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Abstract

Background

Although many biomarkers have high diagnostic and predictive power for diabetic kidney
disease (DKD), less studies were performed for the predictive assessment in DKD and its
progression with combined blood and urinary biomarkers. This study aims to explore the
predictive significance of joint plasma fibrinogen (FIB) concentration and urinary alpha-1
microglobulin-creatinine (a1-MG/CR) ratio in DKD.

Methods

A total of 234 patients with type 2 diabetes were enrolled, and their clinical and laboratory
data were retrospectively assessed. A ROC curve analysis was performed to evaluate the
power of plasma FIB and urinary a1-MG/CR ratio for identifying DKD and advanced DKD,
respectively. The predictive power for DKD and advanced DKD was analyzed by regression
analysis.

Results

Plasma FIB and urinary a1-MG/CR levels were higher in patients with DKD than with pure
T2D (p<0.001). The multivariate-adjusted odds ratios (ORs) were 5.047 (95%Cl: 2.276—
10.720) and 2.192 (95%Cl: 1.539-3.122) (p<0.001) for FIB and a1-MG/CR as continuous
variables for DKD prediction, respectively. The optimal cut-off values were 3.21 g/L and
2.11mg/mmol for identifying DKD, and 5.58 g/L and 11.07 mg/mmol for advanced DKD from
ROC curves. At these cut-off values, the sensitivity and specificity of joint FIB and a1-MG/
CR were 0.95 and 0.92 for identifying DKD, and 0.62 and 0.67 for identifying advanced
DKD, respectively. The area under curve was 0.972 (95%ClI: 0.948—0.995) (p<0.001)

and 0.611, 95%CI: 0.488—0.734) (p>0.05). The multivariate-adjusted ORs for joint FIB and
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a1-MG/CR at the cut-off values were 214.500 (95%ClI: 58.054—792.536) and 3.252 (95%Cl:
1.040-10.175) (p<0.05), respectively.

Conclusion

The present study suggests that joint plasma FIB concentration and urinary a1-MG/CR ratio
can be used as a powerful predictor for general DKD, but it is less predictive for advanced
DKD.

Introduction

Diabetes is one of the biggest health care challenges of the 21st century, and affects >422 mil-
lion people [1], and seriously threatens to human health worldwide. The microvascular com-
plications are the common and serious complications of diabetes [2]. In these complications,
diabetic kidney disease (DKD), also named as diabetic nephropathy (DN), is the common one,
which is the leading cause of chronic kidney disease [3]. DKD typically manifests a progressive
deterioration in kidney function such as augmented glomerular filtration rate (GFR), glomeru-
lar hypertrophy, and urinary leakage of albumin [4], and is associated with poor outcomes of
patients [5], and is a predictor of mortality in diabetes [6]. Therefore, early identifying and
diagnosis of DKD could provide the opportunity to intervene the development and progres-
sion of DKD, which would be more important to decrease the morbidity and mortality of
DKD, and further to improve the prognosis of diabetic patients.

DKD is pathologically graded four stages from stage I to IV based on the condition of renal
imparement according to the Renal Pathology Society classification [7], and the stage 4 repre-
sents the progression to end-stage renal disease [8]. In clinical practice, urinary albumin excre-
tion rate is a good marker popularly recognized for diagnosis and progression of DKD.
However, microalbumin urine is not a sensitive and specific predictor for prevalence and pro-
gression of DKD, as the sensitivity and specificity of microalbuminuria for early detection of
disease are limited by a number of factors: high day-to-day variability of urine albumin excre-
tion; the phenomenon of non-albuminuric diabetic nephropathy; and presence of advanced
renal pathological changes by the time microalbuminuria is clinically detectable [9]. Although
some studies have revealed that many biological markers or biomarkers can reflect the pres-
ence of microvascular damage in type 2 diabetes (T2D) patients [10, 11], and are associated
with development of T2D [12, 13], their predictive power for DKD and its progression is still
limited.

It has been well recognized that many biomarkers play potential roles in incidence and
prevalence of diabetic kidney disease [14, 15]. Although proteinuria is a good clinical indicator
of early kidney injure, various urine proteins may demonstrate different dignositic and predic-
tive power. However, their values of diagnosis and prediction for DKD and its progression did
not well revealed in T2D patients. Our previous studies have indicated that plasma fibrinogen
[16], and blood monocyte-lymphocyte ratio [17], can be used as predictors of diabetic
nephropathy, which suggests that blood biomarkers may be good predictors for discriminating
between pure T2D and DKD. However, whether the combinations of plasma fibrinogen and
some urinary proteins are more effective for risk prediction and more powerful in identifica-
tion of general DKD or advanced DKD, respectively, has not been properly studies with DKD
patients diagnosed pathologically. Therefore, the main purpose of this study was to explore the
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clinical predictive significance of plasma fibrinogen combined urinary proteins for DKD and
its progression in T2D patients.

Materials and methods
Patients population

This study was a retrospective cross-sectional investigation. In this study, we randomly
assessed the T2D patients from the Departments of Endocrinology, Zhejiang Provincial Peo-
ple’s Hospital, China, between 2015 and 2021, and the same numbers of patients with pure
T2D (control group) and DKD (case group) were included. All patients were diagnosed
according to the criteria in diabetes guideline of China Diabetes Association [18-20]. Before
treatment, the disease history, traditional risk factors, physical examination, physiological data
and laboratory parameters of all T2D patients from hospital information system were col-
lected. The major inclusion criteria included: 1) type 2 diabetes without microvascular compli-
cations diagnosed clinically; 2) type 2 diabetes with kidney disease confirmed by renal
puncture pathology; 3) kidney disease before treatment. The major exclusion criteria were as
follows at least: 1) other diabetic complications except for microvascular complications; 2) pri-
mary liver and kidney dysfunctions; 3) post-operation; 4) cardiovascular and cerebrovascular
diseases; 5) malignancies; 6) acute inflammation and infections. The DKD patients were
assigned two groups including stage II+III (non-advanced DKD) and stage IV (advanced
DKD) according to the pathological diagnosis. Because this study was a retrospective review
on the data of discharged patients without using their privacy, and would not report their
detailed information, thus the participant consent was waived by the ethical committee of the
hospital. The study was approved by the Ethical Committee of Zhejiang Provincial People’s
Hospital (Approval No.: 2021KT014, Date of Registration: June 21, 2021).

