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Abstract N\
Serum albumin is a marker of nutritional and frailty status. This study aimed to assess the association between serum albumin at the |
time of admission and the risk of acute respiratory failure (ARF) in hospitalized patients

This cohort study, performed at a tertiary referral hospital, included all hospitalized adult patients from January 2009 to December
2013 who had serum albumin measurement and were not on mechanical ventilation within 24 hours of hospital admission. Serum
albumin was stratified into 2.4,2.5t0 2.9, 3.0t0 3.4, 3.510 3.9, 4.0to 4.4, and >4.5 g/dL. Multivariate logistic regression analysis was
performed to obtain adjusted odds ratio (OR) of risk of ARF requiring mechanical ventilation based on various admission serum
albumin levels.

Of 12,719 patients, ARF requiring mechanical ventilation occurred in 1128 (8.9%) during hospitalization. Hypoalbuminemia
was associated with increased risk of ARF, in particular when serum albumin was <2.4 g/dL. Compared with serum aloumin of 4.0—
4.4 g/dL, serum albumin <2.4 g/dL at admission was associated with 2.38-time higher odds of ARF during hospitalization (OR 2.38,
95% confidence interval [Cl] 1.84-3.07). In contrast, elevated serum albumin >4.5 g/dL was associated with lower odds of ARF (OR
0.68, 95% CI 0.48-0.97).

Admission serum albumin level lower than 3.5g/dL was associated with a higher risk of ARF requiring mechanical ventilation,
whereas elevated serum albumin level at least 4.5 g/dL was associated with a lower risk of ARF. Therefore, admission aloumin level at
admission might be useful in the prediction of ARF during hospitalization.

Abbreviations: ARF = acute respiratory failure, Cl = confidence interval, GFR = glomerular filtration rate, IQR = interquartile range,

OR = odds ratio.
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1. Introduction

Acute respiratory failure (ARF) is a common and serious
complication among hospitalized patients, which leads to
morbidity and higher mortality.'"?! In severe cases, mechani-
cal ventilation is required.®™®! Main predictors of the
need in mechanical ventilation among patients with ARF
include hypoalbuminemia, malnutrition, premorbid function-
al status, and APACHE II score. However, most of the studies
primarily focus only on the chronic obstructive pulmonary
disease.l”™”!

Serum albumin is a marker for nutritional and frailty.
Hypoalbuminemia can lead to reduced pulmonary oncotic
pressure, resulting in higher extravascular lung water
and hypoxemia.l"'?%  Studies have demonstrated that
hypoalbuminemia is associated with longer length of
mechanical ventilation and poorer clinical outcomes.%21:22!
Nevertheless, the association between serum albumin and
the risk of the need for mechanical ventilation among
hospitalized patients with ARF is not clearly stated in the
literature.

Thereby, the aim of this study is to investigate the association
between serum albumin level and the risk of ARF requiring
mechanical ventilation.
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2. Materials and methods

2.1. Study population

This is a retrospective single-center cohort study. All hospitalized
adult patients in Mayo Clinic Hospital, Rochester, Minnesota,
from January 1st, 2009, to December 31st, 2013, with available
serum albumin within 24 hours of hospital admission, were
included. Patients who were on mechanical ventilation at the time
of admission were excluded. This study was approved by the
Mayo Institutional Review Board. The need for informed consent
was waived due to the minimal risk nature of the study. All
included patients provided research authorization for their data
use.

2.2. Data collection and clinical outcomes

Clinical characteristics and laboratory data were obtained using
automated retrieval from the institutional electronic medical
record system. The predictor of interest was the admission serum
albumin, defined as the first serum albumin value measured
within 24 hours of hospital admission. Estimated glomerular
filtration rate (GFR) was calculated based on age, sex, race, and
serum creatinine, using the Chronic Kidney Disease Epidemiolo-
gy Collaboration Equation.””®! Body mass index was calculated
using weight in kilograms divided by the square of height in
meters at the time of admission. The Charlson Comorbidity score
was calculated to assess co-morbidities at the time of admis-
sion.!**! Principal diagnoses were grouped based on ICD-9 codes.
Acute kidney injury was defined as an increase in serum
creatinine of >0.3mg/dL or >1.5 times baseline value.** The
primary outcome was ARF requiring mechanical ventilation
during hospitalization. The elective use of mechanical ventilation
during procedure was not included as the outcome.

