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Surfactant protein D (SP-D) gene 
polymorphism rs721917 is an independent 
predictor of acute kidney injury development 
in sepsis patients: a prospective cohort study
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Abstract 

Background: Currently, there are no reliable predictors of risk of development and severity of acute kidney injury 
(AKI) in septic patients. The surfactant protein D (SP-D) polymorphism rs721917C/T is associated with a greater sus-
ceptibility to AKI in the Chinese population. Our aim was to evaluate the value of SP-D polymorphisms rs721917C/T 
and of plasma SP-D levels to predict the risk of development of AKI (defined with KDIGO criterion) in septic patients.

Methods: The study enrolled septic patients admitted to the Critical Care Department of two tertiary care hospitals. 
SP-D rs721917C/T polymorphisms were determined using the PCR-SSP method. Plasma SP-D and urine NGAL con-
tents were measured using commercially available ELISA kits.

Results: 330 septic patients were included. Their SOFA scores were 12 ± 3. Patients with AKI (n = 156) had higher 
plasma SP-D levels (median: 153 ng/mL, range 111–198 ng/mL) and urinary NGAL levels (median: 575 ng/mL, range 
423–727 ng/mL) than those without AKI (SP-D median: 124 ng/mL, range 81–159 ng/mL, P = 0.001; NGAL median: 
484 ng/mL, range 429–573 ng/mL). Plasma SP-D levels of AKI patients were correlated with urinary NGAL contents 
(r = 0.853). In 32 patients receiving continuous renal replacement therapy (CRRT), plasma SP-D levels correlated with 
duration of CRRT (r = 0.448). The area under the receiver operating characteristic curve for plasma SP-D levels to pre-
dict AKI was 0.84. Patients with AKI had a higher rate of rs721917 CC genotype (AKI: 35% vs. non-AKI: 20%; P = 0.012), 
but a significantly lower rate of TT genotype (AKI: 19% vs. non-AKI: 26%; P = 0.005). SP-D rs721917 CC genotype was 
an independent predictor of AKI (P = 0.044) and mortality (P = 0.014).

Conclusion: Our study showed that increased plasma SP-D level is associated with a higher risk of AKI in patients 
with sepsis. The SP-D rs721917CC genotype is an independent and significant predictor of AKI development and mor-
tality of septic patients. The SP-D rs721917C/T polymorphisms should be further studied as diagnostic and prognostic 
biomarkers to facilitate early recognition of AKI.

© The Author(s) 2020. This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material 
in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material 
is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the 
permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creat iveco 
mmons .org/licen ses/by/4.0/.

Background
Acute kidney injury (AKI) is a serious and frequent 
complication of sepsis and is present in approximately 
51–64% of patients with sepsis, which remains the most 

common cause of AKI in critically ill patients [1]. The 
presence of AKI has contributed a sharp increase in 
mortality in intensive care unit (ICU) patients, particu-
larly those with sepsis [2]. This high mortality associated 
with AKI in septic patients may be partially explained by 
delayed appreciation and diagnosis of AKI, which cur-
rently is based on elevated serum creatinine levels or 
the presence of oliguria. These two markers have limited 
sensitivity and specificity for early recognition of renal 

Open Access

*Correspondence:  742717045@qq.com
1 Department of Critical Care Medicine, Shanghai Jiaotong University, 
School of Medicine, Ruijin Hospital North, Shanghai 201801, China
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13613-019-0617-5&domain=pdf


Page 2 of 8Liu et al. Ann. Intensive Care            (2020) 10:5 

dysfunction, necessitating the development of new bio-
markers that allow earlier diagnosis and risk stratification 
of AKI in septic patients.

Today, there are no reliable predictors of risk of devel-
opment and severity of AKI in septic patients. Surfactant 
protein D (SP-D) is an innate immune defense molecule 
of the collectin family, and is expressed in the lungs and 
extrapulmonary epithelia including tissues in the urinary 
tract. SP-D has immune modulatory effects depend-
ing on its oligomerization [3]. In kidney diseases, SP-D 
plays a key role in activating the humoral arm of innate 
immunity and host defense [4]. The biological functions 
and clinical relevance of SP-D have just started to be elu-
cidated. Xie et al. found that circulating SP-D levels were 
associated with the 1-year prognosis of chronic kidney 
disease patients [5]. On the other hand, Liu et al. found 
that SP-D was not associated with an increased risk of 
mortality of acute lung injury patients [6]. ICU patients 
with AKI have a twofold higher mortality versus ICU 
patients without AKI [7]. A structural single nucleotide 
polymorphism rs721917 in the SP-D gene, known as 
Met11Thr, alters the plasma levels of SP-D. Horimasu 
et al. found that SP-D polymorphisms rs721917C/T and 
rs2243639A/G were significantly and independently cor-
related with plasma SP-D levels in Germans with inter-
stitial lung diseases [8]. Our previous study also revealed 
that higher plasma SP-D levels were associated with a 
more adverse clinical outcome and Chinese patients car-
rying SP-D rs721917C/T had greater susceptibility to 
AKI [9].