Major parameters assay

The study reviewed the major sera biochemical parameters, plasma fibrinogen and D-dimer,
urinary proteins and other biomarkers. Brief assay methods of all reviewed laboratory parame-
ters were as follows: 1) Sampes collection and treatment: venous blood samples were collected
in sodium citrate- or EDTA-K,-containing and anticoagulant-free vaccutainer tubes (Becton
Dickinson, MountainView, CA, USA) after an overnight fast before treatment. Sera and plasma
were obtained by centrifugation at 1500g at room temperature for 10 minutes. 2) Sample detec-
tion: The major biochemical indexes in sera and urinary proteins (including microalbumin and
globulins) concentrations, creatinine, and other biochemical indicators in spot urine were mea-
sured by a biochemical analyzer (AU5800, Beckman-coulter company, USA). Plasma fibrino-
gen and d-dimer were also measured by an coagulation analyzer and commercially available
reagents (CS-5100, Sysmex Inc., Japan). The estimated glomerular filtration rate (eGFR) was
calculated based on the formula: eGFR = 133x (CysC/0.8) 0449 (:1:328 if CysC=08mg/L) () gggage
(0.932 if female) [21]. The whole urine of the patients during 24h was collected for the measure-
ment of urinary albumin excretion (UAE). At the same time, the biological and clinical data
(age, gender, body mass index, and smoking status for all subjects, and T2D-related data before
treatment, which might be confounders of the predictors) were gathered and reviewed.

Statistical analysis

In this study, although some parameters had a few missing data, it did not significantly influ-
ence the results of the study because there was enough samples included. For all parameters,
data were first tested for distribution normality by the Kolmogorov-Smirnov test, and
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normally and non-normally distributed data were presented as meantstandard deviation and
median, respectively. For samples of non-normal distribution data and normal distribution
data, Mann-Whitney U-test and Student’s t-test were used in DKD patients with different clin-
ical characteristics, respectively. Categorical data (percentage) were analyzed by Chi-square
test. Receiver operating characteristic (ROC) curve was constructed, and the area under the
curve was calculated to evaluate the power including sensitivity and specificity for discriminat-
ing between pure T2D and DKD as well as different stages of DKD. Regression analysis was
performed to calculate the odds ratio (OR) and its 95% confidence interval for general DKD
and advanced DKD. Statistical analyses were performed using statistical package SPSS 20.0
(SPSS, Chicago Illinois, USA). P value of less than 0.05 was considered statistically significant.

Results
Basic characteristics and biomarkers of pure T2D and DKD patients

In this study, the associations of all parameters levels with pure T2D and DKD patients were
evaluated. A total of 234 matched patients were reviewed, and the subjects included 169 males
and 65 females aged 35-76 years, 117 patients with pure T2D and 117 ones with DKD. In 117
DKD patients, no subjects were in stage I, because most of these patients do not demonstrate
proteinuria (normoalbuminuria), and physicians might not consider to perform a renal punc-
ture. There were 81 non-DKD patients including 46 patients in stage II (27 in IIa, 19 in IIb)
and 35 in stage III, and 36 advanced DKD patients (in stage IV). In their basic characteristics,
most parameters except BMI, males and smoking percentage showed statistical difference
between pure T2D and DKD (p<0.05). In measured biomarkers, only GLU levels were not sta-
tistically significant (p<0.05) between the two groups. The results exhibited that the patients
with DKD were more likely to have abnormal levels of blood biomarkers and urinary proteins
than that of T2D without complications. The data were presented in Table 1. In the pure T2D
and DKD patients, there was some missing results to different extent except for the Sex and
Age, and the missing percent of variables was from 1.70% to 56.4%, which urinary biomarkers
had higher missing percent than others because some of them were not routine indicators for
observation. Thus, the patients with missing results would be excluded in the following statisti-
cal analysis of relative indicators.

Incidence and risk factor analysis of DKD

In the study, we further divided the 117 DKD patients into two groups including test group
(59 subjects) and validation group (58 subjects) for subsequent study. For all the indicators,
there was no remarkable differences between the two groups (p>0.05). Data were not pre-
sented. Excluding the patients with missing results, we further observed the incidence of DKD,
and also evaluated the risk factors for DKD by univariate regression analysis in test group. The
observed variables included all basic characteristics and those with P-value of less than 0.05.
When the cut-off points of continuous variables were set at the median, the incidence of DKD
demonstrated significant differences for all variables except for BMI (p<0.05); Moreover, the
majority of the parameters when being continuous variable showed an OR value with statisti-
cal significance in prediction for DKD. Detailed results were in Table 2.

Adjusted-multivariate regression analysis of risk factors for DKD

Based the above univariate analysis, we analyzed all the biological and pathological characteris-
tics of patients by multivariate regression analysis, and the results showed that increased age,
high SBP and DBP, and long duration of diabetes were the independent risk factors for DKD
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Table 1. Comparisons of clinical and laboratory characteristics of pure T2D and DKD patients.

Parameters

Sex, male (n, %)
Age (yr)

SBP (mmHg)
DBP (mmHg)

Duration of disease (yr)

BMI (kg/m?)
Smoking (yes, n, %)
HbAlc (%)

GLU (mmol/L)

FIB (g/L)

D-D (ng/ml)

eGFR (ml/24h)

01-MG/CR (mg/mmol)

ACR (mg/g)
TRF/CR (mg/mmol)
IgG/CR (mg/mmol)

117
117
117
117
106
117
107
117
117
83
82
110
97
117
68
74

Pure T2D DKD Statistical value P-value®
value n value
88,75.2 117 82,70.1 1.044 0.307
38.4+11.1 117 54.1+£10.6 11.044 <0.001
127.4+15.3 113 146.0+22.8 7.768 <0.001
78.2£10.0 112 81.4+12.3 2.170 0.031
2.0 (1-15) 107 10.0 (0.1-30.0) 1805.5 <0.001
25.54 (17.53-46.46) 105 24.8 (19.5-57.2) 6124.000 0.969
27,25.2 117 27,23.1 0.142 0.706
9.33+2.73 104 7.55£1.97 4.577 <0.001
6.46 (2.44-25.16) 115 6.28 (0.81-22.1) 6021.000 0.167
2.35(1.48-5.22) 103 3.84 (1.40-9.36) 991.000 <0.001
150.0 (40.0-23870.0) 98 700.0 (30-8410) 1024.000 <0.001
110.10 (49.90-181.51) 66 43.76 (8.62-119.0) 274.000 <0.001
0.70 (0.12-15.06) 90 9.075 (1-105.0) 242.000 <0.001
0.94 (0.01-0.73) 91 273.7 (1.14-1098.4) 129.000 <0.001
0.080 (0.010-0.73) 88 17.59 (0.15-461.50) 22.500 <0.001
4.00 (0.17-23.95) 90 36.05 (0.64-413.30) 707.000 <0.001

DATA are presented as meantstandard deviation, median (minimum-max value) or percentage. DKD, diabetic kidney disease; BMI, body mass index; SBP, Systolic

blood pressure; DBP, diastolic blood pressure; HbAlc, glycosylated hemoglobin; GLU, serum glucose; FIB, fibrinogen; D-D, d-dimer; eGFR, estimated glomerular

filtration rate; a1-MG, a.l-microglobulin; ACR, albumin-creatinine ratio; TRF, transferrin; IgG, immunoglobulin G; CR, creatinine.

