmission within 28 and
90 days. Age, sex, BMI, anemia, dependent conditions, CCI, and FIM were included as
factors. Readmission within 28 days was significantly associated with anemia (adjusted
odds ratio = 2.28, 95% confidence interval [CI]: 1.56-3.33, p < 0.001), CCI (adjusted odds
ratio = 2.03, 95% CI: 1.23-3.36, p = 0.006), and FIM (adjusted odds ratio = 1.01, 95% CI:
1.00-1.01, p = 0.032) (Table 3). Readmission within 90 days was significantly associated with
anemia (adjusted odds ratio = 1.65, 95% CI: 1.21-2.24, p = 0.002), dependent status (adjusted
odds ratio = 1.55, 95% CI: 1.03-2.33, p = 0.037), CCI (adjusted odds ratio = 2.19, 95% CI:
1.48-3.24, p < 0.001), and FIM (adjusted odds ratio = 1.01, 95% CI: 1.01-1.01, p < 0.001)
(Table 4).
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Table 2. Association between anemia and other factors.

Anemia p-Value
Negative (n = 814) Positive (n = 466)
Age (year), mean (SD) 83.6 (8.8) 87.2 (7.3) <0.001
Sex, male (%) 388 (47.7) 190 (40.8) 0.019
Sex, female (%) 426 (52.3) 276 (59.2)
Albumin (g/dL), mean (SD) 3.6 (0.6) 3.2 (0.6) <0.001
BMI (kg/m?), mean (SD) 20.6 (3.7) 19.6 (3.6) <0.001
Dependent condition, 1 (%)
(dependence > 1) 367 (45.1) 253 (54.3) 0.002
CClI score (>5), n (%) 508 (62.4) 365 (78.3) <0.001
Discharge to nursing home, 1 (%) 238 (29.2) 135 (29.0) 0.949
Admission from nursing home, 7 (%) 181 (22.2) 113 (24.2) 0.269
Duration of admission (day), mean (SD) 23.7 (25.4) 27.3 (31.8) 0.027
FIM at admission, mean (SD) 75.2 (42.2) 72.0 (40.9) 0.187
Readmission, 1 (%) 185 (22.7) 134 (28.8) 0.019
Number of medications, mean (SD) 6.0 (3.3) 6.9 (3.6) <0.001

The data show the univariate regression analysis results between the two patient groups. BMI = body mass index,
CCI = Charlson comorbidity index, FIM = Functional Independence Measure.

Table 3. Association between readmission within 28 days and influencing factors.

Factor Odds Ratio 95% CI p-Value
Age 1.00 0.98-1.03 0.867
Sex, male 1.41 0.97-2.06 0.075
Sex, female 0.71 0.49-1.03
BMI 1.00 0.95-1.05 0.926
Anemia, positive 2.28 1.56-3.33 <0.001
Dependence > 1 1.34 0.82-2.19 0.241
CCI>5 2.03 1.23-3.36 0.006
FIM 1.01 1.00-1.01 0.032

The data show multivariate logistic regression results of the factors associated with readmission within 28 days.
BMI = body mass index, CCI = Charlson comorbidity index, FIM = Functional Independence Measure.

Table 4. Association between readmission within 90 days and influencing factors.

Factor Odds Ratio 95% CI p-Value
Age 1.01 0.98-1.03 0.578
Sex, male 1.31 0.96-1.78 0.090
Sex, female 0.77 0.56-1.04
BMI 0.96 0.92-1.00 0.063
Anemia, positive 1.65 1.21-2.24 0.002
Dependence > 1 1.55 1.03-2.33 0.037
CCI>5 2.19 1.48-3.24 <0.001
FIM 1.01 1.01-1.01 <0.001

The data show multivariate logistic regression results of the factors associated with readmission within 90 days.
BMI = body mass index, CCI = Charlson comorbidity index, FIM = Functional Independence Measure.

4. Discussion

Our findings revealed a potential association between anemia and readmission within
28 and 90 days. With an average participant age of 84.9 years and an anemia prevalence
of 36.4%, our findings align with those of previous studies concerning the prevalence of
anemia [2,6]. Given that our hospital is the sole public facility in the city and predominantly
caters to the older population, we observed a higher trend in readmission rates.

