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Abstract

Background Pre-operative hypoalbuminemia is known to predict negative outcomes for patients undergoing major surgeries.
However, various cut-off points for starting exogenous albumin have been recommended.

Objective This study investigated the association between pre-operative severe hypoalbuminemia, in-hospital death, and
length of hospital stay in patients undergoing gastrointestinal surgery.

Methods A retrospective cohort study using a database analysis was undertaken on hospitalized patients who underwent
major gastrointestinal surgery. The pre-operative serum albumin level was classified into three groups: severe hypoalbumine-
mia (< 2.0 mg/dL) and non-severe hypoalbuminemia (> 2.0-3.4 g/dL) and normal level (3.5-5.5 g/dL). To compare between
different cut-offs, a sensitivity analysis using another albumin level classification as severe hypoalbuminemia (< 2.5 mg/dL)
and non-severe hypoalbuminemia (> 2.5-3.4 g/dL) and normal level (3.5-5.5 g/dL) was applied. The primary outcome was
post-operative in-hospital death. Propensity-score adjusted regression analyses were applied.

Results A total of 670 patients were included. Their average age was 57.4 + 16.3 years, and 56.1% were men. Only 59 patients
(8.8%) had severe hypoalbuminemia. Overall, a total of 93 in-hospital deaths (13.9%) occurred among all included patients,
but there were 24/59 (40.7%) deaths among patients with severe hypoalbuminemia, 59/302 (19.5%) deaths among patients
with non-severe hypoalbuminemia, and 10/309 (3.2%) deaths among patients with normal albumin level. The adjusted odds
ratio for post-operative in-hospital death comparing patients with severe hypoalbuminemia and patients with normal albu-
min level was 8.11 (3.31-19.87; p < 0.001), while the odds ratio for in-hospital death comparing patients with non-severe
and patients with normal albumin level was 3.89 (1.87-8.10; p < 0.001). A sensitivity analysis showed similar findings, the
odds ratio for in-hospital death for severe hypoalbuminemia (cut-off as < 2.5 g/dL) was 7.44 (3.38-16.36; p < 0.001), while
the odds ratio for in-hospital death for severe hypoalbuminemia (cut-off as 2.5-3.4 g/dL) was 3.02 (1.40-6.52; p = 0.005).
Conclusions Severe pre-operative hypoalbuminemia in patients undergoing gastrointestinal surgery was associated with an
increased risk of in-hospital mortality. The risk of death for patients with severe hypoalbuminemia was relatively similar
when using different cut-offs such as < 2.0 and <2.5 g/dL.
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Severe hypoalbuminemia is associated with an increase
in post-operative in-hospital death in patients undergoing
gastrointestinal surgeries.

Different cut-offs for severe hypoalbuminemia as < 2.0
and <2.5 g/dL had similar risks of post-operative in-
hospital death.

Severe hypoalbuminemia prolongs the length of hospital
stays.

The findings are important for clinical and policymakers
to decide the treatment strategies in patients undergoing
gastrointestinal surgeries.

1 Introduction

Albumin is a major component of plasma protein in human
blood. It maintains vascular permeability and oncotic pres-
sure and exerts platelet aggregation [1]. Serum albumin is
commonly used as a biochemical and nutritional marker in
pre-operative assessments of patients undergoing cardiac,
trauma, and general surgeries [2-5]. It falls rapidly during
the first hour after surgery and remains low until the third
day [6]. Serum albumin typically decreases by around 33.0%
[7]. Patients with hypoalbuminemia preoperatively have
higher risks of complications and death and extended hos-
pital stays [2, 8, 9]. A previous study indicated that serum
albumin was a predictor of surgical complications, includ-
ing sepsis, acute renal failure, bleeding, and failed ventilator
weaning [10].

