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Abstract
Background: Acute infection leads to substantial mortality in the nonagenarian population. However, the
predictive efficacies of functional status and biochemical indexes for in-hospital mortality in these patients remain
to be determined.
Methods: A single-center, retrospective cohort study was performed. Consecutive nonagenarian patients who were
admitted to our department from January 1, 2014 to December 31, 2016 for acute infectious diseases were
included. Baseline data for medical history, functional status, and biochemical indexes were obtained on admission.
The outcomes of these patients during hospitalization were recorded. Predictors of in-hospital mortality were
identified via logistic regression analyses.
Results: A total of 162 patients were included, and 46 patients died (17.2%) during hospitalization. Univariate
analysis showed that the prevalence rates of atrial fibrillation (32.1%) and malignant disease (26.5%) were higher in
nonagenarian patients who died during hospitalization than in those who discharged. Multivariate logistic
regression analyses identified malignant disease (odds ratio [OR] 2.73, 95% confidence interval [CI]: 1.10–6.78), ADL
category (OR 0.82, 95% CI: 0.75–0.89) and serum albumin (OR 0.86, 95%CI 0.78–0.95) as independent predictors of
in-hospital mortality in nonagenarian patients hospitalized for acute infection.
Conclusions: Functional impairment as well as serum albumin may be independent predictors of in-hospital
mortality in nonagenarian patients hospitalized for acute infectious diseases. Stratification of patients according to
Barthel Index score and serum albumin is very necessary.
Keywords: Nonagenarian, Acute infection, In-hospital mortality, Serum albumin, Functional impairment

Background
The nonagenarian population continues to grow globally
with the aging of the population [1]. In developing countries like China, the percentage of people aged 90 and
above had reached 0.19% in 2015 with the increase of
the average life expectancy from 72.95 years in 2005 to
76.34 years in 2015 [2]. However, these populations are
generally excluded from most clinical trials. Due to this
lack of evidence in the nonagenarian population, general
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clinical practice for this population has gained considerable attention during recent years, with clinical trials
including nonagenarians mainly focused on the fields of
surgery [3–7], chemotherapy [8], interventional operation [9–12] and trauma [13], in the departments of orthopedics, vascular surgery, general surgery, and
oncology, rather than a department of internal medicine.
In real-world clinical practice, about one-third of the
patients over 90 years old have been admitted to an internal
medicine department [14]. Moreover, clinical trials studying
nonagenarian patients admitted for acute infection, one of
the most common causes of hospitalization in these
patients [15, 16], have been rarely reported. The clinical
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characteristics of the nonagenarian patients admitted for
acute infection, and more importantly, the predictors of inhospital mortality in these patients, remain to be determined. Therefore, we performed a cohort study of the
nonagenarian patients admitted to the internal medicine
department to explore the clinical characteristics of these
patients and identify potential determinants of their clinical
outcomes.

Methods
Participants

All nonagenarians suffering from acute infectious diseases admitted to the Internal Medicine Department of
our hospital were consecutively enrolled from January 1,
2014 to December 31, 2016. Our hospital is one of the
tertiary grade A class hospitals in Beijing, China. Patients
who died or were discharged within the first 24 h after
admission were excluded. The study protocol was approved by the ethics committee for clinical research in
our hospital before the performance of the analyses
(code: 2017-P2–124-01).
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reflected by the sum of scores for all of the items. A
maximum score of 100 indicates that the subject is independent in physical function and the lowest score of 0
indicates a totally dependent state. We divided the
Barthel Index score by 5, and we got 21 categories, from
0 to 20 ADL category. Patients were divided into two
groups according to the BI scores: severe disability and
full dependency (BI: 0–45) or mild/moderate disability
and independency (BI: 50–100) [20].
Blood biochemical indexes including creatinine, glucose, glycated albumin, albumin, total triglyceride, total
cholesterol, uric acid, potassium, sodium, hypersensitivity C reactive protein, white blood cell count, platelet
count, and hemoglobin were routinely examined on the
next morning after an overnight fast of at least 8 h. We
used the CKD-EPI-SCr formula to calculate the eGFR.
Hypoalbuminemia was defined by a serum albumin
level < 35 g/l [21]. Anemia was diagnosed based on the
criterion of a hemoglobin level < 110 g/l in females and <
120 g/l in males [22].
Statistical analyses