2.3. Statistical analysis

Continuous variables were presented as mean + standard
deviation. Categorical variables were presented as count with
percentage. Continuous and categorical variables were compared
among admission serum albumin groups, using ANOVA and the
Chi-square test, respectively. Admission serum albumin was
categorized into 6 groups; <2.4,2.5t0 2.9, 3.0 to 3.4, 3.5 to 3.9,
4.0 to 4.4, and >4.5 g/dL. The admission serum albumin level of
4.0 to 4.4 g/dL was selected as the reference group for outcome
comparison since it was regarded as the normal range.
Multivariate logistic regression analysis was performed to assess
the independent association between admission serum albumin
levels and ARF requiring mechanical ventilation. Odds ratio
(OR) with 95% confidence interval (CI) were reported. The a
priori-defined adjusting variables included age, sex, race, baseline
GFR, body mass index, Charlson Comorbidity Index, history of
coronary artery disease, hypertension, diabetes mellitus, conges-
tive heart failure, chronic obstructive pulmonary disease, asthma,
dementia, stroke, cirrhosis, principal diagnosis, acute kidney
injury and the use of vasopressor at hospital admission. Linear
regression analysis was performed to assess the independent
association between admission serum albumin levels and
mechanical ventilation duration among ARF. As mechanical
ventilation duration had a skewed distribution, it was summa-
rized as median with interquartile range (IQR) and was log-
transformed before entering into the model. The relative
prolongation, derived from exponential of the regression
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coefficient, was reported. Missing data was not imputed. All
P-values were 2-tailed, and P values of <.05 were considered
significant. All analyses were performed using JMP statistical
software (version 10, SAS Institute, Cary, NC).

3. Results

3.1. Clinical characteristics

A total of 14,075 patients with available serum albumin
measurement within 24 hours of hospital admission were
identified. After 1356 patients who were on mechanical
ventilation at admission were excluded, 12,719 patients were
analyzed. Fifty-three percent of enrolled individuals were male.
The mean age was 62+17 years. The mean admission serum
albumin was 3.5+0.7g/dL. At the time of admission, 7% had
serum albumin of <2.4,14% had 2.5 t0 2.9,23% had 3.0 to 3.4,
28% had 3.5 t0 3.9,21% had 4.0 to 4.4, and 7% had >4.5g/dL.
The clinical characteristics of patients based on admission serum
albumin levels were shown in Table 1.

Table 2 compared clinical characteristics between patients who
developed ARF requiring mechanical ventilation. Patients with
ARF requiring in-hospital mechanical ventilation were more
likely to be male, have higher body mass index, lower estimated
GFR, more history of coronary artery disease, diabetes mellitus,
congestive heart failure, chronic obstructive pulmonary disease,
cirrhosis, be admitted for cardiovascular, infectious, and
respiratory diseases, had higher incidence of acute kidney injury
and need for vasopressors at hospital admission than patients
without ARF.

3.2. Admission serum albumin and risk of in-hospital
respiratory failure

Of 12,719 patients, the overall incidence of ARF requiring
mechanical ventilation during hospitalization was 8.9%. The
lowest incidence of ARF requiring mechanical ventilation was
when admission serum albumin of >4.5 g/dL (4.9%), while the
highest incidence was when admission serum albumin of <2.4g/
dL (16.8%) (Table 3). Progressively increased incidence of ARF
requiring mechanical ventilation was observed with decreased
admission serum albumin (Fig. 1). Multivariable analysis
adjusting for potential confounders showed that increased risk
of ARF requiring mechanical ventilation was significantly
associated with admission serum albumin of <2.4 (OR 2.38;
95% CI11.84-3.07),2.5t02.9 (OR 1.34;95% CI11.05-1.69), 3.0
t0 3.4 (OR 1.32;95% CI1.07-1.62) g/dL. compared to admission
serum albumin of 4.0 to 4.4 g/dL. In contrast, admission serum
albumin of >4.5g/dL was significantly associated with 32%
decreased the risk of ARF requiring mechanical ventilation (OR
0.68;95% CI0.48-0.97) compared to admission serum albumin
of 4.0 to 4.4 g/dL. A decrease in admission serum albumin by 1g/
dL was associated with increased risk of ARF requiring
mechanical ventilation with adjusted OR of 1.52 (95% CI
1.37-1.69). The receiver operating characteristics analysis
(ROC) showed a C-statistic of 0.57 using admission serum
albumin alone, and of 0.71 using multivariable models of serum
albumin and other clinical characteristics.

In multivariable logistic regression analysis with backward
stepwise selection, admission serum albumin was an independent
predictor of ARF requiring mechanical ventilation. Admission
serum albumin of <3.4g/dL, male sex, increased body mass
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Baseline clinical characteristics based on admission serum albumin levels.