Exogenous albumin appears to increase serum albumin
[11]. One guideline recommends using albumin injections
for patients with hypoalbuminemia before surgery [12]. The
serum albumin correction before surgery in patients with
hypoalbuminemia might improve their outcomes. Unfortu-
nately, several studies found that exogenous albumin had
been inappropriately prescribed in 63.2-96.0% of cases
[13—17]. Prescription control strategies are necessary to

Fig. 1 Data collection timeline.
GI gastrointestinal

Defining albumin level and other covariates

reduce the inappropriate use of exogenous albumin. Exog-
enous albumin injections should be considered according to
the patient’s clinical conditions and serum albumin levels
[13, 15]. Even though the association between lower albu-
min levels and negative surgical outcomes has been studied,
several cut-offs have been applied, such as albumin levels
<2.0,<2.5,0r <34 g/dL [12, 18-21]. In our setting, the
pre-operative albumin level of < 2.5 g/dL has been used as a
criterion for starting exogenous albumin, which was consist-
ent with some practice recommendations [19, 20]. However,
a practice guideline recommended using the albumin level
of < 2.0 g/dL for starting exogenous albumin [12]. Our cli-
nicians and policymakers would like to have evidence to
decide whether the cut-off pre-operative albumin level could
be changed from 2.5 to 2.0 g/dL with no significantly worse
clinical outcomes for patients undergoing major surgeries.
Thus, we conducted this study to associate the pre-opera-
tive albumin level with post-operative in-hospital death and
length of hospital stay (LOS) in patients undergoing gas-
trointestinal (GI) surgery as a case study for major surgery.

2 Materials and Methods

A retrospective cohort study using the electronic databases
of a tertiary hospital was conducted in Thailand. Before the
research began, its protocol was approved by the hospital’s
ethics committee (RYHREC No. E026/2564).

2.1 Data Sources

Electronic databases were obtained from a hospital in east-
ern Thailand. The hospital was a regional hospital serving
different patient complexities. The hospital’s demograph-
ics, inpatient diagnosis, pharmacy, and laboratory databases
were accessed. They contained information on encrypted
patient ID; age; sex; health insurance cover; date of birth;
diagnosis (using the International Classification of Diseases,
Tenth Revision); admission date; procedure code; exogenous
albumin dispensation date, code; and laboratory name, code,
date, and findings. The pre-surgical period was used to deter-
mine the albumin level and other covariates. In contrast, the
post-surgical period was used to determine post-operative
in-hospital death and LOS, which were outcomes of inter-
est (Fig. 1).

Defining in-hospital death, and length of stay
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2.2 Patient Inclusion

Patients were eligible if they were admitted to the hospital
for GI surgery between October 2014 and March 2021. Gas-
tric tract, esophagus, duodenum, and colon resections were
selected as index surgeries based on clinical consultations
with clinical experts. Patients with incomplete albumin level
tests in the pre-surgical period were excluded.

2.3 Exposure and Outcomes

The included patients were classified into three groups.
First is patients with severe hypoalbuminemia, defined as a
pre-operative serum albumin level of < 2.0 g/dL. Second is
patients with non-severe hypoalbuminemia (pre-operative
serum albumin level of 2.0-3.4 g/dL). The last is patients
with a normal albumin level (3.5-5.5 g/dL).The cut-off point
was selected based on a recommendation by Liumbruno
et al. [12] for starting exogenous albumin for patients with
hypoalbuminemia undergoing major surgeries. The cut-off
was selected by our Pharmaceutical and Therapeutic Com-
mittee. However, some guidelines recommended using an
albumin level < 2.5 g/dL for starting exogenous albumin
for patients with hypoalbuminemia. Thus, we performed a
sensitivity analysis by applying the cut-off as < 2.5 g/dL for
severe hypoalbuminemia to explore the differences of out-
comes among different cut-offs (< 2.0 vs < 2.5 g/dL). The
primary outcome of interest was in-hospital death, defined
by discharge status. The secondary outcome was LOS.