P values were calculated by student’s ¢-test, Mann-Whitney U-test and Chi-square test, respectively.

https://doi.org/10.1371/journal.pone.0271181.t001

(analyzed results were not presented). Therefore, we set the five characteristics also including
the sex as adjusted-factors, then conducted adjusted-multivariate analysis for other risk factors
(ACR and eGFR were not included because they are traditional diagnostic biomarkers of
DKD), and screened out three independent risk factors for DKD, including FIB (OR: 5.047,
95%CI: 2.276-10.720, p<0.001), o1-MG/CR (OR: 2.334, 95%CI: 1.586-3.533, p<0.001), and
IgG/CR (OR:1.193, 95%CI: 1.015-1.403, p<0.05).

ROC curve analysis for identifying DKD

In the independent risk factors in test group, besides plasma FIB, we selected a:1-MG/CR as
the focus variable because it had a higher OR value than that of IgG/CR. Subsequently, we first
treated FIB and o.1-MG/CR as the combined prediction probability (combined PRE), and fur-
ther constructed a ROC curve of FIB and a.1-MG as well as combined PRE for identifying
DKD from pure T2D, respectively, and obtained their optimal cut-off values. From the ROC
curves, the area under curve (AUC) was 0.858, 0.969 and 0.972, and the optimal cut-off values
were 3.17 g/L, 2.65 mg/mmol, and 0.19 for FIB, a1-MG/CR, and combined PRE, respectively.
Based on the optimal cut-off values, plasma FIB had a relatively low sensitivity (0.73) and a
high specificity (0.89), but urinary o.1-MG/CR showed a high sensitivity and specificity of 0.93
and 0.95, respectively. When FIB combined o1-MG/CR, a high specificity (0.92) and an
increased sensitivity (0.97) was observed. In order to validate the results, we further used the
above cut-off values in validation group, and the calculated sensitivity and specificity were 0.80
and 0.89 for FIB, 0.85 and 0.95 for 01-MG/CR, and 0.92 and 0.94 for joint FIB and a1-MG/
CR, which was similar to that in test group (p>0.05 for all). Finally, we included all T2D
patients to construct ROC curves. The results also demonstrated that FIB, a1-MG/CR, and
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Table 2. Incidence and univariate analysis of DKD in different characteristics of T2D patients.

Comparison Prevalence of DKD (%) OR (95%CI) P-value®
Sex, male vs. female 32 vs. 38 0.761 (0.375-1.504) >0.05
Age (years), >41 vs. <41 53 vs.12 1.103 (1.065-1.141) <0.001
Duration of diabetes (years), >3 vs. <3 49 vs. 12 1.311 (1.198-1.435) <0.001
Smoking habit, yes vs. no 33vs.37 0.837 (0.394-1.781) >0.05
BMI (kg/mz), >25.45 vs. <25.45 30 vs. 31 1.028 (0.963-1.097) >0.05
SBP (mmHg), >130 vs. <130 48 vs. 16 1.054 (1.032-1.076) <0.001
DBP (mmHg), >78 vs. <78 38 vs. 25 1.035 (1.004-1.067) <0.05
HbAlc (%), >8.5 vs. <8.5 18 vs. 45 0.704 (0.596-0.832) <0.001
FIB (g/L), > 2.70 vs. < 2.70 64 vs. 12 5.676 (3.086-10.439) <0.01
D-D (ng/ml), >205 vs. <205 65vs. 9 1.000 (1.000-1.001) <0.05
eGFR (ml/24h), >104.7 vs. <104.7 1 vs. 45 0.894 (0857-0.932) <0.001
01MG/CR (mg/mmol), >1.02 vs.< 1.02 60 vs. 1 2.144 (1.602-2.867) <0.001
ACR (mg/g), >1.5vs. <1.5 51vs. 1 4.726 (1.212-18.426) <0.05
TRF/CR (mg/mmol), >0.16 vs. <0.16 75vs. 0 2.935 (1.129-16.271) <0.01
IgG/CR (mg/mmol), >4.0 vs. <4.0 46 vs. 19 1.191 (1.093-1.297) <0.001

The cut-off points of continuous variables were the median values, and OR values were obtained from univariate
regression analysis based on the quantitative indicators as continuous variables.

DKD, diabetic kidney disease; T2D, type 2 diabetes; BMI, body mass index; SBP, Systolic blood pressure; DBP,
diastolic blood pressure; HbAlc, glycosylated hemoglobin; GLU, serum glucose; FIB, fibrinogen; D-D, d-dimer;
eGFR, estimated glomerular filtration rate; a.1-MG, o.1-microglobulin; ACR, albumin-creatinine ratio; TRF,
transferrin; IgG, immunoglobulin G; CR, creatinine. OR, odds ratio; CI, confidence interval.

P values, were calculated by univariate regression analysis.

https://doi.org/10.1371/journal.pone.0271181.t1002

combined PRE had high AUC of 0.884 (95%CI: 0.834-0.934), 0.972 (95%CI: 0.952-0.993), and
0.972 (95%CI: 0.948-0.995) (p<0.05), respectively; and they also exhibited high sensitivity and
specificity based on their optimal cut-off values (Fig 1). For following study, we divided the
patients into two groups according to the cut-off values, respectively.

Adjusted-multivariate regression analysis of FIB and a.1-MG/CR for DKD

Based on the ROC curve analysis, FIB and o.1-MG/CR were treated as categorical variables by
the optimal cut-off values of 3.17g/L and 2.65 mg/mmol in test group, respectively. The
adjusted-multivariate regression analysis revealed that FIB and 0:1-MG/CR had an OR of
32.751 (95%CI: 7.927-135.322) and 27.943 (95%CI: 6.921-130.892). respectively, when as cate-
gorical variables for DKD risk. In validation group, when FIB and a1-MG/CR were treated as
categorical variables by the cut-off values of 3.17g/L and 2.65 mg/mmol, each also showed a
high OR value for DKD prediction. Finally, by using the cut-off values of 3.215 g/L, 2.11 mg/
mmol and 0.25 from the ROC analysis in all T2D patients for discriminating between pure
T2D and DKD, we also performed the adjusted-multivariate regression analysis. In the study,
each of them exhibited a high hazards ratio, the OR value was 49.939 (13.171-189.340), 34.634
(8.756-136.995), and 214.500 (58.054-792.536), (p<<0.05), respectively. Data were in Table 3.

