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Abstract
Introduction There is controversial and limited evidence to clarify the speci�c relationship between
anemia and perioperative mortality in surgical patients at different ages. We aimed to investigate the
relationship between them in patients undergoing non-cardiac surgery of different ages.

Methods The present study was a retrospective analysis of the electronic medical records of 90,785
patients who underwent general surgery at the Singapore General Hospital from January 1, 2012 to
October 31, 2016. We reanalyzed these data including patient demographics, comorbidities, laboratory
results, surgical priority and surgical risk. The main outcome measures included anemia and
postoperative 30day mortality.

Results The average age of the 86,748 participants enrolled was 52.73 ± 17.24 years old, of which
approximately 54.05% were female. 62878 (72.48%)people in the study population had no anemia, 13006
(14.99%) had mild anemia, 10863 (12.52%) had moderate to severe anemia. Multivariate logistic
regression analysis showed that anemia was independently associated with postoperative 30day
mortality [Compared with none anemia, adjusted odds ratio of mild anemia:1.6404, (95% con�dence
interval [CI]: 1.2295-2.1886; P =0.000768); and adjusted OR of moderate or severe anemia: 2.6643 (95%
[CI]: 2.0315- 3.4941) ;P<0.000001)]. There is no statistical difference among the effect sizes of anemia on
30day mortality, regardless of different age(P=0.2469), gender(p=0.8067), and race (0.4629). And the
effect sizes of anemia at each stage on postoperative 30day mortality showed statistically signi�cant
increase in intra-transfusion, emergency surgery, high surgery risk(p for interaction is
0.0125,0.0001,0.0032,respectively)

Discussion In patients undergoing non-cardiac surgery, anemia is an independent risk factor for
perioperative 30day mortality, especially among emergency surgery, high-risk surgery and surgery with
intraoperative blood transfusion.

1. Introduction
Preoperative anemia affects 30–40% of patients undergoing major surgery and is an independent risk
factor for postoperative complications and long-term mortality[1]. However, there is controversy of the
relationship between anemia and postoperative 30 day mortality. It has been reported that the
relationship between them is no statistically signi�cant in patients undergoing rectal cancer surgery[2],
cardiac surgery[3], hepatectomy[4], single-level lumbar surgery[5]. And conversely, some studies pointing
out that anemia is an important predictor of postoperative 30 day mortality in the patients undergoing,
cardiovascular[6][7–8], spine tumors[9], major abdominal[10], joint arthroplasty[11], gastrointestinal
surgery [12], vascular surgery[13], and thyroidectomy[14]. Little is known about the effects of anemia in
the postoperative 30 day mortality in patients undergoing non-cardiac surgery. There are two related
studies involving children[15] and the elderly[16], lack of all age groups.
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Our study aims to explore the relationship between anemia and perioperative mortality in patients, at all
ages ,undergoing non-cardiac surgery, and to identify potential in�uencing factors.

2. Methods

2.1 Data source
This is a secondary analysis based on a single-center retrospective study to explore the relationship
between anemia and postoperative 30 day mortality[17]. We obtained data from ‘DATADRYAD’
database(www.Datadryad.org). This website permitted users to freely download the raw data. According
to Dryad Terms of Service, we cited Dryad data package in the present study. (Dryad data package:
Development of the Combined Assessment of Risk Encountered in Surgery (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). Variables
included in the database �le were as follows: age, gender, race, preoperative estimated Glomerular
Filtration Rate(eGFR), preoperative comorbidities(presence of cerebrovascular accident, insulin-requiring
diabetes mellitus, ischaemic heart disease, congestive heart failure, chronic kidney disease, anemia), Red
cell Distribution Width (RDW), anesthesia type, priority of surgery, surgical risk, preoperative blood
transfusion with in 30days, intraoperative blood transfusion data, postoperative blood transfusion data,
the ASA status. In the previously published article, Diana Xin Hui Chan, et al. has con�rmed statistically
correlation between the above variables with postoperative 30 day mortality[17].