Since it is difficult to predict subsequent development 
of AKI in septic patients, we conducted a prospective 
cohort study to determine plasma SP-D levels and SP-
D polymorphisms rs721917C/T and rs2243639A/G of 
septic patients with AKI versus those without AKI. We 
wanted to analyze if plasma SP-D levels and SP-D poly-
morphisms are associated with subsequent development 
and severity of AKI as well as outcome using clinical 
data of septic patients in the Department of Critical Care 
Medicine (CCMD) at two tertiary care centers in China.

Patients and methods
Patients
This prospective study was carried out at CCMD of Ren-
min Hospital of Wuhan University, Wuhan, China, and 
the Intensive Care Unit of The First People’s Hospital, 
Kunshan, Jiangsu, China, between March, 2015 and June 
2017. The study protocol was approved by the local ethics 
committee of the authors’ affiliated hospitals and patients 
provided written informed consent to the study.

We included adult septic or septic shock patients aged 
between at least 18  years and 70  years. We excluded 
pregnant or lactating women and patients with chronic 

kidney disease and chronic respiratory disease. Patients 
with missing age, gender, admission and discharge diag-
noses were also excluded. The third international con-
sensus definitions for sepsis and septic shock were used 
[10]. Acute kidney injury (AKI) was defined and classi-
fied according to the Kidney Disease Improving Global 
Outcomes (KDIGO) guidelines into stages 1–3 [11]. AKI 
was defined as serum creatinine (Scr) elevation exceed-
ing 0.3 mg/dL (26.5 mol/L) within 48 h, or serum creati-
nine elevation exceeding 1.5-fold of the baseline value, 
or urine output less than 0.5 mL/kg/h for more than 6 h. 
Acute respiratory distress syndrome (ARDS) was diag-
nosed according to the 2012 Berlin criteria [12]. Baseline 
creatinine was defined as creatine level on admitting.

Patient evaluation
We collected patient demographic and baseline data, 
pre-existing morbidities including hypertension and dia-
betes, SOFA scores, daily net fluid balance,  PaO2/FiO2 
ratio, extracorporeal membrane oxygenation therapy, 
pulmonary function variables (mean airway pressure, 
positive end-expiratory pressure, compliance of the res-
piratory system), necessity of continuous renal replace-
ment therapy (CRRT), use and dosages of vasoactive 
drugs, blood chemistry values, and blood microbiologi-
cal culture results. Concurrence with ARDS or AKI was 
also recorded. Patients were categorized daily for KDIGO 
stages on the basis of serum creatinine concentration and 
urine output. The worst of both values was applied for 
AKI staging. Sources of infection including the respira-
tory tract, the urinary tract, bloodstream, the abdominal 
cavity or unknown sites were documented. The observa-
tion period was defined from admission into the CCMD 
to leaving the CCMD or the date of death.

DNA genotyping
Five milliliters of peripheral venous blood was obtained 
from septic patients. After centrifugation at 5000  rpm/
min for 5  min, leucocytes were collected, aliquoted 
and stored at − 80  °C until processing. DNA was then 
extracted from the isolated peripheral leukocytes using 
commercially available kits (Solarbio, Beijing, China) 
as previously described [13]. SP-D rs721917C/T and 
rs2243639A/G polymorphisms were determined using 
the PCR-SSP method. PCR was run at 94 °C for 1 min fol-
lowed by 5 cycles of 94  °C for 20  s, 65  °C for 65  s, and 
72 °C for 25 s and then was run at 94 °C for 25 s, 55 °C for 
50 s, and 72 °C for 30 s for totally 21 cycles followed by 4 
cycles of 94 °C for 30 s, 50 °C for 60 s, and 72 °C for 120 s 
with a final extension at 72 °C for 3 min. The PCR prod-
ucts were resolved by 2% agarose gel electrophoresis.
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ELISA
Five milliliters of peripheral venous blood and 10  mL 
urine were obtained from septic patients. After centrifu-
gation at 5000 rpm/min for 5 min, plasma was collected 
and stored at − 80 °C until processing. Plasma SP-D and 
urine NGAL contents were examined using commer-
cially available ELISA kits (R&D Inc, Minneapolis, MN, 
USA) as previously described [14].

