Received: 7 February 2022 | Revised: 23 February 2022 Accepted: 25 February 2022

DOI: 10.1002/jcla.24334

RESEARCH ARTICLE WILEY
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search. The relationship between NPAR levels and DR was positive linear. In the mul-
tivariate analysis, following the adjustment for confounders (gender, white blood cell,
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1 | INTRODUCTION

Globally, diabetes mellitus (DM) afflicted approximately 415 million
individuals in 2015, with the value anticipated to climb to 642 million
by the year 2040. With the growing incidence of diabetes and the
increase in the population with diabetes having longer life expec-
tancies, the number of people experiencing visual impairment and
diabetic retinopathy (DR) as a result of this disease is growing on
a global scale.? DR has been identified as the major contributor to
visual impairment among the working-age populace in the Western
world.® Patients with diabetes or DR experience more functional
physiological difficulties than those without diabetes, especially
profound among those with severe DR.*

Multiple studies have shown that diabetic control in patients with
type 2 DM is associated with serum vitamin D levels,” uric acid to
high-density lipoprotein (HDL) cholesterol ratio,® and omentin levels.”
And some of its complications are associated with inflammation, such
as platelet-to-lymphocyte ratio,? neuregulin-4,9 and C-reactive pro-
tein to serum albumin Ratio.’® DR is caused by a variety of pathologic
variables that can result in visual impairment, including proliferative
vitreoretinopathy, intraocular neovascularization, as well as diabetic
macular edema.**? Microangiopathy and inflammation jointly per-
form an integral function in the pathogenic mechanism of DR.®

The neutrophil percentage-to-albumin ratio (NPAR) is a viable
biomarker for systemic infection and inflammation that has recently
been discovered. According to the findings of several research reports,
NPAR might be utilized as a prognostic factor for individuals with acute
kidney damage, cardiogenic shock, severe sepsis, and cancer.**'” It
is generally recognized that neutrophils perform critical functions in
the cellular innate immunity. Prior research has indicated that elevated
neutrophil expression levels in the early stages of sepsis were associated
with greater severity of the condition.*®'? Moreover, neutrophil-derived
inflammatory markers have been studied in and found to be associated
with various inflammatory conditions such as inflammatory bowel dis-
ease,?C irritable bowel disease,?! diabetes mellitus,?? atrial fibrillation,??
thyroiditis,”* and SARS-Cov-2 infection.”> Albumin is a medium-sized
protein that constitutes the majority of the proteins found in human
plasma. Albumin plays an essential role in a wide range of physiological
processes. Moreover, it performs a wide range of functions in the body,
such as acting as a significant buffer, antidote, immunomodulator, extra-
cellular antioxidant, and transporter in the plasma.?®?” The correlation
between NPAR and DR, nevertheless, has received little attention to
date. As a result, the purpose of the present research was to exam-
ine the function of NPAR in the prediction of DR in diabetic individuals.

2 | METHODS

2.1 | Datasource

The National Health and Nutrition Examination Survey (NHANES)
database provides a clustered, stratified, multistage, cross-sectional
probability sample comprising of a population of non-institutionalized

US civilians that is performed by the National Center for Health
Statistics (NCHS), which is a branch of the Center for Disease
Control and Prevention. The NHANES Il survey was performed
between 1988 and 1994, and the continuing NHANES survey was
carried out between 1999 and 2020, with data published in 2-year
cycles. The NCHS institutional review board granted its approval for
the methodology for conducting the NHANES and informed written
consent was obtained from all subjects. The Ethics Review Board of
the National Center for Health Statistics (NCHS ERB) granted its ap-
proval for the NHANES (NCHS IRB/ERB protocols #98-12, #2005-
06, #2011-17, #2018-01). Respondents in the NHANES undergo a
health assessment at mobile examination centers after an in-home
interview. Participants’ physiological and clinical conditions are eval-
uated, followed by laboratory examinations. We extracted all DM
data from NHANES 1999 to 2018. The exclusion criteria were as
follows: participants under 18 years of age, no albumin or neutrophil
percentage measured, and having more than 5% missing data.