2.2 Study population
Diana Xin Hui Chan et al. completed the entire study[17]. In order to allow to understand the entire
research process more clearly, we have outlined the steps of the study here. The speci�c details are
described in the original. Reported by Diana Xin Hui Chan et al. They conducted a single-center
retrospective study at Singapore General Hospital from January 1, 2012 to October 31, 2016. They
excluded patients who underwent cardiac surgery, neurosurgery, transplant and burns surgery, and
evaluated only the outcomes of the index surgery for patients who underwent multiple surgeries during
the study period. Surgical disciplines that were included were: orthopaedics, obstetrics and gynaecology,
general surgery, otolaryngorhinology, hand surgery, colorectal surgery, urology, plastic surgery, and
oromaxillofacial surgery. Surgeries ranged from minor day case surgeries to major surgeries. After
excluding patients with missing data of anemia category, the �nal data set consisted of 86,748 cases for
our study. Mortality data on the system were synchronized with the National Electronic Health Records,
ensuring a near complete follow-up.

2.3 Measurement of anemia, postoperative 30-day mortality
and other covariants
Preoperative laboratory results including renal group (including eGFR) and full blood count (including
hemoglobin concentration and Red cell Distribution Width (RDW[1])) were taken as the latest blood
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results within 90 days before surgery, and up to the day of surgery. The severity of anemia was de�ned by
WHO’s gender-based classi�cation of hemoglobin concentration. Postoperative 30-day mortality, the
primary outcome, was also collected from the day of surgery, up to one month after it, according to
National Electronic Health Records. American Society of Anaesthesiologists-Physical Status (ASA-PS)
follows that of the ASA-PS de�nitions[18–19]. Preoperative eGFR is classi�ed according to clinical
signi�cance(eGFR < 30, 30—60, 60—90, and 90 mL/min/1.73 m2),and other covariants were described in
detail in the original. The following variables were used to construct the fully-adjusted model: age, gender,
race, preoperative eGFR ,presence of CVA, insulin-requiring DM,IHD,CHF,RDW, priority of surgery,
anesthesia type, surgical risk, preoperative blood transfusion with in 30days, intraoperative blood
transfusion data, postoperative blood transfusion data, the ASA status. We listed in detail the covariates
used in this study. In short, their reasons for inclusion included as follows: (1) demographic data; (2)
variables that can affect preop-eGFR or thirty-day mortality reported by previous literature[16]; (4) based
on our clinical experiences. As this is a retrospective study, reducing the possibility of selection bias and
observation bias.

2.4 Statistical analysis
Continuous variables were expressed as mean ± standard deviation (normal distribution) or median
(quartile)(skewed distribution), and categorical variables were expressed in frequency or as a percentage.
In the process of multivariate regression analysis, there are some confounders with partial missing data.
If it is a categorical variable, the missing data would be treated directly as a new independent group; if it
is a continues variable, the missing data would be replaced with an average or median value. The One-
Way Anova (normal istribution), Kruscal Whallis H (skewed distribution) test and chi-square tests
(categorical variables) were used to determine any statistical differences between the means and
proportions of the groups. Univariate linear regression model was used to evaluate the associations
between anemia and postoperative 30 day mortality. Both non-adjusted and multivariate adjusted models
were listed in the paper. According to the recommendation of STROBE statement, we simultaneously
showed the results of unadjusted, minimally adjusted analyses and those from fully adjusted analyses.
Whether the covariances were adjusted determined by the following principle: when added to this model,
changed the matched odds ratio by at least 10%.The subgroup analyses were performed using strati�ed
linear regression models. The modi�cation and interaction of subgroup were inspected by the likelihood
ration test. All of the analyses were performed with the statistical software packages R (http://www.R-
project.org, The R Foundation) and EmpowerStats (http://www.empowerstats.com, X&Y Solutions, Inc.,
Boston, MA). P values less than 0.05 (two-sided) were considered statistically signi�cant.

3. Results
3.1 The selection of participants

The original data(N=90,785) for this study was recruited and selected according to exclusion standards
of Diana Xin Hui Chan, at al[17]. The missing data on anemia category was about 4,037 cases, the �nal
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data set consisted of 86,748 cases.

