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Abstract

:

The assessment of renal function is critical to diagnosing and managing renal age-related decline, disease (KD), and failure, which are prevalent in the elderly population. The glomerular filtration rate (GFR) is widely used as an indicator of kidney function, but its direct measurement is challenging, as are its age and gender caveats. This makes difficult the differential diagnosis between age-related physiological decline and KD and/or failure. Currently, the inflammation-based modified Glasgow prognostic score (mGPS) is emerging as a promising biomarker of several inflammatory acute/chronic diseases. In this study, the large variability of eGFR with age and gender was evaluated as the association of eGFR values with mGPS levels. A population of 57,449 adult participants (age ≥ 18 years) was enrolled. Appropriate circulating biomarkers were measured to detect eGFR and mGPS values. The data obtained demonstrated a significant decrease in eGFR in men vs. women across the four selected age classes (18–40, 40–60, 60–80, 80–100 years); eGFR classes were significantly associated with mGPS (p < 0.001), as were age classes and gender with mGPS categories. Accordingly, the percentage of people having an mGPS score = 2 significantly increased across the eGFR classes: with an 11% in the G1/eGFR class needed to achieve 44% in G5/eGFR. Thus, the combination of mGPS with eGFR could represent the best benchmark risk model for the differential diagnosis of kidney disease from the age-related eGFR reduction.
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1. Introduction


The phenomenon of aging represents one of the most significant social transformations of the twenty-first century, being a major issue of public health, because it is closely linked to an increased prevalence and incidence of a large array of chronic inflammatory diseases and conditions, such as acute/chronic kidney diseases (CKD) and failure [1,2]. Accordingly, it is imperative to identify biomarkers that can facilitate their prevention and management [3]. KD organizations and societies recommend the use of the estimated glomerular filtration rate (eGFR) [4,5] for their diagnosis. The eGFR index is considered the best overall index of kidney function in health and disease. Its eGFR values cannot be quantified directly and require the assessment of the clearance of either exogenous or endogenous filtration markers. Precisely, eGFR is obtained through a mathematic equation, which needs to detect the creatinine (CRE) or cystatin C levels and incorporate demographic factors, i.e., age, sex, and ethnicity [5,6]. Values of estimated GFR (eGFR) of <60 mL/min/1.73 m2 identify CKD in adults [6]. However, this fixed threshold shows a low appropriateness in the CKD diagnosis, since it does not consider the physiological decrease in eGFR with the advancement of age, as mostly debated in the last years [6,7,8,9,10,11,12,13,14,15]. It may, indeed, lead to underdiagnosis in young individuals and overdiagnosis in elderly individuals. Accordingly, eGFR physiologically decreases with kidney aging [6,7,8,9,10,11,12,13,14,15]. It reports an eGFR annual decline having a variability ranging from 0.3 to 2.6 mL/min per 1.73 m2. This is related to increased nephrosclerosis associated with the nephron loss during aging [16]. Accordingly, healthy adults aged 18–29 years to 70–75 years show a nephron loss of about 48%, and this knowledge is crucial because it is associated with increased mortality [16].



Furthermore, eGFR values appear to be influenced not only by age but also by sex/gender. Higher baseline eGFR values associated with a faster eGFR decline with age were detected more in men than in women (0.92 vs. 0.75) in a large population of 12,062 participants, with 58.7% being women, from the Rotterdam study conducted by Chaker and coworkers in 2021 [1]. This also implies amending the fixed threshold for gender, the well-recognized sexual dimorphism of kidney aging [17].



Based on current evidence, it is possible to affirm that age and gender appear among the major determinants of kidney function decline, and this implies a revised definition of KD accompanied with revised values of eGFR. Some advances have been achieved with a new CKD definition adapted with age and based on new eGFR thresholds of 75, 60, and 45 mL/min/1.73 m2 across the age classes ranging from 40, 40–64, to 65 years or older, respectively [12,17]. However, it is not yet clear which of the definitions allows us to identify true cases of CKD from those without, and, therefore, whether the revised cutoffs really allow us to distinguish age-related functional decline from true CKD or from failure and whether sex/gender should be included in a future, more standardized definition relating to the new thresholds [12,18]. This is also leading to the consideration of new biomarkers. A recent study, based on a modest number of CKD patients, has interestingly proposed to use the inflammation-based modified Glasgow prognostic score (mGPS) [19] in CKD management, given by the combination of C reactive protein (CRP) values with albumin levels. mGPS represents, however, the most used risk score in oncology, proving ulterior evidence on the fundamental role of inflammation and nutritional decline in cancer, even if it is well recognized in other diseases, such as CKD [20].