Correlation analysis of plasma FIB with urinary proteins

In order to observe the associations of plasma FIB with urinary proteins, the correlation of FIB
concentration with a1-MG/CR and IgG/CR, two independent risk factors with higher ORs in
urinary proteins for DKD, was analyzed, respectively. However, there was no significant
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Fig 1. ROC curves of joint FIB and a1-MG/CR in identifying patients with DKD. Curve for joint FIB and o1-MG/CR was constructed by using
the prediction probability. DKD: diabetic kidney disease; T2D: type 2 diabetes; FIB: fibrinogen; MG: microglobulin; CR: creatinine; ROC: receiver
operating characteristic. AUC: area under curve.

https://doi.org/10.1371/journal.pone.0271181.g001

correlation between their levels (p>0.05). For assessing the associations of FIB and a.1-MG/
CR with DKD progression, we further divided all DKD patients into three groups of stage II,
III and IV, respectively, according to the pathological diagnosis. The results indicated that lev-
els of all indicators did not have significant difference among the three groups (p>0.05 for all).
Subsequently, when groups stage IT+I1I and stage IV were compared, also no significant differ-
ence was found (p>0.05 for all). The comparisons of different groups for plasma FIB and uri-
nary a.1-MG/CR were as follows: F = 0.996 and 0.352 by ANOV A among three groups,

U =983.500 and 688.500 by Mann-Whitney U test between stage II+I1I and stage IV (p>0.05
for all), respectively.
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Table 3. Adjusted multivariate analysis of joint FIB and al-MG/CR for DKD risk.

Test group

Validation group

Total group

FIB

ol-MG/CR

FIB

ol-MG/CR

FIB

ol-MG/CR

FIB+a1-MG/CR

Variables

Continuous variable

Optimal cut-off from ROC curve
<3.17g/L

>317 g/L

Continuous variable

Optimal cut-off from ROC curve
<2.65 mg/mmol

>2.65 mg/mmol

Continuous variable

Optimal cut-off from ROC curve
<317 g/L

>3.17g/L

Continuous variable

Optimal cut-off from ROC curve
<2.65 mg/mmol

>2.65 mg/mmol

Continuous variable

Optimal cut-off from ROC curve
<3215 g/L

>3215g/L

Continuous variable

Optimal cut-off from ROC curve
<2.11 mg/mmol

>2.11 mg/mmol

Continuous variable

Optimal cut-off from ROC curve
<0.25

>0.25

OR (95%CI)
5.047 (2.276-10.720)

1.000
50.799 (10.777-239.400)
2.192 (1.539-3.122)

1.000
34.945 (6.061-136.203)
7.221 (2.761-18.886)

1.000
54.006 (9.112-320.087)
1.573 (1.232-2.008)

1.000
27.993 (5.781-135.554)
5.999 (2.912-12.360)

1.000
49.939 (13.171-189.340)
2.273 (1.483-3.484)

1.000
34.634 (8.756-136.995)
23.264 (4.871-40.287)

1.000
214.500 (58.054-792.536)

P-value®
<0.001

<0.001
<0.001

<0.001
<0.001

<0.001
<0.001

<0.001
<0.001

<0.001
<0.001

<0.001
<0.001

<0.001

The results were analyzed by adjusting risk factors of sex, age, SBP, DBP and duration of disease when the markers were presented as continuous and categorical

variables based on the cut-off values, respectively. The variable of joint FIB and a1-MG/CR was presented as prediction probability.

DKD: diabetic kidney disease; SBP: Systolic blood pressure; DBP: diastolic blood pressure; FIB: fibrinogen; 0.1-MG: o:1-microglobulin; CR: creatinine; OR: odds ratio;

CI: confidence interval.

?P values were calculated by multivariate regression analysis.

https://doi.org/10.1371/journal.pone.0271181.t003

ROC curve and regression analysis for DKD progression

Although there was not remarkable difference between different stages of DKD, we also aimed
to assess the predictive power of joint plasma FIB and urinary o1-MG/CR (combined PRE) for
advanced DKD by the cut-off values from ROC analysis. We divided the DKD patients into
two parts in random, one included stage II/III (non-advanced DKD), and stage IV (advanced
DKD) was in another. ROC curve analysis showed a low area under curve of 0.574 (95%CI:
0.446-0.703), 0.558 (95%CI: 0.418-0.698), and 0.611 (95%CI: 0.488-0.734) for FIB, all-MG/
CR, and the combined PRE, respectively, in discriminating between non-advanced and
advanced DKD. When the optimal cut-off values were set as 5.58 g/L, 11.07 mg/mmol and
0.37, each had a very low sensitivity (0.33, 0.39, and 0.62, respectively). The FIB, a1-MG/CR,
and the combined PRE were further treated as categorical variables by their cut-off values, and
the multivariate regression analysis revealed that each variable exhibited a high OR value in
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Table 4. Power of joint FIB and a.1-MG/CR in identifying advanced DKD by ROC curves.

Variables AUC (95%CI) Optimal cut-off value Sensitivity Specificity
FIB 0.574 (0.446-0.9703) 5.58 g/L 0.33 0.91
ol-MG/CR 0.558 (0.418-0.698) 11.07 mg/mmol 0.39 0.85
FIB+01-MG/CR 0.611 (0.488-0.734) 0.37 0.62 0.67

Advanced DKD were the stage IV of DKD.
DKD: diabetic kidney disease; FIB: fibrinogen; 0.1-MG: microglobulin; CR: creatinine; AUC: area under curve; ROC: receiver operating characteristic; CI: confidence

interval.

https://doi.org/10.1371/journal.pone.0271181.t1004

prediction for advanced DKD [FIB (OR: 5.052, 95%CI: 1.525-16.737), al-MG/CR (OR: 3.332,
95%CI: 1.187-9.355), and FIB+0.1-MG/CR (OR: 3.252, 95%CI: 1.040-10.175), p<0.05 for all].
Detailed results were presented in Table 4.

Discussion

The present study observed the basic characteristics of 234 patients with T2D, and measured
some biochemical markers in blood and urine. We also assessed the associations of joint
plasma FIB and urinary a:1-MG/CR ratio with DKD and advanced DKD. Two of the major
findings in the study were that combined plasma FIB and urinary a1-MG/CR had high identi-
fying power for DKD from pure T2D, and that their combination can be used as an indepen-
dent and powerful predictor for genernal DKD.

As one of diabetic complications, DKD patients may exhibit the more abnormalities of
blood and urinary biomarkers than that of pure T2D patients as what the results exhibited in
this study, such as high plasma FIB concentration and urinary o1-MG/CR ratio, which was
sure to be associated with the metabolic disorders, and was also consistent with what reported
by our and other authors’ studies [16, 22]. It has been recognized that many indicators includ-
ing biologic and pathological factors contribute to development and progression of DKD [23,
24], and several factors have been clarified to be related to DKD progression, such as hypergly-
cemia, hypertension, dyslipidemia, as well as duration of DKD [25]. In this study, plasma FIB
and urinary o1-MG/CR not only were associated with increased prevalence of DKD, but also
exhibited much higher OR values by univariate analysis than other biomarkers for DKD pre-
diction, respectively. Moreover, through adjustment for potential confounders including age,
sex, duration of DKD, and blood pressure, multivariate analysis also demonstrated high ORs,
which indicated that increased plasma FIB concentration and urinary at1-MG/CR ratio were
independent risk factors probably with high predictive power. Besides the findings in this
study, our previous study has partly revealed the association of plasma FIB with DKD [16],
and Jiang et al. [26] also indicated that a1-MG/CR was negatively correlated to eGFR, and was
arisk factor for decreased eGFR. Therefore, all these analyses suggest that there is definitely
close associations of plasma FIB and urinary o.1-MG/CR with DKD risk.