3.2 Baseline characteristics of participants

Baseline characteristics of selected participants according to quartiles of preop-eGFR are shown in
Table2. Overall, the average age of the 86,748 participants enrolled was 52.73 ± 17.24 years old, of which
approximately 54.05% were female. According to the severity, anemia was divided into three
groups(1:none,2:mild,3: moderate or severe).The Group 3 was consisted of 96% moderate
anemia(N=10,439),and 3.9% severe anemia(N=424).The postoperative 30day mortality in this study
population was 529 cases ( 0.61%),as 110 cases in Group 1(0.17%),98 cases in Group 2(0.75%),321
cases in Group 3(2.95%). There are missing data of comorbidities variables as CVA
(n=26525),CHF(n=24506),IHD(n=26756),DM(n=25099) and RDW(n=2200), treated directly as a new
independent group. The detail numbers of participants with missing data for each variable are shown in
Table 2.Compared with participants with anemia, the participants without anemia had a signi�cantly
higher rate of young people, preoperative eGFR, male, Chinese , general anesthesia, Elective surgery,low
risk surgery, RDW≤15.7 (P < 0.001),and less rate of transfusion, comorbidities, postoperative 30day
mortality(P < 0.001).

3.3 Univariate and multivariate analysis

The results of univariate analysis were shown in Table 2.The results of univariate analysis showed that
age, male, Priority of surgery , Surgical risk, , transfusion, RDW 15.7%, comorbidities (DM, CVA,CHF,IHD,
Creatinine), RCRI category, ASA status, anemia were correlated with higher postoperative 30day mortality.
We also found that race and anesthesia type were not associated with 30day mortality, whereas eGFR
was negatively associated with higher 30day mortality. The results of relationship between anemia
and30day mortality. We used univariate linear regression model to evaluate the associations between
anemia and30day mortality. Meanwhile, we showed the non-adjusted and adjusted models in Table 3. In
crude model, compared with none anemia, the relationship between mild anemia with 30day mortality
were positive (OR = 4.3322, 95% CI: 3.2975to 5.6916, <0.000001), and moderate or severe anemia with
30day mortality(OR =17.3751, 95% CI: 13.9784 to 21.5972, <0.000001). In minimally adjusted model
(adjusted age, gender, race), compared with none anemia, the relationship between mild anemia and
30day mortality changes to (OR = 2.9593, 95%CI: 2.2421 to 3.9059, P <0.000001),and moderate or severe
anemia with 30day mortality(OR =12.4825, 95% con�dence interval(CI): 9.9567 to 15.6490, <0.000001).
And we also detected the connection in fully adjusted model, when compared with none anemia, the
connection are as follow: mild anemia and 30day mortality changes (OR = 1.6404, 95%CI: 1.2295
to2.1886, P <0.000768), moderate or severe anemia and 30day mortality(OR =2.6643, 95% CI: 2.0315 to
3.4941, <0.000001).For the purpose of sensitivity analysis, we also handled anemia as another
categorical variable (four group of none, mild, moderate, severe), and found that the same.

3.4 The results of subgroup analyses
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As is shown in Figure2(details in Schedule 2), the interaction test was signi�cant for eGFR , intra-
transfusion, priority of surgery, surgery risk, insulin-requiring DM (P<0.0001, =0.0125, 0.0001, 0.0032,
0.0002 for interaction, respectively), while the interaction of other covariates was not statistically
signi�cant (interaction P value is greater than 0.05). The effect sizes of anemia at each stage on
postoperative 30day mortality showed statistically signi�cant increase in intra-transfusion, emergency
surgery, high surgery risk. The effect sizes of anemia on 30day mortality was affected by the following
variables such as priority of surgery, surgery risk and intra-transfusion among operation. When compared
with none anemia in low risk surgery, it increased at different stage of surgery risk. The effect sizes of
moderate and severe anemia on 30day mortality were as follow: low surgery risk (OR=4.587,95%CI 2.706
to 7.777,at moderate or severe stage of anemia), moderate surgery risk (OR=5.328,95%CI 1.396 to
20.338,at moderate or severe stage of anemia), high surgery risk (OR=33.708,95%CI 4.949 to 229.569).
When compared with none anemia among elective surgery, the effect sizes of moderate and severe
anemia on 30day mortality was also increased (OR=8.991,95%CI 3.523 to 8.421). Compared with none
anemia without any intraoperative blood transfusion, the same trend of the effect size was also seen
among patients with intraoperative blood transfusion. (wild anemia: OR=23.90,95%CI 6.831 to 83.653;
moderate and severe anemia: OR=25.712,95%CI 7.6 to 86.987). However, under the in�uence of eGFR, D,
the severity of anemia is not proportional to the increase in effect size of anemia on postoperative 30day
mortality.