Statistical analysis
Numerical data were expressed in mean ± SD or median 
(interquartile ranges, IQR), and categorical data were 
expressed in number and percentage. Genetic equilib-
rium of allele and genotype frequency was evaluated 
using Hardy–Weinberg equilibrium (HWE); if P > 0.05, 
the frequency of allele and genotype was considered in 
genetic equilibrium. Comparison of categorical data 
was done using Pearson’s two-tailed Chi-squared test 
or Fisher exact test (for sample number < 5 in a group). 
Continuous variables among multiple groups (age, SOFA 
scores, plasma SP-D and urinary NGAL levels), if they 
passed variance homogeneity test, were compared using 
one-way ANOVA test; if they failed variance homoge-
neity test, Kruskal–Wallis test was used. Comparison of 
continuous variables between two groups was done using 
the SNK q test. Multivariate logistic regression analy-
sis and rank order logistic regression analysis were per-
formed to study correlation between variables and AKI 
development, AKI stage and mortality, and odd ratios 
(ORs) were calculated. Pearson correlation analysis was 
undertaken to study whether plasma SP-D levels and uri-
nary NGAL levels correlated with AKI stage and duration 
for CRRT. The area under the receiver operating charac-
teristic (ROC) curves for the ability of SP-D and NGAL 

to distinguish septic AKI patients from the non-AKI ones 
were calculated.

All analyses were conducted at a two-sided alpha error 
level of 5%. All analyses were performed using SPSS (ver-
sion 21, IBM, Chicago, IL, USA). For graphical presen-
tations GraphPad Prism 7 (Graph-Pad, San Diego, CA, 
USA) was used.

Results
Patient demographic and baseline characteristics
The study flowchart is shown in Fig. 1. During the study 
period, 378 patients were diagnosed with sepsis and 
admitted to the CCMD of the two hospitals. Thirty-six 
patients who did not meet the third international consen-
sus definitions for sepsis and septic shock were excluded; 
12 patients with preexisting chronic kidney disease were 
also excluded. Finally, 330 septic patients including 121 
patients with septic shock were eligible for the study. 
Patient demographic and baseline characteristics are 
shown in Table  1. The study population included 158 
males and 172 females. Their mean age was 47 ± 8 years 
(range 20–68 years). One hundred fifty-six (47%) patients 
developed AKI during their stay in the CCMD: patients 
with 46 KDIGO stage 1, 78 patients with KDIGO stage 2, 
and 32 patients with KDIGO stage 3. Seventy-five (23%) 
patients had ARDS. The mean SOFA scores of the study 
population was 12 ± 3 (range 8–21). The median plasma 
SP-D content for the whole study population was 137 ng/
mL (range 81–199 ng/mL) (reference plasma SP-D values 
for normal subjects: 57–174 ng/mL).

Characteristics of septic patients with AKI versus those 
without AKI
Patient demographic and baseline characteristics strati-
fied by AKI are shown in Table  1. The mean age of 

Fig. 1 The study flowchart
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patients with AKI (50 ± 7  years) was significantly lower 
than those without AKI (44 ± 7  years; P = 0.013). Septic 
shock was more frequent in patients with AKI (47%) than 
in those without AKI (28%; P = 0.002). In addition, signif-
icantly more (24%) septic patients with AKI had blood-
stream infections than those without AKI (10%; P = 0.01). 
Patients with AKI had significantly higher plasma SP-D 
levels (median: 150  ng/mL, range 138–160  ng/mL) 
than those without AKI (median: 101  ng/mL, range 
82–111 ng/mL; P = 0.01).

SP‑D polymorphisms rs721917C/T and rs2243639A/G 
of septic patients with AKI vs. those without AKI
SP-D polymorphisms rs721917C/T and rs2243639A/G of 
septic patients with AKI vs. those without AKI are shown 
in Table  2. Patients with AKI had a significantly higher 
rate of rs721917 CC genotype (AKI: 35% vs. non-AKI: 
20%; P = 0.012), but a significantly lower rate of TT geno-
type (AKI: 19% vs. non-AKI: 26%; P = 0.005). In addi-
tion, patients with AKI had a significantly higher rate of 
rs721917C allele than those without AKI (58% vs. 47%, 
respectively; P = 0.05). There was no significant differ-
ence between AKI patients vs. non-AKI patients in terms 
of rate of rs2243639 CC, CT and TT genotypes and in 
terms of rate of rs2243639 A and G allele.

In addition, SP-D polymorphisms rs721917 genotypes 
(CC, CT and TT) and alleles (C, T), and rs2243639 geno-
types (AA, AG and GG) and alleles (A, G) were validated 

by HWE (P > 0.05 in all), indicating genotype and allele 
distribution was in genetic equilibrium.

