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INTRODUCTION

Potent immunosuppressive therapies used in patients 
undergoing kidney transplantation have lowered the inci-
dence of acute kidney rejection by 10–15% in most centers. 
Unfortunately, immunosuppression inevitably increases 
the risk of post-transplant opportunistic infections and 
sepsis [1-4]. Infection is the most common non-cardiac cause 
of death after solid organ transplant, and sepsis is a major hur-
dle to disease-free survival after renal transplantation [1,2,5,6]. 
About 70% of renal transplant recipients have at least one epi-
sode of infection within 3 years of receiving the transplant [2]. 
Urinary tract infections are the most common post-transplant 
infections [7,8].

The occurrence and severity of infection after transplanta-
tion are determined by a balance between exposure, status of 
immunosuppression and nature of protection, as determined 
by chemoprophylaxis and vaccination status [2]. Viral and 
bacterial infections influence transplant outcomes. Bacterial 
infections are about twice as frequent as viral infections in 
kidney transplant recipients; in the period between 1996 and 
2000, about 13% of kidney transplant patients in the United 
States (U.S.) required hospitalization in the first 3  months 
post-transplant because of bacterial infection, compared with 
6% of patients with viral infections [9].

Sepsis is one of the most common causes of hospital 
admission for solid organ transplant recipients and is believed 
to suppress immune function; it is also a risk factor for cyto-
megalovirus (CMV) reactivation [10]. One study found 
that, after 6  months, sepsis occurred in 62% of transplant 
patients, and the primary source of infection was the urinary 
tract (38%). The most common pathogen was Escherichia 
coli (30.3%) [11]. Although the exact cause is unclear, sepsis 
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may result from a number of factors, including urinary tract 
infections, pneumonia, kidney infections, abdominal infec-
tions, acute rejection, ureteral stent placement, Charlson 
Comorbidity Index (CCI) ≥3, and receipt of an organ from a 
deceased donor [10-12]. Sepsis may increase the risk for graft 
rejection and graft loss by mediating pro-inflammatory cyto-
kines and upregulating histocompatibility antigens or adhe-
sion proteins [10,12]. Several comorbidities have been found 
to be risk factors for complications and/or graft failure after 
renal transplantation, such as chronic hypertension, diabetes, 
obesity, glomerulonephritis and hyperlipidemia [13-17].

To our knowledge, no study has evaluated risk factors for 
complications and graft failure in kidney transplant patients 
with sepsis in a large patient population. Thus, we designed 
a study using a large national database to identify risk factors 
associated with complications and/or graft failure (as indi-
cated by the need for dialysis) in kidney transplant patients 
with sepsis.

MATERIALS AND METHODS

Data sources

The National Inpatient Sample (NIS) is the largest all-
payer inpatient database in the U.S. The NIS is maintained by 
the Agency for Healthcare Research and Quality as part of the 
Healthcare Cost and Utilization Project (HCUP) [18]. The NIS 
database contains inpatient information including sources of 
admission, demographics, diagnoses, procedures performed 
specifically for admission, comorbidity, disease severity eval-
uation, and health-care costs. This study used NIS data from 
2005 to 2014; data before 2012 included all discharges from 
a 20% stratified sample of all U.S. hospitals. Data starting 
from 2012 contained a sample of discharges from all HCUP-
participating hospitals in 44 states. The database approximates 
20% of all discharges from all U.S. hospitals. To account for the 
new design of the database in 2012, sampling weights were 
created for trend analysis for the years before 2012. This study 
obtained the certificate number HCUP-28H23JUT1 and con-
forms to the data use agreement for the NIS from the HCUP 
Project.

Study population

The International Classification of Diseases, 9th  revision, 
Clinical Modification code (ICD-9 CM) was used to iden-
tify all kidney transplant recipients (ICD-9-CM code V420, 
diagnosis [DX]2-DXn) admitted for treatment of sepsis (ICD-
9-CM code 0380-0389, DX1). This group of patients formed 
the study population. Patients who had chronic renal dialysis 
or transplanted organ removal after more than a year were 
excluded.

Patients were divided into three groups according to the 
status of post-operative complications and dialysis: Group  1 
was the reference group and included patients with no kid-
ney transplant complications and without dialysis; Group  2 
included patients with kidney transplant complications and 
without dialysis; and Group 3 patients had kidney transplant 
complications and dialysis.