Serum albumin level at hospital admission (g/dL)

Variables All <24 2.5-2.9 3.0-34 3.5-39 4.0-4.4 >4.5 P
N 12719 919 1736 2967 3567 2646 884
Age, yr 62+17 60+16 63+16 65+17 64+17 59+17 50+17 <.001
Male 6787 (53) 493 (54) 923 (53) 1592 (54) 1897 (53) 1416 (54) 466 (53) .99
Caucasian 11467 (90) 811 (88) 1549 (89) 2683 (90) 3213 (90) 2414 (91) 797 (90) 10
Body mass index (kg/m?) 28.2+9.1 28.0+95 21.9+7.7 279479 28.6+95 285+109 27.0+7.0 <.001
eGFR (mL/min/1.73m?) 69+ 35 70+38 67 +37 66 +35 68+ 34 70+34 79+34 <.001
Charlson score 24+x2.7 2.3+2.6 29+3.0 2.8+29 25+2.7 21+25 1.3+20 <.001
Comorbidities .
- Coronary artery disease 2437 (19) 119 (13) 318 (18) 621 (21) 784 (22) 516 (20) 79 (8) <.001
- Hypertension 6509 (51) 405 (44) 854 (49) 1635 (55) 1955 (55) 1347 (51) 313 (35) <.001'*
- Diabetes mellitus 3046 (24) 207 (23) 459 (26) 756 (25) 931 (26) 580 (22) 113 (13) <.001,
- Congestive heart failure 1269 (10) 49 (5) 167 (10) 318 (11) 426 (12) 267 (10) 42 (5) <.001,
- COPD 1254 (10) 72 (8) 170 (10) 386 (13) 369 (10) 227 (9) 30 (3) <.001
- Asthma 958 (8) 60 (7) 124 (7) 231 (8) 279 (8) 191 (7) 73 (8) 63 |
- Dementia 211 (2 3(0.3 36 (2 66 (2) 72 (2) 33 (1) 1(0.1) <.001,
- Stroke 1016 (8) 43 (5) 135 (8) 266 (9) 342 (10) 205 (8) 25 (3) <.001,
- Cirrhosis 981 (8) 147 (16) 245 (14) 274 (9) 194 (5) 90 (3) 31 (4) <.001,
Principal diagnosis <.001
- Cardiovascular 2225 (17) 56 (6) 192 (11) 442 (15) 822 (23) 585 (22) 128 (14)
- Hematology/Oncology 2046 (16) 125 (14) 271 (16) 505 (17) 545 (15) 438 (17) 162 (18)
- Infectious disease 674 (5) 127 (14) 168 (10) 196 (7) 132 (4) 40 (2) 11(1)
- Endocrine/metabolic 745 (6) 55 (6) 103 (6) 180 (6) 206 (6) 162 (6) 39 (4)
- Respiratory 633 (5) 50 (5) 105 (6) 199 (7) 181 (5) 88 (3) 10 (1)
- Gastrointestinal 2099 (17) 252 (27) 394 (23) 543 (18) 535 (15) 275 (10) 100 (11)
- Genitourinary 757 (6) 48 (5) 89 (5) 170 (6) 201 (6) 192 (7) 57 (6)
- Injury and poisoning 1784 (14) 99 (11) 196 (11) 350 (12) 424 (12) 466 (18) 249 (28)
- Other 1756 (14) 107 (12) 218 (13) 382 (13) 521 (15) 400 (15) 128 (14) .
Acute kidney injury at admission 3869 (30) 351 (38) 627 (36) 1013 (34) 1064 (30) 654 (25) 160 (18) <.001,
Vasopressor use at admission 264 (2) 33 (4) 48 (3) 61 (2) 71 (2) 37 (1) 14 (2) 001"

Continuous data are presented as mean+SD and compared using ANOVA; categorical data are presented as count (percentage) and compared using Chi-Squared test.

’ statistically significant.