SP‑D polymorphisms rs721917C/T and rs2243639A/G 
and AKI KDIGO stages
SP-D polymorphisms rs721917C/T and rs2243639A/G in 
septic patients with KDIGO stage 1, 2 and 3 are shown 
in Table 3. The frequency of SP-D rs721917 CC genotype 
and C allele in KDIGO stage 3 patients was significantly 
higher than that of KDIGO stage 1 patients (P < 0.05 in 
both), meanwhile, the frequency of rs721917TT geno-
type and T allele in KDIGO stage 3 patients was signifi-
cantly lower than that of KDIGO stage 1 patients (P < 0.05 
in both). However, there was no statistical difference in 
the frequency of SP-D rs721917CC genotype and C allele 
between KDIGO stage 1 and 2 patients (P > 0.05 in both), 
and between KDIGO stage 2 and 3 patients (P > 0.05 in 
both). Furthermore, there was no statistical difference in 
rs2243639 AA, AG and GG genotype and the frequency 
of A, G allele among KDIGO stage 1, 2, and 3 patients 
(P > 0.05).

Plasma SP‑D levels, urinary NGAL levels and prognosis 
of septic patients
The average plasma SP-D levels (153 ± 22  ng/mL) and 
urinary NGAL levels (median: 561, IQR: 536, 611) in 
septic patients with AKI were significantly higher than 
in non-AKI septic patients (SP-D levels: 124 ± 20  ng/

Table 1 Demographic and baseline characteristics of the study population

a Compared with no AKI patients, P < 0.01

Variables Sepsis P

All Non‑AKI AKI

N 330 174 156

Mean age, years (SD) 47 ± 8 44 ± 7 50 ± 7 0.013a

Male sex, n(%) 158 (48) 83 (48) 75 (48) 0.750

Mean SOFA scores (SD) 12 ± 3 10 ± 4 12 ± 3 0.060

Positive blood culture, n(%) 69 (21) 29 (17) 40 (26) 0.145

Shock, n(%) 121 (37) 48 (28) 73 (47) 0.002a

ARDS, n(%) 102 (31) 60 (35) 42 (27) 0.089

Comorbidities, n(%)

 Hypertension 45 (14) 20 (12) 25 (16) 0.231

 Diabetes mellitus 53 (16) 22 (13) 31 (20) 0.074

Infection foci, n (%)

 Respiratory system 142 (43) 75 (43) 67 (43) 0.731

 Abdominal cavity 55 (17) 31 (18) 24 (15) 0.554

 Urinary tract 71 (22) 47 (27) 24 (15) 0.010a

 Bloodstream 55 (17) 17 (10) 38 (24) 0.010a

 Unknown 7 (2) 4 (2) 3 (2) 0.813

 Average plasma SP-D, ng/mL 137 ± 25 124 ± 20 153 ± 22 0.001a

 Median (IQR) urinary NGAL, ng/mL 501 (477, 560) 480 (469, 496) 561 (536, 611) 0.001a



Page 5 of 8Liu et al. Ann. Intensive Care            (2020) 10:5 

mL, P = 0.001; NGAL levels median: 480, IQR: 469, 
496, P = 0.001) (Table  1). Furthermore, the average 
plasma SP-D levels in septic AKI patients significantly 
increased with severity of KDIGO stage (Fig.  2a). The 
plasma SP-D levels were correlated with urinary NGAL 

contents (r = 0.85, 95% CI 0.80–0.89, Fig. 2b). The areas 
under the ROC curve for plasma SP-D levels and uri-
nary NGAL levels to predict AKI were 0.84 and 0.91, 
respectively. In septic patients who died, plasma SP-D 
levels (153 ± 23  ng/mL, P = 0.001) and urinary NGAL 
levels (median: 561, IQR: 536, 611, P = 0.001) were also 
increased compared with that in septic patients who sur-
vived (Table 4).

The average plasma SP-D levels of septic patients 
with AKI with SP-D rs721917CC genotype were sig-
nificantly higher than those of the other two genotypes 
(SP-D rs721917CT and TT genotype) (P < 0. 05 in both) 
(Table  5). There was no statistical difference in the 
median plasma SP-D levels among septic patients with 
AKI with three rs2243639 genotypes (P > 0. 05 in all).

Predictors of AKI development and severity and mortality
The multivariate analysis showed that age (OR: 1.139, 
95% CI 1.094–1.186; P = 0.000), SP-D rs721917CC 
genotype (OR: 1.996, 95% CI 1.078–3.697; P = 0.024), 
SOFA score (OR: 1.128, 95% CI 1.040–1.225; P = 0.004) 
were independent predictors of AKI (Table 6). There are 
multiple linear correlations between plasma SP-D lev-
els, urinary NGAL levels and occurrence of AKI. It was 
not suitable to do multivariate analysis with above two 
variables.