Study variables

The following variables were assessed: demographics (age, 
gender, and race), the presence of viral infection, comorbidi-
ties, kidney transplant complications, and graft failure. In the 
HCUP-NIS, the first listed diagnostic code is the patient’s pri-
mary diagnosis (DX1), representing the primary reason why 
each patient was admitted to the hospital.

To identify viral infection prior to sepsis, the following 
diagnostic codes for each viral infection were used: cytomeg-
alovirus [CMV] (ICD-9-CM code 0785); hepatitis C virus 
[HCV] (ICD-9-CM code 07044, 07054, V0262), hepatitis B 
virus [HBV] (ICD-9-CM code 07030-07033, V0261); and her-
pes simplex virus [HSV] (ICD-9-CM code 0544-0549).

To avoid confounding factors related to the study interest 
and outcomes, we adjusted our data for the following prog-
nostic factors in kidney transplant patients: chronic hyperten-
sion, chronic diabetes, obesity, glomerulonephritis, and hyper-
lipidemia. In the NIS database, “chronic” is defined as having 
a disease for at least one year. To see if vascular causes played 
a role in kidney transplant complication and graft failure/dial-
ysis, we also analyzed peripheral vascular disease and coagu-
lopathies as risk factors. Although no ICD-9 codes exist for the 
comorbidities of glomerulonephritis and hyperlipidemia, we 
used the following codes to identify the diseases: glomerulo-
nephritis (ICD-9-CM codes 5804-5812, 5821-5829) and hyper-
lipidemia (ICD-9-CM codes 2720 and 2724).

Outcomes

The primary outcome was defined as complications of the 
kidney transplant and/or graft failure/dialysis. We identified 
complications in patients with transplanted kidneys using 
the diagnostic code (ICD-9-CM code 99681), lymphocele 
(DX = 457.8), or artery stenosis (DX = 433.1). To differentiate 
patients with severe complications from those with less severe 
complications, acute graft loss was defined when patients had 
both the diagnostic code of complication in a transplanted 
kidney and the procedure code of hemodialysis catheter 
placement or hemodialysis (ICD-9-CM code 3895,3995) or 
peritoneal dialysis (ICD-9-CM code 5498). The NIS has no 
diagnostic code for “graft failure.” Thus, we assumed that when 
a kidney transplant patient required dialysis, this indicated a 
decline in graft function and, hence, graft failure.
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Statistical analysis

Categorical variables were presented as counts and 
weighted percentages. Frequency distributions between cat-
egorical variables were assessed using the Chi-square test. 
Continuous variables were presented as mean with standard 
error (SE) and analyzed by ANOVA test. Multinomial logistic 
regression analyses were conducted to evaluate factors asso-
ciated with kidney transplant recipients with sepsis, with or 
without complications or graft failure. The variables that were 
significantly associated with kidney transplant recipients with 
sepsis in the univariate multinomial logistic regression analy-
ses were simultaneously included in multivariate multinomial 
logistic regression models. The mean, SE, proportions, all tests, 
and regression models were applied with discharge weights 
to account for the HCUP-NIS sampling method. Two-sided 
p < 0.05 was considered statistically significant. Statistical anal-
yses were performed using the statistical software package 
SAS software version 9.4 (SAS Institute Inc., Cary, NC, USA).

RESULTS

A total of 16,550 kidney transplant recipients with sepsis 
were identified in the HCUP-NIS database for the period 
between 2005 and 2014  year. After excluding missing data 
for age, gender and race, 14,658 patients were included in the 
final analysis (Figure 1). The mean age was 56.1 years; 53.1% of 
patients were male; and 55.7% were Caucasian.

