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Abstract

Background: The aim of the present study was to investigate the potential predictive significance of pretreatment prognostic
nutritional index (PNI) in patients with intravenous immunoglobulin (IVIG) resistant Kawasaki disease (KD). Methods: From
June 2013 to May 2020, 1,257 eligible patients with KD were included in the present study. The pretreatment PNI was
calculated as albumin level (g/L) +5×total lymphocyte count (109/L). The optimal cut-off values for PNI, neutrophil to
lymphocyte ratio (NLR), and platelet to lymphocyte ratio (PLR) were evaluated via a receiver operating curve analysis. The
impact of pretreatment PNI, NLR and PLR for IVIG resistant KD were tested with the Student’s t test or Mann-Whitney U
test, and univariate and multivariate analyses. Results: The optimal cut-off values were identified as 49.50 for PNI, 3.58 for NLR
and 164.00 for PLR, respectively. Lower pretreatment PNI levels were demonstrated to be associated with lower age, serum
sodium levels and platelet counts, and with a higher incidence of IVIG resistance and higher C-reactive protein levels. There
was a significantly negative association between the PNI and NLR, and PLR. In the logistic analyses, PNI as independent
predictive factors were significantly correlated with IVIG resistance. The discriminatory ability of PNI was not inferior to NLR
and PLR for predicting IVIG resistance. Conclusion: Pretreatment PNI could serve as a novel surrogate independent predictor
for patients with IVIG resistant KD.

Background

Kawasaki disease (KD) is an acute febrile illness characterized by multisystemic vasculitis, which usually
may be associated with coronary artery lesions (CALs), and has been considered as the most common cause
of acquired heart disease among children in industrialized countries. Although the treatment of intravenous
immunoglobulin (IVIG) plus aspirin has greatly decreased the incidence of CALs within the first 10 days
of fever onset, previous studies indicated that 10-20% of patients with KD were unresponsive to initial
treatment with IVIG, and even 20-30% of patients resistant to initial treatment with IVIG did not respond
to a second dose of IVIG [1, 2]. This condition could be more prone to risk of CALs.

Increasing evidence has confirmed that systemic inflammation and immune responses play a crucial role
in the pathogenesis and progression of KD. Several prognostic models for IVIG resistant KD have been
widely investigated, such as the Formosa scoring system from Taiwan, China, the San Diego scoring system
from American, and the Kobayashi, Egami and Sano scoring system from Japan. However, these models
have been relatively lacking in the Mainland of China [3]. A large number of studies also attempted to
search markers for predicting IVIG resistant KD. Recently, it was reported that the peripheral biomarker of
immunity/inflammation, the neutrophil-to-lymphocyte ratio (NLR), and platelet (PLT)-to-lymphocyte ratio
(PLR) were identified as significant prognostic indicators in KD with IVIG resistance [4-6]. In addition, serum
albumin, known as an indicator of host inflammatory and nutritional status, had been confirmed to have a
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prognostic role in the Chinese population with IVIG resistant KD [7]. However, these models or indicators
were not satisfactory for predicting IVIG resistance in clinical practice. Recently, it has been hypothesized
that immunonutritional status could reflect the general condition of patients, including immunocompetence,
protein turnover and physical condition. The prognostic nutritional index (PNI) based on a combination of
albumin levels and peripheral blood lymphocyte count, was supposed to show a more accurate representation
of the nutritional and immunological status in various types of cancer [8]. Its prognostic value in various
types of tumor, such as urinary cancer, tongue squamous cell carcinoma [9], osteosarcoma [10], gynecological
cancer [11], non-small cell lung cancer[12] and pulmonary embolism[13], acute myocardial infarction[14, 15],
idiopathic dilated cardiomyopathy [16] and heart failure [17] has been widely investigated. Recently, Tai et
al reported that a low pre-treatment PNI level (PNI<55) correlated to a high incidence of CALs, as well
as IVIG non-responder in 275 children with KD from Taiwan [18], but the sample size was small and cases
were came from only one institution. Therefore, the present study was designed in order to further determine
whether PNI could predict IVIG resistance in large cohort of patients with KD from six institutions.