4. Discussion
In the present study, we found that anemia is an independent risk factor for perioperative 30 day
mortality(compared with none anemia, mild anemia: OR = 4.332,95%CI 3.297 to 5.692; moderate and
severe anemia: OR = 17.3751,95%CI 13.978 to 21.597). Our study also indicates that anemia increases
signi�cantly postoperative 30 day mortality among patients of emergency surgery and high-risk surgery,
and patients with preoperative eGFR, DM and intraoperative blood transfusion(P for interaction = 0.0001,
0.0032, < 0.0001,0.0002, 0.0125,respectively).At the same time, we found that there was no statistically
signi�cant difference in the effect of anemia on 30 day mortality, regardless of difference in age, sex,
race, preoperative and postoperative blood transfusion rates, anesthesia type, RDW, CVA, CHF, IHD and
the ASA status(P for interaction 0.05).

A consensus has been reached on the impact of anemia on long-term mortality after surgery. However,
there is still considerable controversy about the effect of anemia on perioperative mortality. Many reports
indicate that although anemia may increase the risk of surgical complications, it has no effect on
postoperative 30 day mortality. These research groups are involved patients undergoing rectal cancer
surgery, cardiac surgery[3][14, 20–21], hepatectomy[4], single-level lumbar surgery[5]. Others objected to
the above points, they insist that anemia is an important predictor of postoperative 30 day mortality
mostly among the patients undergoing cardiovascular surgery[6–8, 13]. However, research on
multidisciplinary surgical populations for non-cardiac surgery is currently lacking. There are two related
studies on this surgical population, mainly involving children[15] and the elderly[16]. And they already
con�rmed that anemia is an independent risk factor for postoperative 30-day mortality in patients of
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these ages, lack of related studies at other ages. At the same time, there is currently a lack of research in
different ethnic groups. Our study further con�rmed that there was no statistically signi�cant difference
in the effect of anemia on postoperative 30-day mortality among different races at different ages,
emphasized the importance of controlling anemia in a young population. In order to reduce postoperative
30 day mortality in patients undergoing emergency surgery or high-risk surgery, it is important to actively
manage anemia in daily life. This study points out that postoperative transfusion combined with
preoperative anemia are important predictors of postoperative 30-day mortality. Clearly reducing the risk
of intraoperative blood transfusion is as important as preoperative management of anemia. Our study
also has a number of strengths. First, this study is an observational study including unavoidable potential
confounding, so we used strict statistical adjustment to minimize residual confounding. And then, the
effect modi�er factor analysis makes the use of data better. Sensitivity analysis was performed of these
data to ensure reliability.

This study has several acknowledged limitations. First, because this study is based on a secondary
analysis of published data, our study can not exclude some residual and/or unmeasured confounding
factors that could bias the estimated association (e.g. in�ammatory markers and socioeconomic
factors). Secondly, as the study population contains only one Asian institution. The study population can
be further expanded to conduct multi-center research to increase the reliability of the data. Our choice of
outcomes and variables is also limited. We could not investigate the relationship between anemia with
long-term outcomes. Thirdly, Although the original surgical population included most non-cardiac surgery
populations, it also discharged high-risk nerves, burns, etc.