Notably, while early readmission (within 28 days) appeared to be influenced by
factors such as anemia, CCI index, and FIM score, 90-day readmission was associated
with anemia, dependent status, FIM score, and CCI index. In contrast, age, sex, and
BMI were not significantly associated with readmission. We believe that all these factors
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are very important. CCI can be improved with appropriate intervention. Improving
activities of daily living (ADL) in older adults is relatively difficult. However, previous
studies have shown that anemia in older adults is more than half of the time unrecognized,
and such adults may not be receiving the necessary intervention and treatment due to
ageism [6]. Therefore, we selected anemia to demonstrate the potential for improvement in
rehospitalization rates if anemia is appropriately identified and assessed.

The association between anemia and readmission, as demonstrated in previous stud-
ies, highlights the propensity of patients with anemia to experience complications such
as lower respiratory tract infections, chronic obstructive pulmonary disease (COPD), and
postoperative conditions [20-22]. Furthermore, the severity of anemia is directly correlated
with increased readmission risk [23]. Our study not only echoes this sentiment but also
underscores the potential association between comorbidities, ADL, and readmission rates.
Interestingly, while addressing comorbidities and ADL might pose challenges, detecting
and treating anemia, especially in the older population, seems more straightforward. How-
ever, the condition is often undetectable in older adults [6]. Whether addressing anemia
can result in reduced readmission remains an open question and requires further research.

The staggering readmission rate of 24.9% in our study, with 10.4% and 19.1% readmis-
sions within 28 and 90 days, respectively, diverged significantly from the national average
in Japan. According to a 2021 report by the Japan Hospital Organization, the 30-day read-
mission rate ranged from 0.0-6.5% [24]. Although our study did not delve into the specific
reasons for these readmissions, previous research indicated links between early readmis-
sions and conditions such as heart failure, stroke, and COPD [11]. Other determinants of
early readmission include high CClI score, prolonged hospitalization, inadequate patient
education upon discharge, and medical emergency team (MET) calls [25-27]. Interest-
ingly, another Australian retrospective study discovered that factors such as malnutrition,
weekday discharge, and Indigenous status increased the risk of early readmission [26].

Age as a determinant of readmission remains a topic of debate. Existing literature
presents varied conclusions—some suggest improved outcomes with age, others indicate
the opposite, and some show no discernible relationship [25-27]. Our findings, based
on the multivariate analysis, did not identify age as a significant factor for readmission.
Previous studies have also highlighted marital status, particularly single or divorced, as a
determinant of readmission risk [26,28]. The existing literature remains divided regarding
functional impairment and readmission [29-31]. It is worth noting the uniqueness of the
demographics of our hospital; being a rural institution with an older average patient age of
84.9 years, a propensity towards malnutrition, and multiple comorbidities led to a higher
readmission rate compared to national statistics.

In our previous study, anemia was observed in only 40.4% of older inpatients [6].
Age was the only factor that showed a significant association with anemia recognition.
Therefore, appropriate medical care should be provided to older patients. However, the
results of this study indicate that we may be practicing ageism, which inappropriately
limits medical care based on age. Early rehospitalization and mortality are associated with
anemia; however, whether the assessment and treatment of anemia can improve outcomes
needs to be clarified [3].

There are several limitations in our study. External validity may have been com-
promised in this single-center study. However, our demographics are reflective of the
impending global demographic shift towards an aging population, which not only Japan
but also many other countries worldwide will soon grapple with. These data cover the
period from April 2020 to December 2021, the time frame within which the coronavirus dis-
ease 2019 pandemic occurred. Therefore, the external validity of the study may have been
reduced because the consultation behavior may have been different than usual. However,
we assessed the consultation behavior of older adults during the pandemic in this study.
The retrospective nature of this study brings its own set of challenges, including unknown
variables related to the social aspects of anemia and readmission. Moreover, this study did
not evaluate the correlation between specific diseases and readmission rates. Anemia can
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be caused by a variety of factors, and the results may differ depending on the underlying
disease and degree of anemia. However, this study did not examine these factors, and
further research is needed.

5. Conclusions

Our research highlights the potential association between anemia and readmission
rates, both within the short- (28 days) and medium-term (90 days) time frames. Factors
such as anemia, CCI score, and FIM score have emerged as determinants of short-term read-
mission. Addressing anemia may provide a pathway to reduce short-term readmissions
regardless of disease severity, ADL status, or age.
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