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Abstract

Background In terms of predicting surgery mortality, it is controversial whether red blood cell width works indepen-
dently. In non-cardiac surgery patients older than 18 years, we intend to examine the relationship between red blood
cell width and postoperative 30-day mortality.

Methods In this retrospective cohort study, 90,785 Singapore General Hospital patients were matched by propen-
sity score between January 1,2012 and October 31, 2016. It was determined that red blood cell width at baseline

and mortality within 30 days after surgery were the independent and dependent variables. We used a non-parametric
multivariate logistic regression to balance the confounders among 7807 patients with high RDW and 7807 patients
with non-high RDW in the propensity score matching. We investigated the association between RDW and 30-day
mortality after surgery using the doubly robust estimation method.

Results Cohorts matched according to propensity score, the risk of 30-day mortality after surgery increased

by 114.6.0% among the high RDW group (OR=2.146, 95% Cl 1.645-2.799, P < 0.00001). In the crude model, there
was a significant association between RDW and 30-day mortality after surgery (OR=1.877,95% Cl 1.476-2.388,
P<0.00001). In the propensity-score adjusted model, the risk of 30-day mortality after surgery in the high

RDW group compared to the control group was not as high as in the non-adjusted model (OR=1.867, 95% Cl
1.467-2.376, P<0.00001). Compared to non-high RDW group, the risk of 30-day mortality after surgery increased
by 117.0% and 127.7% among high RDW group in the original cohort (OR 2.170, 95% ClI 1.754-2.683, P<0.00001)
and the weighted cohort (OR 2.272, 95% Cl 2.009-2.580, P <0.00001), respectively.

Conclusions According to the results of this observational, propensity score-matched cohort study, uncontrolled
high RDW before surgery is associated with an increased risk of death within 30 days after surgery, that is to say,
patients over the age of 18 with high preoperative RDW who undergo non-cardiac surgery have a worse postopera-
tive prognosis than those with normal RDW.
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Background

Surgery plays a crucial role in global health care. The
perioperative mortality rate is estimated to be as high
as 0.8-4% (Boehm et al. 2015). In addition to the major
complications induced by anesthesia and surgery, periop-
erative mortality is mainly negatively affected by individ-
ual patient comorbidities. Therefore, whether to find an
index that is cost-effective and easily available to help sur-
geons predict perioperative mortality and provide a ref-
erence for the next therapeutic intervention has become
an urgent problem to be solved in modern surgery.

The normal range for Red blood cell width (RDW)
is 11.0-15.0% (GL Salvagno 2015; Boehm et al. 2015).
The larger the value, the greater the difference in red
blood cell volume. When the RDW value is significantly
increased, it often indicates red blood cell debris, dif-
ferent sizes, red blood cell polymorphism, or increased
reticulocytes. Traditionally, RDW is commonly used in
the diagnosis or differential diagnosis of hematological
diseases (Zvetkova 2017; Piriyakhuntorn et al. 2018), but
now it has been shown to be important for predicting
the prognosis of some diseases, including cardiovascular
disease (Li et al. 2017; Letendre and Goggs 2018), kidney
disease (Wang et al. 2018; Yilmaz and Sozel 2021), and
liver disease (Fan et al. 2018).

Whether RDW is associated with surgical mortality
and whether it can be used as an independent predic-
tor of surgery is currently controversial (Lazzeroni et al.
2021; Pluta et al. 2018; Abdullah et al. 2018; Cheung et al.
2016; Shota et al. 2020; Pedrazzani et al. 2020). In non-
cardiac surgery patients older than 18 years, we intend
to examine the relationship between red blood cell width
and postoperative 30-day mortality.

Methods

Study design and data source

This study was based on a secondary analysis of a single-
center retrospective study at Singapore General Hospi-
tal from January 2012 to October, 2016. One thousand
seven hundred beds tertiary academic hospital. We
downloaded the raw data for free from the DATADRYAD
database (www.datadryad.org). Since Diana Xin Hui
Chan et al. transferred the ownership of the original data
to the DATADRYAD website, we were able to use these
data to perform secondary data analysis based on differ-
ent scientific assumptions (Dryad data package: Chan,
Diana Xin Hui et al. (2018), Data from: Development of

the Combined Assessment of Risk Encountered in Sur-
gery (CARES) surgical risk calculator for prediction of
post-surgical mortality and need for intensive care unit
admission risk—a single-center retrospective study,
Dryad, Dataset, https://doi.org/10.5061/dryad.v142481)
(Chan et al. 2018). In accordance with all relevant guide-
lines and regulations, the Singapore Health Institutional
Review Board (Singhealth CIRB 2014/651/D) approved
the study prior to the start of the experiment. A paper
published in the journal described the ethical approval
process (McCaffrey et al. 2013).

Study sample

Study participants included 100,873 surgical patients in
total. Baseline exclusion criteria for the original study
were as follows: (1) in cardiac surgery, burn-related sur-
gery, neurosurgery, and transplantation, patients are cat-
egorically more likely to die as a result of intensive blood
transfusion requirements, as well as their substantially
higher mortality rates; (2) there is no information avail-
able about RDW; (3) under 18 years old. A diagram in
Fig. 1 shows the process of selecting participants. (4) The
collection time of RDW is before surgery, only once. A
secondary analysis of 84,547 participants was conducted.

