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Objective: To analyze the associations between serum albumin (sALB) level and diabetic microvascular complications, including
diabetic retinopathy (DR) and diabetic kidney disease (DKD), in patients with type 2 diabetes mellitus (T2DM).

Methods: This retrospective study included 951 hospitalized patients with T2DM who had completed screening for DR and DKD
during hospitalization. Patients were divided into three groups according to sALB tertiles. Multivariate logistic regression analysis was
used to assess the association of SALB with microvascular complications.

Results: The prevalence of DR, DKD and macroalbuminuria increased with decreasing sALB levels. Multivariate logistic regression
analysis showed that lower levels of SALB (Q1) were associated with higher risk of DR (odds ratio [OR]: 1.59, 95% confidence
interval [CI]: 1.12-2.26), DKD (OR: 3.00, 95% CI: 2.04—4.41) and macroalbuminuria (OR: 9.76, 95% CI: 4.62-20.63) compared with
higher levels of sALB (Q3) after adjustment for other risk factors. After stratification by sex and age, the effect of lower levels of
SsALB (Q1) on DR incidence was more obvious in patients with male (OR: 1.60, 95% CI: 1.00-2.56), and aged<65 years (OR: 1.74,
95% CI: 1.14-2.65) (P <0.05 for all); the effect of lower levels of SALB (Q1) on the incidence of DKD was significant in both males
(OR: 3.78, 95% CI: 2.26-6.32) and females (OR: 2.35, 95% CI: 1.26-4.35) (P <0.05 for all), while only the age <65 years (OR: 3.46,
95% CI: 2.16-5.53) was significant in the age subgroup (P < 0.001).

Conclusion: Decreased sALB levels may be an independent risk indicator of DR and DKD in patients with T2DM, and significantly
associated with DKD progression. For DR screening, special attention should be paid to men aged <65 years, while screening for DKD
should pay attention to people <65 years old.
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Introduction

Type 2 diabetes mellitus (T2DM) is a common chronic disease worldwide, and its prevalence is increasing at an alarming
rate. According to the International Diabetes Federation, the global prevalence of diabetes was estimated at 9.3%
(463 million people) in 2019, and it is predicted to rise to 10.2% (578 million people) by 2030 and 10.9%
(700 million people) by 2045." The threat of T2DM to human health is mainly due to various complications. Diabetic
kidney disease (DKD) and diabetic retinopathy (DR) are the main microvascular complications of T2DM. Research has
found that approximately half of the people with T2DM will develop chronic kidney disease, which causes individual
frailty, reduced quality of life, and even develop end-stage renal disease.” DR is the leading cause of acquired vision loss
in middle-aged and economically active people worldwide.> In 2002, the World Health Organization estimated that DR
accounted for 4.8% of the global blindness cases through the global visual impairment data.* However, in clinical work,
we found that good blood sugar control cannot prevent the occurrence of chronic microvascular complications; therefore,
we speculate on the presence of other risk factors that affect DR and DKD occurrence.
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Human serum albumin (sALB) is an aglycosylated protein synthesized and secreted by hepatocytes.” Due to the free
thiol group of Cys34, sALB can bind to a variety of small molecules of biological and clinical importance as a trap for
reactive oxygen and nitrogen species, thereby participating in redox processes, and is the primary antioxidant exposed to
continuous oxidative stress in the blood stream.® Oxidative stress, as an “important promoter” of occurrence and
development of diabetic microvascular complications,” so in recent years, the relationship between sALB and diabetic
microvascular complications has attracted attention. Studies have found that hypoalbuminemia is associated with poorer
renal prognosis in patients with diabetic nephropathy;® and sALB in non-proliferative DR and vision-threatening DR was
significantly lower than that in patients without DR, and the prognostic nutritional index calculated based on sALB was
inversely and independently correlated with the severity and prevalence of DR.” However, both DKD and DR are
microvascular complications of diabetes, and to our knowledge, their association with SALB has not been comprehen-
sively simultaneously analyzed in one study.

Therefore, this study aimed to analyze the associations between SALB and T2DM complicated by DR and DKD, and
investigate the association of sALB with the associated risk factors for microvascular disease, while considering the
potential confounders, and subgroup analyze the based on patient characteristics.

Materials and Methods
Patients and Study Design

This retrospective analysis was conducted on inpatients with T2DM (aged 19-92 years) who underwent treatment from
August 2020 to March 2022 at the Endocrinology Department of the First Affiliated Hospital of Nanchang University.
Inclusion criteria were as follows: 1) participants aged 18 years and above and 2) with T2DM. Exclusion criteria were as
follows: 1) type 1 diabetes; 2) diabetes secondary to other diseases; 3) retinopathy or nephropathy diagnosed before
diabetes was diagnosed; 4) severe chronic liver disease; 5) suffering from cancer, acute diabetic complications, infection,
and other serious circulatory, respiratory or digestive disorders; 6) pregnant or breastfeeding. The study protocol was
approved by the Ethics Committee of the First Affiliated Hospital of Nanchang University, and the study was conducted
in accordance with the declaration of Helsinki (Ethics number:2022-3-031).