5. Conclusion
In patients undergoing non-cardiac surgery, anemia is an independent risk factor for perioperative 30 day
mortality, regardless of different age, gender, race. And the effect sizes of anemia at each stage on
postoperative 30 day mortality showed statistically signi�cant increase in intra-transfusion, emergency
surgery, high surgery risk.
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ANEMIA.CATEGORY GROUP 1 GROUP 2 GROUP 3 P-VALUE
N 62878 13006 10863  
AGE YEARS OLD 50.86 ± 16.83 57.45 ± 17.14 57.95 ± 17.56 <0.001
PREOP-EGFR 87.20 ± 36.11 81.75 ± 43.48 77.74 ± 55.73 <0.001
GENDER       <0.001
MALE 30621 (48.70%) 5791 (44.53%) 3444 (31.70%)  
FEMALE 32257 (51.30%) 7215 (55.47%) 7419 (68.30%)  
RACE       <0.001
CHINESE 45581 (72.49%) 9208 (70.81%) 7462 (68.69%)  
INDIAN 5459 ( 8.68%) 1216 ( 9.35%) 982 ( 9.04%)  
MALAY 5669 ( 9.02%) 1451 (11.16%) 1505 (13.85%)  
OTHERS 6167 ( 9.81%) 1129 ( 8.68%) 914 ( 8.41%)  
ANESTHESIA TYPE N(%)   <0.001
GA 53960 (85.82%) 10195 (78.39%) 8417 (77.48%)  
RA 8918 (14.18%) 2811 (21.61%) 2446 (22.52%)  
PRIORITY OF SURGERY N(%)   <0.001
ELECTIVE 51406 (81.76%) 9944 (76.46%) 7211 (66.38%)  
EMERGENCY 11472 (18.24%) 3062 (23.54%) 3652 (33.62%)  
SURGICAL RISK       <0.001
LOW 34292 (54.54%) 5959 (45.82%) 4550 (41.89%)  
MODERATE 26662 (42.40%) 6266 (48.18%) 5433 (50.01%)  
HIGH 1924 ( 3.06%) 781 ( 6.00%) 880 ( 8.10%)  
GRADE OF KIDNEY DISEASE N(%) <0.001
G1 36774 (58.48%) 6223 (47.85%) 4834 (44.50%)  
G2 18288 (29.08%) 3329 (25.60%) 1968 (18.12%)  
G3A 1801 ( 2.86%) 891 ( 6.85%) 719 ( 6.62%)  
G3B 552 ( 0.88%) 493 ( 3.79%) 637 ( 5.86%)  
G4 177 ( 0.28%) 298 ( 2.29%) 724 ( 6.66%)  
G5 314 ( 0.50%) 582 ( 4.47%) 1162 (10.70%)  
NA 4972 ( 7.91%) 1190 ( 9.15%) 819 ( 7.54%)  
PREOP-TRANSFUSION WITH IN 30DAYS N % <0.001
0 UNITS 62503 (99.40%) 12654 (97.29%) 9725 (89.52%)  
1 UNIT 222 ( 0.35%) 190 ( 1.46%) 598 ( 5.50%)  
2 OR MORE UNITS 153 ( 0.24%) 162 ( 1.25%) 540 ( 4.97%)  
INTRAOP-TRANSFUSION <0.001
0 UNITS 61566 (97.91%) 12051 (92.66%) 8095 (74.52%)  
1 UNIT 1312 ( 2.09%) 955 ( 7.34%) 2768 (25.48%)  
POSTOP- TRANSFUSION <0.001
0 UNITS 62867 (99.98%) 12935 (99.45%) 10002 (92.07%)  
1 UNIT 8 ( 0.01%) 40 ( 0.31%) 560 ( 5.16%)  
2 OR MORE UNITS 3 ( 0.00%) 31 ( 0.24%) 301 ( 2.77%)  
RDW N (%)       <0.001
RDW≤15.7 59399 (94.47%) 10637 (81.79%) 6033 (55.54%)  
RDW 15.7 1750 ( 2.78%) 2053 (15.79%) 4675 (43.04%)  
NA 1729 ( 2.75%) 316 ( 2.43%) 155 ( 1.43%)  
CVA CATEGORY       <0.001
NO 42946 (68.30%) 8600 (66.12%) 7148 (65.80%)  
YES 770 ( 1.22%) 372 ( 2.86%) 386 ( 3.55%)  
NA 19162 (30.47%) 4034 (31.02%) 3329 (30.65%)  
CHF CATEGORY       <0.001



