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Abstract 

Background  Previous studies concerning the association between preoperative Hemoglobin (HB) level 
and the Length Of hospital Stay (LOS) in patients with non-cardiac surgery and non-obstetric surgery remain incon-
clusive. Herein, the objective of this study was to analyze whether and to what extent the preoperative HB level 
was connected with the LOS in non-cardiac and non-obstetric surgery patients.

Methods  This retrospective cohort study was performed at a single institution, involving patients who underwent 
elective non-cardiac, non-obstetric surgery from April 2007 to September 2013. Clinical characteristics of patients 
such as demographics, comorbidities, preoperative HB level, LOS, mortality, procedure length, and pulmonary 
hypertension (PHTN) Severity Class data were collected. A univariate analysis was used to determine the association 
between clinical characteristics and LOS. Multivariate regression analysis was conducted to investigate the relation-
ship between preoperative HB level and LOS.

Results and discussion  In this study, 311 patients were included. We observed that compared with the LOS > 7 days 
group, the average HB level of patients in the LOS ≤ 7 days group was higher (12.04 ± 2.20 g/dl vs. 10.92 ± 2.22 g/
dl, p < 0.001). In addition, there were fewer patients with moderate-to-severe anemia in LOS ≤ 7 days group 
than the LOS > 7 days group (32.74% vs 58.82%, p < 0.001). In addition, we found that patients with LOS ≤ 7 days were 
accompanied with lower mortality (0.44% vs. 7.06%, p < 0.001) and lower mean combined pulmonary artery systolic 
pressure (PASP) and right ventricular systolic pressure (RVSP) than that in patients with LOS > 7 days (42.56 ± 11.97 vs. 
46.00 ± 12.37, p < 0.05). After controlling for relevant confounders, we discovered a nonlinear association between pre-
operative HB level and LOS as well as a threshold effect based on LOS. Specifically, when preoperative HB level 
was less than 11.9 g/dL, LOS decreased by 2 days for each 1 g/dL increase in HB level. However, LOS did not alter 
substantially with the rise of preoperative HB level when it was higher than 11.9 g/dL.
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Conclusion  Our study showed a close non-linear association between preoperative HB level and LOS in patients 
with non-cardiac surgery and non-obstetric surgery. In particular, for patients with preoperative HB less than 11.9 g/
dL, increasing the preoperative HB level can help shorten the LOS after operation.

Keywords  Preoperative hemoglobin, Length of stay, Multivariate analysis, Retrospective studies

Introduction
Anemia is a clinical common phenomenon with differ-
ent incidence rate owing to the different diseases and 
different definition standards. A systematic review of 
surgical anemia showed the incidence of preoperative 
anemia ranging from 5 to 76% [1]. In addition, it was 
reported that the incidence of preoperative anemia was 
24–28.1% in patients undergoing cardiac surgery [2, 3], 
whereas 28.7–30.44% in non-cardiac surgery patients 
[4, 5].

Previous studies have demonstrated the associa-
tion between preoperative anemia and adverse clinical 
outcomes, including prolonged hospitalization [6–8], 
increased mortality, and more serious complications [2, 
9]. Among these, LOS has attracted a lot of  attention in 
recent years as it is closely related to the patient’s eco-
nomic burden and quality of life. Indeed, numbers of 
studies have analyzed the effects of patient population 
data, comorbidities, preoperative laboratory indicators, 
and perioperative related factors, on LOS [10–12]. How-
ever, few reports have addressed the effect of preopera-
tive HB levels on LOS, especially in patients undergoing 
non-cardiac surgery and non-obstetric surgery.

Although some previous studies have analyzed the 
relation between preoperative HB and LOS in patients 
undergoing noncardiac surgery, most of them only ana-
lyzed the impact of patient population data, comorbidi-
ties, preoperative laboratory indicators, and perioperative 
related factors on LOS, but did not analyze the impact of 
PHTN on LOS. However, it should be pointed out that 
PHTN is common in surgical patients, and the periop-
erative surgical risk of such patients is higher than that 
of patients without PHTN, which may indicate that such 
patients will have a longer postoperative LOS. This study 
is based on a secondary analysis of previously published 
research data, and adds preoperative PHTN factors to 
previous studies to explore whether preoperative HB is 
still independently associated with LOS in patients with 
non-cardiac surgery and non-obstetric surgery. The 
threshold value of the impact of HB level on LOS can 
better illustrate the correlation between the two.

Taken these into consideration, this study conducted a 
secondary analysis based on previously published data, 
aimed to investigate whether and to what extent preoper-
ative HB level was related to LOS in patients undergoing 
non-cardiac surgery and non-obstetric surgery.