Based on the observations described above, we wanted to test and confirm the variability of eGFR values according to age classes and sex in a very large Western Sicilian population, represented by 57,449 adult participants (age ≥ 18 years). Moreover, we evaluated the association between eGFR classes and mGPS and the relationship between age classes and gender with the mGPS categories.




2. Methods


2.1. Study Design, Sources, and Population


We enrolled a sample of individuals selected by using the linked laboratory and administrative dataset from the A.R.N.A.S. Civico Di Cristina Benfratelli Hospitals. Precisely, 57,449 adult participants (age ≥ 18 years; see Table 1) were encompassed and admitted for medical examinations between the second half of 2021 and 31 December 2022. No upper limit of age for inclusion criteria was used. However, we included in the analysis individuals whose serum creatinine levels were measured and who were followed up at least once during the observation period. eGFR was calculated using the CKD-EPI 2021 equation without a race coefficient [6]. The institutional ethics review boards at the Universities of Palermo and the A.R.N.A.S. Civico Di Cristina Benfratelli Hospitals approved this study with a waiver of participant consent because of the retrospective study design and the secondary use of routinely collected administrative data.




2.2. Detection of Circulating Biomarkers


Blood samples were obtained from all the individuals enrolled in the study for detecting CRE levels, as well as some inflammatory variables, including White Blood Cells (WBC), Neutrophils, Basophils, Eosinophils, Lymphocytes, Monocytes, Monocyte Distribution Width (MDW), Red Cell Distribution Width (RDW), Procalcitonin (PCT), and CRP. Moreover, we also assessed and considered two other parameters related to inflammation: the Neutrophils-to-Lymphocytes ratio (NLR) and the mGPS [19,21]. Furthermore, Albumin (ALB), Creatine Phosphokinase (CPK), Alkaline Phosphatase (ALP), and the Albumin-to-Creatinine ratio for kidney injury evaluation were also evaluated. For their detection, the routine methods and failures of the Complex Operative Unit of Clinical Pathology, ARNAS Civico Di Cristina e Benfratelli Hospitals, were used. They are described in detail in the eMethods of the Supplement.




2.3. Statistical Analysis


Continuous variables were reported as means ± standard deviations (SD), and categorical variables were presented as absolute frequencies (%). Missing values are also reported. Pearson’s chi-square test was used to investigate the association among categorical variables. Pearson r correlation coefficients were estimated to evaluate the relationship between eGFR and the other quantitative variables. A multinomial multivariate logistic regression model was used to predict eGFR Classes and mGPS classes using Age in class and Gender as fixed factors. The odds ratios (ORs), 95% Confidence interval (CI), and p-value are reported. A p-value < 0.05 was considered statistically significant. Statistical analysis was performed using the R environment for statistical computing and graphics version 3.5.3 (R Foundation for Statistical Computing, Vienna, Austria).





3. Results


3.1. Baseline Characteristics


We collected 57,449 samples (Female = 29,329 (51.1%); Male = 28,120 (48.9%)), who were stratified by the following age classes: (18–40) n = 14,789, (40–60) n = 16,595, (60–80) n = 19,747, and (80–100) n = 6318 (see Table 1). eGFR values were assessed as described above and eGFR classes were detected. Interestingly, we observed that only 2.94% of the study population belonged to the G5/eGFR class, and 18.9% were of the mG2/mGPS category. The eGFR estimation, into the four age groups (18–40, 40–60, 60–80, 80–100), and in females vs. males, confirmed its documented reduction across the age classes, with higher mean values in females with respect to males (see Figure 1). According to our overall data, we detected an increase in inflammatory biomarkers, such as CRP, PCT, and the NLR, with higher values in the oldest-people class (see Table 1). The NLR was validated in numerous studies as a very sensitive indicator of infection, inflammation, and sepsis and may be considered an independent risk factor for KD progression in CKD patients [22,23].




