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Abstract 

Objective This retrospective cohort identified the association of human serum albumin (HSA) with adverse out-
comes (septic shock, in-hospital and out-of-hospital mortality) in elderly hospitalized patients who have community-
acquired pneumonia (CAP) and specific body mass index (BMI).

Materials and methods This research included hospitalized CAP individuals (≥ 60 years) and was conducted 
at a teaching hospital in western China. All the patients were categorized into three populations based on two BMI 
cutoff values (18.5 kg/m2 and 24 kg/m2). The data was acquired from medical records, local government mortal-
ity databases, and telephone interviews. Binomial logistic regression analysis was used to explore the associations 
between low HSA and septic shock and in-hospital mortality, and Cox regression analysis was used to explore 
the association between low HSA and out-of-hospital mortality.

Results A total of 627 patients were included in the analysis of in-hospital death and septic shock, and 431 patients were 
included in the analysis of out-of-hospital death. The study showed that 120 elderly patients with CAP (19.14%) died 
in the hospital, while 141 patients (32.71%) died out of the hospital, and 93 patients (14.83%) developed septic shock. No 
differences in in-hospital and out-of-hospital mortality were observed for BMI values < 18.5 kg/m2 or BMI ≥ 24 kg/m2, regard-
less of whether HSA was ≥ 40 g/l or < 40 g/l. When 18.5 kg/m2 ≤ BMI < 24 kg/m2, patients with HSA < 40 g/l had both higher 
in-hospital and out-of-hospital mortality compared with those with HSA ≥ 40 g/l (in-hospital death: 26.13% vs. 11.46%, 
p < 0.001; out-of-hospital death: 46.15% vs. 19.17%, p < 0.001). No significant differences were observed in the incidence 
of septic shock between patients with HSA < 40 g/l and those with HSA ≥ 40 g/l either in the overall population or when the 
BMI values were divided according to the cutoff values of 18.5 kg/m2 and 24 kg/m2. After further logistic regression analysis 
and adjustment for potential confounders, the results showed that when 18.5 kg/m2 ≤ BMI < 24 kg/m2, elderly CAP patients 
with HSA < 40 g/l had a higher risk of in-hospital and out-of-hospital mortality compared with those with HSA ≥ 40 g/l (in-
hospital death: HR = 1.964, 95%CI = 1.08–3.573; out-of-hospital death: HR = 2.841, 95%CI = 1.745–4.627).

Conclusions HSA levels can predict the risk of in-hospital and out-of-hospital mortality in elderly patients with CAP 
and normal BMI values. However, HSA cannot predict the risk of septic shock in elderly patients hospitalized with CAP, 
irrespective of their BMI classification.
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Introduction
Elderly people are prone to community-acquired pneu-
monia (CAP) [1, 2], and septic shock is a fatal com-
plication of severe CAP [3]. Myint et  al. found that the 
mortality rate of CAP patients was 28.42% [4]. Elderly 
CAP patients are more than twice the risk of death than 
younger patients [5]. One study showed that the median 
cost of outpatient treatment for elderly patients with 
CAP was $346, while the median cost of hospitalization 
was $4,851 [6]. The more severe the condition, the higher 
the cost of treatment in the hospital [6]. The economic 
and clinical burden of elderly CAP patients is very heavy 
[7, 8] and is not paid enough attention to.

Human serum albumin (HSA) is a negatively charged, 
multifunctional plasma protein, primarily synthesized 
in the liver, and accounts for > 50% of the whole plasma 
protein content [9]. HSA mainly exists in the reduced 
form with free thiols [9] and a half-life of about 20 days 
[10]. The literature suggests that it is associated with 
poor prognosis in various diseases. For example, He et al. 
pointed out that low HSA was independently associated 
with the risk of severe CAP (individuals who require inva-
sive mechanical ventilation and vasopressor for septic 
shock) in pregnancy [11]. Lim et al. found that low HSA 
was an independent factor responsible for CAP patients’ 
death [12]. Low HSA on admission predicts death among 
acutely ill hospitalized patients [13]. Rudasill et  al. also 
found that low preoperative HSA predicts septic shock 
and death after a laparoscopic cholecystectomy [14].

Nelson et al. separately investigated the association of 
HSA and body mass index (BMI) with post-total knee 
replacement complications (including septic shock) and 
death [15]. BMI is a recognized biomarker of malnutri-
tion [16], and according to multiple research, it is associ-
ated with poor clinical prognosis. Low BMI is specifically 
linked with high mortality risk in middle-aged and elderly 
(40–79 years) CAP patients [17], septic shock [18], and 
severe COVID-19 [19]. In addition, it is also related to 
the risk of septic shock in critically ill COVID-19 and 
pregnant CAP patients [11, 19]. High BMI is associated 
with both disease recurrence and mortality in patients 
with breast cancer [20] and with mortality risk in patients 
with cardiogenic shock [21]. COVID-19 patients with 
BMI ≥ 40 kg/m2 had significantly increased all-cause in-
hospital mortality, requirements for invasive mechani-
cal ventilation and its associated mortality, as well as the 
incidence of septic shock [22].

The possible mechanism by which HSA can predict 
death is that, on the one hand, the HSA level reflects the 
nutritional status of the body, and on the other hand, 
HSA levels are also affected by inflammation and infec-
tion [16, 23]. Therefore, the present study aimed to inves-
tigate the use of HSA for predicting mortality risk in 

patients with CAP in terms of their BMI values. This is, to 
a certain extent, equivalent to considering the nutritional 
status of the patients. It was hypothesized that the HSA 
levels measured under these conditions may be a better 
reflection of the influence of inflammation and infec-
tion. In addition, a study of elderly hospitalized patients 
showed that their mortality rate during hospitalization 
was 26%, while the mortality increased to 44% during the 
12-month follow-up period [24]. This reminds us that the 
risk of death among the elderly after discharge from the 
hospital is also worthy of attention.