Demographic data

All demographic data were collected from medical records, including age, gender, length of hospital stay
(LOS), and medical history. According to previous statistics, the two major causes of mortality among people
aged 85 years and above are cardiovascular disease (including ischemic heart disease, cerebrovascular disease,
hypertension and diabetes) and cancer [17]. For each
participant, we collected data for 12 common chronic
diseases including hypertension, myocardial infarction,
atrial fibrillation, cerebrovascular diseases, malignant
diseases (including solid tumor and hematological malignancy), diabetes mellitus or impaired glucose tolerance,
chronic obstructive pulmonary disease, thyroid dysfunction (including hyperthyroidism and hypothyroidism),
dementia, peptic ulcers, anxiety or depression state, and
chronic kidney disease of stage 3b or worse (estimated
glomerular filtration rate [eGFR]-EPI < 45 ml/min) [18].
Patients with more than one of the above diseases were
considered as having multi-morbidity. We recorded the
use of antibiotics on admission.
Functional status and clinical information

The functional status of each patient approximately 1
week before hospitalization was assessed on admission
by the trained nurses. The Barthel Index (BI) was used
to assess the functional status for activities of daily living
(ADL) in each participant [19]. This scale includes 10
items, such as eating, bathing, grooming, dressing,
defecation, urination, going to the toilet, getting out of
bed, walking, and stair-climbing. Each item is 0,5,10,15
points respectively. The ADL function of the patient is

Statistical analysis was performed using SPSS 16.0 software
(SPSS Inc., Chicago, IL, USA). Categorical variables were
expressed as numbers (percentages) and analyzed using the
chi-square test or Fisher’s Exact Test. Normally distributed
continuous variables were expressed as the mean ± standard deviation (SD), with comparisons between groups made
using the independent t-test. Non-normally distributed
continuous variables were expressed as median (interquartile range), and the Wilcoxon rank sum test was used. Forward Selection [Likelihood Ratio (LR)] in binary logistic
regression analysis was used to determine the independent
factors associated with the incidence of in-hospital death
(ain = 0.05, aout = 0.10). All variables that were significant on
univariate analysis were entered in the subsequent multivariate analysis. Adjusted odds ratios (ORs) with 95% confidence intervals (CIs) were calculated. A p value < 0.05 was
considered statistically significant.

Results
Patient characteristics

For patients who had been hospitalized more than once,
the most recent medical records from multiple admissions
were analyzed in this study. Overall, a total of 162 patients
were included. The median age of the patients was 92 years,
and 72.8% were male. During the hospitalization, 46 patients died, and the others were discharged. The site/type of
infection was acute respiratory infection in 141 patients, digestive system infection in 13 patients, urinary tract infection in 6 patients, and skin infection in 2 patients. The
three most common comorbidities were hypertension (n =
127, 78.4%), diabetes mellitus or impaired glucose tolerance
(n = 80, 49.4%), and chronic obstructive pulmonary disease
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(n = 66, 40.7%). Multimorbidity was very common in this
cohort (n = 144, 88.9%), but there was no significant difference between the two groups. Compared with those who
were discharged, patients who died during hospitalization
were older, more likely to have atrial fibrillation, and more
likely to have a history of malignant disease (Table 1). According to the predefined diagnostic criteria, 70 patients
(43.2%) were classified as having severe disability and full
dependency, and 70 patients (43.2%) had hypoalbuminemia.
Seventy-nine patients (48.8%) were diagnosed with anemia.