A comparison of the demographics and clinical features of 
each subgroup is shown in Table 1. Significant differences were 
observed in age (p < 0.001), gender (p < 0.001), race (p < 0.001), 
CMV infection (p < 0.001), HCV infection (p < 0.001), HSV 
infection (p < 0.001), peripheral vascular disorders (p < 0.001), 
coagulopathy (p < 0.001), hyperlipidemia (p < 0.001), diabe-
tes (p < 0.001), hypertension (p < 0.001), obesity (p = 0.009), 
and glomerulonephritis (p < 0.001) among the three groups. 
Patients in Group 2 had a higher percentage of CMV infection 

(2.73%) and HSV infection (1.05%) than did patients in the 
other two groups. Patients in Group 1 had a higher percent-
age of hyperlipidemia (31.04%), diabetes (53.84%), and obesity 
(10.06%) than did patients in the other groups. Patients in 
Group  3 had a higher percentage of HCV infection (2.97%), 
peripheral vascular disorders (14.57%), coagulopathy (21.14%), 
hypertension (81.37%), and glomerulonephritis (3.10%) than 
did patients in the other groups.

Univariate and multivariate analysis
Group 1 vs. Group 2

Univariate analyses indicated that the following variables 
were significantly more common risk factors for post-trans-
plant complications among Group  2  patients than among 
Group  1  patients: age (p < 0.001), Black race (p < 0.001), 
CMV (p < 0.001) or HSV infection (p < 0.001), coagulopathy 
(p = 0.029), hyperlipidemia (p = 0.038), diabetes (p = 0.002), and 
glomerulonephritis [p < 0.001] (Table 2). Multivariate analyses 
found that Black race (p < 0.001), CMV infection (p < 0.001), 
HSV infection (p = 0.002), coagulopathy (p = 0.041), and glo-
merulonephritis (p < 0.001) were independent risk factors for 
post-transplant complications in Group 2 patients compared 
with Group 1 patients. In addition, age (p < 0.001) and female 
gender (p = 0.049) were protective factors in Group 2 patients 
compared with Group 1 patients (Table 2).

Group 1 vs. Group 3
Univariate analysis found that Group 3 patients, compared 

with Group 1 patients, were significantly associated with Black 
race (p < 0.001), CMV infection (p < 0.001), HCV infection 
(p < 0.001), HSV infection (p = 0.012), peripheral vascular 
disorders (p < 0.001), coagulopathy (p < 0.001), hypertension 
(p < 0.001), and glomerulonephritis (p < 0.001) (Table 2). In 
contrast, age (p < 0.001), female gender (p < 0.001), hyperlipid-
emia (p < 0.001), diabetes (p < 0.001), and obesity (p = 0.002) 
were significantly more associated with Group  1 compared 
with Group  3  patients (Table  2). Results of multivariate 

FIGURE 1. Patients’ selection flow.
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analysis showed that 7 variables remained significantly more 
associated with Group  3 than Group  1  patients, as follows: 

Black race (p < 0.001), CMV infection (p < 0.001), HCV infec-
tion (p < 0.001), peripheral vascular disorders (p < 0.001), 

TABLE 1. Baseline demographic and clinical characteristics of kidney transplant patients with sepsis

Baseline demographic and clinical characteristics
Total Group 1a Group 2a Group 3a

pn=14,658 n=8,898 n=3,458 n=2,302
n (wt %) n (wt %) n (wt %) n (wt %)

Age (mean±SE) 56.09±0.14 57.15±0.16 54.85±0.27 53.87±0.29 <0.001
Gender

Male 7784 (53.06) 4602 (51.69) 1821 (52.63) 1361 (59.04) <0.001
Race

Caucasian 8180 (55.74) 5200 (58.36) 1847 (53.38) 1133 (49.12)

<0.001
Black 2949 (20.19) 1499 (16.94) 791 (22.92) 659 (28.73)
Hispanic 2205 (15.00) 1354 (15.19) 535 (15.44) 316 (13.61)
Asian or Pacific Islander and others 1324 (9.07) 845 (9.51) 285 (8.26) 194 (8.54)

Viral infection
CMV 245 (1.67) 96 (1.07) 94 (2.73) 55 (2.40) <0.001
HCV 251 (1.71) 120 (1.35) 63 (1.81) 68 (2.97) <0.001
HBV 93 (0.64) 52 (0.58) 23 (0.66) 18 (0.81) 0.475
HSV 98 (0.66) 42 (0.46) 36 (1.05) 20 (0.88) <0.001