There has been no previous exploration of the association 
between HSA levels and the risk of in-hospital and out-of-
hospital mortality in elderly patients with CAP in relation 
to their BMI. Therefore, the present study aimed to answer 
the following questions: 1. Does low HSA increase the risk 
of septic shock and death (in-hospital and out-of-hospital) 
in elderly patients with CAP and low BMI? 2. Does low HSA 
increase the risk of septic shock and death (in-hospital and 
out-of-hospital) in people with normal BMI? 3. Does low 
HSA increase the risk of septic shock and death (in-hospital 
and out-of-hospital) in people with high BMI?

Study methodology
Design of the study and patient demographics
This  observational research was conducted retrospec-
tively at a teaching hospital in western China from Janu-
ary 2016 to March 2021. Hospitalized CAP individuals 
aged 60  years and above were included, and those with 
limb edema, missing BMI, or HSA were excluded. 
Patients who had been lost to follow-up were excluded 
from the analysis of out-of-hospital deaths. In addition, 
patients who had died in the hospital were excluded from 
the analysis of out-of-hospital deaths.

Ethics
All data were anonymized, and the study was overseen 
by the Center for Health Informatics. The confidential-
ity of the data was upheld throughout. The investigation 
followed the Declaration of Helsinki principle and was 
authorized by the Research Ethics Committee of Zigong 
Affiliated Hospital of Southwest Medical University, 
Zigong Mental Health Center (No. 2021–06-01). As it is 
retrospective research, the Research Ethics Committee 
waived the requirement for informed consent.

Data collection
After admission, the patient’s clinical information was 
collected, including a history of drinking and smoking, 
chronic conditions, sex, age, height, weight, and blood 
test results. Dementia, stroke history, chronic obstructive 
pulmonary disease (COPD), diabetes, coronary heart dis-
ease (CHD), and hypertension are chronic diseases [25]. 
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The cutoff value of HSA was 40 g/ L; that is, HSA < 40 g/ 
L was considered low, and HSA ≥ 40 g/ L was considered 
high [14, 26]. BMI was computed by dividing weight by 
the square of height (kg/m2). The cut-off value for BMI 
was 18.5 kg/m2 and 24 kg/m2, where < 18.5 kg/m2 = low 
BMI populations, 18.5 kg/m2 ≤ BMI < 24 kg/m2 = normal 
BMI populations, and BMI ≥ 24 kg/m2 = high BMI popu-
lations [27]. Septic shock was recorded as one of the out-
come indicators. For septic shock, the diagnostic criteria 
by Font et al. in 2020 were followed [28]. Information on 
deaths was retrieved from medical records or local gov-
ernment databases, and telephone interviews were con-
ducted in case of the unavailability of this data.

Statistical analysis
The SPSS 25.0 software was utilized for statistical meas-
urements. Two-sided p-values < 0.05 was deemed a sig-
nificance threshold. Normally distributed continuous 
variables were presented as mean ± SD and other data as 
median (quartile). The Student’s t-test or Rank-sum tests 
were utilized for constructing baseline features. For the 
statistical measurement of categorical variables, data 
were presented as numbers (percentages), and Pearson’s 
chi-square test was applied for comparing baseline char-
acteristics. For older patients with CAP, binomial logistic 
regression analysis was used to explore the relationship 
between HSA and septic shock and in-hospital mortality, 
and Cox regression analysis was used to explore the rela-
tionship between HSA and out-of-hospital mortality. In 
addition, the population was divided into groups accord-
ing to BMI (BMI < 18.5 kg/m [2], 18.5 kg/m2 ≤ BMI < 24 
kg/m2, BMI ≥ 24 kg/m2), and used logistic regression and 
Cox regression to explore their relationships with in-
hospital and out-of-hospital mortality. Two models were 
developed. Model 1 was uncorrected, and Model 2 was 
corrected (in single-factor analysis, variables with P < 0.05 
are included in the study).

Results
A total of 627 patients were included in the analysis of 
in-hospital death and septic shock, and 431 patients were 
included in the analysis of out-of-hospital death (see 
Fig. 1). The study showed that 120 elderly CAP patients 
(19.14%) died in the hospital, while 141 patients (32.71%) 
died out of hospital, and 93 patients (14.83%) developed 
septic shock. In the analysis of in-hospital deaths, the 
low, normal, and high BMI populations were 72 (11.48%), 
467 (74.48%), and 88 (14.04%), respectively. In the analy-
sis of out-of-hospital deaths, the low, normal, and high 
BMI populations were 46 (10.67%), 315 (73.09%), and 
70 (16.24%), respectively. There were statistically signifi-
cant differences in terms of age, sex, COPD, and septic 
shock between patients who died and survived in the 

hospital (Table 1). There were no statistically significant 
differences in smoking history, drinking history, diabe-
tes, hypertension, CHD, stroke history, and dementia 
(Table 1). Significant differences were observed in terms 
of age, CHD, and dementia between patients who died 
and those who survived out of hospital (Table  2), while 
no significant differences were seen in sex, smoking his-
tory, drinking history, diabetes, hypertension, COPD, 
history of stroke, and septic shock (Table 2).