In development and progression of T2D and DKD, some basic biomarkers in blood and
urine may directly demonstrate the status of disease, and are sure to be good predictors [27-
30]. In this study, when using plasma FIB and urinary a.1-MG/CR as well as their combination
as predictive factors, their optimal cut-off points would be needed to categorize patients with
and without the risk. We obtained the optimal cut-off values of 3.17 g/L and 2.65 mmg/mmol
for FIB and a1-MG/CR, respectively, from ROC curves in test group, and observed a modest
sensitivity (0.73) for FIB, and high sensitivity and specificity of more than 0.92 for a1-MG/CR
and joint FIB and a.1-MG/CR for identifying DKD from pure T2D. Moreover, a similar power
of identifying DKD was further found in another validation group. And when including all
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patients, joint FIB and a1-MG/CR also showed a higher power of identifying DKD than FIB
or 01-MG/CR. Therefore, these results suggest that joint plasma FIB and urinary 01-MG/CR
is a better predictor for DKD than any other biomarker in the present study, and their combi-
nation by the optimal cut-off values could be used as a more sensitive and specific marker for
identifying DKD in T2D patients. When FIB and a1-MG/CR were treated as categorical vari-
ables to represent “with” and “without” DKD risk based on the cut-off values, our findings
indicated that both FIB and a1-MG/CR demonstrated a very high OR by adjusted multivariate
analysis, respectively, in test, validation and total patients groups for DKD, and joint FIB and
01-MG/CR even showed an extremely high OR (214.500) in total patients group, and the
main causes might be the extreme differences of actual concentrations between patients of
DKD and pure T2D. In accordance with this results, we have indicated the plasma FIB was a
good risk predictor for diabetic nephropathy (DN) in our previous study [16]. Although rela-
tively few studies have assessed 0.1-MG in diabetes because it is not routinely used to diagnose
and evaluate renal impairment in diabetic subjects, Xu et al. [31] also indicated that urine
01-MG/CR was an independent risk factor of new-onset renal dysfunction in T2D patients.
And our analyse resluts further indicated that joint plasma FIB and urinary a1-MG/CR is a
powerful independent predictor for incidence of DKD in T2D patients.

DKD is usually defined clinically by proteinuria occurrence or declined renal function, e.g.
reduced glomerular filtration rate (GFR) [32]. It is clear that urinary proteins including albu-
min and different globulins can better reflect chronic kidney injure to some extent, and spot
urine Protein to Creatinine can be used to detect and monitor diabetic kidney disease [33], but
these biomarkers have deficiencies in sensitivity and/or specificity to detect kidney injury [34].
Within our knowledge, the potential significance of urinary proteins for the prediction of
advanced DKD is unclear. In order to evaluate the associations of plasma FIB change with uri-
nary proteins to creatinine ratio in DKD patients, we first analyzed the correlation of FIB con-
centration with urinary 01-MG/CR and IgG/CR. The results showed a low correlation
between FIB and a1-MG/CR and IgG/CR, respectively, which indicated that plasma FIB
change was not consistent with that of urinary proteins, and also implies that FIB or a1-MG/
CR may be an independent assessment factor for DKD. Subsequently, plasma FIB and urinary
01-MG/CR levels were observed in different stages of DKD. However, as independent predic-
tors of DKD, FIB and a1-MG/CR did also not demonstrated remarkable difference in different
stages. Further ROC curve analysis also showed a low AUC and sensitivity for FIB, al1-MG/
CR, and their combination, respectively, in identifying advanced DKD. The above results indi-
cated that joint FIB and 0:1-MG/CR have a low power in identifying patients with advanced
DKD from non-advanced DKD, suggesting the combination has a lower diagnostic value for
advanced DKD. By treating FIB and a:1-MG/CR of DKD patients as categorical variables
based on the optimal cut-off values, the regression analysis showed that joint FIB and a1-MG/
CR had a high OR value (3.252) in prediction of advanced DKD, indicating that the joint FIB
and o.1-MG/CR was an independent predictor. Gao et al. [35] used urinary albumin/creatinine
ratio, plasma albumin, and other markers to predict renal function decline in patients with
type 2 DKD, and revealed a valuable predictive significance; and the study of Ide et al. [36] also
demonstrated that urinary tubule injury markers including UCR and their combination were

significant predictors for the future eGFR decline in patients with type 2 diabetes. These stud-
ies exhibited high predictive power of some blood and urinary markers for DKD progression,
but our results did not reveal significant differences for FIB, 0.1-MG/CR and others except for
the glomerular biomarkers between different DKD stages, and they did not have high overall
predicting power for advanced DKD, which may be related to the differences of the observed
indicators and diagnostic criteria. Thus, in this study, a low identifying power would lead a less
predictive efficacy of joint FIB and a.1-MG/CR in the prediction of advanced DKD, suggesting
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that the joint FIB and a1-MG/CR is not an effective and practical predictor for advanced
DKD.

Mechanisms which plasma FIB and urinary a1-MG/CR may be associated with DKD and
its progression remain to be investigated. Hyperfibrinogenaemia is common in type 2 diabetes,
and synthesis of fibrinogen is up-regulated in type 2 diabetic patients with increased urinary
albumin excretion, which implies that high FIB concentration is consistent with albuminuria
[37]. However, fibrinogen synthesis is also increased even in the absence of micro- or macroal-
buminuria in type 2 diabetes [38], suggesting that plasma FIB change is not consistent with
urine albumin excretion, and it is probably a more sensitive and powerful predictor for DKD.
Therefore, that may be the major mechanism of high predictive power of increased plasma
FIB for general and advanced DKD. Alpha-1 microglobulin (a1-MG) is a small molecular
weight protein (27 kDa), and passes freely through the glomerular membranes, and about 99%
is reabsorbed and catabolized by the proximal tubular cells [39]. However, other proteins such
as albumin and immunoglobulins have higher molecular weight than 0.1-MG, and can not
pass through glomeruli in normal conditions, thus, 01-MG is much easier to excrete in urine
even with renal tubules failures but without glomeruli failures, which is probably the important
causes why urinary a1-MG especially a1-MG/CR is a more powerful predictor for general
DKD than other urinary proteins.

This study had some limitations. First, the population probably included some DKD sub-
jects with different microvascular complications being not diagnosed, which could produce
some uncertain results, and further influenced the predictive power. Second, the pure T2D
patients were defined by clinical diagnosis based on proteinuria occurrence or declined renal
function, which might not exclude some DKD with stage I diagnosed by renal puncture.
Therefore, it might decrease the diagnostic and predictive power for identifying DKD. Third,
the study did not include enough DKD patients diagnosed by pathology, and there were also
not enough subjects to validate the result, which might lead an indefinite result. Despite the
limitations, our study also revealed that joint plasma FIB concentration and urinary o1-MG/
CR ratio has a higher predictive significance in DKD.