Furthermore, hypertension (OR: 7.979, 95% CI 1.541–
8.675; P = 0.013), and diabetes (OR: 6.719, 95% CI 
1.581–7.532; P = 0.010) were independent predictors of 

Table 2 SP-D polymorphisms in the study population

** Compared with non-survivors, P < 0.01
$ Compared with no AKI patients, P < 0.05
$$ Compared with no AKI patients, P < 0.01

SP‑D polymorphisms All Sepsis p Sepsis p

Non‑AKI AKI Non‑survivors Survivors

N 330 174 156 78 252

rs721917 genotypes

 CC 89 (27) 35 (20) 54 (35) 0.003$$ 42 (54) 47 (19) 0.000**

 CT 167 (51) 94 (54) 73 (47) 0.190 28 (36) 139 (55) 0.003**

 TT 74 (22) 45 (26) 29(19) 0.114 8 (10) 66 (26) 0.030*

rs721917 alleles

 C 345 (52) 164 (47) 181 (58) 0.048$ 112 (72) 233 (46) 0.001**

 T 315 (48) 184 (53) 131 (42) 52 (33) 277 (55)

rs2243639 genotypes

 AA 52 (16) 27 (16) 25 (16) 0.899 12 (15) 38 (15) 0.948

 AG 142 (43) 81 (46) 61 (39) 0.172 36 (46) 106 (42) 0.524

 GG 136 (41) 66 (38) 70 (45) 0.201 30 (39) 108 (43) 0.492

rs2243639 alleles

 A 246 (37) 135 (39) 111 (36) 0.546 60 (39) 182 (36) 0.707

 G 414 (63) 213 (61) 201 (64) 96 (62) 322 (64)

Table 3 SP-D polymorphisms in  sepsis patients according 
to AKI KDIGO stage

* Compared with TT genotype, P < 0.05

** Compared with TT genotype, P < 0.01

SP‑D 
polymorphisms

AKI KDIGO stages P

1 2 3

N N = 46 N = 78 N = 32

rs721917 genotypes

 CC 7 (15) 31 (40) 16 (50) 0.003**

 CT 29 (63) 32 (41) 12 (38) 0.030*

 TT 10 (22) 15 (19) 4 (12) 0.577

rs721917 alleles

 C 43 (47) 94 (60) 44 (69) 0.017*

 T 49 (53) 62 (40) 20 (31)

rs2243639 genotypes

 AA 7 (15) 12 (15) 6 (19) 0.895

 AG 16 (35) 33 (42) 12 (38) 0.694

 GG 23 (50) 33 (42) 14 (42) 0.700

rs2243639 alleles

 A 30 (33) 57 (37) 24 (38) 0.771

 G 62 (67) 99 (63) 40 (62)
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advanced KDIGO stage. The SP-D rs721917CC genotype 
(OR: 3.806, 95% CI 1.496–7.129; P = 0.014) and urinary 
NGAL levels (OR: 1.025, 95% CI 1.016–1.034; P = 0.001) 
were independent significant predictors of mortality. AKI 
was also a significant predictor of mortality of septic.

Discussion
In the present prospective study using data from a large 
cohort of CCMD septic patients from two tertiary care 
hospitals in China, we determined SP-D polymorphisms 
as well as plasma SP-D levels of these septic patients 
and examined the association between SP-D polymor-
phisms and the development and severity of AKI in sep-
tic patients. We found that the plasma levels of SP-D 
were significantly higher in AKI patients vs. non-AKI and 
SP-D rs721917CC genotype was significantly associated 

with and had a twofold increased risk of AKI. Impor-
tantly, we also found that rs721917CC genotype was 
associated with an approximately fourfold increase in the 
risk of death in the whole cohort. Our finding suggests 
that SP-D rs721917CC genotype may be used as a bio-
marker for AKI development and as a predictor of mor-
tality of septic patients.

Horimasu et al. found that there were racial differences 
in SP-D polymorphisms [15]. The rate of SP-D polymor-
phisms rs721917CT genotype and rs2243639AG genotype 
was 51% and 43%, respectively, in our study cohort, which 
is similar to a previous report for Chinese population [15]. 
The SP-D polymorphisms rs721917CC genotype was 
30% in our study cohort, which is similar to that (35%) of 
a healthy Japanese population and higher than that (24%) 
of a healthy German population in the study by Horimasu 
et  al. We also found that septic patients with AKI had a 