Baseline clinical characteristics based on the status of acute
respiratory failure requiring mechanical ventilation.
Mechanical ventilator

No mechanical

Variables in hospital ventilator in hospital P
N 1128 11591
Age, yr 62+16 62+18 35,
Male 694 (62) 6093 (53) <.001
Caucasian 1004 (89) 10463 (90) 18,
Body mass index (kg/m?) 29.2+12.8 28.1+8.7 01,
eGFR (mL/min/1.73m2) 66+34 69+35 .001
Charlson score 23+25 24+28 .06
Comorbidities B}
- Coronary artery disease 252 (22) 2185 (19) .005
- Hypertension 555 (49) 5954 (51) 16,
- Diabetes mellitus 301 (27) 2745 (24) 03,
- Congestive heart failure 164 (15) 1105 (10) <.001,
- COPD 147 (13) 1107 (10) <.001"
- Asthma 75 (7) 883 (8) 23
- Dementia 13 (1) 198 (2) 14
- Stroke 94 (8) 922 (8) 66 |
- Cirrhosis 129 (11) 852 (7) <.001;
Principal diagnosis <.001"
- Cardiovascular 336 (30) 1889 (16)
- Hematology/Oncology 149 (13) 1897 (16)
- Infectious disease 116 (10) 558 (5)
- Endocrine/metabolic 30 (39 715 (6)
- Respiratory 86 (8) 547 (5)
- Gastrointestinal 196 (17) 1903 (16)
- Genitourinary 11(1) 746 (6)
- Injury and poisoning 149 (13) 1635 (14)
- Other 55 (5) 1701 (15) )
Acute kidney injury at admission 418 (37) 3451 (30) <.001,
Vasopressor use at admission 78 (7) 186 (2) <.001

Continuous data are presented as mean+SD and compared using ANOVA; categorical data are
Qresented as count (percentage) and compared using Chi-Squared test.
statistically significant.

index, history of congestive heart failure, cirrhosis, being
primarily admitted for cardiovascular disease, hematology/
oncology disease, infectious disease, respiratory disease, gastro-
intestinal disease, injury and poisoning, acute kidney injury, and
vasopressor use predicted higher risk of ARF requiring
mechanical ventilation. In contrast, admission serum albumin
of >4.5¢g/dL, and being admitted for genitourinary disease were
associated with lower risk of ARF requiring mechanical
ventilation (Table S1, http:/links.lww.com/MD/D869).

3.3. Admission serum albumin and the mechanical
ventilation duration

The median mechanical ventilation duration was 24 (IQR 8-92)
hours. The median mechanical ventilation duration was
progressively increased with lower admission serum albumin
from 15hours in admission serum albumin of >4.5g/dL to 64
hours in <2.4g/dL. After adjusting for confounders, admission
serum albumin <3.9g/dL. was progressively associated with
increased mechanical duration from 1.43-time longer in serum
albumin of 3.5-3.9g/dL to 3.62-time longer in serum albumin of
<2.4g/dL (Table 4).

4. Discussion

The results of our study indicate a significant association between
serum albumin at hospital admission and ARF requiring
mechanical ventilation. Lower serum albumin below 3.5g/dL
was associated with significantly increased risk of ARF requiring
mechanical ventilation during hospitalization. On the other
hand, serum albumin level at hospital admission at least 4.5 g/dL.
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The association between admission serum albumin levels and in-hospital acute respiratory failure requiring mechanical ventilation.

Univariate analysis

Multivariate analysis

Serum albumin level at hospital Mechanical ventilator Adjusted

admission (g/dL) in hospital OR (95% CI) P OR (95% CI)* P
<24 154 (16.9) 2.41 (1.93-3.02) <.001 2.38 (1.84-3.07) <.001
2.5-29 169 (9.7) 1.29 (1.04-1.60) .02 1.34 (1.05-1.69) .02
3.0-34 284 (9.6) 1.27 (1.05-1.53) .01 1.32 (1.07-1.62) .01
3.5-39 274 (1.7) 1. OO (0.82-1.20) 97 0. 96 (0.78-1.18) .69
4.0-4.4 204 (7.7) 1 (ref) - 1 (ref) -
>4.5 43 (4.9 0.61 (0.44-0.86) .003 0.68 (0.48-0.97) .03

CI = confidence interval.

" Adjusted for age, sex, race, eGFR, body mass index, Charlson Comorhidity Score, history of coronary artery disease, hypertension, diabetes mellitus, congestive heart failure, chronic obstructive pulmonary
disease, asthma, dementia, stroke, cirrhosis, principal diagnosis, acute kidney injury and vasopressor use at hospital admission.

was associated with lower risk of ARF requiring mechanical
ventilation. We also demonstrated a progressive increase in risk
of mechanical ventilation as admission albumin level decreased
below the normal range. The association remained significant
after adjusting for potential confounders.