Page 12/16

NO 44918 (71.44%) 9110 (70.04%) 7430 (68.40%)  
YES 262 ( 0.42%) 213 ( 1.64%) 308 ( 2.84%)  
NA 17698 (28.15%) 3683 (28.32%) 3125 (28.77%)  
IHD CATEGORY       <0.001
NO 41478 (65.97%) 7885 (60.63%) 6431 (59.20%)  
YES 2072 ( 3.30%) 1057 ( 8.13%) 1068 ( 9.83%)  
NA 19328 (30.74%) 4064 (31.25%) 3364 (30.97%)  
DM-INSULIN CATEGORY <0.001
NO 43992 (69.96%) 8745 (67.24%) 6923 (63.73%)  
YES 774 ( 1.23%) 490 ( 3.77%) 724 ( 6.66%)  
NA 18112 (28.80%) 3771 (28.99%) 3216 (29.61%)  
CREATININE ( 2MG/DL)   <0.001
NO 52118 (82.89%) 10197 (78.40%) 7655 (70.47%)  
YES 350 ( 0.56%) 620 ( 4.77%) 1309 (12.05%)  
NA 10410 (16.56%) 2189 (16.83%) 1899 (17.48%)  
RCRI CATEGORY       <0.001
I 35750 (56.86%) 5842 (44.92%) 3780 (34.80%)  
II 7477 (11.89%) 2446 (18.81%) 2520 (23.20%)  
III 938 ( 1.49%) 623 ( 4.79%) 869 ( 8.00%)  
IV 207 ( 0.33%) 266 ( 2.05%) 407 ( 3.75%)  
NA 18506 (29.43%) 3829 (29.44%) 3287 (30.26%)  
ASA CATEGORY       <0.001
  1-2 SCORES 53497 (85.08%) 9016 (69.32%) 5721 (52.67%)  
 3-5 SCORES 6491 (10.32%) 3339 (25.67%) 4464 (41.09%)  
   NA 2890 ( 4.60%) 651 ( 5.01%) 678 ( 6.24%)  
THIRTY-DAY MORTALITY N(%) <0.001
NO 62768 (99.83%) 12908 (99.25%) 10542 (97.05%)  
YES 110 ( 0.17%) 98 ( 0.75%) 321 ( 2.95%)  

Noted: P* was calculated by Kruskal-Wallis H test

Abbreviations:Group1:none anemia; Group 2:mild anemia; Group 3:moderate or severe anemia ;GA , general
anesthesia; RA, regional anesthesia; PREOP-eGFR ,preoperative estimated glomerular filtration rate mL/min/1.73m2 ;
RDW, red cell distribution; 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 2 Predictors of 30-Day Postoperative Mortality
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  STATISTICS OR (95%CI) P VALUE