Exposure and outcome

The primary exposure of interest was RDW. In red blood
cell volume, RDW is the variance of red blood cell vol-
ume compared to a normal reference range. In the labo-
ratory of this hospital, normally, RDW ranges from 10.9
to 15.7%, with levels above 15.7% classified as high (Chan
et al. 2018).

After their index operation, patients were followed up
for 30 days to determine if any mortality occurred. An
electronic health record synchronization with the mor-
tality data was carried out to ensure near-complete fol-
low-up (Chan et al. 2018).

Covariates

As a result of clinical experience and previous research,
we identified potential confounders a priori that may
affect the relationship between RDW and perioperative
prognosis in our study. During the preoperative anes-
thetic assessment, the following data were included age,
gender, race, preoperative estimated glomerular filtra-
tion rate (eGFR), presence of cerebrovascular accidents
(CVA), diabetes mellitus (DM), ischemic heart disease
(IHD), congestive heart failure (CHF), anemia, priority
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According to the date source article:

100,873 index cases

Excluded 10,088 patients who underwent cardiac

surgery, neurosurgery, transplant and burns surgery.

v

90,785 cases for considerration

According to our studying:

6238 cases with missing date of RDW

v

84,547 Were inclued in our study analysis

8,478 With higher RDW

15,614 Were inclued in propensity-score-matched analysis

7,807 With high RDW

7,807 With non-high RDW

Fig. 1 Study population. Figure 1 showed the inclusion of participants. 100,873 participants were assessed for eligibility in the original study. We
excluded patients who underwent cardiac surgery, neurosurgery, transplant and burns surgery, and with missing date of RDW. The final analysis
included 84547 subjects in the present study.
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of surgery, anesthesia type, surgical risk, preoperative
blood transfusion within 30 days, intraoperative blood
transfusion data, postoperative blood transfusion data,
the Revised Cardiac Risk Index (RCRI) score (Lee et al.
1999), the American Society of Anesthesiologists(ASA)
status, admission to ICU for>24 h (ICUADMGT?24H).
Preoperative laboratory results including renal group
(including eGFR) and full blood count (including hemo-
globin concentration) were taken as the latest blood
results within 90 days before surgery, and up to the day
of surgery. The severity of anemia was defined by WHO’s
gender-based classification of hemoglobin concentration.
Mild anemia was defined as a hemoglobin concentration
of 11-12.9 g/dL in males and 11-11.9 g/dL in females;
moderate anemia was defined for both genders as hemo-
globin concentration between 8-10.9 g/dL and severe
anemia was defined as hemoglobin concentration<8.0 g/
dL. Priority of surgery (emergency or elective) and surgi-
cal risk classification were based on the 2014 European
Society of Cardiology (ESC) and the European Society
of Anaesthesiology (ESA) guidelines (Glance et al. 2012;
Kehmeier and Schulze 2014). American Society of Anes-
thesiologists-Physical Status (ASA-PS) follows that of the
ASA-PS definitions (Glance et al. 2012; Kehmeier and
Schulze 2014).In accordance with KDIGO guidelines, the
preoperative eGFR was calculated from serum creatinine
values using the MDRD equation (Levey et al. 2005).

Statistical analyses

A skewed distribution is represented by medians (quar-
tiles) or means (standard deviations) for continuous vari-
ables, and a frequency or percentage was used to express
categorical variables. Those variables with normal distri-
bution were tested using two-sample-tests, those with
non-normal distribution were tested using Wilcoxon
rank-sum tests, and those with categorical distributions
were tested using chi-square tests (Wu et al. 2020). Data
with partial missing values can cause confounding in
multivariate regression analysis. In the case of categori-
cal variables, the missing data would be treated as a new
independent group; in the case of a continuous vari-
able, the missing data will be replaced with an average or
median.

Matching the samples was performed using a greedy
algorithm, with a caliper width of 0.01 using a 1:1
protocol without replacement. Based on all baseline
covariates, standardized differences (SD) were calcu-
lated to assess imbalance and balance pre- and post-
matching (Normand et al. 2001). It is indicative of a
relatively small imbalance when the standard devia-
tion for a given covariate is less than 10.0% (Normand
et al. 2001). RDW and patients’ primary and secondary
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outcomes were also determined using the doubly
robust estimation method, which combines multivari-
ate regression with propensity score (McCaffrey et al.
2013; Koch et al. 2018). Using logistic proportional haz-
ards regression, all covariates were adjusted for in the
PS-matched cohort.