2.4 Statistical Analysis

Descriptive statistics were used to present patient character-
istics. As appropriate, independent ¢ tests, Mann—Whitney
U tests, chi-square tests, and Fisher’s exact tests were used
to compare the patient characteristics of the groups. For a
confounder adjustment, multivariable logistic regression
with a propensity score adjustment was used to associate the
serum albumin level with post-operative in-hospital death.
In contrast, a multivariable generalized linear model with
log-link and Poisson distribution was employed for LOS.
The covariates for propensity score estimation were age, sex,
and history of comorbidities (chronic liver disease, renal
disease, malignancy, chronic heart failure, ischemic heart
disease, hemorrhagic stroke, thyroid disease, diabetes, and
hypertension), and procedures. The use of exogenous albu-
min was treated as a confounder in the final models along
with the propensity score. The average marginal effects for
LOS were estimated to simplify interpretation.

Two additional analyses were performed. First, we com-
pared the outcomes for severe hypoalbuminemia versus
non-severe hypoalbuminemia using two different cut-offs.
Second, we compared the outcomes for patients who had

a pre-operative serum albumin level of < 2.0 g/dL and 2.0
to < 2.5 g/dL. Probability (p) values less than 0.05 were
considered statistically significant. Analyses were performed
using STATA, version 15.0 (StataCorp, College Station, TX,
USA).

3 Results
3.1 Patient Characteristics

A total of 1973 patients underwent the selected GI surgeries
during the study period. Patients without an albumin level
at baseline were excluded (Fig. 2), leaving 670 patients who
met our inclusion criteria. Their average age was 57.4 + 16.3
years, and 56.1% were men. Of those, 59 patients (8.8%) had
severe hypoalbuminemia (< 2.0 g/dL), 302 patients (45.1%)
had non-severe hypoalbuminemia (2.0-3.4 g/dL), and 309
patients (46.1%) had a normal albumin level. Most base-
line characteristics were not statistically significant different
except procedures including duodenectomy, colectomy, and
anastomosis. Forty-two patients with severe hypoalbumine-
mia (71.2%) received exogenous albumin, 109 patients with
non-severe hypoalbuminemia (36.1%) received exogenous
albumin, and 27 patients (8.7%) with a normal albumin level
received exogenous albumin. All patient characteristics are
detailed in Table 1.

3.2 Outcome for Severe Hypoalbuminemia Cut-Off
as<2.0g/dL

3.2.1 Post-operative In-Hospital Death

The post-operative in-hospital death rate for all patients was
13.9% (93 deaths from 670 patients). The post-operative in-
hospital death for patients with severe hypoalbuminemia
was 40.7% (24/59 patients). The death rate for patients with
non-severe hypoalbuminemia was 19.5% (59/302 patients),
while that for patients with a normal albumin level was 3.2%
(10/309 patients). The adjusted odds ratio (OR) for post-
operative in-hospital death comparing patients with severe
hypoalbuminemia to those with a normal albumin level was
8.11 (3.31-19.87; p < 0.001). The adjusted OR for post-
operative in-hospital death comparing patients with non-
severe hypoalbuminemia to those with a normal albumin
level was 3.89 (1.87-8.10; p < 0.001) [Table 2].

3.2.2 LOS
The median LOS for all patients was 14 (interquartile range
8-23). The median LOS for patients with severe hypoal-

buminemia was 22 days (interquartile range 13-35). The
median LOS for patients with non-severe hypoalbuminemia
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Fig.2 Flow of patient selection

1,973 patients with gastrointestinal surgeries were identified

212 patients without the selected gastrointestinal surgeries

1,761 patients with selected gastrointestinal surgeries

v

1,091 patients with no laboratory data reported

670 patients with selected gastrointestinal surgeries

/4\

hypoalbuminemia

59 patients with severe

302 patients with non-
severe hypoalbuminemia

309 patients with normal
albumin level

and a normal albumin level were 18 (12-28) and 11 (2-16)
days, respectively. The adjusted mean differences were 8.66
(7.35-9.96; p < 0.001) and 6.42 (5.69-7.16; p < 0.001) days
for severe and non-severe hypoalbuminemia, respectively
(Table 2).