This is the first observational study to show the association
between admission serum albumin levels and the risk of in-
hospital ARF requiring mechanical ventilation The underlying
mechanism might be explained by a few reasons. First, serum
albumin is a marker of nutritional status, with lower levels
associated with malnutrition. Malnutrition can lead to respira-
tory muscle dysfunction caused by atrophy of diaphragmatic
muscle and loss of muscle mass. In addition, malnourished
patients also have an impaired immune response, leading to
increased infection risk, specifically pneumonia. Second, we
hypothesize that lower serum albumin causes a lower lung
oncotic pressure, which contributes to higher extravascular lung
water.'12% Moreover, leaky capillary membranes due to
malnutrition and underlying cause of ARF would increase

vascular permeability, worsening edema in the lungs and
perpetuates more acute lung injury, while decreasing serum
albumin levels as albumin is a negative acute phase reactant.!*!
Hypoalbuminemia can affect the pharmacokinetics of some
drugs that are bound to albumin, such as propofol and
midazolam. This can exaggerate their efficiency and lead to
respiratory depression.”?”*/ Hypoalbuminemia also complicates
the interpretation of the anion gap in clinical practice.l**! With
the base-excess approach, no distinction is found between a
deficit/excess of weak or strong nonvolatile acids. Thus, the
alkalinizing effect of hypoalbuminemia (related to deficit of a
weak nonvolatile acid) may offset and mask the detection of
unmeasured anions, leading to a misinterpretation of acid-base
disorders,'**! which, in turn, may influence clinicians’ decision to
prescribe mechanical ventilation. Furthermore, serum albumin
plays an essential role as antioxidants in the respiratory
tract..'1372% Hence, lower serum albumin reduces the ability
to combat oxidative stress, and further increases risk of lung
injury, and decreased oxygenation.*®! However, the role of
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Figure 1. The restricted cubic spline showing the association between admission serum albumin and risk of acute respiratory failure requiring mechanical

ventilation.
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The association between admission serum albumin levels and mechanical ventilation duration among patients with in-hospital acute

respiratory failure requiring mechanical ventilation.

Univariate analysis

Serum albumin level at hospital Mechanical ventilation

Relative prolongation

Multivariate analysis

Relative prolongation”

admission (g/dl) duration (hour) (95% Cl) P (95% Cl) P
<24 64 (17-193) 3.69 (2.54-5.37) <.001 3.62 (2.42-5.41) <.001
2.5-2.9 41 (12-123) 2.65 (1.84-3.83) <.001 2.61 (1.79-3.82) <.001
3.0-34 22 (7-105) 1.58 (1.14-2.17) .006 1.67 (1.20-2.33) .002
3.5-39 18 (6-76) 1.36 (0.98-1.88) .07 1.43 (1.03-1.99) .03
4.0-4.4 17 (6-40) 1 (ref) - 1 (ref) -
>4.5 15 (5-30) 0.89 (0.49-1.60) .69 0.91 (0.51-1.65) 77

Cl = confidence interval.

) Adjusted for age, sex, race, eGFR, body mass index, Charlson Comorbidity Score, history of coronary artery disease, hypertension, diabetes mellitus, congestive heart failure, chronic obstructive pulmonary
disease, asthma, dementia, stroke, cirrhosis, principal diagnosis, acute kidney injury and vasopressor use at hospital admission.

raising serum albumin is still conflicting in reducing mortality and
risk of mechanical ventilation among hospitalized patients.[?134

Our study has some limitations. First, even after adjusting for
several known confounders, there would still be some residual
confounders. Owing to the retrospective observational study
design, it is impossible to adjust for every possible confounder.
Moreover, apart from BMI, we do not have data to represent
nutritional status, which might be a potential confounder in this
case. Second, the type of respiratory failure was not investigated.
There are also some strengths to our study that should be
highlighted. Our study included a large cohort of 14,075 patients
which allowed us to extensively adjust for several confounders in
order to investigate for an independent association between serum
albumin level at admission and in-hospital ARF requiring
mechanical ventilation. Because ARF is a significant problem
during hospitalization, the findings from our study will help future
investigators to develop a prognostic model at the time of hospital
admission to estimate the risk of in-hospital ARF in order to
identify high-risk patients among hospitalized patients and to
implement prevention measures. In addition, further study should
investigate the benefit of hypoalbuminemia correction through
nutritional support on the risk of ARF in hospitalized patients.

In summary, our study pinpoints the role of a serum albumin
level at admission as a predictor of ARF requiring mechanical
ventilation. Serum albumin level at admission lower than 3.5 g/dL is
associated with higher risk of ARF requiring mechanical ventilation
while serum albumin level at admission above 4.5 g/dL is associated
with a lower risk of ARF requiring mechanical ventilation.
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