Comorbidities
Peripheral vascular disorders 1728 (11.75) 1019 (11.44) 371 (10.67) 338 (14.57) <0.001
Coagulopathy 2076 (14.17) 1108 (12.47) 481 (13.94) 487 (21.14) <0.001
Hyperlipidemia 4235 (28.93) 2756 (31.04) 1001 (28.95) 478 (20.72) <0.001
Diabetes 7544 (51.44) 4791 (53.84) 1750 (50.55) 1003 (43.42) <0.001
Hypertension 10993 (74.99) 6587 (73.99) 2533 (73.33) 1873 (81.37) <0.001
Obesity 1393 (9.54) 890 (10.06) 320 (9.24) 183 (7.95) 0.009
Glomerulonephritis 259 (1.77) 91 (1.02) 98 (2.82) 70 (3.10) <0.001

aGroup 1: No complication involving the transplanted kidney and without dialysis; Group 2: Complication of transplanted kidney and without dialysis; 
Group 3: Complications involving the transplanted kidney and with dialysis. CMV: Cytomegalovirus; HBV: Hepatitis B virus; HCV: Hepatitis C virus; 
HSV: Herpes simplex virus; Wt: Weighted; SE: Standard error

TABLE 2. Univariate and multivariate multinomial logistic regression analyses of factors associated with different groups among kidney 
transplant recipients with sepsis (reference: Group 1)

Factors
Group 2 versus Group 1a Group 3 versus Group 1a

OR (95% CI)b p aOR (95% CI)c p OR (95% CI)b p aOR (95% CI)c p
Age 0.99 (0.99, 0.99) <0.001 0.99 (0.99, 0.99) <0.001 0.98 (0.98, 0.99) <0.001 0.99 (0.98, 0.99) <0.001
Gender, female (ref: male) 0.96 (0.89, 1.04) 0.349 0.92 (0.85, 1.00) 0.049 0.74 (0.67, 0.82) <0.001 0.73 (0.66, 0.81) <0.001
Race (ref: Caucasian)

Black 1.48 (1.32, 1.66) <0.001 1.46 (1.30, 1.64) <0.001 2.02 (1.79, 2.27) <0.001 1.87 (1.65, 2.11) <0.001
Hispanic 1.11 (0.97, 1.27) 0.115 1.08 (0.94, 1.23) 0.262 1.06 (0.92, 1.24) 0.42 0.98 (0.84, 1.15) 0.824
Asian or Pacific Islander and 
others 0.95 (0.81, 1.11) 0.513 0.94 (0.80, 1.10) 0.426 1.07 (0.89, 1.28) 0.482 1.02 (0.85, 1.23) 0.808

Viral infection
CMV (ref: without) 2.59 (1.95, 3.43) <0.001 2.60 (1.95, 3.45) <0.001 2.27 (1.63, 3.15) <0.001 2.25 (1.60, 3.16) <0.001
HCV (ref: without) 1.35 (0.97, 1.86) 0.073 1.27 (0.92, 1.77) 0.147 2.23 (1.66, 3.00) <0.001 1.88 (1.37, 2.58) <0.001
HBV (ref: without) 1.14 (0.69, 1.89) 0.611 1.39 (0.82, 2.38) 0.224
HSV (ref: without) 2.3 (1.47, 3.58) <0.001 2.11 (1.33, 3.36) 0.002 1.92 (1.15, 3.19) 0.012 1.65 (0.96, 2.83) 0.068

Comorbidities
Peripheral vascular disorders  
(ref: without) 0.92 (0.81, 1.06) 0.254 1.00 (0.87, 1.14) 0.97 1.32 (1.15, 1.51) <0.001 1.56 (1.35, 1.79) <0.001

Coagulopathy (ref: without) 1.14 (1.01, 1.28) 0.029 1.13 (1.00, 1.27) 0.041 1.88 (1.67, 2.12) <0.001 1.82 (1.60, 2.06) <0.001
Hyperlipidemia (ref: without) 0.91 (0.82, 0.99) 0.038 0.98 (0.89, 1.08) 0.713 0.58 (0.52, 0.65) <0.001 0.62 (0.56, 0.70) <0.001
Diabetes (ref: without) 0.88 (0.80, 0.95) 0.002 0.94 (0.86, 1.03) 0.167 0.66 (0.60, 0.73) <0.001 0.70 (0.63, 0.77) <0.001
Hypertension (ref: without) 0.97 (0.88, 1.06) 0.489 1.00 (0.90, 1.10) 0.94 1.53 (1.36, 1.73) <0.001 1.73 (1.52, 1.96) <0.001
Obesity (ref: without) 0.91 (0.79, 1.05) 0.187 0.92 (0.80, 1.07) 0.284 0.77 (0.65, 0.91) 0.002 0.86 (0.72, 1.02) 0.088
Glomerulonephritis (ref: without) 2.82 (2.12, 3.74) <0.001 2.59 (1.94, 3.46) < 0.001 3.11 (2.27, 4.25) <0.001 2.75 (1.98, 3.82) <0.001