Fig. 2 Plasma SP-D and urinary NGAL levels in septic patients. Plasma SP-D levels in septic patients with AKI KDIGO stage 1, 2, 3 and without AKI 
(a). Significantly higher plasma SP-D levels were observed in septic AKI stage 1 patients, which were consistent with the severity of kidney injury. 
Positive correlation between plasma SP-D levels and urinary NGAL levels were showed (b). Pearson analysis shows r = 0.85, 95% CI 0.80–0.89. The 
area under the ROC curve of plasma SP-D level, urinary NGAL level and SP-D-rs721917 CC genotype to identify the presence of AKI were 0.84, 0.91 
and 0.58, respectively (c)
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significantly higher rate of rs721917CC genotype vs. non-
AKI patients. This is in agreement with our previous study 
which found that the frequency of the 11Thr/Thr geno-
type was significantly higher in patients with AKI than 
non-AKI patients [9]. The present study also shows that 
septic patients who died had a higher frequency of SP-D 
rs721917CC genotype and C allele. Altogether, these find-
ings indicate that SP-D-Thr11Met polymorphism may be a 
predictor of worse outcome in AKI patients.

We found that septic patients with AKI also had 
significantly higher plasma SP-D levels vs. non-AKI 
patients. Further analysis shows that only the median 
plasma SP-D levels of septic patients with AKI with SP-D 
rs721917CC genotype were significantly higher than 
SP-D rs721917CT and TT genotypes while there was 
no statistical difference among septic patients with AKI 
with regards to rs2243639A/G genotypes. Our findings 
are consistent with our previous study [9], while another 
study found that acute lung injury patients with AKI did 
not have significantly higher plasma SP-D levels [6], a dif-
ference that might be explained by the different underly-
ing diseases in the two populations (sepsis vs. acute lung 
injury).

Although in the current study SP-D rs721917CC geno-
type was a significant risk for AKI development, it was 
not a predictor of AKI severity. Sepsis-induced AKI 
occurs as a result of undue inflammatory response caused 
by a large number of inflammatory cells and inflamma-
tory cytokines [16] and a variety of factors, including 
hemodynamic disorders.

Our study has several limitations. The CKD incidence 
seemed to be too low in this study. Our general popula-
tion admitted in this study was regularly young com-
pared with other sepsis populations in the PRISM study. 
And we could not exclude that patients with unknown 
CKD who were finally enrolled in our study due to lack 
of information. The study only examined CCMD septic 
patients at two tertiary care hospitals in China and did 
not include patients from the secondary and primary 
care settings. In addition, though SP-D rs721917CC 
genotype was a significant predictor of AKI develop-
ment and mortality of septic patients, the performance 
of SP-D rs721917CC genotype as a diagnostic or prog-
nostic marker of AKI still needs to be further studied. 
Moreover, we chose a relatively short time frame for the 
development of AKI within 30  days of hospitalization. 
As we were interested in the association between SP-D 

Table 4 Demographic and  baseline characteristics 
of sepsis patients who died and who survived

$ Compared with non-survivors, P < 0.05
$$ Compared with non-survivors, P < 0.01

Patients Sepsis P

Non‑survivors Survivors

N N = 78 N = 252

Mean age, years (SD) 49 ± 10 46 ± 7 0.001$$

Male sex, n(%) 51 (65) 107 (43) 0.703

Mean SOFA scores (SD) 14 ± 4 10 ± 2 0.001$$

Positive blood culture, n(%) 23 (30) 46(22) 0.315

Shock, n(%) 35 (45) 86(34) 0.387

ARDS, n(%) 26 (33) 76(30) 0.583

Comorbidities, n(%)

 Hypertension 11 (14) 34(14) 0.533

 Diabetes mellitus 15 (19) 38(15) 0.523

Infection foci, n (%)

 Respiratory system 36 (46) 106 (42) 0.155

 Abdominal cavity 8 (10) 47 (18) 0.640

 Urinary tract 9 (12) 62 (25) 0.166

 Bloodstream 23 (30) 32 (13) 0.010$

 Unknown 2 (3) 5 (2) 0.089

Average plasma SP-D, ng/mL 153 ± 23 133 ± 24 0.001$$

Median (IQR) urinary NGAL, 
ng/mL

572 (524, 623) 491 (471, 539) 0.001$$

Table 5 Plasma SP-D levels of  sepsis patients with  AKI 
according to SP-D polymorphisms

* Compared with CC genotype, P < 0.05

** Compared with CC genotype, P < 0.01

Genotypes Plasma SP‑D (ng/mL), 
Median(IQR)

P value

rs721917

 CC 139.3 (124.2, 186.3)

 CT 136.8 (122.6, 149.9) 0.016*

 TT 131.0 (106.9, 198.8) 0.001**

rs2243639

 AA 139.4 (113.0, 171.6)

 AG 136.8 (120.7, 150.9) 0.189

 GG 135.7 (123.0, 149.9) 0.110

Table 6 Multivariate analysis of  predictors of  AKI 
development and severity in sepsis patients