Methods

Study population

A total of 1,257 patients with KD at six institutions between June 2013 and May 2020 were retrospectively
analyzed in the present study. The diagnostic criteria for KD conformed to the guidelines of the AHA
2004[19], and subsequently, by the AHA 2017[20]. The exclusion criteria were as follows: (1) History of KD;
(2) incident cases in receipt of IVIG treatment in another hospital; (3) non-use of IVIG during hospitalization;
(4) poor laboratory data records during hospitalization; and (5) the patients with inflammatory diseases,
immune diseases, hematological diseases, metabolic diseases, cancer, liver and kidney diseases, and other heart
diseases. All children with KD were treated with IVIG [1-2 g/(kg/day)] plus oral aspirin [30-50 mg/(kg/day)].
IVIG-resistant patients were those with recurrent fever [?]38°C and recrudescence of one or more of the initial
symptoms, or persistent fever for at least 36 h after completion of initial IVIG infusion [19]. The present study
was approved by the Ethics Committee of the Affiliated Hospital of Southwest Medical University, Sichuan
Academy of Medical Sciences, Sichuan People’s Hospital, The First People’s Hospital of Yibin, The Second
People’s Hospital of Yibin, Luzhou People’s Hospital, Southwest Medical University Affiliated Hospital of
traditional Chinese Medicine, which strictly complied with the 1975 Helsinki Declaration, revised in 1996.

The clinical parameters of patients, such as age and sex, were collected from the medical data. Laboratory
investigations included the following: The counts of white blood cells, neutrophils, lymphocytes, monocytes
and platelets, hemoglobin level, albumin level, serum sodium level and total bilirubin were collected before
IVIG treatment. The definitions of PNI, NLR and PLR were shown as follows: PNI = albumin (g/L) +
5×total lymphocyte count (109/L); NLR = neutrophil/lymphocyte counts; and PLR = platelet/lymphocyte
counts [10].

Statistical analysis

SPSS software (version 22.0) was used to perform the statistical analyses. Categorical variables were reported
as frequencies and percentages, and were analyzed using χ2 tests. Continuous variables were analyzed using
the Student’s t test or Mann-Whitney U test, where appropriate. The receiver operating characteristic (ROC)
curve analysis was utilized to determine the optimal cut-off values of inflammatory predictors with MedCalc
17.6. The area under the ROC curve (AUC) was used to compare prognostic factors. The multivariate
logistic regression analysis was performed on the factors that were shown to be significant on univariate
logistic analysis. Odds ratio (OR) and 95% confidence intervals (CIs) were utilized to evaluate relative risk.
All tests were two-sided and P<0.05 was considered to indicate a statistically significant different.

Results

Patient characteristics

The present study enrolled a total of 1,275 patients with KD with a median age of 19 months (range, 11-38
months) according to the inclusion criteria. Of these, 718 (57.1%) were male and 539 (42.9%) were female.
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There were 142 (11.3%) patients with CALs and 187 (14.9%) patients with IVIG resistance in all patients
with KD. The clinical laboratory data are presented in Table 1.

Optimal cut-off values of PNI, NLR and PLR for predicting IVIG resistance

The AUC for IVIG resistance with a ROC analysis method were 0.707 (95% CI, 0.681-0.732) (p < 0.001),
0.689 (95% CI: 0.663-0.715) (p < 0.001), and 0.676 (95% CI: 0.650-0.702) (p < 0.001) for PNI, NLR, and
PLR, respectively. According to the maximum Youden index, the optimal cut-off values for predicting IVIG
resistance were identified as 49.5 for PNI, 3.58 for NLR and 164 for PLR, . Pretreatment PNI was not
inferior to NLR (z=0.868, p = 0.385) and PLR (z=0.1764, p = 0.078) for predicting IVIG resistance (Fig
1).

Accordingly, patients were divided into two groups according to the optimal cut-off values: PNI <49.5
(n=500) and PNI [?]49.5 (n=757) groups; NLR [?]3.58 (n=652) and NLR<3.58 (n=605) groups; PLR [?]164
(n=686) and PLR <164 (n=571) groups.