In addition to the estimated propensity score, the
inverse probability of treatment weights (IPTW) was
calculated. In this study, IPTW was calculated by tak-
ing the inverse of the propensity score for high RDW
patients, as well as the inverse of the propensity score
for non-high RDW patients (1-propensity score). The
weighted cohort was generated using the IPTW model
(Koch et al. 2018). This study included a series of sensi-
tivity analyses designed to assess the robustness of its
findings and to examine the impact of various associa-
tion inference models on our results. In the sensitivity
analysis, two association inference models were used,
one for the original cohort and one for the weighted
cohort. There were p values and effect sizes for all
these models reported and compared. According to the
STROBE statement, all results are reported (Elm et al.
2014; Vandenbroucke et al. 2014). Statistical analysis
was performed using R software (http://www.R-proje
ct.org, The R Foundation) and Empower-Stats (http://
www.empowerstats.com, X&Y Solutions, Inc., Boston,
MA). Statistical significance was defined as P<0.05 for
two-tailed tests.

The propensity score (PS) indicates the probability
that each observation result is assigned to the treat-
ment group if all variables observed in the clinical
study exist. Observational clinical studies can synthe-
size all known observed variables through propensity
score values, and then balance treatment and control
group observations by propensity score matching,
stratification, regression adjustment, weighting, etc.
The distribution of variables, thereby reducing bias and
increasing the comparability of the two groups. The use
of propensity scores by researchers can allow observa-
tional clinical studies to achieve post-hoc randomiza-
tion without over-stratification and over-matching, so
that the research results are closer to the “real world”
actual intervention effects. As a new method of balanc-
ing observed variables, the propensity score method is
widely used in the study of observational and clinical
non-randomized data. This method treats each propen-
sity score as an independent variable whose distribu-
tion is randomized to achieve a study effect similar to
that of a randomized controlled trial (RCT) with mini-
mal bias. Therefore, this study employed the propen-
sity score method (PSM) analysis to explore whether
there is an association between RDW and perioperative
mortality.
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Results

Study population

We identified 84,547 participants (46.14% men and
53.86% women) who met our inclusion criteria (Fig. 1)
of whom 8,478 (10.1%) with high RDW(>15.7%) and
76,069 (89.9%) with non-high RDW (<15.7%). Popula-
tion average age was 52.91+16.88 years. Participants in
high RDW and non-high RDW groups (Table 1) have dif-
ferent baseline characteristics, based on propensity-score
matching (PS), we identified a cohort of patients who
shared similar baseline characteristics. An unparsimo-
nious multivariable logistic regression model was used
to estimate the propensity score (Ahmed et al. 2006),
all baseline characteristics highlighted in Table 1 serve
as covariates with RDW as the independent variable. In
order to match variables, the following were used: age,
gender, race, eGFR, CVA, DM, IHD, CHF, ASA status,
RCRI score, ICUADMGT24H, anemia, priority of sur-
gery, anesthesia type, surgical risk, preoperative blood
transfusion within 30 days, intraoperative blood transfu-
sion data, postoperative blood transfusion data.

Several baseline characteristics differed between high
RDW and non-high RDW groups until propensity-score
matching was applied (Table 1). In general, higher RDW
was associated with higher risk among patients, such
as RCRI score, Anemia, CV, IHD, CHF, DM, ASA, and
ICU admission rate. One-to-one matching based on the
propensity score, 7807 non-high RDW patients matched
with 7807 high subjects. It is evident from Table 2 that
the propensity score was well-matched for almost all var-
iables (standard deviations less than 10.0%). As a result,
there was only a slight difference in baseline character-
istics between non-high RDW and high RDW groups,
which characteristics the two groups were still slightly
statistically, but likely not clinically, significantly differ-
ent, namely the rate of anemia, postoperative transfusion
and ASA classification.

Association between RDW and 30-day mortality

after surgery

In the propensity-score-matched cohort, we examined
the association between RDW and 30-day mortality after
surgery using a logistic proportional-hazards regres-
sion model. In Table 3, the results of the unadjusted,
minimally adjusted, fully adjusted, and propensity score-
adjusted analyses are shown simultaneously. In the crude
model, there was a significant association between RDW
and 30-day mortality after surgery (OR=1.877, 95% con-
fidence interval (CI) 1.476-2.388, P<0.00001). Namely,
the risk of 30-day mortality after surgery increased by
87.7.0% among the high RDW group than the non-high
RDW group. In the minimally adjusted model (adjusted
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age, gender, race), the association still existed (OR 2.077,
95% CI 1.628-2.649, P<0.00001). After adjusting for the
full covariates (age, gender, race, eGFR, CVA, DM, IHD,
CHE, ASA status, RCRI score, ICUADMGT24H, ane-
mia, priority of surgery, anesthesia type, surgical risk,
preoperative blood transfusion with in 30 days, intra-
operative blood transfusion data, postoperative blood
transfusion data), furthermore, we were able to detect a
significant statistical connection herewith (OR=2.146,
95% CI 1.645-2.799, P<0.00001). In the propensity-score
adjusted model, the risk of mortality in the high RDW
group did not drop after the propensity score matching,
but the increased risk of mortality compared to the con-
trol group was not as high as in the non-adjusted model.