At BMI values < 18.5  kg/m2, there were no sig-
nificant differences in in-hospital and out-of-hos-
pital mortality, regardless of HSA levels ≥ 40  g/l 
or < 40 g/l (Table 3). When 18.5 kg/m2 ≤ BMI < 24 kg/
m2, patients with HSA < 40  g/l showed both higher 
in-hospital and out-of-hospital mortality than those 
with HSA ≥ 40  g/l (in-hospital mortality: 26.13% vs. 
11.46%, p < 0.001; out-of-hospital mortality: 46.15% 
vs. 19.17%, p < 0.001; Table 3). At BMI values ≥ 24 kg/
m2, there was no difference in in-hospital and out-
of-hospital mortality, regardless of whether HSA 
was ≥ 40  g/l or < 40  g/l (Table  3). On analysis of the 
overall population or after the division of the BMI 
into two cutoff values of 18.5 kg/m2 and 24 kg/m2, no 
significant difference was found in the incidence of 
septic shock between patients with HSA < 40 g/l and 
HSA ≥ 40 g/l (Table S1).

Fig. 1 Flowchart of patient inclusion and exclusion
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Further logistic regression showed that when 18.5  kg/
m2 ≤ BMI < 24  kg/m2, patients with HSA < 40  g/l had 
a higher risk of both in-hospital and out-of-hospital 
death than those with HSA ≥ 40  g/l (in-hospital death: 
OR = 2.731, 95%CI = 1.572–4.746; out-of-hospital death: 
HR = 3.553, 95%CI = 2.237–5.643; Table  4). After adjust-
ing for potential confounding factors, the results still 
showed that compared with elderly CAP patients with 
HSA ≥ 40  g/l, patients with HSA < 40  g/l had a higher 
risk of both in-hospital and out-of-hospital mortality (in-
hospital mortality: OR = 1.964, 95% CI = 1.08–3.573; out-
of-hospital mortality: HR = 2.841, 95% CI = 1.745–4.627; 
Table  4). In addition, there was no association between 

normal BMI and either in-hospital or out-of-hospital 
mortality compared with BMI < 18.5kg/m2 (Table S2).

Discussion
This study used BMI cutoff values to distinguish different 
populations and found that HSA levels could only predict 
in-hospital and out-of-hospital mortality in elderly patients 
with CAP who had normal BMI. The innovation of this 
study is that it is the first time that the BMI cutoff value has 
been used to distinguish the population and to explore the 
relationship between low HSA levels and septic shock, in-
hospital and out-of-hospital mortality in elderly patients with  

Table 1 Baseline characteristics of participants according to in 
hospital death

Note: CHD coronary heart disease, COPD chronic obstructive pulmonary disease

Characteristics Survival
N = 507

In hospital death
N = 120

P-value

Age, years, median(iqr) 78(68,85) 75.25(82.5,88.75)  < 0.001
Sex, n (%) 0.017
  male 304(77.95) 86(22.05)

  female 203(85.65) 34(14.35)

Smoking history, n (%) 0.474

  no 297(79.84) 75(20.16)

  yes 207(82.14) 45(17.86)

Drinking history, n (%) 0.96

  no 370(80.79) 88(19.21)

  yes 133(80.61) 32(19.39)

Diabetes, n (%) 0.176

  no 416(81.89) 92(18.11)

  yes 91(76.47) 28(23.53)

Hypertension, n (%) 0.522

  no 305(80.05) 76(19.95)

  yes 202(82.11) 44(17.89)

CHD, n (%) 0.834

  no 364(81.07) 85(18.93)

  yes 143(80.34) 35(19.66)

COPD, n (%) 0.047
  no 384(79.18) 101(20.82)

  yes 123(86.62) 19(13.38)

Stroke history, n (%) 0.087

  no 293(83.24) 59(16.76)

  yes 214(77.82) 61(22.18)

Dementia, n (%) 0.177

  no 389(82.07) 85(17.93)

  yes 118(77.12) 35(22.88)

Septic shock, n (%)  < 0.001
  no 464(86.89) 70(13.11)

  yes 43(46.24) 50(53.76)

Table 2 Baseline characteristics of participants according to the 
out of hospital death

Note: CHD coronary heart disease, COPD chronic obstructive pulmonary disease

Bold: variable is statistically significant between the two groups

Characteristics No death (out 
of hospital)
N = 290

Death (out of 
hospital)
N = 141

P-value

Age, years, median(iqr) 75.5(67, 83) 83(76, 87.5)  < 0.001
Sex, n (%) 0.102

  male 159(64.11) 89(35.89)

  female 131(71.58) 52(28.42)

Smoking history, n (%) 0.736

  no 180(68.7) 82(31.3)

  yes 108(65.06) 58(34.94)

Drinking history, n (%) 0.925

  no 218(67.49) 105(32.51)

  yes 69(66.35) 35(33.65)

Diabetes, n (%) 0.967

  no 237(67.33) 115(32.67)

  yes 53(67.09) 26(32.91)

Hypertension, n (%) 0.434

  no 178(68.73) 81(31.27)

  yes 112(65.12) 60(34.88)

CHD, n (%) 0.001
  no 216(72.24) 83(27.76)

  yes 74(56.06) 58(43.94)

COPD, n (%) 0.297

  no 227(68.58) 104(31.42)

  yes 63(63) 37(37)

Stroke history, n (%) 0.121

  no 171(70.37) 72(29.63)

  yes 119(63.3) 69(36.7)