aGroup 1: No complication of transplanted kidney and without dialysis; Group 2: Complication of the transplanted kidney and without dialysis; 
Group 3: Complication of transplanted kidney and with dialysis. bUnivariate multinomial logistic regression analysis. cMultivariate multinomial logistic 
regression analysis. CI: Confidence interval; CMV: Cytomegalovirus; HBV: Hepatitis B virus; HCV: Hepatitis C virus; HSV: Herpes simplex virus; OR: Odds 
ratio; aOR: Adjusted odds ratio
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coagulopathy (p < 0.001), hypertension (p < 0.001), and glo-
merulonephritis (p < 0.001). Similarly, age (p < 0.001), female 
gender (p < 0.001), hyperlipidemia (p < 0.001), and diabetes 
(p < 0.001) remained less associated with Group 3 than with 
Group 1 in multivariate analysis (Table 2).

Group 2 vs. Group 3
The comparison between Group 3 and Group 2 patients 

is shown in Table  3. The following variables were found to 
be significantly associated with Group  3 compared with 
Group  2: age (p = 0.016), female gender (p < 0.001), Black 
race (p < 0.001), HCV infection (p = 0.005), having periph-
eral vascular disorders (p < 0.001), coagulopathy (p < 0.001), 
hyperlipidemia (p < 0.001), diabetes (p < 0.001), and hyper-
tension (p < 0.001) (Table 3). Multivariate analysis identified 
5 variables as independent risk factors for post-transplant 
complications with dialysis/graft failure, including Black race 
(p = 0.001), HCV infection (p = 0.039), peripheral vascular dis-
orders (p < 0.001), coagulopathy (p < 0.001), and hypertension 
(p < 0.001). Age (p = 0.019), female gender (p < 0.001), hyper-
lipidemia (p < 0.001), and diabetes (p < 0.001) were protective 
factors in patients who had kidney transplant complications 
and dialysis/graft failure.

DISCUSSION

In this study, we found that Black race, male gender, and 
medical comorbidities were associated with an increased 
risk of complications and graft failure in kidney transplant 

recipients who developed sepsis. Medical comorbidities 
associated with an increased risk of complications without 
graft failure in post-transplant patients with sepsis were CMV 
infection, HSV infection, coagulopathy, and glomerulonephri-
tis. Comorbidities associated with an increased risk for compli-
cations plus graft failure in post-transplant patients with sepsis 
were CMV infection, HCV infection, coagulopathy, glomeru-
lonephritis, peripheral vascular disorders, and hypertension. 
In contrast, hyperlipidemia and diabetes were associated with 
a decreased chance of developing complications with graft 
failure/dialysis after kidney transplant. However, we did not 
find any association between diabetes or hyperlipidemia and 
post-transplant complications in the absence of graft failure/
dialysis. When we compared kidney transplant patients who 
developed complications and had graft loss with patients who 
only developed complications, those who had graft loss were 
more likely to be Black and to have HCV infection, periph-
eral vascular disorders, coagulopathy, and hypertension. Also, 
female gender and higher age were associated with less risk of 
post-transplant complications, regardless of whether the per-
son had or did not have graft rejection/dialysis.