3.2. Association of eGFR with the Inflammatory and Damage Circulating Biomarkers


Using eGFR in its continuous nature, we performed a correlation analysis to assess the relationship with the inflammatory and damage circulating biomarkers. As shown in Figure 2, The correlation analysis revealed a statistically significant, albeit weak, correlation between eGFR and inflammatory biomarkers. eGFR presented a weak, statistically significant, and positive correlation with Albumin (r = 0.10 and p < 0.05) and a weak, statistically significant, and negative correlation with CRP (r = −0.11, p < 0.05), MDW (r = −0.11, p < 0.05), PTC (r = −0.16, p < 0.001), CPK (r = −0.09, p < 0.05), RDW (r = −0.14, p < 0.01), and NLR (r = −0.14, p <0.01). The serum CRE and albumin-to-serum-CRE ratio were strongly correlated with the eGFR parameter (r = −0.57 and r = 0.83, p < 0.001, respectively).




3.3. eGFR-Based CKD Risk Definition


To better stratify risk in the population studied, we used the eGFR in the categorical form. The six eGFR categories are: G1 = 90 mL/min/1.73 m2 or higher: the normal range; G2 = 60–89 mL/min/1.73 m2: may mean early kidney disease; G3a = 45 to 59 mL/min/1.73 m2: mild to moderate loss of kidney function; G3b = 30 to 44 mL/min/1.73 m2, G4 = 15 to 29 mL/min/1.73 m2, and G5 = less than 15 mL/min/1.73 m2: kidney failure. The association of age classes and gender with different combinations of kidney dysfunction traits was investigated by multivariate multinomial logistic regression analysis (see Table 2). The subjects aged between 18 and 40 years had statistically significantly lower OR values for developing G2–G5 pathological conditions with respect to the oldest people (age class = 80–100 years), given that the other variables in the model are held constant. For age classes, there was evidence of a consistently lower risk of one for all eGFR classes with respect to G1. To be female also resulted in reducing the risk to be G2–G5 with respect to G1 (p < 0.001), given that the other variables in the model are held constant.




3.4. mGPS Categories and Risk for CKD in Different Age Classes


We assessed the association between the mGPS and eGFR. The Chi-squared test showed a statistically significant association between the variables with a p < 0.001 (see Figure 3). Moreover, we found that 61% of the eGFR class = G1 presented an mGPS score of 0, and only 11% belonged to the eGFR class = G1 with an mGPS score of 2. A total of 29% of people belonging to eGFR class = G5 presented an mGPS score of 0, and 44% presented an mGPS score of 2. In addition, we studied the relationship between age classes and gender and mGPS (see Table 3) by using a multinomial multivariate logistic regression model for mGPS and age classes and gender as fixed factors. The results obtained demonstrated that the subjects aged between 18 and 40 years had a higher risk for mGPS0a, mGPS0b, and 1 with respect to the oldest people (age class = 80–100 years), with a p < 0.001. To be female also appeared to increase the risk of having an mGPS0 score rather than an mGPS2 score with an OR of 1.22 and a p < 0.009.





4. Discussion


The phenomenon of aging represents one of the most significant social transformations of the twenty-first century, representing the major cause of dangerous health challenges in the current era [21]. As with any other age-related chronic disease, CKD shows an increasing prevalence with an advancing age, as well as an increase in kidney failure cases accompanied by an augmented demand for dialysis and/or kidney transplantation in the old population [21,24,25]. This implies the imperative request to identify more appropriate criteria and biomarkers for an accurate kidney function evaluation, which possibly varies in relation to various age classes. Accordingly, the use of eGFR fixed thresholds is under discussion, which appear to show diverse caveats, including the overestimation of the CKD burden in the old population, overdiagnosis, and unnecessary interventions in many old people having only an age-related loss of eGFR. Consequently, eGFR as a first-line tool for estimating kidney function in real-world practice requires some revaluations, which first consider both the effect of age-related changes on the eGFR and its sex/gender-related variability. CKD presents sex disparities in the pathophysiology, as well as in the epidemiology, clinical manifestations, and disease progression [25,26,27].