Predictors of in-hospital mortality

The results of univariate analysis indicated that
patients who died during hospitalization had a significantly lower BI, lower serum hemoglobin and albumin levels, and a higher serum glucose level and
white blood cell count than those who were discharged (Table 2). All variables that were significant
in the univariate analysis entered in the multivariate
analysis. Forward selection [likelihood ratio (LR)] in
binary logistic regression analysis revealed that malignant disease (OR 2.73, 95%CI 1.10–6.78), ADL category (OR 0.82, 95%CI 0.75–0.89), and serum
albumin (OR 0.86, 95%CI 0.78–0.95) were independent risk factors for in-hospital mortality among nonagenarian patients with infectious diseases (Table 3).

Discussion
In this retrospective cohort study, we found that the inhospital mortality for nonagenarian patients admitted
for acute infection was quite high (17.2%). Moreover,
functional impairment as well as serum albumin were
independent predictors of in-hospital mortality in our
cohort of nonagenarian patients hospitalized for acute
infectious diseases. These findings suggest that it is very
necessary to stratify the patients based on BI score and
serum albumin. Additionally, maintaining good functional status and supplementation with albumin may be
important for improving clinical outcomes in nonagenarian patients hospitalized for acute infectious diseases.
Previous studies confirmed that, independent of the
type of disease diagnosed on admission, the in-hospital
mortality rate among nonagenarian patients is much
higher than that among patients 65–90 years of age [23].
Similarly, the in-hospital mortality rate was 17.2% in our
study, with one in six patients aged 90 years or older suffering from acute infectious diseases died in our study.
This is consistent with previous studies in which the inhospital mortality for the nonagenarian population
ranged from 13.3–22.8% in internal medicine departments and geriatric acute units [15, 16, 23–25]. With regard to the sites of infection, a previous report in
Taiwan showed that pneumonia and urinary tract infection were the two major infectious diseases on admission

Table 1 Baseline characteristics in nonagenarian patients hospitalized for acute infectious diseases
Total
(n = 162)

Died group
(n = 46)

Discharged group
(n = 116)

χ2/Z

P value

Age [years, M (IQR)]

92.0 (91.0,95.0)

93.0 (92.0,95.0)

92.0 (91.0,94.0)

−2.598

0.009

Male (%)

118 (72.8)

36 (78.3)

82 (70.7)

0.954

0.329

LOS [days, M (IQR)]

27.0 (14.0,45.3)

33.5 (12.0, 71.3)

25 (14.3, 38.0)

−1.750

0.080

MD (%)

43 (26.5)

19 (41.3)

24 (20.7)

7.179

0.007

AF (%)

52 (32.1)

21 (45.7)

31 (26.7)

5.414

0.020

HT (%)

127 (78.4)

33 (71.7)

94 (81.0)

1.680

0.195

OMI (%)

24 (14.8)

9 (19.6)

15 (12.9)

1.149

0.284

DM/IGT (%)

80 (49.4)

20 (43.5)

60 (51.7)

0.896

0.344

COPD (%)

66 (40.7)

15 (32.6)

51 (44.0)

1.760

0.185

CKD (%)

41 (25.3)

14 (30.4)

27 (23.3)

0.893

0.345

CVD (%)

51 (31.5)

15 (32.6)

36 (31.0)

0.038

0.846

Dementia (%)

35 (21.6)

12 (26.1)

23 (19.8)

0.762

0.383

TD (%)

19 (11.7)

5 (10.9)

14 (12.1)

0.046

0.831

Anxiety/Depression (%)

24 (14.8)

7 (15.2)

17 (14.7)

0.008

0.928

PU (%)

15 (9.3)

6 (13.0)

9 (7.8)

1.095

0.295

Multimorbidity (%)

144 (88.9)

41 (89.1)

103 (88.8)

0.004

0.951

a

156 (96.3)

45 (97.8)

111 (95.7)

0.422

0.516

Antibiotic use (%)