2.2 | Study variables

The extracted data included age, gender, marital status, neutrophil
percentage, albumin, mean cell hemoglobin, total cholesterol, eosino-
phil percent, high-density lipoprotein, body mass index (BMI), glucose,
triglycerides, hematocrit, white blood cell (WBC), diastolic blood pres-
sure (DBP), monocyte percent, glutamyl transpeptidase, systolic blood
pressure (SBP), basophils percent, hemoglobin, lymphocyte percent,
mean cell volume, red cell distribution width (RDW), platelet, red blood
cell, alkaline phosphatase, blood urea nitrogen, globulin, total bilirubin,
bicarbonate, uric acid, aspartate aminotransferase (AST), creatinine,
sodium, potassium, chloride, phosphorus, total calcium, iron, alanine
aminotransferase (ALT), hypertension, and diabetic retinopathy. NPAR

was expressed as neutrophil percentage/albumin.

2.3 | Statistical analysis
Distribution normality was initially tested through the Kolmogorov-
Smirnov test. Continuous variables were presented as mean + SD
or interquartile range (IQR) and medians. Categorical data were
presented as percentages or frequencies. For the purpose of inves-
tigating whether there were any significant differences among vari-
ous groups, the Kruskal-Wallis H, one-way ANOVA, and Chi-square
tests were utilized. The linear correlation between NPAR and the
incidence of DR was established with the aid of a generalized addi-
tive model. Moreover, a multivariate logistic regression model was
conducted to analyze the correlation by identifying possible con-
founding variables; these findings were presented as odds ratios
(ORs) with 95% confidence intervals (Cls).

We integrated the prospective confounding parameters on the
basis of epidemiologic and biologic backgrounds and selected only
those with a shift in effect estimate of greater than 10% for the pur-
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pose of constructing an adjusted model.“® Two multivariate models



DAI ET AL.

were constructed based on NPAR group inclusion according to ter-
tiles. The initial tertile was employed as a point of reference through-
out the study. The gender and age of the covariates were subjected
to adjustment in model I. In model Il, we subsequently adjusted for
gender, age, white blood cell, monocyte percent, red cell distribution
width, eosinophils percent, bicarbonate, basophils percent, body
mass index, iron, glucose, total bilirubin, creatinine, and chloride.

Subgroup analysis of the correlation between NPAR and DR was
carried out for the purpose of determining if the impact of the NPAR
varied among subgroups. All probabilities were two-sided and statis-
tical significance was fixed at p < .05. All analyses of statistical data
were carried out using the R software (version: 4.00).

3 | RESULTS

3.1 | Subject characteristics

We identified 5850 diabetic individuals who satisfied our partici-
pation requirements and conducted a study on them. The patients
were classified into tertiles based on their NPAR scores. Totally,
2829 women, as well as 3021 men, fulfilled the criteria for partici-
pation, and 1301 patients underwent a diagnosis of DR (22.2%).
Table 1 summarizes the baseline characteristics. Patients who had
an elevated NPAR (NPAR = 15.6 ml/g) were more likely to be elderly
with a high incidence of DR. Participants with lower NPAR (NPAR
< 13.3 ml/g) had higher values of DBP, mean cell hemoglobin, total
cholesterol, mean cell volume, hematocrit, hemoglobin, red blood
cell, basophil percent, eosinophil percent, monocyte percent, triglyc-
erides, high-density lipoprotein, lymphocyte percent, ALT, AST, total

bilirubin, phosphorus, total calcium, and iron.

3.2 | Association between NPAR and DR

The relationship between NPAR levels and DR was positive linear
(Figure 1). The correlation between NPAR and the prevalence of DR
was determined with a logistic multivariate regression model (Table 2).
The lower NPAR was used as a reference. In model |, after correcting
gender and age, a greater NPAR was related to an elevated risk of
DR. In model Il, after accounting for confounding variables (gender,
age, white blood cell, monocyte percent, red cell distribution width,
eosinophils percent, bicarbonate, basophils percent, body mass index,
iron, glucose, total bilirubin, creatinine, and chloride), higher NPAR re-
mained an independent risk factor for DR compared to lower NPAR
(OR, 95% Cl: 1.18, 1.00-1.39; 1.24, 1.04-1.48). After conducting sen-
sitivity analysis, we found a trend of consistency (P for trend: 0.0190).