The current eGFR is detected by using CRE values and equations derived from younger populations (precisely, under 65 years of age), and the application of other equations can lead to different eGFR results, affecting the CKD categories and severity classification [6,7]. This has led some researchers to suggest that these limitations can in part be reduced using equations based on cystatin C levels, even if non-GFR-related factors, such as obesity, inflammation, and a history of smoking, can affect circulating cystatin c values [28]. Considering this evidence, other research groups emphasize the estimation of the GFR using both CRE and cystatin C as biomarkers, since the use of this combined equation is more accurate than the use of either CRE or cystatin C alone in both older and younger patients [27,28,29,30].



Based on such evidence, in our study, including 57,449 adult participants (age ≥ 18 years), we first evaluated the variability of eGFR with age and gender by estimating its values in four age classes (18–40, 40–60, 60–80, 80–100) and for gender (females vs. males). In parallel, we also assessed the circulating levels of molecular/cellular inflammatory and damage biomarkers, currently documented to be related to CKD, including not only the albumin levels but also the recent NLR [18,22,23] and mGPS [19].



First, the data obtained confirmed the significant decrease in eGFR across the four age classes, with values starting from 129.25 to 122.13 in females vs. males in the 18–40 age class (corresponding to the G1 category with the fixed eGFR threshold), which slowly decrease in the 40–60 age class, maintaining higher levels in females than in males (103.31 vs. 97.68 mL/min per 1.73 m2). In the 60–80 age class, the values of eGFR were of 80.89–74.09 mL/min per 1.73 m2 (corresponding to the G2 category with the fixed eGFR threshold), arriving to values of 58.38–52.77 mL/min per 1.73 m2 in females vs. males, respectively, in the oldest people belonging to the 80–100 age class and corresponding to the G3a category of the fixed threshold. Our analysis evidenced that the age classes from 18 to 80 had OR values develop from G2 to G5 pathological conditions with respect to G1, which were significantly lower than those of the oldest age class of 80–100 years (p < 0.001).



Since our correlation analysis showed a weak association of eGFR with all the inflammatory biomarkers, eGFR appears to be not influenced by the inflammatory state. However, recent evidence demonstrates the key role of inflammation in CKD pathogenesis and progression [31]. Several mechanisms have been shown to contribute to an increased inflammatory response in patients with CKD, such as a decreased renal clearance of proinflammatory cytokines, oxidative and carbonyl stress, volume overload with endotoxemia, decreased levels of antioxidants, and an increased presence of comorbid conditions [31,32]. This is in accordance with current evidence on the promising role of other biomarkers related to inflammation in the progression of CKD, including those of tubule cell injury, e.g., KIM-1 and MCP-1, and those of mark tubule cell dysfunction (e.g., α1M and UMOD) [32], as well as mGPS [19]. The mGPS, encompassing both CRP and serum albumin, can capture not only the presence of the systemic inflammatory response but the nutritional status in pre-dialysis CKD patients [19]. Our data propose that the combination of eGFR and mGPS could be useful in the differential diagnosis of CKD from the eGFR reduction due to aging. We observed a statistically significant association between the mGPS and eGFR. We found that patients belonging to G1 presented a higher percentage of mGPS0, while patients belonging to G5 displayed a higher percentage of mGPS2. In addition, we analyzed the relationship between age classes and gender with the mGPS categories. We observed that patients belonging to the 18–40, 40–60, and 60–80 age classes had a higher risk for mGPS0a and 1 rather than mGPS2 with respect to the oldest people (age class = 80–100), with a p < 0.001. This statistical data was also presented by an OR > 1 but not statistically significant for the mGPS0b score. Only subjects aged between 18 and 40 years had a lower risk for mGPS2 with respect to the oldest people (age class = 80–100), with a p < 0.001. For the other age classes, this data was not statistically significant, possibly because mGPS0b and mGPS2 were both characterized by an albumin level < 3.5 g/dL. Moreover, we must consider that elderly individuals with a low skeletal muscle mass have been demonstrated to have an increased risk of albuminuria [28]. The reason for this relationship is not fully evident, even if age-related endothelial dysfunction characterized by an alteration in nitric oxide (NO) generation and increased oxidative stress is also suggested as a possible synergistic explanation, as well as hypertension [29].