Outcomes Variables P OR

Septic AKI vs. no AKI Age 0.001 1.139

rs721917CC genotype 0.024 1.996

Infective foci-urinary tract 0.003 0.358

SOFA score 0.004 1.128

Septic AKI stage 3 vs. stage 1 Hypertension 0.013 7.979

Diabetes mellitus 0.010 6.719

Death vs. survival AKI 0.007 1.260

Urinary NGAL levels 0.001 1.025

rs721917CC genotype 0.005 3.695
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polymorphisms and AKI and SP-D polymorphisms are 
stable biomarkers, we believe that the short time frame 
is reasonable for studying association of SP-D polymor-
phisms and AKI development and severity. Furthermore, 
we also found that plasma SP-D levels in sepsis patients 
with AKI positively correlated with urinary NGAL levels, 
suggesting that combined use of SP-D polymorphisms 
and plasma biomarkers would increase diagnostic and 
prognostic efficacy for sepsis-induced AKI.

In conclusion, our study demonstrated that SP-D 
rs721917CC genotype is an independent and significant 
predictor of AKI development and mortality of septic 
patients. SP-D rs721917C/T polymorphisms should 
be further studied as a diagnostic and prognostic bio-
marker to facilitate early recognition of AKI so that 
treatment can be instituted promptly.

Conclusion
Our study showed that increased plasma SP-D level is 
associated with a higher risk of AKI in patients with 
sepsis. The SP-D rs721917CC genotype is an independ-
ent and significant predictor of AKI development and 
mortality of septic patients. The SP-D rs721917C/T 
polymorphisms should be further studied as diagnostic 
and prognostic biomarkers to facilitate early recogni-
tion of AKI.

Acknowledgements
Not applicable.

Authors’ contributions
JL contributed to design the study, collected the samples and wrote the 
paper. JY made contributions to collect samples. LZ did the genotype analysis. 
YC detected the serum SP-D levels. HD detected the urinary NGAL levels. ZW 
made contribution to the data analysis. DC made substantial contributions to 
the interpretation of the data and substantively revised it. All authors read and 
approved the final manuscript.

Funding
This study was supported by Natural Science Funding of China (81201457, 
81971869) and Hubei Province (2017CFB640).

Availability of data and materials
The datasets supporting the conclusions of this article are included within the 
article and its additional file.

Ethics approval and consent to participate
The study protocol was approved by the local ethics committee of the 
authors’ affiliated hospitals and patients provided written informed consent 
to the study.

Consent for publication
Not applicable.

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

Author details
1 Department of Critical Care Medicine, Shanghai Jiaotong University, School 
of Medicine, Ruijin Hospital North, Shanghai 201801, China. 2 Intensive Care 
Unit, The First People’s Hospital of Kunshan, Kunshan 215300, China. 

Received: 6 August 2019   Accepted: 11 December 2019

References
 1. Gómez H, Kellum JA. Sepsis-induced acute kidney injury. Curr Opin 

Crit Care. 2016;22(6):546–53. https ://doi.org/10.1097/MCC.00000 00000 
00035 6.

 2. Bagshaw SM, Uchino S, Bellomo R, Morimatsu H, Morgera S, Schetz M, 
et al. Septic acute kidney injury in critically ill patients: clinical charac-
teristics and outcomes. Clin J Am Soc Nephrol. 2007;2(3):431–9. https 
://doi.org/10.2215/CJN.03681 106.

 3. Carreto-Binaghi LE, el Aliouat M, Taylor ML. Surfactant proteins, SP-A and 
SP-D, in respiratory fungal infections: their role in the inflammatory response. 
Respir Res. 2016;17(1):66. https ://doi.org/10.1186/s1293 1-016-0385-9.

 4. Qin Y, Liu J, Liu J, Hu F. Collectins in urinary tract and kidney diseases. 
Int Urol Nephrol. 2018;50(4):695–703. https ://doi.org/10.1007/s1125 
5-017-1728-2.

 5. Xie F, Wang X, Ding Z, Fan P, Fan L, Chen Z, Ma G. Serum surfactant pro-
tein D is associated with the prognosis in patients with chronic kidney 
disease. J Cardiovasc Med (Hagerstown). 2013;14(6):461–5. https ://doi.
org/10.2459/JCM.0b013 e3283 5dbd2 4.

 6. Liu KD, Glidden DV, Eisner MD, Parsons PE, Ware LB, Wheeler A, Korpak 
A, Thompson BT, Chertow GM, Matthay MA, National Heart, Lung, and 
Blood Institute ARDS Network Clinical Trials Group. Predictive and 
pathogenetic value of plasma biomarkers for acute kidney injury in 
patients with acute lung injury. Crit Care Med. 2007;35(12):2755–61.