3.3 | Subgroup analyses

Table 3 shows the results of a subgroup analysis of the correlation
between NPAR and the risk of DR, indicating that there was no
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interplay in these strata (p = .0563-0.9447). Moreover, no statisti-
cally significant interactions were discovered between NPAR and

any of the other risk variables for DR.

4 | DISCUSSION

A positive linear correlation was observed between NPAR and the
risk of incidence of DR. Elevated NPAR levels were found to be cor-
related with an elevated incidence of DR in the fully adjusted model
among diabetic patients. Furthermore, no statistically significant
interactions between NPAR and any of the other potential risk fac-
tors were observed, indicating that no additional factors had been
discovered that could modify the correlation between NPAR and the
risk of incidence of DR. As far as we know, this is the first study to
highlight the significant correlation between NPAR and DR in dia-
betic patients.

NPAR was discovered to be a new indicator for systemic infec-
tion and inflammation in humans.?*?? The elevated NPAR levels are
caused by an increase in neutrophil percentage and/or a reduction
in albumin concentrations. Our findings were in line with those of
other research reports that examined the prognostic significance
of NPARs in various clinical scenarios, such as cardiogenic shock,*
acute kidney injury,'® myocardial infarction,® and rectal cancer.%!
Inflammation appears to be a significant factor contributing to the
occurrence and progression of DR, according to several research re-
ports.32'33 Diabetic patients with DR have elevated levels of several
inflammatory chemokines and cytokines in their blood as well as
their ocular samples (aqueous and vitreous humor).

Patients with DR and animal models have been shown to ex-
hibit a variety of inflammation-related characteristics, including
tissue edema, enhanced vascular permeability, elevated blood
flow, up-modulation of cytokines, activation of complement and
microglial, infiltration of neutrophils and macrophages, and leu-
kostasis.>*"3¢ Notably, the elevation in these inflammatory factors
that are produced by microglia, endothelial cells, macroglia, and
later even neurons indicates dramatic increases in the activities of
these inflammatory markers in the early stage of DR and the pro-
gression of inflammation across all the cell types of the retina.”%8
Some of the cytokines identified, such as interleukin (IL)-1, IL-3,
and monocyte chemoattractant protein-1 (MCP-1) are reported
to be involved in angiogenesis, as demonstrated in experimen-
tal ischemic mouse models demonstrating that inflammatory re-
sponses lead to and predate the progression of neovascularization
in proliferative DR.%%40 Moreover, it has been proven that blocking
or deleting pro-inflammatory markers can inhibit the progression
of diabetes-elicited vascular and neuronal pathology in animal
models of the DR.*142

According to the aforementioned results, we hypothesized
that NPAR, the blending of albumin and neutrophils, has a high
prognostic significance in the progression of DR. NPAR is sim-
plistic, inexpensive, and rapid, which makes it a potential indi-
cator that may be used even in undeveloped medical areas. This
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TABLE 1 Characteristics of the study patients according to NPAR
NPAR, ml/g
213.3, <15.6

Characteristics <13.3 (n = 1950) (n = 1950) 215.6 (n = 1950) p value
Age, years 60.10 + 13.70 62.05 + 13.39 62.82 +13.92 0.022
Gender, n (%) 0.007

Female 942 (48.31) 894 (45.85) 993(50.92)

Male 1008 (51.69) 1056 (54.15) 957 (49.08)
Marital status, n (%) 0.033

Married 1104 (56.62) 1098 (56.31) 1031 (52.87)