M median; IQR interquartile range; LOS (length of hospital stay); MD malignant disease; AF atrial fibrillation; HT hypertension; OMI old myocardial infarction; DM/IGT
diabetes or impaired glucose tolerance; COPD chronic obstructive pulmonary disease; CKD chronic kidney disease 3b or worse; CVD cerebrovascular disease; TD
thyroid dysfunction; PU peptic ulcers
a
: analyzed by Fisher’s Exact Test
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Table 2 Baseline functional status and blood biochemical indexes in nonagenarian patients hospitalized for acute infectious
diseases
Total
(n = 162)

Died group
(n = 46)

Discharged group
(n = 116)

t/Z

P value

ADL category (score, x ±s)

10.01 ± 5.49

5.96 ± 4.66

11.62 ± 4.95

−6.671

< 0.001

WBC (× 109/L, x ±s)

8.59 ± 4.35

10.15 ± 5.44

7.98 ± 3.68

2.493

0.015

HGB (g/L, x ±s)

115.04 ± 19.15

107.94 ± 22.09

117.86 ± 17.16

−3.046

0.003

ALB (g/L, x ±s)

35.24 ± 4.37

32.42 ± 4.43

36.36 ± 3.83

−5.656

< 0.001

GLU [mmol/l, M (IQR)]

5.61 (4.88,6.86)

6.33 (5.15,8.73)

5.56 (4.82,6.37)

−2.271

0.023

PLT (× 1012/L, x ±s)

187.04 ± 77.37

197.04 ± 107.06

183.08 ± 61.96

1.036

0.302

e-GRF [ml/min, M(Q1,Q3)]

62.08 (44.32,76.26)

64.13 (37.79,76.43)

61.11 (45.67,76.25)

−0.470

0.638

UA (μmol/l, x ±s)

314.55 ± 119.76

321.41 ± 147.67

311.83 ± 107.33

0.400

0.690

GA (%, x ±s)

17.09 ± 3.27

17.40 ± 3.92

16.97 ± 2.98

0.751

0.454

TC (mmol/l, x ±s)

3.65 ± 0.82

3.45 ± 0.91

3.72 ± 0.77

−1.911

0.058

TG [mmol/l, M (IQR)]

0.84 (0.62,1.11)

0.83 (0.70,1.03)

0.86 (0.60,1.22)

−0.013

0.990

K [mmol/l, M (IQR)]

4.00 (3.78,4.33)

3.92 (3.72,4.39)

4.01 (3.79,4.32)

−0.141

0.888

NA (mmol/l, x ±s)

137.90 ± 5.63

138.35 ± 6.69

137.72 ± 5.17

0.639

0.524

Hs-CRP [mg/l, M(Q1,Q3)]

21.72 (6.98,37.77)

28.47 (10.04,46.81)

19.10 (6.64,37.32)

−1.639

0.101

ADL activities of daily living; WBC white blood cell count; HGB hemoglobin; PLT platelet count; eGFR estimated glomerular filtration rate; ALB albumin; UA uric acid;
GLU glucose; GA glycated albumin; TC total cholesterol; TG triglyceride; K potassium; NA sodium; Hs-CRP hypersensitivity C reactive protein

for nonagenarians [26]. Similarly, respiratory tract infection was the main cause of acute infection in our cohort,
highlighting the importance of the prevention of respiratory tract infection in these patients. Moreover, we
found that the prevalence of atrial fibrillation and malignant diseases differed significantly between those who
discharged and those died during the hospitalization.
The presence of malignant diseases results in a more
than 2-fold increase in the likelihood of in-hospital death
in multivariate analysis. A previous research in Israel
also found that atrial fibrillation and malignant diseases
were the main predictors of in-hospital mortality among
nonagenarians [15], which is similar to our findings. Previous epidemiological data from China showed that the
prevalence of atrial fibrillation in the general population
aged ≥60 years was 1.83% in China [27], which further
confirmed the increased prevalence of atrial fibrillation
with aging. Notably, although the proportion of patients
with multimorbidity in our cohort was high (144/162,