Materials and methods
Study population
Patients (age ≥ 18) who underwent elective non-cardiac, 
non-obstetric surgery under general anesthesia at a single 
institution (University of Washington Medical Center) 
from April 2007 to September 2013 were retrospectively 
investigated [13]. In this study, we collected data from 
patient charts, including those admitted on the same day 
and those awaiting surgery. When patients had under-
gone multiple surgeries during a single hospital stay, we 
included only data from the initial surgery. Cases were 
excluded if: (1) data from two-dimensional echocardiog-
raphy (ECHO) within 1 year prior to surgery were miss-
ing; (2) the patient was admitted to an inpatient ward 
or ICU bed > 24  h prior to the procedure; (3) there was 
absent or incomplete pre-procedure anesthesia clinic 
visit data; (4) the procedure or surgery was cancelled 
before or after administration of anesthesia. After exclud-
ing 238 patients with preoperative HB levels and loss of 
LOS and 2 patients with HB data outliers, 311 patients 
were finally enrolled for date analysis (Fig. 1). The clinic-
pathological features of the patients, such as age, gender, 
pre-procedure BMI, resting heart rate (HR), preopera-
tive systolic (SBP) and diastolic blood pressure (DBP), 
tobacco use, preoperative comorbidities such as systemic 

Fig. 1  Flowchart of recruitment and research. Flowchart 
of the patient enrollment process in this study. A total of 311 patients 
were included in this study. In total, 226 patients were subgrouped 
into the LOS ≤ 7 days group and 85 patients were subgrouped 
into the LOS > 7 days group
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hypertension, coronary artery disease (CAD), conges-
tive heart failure (CHF), arrhythmia, diabetes mellitus 
(DM), venous thromboembolism (VTE), asthma, chronic 
obstructive pulmonary disease (COPD), obstructive sleep 
apnea (OSA), and renal failure, preoperative laboratory 
indicators, such as creatinine level, and room air arterial 
oxygen saturation (SaO2), were collected. The other data 
obtained by ECHO including left ventricular ejection 
fraction (EF), PASP, and RVSP, were also collected and 
analyzed. This project was approved by the University of 
Washington Institutional Review Board.

In this study, we first conducted a single-factor logis-
tic regression analysis between each covariate and LOS 
to clarify the impact of each covariate on LOS, as shown 
in Table 2. Then we further screen for confounding fac-
tors that affect the relationship between HB and LOS 
(Additional file 1: Table S1–S4). The criteria for screen-
ing confounding factors are as follows: (1) The impact 
of introducing covariates in the basic model or remov-
ing covariates from the complete model on the regres-
sion coefficient of HB is > 10%; (2) The p value of the 
regression coefficient of the covariate on LOS is < 0.1; 
(3) variables meeting criteria 1 or 2 were used as con-
founders. Screened confounding factors include gender, 
American Society of Anesthesiologists (ASA) classifi-
cation, procedure length, combined PASP and RVSP, 
mortality, intrathoracic, systemic hypertension, venous 
thromboembolism, asthma, renal failure (serum cre-
atinine > 1.5  mg/dl), and heart rate. Multiple logistic 
regression analysis was used to further analyze the true 
relationship between HB and LOS without adjusting con-
founding variables and confounding factors. Different 
models in the data were adjusted based on the screened-
out covariates. They are models that do not adjust any 
variables, Model I (only adjust the mortality variable), 
and Model II (only adjust all variables filtered out by cri-
terion 1 or criterion 2). Additional file  1: Tables S1–S4 
show the specific screening process. Smooth curve fitting 
was used to observe whether there was a nonlinear rela-
tionship between preoperative HB levels and LOS. When 
nonlinear associations were found, a two-piece linear 
regression model was applied to test for threshold effects.

Study parameters
Based on the World Health Organization (WHO) ane-
mia standard [14], the preoperative HB level was divided 
into non-anemia group (male HB > 13  g/dL, female 
HB > 12  g/dL), mild anemia group (female HB 11–12  g/
dL, male HB 11–13  g/dL) and moderate-to-severe ane-
mia group (HB < 11  g/dL). In addition, variables related 
to anesthesia and surgery were included, such as ASA 
class, procedure length, and mortality. Data from ECHO 
performed within a year of the index surgical date were 

collected. As for the severity of PHTN, it was divided into 
none PHTN (PASP or RVSP < 36  mmHg), mild PHTN 
(36 mmHg ≤ PASP or RVSP ≤ 50 mmHg), and moderate-
to-severe PHTN (PASP or RVSP > 50  mmHg) [15, 16]. 
Besides, LOS was defined as the interval from the date of 
surgery until the date of hospital discharge or in-hospital 
death. Prolonged LOS was defined as more than 7 days, 
which corresponds to the > 75th centile LOS of the data.

Statistical methods
Anonymized raw data were uploaded by Shah, Aalap C. 
et  al. at the Datadryad Web site (www.​datad​ryad.​org) 
with ownership authorized [13]. Therefore, we further 
analyzed such data on a different hypothesis without vio-
lating the authors’ rights.