AGE 52.734 ± 17.242 1.072 (1.065, 1.079) <0.00001

GENDER      

MALE 39856 (45.945%) 1.0  

FEMALE 46891 (54.055%) 0.627 (0.528, 0.746) <0.00001

RACE      

CHINESE 62251 (71.765%) 1.0  

INDIAN 7657 (8.827%) 0.866 (0.629, 1.191) 0.37642

MALAY 8625 (9.943%) 1.118 (0.853, 1.466) 0.41819

OTHERS 8210 (9.465%) 0.614 (0.428, 0.881) 0.00816

ANESTHESIA TYPE      

GENERAL ANESTHESIA 72572 (83.659%) 1.0  

REGIONAL ANESTHESIA 14175 (16.341%) 1.107 (0.885, 1.385) 0.37286

PRIORITY OF SURGERY      

ELECTIVE 68561 (79.036%) 1.0  

EMERGENCY 18186 (20.964%) 7.497 (6.256, 8.983) <0.00001

SURGICAL RISK      

LOW 44801 (51.646%) 1.0  

MODERATE 38361 (44.222%) 2.354 (1.931, 2.871) <0.00001

HIGH 3585 (4.133%) 7.555 (5.783, 9.871) <0.00001

PREOP-EGFR 85.205 ± 40.366 0.988 (0.986, 0.990) <0.00001

G1 47831 (55.138%) 1.0  

G2 23585 (27.188%) 1.449 (1.123, 1.868) 0.00432

G3A 3411 (3.932%) 5.263 (3.833, 7.228) <0.00001

G3B 1682 (1.939%) 10.850 (7.886, 14.927) <0.00001

G4 1199 (1.382%) 24.802 (18.803, 32.715) <0.00001

G5 2058 (2.372%) 15.428 (11.817, 20.143) <0.00001

NA 6982 (8.049%) 0.191 (0.071, 0.516) 0.00108

PREOP-TRANSFUSION      

0 UNITS 84882 (97.850%) 1.0  

1 UNIT 1010 (1.164%) 13.127 (9.868, 17.463) <0.00001

2 OR MORE UNITS 855 (0.986%) 24.862 (19.493, 31.710) <0.00001

INTRAOP-TRANSFUSION      

0 UNITS 81712 (94.196%) 1.0  

1 UNIT 5035 (5.804%) 10.926 (9.155, 13.040) <0.00001

POSTOP- TRANSFUSION      

0 UNITS 85804 (98.913%) 1.0  

1 UNIT 608 (0.701%) 11.235 (7.853, 16.074) <0.00001

2 OR MORE UNITS 335 (0.386%) 29.432 (21.215, 40.834) <0.00001

RDW      

RDW≤15.7 76069 (87.690%) 1.0  

RDW 15.7 8478 (9.773%) 6.831 (5.738, 8.133) <0.00001

NA 2201 (2.537%) 0.459 (0.171, 1.230) 0.12134

CVA CATEGORY      

NO 58694 (67.660%) 1.0  

YES 1528 (1.761%) 5.939 (4.276, 8.249) <0.00001

NA 26526 (30.578%) 1.669 (1.394, 1.998) <0.00001

CHF CATEGORY      

NO 61458 (70.847%) 1.0  

YES 783 (0.903%) 9.735 (6.806, 13.922) <0.00001
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NA 24507 (28.251%) 1.712 (1.429, 2.050) <0.00001

IHD CATEGORY      

NO 55794 (64.317%) 1.0  

YES 4197 (4.838%) 8.917 (7.108, 11.186) <0.00001

NA 26757 (30.845%) 2.279 (1.873, 2.772) <0.00001

DM-INSULIN CATEGORY      

NO 59660 (68.774%) 1.0  

YES 1988 (2.292%) 4.140 (2.954, 5.802) <0.00001

NA 25100 (28.934%) 1.687 (1.408, 2.020) <0.00001

CREATININE CATEGORY      

NO 69970 (80.659%) 1.0  

YES 2279 (2.627%) 12.910 (10.326, 16.141) <0.00001

NA 14499 (16.714%) 2.400 (1.956, 2.946) <0.00001

RCRI CATEGORY      

I 45372 (52.303%) 1.0  

II 12443 (14.344%) 7.605 (5.570, 10.383) <0.00001

III 2430 (2.801%) 28.178 (20.179, 39.349) <0.00001

IV 880 (1.014%) 52.195 (35.978, 75.724) <0.00001

NA 25623 (29.537%) 6.225 (4.659, 8.318) <0.00001

ASA CATEGORY      

   1-2 SCORES 68234 (78.658%) 1.0  

   3-5 SCORES 14294 (16.478%) 26.954 (20.881, 34.794) <0.00001

   NA 4220 (4.865%) 17.385 (12.520, 24.140) <0.00001

ANEMIA      

NONE 62878 (72.484%) 1.0  

MILD 13006 (14.993%) 4.332 (3.298, 5.692) <0.00001

MODERATE OR SEVERE 10863 (12.523%) 17.375 (13.978, 21.597) <0.00001

American Society of Anesthesiologists (ASA) scores: 1, healthy patient; 2, mild systemic disease but no functional
limitations; 3, severe systemic disease with definite functional limitations; 4, severe systemic disease that is a constant
threat to life; and 5, moribund patient unlikely to survive 24 hours with or without operation.

 

 

Table 3 The results of univariate and multivariate analyses

EXPOSURE NON-ADJUSTED MODEL OR

(95%CI)

MINIMALLY-ADJUSTED MODEL

OR(95%CI)

FULLY-ADJUSTED MODEL

OR(95%CI)

ANEMIA.CATEGORY      

NONE Ref Ref Ref

MILD 4.3322 (3.2975, 5.6916)

P<0.000001

2.9593 (2.2421, 3.9059) P<0.000001 1.6404 (1.2295, 2.1886)

P=0.000768

MODERATE OR

SEVERE

17.3751(13.9784,21.5972)

P<0.000001

12.4825 (9.9567, 15.6490)

P<0.000001

2.6643 (2.0315, 3.4941)

P<0.000001
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CI: Confidence interval

Non-adjusted model: we did not adjust any covariate

Minimally-adjusted model: we only adjusted age, gender and race

Fully-adjusted model: we adjusted age, gender, race, preoperative eGFR, presence of CVA, insulin-requiring DM, IHD,
CHF, RDW, priority of surgery, anesthesia type, surgical risk, preoperative blood transfusion with in 30days,
intraoperative blood transfusion data, postoperative blood transfusion data, the ASA status.
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