Dementia, n (%)  < 0.001
  no 231(72.64) 87(27.36)

  yes 59(52.21) 54(47.79)

Septic shock, n (%)  > 0.99

  no 289(67.37) 140(32.63)

  yes 1(50) 1(50)
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CAP and different BMI values. This has clinical application 
value. In patients with normal BMI, the HSA level can be 
used to assess the risk of in-hospital and out-of-hospital 
mortality in elderly patients with CAP. It is recommended 
that clinical staff be aware that HSA levels should not be 
ignored for patients with a normal BMI range, while for 
patients with septic shock, other indicators should be 
determined to assess the risk of occurrence. This is mean-
ingful as a theoretical basis for medical communication 
with patients and their families. HSA is inexpensive, has 
a long half-life, and can be comprehensively measured 
in medical institutions [10]. In addition, the findings also 
showed that the out-of-hospital mortality rate (32.71%) 
of elderly patients with CAP was higher, suggesting that 

clinicians need to pay attention to the prognosis of these 
patients after discharge.

The inflammatory mechanisms involved are: 1) HSA 
is produced in the liver and is suppressed in acute situa-
tions, which increases the release of positive acute phase 
proteins, such as C-reactive protein, and the higher 
the levels of this protein are, the worse the prognosis 
[29–32]. 2) The intravascular and extravascular HSA 
distribution is altered in critical illness, and the altered 
distribution is associated with increased capillary leakage 
caused by bacterial endotoxins, cytokines (TNF-α and 
IL-6), chemokines, etc. [31, 33]. 3) HSA has transport 
functions (fatty acids and drugs) and may indirectly affect 
inflammatory pathways and microvascular integrity [9, 
31] because HSA has various physiological functions in 
multiple organs; therefore, after severe infection, HSA 
drops sharply, and the homeostasis of the body is severely 
disrupted.

The literature has indicated that HSA predicts the risk 
of death without distinguishing BMI ranges [34–38]. 
Since the majority of the studies were based on patients 
with a normal BMI, overall results might be affected. The 
reason why HSA cannot predict septic shock remains 
unclear. The adjusted factors included age, sex, COPD, 
CHD, septic shock, and dementia, all of which have been 
associated with mortality risk in elderly patients with 
CAP in published studies [39–43].

This survey showed that in the analysis of in-hospital 
and out-of-hospital deaths, the proportions of elderly 
patients with CAP in the low, normal, and high BMI 
populations were 11.48/10.67%, 74.48/73.09%, and 
14.04/16.24%, respectively. Li et al. revealed that the pro-
portions of low, normal, and high BMI populations were 
7.44%, 57.18%, and 35.38% in patients undergoing open 
gastrointestinal surgery [27]. The difference in these two 

Table 3 Differences in HSA between death and survival groups

Note: BMI body mass index, HSA human serum albumin

Bold: variable is statistically significant between the two groups

Variable Survival
(In hospital n = 507)

Death
(In hospital n = 120)

P-value Survival
(Out of 
hospital 
n = 290)

Death
(Out of 
hospital 
n = 141)

P-value

BMI < 18.5 kg/m2, n (%) 0.218 0.266

HSA ≥ 40 g/l 18(90) 2(10) 11(78.57) 3(21.43)

HSA < 40 g/l 38(73.08) 14(26.92) 18(56.25) 14(43.75)

18.5 kg/m2 ≤ BMI < 24 kg/m2, n (%)  < 0.001  < 0.001
HSA ≥ 40 g/l 139(88.54) 18(11.46) 97(80.83) 23(19.17)

HSA < 40 g/l 229(73.87) 81(26.13) 105(53.85) 90(46.15)

BMI ≥ 24 kg/m2, n (%) 0.63 0.195

HSA ≥ 40 g/l 51(96.23) 2(3.77) 37(90.24) 4(9.76)

HSA < 40 g/l 32(91.43) 3(8.57) 22(75.86) 7(24.14)

Table 4 Correlations between HSA and death

Note:

Model 1: a non-adjusted model

Model2: adjusting for age, sex, COPD, septic shock in hospital death; adjusting 
for age, CHD, dementia in the out of hospital death

BMI body mass index, HSA human serum albumin, CHD coronary heart disease, 
COPD chronic obstructive pulmonary disease

Variable Model 1 Model 2

P-value HR/OR (95% CI) P-value HR/OR (95% CI)

In hospital death
18.5 kg/m2 ≤ BMI < 24 kg/m2

HSA ≥ 40 g/l - 1 - 1

HSA < 40 g/l  < 0.001 2.731(1.572–
4.746)

0.027 1.964(1.08–3.573)

Out of hospital death
18.5 kg/m2 ≤ BMI < 24 kg/m2

HSA ≥ 40 g/l - 1 - 1

HSA < 40 g/l  < 0.001 3.553(2.237–
5.643)

 < 0.001 2.841(1.745–4.627)



Page 6 of 8Huang et al. Pneumonia           (2024) 16:17 

studies might be because of different study populations 
(hospitalized elderly CAP patients vs. patients undergo-
ing open gastrointestinal surgery) and large age differ-
ence in the study subjects (the median age of subjects in 
this study was 79 years, and the average age in Li et al.’s 
study was 55.17–58.06 years old) [27].