Other 846 (43.38) 852 (43.69) 919 (47.13)
SBP, mmHg 132.61 +20.14 133.26 + 20.52 133.80 + 22.34 0.296
DBP, mmHg 69.65 + 14.37 68.36 + 14.77 6711 +15.31 <0.001
BMI, kg/m? 30.88 + 6.43 31.69 + 6.82 33.69 +8.58 <0.001
NPAR, ml/g 11.62 + 1.44 14.47 + 0.65 17.71 + 2.04 <0.001
Neutrophil percentage, % 49.82 + 6.91 60.20 + 4.60 68.12 + 6.06 <0.001
Albumin, g/dI 4.29 +0.31 4.16 +0.29 3.87 £0.36 <0.001
Total cholesterol, mmol/L 492 +1.21 4.80+1.13 4.64 +1.17 <0.001
High-density lipoprotein, mmol/L 1.27 +0.38 1.24 + 0.36 1.23+0.36 0.003
Triglycerides, mmol/L 218 +1.91 217 +1.55 2.02 +1.57 0.035
WBC, 10%/L 6.99 +2.35 749 +1.97 8.26 +2.39 <0.001
Lymphocyte percent, % 37.63 +7.11 28.25 +4.92 21.55 +5.62 <0.001
Monocyte percent, % 8.48 +2.48 7.88 +2.11 722 +2.10 <0.001
Eosinophil percent, % 3.35+2.50 3.01 +£1.96 2.51+1.61 <0.001
Basophil percent, % 0.78 + 0.50 0.72 +0.38 0.66 +0.42 <0.001
RBC, 107/L 4.65 +0.52 4.62 +0.51 4.51 + 0.57 <0.001
Hemoglobin, g/dI 13.95+1.47 13.85+1.53 13.37 £ 1.74 <0.001
Hematocrit, % 41.30 +4.19 41.04 + 4.29 39.79 +4.94 <0.001
Mean cell volume, fL 89.08 + 5.64 89.07 + 5.76 88.43 + 6.32 <0.001
Mean cell hemoglobin, pg 30.09 + 2.30 30.06 + 2.33 29.70 + 2.55 <0.001
RDW, % 13.34+1.18 13.52 +1.44 13.99 + 1.68 <0.001
Platelet, 107/L 245.07 + 68.92 242.42 +71.08 245.97 +78.37 0.351
ALT, U/L 26.98 +16.52 2512 +24.00 24.04 + 35.63 <0.001
AST U/L 26.40 + 13.80 24.96 +15.08 24.79 + 27.63 <0.001
Alkaline phosphatase, U/L 74.35 + 31.30 76.75 + 27.04 84.87 +41.10 <0.001
Blood urea nitrogen, mmol/L 5.57 +2.43 6.05+2.96 6.84 + 3.95 <0.001
Globulin, g/L 30.49 + 5.03 30.41 + 4.67 31.56 +5.62 <0.001
Total bilirubin, umol/L 10.83 + 4.60 10.72 + 4.92 10.61 + 5.37 <0.001
Bicarbonate, mmol/L 24.95 +2.45 24.89 + 2.40 2493 +2.73 0.621
GGT, U/L 37.60 + 54.78 34.40 +44.13 37.43 + 50.25 <0.001
Glucose, mmol/L 8.03 +3.81 8.53 +4.14 9.14 + 4.59 <0.001
Uric acid, umol/L 332.65 + 87.59 336.81 +91.11 348.41 + 105.54 <0.001
Creatinine, umol/L 84.23 + 52.08 89.76 + 66.57 104.20 + 91.14 <0.001
Sodium, mmol/L 138.94 +2.75 138.92 +2.82 138.79 + 3.09 0.182
Potassium, mmol/L 4.06 + 0.39 4.11 +0.39 4.15 +0.44 <0.001
Chloride, mmol/L 102.25 + 3.34 102.25 + 3.57 102.18 + 3.92 0.930
Phosphorus, mmol/L 1.21 +0.18 1.20 £ 0.19 1.19 +0.21 <0.001
Total Calcium, mmol/L 2.39 +0.10 2.36 + 0.10 2.32+0.11 <0.001
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TABLE 1 (Continued)