Conclusions

The present study suggests that joint plasma FIB concentration and urinary o.1-MG/CR ratio
can be used as a powerful predictor for general DKD. However, because this was a retrospec-
tive and cross-sectional study, further multiple-center and prospective cohort studies with
larger group of patients may exhibit more definitive results to validate the significance of the
combination of plasma fibrinogen and urinary a1-MG/CR.

Acknowledgments

The authors thank all people who supported them in the collection of patients data, and helped
them to perform statistical analysis.

Author Contributions

Conceptualization: Lianlian Pan, Mingyi Wo, Xianming Fei, Fengjiao Zhu.
Data curation: Mingyi Wo, Fan Han.

Formal analysis: Lianlian Pan, Chan Xu.

Funding acquisition: Lianlian Pan, Xianming Fei.

Investigation: Chan Xu, Yan Wu.

PLOS ONE | https://doi.org/10.1371/journal.pone.0271181  July 8, 2022 11/14


https://doi.org/10.1371/journal.pone.0271181

PLOS ONE

The combined FIB and a1-MG/CR ratio in DKD risk prediction

Methodology: Chan Xu, Yan Wu, Yali Ye.

Project administration: Fengjiao Zhu.

Resources: Lianlian Pan, Fengjiao Zhu.

Software: Mingyi Wo.

Supervision: Xianming Fei, Fengjiao Zhu.

Validation: Yali Ye, Fengjiao Zhu.

Writing - original draft: Lianlian Pan, Mingyi Wo, Chan Xu, Yan Wu, Yali Ye, Xianming

Fei, Fengjiao Zhu.

Writing - review & editing: Xianming Fei, Fengjiao Zhu.

References

1.

10.

1.

12

13.

14.

Yau A, Parikh SV, Almaani S. Diabetic Kidney Disease: The "Silent" Majority? Kidney Int Rep. 2021; 6:
2939-2941. https://doi.org/10.1016/j.ekir.2021.10.023 PMID: 34901566

Liu X, Li Y, LiL, Zhang L, Ren Y, Zhou H, et al. Prevalence, awareness, treatment, control of type 2 dia-
betes mellitus and risk factors in Chinese rural population: the Rural Diab study. Sci Rep. 2016; 6:
31426. https://doi.org/10.1038/srep31426 PMID: 27510966

Zhou C, Zhang Q, Lu L, Wang J, Liu D, Liu Z. Metabolomic Profiling of Amino Acids in Human Plasma
Distinguishes Diabetic Kidney Disease From Type 2 Diabetes Mellitus. Front Med (Lausanne). 2021; 8:
765873. https://doi.org/10.3389/fmed.2021.765873 PMID: 34912824

Lina Nordquist and John Wahren. C-Peptide: The Missing Link in Diabetic Nephropathy? Rev Diabet
Stud. 2009I; 6:203-210. https://doi.org/10.1900/RDS.2009.6.203 PMID: 20039009

Shlipak M. Diabetic nephropathy. BMJ Clin Evid. 2009; 2009: 0606. PMID: 19445773

Menzies RI, Booth J, Mullins JJ, Bailey MA, Tam WK Frederick, Norman JT, et al. Hyperglycemia-
induced renal P2X7 receptor activation enhances diabetes related injury. EBioMedicine. 2017; 19:73—
83. https://doi.org/10.1016/j.ebiom.2017.04.011 PMID: 28434946

Tervaert TW, Mooyaart AL, Amann K, Cohen AH, Cook HT, Drachenberg CB, et al. Pathologic classifi-
cation of diabetic nephropathy. J Am Soc Nephrol. 2010; 21: 556-563. https://doi.org/10.1016/j.ebiom.
2017.04.011 PMID: 20167701

Gonzalez Suarez ML, Thomas DB, Barisoni L, Fornoni A. Diabetic nephropathy: Is it time yet for routine
kidney biopsy? World J Diabetes. 2013; 15; 4: 245-255. https://doi.org/10.4239/wjd.v4.i6.245 PMID:
24379914

Lindhardt M, Persson F, Currie G, Pontillo C, Beige J, Delles C, et al. Proteomic prediction and Renin
angiotensin aldosterone system Inhibition prevention Of early diabetic nephropathy in Type 2 diabetic
patients with normoalbuminuria (PRIORITY): essential study design and rationale of a randomised
clinical multicentre trial. BMJ Open. 2016; 6 (3): €010310. https://doi.org/10.1136/bmjopen-2015-
010310 PMID: 26936907

Xie L, Lin H, Wang C. Elevation of serum oxLDL/beta2-GPI complexes was correlated with diabetic
microvascular complications in Type 2 diabetes mellitus patients. J Clin Lab Anal. 2019; 33 (2):
€22676. https://doi.org/10.1002/jcla.22676 PMID: 30259578

Wu D, Wu C, Zhong Y. The association between paraoxonase 1 activity and the susceptibilities of dia-
betes mellitus, diabetic macroangiopathy and diabetic microangiopathy. J Cell Mol Med. 2018; 22 (9):
4283-4291. https://doi.org/10.1111/jcmm.13711 PMID: 29981194

Toth PP, Simko RJ, Palli SR, Koselleck D, Quimbo RA, Cziraky MJ. The impact of serum lipids on risk
for microangiopathy in patients with type 2 diabetes mellitus. Cardiovasc Diabetol. 2012; 11:109,
https://doi.org/10.1186/1475-2840-11-109 PMID: 22978715

Ziegler D, Porta M, Papanas N, Mota M, Jermendy G, Beltramo E, et al. The Role of Biofactors in Dia-
betic Microvascular Complications. Curr Diabetes Rev. 2021. https://doi.org/10.2174/
1871527320666210825112240. Online ahead of print.

Wang K, Xu W, Zha B, Shi J, Wu G, Ding H. Fibrinogen to Albumin Ratio as an Independent Risk Factor
for Type 2 Diabetic Kidney Disease. Diabetes Metab Syndr Obes 2021; 14: 4557—-4567. https://doi.org/
10.2147/DMS0.S337986 PMID: 34815682