Our results are consistent with prior findings that link the 
risk of graft rejection or failure to Black race, male gender, age, 
hypertension, and glomerulonephritis [16,19-22]. A retrospec-
tive, cross-sectional study that used HCUP-NIS 1995–2005 
discharge data found that independent predictors of compli-
cations following renal transplant included older age, male 
gender, and CCI ≥ 1 [22]. Our findings are consistent with the 
results of previous studies that highlight racial disparities in 

TABLE 3. Univariate and multivariate multinomial logistic regression analyses of factors associated with different groups among kidney 
transplant recipients with sepsis (reference: Group 2)

Factors
Group 3 versus Group 2a

OR (95% CI)b p aOR (95% CI)c p
Age 0.996 (0.992, 0.999) 0.016 0.995 (0.991, 0.999) 0.019
Gender, female (ref: male) 0.77 (0.69, 0.86) <0.001 0.79 (0.71, 0.89) <0.001
Race (ref: Caucasian)

Black 1.36 (1.19, 1.56) <0.001 1.28 (1.11, 1.47) 0.001
Hispanic 0.96 (0.81, 1.13) 0.603 0.91 (0.77, 1.08) 0.275
Asian or Pacific Islander and others 1.12 (0.91, 1.38) 0.274 1.09 (0.88, 1.35) 0.416

Viral infection
CMV (ref: without) 0.88 (0.63, 1.23) 0.441
HCV (ref: without) 1.66 (1.16, 2.37) 0.005 1.48 (1.02, 2.14) 0.039
HBV (ref: without) 1.22 (0.65, 2.28) 0.529
HSV (ref: without) 0.83 (0.49, 1.43) 0.51

Comorbidities
Peripheral vascular disorders (ref: without) 1.43 (1.22, 1.68) <0.001 1.56 (1.32, 1.85) <0.001
Coagulopathy (ref: without) 1.66 (1.44, 1.90) <0.001 1.60 (1.39, 1.85) <0.001
Hyperlipidemia (ref: without) 0.64 (0.57, 0.73) <0.001 0.63 (0.56, 0.72) <0.001
Diabetes (ref: without) 0.75 (0.67, 0.84) <0.001 0.74 (0.66, 0.83) <0.001
Hypertension (ref: without) 1.59 (1.38, 1.82) <0.001 1.73 (1.50, 1.99) <0.001
Obesity (ref: without) 0.85 (0.70, 1.03) 0.09
Glomerulonephritis (ref: without) 1.10 (0.81, 1.49) 0.53

aGroup 2: Complication of transplanted kidney and without dialysis; Group 3: Complication of transplanted kidney and with dialysis. bUnivariate multi-
nomial logistic regression analysis. cMultivariate multinomial logistic regression analysis. CI: Confidence interval; CMV: Cytomegalovirus; HBV: Hepatitis B 
virus; HCV: Hepatitis C virus; HSV: Herpes simplex virus; OR: Odds ratio; aOR: Adjusted odds ratio
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renal transplant outcomes. For example, in their longitudinal, 
cohort study of 4,918 renal transplant recipients (33% were 
non-Hispanic Black recipients), Taber et al. [22] found that 
non-Hispanic Blacks were significantly more likely to expe-
rience graft loss; others have noted that Blacks have worse 
outcomes in sepsis, likely due to a multitude of factors [23,24]. 
How these factors intersect in renal transplant patients with 
sepsis is not understood and warrants further investigation. 
With respect to gender, de Carvalho et al. [12] found that male 
gender was associated with increased hospital mortality in 
renal transplant recipients with sepsis; however, they did not 
evaluate renal transplant complications or graft failure in their 
study.

Similar to our study, others have shown that certain med-
ical comorbidities influence graft and patient survival. Wu 
et al. [25] used the CCI to evaluate 715  patients who under-
went kidney transplantation and found that high comorbid-
ity scores were associated with a trend toward increased risk 
of graft loss during the post-operative period. Similarly, in a 
retrospective study of 198 kidney transplant patients (age 
≥18 years), Levine et al. [26] found that CCI scores, diabetes 
and peripheral vascular disease predicted increased risk for 
complications. Our results showed that glomerulonephritis 
was an independent risk factor for complications and graft 
failure following renal transplant, which is consistent with the 
results of several previous studies. Akl et al. [27] performed a 
single-site retrospective study (n = 2,000) and evaluated the 
influence of glomerulonephritis on graft and patient survival. 
The authors found that aging of the graft and mammalian tar-
get of rapamycin (mTor) immunosuppression were risk factors 
for glomerulonephritis [27]. The complex interplay between 
infection, sepsis, the systemic inflammatory response, and 
various types of glomerulonephritis may be amplified in the 
setting of renal transplantation, but these data in the trans-
plant population are scarce. Peripheral vascular disorders and 
hypertension have been associated with complications and 
graft failure in kidney transplant patients [19,28,29], which is 
also in agreement with our results.