Characteristics

Iron, umol/L
Hypertension, n (%)
No
Yes
Diabetic retinopathy, n (%)
No
Yes

WILEY-L2°™

NPAR, ml/g
213.3, <15.6
<13.3 (n = 1950) (n = 1950) 215.6 (n = 1950) p value
15.14 + 5.58 14.06 + 5.55 12.39 +5.48 <0.001
0.010
1278 (65.91) 1298 (66.77) 1384 (70.97)
661(34.09) 646 (33.23) 566 (29.03)
<0.001
1579 (80.97) 1512 (77.54) 1458 (74.77)
371 (19.03) 438 (22.46) 492 (25.23)

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; DBP, diastolic blood pressure; GGT, glutamyl
transpeptidase; NPAR, neutrophil percentage-to-albumin ratio; RBC, red blood cell; RDW, red cell distribution width; SBP, systolic blood pressure;

WBC, white blood cell.
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indicator facilitates a timely and individualized assessment of the
risk of DR in each diabetic patient, which enables more precise
decisions on treatment strategies and medical resource allocation.
Notably, NPAR increases the prognostic significance of albumin
and neutrophil percentage, particularly when those two param-
eters do not depart remarkably from the normal range, which is
something that clinicians frequently ignore when evaluating pa-
tients. According to the findings, the NPAR predicts the incidence
of DR by the mechanism of combining the distinct processes of
albumin levels and neutrophil percentage.

Nevertheless, the present research has several drawbacks.
Owing to the cross-sectional research design, it is impossible to de-
termine if there is a causal relationship. In order to prove causation,
prospective studies are required. In addition, the information uti-
lized in the present research was obtained from a single blood test.
Since blood cells have a relatively short life span, serial testing might
be more feasible as opposed to a single test performed upon admis-
sion. Moreover, the depletion of albumin and neutrophils is common,
resulting in selection bias.

TABLE 2 ORs(95% Cls) for diabetic retinopathy across groups of NPAR level

Non-adjusted

Model |

RA level, ml/g OR (95%Cls)
NPAR, ml/g 1.06 (1.04, 1.08)
NPAR(Tertiles), ml/g
<13.3 1.0 (ref)
>13.3,<15.6 1.23(1.06, 1.44)
215.6 1.44(1.23,1.67)
p trend <0.0001

p value

<0.0001

0.0082
<0.0001

OR (95%Cls)

1.06 (1.04, 1.08)

1.0 (ref)

1.22(1.05, 1.43)
1.42(1.22, 1.66)

<0.0001

Model Il
p value OR (95%Cls) p value
<0.0001 1.04 (1.01, 1.07) 0.0046
1.0 (ref)
0.0111 1.18 (1.00, 1.39) 0.0447
<0.0001 1.24 (1.04, 1.48) 0.0183

0.0190

Note: Models were derived from logistic multivariate regression models. Non-adjusted model adjusted for: none. Adjust | model adjusted for: age and
gender. Adjust Il model adjusted for: age, gender, white blood cell, monocyte percent, red cell distribution width, eosinophils percent, bicarbonate,
basophils percent, body mass index, iron, glucose, total bilirubin, creatinine, and chloride.

Abbreviations: Cl, confidence interval; OR, odds ratio.
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TABLE 3 Subgroup analysis of the associations between NPAR and diabetic retinopathy

NPAR, ml/g
<13.3 213.3, <15.6 215.6

Age, years

<63 1.0 (ref) 1.28 (1.02, 1.60) 0.0304 1.53(1.22, 1.90) 0.0002

263 1.0 (ref) 1.18(0.95, 1.47) 0.1327 1.35(1.09, 1.67) 0.0056
Gender

Female 1.0 (ref) 1.29(1.03, 1.62) 0.0286 1.49 (1.20, 1.86) 0.0003

Male 1.0 (ref) 1.18 (0.96,1.46) 0.1216 1.39(1.12, 1.72) 0.0023
Marital status

Married 1.0 (ref) 1.18 (0.95, 1.45)0.1304 1.54(1.25, 1.89) <0.0001

Other 1.0(ref) 1.30(1.03, 1.64) 0.0243 1.32(1.06, 1.66) 0.0153
SBP, mmHg

<130 1.0 (ref) 1.30(1.02, 1.65) 0.0338 1.29 (1.01, 1.64) 0.0421

2130 1.0 (ref) 1.10(0.88, 1.38) 0.4058 1.46(1.17,1.82) 0.0008
DBP, mmHg

<70 1.0 (ref) 1.18(0.94, 1.50) 0.1593 1.34(1.07, 1.68) 0.0121

270 1.0 (ref) 1.18(0.93, 1.49) 0.1745 1.39 (1.10, 1.75) 0.0065
BMI, kg/m?

