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Background. Contrast-associated acute kidney injury (CA-AKI) is a major adverse effect of coronary angiography (CAG). Patients
with chronic kidney disease (CKD) and coronary artery disease (CAD) are at high risk of CA-AKI. This study aimed to investigate
the association between prognostic nutritional index (PNI) and CA-AKTI in this high-risk population. Methods. This study enrolled
a total of 4,391 patients. CA-AKI was defined as a serum creatinine increase >0.3 mg/dL or 50% from baseline within the first 48
hours following CAG. The PNI was calculated upon hospital admission: serum albumin (g/L) + 5 x total lymphocyte count (10°/L).
PNI was analysed from the high level to low level as a continuous variable and categorical variable which was divided into four
groups by quartile. Restricted cubic splines and logistic regression were applied. Results. Overall, 13.09% (575/4391) of patients
developed CA-AKI. PNI score was significantly lower in patients with CA-AKI than that in patients without CA-AKI (P <0.01).
The relationship between PNI score and CA-AKI was linear. A logistic regression model revealed that decreased PNI score was
associated with increased risk of CA-AKI [per 1-point decrement; adjusted OR =1.08, 95% CI, 1.05-1.09; compared with Quartile
1 (PNI>46.30), Quartile 4 (PNI < 37.90), adjusted OR=1.88, 95% CI: 1.41-2.51; and Quartile 3 (37.90 < PNI < 42.15), adjusted
OR =1.37, 95% CI: 1.02-1.84]. Conclusion. Our study indicated a negative linear relationship between PNI score and CA-AKI in
patients undergoing CAG complicated with CKD and CAD. It suggested that malnutrition is associated with increased risk of CA-
AKI in this population.
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1. Introduction

Contrast-associated acute kidney injury (CA-AKI) is the
third largest cause of hospital-acquired kidney injury which
is related to prolonged hospital stay and poor long-term
prognosis [1, 2]. Chronic kidney disease (CKD) is a major
risk factor for CA-AKI [3, 4]. Multiple risk factors associated
with the development of CA-AKI are irreversible, such as
age, diabetes, and heart failure [3]. Thus, identifying a po-
tentially reversible risk is necessary.

It was demonstrated that malnutrition was common in
patients with coronary artery disease (CAD) [5], and mal-
nutrition was closely related to the occurrence of acute
kidney injury (AKI) in hospitalized patients [6-8]. The
prognostic nutritional index (PNI) is a screening tool for the
nutritional status and has been described as a simple and
objective indicator [9]. A previous study found an associ-
ation between PNI and AKI in patients undergoing coronary
artery bypass grafting and admitted in the coronary-care
unit [8, 10]. Patients with CKD and CAD were at high risk of
CA-AKI. However, no study investigated the association
between PNI and CA-AKI among this population.

Therefore, the current study intends to explore the re-
lationship between PNI and development of CA-AKI in
patients with CKD and CAD undergoing coronary angi-
ography (CAG).

2. Method

2.1. Study Design and Participants. This retrospective obser-
vational study was processed using data from the Cardiorenal
ImprovemeNt (CIN) study which was conducted in the largest
cardiovascular centre in South China (Guangdong Provincial
People’s Hospital, China, Clinicaltrials.gov https://clinicaltrials.
gov/ct2/show/NCT04407936). The baseline information in-
cluding demographics, laboratory test results, mortality, and
other clinical information was extracted from the electronic
clinical management records system of Guangdong Provincial
People’s Hospital from January 2007 to December 2018. The
follow-up information was retrieved from the Guangdong
Public Security System and matched to the electronic Clinical
Management System of the Guangdong Provincial People’s
Hospital records. Senior cardiologists were responsible for the
data quality control and periodical data verification. All pa-
tients undergoing CAG between January 1, 2007, and De-
cember 31 were screened. During this period, there were 88,938
patients undergoing CAG and 12,641 patients were diagnosed
as CKD and CAD. We excluded patients (1) <18 years of age
(n=1); (2) lacking serum creatinine concentration at baseline
and 1, 2 days after contrast agent exposure (1 = 8,090); and (3)
lacking serum albumin, total lymphocyte count examination
(n=159) (Figure 1). The study protocol conformed to the
principles outlined in the Declaration of Helsinki and was
approved by the Guangdong Provincial People’s Hospital
ethics committee (No. GDREC2019555H[R1]).