Association between clinical characteristics and PNI, NLR and PLR in KD

The present study revealed the association between the inflammation-based biomarkers and clinical features
of KD, which are all indicators of IVIG resistance (Table 2). The results revealed that pretreatment PNI was
significantly associated with age (p =0.0448), PLT (p =0.0169) and serum sodium levels (p =0.0163). The
patients with low PNI tended to exhibit higher levels of C-reactive protein (CRP) (p <0.0001) and a higher
the incidence of IVIG resistance (p =0.0042) when compared with the patients with high PNI. Furthermore,
high NLR was significantly associated with low age (p =0.0285), platelet (p =0.0157) and serum sodium
levels (p =0.0086). A positive association between NLR and CRP (p =0.0032), and the incidence of IVIG
resistance (p =0.0006) was detected in the present study. Nevertheless, no significant associations were
observed between the two groups in terms of gender and total bilirubin level. In addition, high PLR has
been demonstrated to be associated with high levels of CRP (p =0.0001), higher incidence of IVIG resistance
(p =0.0116) and with low age (p =0.0232). Nevertheless, no great differences between PLR and gender,
total bilirubin, PLT and serum sodium levels were observed.

Notably, PNI was negatively correlated with NLR (r =-0.4216;p <0.0001) and PLR (r =-0.4669,p <0.0001)
(Fig. 2). Thus, the results of the present study suggested that PNI was associated with other inflammatory
biomarkers in KD.

Univariate and multivariate analyses for IVIG resistance

In order to investigate the predictive value of pretreatment NLR, PLR and PNI, the present study performed
univariate and multivariate analyses. In the univariate analysis, age (p =0.031), platelet (p=0.004), CRP
(p <0.001), serum sodium levels (p =0.028), NLR (p =0.003), PLR (p =0.009), and PNI (p <0.001) were
significantly associated with IVIG resistance. Furthermore, clinical features for IVIG resistance were also
investigated in a multivariate analysis. The results suggested that age (p =0.024), CRP (p =0.006), serum
sodium levels (p =0.007), NLR (p =0.008), PLR (p =0.026), and PNI (p =0.001) were still identified as
markedly independent parameters for IVIG resistance (Table 3).

Discussion

To the best of our knowledge, the present study demonstrated for the first time using a large cohort of
patients with KD in multicenter that pretreatment PNI was negatively associated with biomarkers of immu-
nity/inflammation (NLR and PLR) and positively associated with age, platelet, serum sodium. Low PNI
was significantly associated with higher levels of CRP and higher the incidence of IVIG resistance. As with
NLR and PLR, PNI was an independent predictor of IVIG resistance. Pretreatment PNI was not inferior to
NLR and PLR for predicting IVIG resistance.

In the present study, the percentage of IVIG-resistance was 14.9%, which was far higher the 6.25% determined
by Xu-Hai Tan et al [7] and was consistent with the 10-20% reported by Fukunishiet al [21] and Sleeper et
al [22]. The discrepancy could be attributed to the different study populations, the sample size and the
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definition of IVIG-resistance. IVIG-resistant KD has been observed to be associated with a higher incidence
of CALs, which is detrimental to the outcome of KD. Early additional treatment before the initial use of
IVIG could decrease the occurrence of CALs in IVIG resistant KD. Therefore, it is essential to investigate
simple and feasible indictors for IVIG resistance.

Consistent with previous data [4-6], the markers of inflammatory and immunological activation, NLR and
PLR, were associated with IVIG resistance in the present study. Systematic immunonutritional status has
been refined by introduction of PNI, a continuous variable based on serum albumin concentration and total
lymphocyte count in peripheral blood, which was associated with the mortality and morbidity in patients
with cardiac diseases [23], acute kidney injury [24] and cancer [10]. The present study revealed that low
PNI was significantly associated with high levels of CRP and low counts of platelet. Furthermore, an inverse
correlation between PNI and the biomarkers of immunity/inflammation (NLR and PLR) was observed in the
present study, which was in accordance with patients with osteosarcoma [10]. PNI was also demonstrated to
be correlated with disease activity in patients with systemic lupus erythematosus [25, 26]. Besides, several
previous studies reported that hyponatremia was observed in children with KD, particularly children with
IVIG resistant KD [27-29] and was associated with the extent of inflammation [30, 31]. In line with these
studies, low PNI was demonstrated to be closely associated with low serum sodium in the present study.
These results clearly convey the notion that PNI may be associated with IVIG resistance.