<30.8 1.0 (ref) 1.13(0.91, 1.39) 0.2770 1.28(1.03, 1.60) 0.0290

230.8 1.0 (ref) 1.40(1.11,1.77) 0.0051 1.55(1.24, 1.95) 0.0001
Neutrophil percentage, %

<59.9 1.0 (ref) 1.37(1.13, 1.65) 0.0013 2.06(1.42,2.99) 0.0001

259.9 1.0 (ref) 1.52(0.76, 3.02) 0.2353 1.90 (0.96, 3.74) 0.0649
Albumin, g/dI

<4.1 1.0 (ref) 1.22(0.91, 1.63) 0.1831 1.31(1.00, 1.70) 0.0461

24.1 1.0(ref) 1.17 (0.97, 1.41) 0.1056 1.11(0.87, 1.41) 0.3959
Total cholesterol, mmol/L

<4.65 1.0 (ref) 1.33(1.06, 1.68) 0.0149 1.72(1.38, 2.14) <0.0001

24.65 1.0 (ref) 1.16 (0.94, 1.44) 0.1602 1.19 (0.96, 1.48) 0.1120
High-density lipoprotein, mmol/L

<1.19 1.0(ref) 1.20(0.96, 1.51) 0.1049 1.50(1.20, 1.86) 0.0003

>1.19 1.0 (ref) 1.26 (1.01, 1.56) 0.0371 1.38(1.11, 1.71) 0.0032
Triglycerides, mmol/L

<1.705 1.0 (ref) 1.25(0.99, 1.56) 0.0562 1.45(1.16, 1.80) 0.0010

21.705 1.0 (ref) 1.22(0.99, 1.51) 0.0673 1.44(1.16, 1.78) 0.0008
WBC, 10°/L

<7.3 1.0 (ref) 1.36(1.10, 1.67) 0.0041 1.57 (1.26, 1.96) <0.0001

>7.3 1.0 (ref) 1.11 (0.88, 1.40) 0.3966 1.33(1.06, 1.66) 0.0120
Lymphocyte percent, %

<28.6 1.0 (ref) 1.58 (0.96, 2.59) 0.0724 2.05(1.26,3.33) 0.0038

228.6 1.0 (ref) 1.33(1.10, 1.60) 0.0034 1.25(0.86, 1.81) 0.2397
Monocyte percent, %

<7.6 1.0 (ref) 1.32 (1.04, 1.69) 0.0245 1.43(1.13, 1.80) 0.0027

>7.6 1.0 (ref) 1.19 (0.97, 1.46) 0.0963 1.55(1.26, 1.91) <0.0001
Eosinophils percent, %

<2.5 1.0 (ref) 1.35(1.07,1.72) 0.0131 1.56(1.24, 1.96) 0.0001

22.5 1.0 (ref) 1.17 (0.95, 1.43) 0.1378 1.41(1.14, 1.74) 0.0015

Basophils percent, %

p for interaction

0.2336

0.9447

0.1742

0.7777

0.2420

0.1261

0.4760

0.1271

0.2599

0.6471

0.6652

0.0579

0.9058

0.9010

0.5373
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TABLE 3 (Continued)

<0.6
20.6
RBC, 107/L
<4.6
24.6
Hemoglobin, g/dI
<13.8
213.8
Hematocrit, %
<40.8
240.8
Mean cell volume, fL
<89.3
>89.3
Mean cell hemoglobin, pg
<30.2
>230.2
RDW, %
<13.3
>13.3
Platelet, 107/L
<236
2236
ALT, U/L
<21
221
AST U/L
<22
222
Alkaline phosphatase, U/L
<73
273