2.2. Endpoint and Definition. The primary endpoint of this
study was CA-AKI which was defined as an increase in SCr
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by 0.5 mg/dl or 25% within the first 48 h after the procedure
[11]. PNI score was a screening tool to assess the nutritional
status of hospitalized patients [9]. It was calculated by serum
albumin and total lymphocyte count using the formula
10 x serum albumin (g/dl) + 5 x total lymphocyte count (10°/
L). The formula for estimated glomerular filtration rate
(eGFR) used was the Modification of Diet in Renal Disease
(MDRD) formula (186 x SCr (mg/dL)_l‘154 X age_o'203 X
(0.742 for women) [12]. CKD was defined as eGFR <60 mL/
min/1.73 m* [13, 14]. CAD was confirmed by CAG and
discriminated according to the 10th Revision Codes of the
International Classification of Diseases. Comorbidities in-
cluded acute myocardial infarction (AMI), diabetes mellitus,
hypertension, congestive heart failure (CHF), and anemia.
CHF was defined as New York Heart Association (NYHA)
class>2 or Killip class>1 [3]. Anemia was defined as
haematocrit <39% for men and haematocrit <36% for
women, according to the World Health Organization cri-
teria [15].

2.3. Statistical Analysis. Descriptive statistics for continuous
variables with normal distribution and abnormal distribu-
tion are reported as mean (SD) and median (interquartile
range [IQR]). Categorical variables are reported as numbers
(percentages). Continuous variables with normal distribu-
tion were compared using independent samples Student’s ¢-
test. Differences between categorical variables were com-
pared using the chi-square test. The independent associa-
tions between the CA-AKI and outcomes were assessed with
a logistic regression model and expressed as odds ratio (OR)
with 95% confidence interval (CI). Covariates in the model
included age, male, AMI, hypertension, diabetes mellitus,
CHF, anemia, PCI, and contrast media volume. Statistical
analyses were performed using SR software, version 3.6.3 (R
Foundation for Statistical Computing). All P values <0.05
were considered statistically significant.

3. Result

A total of 4,391 patients with CKD and CAD on admission
were analysed in this study. Patients were split into two
groups according to the presence or absence of CA-AKI. The
mean age was 68.71 +9.95 years, and 73.38% patients were
male.

In the cohort, patients who developed AKI were elder
and exhibited more comorbidities (diabetes mellitus, ane-
mia, and CHF) and lower levels of lymphocyte, serum al-
bumin, eGFR, and haematocrit compared with those who
did not develop AKI. However, the sex distribution, PCI
prevalence rate, PNI score, total cholesterol, high-density
lipoprotein cholesterol (HDL-C), and low-density lipopro-
tein cholesterol (LDL-C) were comparable between two
groups. More details of the baseline characteristics among
enrolled patients are shown in Table 1. The percentage of
people with CA-AKI accounted for 13.09% (n=>575) in all
patients. The incidence of CA-AKI in four PNI groups which
was divided by quartile from high to low was 8.08%, 10.09%,
13.84%, and 20.29%, respectively (Figure 2).
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FIGure 1: Study flow chart.

TABLE 1: Baseline characteristics.

Non-CA-AKI

CA-AKI

Characteristic* (n=3816) (n=575) P value
Demographic characteristics

Age (year) 68.47 (9.92) 70.32 (10.05) <0.001
Age>75 (n (%)) 1139 (29.85) 220 (38.26) <0.001
Male (n (%)) 2807 (73.56) 415 (72.17) 0.52
Coexisting conditions

AMI (n (%)) 890 (23.34) 155 (26.96) 0.07
Hypertension (n (%)) 2781 (72.93) 425 (73.91) 0.66
Diabetes mellitus (17 (%)) 1501 (39.37) 268 (46.61) 0.001
Anemia (n (%)) 2138 (56.03) 424 (73.74) <0.001
CHF (n (%)) 823 (21.59) 232 (40.35) <0.001
Hypoalbuminemia (n (%)) 2119 (55.53) 386 (67.13) <0.001
Procedure

PCI (n (%)) 2942 (77.10) 424 (73.74) 0.09
Contrast media volume (100 mL) 1.54 (0.84) 1.60 (0.89) 0.10
Laboratory examination