PNI brings two important measurements together. On the one hand, serum albumin is known as an indicator
of host inflammatory and nutritional status [8], and its levels are associated with higher mortality in several
different types of tumor. Hypoalbuminemia was observed in IVIG resistant KD [32] and has been confirmed
to be also closely associated with inflammatory markers, such as NLR and PLR. Additionally, research has
shown that malnutrition was associated with the immune-suppressed condition [33, 34], impaired respiratory
function, and poor wound healing [24], as well as increased risks of postoperative morbidity and mortality
and prolonged hospital stays[24]. On the other hand, lymphocytopenia is regarded as the marker of a
depressed cell-mediated immunity [35], which can lead to the development of systemic inflammatory response
syndrome and is closely associated with immunity and inflammation. It has been reported that critically ill
patients with shock and sepsis had marked lymphocytopenia, and that the severity of the clinical course was
correlated with the divergence of the lymphocyte (lower) counts [35]. Lymphocytopenia was also associated
with decreased survival in advanced carcinoma, sarcoma and lymphoma [36], similar to hypoalbuminemia.
Numerous studies from large samples of multiple research centers in Asia have indicated that lymphocyte
counts were significantly decreased in IVIG resistant KD when compared with IVIG responsive KD [7,
37, 38]. In the present study, low PNI was associated with decreased albumin and/or lymphocytes. The
patients with lower PNI had significantly higher the incidence of IVIG resistance in the present study, which
was consistent with previous findings [18]. According to these results, PNI, combined with albumin and
lymphocyte levels, could be a superior index that reflects inflammation, immune system and nutritional
status in IVIG resistant KD.

Valid prediction of the IVIG-treatment response is crucial to the patients with KD. A number of clinical and
inflammatory indexes (age <12 months, platelet <300 ×109/L, higher total bilirubin levels and CRP levels,
serum sodium levels, NLR and PLR) for predicting IVIG resistance have been reported [3, 7, 37, 39]. The
results of the present study further confirmed those indictors (age <12 months, serum sodium, CRP, NLR
and PLR), implying that the results of the present study are convincing. Regretfully, the aforementioned
parameters had relatively low predictive power for IVIG resistance according to previous investigations.
The prognostic value of PNI has been investigated in certain types of human cancer [9, 10], postoperative
septic complications, ST segment elevation myocardial infarction [14]. PNI can also predict the clinical
outcome of the pediatric population in the intensive care unit after cardiac operation [40].Accordingly, both
univariate and multivariate analyses suggested that pretreatment low PNI was an independent predictor
for IVIG resistance in the present study. Although the discriminatory ability of NLR and PLR to predict
IVIG resistant KD has been demonstrated in previous reports [5, 6, 37], as well as in the present study,
pretreatment PNI having the highest AUC was not inferior to NLR and PLR as an indicator for predicting
IVIG resistance determined by ROC analysis. The investigation performed by Miriliet al [41] in malignant
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melanoma was in accordance with the results of the present study. In addition, pretreatment NLR, PLR
and PNI are emerging as predictors of the treatment response to neoadjuvant chemoradiotherapy in rectal
cancer [42]. Taken together, PNI is a potential as a candidate for predicting IVIG resistance. As PNI is
routinely available and can be measured accurately, it may become a useful and inexpensive approach to
the IVIG-treatment response prediction in KD. Accordingly, it has been suggested that the patients with
KD having lower PNI levels may be a potential candidate for an aggressive treatment strategy. Nevertheless,
further studies should be warranted to verify the findings.