This investigation showed that 14.83% of elderly 
patients with CAP developed septic shock. Sellarès-
Nadal et al. showed in their research that the incidence of 
septic shock in CAP patients was 10.3% [44]. The reasons 
for the difference mainly include age and the proportion 
of smoking patients [44, 45]. Specifically, the median and 
mean age of the subjects was 79 and 65 years, and the 
proportion of smokers was 40.38% and 22% in this inves-
tigation and in the study by Sellarès-Nadal et al., respec-
tively [44]. Welte et  al. found that the mortality rate of 
hospitalized CAP patients ranged from 5 to 20% [41], 
whereas that in our study was 19.14%.

The limitations of this investigation were. 1) this was ret-
rospective research conducted in only one hospital, so there 
may be selection bias. Prospective studies with more sub-
jects should be conducted to verify this conclusion. 2) due 
to the small study size, the population was only divided by 
two cut-off values of BMI. Furthermore, the investigation 
also lacked a finer division of elderly CAP patients based on 
more cut-off values of HSA. 3) due to the small study size, 
the classification analysis on deaths (such as short- and long-
term death, etc.) was not performed. 4) The cause of death 
is highly useful for assessing confounding factors or com-
pletely different causes of death unrelated to CAP, but since 
the information on death was mainly determined through 
telephone follow-up, it was possible that the patient’s family 
did not have this precise information. In addition, the cus-
toms and medical conditions of the region result in the per-
formance of almost no autopsies for patients, so the cause 
of death was difficult to determine. Therefore, there was no 
follow-up and further analysis of the cause of death.

Conclusions
HSA levels can predict the risk of in-hospital and out-of-
hospital mortality in elderly patients with CAP and nor-
mal BMI but cannot predict the risk of in-hospital and 
out-of-hospital mortality in patients with either low or 
high BMI. In addition, the HSA level was unable to pre-
dict the risk of septic shock in elderly patients hospital-
ized with CAP, irrespective of their BMI.

Abbreviations
HSA  Human serum albumin
CAP  Community-acquired pneumonia
BMI  Body mass index
COPD  Chronic obstructive pulmonary disease
CHD  Coronary heart disease

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s41479- 024- 00138-8.

Supplementary Material 1.

Supplementary Material 2.

Acknowledgements
We thank all personnel for their contribution in the study.

Authors’ contributions
Study concept and design: Sha Huang; Lanlan Chen, Ning Yang, Jiao Zhang; 
Yan Wang; Xiaoyan Chen. Acquisition of data: Sha Huang; Lanlan Chen; Ning 
Yang, Jiao Zhang; Yan Wang. Analysis and interpretation of data: Xiaoyan Chen; 
Sha Huang. Drafting of the manuscript: Sha Huang. Critical revision of the 
manuscript for important intellectual content: Lanlan Chen, Ning Yang, Jiao 
Zhang; Yan Wang; Xiaoyan Chen. We thank all personnel for their contribution 
in the study.

Funding
This work was funded by the Sichuan Research Center of Applied Psychology, 
Chengdu Medical College (CSXL-22232), Zigong Psychiatric Research Center 
scientific research project (Project No. 2022ZD02), the2022 Key Science and 
Technology Plan of Zigong City (Project No. 2022ZCNKY14, 2022ZCNKY11, 
2022ZCNKY03) and the 2021 Key Science and Technology Plan of Zigong 
City (Project No. 2021YLSF22). The sponsors did not participant in the design, 
methods, data collection, analysis, or in the preparation of this manuscript.

Availability of data and materials
The datasets generated and analyzed during the current study are not pub-
licly available, as this is a database containing a lot of important information 
on which we are working on several important projects, but they are now also 
available from the corresponding author on reasonable request.

Declarations

Ethical approval and consent to participate
This study was conducted in accordance with the Declaration of Helsinki and 
the ethical approval was obtained from the Research Ethics Committee of 
Zigong Affiliated Hospital of Southwest Medical University, Zigong Mental 
Health Center (No.2021–06-01). The Research Ethics Committee of Zigong 
Affiliated Hospital of Southwest Medical University, Zigong Mental Health 
Center waived informed consent for this study. All methods comply with 
relevant guidelines and regulations.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Zigong Affiliated Hospital of Southwest Medical University, Department 
of Geriatric, Zigong, China. 

Received: 12 March 2023   Accepted: 8 July 2024

References
 1. Torres A, Peetermans WE, Viegi G, Blasi F. Risk factors for community-acquired 

pneumonia in adults in Europe: a literature review. Thorax. 2013;68(11):1057–
65. https:// doi. org/ 10. 1136/ thora xjnl- 2013- 204282. (In eng).

 2. Jain S, Self WH, Wunderink RG, et al. Community-acquired pneu-
monia requiring hospitalization among U.S. Adults. N Engl J Med. 
2015;373(5):415–27. https:// doi. org/ 10. 1056/ NEJMo a1500 245. (In eng).

https://doi.org/10.1186/s41479-024-00138-8
https://doi.org/10.1186/s41479-024-00138-8
https://doi.org/10.1136/thoraxjnl-2013-204282
https://doi.org/10.1056/NEJMoa1500245


Page 7 of 8Huang et al. Pneumonia           (2024) 16:17  

 3. Torres A, Chalmers JD, Dela Cruz CS, et al. Challenges in severe commu-
nity-acquired pneumonia: a point-of-view review. Intensive Care Med. 
2019;45(2):159–71. https:// doi. org/ 10. 1007/ s00134- 019- 05519-y. (In eng).

 4. Myint PK, Musonda P, Sankaran P, et al. Confusion, urea, respiratory rate 
and shock index or adjusted shock index (CURSI or CURASI) criteria 
predict mortality in community-acquired pneumonia. Eur J Intern Med. 
2010;21(5):429–33. https:// doi. org/ 10. 1016/j. ejim. 2010. 07. 005. (In eng).