Haematocrit (%) 0.37 (0.06) 0.34 (0.06) <0.001
Lymphocyte (10°/L) 1.67 (0.68) 1.44 (0.62) <0.001
Total cholesterol (mmol/L) 4.42 (1.21) 4.43 (1.26) 0.90
HDL-C (mmol/L) 0.95 (0.26) 0.96 (0.26) 0.40
LDL-C (mmol/L) 2.69 (0.96) 2.70 (0.95) 0.87
Albumin (g/L) 34.05 (4.67) 32.39 (5.25) <0.001
eGFR (mL/min/1.73 m?) 43.14 (14.07) 35.92 (15.26) <0.001
Serum creatinine (mmol/L) 174.28 (144.38) 219.46 (178.54) <0.001
PNI score 42.41 (6.25) 39.59 (6.45) <0.001
Medicine

RASi (n (%)) 1655 (44.83) 144 (28.74) <0.001
B-blocker (n (%)) 2970 (80.44) 378 (75.45) 0.01
Statins (1 (%)) 3476 (94.15) 458 (91.42) 0.02

*Data are presented as the mean value (standard deviation) or number of participants (percentage). Abbreviations: AMI, acute myocardial infarction; CHF,
congestive heart failure; PCI, percutaneous coronary intervention; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol;
PNI score, prognostic nutritional index score; RASi, renin angiotensin system inhibitor.
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The incidence of CA-AKI in all patients and four PNI group.
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FIGURE 2: The incidence of CA-AKI in all patients and four PNI groups.

There is a linear relation between PNI score and CA-AKI
according to univariate and multivariate logistic models of
restricted cubic splines (P for nonlinearity was 0.89 and 0.82,
respectively, Figures 3(a) and 3(b)). A decreased PNI value
was associated with an increased risk of CA-AKI. The result
of multivariate logistic regression model showed that PNI
value was associated with the occurrence of CA-AKI in
patients with CKD and CAD after adjustment for clinical
variables (Figure 4). When PNI was analysed as a continuous
variable, lower PNI value was associated with the devel-
opment of AKI (per 1-point decrement; adjusted OR = 1.08;
95% CI, 1.05-1.09) in multivariable regression. PNI was also
analysed as a categorical variable and divided into four
groups by quartile from high to low in the multivariable
model. The lowest two groups of quartile in PNI were as-
sociated with 88% and 37% increased risk of CA-AKI
compared with the highest quartile in all participants
[compared with Quartile 1 (PNI>46.30), Quartile 4
(PNI < 37.90), adjusted OR=1.88, 95% CI:1.41-2.51; and
Quartile 3 (37.90 < PNI < 42.15), adjusted OR =1.37, 95% CI:
1.02-1.84].

4. Discussion

To our knowledge, this is the first study to analyse the as-
sociation of PNI with CA-AKI in a large cohort among CKD
patients complicated with CAD. Our data showed that low
PNI score representing malnutrition is associated with in-
creased risk of CA-AKI in the study population.
Malnutrition is common in patients with AKI and
affects the occurrence and development of AKI indepen-
dently of nonnutritional factors, increasing hospital death,
complications, and medical costs [16-18]. In an observa-
tional study which recruited 6,444 patients from the

Medical Information Mart for Intensive Care (MIMIC) III
database and 412 patients from Zhongnan Hospital of
Wuhan University conducted by Hu et al, the results
demonstrated that PNI value was an independent predictor
of AKI in patients within the coronary-care unit [8]. There
are some similarities between this study and ours. Both
studies intended to evaluate the association of PNI score
with AKI. All the results indicated that decreased PNT level
which represents malnutrition was related to increased risk
of AKIL. In addition, several other studies have also found
that malnutrition is correlated to a rising risk of AKI. In a
retrospective study enrolling hospital admissions, malnu-
trition assessed by Nutritional Risk Screening 2002 (NRS-
2002) was strongly associated with the occurrence of AKI
and worsened the prognosis [7]. Piggott et al. even found
that malnutrition was independently associated with the
occurrence of AKI in neonates (younger than 30 days) who
underwent congenital heart surgery requiring cardiopul-
monary bypass [6].

Serum albumin concentration and total lymphocyte
count, as a component of PNI score which screens nutritional
status, have also been shown to be related to the occurrence
and development of CA-AKI. Several studies have demon-
strated that low plasma albumin level (<35g/L) is an inde-
pendent risk factor for CA-AKI [19] and is closely related to
poor prognosis in CAD [20]. Yu et al. reported that patients
with low plasma albumin level (<35 g/L) had a high incidence
of AKI in the hospital [21]. A meta-analysis conducted by Liu
et al. indicated that hypoalbuminemia was independently
associated with the occurrence of CA-AKI and increased the
risk of CA-AKI by 1.59 times [22]. Previous studies also found
that low lymphocyte count was also associated with an in-
creased risk of CA-AKI. The result from a meta-analysis
showed that on-admission platelet-to-lymphocyte ratio (PLR)
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FIGURE 3: Restricted spline curve of the PNI score odds ratio for CA-AKI. (a) The restrict spline curve of the univariate cox model. (b) The
restrict spline curve of the multivariate logistic model. * Adjusted for age, sex, acute myocardial infarction, hypertension, diabetes mellitus,
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congestive heart failure, anemia, PCI, and contrast media volume.