However, it is necessary to recognize limitations in the present study. First, the results have the potential
to be biased in terms of the population choice. Second, although a multivariable analysis was used, the
possibility of residual unmeasured covariables that may influence the outcomes cannot be excluded. For
example, genetic, ethnic and regional factors, and IVIG metabolic factors have not been taken into account.
Finally, the data sample used in the present study remains relatively small and only located in western China.
Thus, these limitations can potentially limit the accuracy of the results in the present study. Therefore, the
ability and accuracy of the PNI in predicting IVIG resistance should be further validated by performing
additional prospective, multicenter studies.

Conclusion

In summary, to the best of our knowledge, the findings of the present study demonstrated for the first
time that pretreatment PNI can be a valid predictive index for patients with IVIG resistance. Considering
the convenience of this measure, PNI has great potential as a surrogate for further research and clinical
application.
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Figure legends

Figure 1. Receiver operating characteristic curves for pretreatment PNI, NLR and PLR based on IVIG
resistance.

Figure 2. Association between PNI, NLR and PLR. (A) NLR and (B) PLR.

Table 1 Baseline patient characteristics Table 1 Baseline patient characteristics

Characteristics Number (%) / median (range)
Age (months)
Median (Range) 19 (11-38)
Gender
Male 718 (57.1%)
Female 539 (42.9%)
White blood cell (109/L)
Median (Range) 15.4 (12.3-19.8)
Hemoglobin (g/L)
Median (Range) 106 (97-119)
Platelet (109/L) ?¿?
300(109/L), median (Range) 378 (254-463)
<300(109/L), median (Range) 157 (101-213)
CRP (mg/L)
Median (Range) 83.4 (48.7-119)
ESR (mm/h)
Median (Range) 73 (49.7-103.5)
Serum sodium ( mmol/L)
Median (Range) 135.7 (133.84-137.19)
Total bilirubin (umol/L)
Median (Range) 10.18 (5.9-14.8)
IVIG resistance (n,%) 187 (14.9%)
CRP: C-reactive protein; ESR:Erythrocyte sedimentation rate ; IVIG: intravenous immunoglobulin; CRP: C-reactive protein; ESR:Erythrocyte sedimentation rate ; IVIG: intravenous immunoglobulin;

Table 2 Baseline patient characteristics based on PNI, NLR and PLR. Table 2 Baseline patient characteristics based on PNI, NLR and PLR. Table 2 Baseline patient characteristics based on PNI, NLR and PLR. Table 2 Baseline patient characteristics based on PNI, NLR and PLR. Table 2 Baseline patient characteristics based on PNI, NLR and PLR. Table 2 Baseline patient characteristics based on PNI, NLR and PLR. Table 2 Baseline patient characteristics based on PNI, NLR and PLR. Table 2 Baseline patient characteristics based on PNI, NLR and PLR.

Characteristics No PNI p NLR p PLR p
Age 0.0448 0.0285 0.0232?¿?
12 months 956 51.3±20.2 3.40±1.77 153.71±83.19
<12 months 301 48.7±17.5 3.67±2.13 165.54±62.58
Gender 0.0912 0.4058 0.3511
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Table 2 Baseline patient characteristics based on PNI, NLR and PLR. Table 2 Baseline patient characteristics based on PNI, NLR and PLR. Table 2 Baseline patient characteristics based on PNI, NLR and PLR. Table 2 Baseline patient characteristics based on PNI, NLR and PLR. Table 2 Baseline patient characteristics based on PNI, NLR and PLR. Table 2 Baseline patient characteristics based on PNI, NLR and PLR. Table 2 Baseline patient characteristics based on PNI, NLR and PLR. Table 2 Baseline patient characteristics based on PNI, NLR and PLR.