 5. Theilacker C, Sprenger R, Leverkus F, et al. Population-based incidence 
and mortality of community-acquired pneumonia in Germany. PloS One. 
2021;16(6):e0253118. https:// doi. org/ 10. 1371/ journ al. pone. 02531 18. (In eng).

 6. Konomura K, Nagai H, Akazawa M. Economic burden of community-
acquired pneumonia among elderly patients: a Japanese perspective. 
Pneumonia (Nathan). 2017;9:19. https:// doi. org/ 10. 1186/ s41479- 017- 
0042-1. (In eng).

 7. Welte T, Torres A, Nathwani D. Clinical and economic burden of commu-
nity-acquired pneumonia among adults in Europe. Thorax. 2012;67(1):71–
9. https:// doi. org/ 10. 1136/ thx. 2009. 129502. (In eng).

 8. Jiang N, Li R, Bao J, et al. Incidence and disease burden of community-
acquired pneumonia in southeastern China: data from integrated medi-
cal resources. Hum Vaccin Immunother. 2021;17(12):5638–45. https:// doi. 
org/ 10. 1080/ 21645 515. 2021. 19961 51. (In eng).

 9. Quinlan GJ, Martin GS, Evans TW. Albumin: biochemical properties and 
therapeutic potential. Hepatology. 2005;41(6):1211–9. https:// doi. org/ 10. 
1002/ hep. 20720. (In eng).

 10. Roche M, Rondeau P, Singh NR, Tarnus E, Bourdon E. The antioxidant 
properties of serum albumin. FEBS Lett. 2008;582(13):1783–7. https:// doi. 
org/ 10. 1016/j. febsl et. 2008. 04. 057. (In eng).

 11. He Y, Li M, Mai C, et al. Anemia and low albumin levels are associated with 
severe community-acquired pneumonia in pregnancy: a case-control 
study. Tohoku J Exp Med. 2019;248(4):297–305. https:// doi. org/ 10. 1620/ 
tjem. 248. 297. (In eng).

 12. Lim WS, van der Eerden MM, Laing R, et al. Defining community acquired 
pneumonia severity on presentation to hospital: an international deriva-
tion and validation study. Thorax. 2003;58(5):377–82. https:// doi. org/ 10. 
1136/ thorax. 58.5. 377. (In eng).

 13. Herrmann FR, Safran C, Levkoff SE, Minaker KL. Serum albumin level on 
admission as a predictor of death, length of stay, and readmission. Arch 
Intern Med. 1992;152(1):125–30 (In eng).

 14. Rudasill SE, Morales RR, Sanaiha Y, et al. Predicting morbidity and mortal-
ity in laparoscopic cholecystectomy: Preoperative serum albumin still 
matters. Am J Surg. 2020;220(2):432–7. https:// doi. org/ 10. 1016/j. amjsu rg. 
2019. 12. 005. (In eng).

 15. Nelson CL, Elkassabany NM, Kamath AF, Low Liu J, Levels Albumin. More 
than morbid obesity, are associated with complications after TKA. Clin 
Orthop Relat Res. 2015;473(10):3163–72. https:// doi. org/ 10. 1007/ s11999- 
015- 4333-7. (In eng).

 16. Zhang Z, Pereira SL, Luo M, Matheson EM. Evaluation of blood biomarkers 
associated with risk of malnutrition in older adults: a systematic review 
and meta-analysis. Nutrients. 2017;9(8). https:// doi. org/ 10. 3390/ nu908 
0829.(In eng).

 17. Inoue Y, Koizumi A, Wada Y, et al. Risk and protective factors related to 
mortality from pneumonia among middleaged and elderly community 
residents: the JACC Study. J Epidemiol. 2007;17(6):194–202. https:// doi. 
org/ 10. 2188/ jea. 17. 194. (In eng).

 18. Mewes C, Böhnke C, Alexander T, et al. Favorable 90-day mortality in obese 
Caucasian patients with septic shock according to the sepsis-3 definition. 
J Clin Med 2019;9(1). https:// doi. org/ 10. 3390/ jcm90 10046. (In eng).

 19. Page-Wilson G, Arakawa R, Nemeth S, et al. Obesity is independently asso-
ciated with septic shock, renal complications, and mortality in a multiracial 
patient cohort hospitalized with COVID-19. PloS One. 2021;16(8):e0255811. 
https:// doi. org/ 10. 1371/ journ al. pone. 02558 11. (In eng).

 20. Orlandini LF, Pimentel FF, Andrade JMd, Reis FJCD, Mattos-Arruda Ld, 
Tiezzi DG. Obesity and high neutrophil-to-lymphocyte ratio are prognos-
tic factors in non-metastatic breast cancer patients. Braz J Med Biol Res. 
2021;54: e11409. https:// doi. org/ 10. 1590/ 1414- 431X2 021e1 1409. (In eng).

 21. Delfiner MS, Romero CM, Dillane C, Feldman E, Hamad E. Correlation 
between severity of obesity and mortality in cardiogenic shock. Heart 
Lung. 2023;57:66–8. https:// doi. org/ 10. 1016/j. hrtlng. 2022. 08. 022. (In eng).

 22. Khokher W, Iftikhar S, Abrahamian A, et al. Association between body mass 
index and hospital outcomes for COVID-19 patients: a nationwide study. J 
Clin Med. 2023;12:1617. https:// doi. org/ 10. 3390/ jcm12 041617. (In eng).