Blood urea nitrogen, mmol/L

<5.36
25.36
Globulin, g/L
<30
230
Total bilirubin, umol/L
<10.26
210.26
Bicarbonate, mmol/L
<25
225
GGT, U/L
<24

NPAR, ml/g

<13.3

1.0 (ref)
1.0 (ref)

1.0 (ref)
1.0 (ref)

1.0 (ref)
1.0 (ref)

1.0 (ref)
1.0 (ref)

1.0 (ref)
1.0(ref)

1.0 (ref)
1.0 (ref)

1.0 (ref)
1.0 (ref)

1.0 (ref)
1.0 (ref)

1.0 (ref)
1.0 (ref)

1.0 (ref)
1.0 (ref)

1.0 (ref)
1.0 (ref)

1.0 (ref)
1.0 (ref)

1.0 (ref)
1.0 (ref)

1.0 (ref)
1.0 (ref)

1.0 (ref)
1.0 (ref)

1.0(ref)

213.3, <15.6

1.31(0.98, 1.76) 0.0691
1.22 (1.01, 1.46) 0.0369

1.27 (1.02, 1.58) 0.0330
1.18(0.95, 1.47) 0.1347

1.29 (1.04, 1.61) 0.0221
1.16 (0.93, 1.45) 0.1865

1.28 (1.02, 1.59) 0.0299
1.18(0.95,1.47) 0.1282

1.24(0.99, 1.55) 0.0578
1.22(0.99, 1.52) 0.0670

1.30(1.04, 1.63) 0.0229
1.17 (0.95, 1.45) 0.1421

1.23(0.99, 1.53) 0.0633
1.23 (0.99, 1.54) 0.0640

1.28 (1.02, 1.60) 0.0300
1.19 (0.96, 1.48) 0.1141

1.17 (0.93, 1.47) 0.1760
1.27 (1.03, 1.58) 0.0260

1.16 (0.91, 1.47) 0.2238
1.30(1.05, 1.59) 0.0139

1.30(1.03, 1.64) 0.0300
1.20(0.95, 1.50) 0.1199

1.24(0.97, 1.58) 0.0801
1.17 (0.96, 1.43) 0.1291

1.20(0.94, 1.53) 0.1519
1.26 (1.083, 1.54) 0.0241

1.14(0.90, 1.44) 0.2631
1.29 (1.05, 1.59) 0.0148

1.16 (0.91, 1.47) 0.2275
1.30(1.06, 1.59) 0.0132

1.14(0.91, 1.43) 0.2481

215.6

1.64 (1.25,2.17) 0.0004
1.38 (1.14, 1.66) 0.0007

1.57(1.27, 1.93) <0.0001
1.23(0.98, 1.54) 0.0768

1.40(1.14, 1.72) 0.0015
1.36(1.08, 1.71) 0.0086

1.49 (1.21, 1.83) 0.0002
1.28 (1.01, 1.60) 0.0373

1.33(1.07, 1.66) 0.0090
1.55(1.25, 1.92) <0.0001

1.49 (1.20, 1.85) 0.0003
1.38(1.11, 1.71) 0.0036

1.49 (1.19, 1.88) 0.0005
1.39 (1.13, 1.72) 0.0020

1.60(1.29, 1.98) <0.0001
1.29 (1.04, 1.60) 0.0182

1.35(1.09, 1.68) 0.0062
1.46(1.17,1.81) 0.0007

1.44(1.15,1.81) 0.0013
1.38(1.12,1.71) 0.0029

1.48(1.16, 1.89) 0.0015
1.38(1.11, 1.71) 0.0035

1.37(1.07, 1.76) 0.0120
1.36(1.12, 1.65) 0.0023

1.62(1.27,2.07) 0.0001
1.30(1.07, 1.59) 0.0075

1.33(1.06, 1.67) 0.0127
1.50(1.22, 1.84) 0.0001

1.29 (1.02, 1.63) 0.0322
1.55(1.26, 1.89) <0.0001

1.51(1.21, 1.88) 0.0002

WILEY-L7°™

p for interaction

0.3229

0.6137

0.1221

0.3860

0.8333

0.6937

0.2395

0.0872

0.2653

0.4812

0.4791

0.3154

0.3020

0.7992

0.6075

0.7339

(Continues)
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TABLE 3 (Continued)