Sensitivity analysis

We used inverse probability of treatment weights (IPTW)
to generate a weighted cohort. Based on the original
cohort and the weighted cohort, we performed the logis-
tic proportional-hazards regression model to assess the
relationship between RDW and 30-day mortality after
surgery. A simultaneous comparison of the unadjusted,
minimally adjusted, and fully adjusted models was shown
in Table 4. In both the original and weighted cohorts, the
higher RDW was associated with a higher death rate after
surgery at 30 days. As compared to non-high RDW group
in the full model, the risk of 30-day mortality after sur-
gery in high RDW group increased by 117.0% in the orig-
inal cohort (OR=2.277, 95%CI 1.754-2.683, P<0.0001)
and 122.7% in the weighted cohort (OR=2.227, 95% CI
2.009-2.580, P<0.00001), respectively.

Subgroup analysis

We used a subgroup analysis to detect the effect of
potential confounders which may affect the relation-
ship between RDW and postoperative 30-day mortal-
ity. Table 5 showed after conducting subgroup analysis
on stratified variables such as age, gender, and different
types of surgery priority, we found a positive correla-
tion between RDW and the risk of postoperative 30-day
mortality.

Discussion

This study showed that high RDW was significantly asso-
ciated with higher risks of postoperative 30-day mortal-
ity in non-cardiac surgery patients over 18 years of age
compared to the non-high group. A number of statisti-
cal analyses confirmed this finding, including the doubly
robust estimation method, the propensity score-based
IPW model, the propensity score-based patient-matching
model, the logistic regression based multivariate analy-
sis model and the sensitivity analysis model. According
to the study, an uncontrolled high RDW before surgery
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Table 1 Baseline characteristics before propensity-score matching in the original cohort
Category Low RDW High RDW Standardize diff Pvalue
N 76069 8478
Age (years) 52.84+16.89 53.62+£16.84 4.7% <0.001
PREOP-EGFR 96.22+31.10 98.29+46.30 5.3% <0.001
PS 0.08+0.11 032+0.22 135.5% <0.001
GENDER 26.6% <0.001
Male 36092 (47.45%) 2922 (34.47%)
Female 39977 (52.55%) 5556 (65.53%)
Preop-transfusion with in 30daysn(%) 28.5% <0.001
0 units 74881 (98.44%) 7850 (92.59%)
1 units 652 (0.86%) 329 (3.88%)
2 or more units 536 (0.71%) 299 (3.53%)
Intraop-transfusion 47% <0.001
0 units 72806 (95.71%) 6870 (81.03%)
1 units 3263 (4.29%) 1608 (18.97%)
Postop-transfusion with in 30days 35% <0.001
0 units 75720 (99.54%) 7885 (93.01%)
1 units 228 (0.30%) 379 (4.47%)
2 units 121 (0.16%) 214 (2.52%)
Anesthesia type n(%) 4.2% <0.001
ga 63240 (83.14%) 7178 (84.67%)
ra 12829 (16.87%) 1300 (15.33%)
Priority of surgery n(%) 7.9% <0.001
Elective 60188 (79.12%) 6430 (75.84%)
Emergency 15881 (20.88%) 2048 (24.16%)
Surgical risk 25% <0.001
Low 39961 (52.53%) 3553 (41.91%)
Moderate 33446 (43.97%) 4298 (50.70%)
High 2662 (3.50%) 627 (7.40%)
RACE 13.6% <0.001
Chinese 54987 (72.29%) 5692 (67.14%)
Indian 6681 (8.78%) 844 (9.96%)
Malay 7324 (9.63%) 1146 (13.52%)
Others 7077 (9.30%) 796 (9.39%)
ANEMIA 149.2% <0.001
None 59399 (78.09%) 1750 (20.64%)
Mild 10637 (13.98%) 2053 (24.22%)
Moderate/severe 6033 (7.93%) 4675 (55.14%)
ICUADMGT24H 14.4% <0.001
No 75165 (98.81%) 8196 (96.67%)
Yes 904 (1.19%) 282 (3.33%)
RCRI.SCORE 33.3% <0.001
Level 1 40539 (53.29%) 3432 (40.48%)
Level 2 10226 (13.44%) 1778 (20.97%)
Level 3 1923 (2.53%) 462 (5.45%)
Level 4 648 (0.85%) 223 (2.63%)
NA 22733 (29.89%) 2583 (30.47%)
CVA CATEGORY 53% <0.001
No 51180 (67.28%) 5600 (66.05%)
Yes 1299 (1.71%) 205 (2.42%)
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Table 1 (continued)
Category Low RDW High RDW Standardize diff Pvalue
NA 23590 (31.01%) 2673 (31.53%)
IHD CATEGORY 1% <0.001
No 48760 (64.10%) 5173 (61.02%)
Yes 3522 (4.63%) 602 (7.10%)
NA 23787 (31.27%) 2703 (31.88%)
CHF CATEGORY 13.2% <0.001
No 53750 (70.66%) 5779 (68.17%)
Yes 577 (0.76%) 198 (2.34%)
NA 21742 (28.58%) 2501 (29.50%)
DM CATEGORY 9.3% <0.001
No 52167 (68.58%) 5625 (66.35%)
Yes 1636 (2.15%) 309 (3.65%)
NA 22266 (29.27%) 2544 (30.01%)
ASA CATEGORY 41.5% <0.001
Level | 18383 (24.17%) 1327 (15.65%)
Level Il 42568 (55.96%) 4074 (48.05%)
Level lll 10677 (14.04%) 2271 (26.79%)
Level IV-VI 730 (0.96%) 335 (3.95%)
NA 3711 (4.88%) 471 (5.56%)