All statistical analyses were conducted using the statis-
tical software package R (http://​www.R-​proje​ct.​org, The 
R Foundation) and Empower-Stats (http://​www.​empow​
ersta​ts.​com, X&Y Solutions, Inc., Boston, MA). Nor-
mally distributed continuous variables are expressed as 
mean ± standard deviation (SD), and non-normally dis-
tributed continuous variables are replaced by median and 
interquartile range (IQR). Categorical variables are pre-
sented as totals and percentages. Multivariate multiple 
imputation with chained equations was used to impute 
missing data. Univariate analysis was used to determine 
the relation between clinical characteristics and LOS. 
Multivariate regression analysis was conducted to inves-
tigate the relation between preoperative HB level and 
LOS. A threshold, nonlinear association between HB and 
LOS was found in a generalized additive model (GAM). 
A p value < 0.05 was considered statistically significant.

Results
Clinical characteristics of included patients
A total of 311 participants (151 males and 160 females) 
were selected for the final data analysis. Table  1 listed 
the baseline characteristics, operation-related and prog-
nostic data of the selected participants according to LOS 
status. There were 226 (72.67%) patients in LOS ≤ 7 days 
group and 85 patients in LOS > 7 days group. No statisti-
cally differences were detected in age, gender, BMI, SBP, 
DBP, tobacco, white blood cell count, room air SaO2, 
serum creatinine, EF value between the two groups, 
respectively. In addition, preoperative comorbidities such 
as angina, coronary artery disease, arrhythmia, asthma, 
obstructive sleep apnea, renal failure (serum creati-
nine > 1.5  mg/dL), COPD and diabetes also showed no 
statistical difference between the two group. However, 
the mean preoperative HB level and systemic hyperten-
sion in LOS ≤ 7 days group showed significant differences 
compared to LOS > 7 days group, respectively.

http://www.datadryad.org
http://www.R-project.org
http://www.empowerstats.com
http://www.empowerstats.com
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Table 1  Baseline characteristics, operation-related and prognostic data of patients by LOS status (N = 311)

Characteristic LOS ≤ 7 days (n = 226) LOS > 7 days (n = 85) p-value

Age (years) (mean ± SD) 60.14 ± 14.19 61.30 ± 14.42 0.930

Gender, n (%) 0.049

 Male 102 (45.13) 49 (57.65)

 Female 124 (54.87) 36 (42.35)

BMI (kg/m2) (mean ± SD) 31.37 ± 13.62 31.37 ± 13.85 0.458

SBP(mmHg) (mean ± SD) 125.92 ± 19.36 123.75 ± 23.91 0.435

DBP(mmHg) (mean ± SD) 70.35 ± 12.25 67.96 ± 16.43 0.829

Heart Rate(bpm) (mean ± SD) 74.93 ± 13.66 80.18 ± 16.55 0.006

Tobacco, n (%) 120 (53.10) 43 (50.59) 0.693

Yes

ASA classification (%)  < 0.001

  II 18 (7.96) 2 (2.35)

  III 169 (74.78) 50 (58.82)

  IV 39 (17.26) 33 (38.82)

Category of surgery

 Intraabdominal, n (%) 49 (21.68) 28 (32.94) 0.040

  Yes

 Intrathoracic, n (%) 13 (5.75) 14 (16.47) 0.003

  Yes

 Suprainguinal Vascular, n (%) 13 (5.75) 2 (2.35) 0.212

  Yes

 Intracranial (%) 3 (1.33) 1 (1.18) 0.916

  Yes

 Systemic hypertension (%) 158 (69.91) 46 (54.12) 0.009

  Yes

 Angina, n (%) 17 (7.52) 6 (7.06) 0.889

  Yes

 Coronary artery disease, n (%) 58 (25.78) 29 (34.52) 0.128

  Yes

 Congestive heart failure, n (%) 60 (26.55) 25 (29.41) 0.614

  Yes

 Arrhythmia, n (%) 84 (37.17) 32 (37.65) 0.938

  Yes

 Venous thromboembolism, n (%) 10 (4.42) 9 (10.59) 0.043

  Yes

 Asthma, n (%) 30 (13.27) 9 (10.59) 0.524

  Yes

 COPD, n (%) 32 (14.16) 16 (19.05) 0.290

  Yes

 Obstructive sleep apnea, n (%) 48 (21.24) 20 (23.53) 0.663

  Yes

  Diabetes, n (%) 67 (29.78) 21 (24.71) 0.377

  Yes

 Renal failure
(serum creatinine > 1.5 mg/dl), n (%)

55 (24.34) 23 (27.06) 0.622

  Yes

Anaemia, n (%)