3.3 Outcome for Severe Hypoalbuminemia Cut-Off
as<2.5¢g/dL

3.3.1 Post-operative In-Hospital Death

The post-operative in-hospital death for patients with
severe hypoalbuminemia (cut-off as < 2.5 g/dL) was 57.0%
(53/148 patients). The death rate for patients with non-severe
hypoalbuminemia was 32.3% (30/213 patients), while that
for patients with a normal albumin level was 3.2% (10/309
patients). The adjusted OR for post-operative in-hospital
death comparing patients with severe hypoalbuminemia to
those with a normal albumin level was 7.44 (3.38-16.36; p
< 0.001). The adjusted OR for post-operative in-hospital
death comparing patients with non-severe hypoalbuminemia
to those with a normal albumin level was 3.02 (1.40-6.52;
p =0.005) [Table 3].

3.3.2 LOS

The median LOS for patients with severe hypoalbumine-
mia (cut-off as < 2.5 g/dL) was 20 days (interquartile range
13-33.5). The median LOS for patients with non-severe
hypoalbuminemia and a normal albumin level were 18
(12-26) and 11 (2-16) days, respectively. The adjusted
mean differences were 6.75 (5.80-7.70; p < 0.001) and
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6.67 (5.88-7.46; p < 0.001) days for severe and non-severe
hypoalbuminemia, respectively (Table 3).

3.4 Additional Analyses

3.4.1 Comparing Between Severe Hypoalbuminemia
Versus Non-severe Hypoalbuminemia

At the cut-offs of < 2.0 g/dL for severe hypoalbuminemia,
the adjusted OR for post-operative in-hospital death for
severe hypoalbuminemia was 2.07 (1.09-3.93; p = 0.025)
compared to non-severe hypoalbuminemia. The adjusted
mean difference for LOS for severe hypoalbuminemia com-
pared to non-severe hypoalbuminemia was 4.48 (3.14-5.81;
p <0.001) days (Table A1 of the Electronic Supplementary
Material [ESM]).

At the cut-off of < 2.5 g/dL for severe hypoalbumine-
mia, the adjusted OR for post-operative in-hospital death for
severe hypoalbuminemia was 2.54 (1.45-4.43; p = 0.001)
compared to non-severe hypoalbuminemia. The adjusted
mean difference for LOS for severe hypoalbuminemia com-
pared to non-severe hypoalbuminemia was 1.71 (0.61-2.81;
p =0.002) [Table A1 of the ESM].