In contrast to our findings, several studies have reported 
that diabetes and hyperlipidemia are independent risk fac-
tors associated with graft loss in renal transplant recipi-
ents [20,30-37]. Differences between earlier studies and our 
study regarding diabetes and hyperlipidemia may reflect dif-
ferences in patient populations and definitions of diabetes and 
hyperlipidemia used in the studies or limitations of the NIS 
database, since it was not possible to differentiate between 
patients who developed these conditions before and after 
transplantation. However, some studies have suggested a 
beneficial role of statins in renal disease [38-41], and perhaps 
this contributes to improved outcomes for renal transplant 
recipients in the setting of sepsis. De Rango et al. [42] reported 

that statin use might reduce the all-cause mortality in adult 
patients with chronic kidney disease and vascular access for 
chronic dialysis by 50% at 5 years post-transplant, and Sanada 
et al. [43] found that statin treatment prolonged hemodialysis 
vascular access survival. Additionally, Zahr et al. [44] treated 
humanized sickle cell mice with atorvastatin and found that 
this significantly reduced albuminuria and improved urine 
concentrating ability and glomerular filtration rate.

Other investigators have explored the use of metformin in 
renal and infectious diseases [42,44,45]. Rafieian-Kopaie [46] 
reported that metformin has a protective effect against renal 
tubular injury by tempering oxidative stress on the renal 
tubules. In an animal study from China, Zhai et al. [47] found 
that metformin may ameliorate glomerular podocyte damage 
in rats with type 2 diabetes, and Kim et al. [48] demonstrated 
that metformin decreased high-fat-diet-induced renal injury 
by regulating the expression of adipokines and the renal AMP-
activated protein kinase/acetyl-CoA carboxylase pathway in 
mice. Moreover, prior studies have provided some support 
for the value of metformin use in sepsis. For example, Kim 
et al. [49] demonstrated that metformin can suppress lipo-
polysaccharide-induced inflammatory responses in animal 
models. Nonetheless, it remains unclear whether statin or 
metformin use can diminish the development of post-trans-
plant complications or graft failure in renal transplant recip-
ients with sepsis.

It is not surprising that our study found that CMV and 
HCV infections were associated with complications as well 
as graft failure in kidney transplant recipients with sepsis. 
Viral infections have previously been found to be associ-
ated with kidney transplant complications and allograft 
rejection [2,50], and the role of CMV disease or CMV infec-
tion with allograft nephropathy and increased graft loss is 
well-established [24,51-53]. However, it is also thought that 
CMV exerts immunomodulatory effects which, in turn, 
increase the risk for bacteremia and invasive fungal disease 
in transplant recipients [51]. The findings of our study suggest 
that CMV infection, through its immunomodulatory effects, 
amplifies the severity of complications and graft failure in 
transplant recipients with sepsis.

We acknowledge the limitations of this study. Typical of 
this type of database analysis, the data may have been con-
founded by coding errors or reporting bias. In addition, the 
NIS database includes each hospitalization as a separate entry 
without a unique patient identifier. Hence, it was not possible 
to identify readmissions. The cross-sectional study design lim-
ited any inferences about causality; however, the comorbidity 
measurement system of NIS implied the studied factors were 
chronic conditions, thereby indicating a temporal relation-
ship between the exposures (coinfection and comorbidities) 
and outcome (graft complications and graft loss). However, 
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although we deliberately looked at chronic diagnoses to iden-
tify chronic risk exposures, the length of chronic exposures 
was not clear.

CONCLUSION

In summary, we found that Black race, male gender, and 
comorbidities (CMV infection, HSV infection, hepatitis C 
infection, coagulopathies, glomerulonephritis, peripheral vas-
cular disease, and hypertension) can increase the risk of com-
plications and graft failure in kidney transplant patients with 
sepsis. However, unlike earlier reports, our study did not find 
an association of diabetes or hyperlipidemia with graft failure 
and dialysis. The study findings indicate the need to evalu-
ate kidney transplant patients according to race, gender, and 
comorbidities to reduce the risk of complications and graft 
failure after kidney transplantation.
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