 7. Barrantes F, Tian J, Vazquez R, Amoateng-Adjepong Y, Manthous CA. Acute 
kidney injury criteria predict outcomes of critically ill patients. Crit Care 
Med. 2008;36:1397–403. https ://doi.org/10.1097/CCM.0b013 e3181 68fbe 0.

 8. Horimasu Y, Hattori N, Ishikawa N, Tanaka S, Bonella F, Ohshimo S, 
Guzman J, Costabel U, Kohno N. Differences in serum SP-D levels 
between German and Japanese subjects are associated with SFTPD 
gene polymorphisms. BMC Med Genet. 2014;15:4. https ://doi.
org/10.1186/1471-2350-15-4.

 9. Liu J, Li G, Li L, Liu Z, Zhou Q, Wang G, Chen D. Surfactant protein-
D (SP-D) gene polymorphisms and serum level as predictors of 
susceptibility and prognosis of acute kidney injury in the Chinese 
population. BMC Nephrol. 2017;18(1):67. https ://doi.org/10.1186/s1288 
2-017-0485-x.

 10. Singer M, Deutschman CS, Seymour CW, et al. The third international 
consensus definitions for sepsis and septic shock (Sepsis-3). JAMA. 
2016;315:801–10.

 11. Khwaja A. KDIGO clinical practice guidelines for acute kidney 
injury. Nephron Clin Pract. 2012;120(4):c179–84. https ://doi.
org/10.1159/00033 9789.

 12. Force ADT, Ranieri VM, Rubenfeld GD, Thompson BT, Ferguson ND, 
Caldwell E, et al. Acute respiratory distress syndrome: the Berlin Defini-
tion. JAMA. 2012;307(23):2526–33.

 13. Pantelidis P, Lagan AL, Davies JC, Welsh KI, du Bois RM. A single round 
PCR method for genotyping human surfactant protein (SP)-A1, SP-A2 
and SP-D gene alleles. Tissue Antigens. 2003;61:317–21.

 14. Ohnishi H, Yokoyama A, Kondo K, Hamada H, Abe M, Nishimura K, 
Hiwada K, Kohno N. Comparative study of KL-6, surfactant protein-A, 
surfactant protein-D, and monocyte chemoattractant protein-1 as 
serum markers for interstitial lung diseases. Am J Respir Crit Care Med. 
2002;165(3):378–81.

 15. Deng YQ, Tao ZZ, Kong YG, et al. Association between single nucleotide 
polymorphisms of surfactant protein D and allergic rhinitis in Chinese 
patients. Tissue Antigens. 2009;73(6):546–52. https ://doi.org/10.111
1/j.1399-0039.2009.01232 .x.

 16. Du J, Abdel-Razek O, Wang G. Simultaneous roles of pulmonary 
and renal surfactant protein d on lung-kidney crosstalk in bacterial 
pneumonia-induced acute kidney injury. Am J Respir Crit Care Med. 
2017;195:A4411.

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

https://doi.org/10.1097/MCC.0000000000000356
https://doi.org/10.1097/MCC.0000000000000356
https://doi.org/10.2215/CJN.03681106
https://doi.org/10.2215/CJN.03681106
https://doi.org/10.1186/s12931-016-0385-9
https://doi.org/10.1007/s11255-017-1728-2
https://doi.org/10.1007/s11255-017-1728-2
https://doi.org/10.2459/JCM.0b013e32835dbd24
https://doi.org/10.2459/JCM.0b013e32835dbd24
https://doi.org/10.1097/CCM.0b013e318168fbe0
https://doi.org/10.1186/1471-2350-15-4
https://doi.org/10.1186/1471-2350-15-4
https://doi.org/10.1186/s12882-017-0485-x
https://doi.org/10.1186/s12882-017-0485-x
https://doi.org/10.1159/000339789
https://doi.org/10.1159/000339789
https://doi.org/10.1111/j.1399-0039.2009.01232.x
https://doi.org/10.1111/j.1399-0039.2009.01232.x

	Surfactant protein D (SP-D) gene polymorphism rs721917 is an independent predictor of acute kidney injury development in sepsis patients: a prospective cohort study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Patients and methods
	Patients
	Patient evaluation
	DNA genotyping
	ELISA
	Statistical analysis

	Results
	Patient demographic and baseline characteristics
	Characteristics of septic patients with AKI versus those without AKI
	SP-D polymorphisms rs721917CT and rs2243639AG of septic patients with AKI vs. those without AKI
	SP-D polymorphisms rs721917CT and rs2243639AG and AKI KDIGO stages
	Plasma SP-D levels, urinary NGAL levels and prognosis of septic patients
	Predictors of AKI development and severity and mortality

	Discussion
	Conclusion
	Acknowledgements
	References