Male 718 49.8±18.4 3.54±1.50 158.06±56.53
Female 539 51.85±24.6 3.48±1.91 154.52±78.0
Total bilirubin[?]9.7umol/L 0.1691 0.6 0.0582
No 869 51.2±20.6 3.44±2.32 154.18±70.27
Yes 388 49.5±19.4 3.51±1.85 161.83±55.58
Platelet <300 x109/L 0.0169 0.0157 0.112
No 1138 51.15±22.5 3.43±1.65 155.58±67.58
Yes 119 46.16±10.2 3.81±1.42 165.74±52.61
CRP[?]78mg/L <0.0001 0.0032 0.0001
No 703 53.79±20.8 3.34±1.84 149.55±77.87
Yes 554 46.73±15.9 3.62±1.42 165.42±64.06
Serum sodium <135 mmol/L 0.0163 0.0086 0.206
No 1120 51.17±21.2 3.41±2.26 155.52±84.27
Yes 137 46.65±16.8 3.95±2.52 164.89±57.86
IVIG resistance 0.0042 0.0006 0.0116
No 1070 51.42±20.8 3.39±1.82 154.75±60.55
Yes 187 46.8±17.3 3.89±1.97 166.79±57.35
CRP: C-reactive protein; IVIG: intravenous immunoglobulin; PNI: prognostic nutritional index; NLR: neutrophil to lymphocyte ratio; PLR: platelet to lymphocyte ratio; CRP: C-reactive protein; IVIG: intravenous immunoglobulin; PNI: prognostic nutritional index; NLR: neutrophil to lymphocyte ratio; PLR: platelet to lymphocyte ratio; CRP: C-reactive protein; IVIG: intravenous immunoglobulin; PNI: prognostic nutritional index; NLR: neutrophil to lymphocyte ratio; PLR: platelet to lymphocyte ratio; CRP: C-reactive protein; IVIG: intravenous immunoglobulin; PNI: prognostic nutritional index; NLR: neutrophil to lymphocyte ratio; PLR: platelet to lymphocyte ratio; CRP: C-reactive protein; IVIG: intravenous immunoglobulin; PNI: prognostic nutritional index; NLR: neutrophil to lymphocyte ratio; PLR: platelet to lymphocyte ratio; CRP: C-reactive protein; IVIG: intravenous immunoglobulin; PNI: prognostic nutritional index; NLR: neutrophil to lymphocyte ratio; PLR: platelet to lymphocyte ratio; CRP: C-reactive protein; IVIG: intravenous immunoglobulin; PNI: prognostic nutritional index; NLR: neutrophil to lymphocyte ratio; PLR: platelet to lymphocyte ratio; CRP: C-reactive protein; IVIG: intravenous immunoglobulin; PNI: prognostic nutritional index; NLR: neutrophil to lymphocyte ratio; PLR: platelet to lymphocyte ratio;

Table 3
Univariate
and multi-
variate
analysis of
IVIG
resistant
KD.
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KD.
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Table 3
Univariate
and multi-
variate
analysis of
IVIG
resistant
KD.

Variables Univariate
analysis

Univariate
analysis

Univariate
analysis

Multivariate
analysis

Multivariate
analysis

Multivariate
analysis

HR 95% CI p Value HR 95% CI p Value
Age 0.031 0.024
<12
months

Reference Reference

[?]12
months

0.939 0.876-
0.989

0.914 0.862-
0.978

Gender 0.45
Female Reference Reference
Male 1.12 0.74-1.89
Total
bilirubin
[?]9.7
umol/L

0.087

No Reference Reference
Yes 1.33 0.8-2.21
platelet <
300x109/L

0.004 0.079

No Reference Reference
Yes 1.48 1.16-1.87 1.22 0.89-1.51
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Table 3
Univariate
and multi-
variate
analysis of
IVIG
resistant
KD.

CRP[?]78mg/L <0.001 0.006
No Reference Reference
Yes 2.85 1.39-4.92 1.17 1.07-1.25
Serum
sodium
<135
mmol/L
(n)

0.028 0.007

No Reference Reference
Yes 1.5 1.166-1.95 1.006 1.001-

1.012
PNI <0.001 0.001
<49.5 Reference Reference
[?]49.5 0.866 0.831-

0.919
0.852 0.812-

0.898
NLR 0.003 0.008
<3.58 Reference Reference
[?]3.58 1.369 1.126-1.58 1.33 1.116-

1.532
PLR 0.009 0.026
<164 Reference Reference
[?]164 1.74 1.08-2.85 1.3 1.002-

1.684
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Figure 2
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