PLOS ONE | https://doi.org/10.1371/journal.pone.0271181  July 8, 2022 12/14


https://doi.org/10.1016/j.ekir.2021.10.023
http://www.ncbi.nlm.nih.gov/pubmed/34901566
https://doi.org/10.1038/srep31426
http://www.ncbi.nlm.nih.gov/pubmed/27510966
https://doi.org/10.3389/fmed.2021.765873
http://www.ncbi.nlm.nih.gov/pubmed/34912824
https://doi.org/10.1900/RDS.2009.6.203
http://www.ncbi.nlm.nih.gov/pubmed/20039009
http://www.ncbi.nlm.nih.gov/pubmed/19445773
https://doi.org/10.1016/j.ebiom.2017.04.011
http://www.ncbi.nlm.nih.gov/pubmed/28434946
https://doi.org/10.1016/j.ebiom.2017.04.011
https://doi.org/10.1016/j.ebiom.2017.04.011
http://www.ncbi.nlm.nih.gov/pubmed/20167701
https://doi.org/10.4239/wjd.v4.i6.245
http://www.ncbi.nlm.nih.gov/pubmed/24379914
https://doi.org/10.1136/bmjopen-2015-010310
https://doi.org/10.1136/bmjopen-2015-010310
http://www.ncbi.nlm.nih.gov/pubmed/26936907
https://doi.org/10.1002/jcla.22676
http://www.ncbi.nlm.nih.gov/pubmed/30259578
https://doi.org/10.1111/jcmm.13711
http://www.ncbi.nlm.nih.gov/pubmed/29981194
https://doi.org/10.1186/1475-2840-11-109
http://www.ncbi.nlm.nih.gov/pubmed/22978715
https://doi.org/10.2174/1871527320666210825112240
https://doi.org/10.2174/1871527320666210825112240
https://doi.org/10.2147/DMSO.S337986
https://doi.org/10.2147/DMSO.S337986
http://www.ncbi.nlm.nih.gov/pubmed/34815682
https://doi.org/10.1371/journal.pone.0271181

PLOS ONE

The combined FIB and a1-MG/CR ratio in DKD risk prediction

15.

16.

17.

18.

19.

20.

21,

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Fei X, Xing M, Wo M, Wang H, Yuan W, Huang Q. Thyroid stimulating hormone and free triiodothyro-
nine are valuable predictors for diabetic nephropathy in patient with type 2 diabetes mellitus. Ann Transl|
Med 2018; 6 (15): 305. https://doi.org/10.21037/atm.2018.07.07 PMID: 30211193

PanL, YeY,WoM, Bao D, Zhu F, Cheng M, et al. Clinical Significance of Hemostatic Parameters in the
Prediction for Type 2 Diabetes Mellitus and Diabetic Nephropathy. Dis Markers 2018; 2018: 5214376.
https://doi.org/10.1155/2018/5214376. eCollection 2018 PMID: 29511389

Huang Q, Wu H, Wo M, Ma J, Fei X, Song Y. Monocyte-lymphocyte ratio is a valuable predictor for dia-
betic nephropathy in patients with type 2 diabetes. Medicine (Baltimore) 2020; 99 (19): e20190. https://
doi.org/10.1097/MD.0000000000020190 PMID: 32384513

China Diabetes Association. China Type 2 Diabetes prevention and Treatment Guideline 2013. Chin J
Diabetes 2014; 5 (7): 447-498. https://doi.org/10.3760/cma.j.issn.1674-5809.2014.07.004.

China Diabetes Association. China Type 2 Diabetes prevention and Treatment Guideline 2017. Chin J
Diabetes 2018; 10 (1): 4-67. https://doi.org/10.3760/cma.j.issn.1674-5809.2018.01.003.

China Diabetes Association. China Type 2 Diabetes prevention and Treatment Guideline 2020. Chin J
Diabetes 2021; 13: 315—-409. https://doi.org/10.3760/cma.j.cn115791-20210221-00095.

Mogensen CE, Christensen CK, Vittinghus E. The stages in diabetic renal disease. With emphasis on
the stage of incipient diabetic nephropathy. Diabetes 1983; 32 (Suppl 2): 64—78. hitps://doi.org/10.
2337/diab.32.2.s64 PMID: 6400670

Zhang X, Cui X, Li F, Wang S, Liu x, Hui L, et al. Association between diabetes mellitus with metabolic
syndrome and diabetic microangiopathy. Exp Ther Med 2014; 8: 1867-1873. https://doi.org/10.3892/
etm.2014.1992 PMID: 25371746

Gutiérrez OM, Shlipak MG, Katz R, Waikar SS, Greenberg JH, Schrauben SJ, et al. Associations of
Plasma Biomarkers of Inflammation, Fibrosis, and Kidney Tubular Injury With Progression of Diabetic
Kidney Disease: A Cohort Study. Am J Kidney Dis 2021; S0272-6386 (21) 00956-2. https://doi.org/10.
1053/j.ajkd.2021.09.018.

Abbasi A, Sahlqvist AS, Lotta L, Brosnan JM, Vollenweider P, Giabbanelli P, et al. A Systematic Review
of Biomarkers and Risk of Incident Type 2 Diabetes: An Overview of Epidemiological, Prediction and
Aetiological Research Literature. PLoS One 2016; 11 (10): e163721. https://doi.org/10.1371/journal.
pone.0163721 PMID: 27788146

WuY, Wang Y, Zhang J, Zhang R, Zhao L, Ren H, et al. Early-onset of type 2 diabetes mellitus is a risk
factor for diabetic nephropathy progression: a biopsy-based study. Aging (Albany NY). 2021; 13 (6):
8146-8154. https://doi.org/10.18632/aging.202624 PMID: 33686955

Jiang X, Zhang Q, Wang HB, Cui XF, Liu R. Associations of urinary, glomerular, and tubular markers
with the development of diabetic kidney disease in type 2 diabetes patients. J Clin Lab Anal. 2018;
32: 22191. https://doi.org/10.1002/jcla.22191

Tu X, Luo N, LvY, Wang B, Li Y. Prognostic evaluation modelof diabetic nephropathy patients. Ann
Palliat Med 2021; 10 (6): 6867—6872. https://doi.org/10.21037/apm-21-1454 PMID: 34237984

Han Q, Zhang Y, Jiao T, Li Q, Ding X, Zhang D, et al. Urinary sediment microRNAs can be used as
potential noninvasive biomarkers for diagnosis, reflecting the severity and prognosis of diabetic
nephropathy. Nutr Diabetes 2021; 11 (1): 24. https://doi.org/10.1038/s41387-021-00166-z PMID:
34193814

Chakraborty R, Parveen R, Varshney P, Kapur P, Khatoon S, Saha N, et al. Elevated urinary IL-36
alpha and IL-18 levels are associated with diabetic nephropathy in patients with type 2 diabetes melli-
tus. Minerva Endocrinol (Torino) 2021; 46 (2): 226—232. https://doi.org/10.23736/S2724-6507.20.
03196-X.