3.4.2 Comparing Between Patients Who Had Pre-Operative
Serum Albumin Levels of < 2.0 g/dLand 2.0to < 2.5
g/dL

A total of 163 patients were included in this additional
analysis. One hundred and four patients (63.8%) had a pre-
operative serum albumin level between 2.0 and < 2.5 g/dL,
while 59 patients (36.2%) had a pre-operative serum albumin
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Table 1 Characteristics of patients undergoing selected gastrointestinal surgeries
Characteristics Severe hypoalbumine- ~ Non-severe hypoalbumine- Normal albumin level Total p value
mia (< 2.0 g/dL) mia (2.0-3.4 g/dL) (>3.4-5.5 g/dL) n (%) (N = 670)
n (%) (n=759) n (%) (n=302) n (%) (n=309)
Age ( years, mean + SD) 61.5+18.5 56.9 + 18.0 57.1 +13.9 574 +16.3 0.063
<18 2(3.4) 9 (3.0) 3(1.0) 14 (2.1) 0.079
18-60 21 (35.6) 154 (51.0) 158 (51.1) 333 (49.7)
> 60 36 (61.0) 139 (46.0) 148 (74.9) 323 (48.2)
Sex
Male 38 (64.4) 176 (58.3) 162 (52.4) 376 (56.1) 0.140
Female 21 (35.6) 126 (41.7) 147 (47.6) 294 (43.9)
Health insurance
ucs 45 (76.3) 211 (69.9) 185 (59.9) 441 (65.8) 0.080
SSS 7(11.8) 43 (14.2) 54 (20.7) 114 (17.0)
CSMBS 4(6.8) 22(7.3) 33 (10.7) 59 (8.8)
Other 3(5.1) 26 (9.6) 27 (8.7) 56 (8.4)
Comorbidities
Chronic liver disease 2(3.4) 15 (5.0) 5(1.6) 22 (3.3) 0.052
Renal disease 2(3.4) 3(1.0) 1(0.3) 6 (0.9) 0.078
Malignancy 23 (39.0) 146 (48.3) 140 (45.3) 309 (46.1) 0.388
Chronic heart failure 1(1.7) 7(2.3) 1(0.3) 9 (1.3) 0.085
Ischemic heart disease 1(1.7) 7(2.3) 5(1.6) 13 (1.9) 0.813
Hemorrhagic stroke 1(1.7) 2(0.7) 1(0.3) 4 (0.6) 0.293
Thyroid disease 2(3.4) 5(1.7) 3(1.0) 10 (1.5) 0.244
Diabetes 8 (13.6) 46 (15.2) 35(11.3) 89 (13.3) 0.363
Hypertension 10 (17.0) 66 (21.9) 77 (24.9) 153 (22.8) 0.352
Procedure
Gastrectomy 3(5.1) 13 (4.3) 11 (3.6) 27 (4.0) 0.817
Duodenectomy 22 (37.3) 101 (33.4) 41 (13.3) 164 (24.5) <0.001
Colectomy 33 (55.9) 168 (55.6) 219 (70.9) 420 (62.7) <0.001
Intestinectomy 0(0.0) 0(0.0) 1(0.3) 1(0.15) 1.000
Anastomosis 32(54.3) 180 (59.6) 140 (45.3) 352 (52.5) 0.002

CSMBS Civil Servant Medical Benefit Scheme, SD standard deviation, SSS Social Security Scheme, UCS Universal Coverage Scheme

level < 2.0 g/dL. The in-hospital death rate for patients with
an albumin level < 2.0 g/dL was 40.7% (24/59 patients),
while that for patients with an albumin level of 2.0 to < 2.5
g/dL. was 33.6% (35/104 patients). The adjusted OR for post-
operative in-hospital death was 1.25 (0.62-2.51; p = 0.530).
The adjusted mean difference for LOS was 4.24 (2.55-5.93;
p < 0.001) [Table A2 of the ESM].

4 Discussion

Our study found an association between pre-operative
serum albumin levels and the post-operative in-hospital
death and LOS of patients undergoing GI surgery. Patients
with severe hypoalbuminemia had an approximately 7.4- to
8.1-fold higher risk of post-operative in-hospital death and
6-8 days longer hospital stays than patients with a normal

serum albumin level at a pre-operative assessment. In addi-
tion, patients with non-severe hypoalbuminemia also had a
higher risk of post-operative in-hospital death and longer
hospital stays than patients with a normal serum albumin
level. Patients with severe hypoalbuminemia had a signifi-
cantly higher risk of post-operative in-hospital death and
longer LOS than patients with non-severe hypoalbuminemia.
However, the risk of death for patients with severe hypoal-
buminemia was not statistically significant different between
patients with a serum albumin level < 2.0 g/dL and 2.0 to
< 2.5 g/dL at a pre-operative assessment.
Hypoalbuminemia is prevalent among admitted and criti-
cally ill patients. Critical illness is associated with hypoal-
buminemia through a variety of mechanisms. It could alter
the distribution of albumin between the intravascular and
extravascular compartments resulting in the reduction in
albumin synthesis and the increase in albumin degradation