Values are n (%) or mean + SD

Abbreviations: GA General anesthesia, RA Regional anesthesia, SD Standardized difffferences

PREOP-eGFR preoperative estimated glomerular filtration rate (mL/min/1.73m2), PS Propensity score, NA not available, CVA cerebrovascular accidents, IHD ischemic
heart disease, CHF congestive heart failure, DM diabetes mellitus requiring insulin therapy; creatinine>2.0mg/dl, Preop preoperative, Intraop intraoperative, Postop
postoperative, RCRI Revised Cardiac Risk Index, ASA American Society of Anesthesiologists, ICU Intensive Care Unit, ICUADMGT24H admission to ICU for >24 hours

increased the risk of death rather than critical complica-
tions within 30 days of the surgery.

RDW is a well-known independent predictor of mor-
tality and incidence rate in patients undergoing cardiac
surgery (Balta et al. 2013; Polat et al. 2014; Collas et al.
2016). However, in non-cardiac surgery, the impact of
RDW on postoperative mortality is still controversial.
In a prospective observation of 229 patients undergoing
high-risk gastrointestinal surgery, it was confirmed that
RDW can predict postoperative mortality (OR RDW-
SD=1.21; P<0.001, OR RDW-CV=1.62; P=0.01 (Pluta
et al. 2018). An analysis of non-cardiac surgery patients
at the Icelandic National University Hospital was carried
out in a retrospective cohort study, in accordance with
the preoperative RDW (<13.3%, 13.4-14.0%, 14.1-14.7%,
14.8-15.8%, and > 15.8%), patients were grouped into five
predefined groups. All-cause long-term mortality was
the primary outcome, with secondary outcomes includ-
ing 30-day mortality, length of stay, and readmissions
within 30 days compared with propensity score matching
(PSM) cohort from patients with RDW <13.3%. Patients
with RDW between 14.8% and 15.8% (HR=1.33; 95% CI,
1.15-1.59; P<0.001) and above 15.8% (HR=1.66; 95%
CI, 1.4-1.95; P<0.001) had a higher hazard of mortal-
ity, compared with matched controls with RDW <13.3%.

This is basically consistent with our research results.
Domestic scholars’s study also supports the above con-
clusion. A propensity matching analysis conducted by
Kung-Chuan Cheng et al. (Cheng et al. 2022) on 5315
patients with stage I-II colorectal cancer who under-
went inpatient surgery at Chang Gung Memorial Hospi-
tal from 2001 to 2018 showed that high RDW remained
a negative predictor of overall survival (OS) (HR=1.49,
95% CI 1.25-1.78) and disease-free survival (DFS) and
cancer-specific survival (CSS) after early colorectal can-
cer radical surgery. In another study on gastric cancer
patients undergoing radical surgery (Yazici et al. 2017),
it was found that a high preoperative RDW value was
an important predictor of 60 day mortality (17.9+4.3 vs
16.0+£3.2; P=0.015). In patients with RDW >16%, the
disease-free and overall survival rates of advanced gas-
tric cancer decreased (P=0.04). We found a significant
association between RDW and postoperative mortality
using the doubly robust estimation method in the pro-
pensity-score matched cohort. High RDW increased the
risk of 30-day mortality after surgery by 114.6.0%. And
the figure dropped to 86.7% after adjusting the propen-
sity score. Thus the results better showed the relation-
ship between RDW and he risk of 30-day mortality after
surgery in the real world. Furthermore, we adjusted for
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Table 2 Baseline characteristics after propensity-score matching in the original cohort
RDW <15.7% >15.7% Standardize diff Pvalue
N 7807 7807
Age (years) 54.96+18.56 54.03+£16.84 5.2% 0.001
PREOP-EGFR 94.11+£45.03 9533+43.71 2.7% 0.087
PS 0.29+0.21 0.29+0.21 1.5% 0.353
GENDER 13.1% <0.001
Male 3294 (42.19%) 2795 (35.80%)
Female 4513 (57.81%) 5012 (64.20%)
Preop-transfusion with in 30 days n(%) 1.6% 0.624
0 units 7275 (93.19%) 7291 (93.39%)
1 units 295 (3.78%) 273 (3.50%)
2 or more units 237 (3.04%) 243 (3.11%)
Intraop-transfusion 1.2% 0.546
0 units 6503 (83.30%) 6531 (83.66%)
1 units 1304 (16.70%) 1276 (16.34%)
Postop-transfusion with in 30 days 4.2% 0.033
0 units 7494 (95.99%) 7443 (95.34%)
1 units 202 (2.59%) 257 (3.29%)
2 units 111 (1.42%) 107 (1.37%)
Anesthesia type n(%) 1.2% 0.460
ga 6560 (84.03%) 6526 (83.59%)
ra 1247 (15.97%) 1281 (16.41%)
Priority of surgery n(%) 9.9% <0.001
Elective 5531 (70.85%) 5872 (75.21%)
Emergency 2276 (29.15%) 1935 (24.79%)
Surgical risk 3.9% 0.050
Low 3346 (42.86%) 3379 (43.28%)
Moderate 3843 (49.23%) 3890 (49.83%)
High 618 (7.92%) 538 (6.89%)
RACE 28.3% <0.001
Chinese 4953 (63.44%) 5273 (67.54%)
Indian 757 (9.70%) 785 (10.06%)
Malay 700 (8.97%) 1045 (13.39%)
Others 1397 (17.89%) 704 (9.02%)
ANEMIA 9.0% <0.001
None 1862 (23.85%) 1750 (22.42%)
Mild 1753 (22.45%) 2053 (26.30%)
Moderate/severe 4192 (53.70%) 4004 (51.29%)
ICUADMGT24H 0.8% 0619
No 7548 (96.68%) 7559 (96.82%)
Yes 259 (3.32%) 248 (3.18%)
RCRI.Score 3.9% 0.196
Level 1 3291 (42.15%) 3205 (41.05%)
Level 2 1501 (19.23%) 1570 (20.11%)
Level 3 475 (6.08%) 437 (5.60%)
Level 4 226 (2.89%) 209 (2.68%)
NA 2314 (29.64%) 2386 (30.56%)
CVA Category 4.7% 0.013
No 5235 (67.06%) 5145 (65.90%)
Yes 230 (2.95%) 188 (241%)
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Table 2 (continued)
RDW <15.7% >15.7% Standardize diff Pvalue
NA 2342 (30.00%) 2474 (31.69%)
IHD Category 5.8% 0.002
No 4783 (61.27%) 4734 (60.64%)
Yes 669 (8.57%) 569 (7.29%)
NA 2355 (30.17%) 2504 (32.07%)
CHF Category 3.1% 0.160
No 5405 (69.23%) 5324 (68.20%)
Yes 193 (2.47%) 175 (2.24%)
NA 2209 (28.30%) 2308 (29.56%)
DM Category 3.1% 0.149
No 5265 (67.44%) 5150 (65.97%)
Yes 291 (3.73%) 304 (3.89%)
NA 2251 (28.83%) 2353 (30.14%)
ASA Category 16.5% <0.001
Level | 1626 (20.83%) 1241 (15.90%)
Level Il 3327 (42.62%) 3756 (48.11%)
Level Ill 2096 (26.85%) 2081 (26.66%)
Level IV-VI 216 (2.77%) 301 (3.86%)
NA 542 (6.94%) 428 (5.48%)