 23. Bharadwaj S, Ginoya S, Tandon P, et al. Malnutrition: laboratory markers 
vs nutritional assessment. Gastroenterol Rep (Oxf ). 2016;4(4):272–80. 
https:// doi. org/ 10. 1093/ gastro/ gow013. (In eng).

 24. Heyland DK, Garland A, Bagshaw SM, et al. Recovery after critical illness in 
patients aged 80 years or older: a multi-center prospective observational 
cohort study. Intensive Care Med. 2015;41(11):1911–20. https:// doi. org/ 
10. 1007/ s00134- 015- 4028-2. (In eng).

 25. Huang S, Zhu T, Chen M, et al. Association between the severity of 
sarcopenia and pneumonia in patients with stable schizophrenia: a 
prospective study. J Nutr Health Aging. 2022;26(8):799–805. https:// doi. 
org/ 10. 1007/ s12603- 022- 1830-8. (In eng).

 26. Uemura K, Doi T, Lee S, Shimada H. Sarcopenia and low serum albumin 
level synergistically increase the risk of incident disability in older adults. J 
Am Med Dir Assoc. 2019;20(1):90–3. https:// doi. org/ 10. 1016/j. jamda. 2018. 
06. 011. (In eng).

 27. Li TT, Xiong LL, Huang J, et al. The effects of body mass index on the use 
of patient-controlled intravenous analgesia after open gastrointestinal 
tumor surgery: a retrospective analysis. J Pain Res. 2020;13:2673–84. 
https:// doi. org/ 10. 2147/ JPR. S2619 97. (In eng).

 28. Font MD, Thyagarajan B, Khanna AK. Sepsis and septic shock - basics of diag-
nosis, pathophysiology and clinical decision making. Med Clin North Am. 
2020;104(4):573–85. https:// doi. org/ 10. 1016/j. mcna. 2020. 02. 011. (In eng).

 29. Wierdak M, Pisarska M, Kuśnierz-Cabala B, et al. Changes in plasma 
albumin levels in early detection of infectious complications after 
laparoscopic colorectal cancer surgery with ERAS protocol. Surg Endosc. 
2018;32(7):3225–33. https:// doi. org/ 10. 1007/ s00464- 018- 6040-4. (In eng).

 30. Rothschild MA, Oratz M, Schreiber SS. Serum albumin. Hepatology. 
1988;8(2):385–401. https:// doi. org/ 10. 1002/ hep. 18400 80234. (In eng).

 31. Nicholson JP, Wolmarans MR, Park GR. The role of albumin in critical ill-
ness. Br J Anaesth. 2000;85(4):599–610. https:// doi. org/ 10. 1093/ bja/ 85.4. 
599. (In eng).

 32. Huang D, He D, Gong L, et al. Clinical characteristics and risk factors 
associated with mortality in patients with severe community-acquired 
pneumonia and type 2 diabetes mellitus. Crit Care. 2021;25(1):419. 
https:// doi. org/ 10. 1186/ s13054- 021- 03841-w. (In eng).

 33. Parrillo JE, Parker MM, Natanson C, et al. Septic shock in humans. 
Advances in the understanding of pathogenesis, cardiovascular dysfunc-
tion, and therapy. Ann Intern Med. 1990;113(3):227–42. https:// doi. org/ 
10. 7326/ 0003- 4819- 113-3- 227. (In eng).

 34. Akirov A, Gorshtein A, Adler-Cohen C, Steinmetz T, Shochat T, Shimon 
I. Low serum albumin levels predict short- and long-term mortality 
risk in patients hospitalised to general surgery wards. Intern Med J. 
2020;50(8):977–84. https:// doi. org/ 10. 1111/ imj. 14708. (In eng).

 35. Senol A. The ability of D-dimer, albumin, and D-Dimer/albumin ratio to 
predict in-hospital mortality and intensive care unit admission in COVID-
19 patients admitted to the emergency department. Bratisl Lek Listy. 
2022;123(12):908–12. https:// doi. org/ 10. 4149/ BLL_ 2022_ 145. (In eng).

 36. Sahyoun NR, Jacques PF, Dallal G, Russell RM. Use of albumin as a predic-
tor of mortality in community dwelling and institutionalized elderly 
populations. J Clin Epidemiol. 1996;49(9):981–8. https:// doi. org/ 10. 1016/ 
0895- 4356(96) 00135-7. (In eng).

 37. Takata Y, Ansai T, Soh I, et al. Serum albumin levels as an independent 
predictor of 4-year mortality in a community-dwelling 80-year-old popu-
lation. Aging Clin Exp Res. 2010;22(1):31–5. https:// doi. org/ 10. 1007/ BF033 
24812. (In eng).

 38. Liu Z, Zhong G, Li S, et al. Use of serum albumin and activities of daily 
living to predict mortality in long-lived individuals over 95 years of age: a 
population-based study. Age (Dordr). 2015;37(4):9809. https:// doi. org/ 10. 
1007/ s11357- 015- 9809-6.

 39. Hespanhol V, Bárbara C. Pneumonia mortality, comorbidities matter? 
Pulmonology. 2020;26:123–9. https:// doi. org/ 10. 1016/j. pulmoe. 2019. 10. 
003. (In eng).

 40. Barbagelata E, Cillóniz C, Dominedò C, Torres A, Nicolini A, Solidoro P. 
Gender differences in community-acquired pneumonia. Minerva Med. 
2020;111:153–65. https:// doi. org/ 10. 23736/ S0026- 4806. 20. 06448-4. (In eng).