Our data add more relevant evidence about the evolving concept of sex differences in CKD. We observed that the female sex reduces the risk of having the highest eGFR levels and increases the risk of having an mGPS0a score with respect to mGPS2. These sex differences could be explained by the direct effects of sex hormones on the kidney or sex differences in lifestyle factors [26].




5. Strengths and Limitations


This study has some strengths. First, we used population-based data from a geographically defined area served by a universal healthcare system. Thus, we analyzed a homogeneous population. Second, we examined a very large sample size. Third, we used validated algorithms to ascertain the presence or absence of comorbidities, and we applied recommended methods in the setting of competing risks. Fourth, we observed for the first time that the combination of mGPS with eGFR could represent the best parameter for differentiating age-related renal decline from KD and better identifying KD severity grades.



This study has several limitations. First, it relied on routinely collected data from people who accessed medical services. Second, we used the Inker et al. equation [6] to estimate kidney function. Because this equation has not been as well validated in older people as other equations, it could have led to inaccurate eGFR values for some people, although this inaccuracy should not have affected the findings regarding the relative risk of kidney failure in the study population. Third, we had insufficient information for assessing the clinical data of the population studied, even if they were in health. Although the findings require validation in other settings, we do not believe that these limitations pose a serious threat to the validity of our conclusions.




6. Conclusions


Based on the necessity to identify kidneys affected by CKD from aging kidneys [29] and the important role of inflammation in CKD pathogenesis and progression [30], we propose mGPS as a parameter to use in association with eGFR for improving the stratification of CKD patients. Other studies, likely multicenter, might help to better define the eGFR and mGPS relationship in CKD staging and propose a new CKD definition and guidelines.
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Figure 1. eGFR (estimated Glomerular Filtration Rate) mean ± SD (Standard Deviation) by Age Classes and Gender. Ƞp2 = partial eta squared, and p-value derived from two-way factorial analysis of variance (ANOVA). 
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Figure 2. The correlation matrix (CM) of Pearson’s (r) correlation coefficient and listwise deletion methods. Significance level codes: *** p < 0.001, ** p < 0.01, and * p < 0.05. eGFR = estimated glomerular filtration rate, CRE = Creatinine, WBC = White Blood Cell, RDW = Red Blood Cells Distribution Width, NL = Neutrophils, LN = Lymphocytes, MN = Monocytes, ES = Eosinophils, BS = Basophils, MDW = Monocytes Distribution Width, CRP = C Reactive Protein, PCT = Procalcitonin, CPK = Creatine Phosphokinase, ALP = Alkaline Phosphatase. 
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Figure 3. Distribution of inflammation-based modified Glasgow prognostic scores (mGPS) by chronic kidney disease stage eGFR Classes. The Chi squared test evaluated the association between variables. 






Figure 3. Distribution of inflammation-based modified Glasgow prognostic scores (mGPS) by chronic kidney disease stage eGFR Classes. The Chi squared test evaluated the association between variables.



[image: Jcm 12 07352 g003]







 





Table 1. Baseline Characteristics.
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Characteristics

	
Overall

	
Age Classes




	
(18–40)

	
(40–60)

	
(60–80)

	
(80–100)




	
F

	
M

	
F

	
M

	
F

	
M

	
F

	
M






	

	
n = 57,449

	
n = 9152

	
n = 5637

	
n = 8003

	
n = 8592

	
n = 8864

	
n=10,883

	
n = 3310

	
n = 3008




	
eGFRClass:

	

	

	

	

	

	

	

	

	




	
G1

	
32,597 (57.7%)

	
8800 (97.4%)

	
4640 (83.5%)

	
6325 (80.1%)

	
4775 (56.4%)

	
4026 (46.4%)

	
3193 (29.8%)

	
477 (14.8%)

	
361 (12.2%)