A\ Adis
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Table 2 Effects of the pre-operative albumin level on post-operative in-hospital death and length of stay in hospital according to serum albumin

levels (cut-off of < 2.5 g/dL for severe hypoalbuminemia) at admission

Number of events (%)

Unadjusted effect size®* (95% CI; p value)

Adjusted effect size* (95% CI; p value)

Post operative in-hospital death (N = 670)
Baseline albumin level

Normal albumin 10 (3.2) Reference
Non-severe hypoalbuminemia 59 (19.5)
Severe hypoalbuminemia 24 (40.7)

Length of stay [median (IQR)] (days) (N = 670)
Baseline albumin level

Normal albumin 11 (2-16) Reference
Non-severe hypoalbuminemia 18 (12-28)
Severe hypoalbuminemia 22 (13-35)

7.26 (3.64-14.49; p < 0.001)
20.50 (9.06-46.39; p < 0.001)

10.01 (9.35-10.67; p < 0.001)
16.57 (15.14-17.99; p < 0.001)

Reference
3.89 (1.87-8.10; p < 0.001)
8.11 (3.31-19.87; p < 0.001)

Reference
6.42 (5.69-7.16; p < 0.001)
8.66 (7.35-9.96; p < 0.001)

Note: all multivariable regression models were adjusted by exogenous albumin use and propensity score, which were predicted by all the base-

line observed covariates

CI confidence interval, IQR interquartile range

20dds ratio for post-operative in-hospital death and mean difference for length of stay

Table 3 Effects of the pre-operative albumin level on post-operative in-hospital death, length of stay according to serum albumin levels (cut-off

as < 2.5 g/dL for severe hypoalbuminemia) at admission

Number of events (%) Unadjusted effect size® (95% CI; p

Adjusted effect size® (95% CI; p value)

value)
Post operative in-hospital death (N = 670)
Baseline albumin level
Normal albumin (N = 309) 10 (3.2) Reference Reference
Non-severe hypoalbuminemia (N 30 (32.3) 4.90 (2.34-10.26; p < 0.001) 3.02 (1.40-6.52; p = 0.005)

=213)
Severe hypoalbuminemia (N =148) 53 (57.0)
Length of stay [median (IQR)] (days) (N = 670)
Baseline albumin level
Normal albumin (N = 309

Non-severe hypoalbuminemia (N
=213)
Severe hypoalbuminemia (N =148) 20 (13-33.5)

11 (2-16)
18 (12-26)

16.68 (8.17-34.07; p < 0.001)

Reference
9.39 (8.65-10.12; p < 0.001)

13.53 (12.62-14.44; p < 0.001)

7.44 (3.38-16.36; p < 0.001)

Reference
6.67 (5.88-7.46; p < 0.001)

6.75 (5.80-7.70; p < 0.001)

Note: all multivariable regression models were adjusted by exogenous albumin use and propensity score, which were predicted by all the base-

line observed covariates

CI confidence interval, /QR interquartile range

20dds ratio for post-operative in-hospital death and mean difference for length of stay

and clearance. The reduction in albumin synthesis is a result
of the increase in gene transcription for the positive acute-
phase proteins (such as C-reactive protein) and a decrease
in the albumin messenger RNA transcription rate. However,
the increase in albumin degradation and clearance is because
of the increased capillary leakage, which is affected by some
cytokines in the inflammation process such as tumor necro-
sis factor-alpha, interleukin-6, prostaglandins, and comple-
ment components [22].