Values are n (%) or mean + SD

Abbreviations: GA General anesthesia, RA Regional anesthesia, SD Standardized difffferences

PREOP-eGFR preoperative estimated glomerular filtration rate (mL/min/1.73m2), PS Propensity score, NA not available, CVA cerebrovascular accidents, IHD ischemic
heart disease, CHF congestive heart failure, DM diabetes mellitus requiring insulin therapy; creatinine>2.0mg/dl, Preop preoperative, Intraop intraoperative, Postop
postoperative, RCRI Revised Cardiac Risk Index, ASA American Society of Anesthesiologists, ICU Intensive Care Unit, ICUADMGT24H admission to ICU for >24 hours

Table 3 The results of multivariate analyses in propensity score matched cohort

Exposure Non-adjusted (OR,

95% Cl, P)

Adjust | (OR, 95% Cl, P)

Adjust Il (OR, 95% Cl, P) Adjust Ill (OR, 95% Cl, P)

30-day mortality
RDW <15.7% Ref Ref

RDW >15.7% 1.877 (1476,
2.388)<0.00001

2.077 (1.628, 2.649) < 0.00001

Ref Ref
2.146 (1.645, 2.799) < 0.00001 1.867(1.467,2.376) < 0.00001

The results were expressed as odds ratio (95%confidence interval) P-value
Non-adjusted model adjust for: None
Adjust | model adjust for: age, gender, race

Adjust Il model adjust for: age, gender,race,perioperative blood transfusion with in 30days, intraoperative blood transfusion,postoperative blood transfusion with in
30days,preoperative eGFR, presence of CVA,DM, IHD, CHF, priority of surgery, anesthesia type, surgical risk, the RCRI score, the ASA status.anemia, ICU

Adjust Il model adjust for: Propensity score

different covariates. Several biochemical parameters
were adjusted, including eGFR, CVA, DM, IHD, CHF,
the RCRI score, ASA status, and hemoglobin. Addi-
tionally, our sample size is larger (90,785), and the par-
ticipants represent four races in Singapore, making it
a more representative sample of Asians. The results of
our study indicates association between high RDW and
a higher risk of 30-day mortality after surgery. Under-
standing high RDW as a potential risk factor for perio-
perative period will allow us to communicate risk better

with patients and provide more personalized prevention
approach and management protocols. The findings of our
study are helpful for promoting propensity score meth-
ods in correlation studies.