	
G2

	
13,369 (23.7%)

	
190 (2.10%)

	
749 (13.5%)

	
1189 (15.1%)

	
2627 (31.1%)

	
2995 (34.5%)

	
3810 (35.6%)

	
1081 (33.5%)

	
728 (24.7%)




	
G3a

	
4255 (7.53%)

	
18 (0.20%)

	
72 (1.30%)

	
156 (1.98%)

	
496 (5.86%)

	
754 (8.69%)

	
1542 (14.4%)

	
668 (20.7%)

	
549 (18.6%)




	
G3b

	
2839 (5.02%)

	
11 (0.12%)

	
24 (0.43%)

	
81 (1.03%)

	
238 (2.81%)

	
429 (4.94%)

	
998 (9.32%)

	
532 (16.5%)

	
526 (17.8%)




	
G4

	
1785 (3.16%)

	
8 (0.09%)

	
21 (0.38%)

	
62 (0.79%)

	
126 (1.49%)

	
234 (2.70%)

	
573 (5.35%)

	
325 (10.1%)

	
436 (14.8%)




	
G5

	
1664 (2.94%)

	
12 (0.13%)

	
51 (0.92%)

	
84 (1.06%)

	
198 (2.34%)

	
240 (2.77%)

	
588 (5.49%)

	
142 (4.40%)

	
349 (11.8%)




	
mGPS:

	

	

	

	

	

	

	

	

	




	
mGPS0a

	
2681 (47.2%)

	
435 (69.7%)

	
328 (63.0%)

	
371 (58.3%)

	
420 (52.7%)

	
421 (45.0%)

	
419 (36.6%)

	
167 (29.1%)

	
120 (27.1%)




	
mGPS0b

	
179 (3.15%)

	
9 (1.44%)

	
9 (1.73%)

	
11 (1.73%)

	
22 (2.76%)

	
37 (3.96%)

	
45 (3.93%)

	
29 (5.06%)

	
17 (3.84%)




	
mGPS1

	
1743 (30.7%)

	
161 (25.8%)

	
159 (30.5%)

	
180 (28.3%)

	
254 (31.9%)

	
269 (28.8%)

	
411 (35.9%)

	
162 (28.3%)

	
147 (33.2%)




	
mGPS2

	
1072 (18.9%)

	
19 (3.04%)

	
25 (4.80%)

	
74 (11.6%)

	
101 (12.7%)

	
208 (22.2%)

	
271 (23.6%)

	
215 (37.5%)

	
159 (35.9%)




	
CRE (mg/dL)

	
1.05 (1.03)

	
0.65 (0.34)

	
0.98 (0.79)

	
0.82 (0.74)

	
1.12 (1.15)

	
1.03 (0.98)

	
1.32 (1.28)

	
1.32 (1.06)

	
1.64 (1.46)




	
eGFR

	
94.3 (41.9)

	
129 (16.5)

	
122 (58.0)

	
103 (22.1)

	
97.9 (42.5)

	
80.9 (25.8)

	
74.1 (39.0)

	
58.4 (25.1)

	
52.8 (34.2)




	
WBC (×103/µL)

	
8.99 (5.24)

	
9.41 (4.95)

	
9.20 (5.37)

	
8.26 (4.74)

	
9.07 (6.14)

	
8.63 (4.79)

	
8.93 (4.55)

	
9.83 (5.95)

	
9.46 (6.55)




	
RDW %

	
14.5 (2.11)

	
14.2 (1.87)

	
13.5 (1.43)

	
14.5 (2.24)

	
14.0 (1.77)

	
14.7 (2.27)

	
14.7 (2.12)

	
15.5 (2.47)

	
15.4 (2.35)




	
NL (×103/µL)

	
6.21 (4.33)

	
6.62 (4.65)

	
6.07 (3.70)

	
5.45 (3.65)

	
6.09 (5.18)

	
5.94 (3.95)

	
6.23 (3.83)

	
7.37 (4.80)

	
6.90 (5.14)




	
LN (×103/µL)

	
1.92 (2.16)

	
1.99 (0.80)

	
2.20 (3.48)

	
2.02 (1.27)

	
2.05 (1.39)