level in the CA-AKI group is significantly higher than that of
the non-CA-AKI group [23]. A retrospective study completed
by Zorlu and Koseoglu demonstrated that platelet volume-to-

lymphocyte ratio (MPVLR) was independently related to CA-
AKI [24]. In summary, patients who developed CA-AKI had
significantly higher volume-to-lymphocyte ratio (MPVLR),
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Univariate logistic regression

Multivariate logistic regression”

OR (95% CI) P value OR (95% CI) Pvalue
PNI was analyzed as a continuous variable
Per 1-point decrement g 1.05 (1.03-1.06)  <0.001 . 1.08 (1.05-1.09) <0.001
PNI was analyzed as a categorical variable
PNI quartile 1 (>46.30) 4 Reference * Reference

PNI quartile 2 (42.15-46.30) H——i 1.28 (0.95-1.71) 0.103 +——o—i 1.05(0.78-1.43)  0.735
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PNI quartile 4 (<37.90) ——e——— 290 (2.23-3.77) <0.001 ———— 1.88 (1.41-2.51) <0.001
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F1GURE 4: Univariate and multivariate logistic regression for CA-AKI. *Adjusted for age, sex, acute myocardial infarction, hypertension,
diabetes mellitus, congestive heart failure, anemia, PCI, and contrast media volume.

neutrophil-to-lymphocyte ratio (NLR), and platelet-to-lym-
phocyte ratio (PLR). This meant that patients with CA-AKI
have lower lymphocyte count than patients without CA-AKI.

Malnutrition is defined as any nutritional imbalance,
which is a major complication in hospitalized patients. The
prevalence of malnutrition is 15-80% in hospitalized pa-
tients, while only 3% could be diagnosed and treated [25, 26].
It has been reported that over 40% of CKD patients are
undernourished. Uraemia and dialysis can impact the nu-
tritional status of patients with kidney disease [27]. The
pathophysiology of CA-AKI may be relevant to inflam-
mation, oxidative stress, and renal vasoconstriction [1, 4].
Albumin is the most abundant circulating protein and plays
an important role in anti-inflammatory, antioxidant, anti-
coagulant, and antiplatelet aggregation activities [28, 29].
Lymphocytes play a major role in regulating the immune
system [30], and inflammation enhances lymphocytic ap-
optosis [31]. Decreased albumin synthesis, increased ca-
tabolism, and aggravated inflammation contribute to
malnutrition. These mechanisms may also accelerate the
occurrence of CA-AKI.

Our findings strongly support the need for physicians to
integrate the identification of malnutrition among patients
with CKD and CAD before CAG in their daily practice. This
may improve the risk stratification and may guide pre-
vention of CA-AKI. With this easily calculable index which
uses only 2 laboratory values, malnutrition can be screened
timely. Patients at high risk of CA-AKI who might benefit
from tailored nutritional supplements to reduce CA-AKI
risk even improve their prognosis.

4.1. Limitation. We are focusing on the high-risk patients
who need more attention from clinicians. However, we must
acknowledge there were some limitations in this study.
Firstly, this study is a single-centre retrospective study, but
the enrolled patients came from the largest cardiac inter-
vention centre in South China, which was representative and
convincing in the sample and the study quality control.
Secondly, the generalizability of our results is limited to the
Chinese population without the consideration of other races,
but our findings could be extrapolated to other countries
with similar health systems and populations. Thirdly, there

were limited data on the included patients, without infor-
mation about inflammation markers such as CRP, which
might help us assess the association between PNI score and
CA-AKI comprehensively. However, PNI score was calcu-
lated by serum albumin concentration and lymphocyte
count which decreased due to the effects of inflammation.

5. Conclusions

In conclusion, there existed a negative linear relationship
between PNI score and CA-AKI in patients undergoing
CAG complicated with CKD and CAD. The current study
indicated that PNI value could serve as a preprocedural
predictor for the development of CA-AKI in CKD patients
complicated with CAD who received CAG. These patients
with low PNI score which represented as malnutrition
should be paid more attention before presentation CAG.
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