Table 3 Predictors of in-hospital mortality in nonagenarians
with acute infection: results of likelihood ratio forward selection
in multivariate logistic regression analyses
Variables

Odds ratio

95% confidence interval

P value

ADL category

0.82

0.75–0.89

< 0.001

ALB

0.86

0.78–0.95

0.004

MD

2.73

1.10–6.78

0.030

ADL activities of daily living; ALB albumin; MD malignant disease
Preceding factors included in the model included: AGE, MD, AF, ADL category,
WBC,ALB, HGB, GLU

88.9%), the proportions of patients with multimorbidity
did not differ statistically between two groups. This is
different from previous findings, which showed that multimorbidity was associated with a higher mortality rate in a
population-based study of nonagenarians [28, 29] and in
hospitalized nonagenarians [16, 24]. However, a previous
study showed that geriatric conditions rather than the
multimorbidity predicted the risk of mortality in an octogenarian population [30]. These inconsistencies may be
explained by the different management statuses of the diseases in the octogenarian patients in different studies.
Nonagenarian patients may have good prognosis if their
diseases are well treated, despite the presence of
multimorbidity.
We found that functional impairment as well as serum
albumin were independent predictors of in-hospital mortality in our cohort of nonagenarian patients hospitalized for
acute infectious diseases. For every 5-point increase in the
BI score, the likelihood of in-hospital death decreased by
18%. For every 1-unit increase in serum albumin, the odds
of death decreased by 14%. ADL is one of the most important factors that reflect the health status of an individual.
Poor ADL at discharge has been associated with increased
risk of 1-year mortality for older patients undergoing percutaneous coronary intervention [31]. Serum albumin plays a
vital physiologic role in health maintenance for many organs. Hypoalbuminemia had been historically linked to patients’ nutritional status, and recently, it has been suggested
that hypoalbuminemia is an inflammatory marker rather
than an index of malnutrition in sarcoidosis patients [32].
Hypoalbuminemia also increases the short-term mortality

Huang et al. BMC Geriatrics

(2019) 19:269

for patients attending the emergency department, and the
long-term mortality is also increased in older patients with
hypoalbuminemia [33, 34]. Taken together, our results also
confirmed the clinical prognostic properties of ADL and
serum albumin for mortality in population-based or hospitalized nonagenarians [16, 17, 25, 28, 35, 36]. A previous
study showed that for nonagenarian patients, due to acute
medical illnesses, hypoalbuminemia and functional loss at
the time of discharge are factors associated with 1-year
mortality [25]. In the Rugao longevity cohort in China, both
serum albumin and ADL were effective predictors of allcause mortality in long-lived individuals aged 95 years or
older, and the combination of albumin and ADL was
recommended as an inexpensive, easy-to-use screening
method for risk stratification of nonagenarian patients [35].
Stratification of patients on admission, maintenance of
good functional status, and supplementation with albumin
may be important for improving clinical outcomes in nonagenarian patients hospitalized for acute infectious diseases.
Prospective clinical trials are needed to confirm it.
There are limitations in this study. First, this was a
retrospective single-center study. The results of our
study should be confirmed in prospective trials. Second,
other types of comprehensive geriatric assessments besides functional status were not performed in our study,
such as delirium assessment, cognitive assessment, and
visual or hearing impairment assessment. The association between these factors and in-hospital mortality in
nonagenarian patients hospitalized for acute infectious
disease remains to be determined. Finally, the sample
size of the cohort was relatively small, that makes the extension and generalization of the results difficult. The
predictive efficacies of functional status and hypoalbuminemia for mortality risk after discharge should be
evaluated in the future.

Conclusions
In conclusion, in this study nonagenarian patients with
acute infectious diseases admitted to the internal medical department had high in-hospital mortality, with one
in six dying during hospitalization. Serum albumin and
poor functional status on admission were independent
predictors of in-hospital mortality in our cohort of nonagenarian patients hospitalized for acute infectious
diseases.
Abbreviations
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