	
1.88 (2.53)

	
1.77 (1.94)

	
1.60 (3.22)

	
1.62 (3.28)




	
NL/LN

	
4.72(6.83)

	
4.15 (4.32)

	
3.86 (4.91)

	
3.54 (4.33)

	
4.02 (5.12)

	
4.67 (6.62)

	
5.32 (8.00)

	
7.93 (12.7)

	
7.59 (9.96)




	
MN (×103/µL)

	
0.67 (0.96)

	
0.64 (0.28)

	
0.72 (0.57)

	
0.60 (1.75)

	
0.71 (0.87)

	
0.62 (0.53)

	
0.72 (1.06)

	
0.71 (0.75)

	
0.76 (1.00)




	
ES (×103/µL)

	
0.14 (0.19)

	
0.11 (0.16)

	
0.16 (0.18)

	
0.13 (0.16)

	
0.16 (0.23)

	
0.13 (0.17)

	
0.15 (0.23)

	
0.10 (0.14)

	
0.13 (0.18)




	
BS (×103/µL)

	
0.05 (0.08)

	
0.04 (0.07)

	
0.05 (0.06)

	
0.05 (0.13)

	
0.05 (0.05)

	
0.05 (0.06)

	
0.05 (0.05)

	
0.05 (0.08)

	
0.04 (0.06)




	
MDW (SDV)

	
19.2 (3.20)

	
19.3 (2.66)

	
18.4 (2.81)

	
18.9 (2.79)

	
18.6 (3.05)

	
19.5 (3.35)

	
19.1 (3.30)

	
20.3 (3.88)

	
20.3 (4.21)




	
CRP (mg/dL)

	
2.57 (5.80)

	
1.36 (3.73)

	
1.38 (3.93)

	
1.78 (4.92)

	
1.96 (5.14)

	
2.85 (6.13)

	
3.46 (6.79)

	
4.10 (6.93)

	
4.34 (7.13)




	
PCT (µg/L)

	
5.55 (19.3)

	
1.19 (2.75)

	
1.83 (8.69)

	
6.51 (22.4)

	
3.67 (14.8)

	
5.30 (19.1)

	
6.73 (22.6)

	
5.93 (16.2)

	
7.77 (23.7)




	
Albumin (g/dL)

	
3.95 (0.60)

	
3.95 (0.47)

	
4.45 (0.57)

	
4.10 (0.55)

	
4.10 (0.64)

	
3.88 (0.62)

	
3.84 (0.64)

	
3.54 (0.61)

	
3.53 (0.60)




	
CPK (U/L)

	
202 (942)

	
118 (254)

	
346 (1631)

	
165 (1141)

	
229 (1102)

	
150 (492)

	
205 (765)

	
183 (684)

	
194 (591)




	
ALP (U/L)

	
26.4 (71.1)

	
18.8 (45.4)

	
32.5 (90.0)

	
23.7 (57.2)

	
33.8 (95.0)

	
24.6 (54.0)

	
27.7 (72.7)

	
26.1 (74.2)

	
28.5 (85.1)




	
Albumin/CRE

	
1.03 (2.29)

	
2.80 (3.50)

	
0.73 (1.88)

	
1.01 (2.34)

	
0.61 (1.62)

	
0.73 (1.86)

	
0.55 (1.45)

	
0.68 (1.55)

	
0.51 (1.25)








Descriptive statistics are expressed as means (Standard Deviation) for continuous variables and as absolute frequencies (%) for categorical variables. The total of available cases is reported by variables (N). eGFR = estimated glomerular filtration rate, mGPS = modified Glasgow Prognostic Score, CRE = Creatinine, WBC = White Blood Cell, RDW = Red Blood Cells Distribution Width, NL = Neutrophils, LN = Lymphocytes, MN = Monocytes, ES = Eosinophils, BS = Basophils, MDW = Monocytes Distribution Width, CRP = C Reactive Protein, PCT = Procalcitonin, CPK = Creatine Phosphokinase, ALP = Alkaline Phosphatase.













 





Table 2. Multilevel multivariate logistic regression model for eGFR class using age classes and gender as fixed factors.
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