Nevertheless, some people opposed the above view.
Xingchen Li et al. (Li et al. 2021) retrospectively analyzed
157 patients who underwent radical resection of the
liver and found that low preoperative RDW levels were
associated with lower survival rates after radical resec-
tion of cholangiocarcinoma (ICC), meaning that patients
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Table 4 Association between RDW and thirty-day mortality in different models of the original and the weighted cohort

Exposure Non-adjusted(OR,95% Cl, P)
A RDW=<15.7 Ref

RDW > 15.7 6.831 (5.738, 8.133) <0.00001
B RDW<15.7 Ref

RDW > 15.7 3.079 (2.760, 3.434) <0.00001

Adjust I(OR,95% Cl, P) Adjust II(OR,95% ClI, P)

Ref Ref

6.382 (5.345, 7.622) <0.00001 2.170 (1.754, 2.683) <0.00001
Ref Ref

2.751 (2465, 3.071) <0.00001 2.277 (2.009, 2.580) <0.00001

A In the original cohort; B In the weighted cohort
Non-adjusted model adjust for: None

Adjust | model adjust for: age, gender, race

Adjust Il model adjust for: age, gender, race, perioperative blood transfusion with in 30days, intraoperative blood transfusion, postoperative blood transfusion with in
30days, preoperative eGFR, presence of CVA,DM, IHD, CHF, priority of surgery, anesthesia type, surgical risk, the RCRI score, the ASA status.anemia, ICU

with higher RDW values had better prognosis. Not come
singly but in pairs, a retrospective study involving 380
patients with colorectal cancer liver metastasis (CRLM)
who underwent liver resection revealed a significant
association between preoperative, red blood cell distri-
bution width- coefficient of variation (RDW-CV) eleva-
tion and better postoperative progression free survival
(PFS) through univariate and multivariate Cox regression
analysis (mPFS: 5.0 vs. 8.9 months, P=0.007; mOS 59.0
vs. 42.0 months, P=0.041) (Chen et al. 2021). Pedrazzani
C et al. (Pedrazzani et al. 2020) analyzed 591 patients
who underwent colorectal cancer surgery and found
that patients with a value higher than 14.1% (H-RDW)
did not show a shorter cancer-related survival period.
Meanwhile, according to tumor node metastasis (TNM)
staging, H-RDW is only associated with a decrease in
postoperative survival rate in stage I (p=0.001), but
H-RDW does not seem to affect survival rates in stages
[I-1V.

Inconsistent findings may be caused by the follow-
ing factors: (1) study participants are diverse in terms

Table 5 Effect size of RDW on 30-day mortality in prespecified
and exploratory subgroups

Characteristic No. of OR (95% Cl) Pvalue
participants

AGE (years)

<50 3149 1.5000 (0.250,8.989) 0.65717

>50 6173 2.097(1.538,2.860) <0.00001

Gender

Male 2726 1.562 (0.948,2.574)  0.08025

Female 6159 1.687 (1.119,2.542)  0.01250

Priority of surgery

n(%)

Elective 8488 1432 (0.882,2.325) 0.14660

Emergency 1308 2.633(1.549,4475)  0.00035

Note 1: Above models adjusted for age, gender, and priority of surgery
Note 2: In each case, the model is not adjusted for the stratification variable

of their racial, gender, nationality, age, and other
characteristics. (2) The sample size of different stud-
ies varies greatly. (3) There were various confounding
variables taken into account in these studies to adjust
for the relationship between RDW and postoperative
mortality. (4) Results vary greatly depending on the
time between follow-ups. (5) There are different ways
to handle confounding factors. As a result of our find-
ings, the existing literature supports the hypothesis that
high RDW increases 30-day mortality after surgery,
highlighting the importance of reducing RDW before
surgery.

RDW value is a widely used diagnostic indicator in
clinical practice and is one of the blood routine tests.
This indicator detection has the advantages of simplic-
ity, low cost, easy access, and wide applicability, mak-
ing it highly practical in clinical practice. RDW values
are often used for differential diagnosis of anemia, and
in recent years, increasing evidence suggests that RDW
values are associated with various human diseases and
their complications, and more importantly, with overall
mortality rates in the general population. Researchers
have generally realized that traditional applications of
RDW limited to early detection of anemia are far from
sufficient, and the clinical application scope of RDW
should be expanded.

The increase of RDW reflects the changes of eryth-
rocyte homeostasis, including erythropoiesis disorder,
abnormal erythrocyte metabolism and survival, which
may be caused by various abnormal conditions in the
body, including inflammation, oxidative stress, mal-
nutrition, erythrocyte fragmentation, hypertension,
dyslipidemia and erythropoietin abnormality (Imai
et al. 2017; Roumeliotis et al. 2020; Ma et al. 2018; Xu
et al. 2018). Patients with high RDW often have more
significant inflammatory reactions and malnutrition
before surgery, inhibiting the proliferation of bone mar-
row primitive cells, allowing immature red blood cells
to enter the bloodstream. At the same time, aging red
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blood cells in the bloodstream are reduced, result-
ing in smaller or larger red blood cells present in the
bloodstream, ultimately leading to an increase in RDW
(Patel et al. 2015). Another explanation for the relation-
ship between chronic inflammation and elevated RDW
may be the increased fragility of red blood cells (Mau-
rya et al. 2015) and oxidation of hemoglobin (Mohanty
et al. 2014) due to exposure to free radicals in an
inflammatory state secondary to increased lipid oxida-
tion, indicating that red blood cells are cleared, thereby
increasing RDW. Other mechanisms, such as increased
release of free histones and increased binding of free
histones to red blood cells, Kordbacheh F et al. (Kord-
bacheh et al. 2017) could also explain the observed
association.