 None 98 (43.36) 21 (24.71)   < 0.001

 Mild 54 (23.89) 14 (16.47)

 Moderate/severe 74 (32.74) 50 (58.82)
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Analysis of the associations between LOS 
and the clinical‑pathological features of non‑cardiac 
and non‑obstetric patients
Preoperative anemia was present in 192 (61.74%) of 311 
patients based on the WHO’s gender-based criteria for 
anemia severity [14]. We observed that the ratio of mod-
erate-to-severe anemia in LOS > 7 days group was higher 
compared to LOS ≤ 7  days group (58.82% vs. 32.74%, 
p < 0.05). The proportion of mortality patients was 0.44% 
in LOS ≤ 7 days group and 7.06% in LOS > 7 days group 
(p < 0.001). Whereas procedure length, heart rate, com-
bined PASP and RVSP were lower in LOS ≤ 7 days group 
than that in LOS > 7  days group, respectively (p < 0.05). 
Moreover, characteristics including intra-abdominal, 
intrathoracic, and PHTN severity class exhibited statisti-
cal difference between the two groups.

Due to a lack of data in few covariates  such as blood 
pressure and heart rate, we then used multiple interpo-
lation technology to supplement it (as detailed in Addi-
tional file  2: Table  S5 and Additional file  3: Table  S6). 
Based on this, we performed a univariate analysis to 
determine the association between clinical character-
istics and LOS. Results in Table 2 showed that age, gen-
der, BMI, SBP, DBP, heart rate, white blood cell count, 
room air SaO2, combined PASP and RVSP, PHTN sever-
ity class, angina, coronary artery disease, congestive 
heart failure, arrhythmia, venous thromboembolism, 
asthma, COPD, obstructive sleep apnea, renal failure, 
diabetes, and serum creatinine were not associated with 
LOS. However, tobacco, systemic hypertension, gender, 
and HB were negatively associated with LOS. In con-
trast, heart rate, intraabdominal, intrathoracic, venous 

thromboembolism, ASA IV, combined PASP and RVSP, 
PHTN severity class, procedure length, and mortality 
were positively associated with LOS. In addition, univari-
ate analysis showed that the procedure length was closely 
associated with LOS.

Association between preoperative HB level and LOS 
in non‑cardiac and non‑obstetric patients
To better clarify the association between preoperative 
HB level and LOS in non-cardiac, non-obstetric surgery 
patients, we further conducted multiple regression analy-
sis. Results of three models (non-adjusted model, Model 
I, and Model II) in Table 3 and 4 indicated that there was 
a negative association between preoperative HB level 
and LOS in non-cardiac, non-obstetric surgery patients, 
respectively (p < 0.0001).

For missing data on some covariates, we used multiple 
interpolation techniques to supplement and maximize 
statistical effects,  and conducted a  sensitivity analysis 
on the data. The results showed that the complete data 
analysis results after imputation were consistent with the 
multiple regression results excluding missing data (Addi-
tional file 2: Tables S5 and Additional file 3: Table S6).

Additionally, we found a nonlinear relation between 
preoperative HB level and LOS by cubic spline smooth-
ing technique, and such a relationship still existed 
after adjusting for the confounding factors (Fig.  2). The 
inflection point of HB level was calculated to be 11.9 g/
dL (Table  5). When preoperative HB level < 11.9  g/dL, 
LOS decreased by 2 days for per 1 g/dL increase in HB 
level. However, when preoperative HB level > 11.9  g/dL, 
the estimated dose–response curve was consistent with 

LOS Length of Stay, ASA American Society of Anesthesiologists, BMI body mass index, SBP systolic blood pressure, DBP Diastolic Blood Pressure, COPD chronic 
obstructive pulmonary disease, ECHO echocardiography, SD Standard Deviation, IQR interquartile range, PASP pulmonary artery systolic pressure, PHTN pulmonary 
hypertension, RAP right atrial pressure, RVSP right ventricular systolic pressure, EF LeftVentricular Ejection Fraction

Table 1  (continued)

Characteristic LOS ≤ 7 days (n = 226) LOS > 7 days (n = 85) p-value

Serum creatinine (mg/dl), n (%) 1.00 (0.78 − 1.50) 1.13 (0.80 − 1.63) 0.211

Hemoglobin level(mg/dl) (mean ± SD) 12.04 ± 2.20 10.92 ± 2.22  < 0.001

White blood cell count(× 109/l) (median [IQR]) 7.52 (5.69–9.36) 7.23 (5.91–10.23) 0.505

Room Air SaO2, n (%) 189 (85.52) 72 (84.71) 0.857

Mortality, n (%) 1 (0.44) 6 (7.06)  < 0.001

 Yes

Procedure length (minutes) (Median [IQR]) 87.00 (41.00–141.75) 135.00 (75.50–261.75)  < 0.001

ECHO finding

Combined PASP and RVSP (mean ± SD) 42.56 ± 11.97 46.00 ± 12.37 0.006

PHTN Severity Class, n (%) 0.032

No PHTN 112 (51.61) 29 (34.94)

Mild PHTN 89 (41.01) 47 (56.63)

Moderate to severe PHTN 16 (7.37) 7 (8.43)

EF value (mean ± SD) 59.40 ± 13.19 58.44 ± 14.46 0.601
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a horizontal line, suggesting a non-significant relation 
between HB level and LOS.