NPAR, ml/g
<13.3 213.3, <15.6 215.6 p for interaction

224 1.0(ref) 1.33(1.08, 1.65) 0.0080 1.36(1.10, 1.69) 0.0041

Glucose, mmol/L
<7.33 1.0 (ref) 1.17(0.93, 1.47) 0.1749 1.28 (1.02, 1.61) 0.0317 0.6292
>7.33 1.0 (ref) 1.24 (1.00, 1.54) 0.0481 1.47(1.19, 1.81) 0.0003

Uric acid, umol/L
<3271 1.0 (ref) 1.14(0.91, 1.42) 0.2624 1.30(1.05, 1.63) 0.0187 0.2540
23271 1.0 (ref) 1.33(1.07, 1.65) 0.0103 1.56(1.26,1.92) <0.0001

Creatinine, umol/L
<79.56 1.0 (ref) 1.24 (0.99, 1.55) 0.0605 1.19 (0.94, 1.50) 0.1532 0.0905
>79.56 1.0 (ref) 1.22(0.98, 1.52) 0.0700 1.57(1.28, 1.93) <0.0001

Sodium, mmol/L
<139 1.0 (ref) 1.31(1.03, 1.65) 0.0260 1.40(1.11, 1.76) 0.0044 0.4889
2139 1.0 (ref) 1.17(0.95, 1.44) 0.1340 1.45(1.19,1.78) 0.0003

Potassium, mmol/L
<4.1 1.0 (ref) 1.30(1.03, 1.63) 0.0248 1.37(1.09, 1.72) 0.0074 0.3424
24.1 1.0 (ref) 1.15(0.93, 1.43) 0.1893 1.43(1.16, 1.76) 0.0007

Chloride, mmol/L
<102.2 1.0 (ref) 1.29 (1.04, 1.59) 0.0196 1.34(1.09, 1.66) 0.0060 0.0563
>102.2 1.0 (ref) 1.16 (0.93, 1.46) 0.1889 1.54(1.23, 1.92) 0.0001

Phosphorus, mmol/L
<1.19 1.0 (ref) 1.08 (0.86, 1.36) 0.4882 1.31(1.05, 1.63) 0.0158 0.3220
>1.19 1.0 (ref) 1.38(1.11, 1.70) 0.0031 1.56 (1.27, 1.93) <0.0001

Total Calcium, mmol/L
<2.35 1.0 (ref) 1.37 (1.05, 1.78) 0.0193 1.70(1.33, 2.16) <0.0001 0.2675
22.35 1.0 (ref) 1.16 (0.96, 1.41) 0.1300 1.20(0.97, 1.48) 0.0979

Iron, umol/L
<13.1 1.0 (ref) 1.10(0.88, 1.38) 0.4161 1.28(1.04, 1.59) 0.0221 0.7793
213.1 1.0 (ref) 1.33(1.07, 1.65) 0.0087 1.49 (1.19, 1.87) 0.0005

Hypertension
No 1.0 (ref) 1.20(1.00, 1.45) 0.0541 1.44(1.20, 1.73) <0.0001 0.0881
Yes 1.0 (ref) 1.29 (0.97,1.71) 0.0762 1.34(1.00, 1.79) 0.0496

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; DBP, diastolic blood pressure; GGT, glutamyl
transpeptidase; RBC, red blood cell; RDW, red cell distribution width; SBP, systolic blood pressure; WBC, white blood cell.

5 | CONCLUSIONS

In diabetic individuals, we revealed that elevated NPAR is correlated
with a higher risk of suffering from DR. Nevertheless, these findings

need to be validated by prospective multicenter studies.
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