A series of inflammatory factors inhibit the maturation
of red blood cells, leading to obstacles and ineffective
generation of mature red blood cells, increased heteroge-
neity of red blood cells, and an increase in RDW (Pierce
and Larson 2005). Therefore, RDW can reflect the gen-
eral health status, subclinical and clinical disease status,
and provide valuable information for predicting the prog-
nosis of patients with various common acute and chronic
diseases, such as diabetes (Khalil et al. 2019), traumatic
brain injury (TBI) (Mutlu et al. 2019), and oxidative stress
(Burns et al. 2019) association.

Study strengths and limitations

Strengths of this study include the following. As far as
we know, patients undergoing non-cardiac surgery have
fewer cohort studies using propensity score matching to
explore the relationship between preoperative RDW and
postoperative 30-day mortality. First, a cross-sectional
study was conducted to investigate the relationship
between RDW and postoperative prognosis using the
PSM. Observational studies have increasingly used PSM
methods in recent years. With the PSM method, a wide
range of data requirements can be satisfied, including
reducing inter-group differences, balancing confound-
ing variables, and achieving the effect of “similar rand-
omization”. Second, to reduce treatment selection bias
inherent in retrospective studies, in order to minimize
baseline differences between groups, we employ the dou-
bly robust estimation method. Third, using a sensitivity
analysis, we validated the data’s reliability. As part of this
study, IPTW was primarily used to establish a weighted
cohort and further investigate the relationship between
RDW and postoperative 30-day mortality rate. Fourth,
unlike previous retrospective cohort studies, this study
included a larger sample size of participants. Addition-
ally, this clinical database contained detailed information
about demographics, preexisting comorbidities, and risk
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assessment methods that can affect morbidity and mor-
tality independently.

However, there are several limitations to the present
stud. First, the study population consisted of only Asian
patients. In order to enhance the reliability of the data,
multicenter research can be conducted to expand the
study population. The collection time of RDW is before
surgery, only once, and the raw data did not provide
information on surgical intervention during patient fol-
low-up. This limits the exploration of this study, in the
future, we can consider designing our studies or collabo-
rating with other researchers to collect as many variables
as possible, including information on surgical interven-
tion during patient follow-up, the investigators must have
homogenous groups. Second, this study is a secondary
analysis of a single center retrospective study, no further
analysis was made about other risk tool or markers, or
laboratory testing. It was not possible to eliminate resid-
ual and/or unmeasured confounding factors from the
evaluated associations (e.g., inflammatory markers and
socioeconomic factors) and investigate the long-term
relationship between RDW and health outcomes. Third,
although the PSM tried to balance known confounding
variables to the best of its ability, it did not ensure that
all measures of baseline characteristics matched, nor did
it account for the influence of unknown variables. As a
measure of reducing interference from variables, we
set the calliper width to 0.01. Fourth, in addition, other
diseases, as well as fat and carbohydrate metabolism,
can also affect RDW (Engstrom et al. 2014; Nada 2015).
These variables or measured quantities are dependent.
Therefore, at the moment, no causal relationship should
be described for mortality, but maybe the co-existence
of some other mechanism (inflammation, aging, hypoxia
and so on). Fifth, it discharged patients with high-risk
injuries, such as nerve injuries, burns, and serious infec-
tions, despite the fact that it was originally aimed at non-
cardiac surgery populations. Sixth, our research objective
is to explore the impact of baseline RDW on mortality
occurring within 90 days, the time span in the raw data is
indeed very large. This might lead to selection bias.

According to the study, an uncontrolled high RDW
before surgery increased the risk of death rather than
critical complications within 30 days of the surgery.

Conclusion

According to the results of this observational, propensity
score-matched cohort study, uncontrolled high RDW
before surgery is associated with an increased risk of
death within 30 days after surgery, that is to say, patients
over the age of 18 with high preoperative RDW who
undergo non-cardiac surgery have a worse postoperative
prognosis than those with normal RDW.
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RDW Red Blood cell width
H-RDW High RDW

PS Propensity score

@] Confidence interval
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NA Not Available

CVA Cerebrovascular accidents
eGFR Estimated glomerular filtration rate
IHD Ischemic Heart disease
CHF Congestive Heart failure
DM Diabetes Mellitus

Preop Preoperative

Intraop Intraoperative

Postop Postoperative

RCRI Revised Cardiac Risk Index
ASA American Society of Anesthesiologists
ICU Intensive care unit
ICUADMGT24H  Admission To ICU for>24 h
GA General Anesthesia

RA Regional Anesthesia

SD Standard deviation
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