Discussion
This retrospective cohort study investigated the effect of 
preoperative HB level on LOS in non-cardiac and non-
obstetric patients. By adjusting for the potential risk 
factors related to LOS, we showed that patients with pro-
longed hospitalization had a low preoperative HB level 
and a high prevalence of moderate-to-severe anemia, 
which were consistent with previous results [7, 8, 17]. 
These results indicate that more attention should be paid 
to this group of patients, so as to detect anemia-related 
symptoms in time and provide iron supplements, vitamin 
B12, and blood transfusion treatment when necessary.

In addition, we found that the incidence of preopera-
tive anemia was 61.7% in non-cardiac and non-obstetric 
patients, and the incidence of mild and moderate-to-
severe anemia was 21.9% and 39.9%, respectively. These 
results were in conflict with previous studies which indi-
cated that the incidence of anemia in patients without 
cardiac surgery was 28.7–30.44% [4, 5]. Such a discrep-
ancy could be explained by different patient character-
istics and the definition criteria for anemia in different 
studies. Indeed, some researchers employed hemoglobin 
levels to define anemia, while others used hematocrit 
values.

Clinically, a lack of hematopoietic raw materials, 
including iron or folic acid, vitamin B12, and chronic 
diseases such as chronic infection, tumors, chronic renal 
insufficiency, etc., may lead to preoperative anemia [18]. 
In addition, some patients may experience unexplained 

Table 2  Univariate analysis for LOS

Covariate β (95% CI) p-value

Age (years)  − 0.03 (− 0.05, 0.11) 0.460

Gender

 Male Reference

 Female  − 2.57 (− 4.71, − 0.43) 0.019

BMI (kg/m2)  − 0.03(− 0.11, 0.05) 0.443

SBP (mmHg)  − 0.02 (− 0.08, 0.03) 0.433

DBP (mmHg)  − 0.05 (− 0.13, 0.04) 0.267

Heart Rate 0.11 (− 0.03, 0.18) 0.007

Tobacco Reference

 − 1.57 (− 3.72, − 0.59) 0.155

ASA classification (%)

 II Reference

 III 2.61 (− 1.71, 6.93) 0.238

 IV 7.80 (3.12, 12.48) 0.001

Category of surgery

Intraabdominal Reference

19.81 (12.87,26.75)  < 0.0001

Intrathoracic Reference

5.52 (1.74, 9.31) 0.005

Suprainguinal Vascular Reference

 − 0.23 (− 5.27, 4.81) 0.929

Intracranial Reference

 − 2.96 (− 12.55, 6.62) 0.545

Systemic hypertension Reference

 − 3.62 (− 5.86, − 1.38) 0.002

Angina Reference

0.44 (− 3.69, 4.57) 0.834

Coronary artery disease Reference

1.60 (− 0.81,4.01) 0.195

Congestive heart failure Reference

1.41 (− 1.01, 3.83) 0.254

Arrhythmia Reference

0.58 (− 1.65, 2.82) 0.610

Venous thromboembolism Reference

4.92 (0.45, 9.40) 0.032

Asthma Reference

 − 3.03 (− 6.28, 0.21) 0.068

COPD Reference

0.53 (− 2.47,3.52) 0.730

Obstructive sleep apnea Reference

 − 0.09 (− 2.70, 2.53) 0.947

Diabetes Reference

 − 1.01 (− 3.41, 1.39) 0.410

Renal failure (serum creatinine > 1.5 
mg/dl)

Reference

2.41 (0.07, 4.89) 0.058

HB(g/dl)  − 1.18 (− 1.64, − 0.71)  < 0.0001

White blood cell count(× 109/l)  − 0.01 (− 0.09, 0.08) 0.861

Serum creatinine 0.53 (− 0.14, 1.20) 0.120

Room Air SaO2 Reference

CI Confidence Interval, LOS Length Of Stay, ASA American Society of 
Anesthesiologists, BMI body mass index, SBP systolic blood pressure, DBP 
Diastolic Blood Pressure, COPD chronic obstructive pulmonary disease, ECHO 
echocardiography, IQR interquartile range, PASP pulmonary artery systolic 
pressure, PHTN pulmonary hypertension, RAP right atrial pressure, RVSP right 
ventricular systolic pressure, EF Left Ventricular Ejection Fraction