Ahn HS, Kim JH, Jeong H, Yu JY, Yeom JH, Song SH, et al. Differential Urinary Proteome Analysis for
Predicting Prognosis in Type 2 Diabetes Patients with and without Renal Dysfunction. Int J Mol Sci
2020; 21 (12): 4236. https://doi.org/10.3390/ijms21124236 PMID: 32545899

XuJ, Shan X, Xu'Y, Ma Y, Wang H. Prediction of the Short-Term Risk of New-Onset Renal Dysfunction
in Patients with Type 2 Diabetes: A Longitudinal Observational Study. J Immunol Res. 2022; 2022:
6289261. https://doi.org/10.1155/2022/6289261 PMID: 35497878

Alicic RZ, Rooney MT, Tuttle KR. Diabetic kidney disease: challenges, progress, and possibilities.
Clin J Am Soc Nephrol 2017; 12 (12): 2032—-2045. https://doi.org/10.2215/CJN.11491116 PMID:
28522654

Ahmed Aziz KM. Association of High Levels of Spot Urine Protein with High Blood Pressure, Mean Arte-
rial Pressure and Pulse Pressure with the Development of Diabetic Chronic Kidney Dysfunction or Fail-
ure among Diabetic Patients. Statistical Regression Modeling to Predict Diabetic Proteinuria. Curr
Diabetes Rev 2019, 15 (6): 486—496. https://doi.org/10.2174/1573399814666180924114041 PMID:
30246642

PLOS ONE | https://doi.org/10.1371/journal.pone.0271181  July 8, 2022 13/14


https://doi.org/10.21037/atm.2018.07.07
http://www.ncbi.nlm.nih.gov/pubmed/30211193
https://doi.org/10.1155/2018/5214376
http://www.ncbi.nlm.nih.gov/pubmed/29511389
https://doi.org/10.1097/MD.0000000000020190
https://doi.org/10.1097/MD.0000000000020190
http://www.ncbi.nlm.nih.gov/pubmed/32384513
https://doi.org/10.3760/cma.j.issn.1674-5809.2014.07.004
https://doi.org/10.3760/cma.j.issn.1674-5809.2018.01.003
https://doi.org/10.3760/cma.j.cn115791-20210221-00095
https://doi.org/10.2337/diab.32.2.s64
https://doi.org/10.2337/diab.32.2.s64
http://www.ncbi.nlm.nih.gov/pubmed/6400670
https://doi.org/10.3892/etm.2014.1992
https://doi.org/10.3892/etm.2014.1992
http://www.ncbi.nlm.nih.gov/pubmed/25371746
https://doi.org/10.1053/j.ajkd.2021.09.018
https://doi.org/10.1053/j.ajkd.2021.09.018
https://doi.org/10.1371/journal.pone.0163721
https://doi.org/10.1371/journal.pone.0163721
http://www.ncbi.nlm.nih.gov/pubmed/27788146
https://doi.org/10.18632/aging.202624
http://www.ncbi.nlm.nih.gov/pubmed/33686955
https://doi.org/10.1002/jcla.22191
https://doi.org/10.21037/apm-21-1454
http://www.ncbi.nlm.nih.gov/pubmed/34237984
https://doi.org/10.1038/s41387-021-00166-z
http://www.ncbi.nlm.nih.gov/pubmed/34193814
https://doi.org/10.23736/S2724-6507.20.03196-X
https://doi.org/10.23736/S2724-6507.20.03196-X
https://doi.org/10.3390/ijms21124236
http://www.ncbi.nlm.nih.gov/pubmed/32545899
https://doi.org/10.1155/2022/6289261
http://www.ncbi.nlm.nih.gov/pubmed/35497878
https://doi.org/10.2215/CJN.11491116
http://www.ncbi.nlm.nih.gov/pubmed/28522654
https://doi.org/10.2174/1573399814666180924114041
http://www.ncbi.nlm.nih.gov/pubmed/30246642
https://doi.org/10.1371/journal.pone.0271181

PLOS ONE

The combined FIB and a1-MG/CR ratio in DKD risk prediction

34.

35.

36.

37.

38.

39.

Gunasekara TDKSC, De Silva PMCS, Herath C, Siribaddana S, Siribaddana N, Jayasumana C, et al.
The Utility of Novel Renal Biomarkers in Assessment of Chronic Kidney Disease of Unknown Etiology
(CKDu): A Review. Int J Environ Res Public Health 2020; 17(24): 9522. https://doi.org/10.3390/
ijerph17249522 PMID: 33353238

Gao YM, Feng ST, Yang Y, Li ZL, Wen Y, Wang B, et al. Development and External Validation of a
Nomogram and a Risk Table for Prediction of Type 2 Diabetic Kidney Disease Progression Based on a
Retrospective Cohort Study in China. Diabetes Metab Syndr Obes. 2022; 15: 799-811. https://doi.org/
10.2147/DMS0.S352154 PMID: 35313680

Ide H, Iwase M, Ohkuma T, Fujii H, Komorita Y, Oku Y, et al. Usefulness of urinary tubule injury markers
for predicting progression of renal dysfunction in patients with type 2 diabetes and albuminuria: The
Fukuoka Diabetes Registry. Diabetes Res Clin Pract. 2022; 186: 109840. https://doi.org/10.1016/j.
diabres.2022.109840 PMID: 35331809

Tessari P, Kiwanuka R, Barazzoni R, Vettore M, Zanetti M. Diabetic nephropathy is associated with
increased albumin and fibrinogen production in patients with type 2 diabetes. Diabetologia 2006;
49 (8):1955-61. https://doi.org/10.1007/s00125-006-0288-2 PMID: 16703327

Barazzoni R, Zanetti M, Davanzo G, Kiwanuka E, Carraro p, Tiengo A, et al. Increased fibrinogen pro-
duction in type 2 diabetic patients without detectable vascular complications: correlation with plasma
glucagon concentrations. J Clin Endocrinol Metab 2000; 85: 3121-3125. https://doi.org/10.1210/jcem.
85.9.6779 PMID: 10999796

Wan X, Zhang L, Gu H, Wang S, Liu X. The Association of Serum hsCRP and Urinary Alpha1-Microglo-
bulin in Patients with Type 2 Diabetes Mellitus. Biomed Res Int. 2019; 2019: 6364390. https://doi.org/
10.1155/2019/6364390 PMID: 31281843

PLOS ONE | https://doi.org/10.1371/journal.pone.0271181  July 8, 2022 14/14


https://doi.org/10.3390/ijerph17249522
https://doi.org/10.3390/ijerph17249522
http://www.ncbi.nlm.nih.gov/pubmed/33353238
https://doi.org/10.2147/DMSO.S352154
https://doi.org/10.2147/DMSO.S352154
http://www.ncbi.nlm.nih.gov/pubmed/35313680
https://doi.org/10.1016/j.diabres.2022.109840
https://doi.org/10.1016/j.diabres.2022.109840
http://www.ncbi.nlm.nih.gov/pubmed/35331809
https://doi.org/10.1007/s00125-006-0288-2
http://www.ncbi.nlm.nih.gov/pubmed/16703327
https://doi.org/10.1210/jcem.85.9.6779
https://doi.org/10.1210/jcem.85.9.6779
http://www.ncbi.nlm.nih.gov/pubmed/10999796
https://doi.org/10.1155/2019/6364390
https://doi.org/10.1155/2019/6364390
http://www.ncbi.nlm.nih.gov/pubmed/31281843
https://doi.org/10.1371/journal.pone.0271181