 41. Welte T, Köhnlein T. Global and local epidemiology of community-
acquired pneumonia: the experience of the CAPNETZ Network. Semin 
Respir Crit Care Med. 2009;30:127–35. https:// doi. org/ 10. 1055/s- 0029- 
12029 41. (In eng).

 42. Corrales-Medina VF, Musher DM, Wells GA, Chirinos JA, Chen L, Fine MJ. 
Cardiac complications in patients with community-acquired pneumonia: 

https://doi.org/10.1007/s00134-019-05519-y
https://doi.org/10.1016/j.ejim.2010.07.005
https://doi.org/10.1371/journal.pone.0253118
https://doi.org/10.1186/s41479-017-0042-1
https://doi.org/10.1186/s41479-017-0042-1
https://doi.org/10.1136/thx.2009.129502
https://doi.org/10.1080/21645515.2021.1996151
https://doi.org/10.1080/21645515.2021.1996151
https://doi.org/10.1002/hep.20720
https://doi.org/10.1002/hep.20720
https://doi.org/10.1016/j.febslet.2008.04.057
https://doi.org/10.1016/j.febslet.2008.04.057
https://doi.org/10.1620/tjem.248.297
https://doi.org/10.1620/tjem.248.297
https://doi.org/10.1136/thorax.58.5.377
https://doi.org/10.1136/thorax.58.5.377
https://doi.org/10.1016/j.amjsurg.2019.12.005
https://doi.org/10.1016/j.amjsurg.2019.12.005
https://doi.org/10.1007/s11999-015-4333-7
https://doi.org/10.1007/s11999-015-4333-7
https://doi.org/10.3390/nu9080829
https://doi.org/10.3390/nu9080829
https://doi.org/10.2188/jea.17.194
https://doi.org/10.2188/jea.17.194
https://doi.org/10.3390/jcm9010046
https://doi.org/10.1371/journal.pone.0255811
https://doi.org/10.1590/1414-431X2021e11409
https://doi.org/10.1016/j.hrtlng.2022.08.022
https://doi.org/10.3390/jcm12041617
https://doi.org/10.1093/gastro/gow013
https://doi.org/10.1007/s00134-015-4028-2
https://doi.org/10.1007/s00134-015-4028-2
https://doi.org/10.1007/s12603-022-1830-8
https://doi.org/10.1007/s12603-022-1830-8
https://doi.org/10.1016/j.jamda.2018.06.011
https://doi.org/10.1016/j.jamda.2018.06.011
https://doi.org/10.2147/JPR.S261997
https://doi.org/10.1016/j.mcna.2020.02.011
https://doi.org/10.1007/s00464-018-6040-4
https://doi.org/10.1002/hep.1840080234
https://doi.org/10.1093/bja/85.4.599
https://doi.org/10.1093/bja/85.4.599
https://doi.org/10.1186/s13054-021-03841-w
https://doi.org/10.7326/0003-4819-113-3-227
https://doi.org/10.7326/0003-4819-113-3-227
https://doi.org/10.1111/imj.14708
https://doi.org/10.4149/BLL_2022_145
https://doi.org/10.1016/0895-4356(96)00135-7
https://doi.org/10.1016/0895-4356(96)00135-7
https://doi.org/10.1007/BF03324812
https://doi.org/10.1007/BF03324812
https://doi.org/10.1007/s11357-015-9809-6
https://doi.org/10.1007/s11357-015-9809-6
https://doi.org/10.1016/j.pulmoe.2019.10.003
https://doi.org/10.1016/j.pulmoe.2019.10.003
https://doi.org/10.23736/S0026-4806.20.06448-4
https://doi.org/10.1055/s-0029-1202941
https://doi.org/10.1055/s-0029-1202941


Page 8 of 8Huang et al. Pneumonia           (2024) 16:17 

incidence, timing, risk factors, and association with short-term mortality. 
Circulation. 2012;125:773–81. https:// doi. org/ 10. 1161/ CIRCU LATIO NAHA. 
111. 040766. (In eng).

 43. Garcia-Vidal C, Fernández-Sabé N, Carratalà J, et al. Early mortality in 
patients with community-acquired pneumonia: causes and risk factors. 
Eur Respir J. 2008;32:733–9. https:// doi. org/ 10. 1183/ 09031 936. 00128 107. 
(In eng).

 44. Sellarès-Nadal J, Burgos J, Martín-Gómez MT, et al. Community-acquired 
pneumonia in hospitalised patients: changes in aetiology, clinical presenta-
tion, and severity outcomes in a 10-year period. Ann Med. 2022;54(1):3052–
9. https:// doi. org/ 10. 1080/ 07853 890. 2022. 21385 29. (In eng).

 45. Dey AB, Nagarkar KM, Kumar V. Clinical presentation and predictors of 
outcome in adult patients with community-acquired pneumonia. Natl 
Med J India. 1997;10(4):169–72 (In eng).

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1161/CIRCULATIONAHA.111.040766
https://doi.org/10.1161/CIRCULATIONAHA.111.040766
https://doi.org/10.1183/09031936.00128107
https://doi.org/10.1080/07853890.2022.2138529

	Relationships between human serum albumin levels and septic shock, in-hospital, and out-of-hospital mortality in elderly patients with pneumonia in different BMI ranges
	Abstract 
	Objective 
	Materials and methods 
	Results 
	Conclusions 

	Introduction
	Study methodology
	Design of the study and patient demographics
	Ethics
	Data collection
	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