Table 2  (continued)

Covariate β (95% CI) p-value

 − 1.89 (− 4.97, 1.19) 0.231

Mortality Reference

19.81 (12.87, 26.75)  < 0.001

Procedure length 0.02 (0.02, 0.03)  < 0.0001

ECHO Finding

Combined PASP and RVSP 0.13(− 0.04, 0.22) 0.007

PHTN Severity Class

No PHTN Reference

Mild PHTN 2.39 (0.09, 4.68) 0.042

Moderate to severe PHTN 4.41 (0.13, 8.70) 0.045

EF Value 0.01 (− 0.09, 0.07) 0.786
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anemia owing to multiple complex mechanisms. If such a 
symptom is not treated promptly and efficiently, the pro-
cedure and prognosis may be compromised. For example, 
Rasouli M.R. et  al. found that patients undergoing total 
joint arthroplasties presented the highest (4.23%) infec-
tion rate with preoperative HB 10  g/dL, whereas the 

lowest (0.84%) infection rate with preoperative HB of 
12 ~ 13 g/dL [19]. Moreover, preoperative anemia might 
increase postoperative mortality, the occurrence of com-
plications, and negatively impact patients’ postoperative 
activities and functional recovery [9, 20]. All of the above 
factors will lead to prolonged hospital stays and increased 
costs, which in turn highlights the importance of short-
ening hospital stays, as it can not only reduce medical 
insurance costs and save medical and health resources, 
but also increase bed turnover and reduce waiting times 
for elective surgeries.

Previous research has shown a linear relationship 
between preoperative anemia and LOS, with one study 
suggesting that LOS would decrease by 0.2 days for every 

Table 3  Non-adjusted and adjusted linear regression models

Non-adjusted model adjust for: None

Model I adjust for: mortality

Model II adjust for: Gender, ASA classification, procedure length, Combined PASP and RVSP, mortality, Intrathoracic, systemic hypertension, Venous thromboembolism, 
Asthma, Renal failure (serum creatinine > 1.5 mg/dl), and Heart Rate

CI Confidence Interval, LOS length of stay, HB hemoglobin, ASA American Society of Anesthesiologists, PASP pulmonary artery systolic pressure, RVSP right ventricular 
systolic pressure

Outcome Non-adjusted model Model I Model II

β (95% CI) p-value β (95% CI) p-value β (95% CI) p-value

Hemoglobin level  − 1.18 (− 1.64, − 0.71)  < 0.0001  − 0.99 (− 1.45, − 0.54)  < 0.0001  − 0.86 (− 1.31, − 0.41)  < 0.0002

Table 4  Non-adjusted and adjusted logistic regression models

Non-adjusted model adjust for: None

Model I adjust for: mortality

Model II adjust for: Gender, ASA classification, procedure length, Combined PASP and RVSP, mortality, Intrathoracic, systemic hypertension, Venous thromboembolism, 
Asthma, Renal failure (serum creatinine > 1.5 mg/dl), and Heart Rate

CI Confidence Interval, OR Odds Ratio, LOS Length of Stay, HB hemoglobin, ASA American Society of Anesthesiologists, PASP pulmonary artery systolic pressure, RVSP 
right ventricular systolic pressure

Outcome Non-adjusted model Model I Model II

OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value

Hemoglobin level 0.79 (0.70, 0.89)  < 0.0001 0.81(0.72, 0.91)  < 0.0007 0.76 (0.65, 0.90)  < 0.0010

Fig. 2  Association between HB and LOS. A threshold, nonlinear 
association between HB and LOS was found in a generalized 
additive model (GAM). Solid red line represents the smooth curve 
fit between variables. Blue bands represent the 95% of confidence 
interval from the fit. All adjusted for Heart Rate, tobacco, Renal failure 
(serum creatinine > 1.5 mg/dl), ASA classification, procedure length, 
mortality, Intrathoracic, systemic hypertension, and DBP

Table 5  Threshold Effect Analysis of HB and LOS using Piece-
wise Linear Regression

Effect: LOS, Cause: HB

Adjusted: Gender, ASA classification, procedure length, Combined PASP and 
RVSP, mortality, intrathoracic, systemic hypertension, Venous thromboembolism, 
Asthma, Renal failure (serum creatinine > 1.5 mg/dl), and Heart Rate

CI Confidence Interval, LOS Length of Stay, HB hemoglobin, ASA American 
Society of Anesthesiologists, PASP pulmonary artery systolic pressure, RVSP right 
ventricular systolic pressure