Our observed overall post-operative in-hospital death
rate was 13.9%. It was consistent with the previous rate
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reported by another study from a high-income country [18].
The study reported the 30-day mortality rate for patients
with colorectal surgeries that ranged from 2.0% in patients
with an albumin level of > 4.0 g/dL to 26.9% in patients
with an albumin level < 2.5 g/dL. Our observed in-hospital
death rate was also consistent with the finding from a pre-
vious study in Thailand [23]. The study was conducted in
four hospitals for patients undergoing high-risk surgeries.
They found that the in-hospital death rate was approximately
10.0%. Specifically, the in-hospital death rate for high-risk
GI surgeries was 8.3%.
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Our findings align with other investigations that found
that patients with hypoalbuminemia are associated with
higher in-hospital mortality rates across diseases [24-27].
We also found that patients with severe hypoalbuminemia,
cut-offs of either < 2.0 or < 2.5 g/dL, had a significant
higher risk of post-operative in-hospital death than both
patients with a normal serum albumin level and non-severe
hypoalbuminemia. We also found the dose—response rela-
tionship between the serum albumin level and the risk of in-
hospital death. Patients with non-severe hypoalbuminemia
had approximately a three to four times higher risk of in-hos-
pital death than patients with a normal serum albumin level.
In addition, patients with severe hypoalbuminemia had an
approximately 2.0-2.5 higher risk of in-hospital death than
patients with non-severe hypoalbuminemia. We observed
that the serum albumin level at a pre-operative assessment
is a strong predictor of the risk of in-hospital death. Patients
with a lower serum albumin level had a higher risk of death.

We also explored the effects of different cut-offs for
severe hypoalbuminemia as < 2.0 and <2.5 g/dL because
of the different guidelines recommending different pre-
operative serum albumin levels for starting an exogenous
albumin injection. We found that the effect sizes of compar-
ing between severe hypoalbuminemia and a normal albumin
level for both cut-offs were relative similar. The ORs for
post-operative in-hospital death for the cut-offs were not
largely different (8.11 for cut-off as < 2.0 g/dL and 7.44 for
cut-off as < 2.5 g/dL). In addition, we determined the risk of
in-hospital death among patients with a pre-operative serum
albumin level < 2.0 g/dL and 2.0 to < 2.5 g/dL to explore
whether the risk of death among the patients was different.
We found no significant difference among the groups. It indi-
cated that the use of different cut-offs for assess the severity
of hypoalbuminemia might not affect the clinical outcome.

The limitations of this study should be discussed. First,
because of the nature of retrospective database research,
confounding by indication usually exists. We tried to reduce
this problem by employing a propensity score adjustment.
This approach is a well-known method of reducing con-
founding bias in retrospective database analyses. Second,
there were some missing data in the reviewed databases, par-
ticularly laboratory data. We excluded patients with missing
data from the analysis. Third, because of the nature of our
database, we could not determine the causes of hypoalbu-
minemia. Fourth, we did not assess the effect of exogenous
albumin injection use, which might affect the association
of different serum albumin levels and the risk of in-hospi-
tal death. It was because we did not know who, how, and
why some patients received an exogenous albumin injec-
tion but some did not. Estimating the effect of exogenous
albumin injection use on the risk of in-hospital death might
mislead the readers because of a lack of such information.
However, we attempted to minimize the confounding effect

of exogenous albumin injection use by adding it as a con-
founder along with the propensity score in the final regres-
sion model. Finally, our research was carried out at a tertiary
hospital in Thailand. Consequently, the generalizability of
our findings is limited to healthcare settings where the health
system and characteristics of the patients are similar to our
setting. Extrapolation must be approached with prudence.

This study provided valuable information on the impor-
tance of the pre-operative assessment of serum albumin lev-
els for patients who are about to undergo GI surgery. The
findings are particularly beneficial for surgeons in low- and
middle-income countries.

5 Conclusions

Severe pre-operative hypoalbuminemia in patients undergo-
ing GI surgery was associated with an increased risk of in-
hospital mortality and prolonged LOS. The risk of death for
patients with severe hypoalbuminemia was relatively similar
when using different cut-offs of < 2.0 and <2.5 g/dL. Our
information will be useful for clinicians and policymakers
to consider strategies to improve healthcare for patients with
GI surgeries.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40801-023-00364-4.
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