Inflection point of HB β (95% CI) p-value

 < 11.9  − 2.00 (− 2.92, − 1.08)  < 0.0001

 > 11.9 0.21 (− 0.67, 1.08) 0.641
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1 g/dL increase in preoperative HB [17]. In this study, we 
discovered a nonlinear association between preoperative 
HB level and LOS as well as a threshold effect based on 
LOS after controlling for relevant confounders. Specifi-
cally, when preoperative HB level was less than 11.9 g/dL, 
LOS decreased by 2 days for each 1 g/dL increase in HB. 
However, LOS did not alter substantially with the rise 
of preoperative HB level when it was larger than 11.9 g/
dL. Even though the results of this study on the relation 
between preoperative HB levels and LOS are inconsist-
ent with previous studies. However, paying attention to 
the patient’s anemia symptoms before and after surgery 
and providing timely treatment will be useful to reduce 
the patient’s hospitalization time to a certain extent. At 
the same time, for patients undergoing non-cardiac and 
non-obstetric surgery, when the preoperative HB level is 
greater than 11.9 g/dL, adjusting the lipid level or blood 
glucose level may be also good for reducing the length of 
hospital stay, which requires further in-depth research.

It is necessary to point out the limitations of this ret-
rospective study. First, some data were excluded due to 
the absence of certain preoperative HB level, resulting 
in a reduction in  sample size and selection bias. Sec-
ond, the clinical data came from a single center, leading 
to a lack of data on some covariates, such as treatment 
technology and ethnic differences. Consequently, a 
larger, multicenter investigation of individuals under-
going non-cardiac surgery and non-obstetric surgery 
may be necessary.

Conclusion
This study showed that preoperative anemia is preva-
lent among patients undergoing non-cardiac and non-
obstetric surgery. The LOS was closely connected with 
the preoperative HB level, with a threshold and satura-
tion effect. Therefore, careful monitoring and treatment 
of patients with preoperative anemia and adjustment of 
preoperative HB level to 11.9 g/dL or higher are impor-
tant, which may help to shorten the LOS and reduce 
medical costs.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s13019-​024-​02566-5.

Additional file 1: The specific screening process of this study.

Additional file 2: The relationship between HB and LOS analyzed based 
on the data containing missing data and multiple interpolation.

Additional file 3: The relationship between HB and LOS > 7days analyzed 
based on the data containing missing data and multiple interpolation.

Acknowledgements
Not applicable.

Author contributions
ZW (the first author) is the main writer of the article, ZW and ML completed 
the collection and analysis of related literature and date; HM and CL partici-
pated in the analysis and sorting of the literature. NZ (the corresponding 
author) is the creator and person in charge of the project and directs the writ-
ing of the article. All authors have read and agreed to the final text.

Funding
Not applicable.

Availability of data and materials
Data can be down-loaded from “DATADRYAD” database. Dryad data package: 
Shah, Aalap C. et al. (2019), Data from: Self-reported functional status predicts 
post-operative outcomes in non-cardiac surgery patients with pulmonary 
hypertension, Dryad, Dataset, https://​doi.​org/https://​doi.​org/​10.​5061/​dryad.​
9236n​g5.

Declarations

Ethics approval and consent to participate
The informed consent of the participants was not required for this study 
because it was a retrospective cohort study. Ethics was approved by the 
University of Washington Institutional Review Board.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of General Medicine, Tianjin Beichen Hospital, Beichen District, 
Tianjin 300400, China. 2 Department of Clinical Laboratory, Tianjin Beichen 
Hospital, Beichen District, Tianjin 300400, China. 

Received: 5 July 2023   Accepted: 30 January 2024

References
	1.	 Shander A, Knight K, Thurer R, Adamson J, Spence R. Prevalence and 

outcomes of anemia in surgery: a systematic review of the literature. Am 
J Med. 2004;116(Suppl 7A):58S-69S.

	2.	 Miceli A, Romeo F, Glauber M, de Siena PM, Caputo M, Angelini GD. Pre-
operative anemia increases mortality and postoperative morbidity after 
cardiac surgery. J Cardiothorac Surg. 2014;9:137.

	3.	 Kim CJ, Connell H, McGeorge AD, Hu R. Prevalence of preoperative anae-
mia in patients having first-time cardiac surgery and its impact on clinical 
outcome. A Retrospect Observ study Perfus. 2015;30(4):277–83.

	4.	 Baron DM, Hochrieser H, Posch M, Metnitz B, Rhodes A, Moreno RP, et al. 
Preoperative anaemia is associated with poor clinical outcome in non-
cardiac surgery patients. Br J Anaesth. 2014;113(3):416–23.

	5.	 Musallam KM, Tamim HM, Richards T, Spahn DR, Rosendaal FR, Habbal A, 
et al. Preoperative anaemia and postoperative outcomes in non-cardiac 
surgery: a retrospective cohort study. Lancet. 2011;378(9800):1396–407.

	6.	 Zaninetti C, Klersy C, Scavariello C, Bastia R, Balduini CL, Invernizzi R. 
Prevalence of anemia in hospitalized internal medicine patients: correla-
tions with comorbidities and length of hospital stay. Eur J Intern Med. 
2018;51:11–7.

	7.	 Duarte GC, Catanoce AP, Zabeu JL, Ribeiro GN, Moschen M, de Oliveira 
NAG, et al. Association of preoperative anemia and increased risk of 
blood transfusion and length of hospital stay in adults undergoing hip 
and knee arthroplasty: an observational study in a single tertiary center. 
Health Sci Rep. 2021;4(4): e448.

	8.	 Bulte CSE, Boer C, Hemmes SNT, Serpa Neto A, Binnekade JM, Heden-
stierna G, et al. The effects of preoperative moderate to severe anaemia 
on length of hospital stay: a propensity score-matched analysis in non-
cardiac surgery patients. Eur J Anaesthesiol. 2021;38(6):571–81.

https://doi.org/10.1186/s13019-024-02566-5
https://doi.org/10.1186/s13019-024-02566-5
https://doi.org/
https://doi.org/10.5061/dryad.9236ng5
https://doi.org/10.5061/dryad.9236ng5


Page 9 of 9Wang et al. Journal of Cardiothoracic Surgery           (2024) 19:97 	

	9.	 Fowler AJ, Ahmad T, Phull MK, Allard S, Gillies MA, Pearse RM. Meta-analy-
sis of the association between preoperative anaemia and mortality after 
surgery. Br J Surg. 2015;102(11):1314–24.

	10.	 Demiralp B, Koenig L, Xu J, Soltoff S, Votto J. Time spent in prior hospital 
stay and outcomes for ventilator patients in long-term acute care hospi-
tals. BMC Pulm Med. 2021;21(1):104.

	11.	 Pappa S, Mason K, Howard E. Long-term effects of paliperidone palmitate 
on hospital stay and treatment continuation. Int Clin Psychopharmacol. 
2019;34(6):305–11.

	12.	 Moriyama H, Kohno T, Kohsaka S, Shiraishi Y, Fukuoka R, Nagatomo Y, et al. 
Length of hospital stay and its impact on subsequent early readmission 
in patients with acute heart failure: a report from the WET-HF Registry. 
Heart Vessels. 2019;34(11):1777–88.

	13.	 Shah AC, Ma K, Faraoni D, Oh DCS, Rooke GA, Van Norman GA. 
Self-reported functional status predicts post-operative outcomes in 
non-cardiac surgery patients with pulmonary hypertension. PLoS ONE. 
2018;13(8): e0201914.

	14.	 Nutritional anaemias. Report of a WHO scientific group. World Health 
Organ Tech Rep Ser. 1968;405:5–37

	15.	 McQuillan BM, Picard MH, Leavitt M, Weyman AE. Clinical correlates and 
reference intervals for pulmonary artery systolic pressure among echo-
cardiographically normal subjects. Circulation. 2001;104(23):2797–802.

	16.	 Bolignano D, Rastelli S, Agarwal R, Fliser D, Massy Z, Ortiz A, et al. Pulmo-
nary hypertension in CKD. Am J Kidney Dis. 2013;61(4):612–22.

	17.	 Abdullah HR, Sim YE, Hao Y, Lin GY, Liew GHC, Lamoureux EL, et al. 
Association between preoperative anaemia with length of hospital stay 
among patients undergoing primary total knee arthroplasty in Singa-
pore: a single-centre retrospective study. BMJ Open. 2017;7(6): e016403.

	18.	 Lin Y. Preoperative anemia-screening clinics. Hematology Am Soc Hema-
tol Educ Program. 2019;2019(1):570–6.

	19.	 Ponce B, Raines BT, Reed RD, Vick C, Richman J, Hawn M. Surgical site 
infection after arthroplasty: comparative effectiveness of prophylactic 
antibiotics: do surgical care improvement project guidelines need to be 
updated? J Bone Joint Surg Am. 2014;96(12):970–7.

	20.	 Yombi JC, Putineanu DC, Cornu O, Lavand’homme P, Cornette P, 
Castanares-Zapatero D. Low haemoglobin at admission is associ-
ated with mortality after hip fractures in elderly patients. Bone Joint J. 
2019;101(B9):1122–8.

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


	Association between preoperative hemoglobin with length of hospital stay among non-cardiac and non-obstetric surgery patients: a secondary analysis of a retrospective cohort study
	Abstract 
	Background 
	Methods 
	Results and discussion 
	Conclusion 

	Introduction
	Materials and methods
	Study population
	Study parameters
	Statistical methods

	Results
	Clinical characteristics of included patients
	Analysis of the associations between LOS and the clinical-pathological features of non-cardiac and non-obstetric patients
	Association between preoperative HB level and LOS in non-cardiac and non-obstetric patients

	Discussion
	Conclusion
	Acknowledgements
	References