Data Collection

Clinical data of study participants were collected from electronic medical records. Gender, age, diabetes duration, and the
presence of complications were recorded for each patient. Participants’ height, weight, body mass index (BMI), systolic
blood pressure (SBP), and diastolic blood pressure (DBP) were measured. BMI is calculated by dividing the weight (in
kilograms) by the square of the height (in meters).

All patients underwent blood drawing after at least 8 h of fasting. Fasting plasma glucose (FPG), total cholesterol
(TC), triglycerides (TG), low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C),
alanine transaminase (ALT), aspartate aminotransferase (AST), serum creatinine (SCr), serum uric acid (SUA), and
SsALB were all measured by an automatic biochemistry analyzer (AU5421, Olympus, Shizuoka, Japan). Glycated
hemoglobin (HbAlc) was measured using a glycated hemoglobin analyzer (D-10, Bio-Rad, Hercules, CA, USA).

The first urine sample in the morning was collected from each subject. The urinary albumin/creatinine ratio (UACR)
was measured by automatic biochemical analyzer (Biosystems A25, Spain) or multifunctional urine analyzer (AUTION
ELEVEN AE-4020). The estimated glomerular filtration rate (¢GFR) was calculated using the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) equation.'’

In our study, DR was diagnosed by an ophthalmologist based on typical retinopathy changes on funduscopic
examination due to diabetes, including background, pre-proliferative, proliferative, or maculopathy. DKD was defined
as eGFR of <60 mL/min/1.73 m? and/or UACR of >30 mg/g."

Statistical Analyses
Non-normally distributed continuous data are expressed as median (25th—75th percentiles), and comparisons of con-
tinuous variables between groups were performed using Kruskal—Wallis test. Categorical variables are presented as
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numbers and percentages, and between-group differences are assessed using the chi-square test. Associations between
SALB and other variables were examined using the Spearman correlation analysis and partial correlation analysis
controlling for age, sex, BMI, and diabetes duration.

Unconditional logistic regression analysis was used to estimate odds ratios (OR) and 95% confidence intervals (CI)
for the association between sALB and microvascular complications. Model 1 has no covariate adjustment, whereas
model 2 was adjusted for age and sex, model 3 was adjusted for age, sex, diabetes duration, BMI, FPG, HbAlc, TC, TG
and treatment of diabetes.

All data were analyzed by SPSS software (Version 26.0, SPSS Chicago, IL, USA), and P < 0.05 was considered
statistically significant.

Results

Patient Characteristics

This study included 951 T2DM patients, 566 males (59.50%) and 385 females (40.50%), with a mean age of 56.25 +
12.48 years. DR and DKD prevalence were 46.48% and 35.12%, respectively. The sALB concentrations of participants
ranged from 20.5 to 53.2 g/L. Patients were divided into the following three groups according to sALB tertiles: Q1
(<39.3 g/L), Q2 (39.4-42.4 g/L), Q3 (>42.4 g/L). Significant differences were found among the three groups in terms of
age, gender, diabetes duration, BMI, SBP, DBP, HbAlc, TC, TG, ALT, AST, UACR, microalbuminuria, macroalbumi-
nuria, eGFR, treatment of diabetes and the prevalence of DR and DKD (all P < 0.05). While no significant differences
were found among the groups in terms of FPG, LDL-C, HDL-C, and SUA (all P > 0.05) (Table 1).

DR, DKD and Macroalbuminuria Prevalence According to sALB Tertiles

We investigated the association of the sALB levels with DR, DKD and macroalbuminuria prevalence. Decreasing
prevalences of DR, DKD and macroalbuminuria were observed with increasing sALB tertiles (P = 0.003, P < 0.001 and
P <0.001 respectively). Further investigation revealed that the prevalence of DR and macroalbuminuria was significantly
lower in Q2 and Q3 than in Q1 (all P < 0.05), while there was no significant difference between Q2 and Q3 (all P >
0.05); the prevalence of DKD was significantly lower in Q2 and Q3 than in Q1 (P < 0.001, P < 0.001, respectively), and
significantly lower in Q3 than Q2 (P = 0.033) (Figure 1A).

All patients were subsequently divided into four groups based on the presence of DR and/or DKD, resulting in the
following patient numbers: Group 1, 366 patients without DR or DKD; Group 2, 251 patients with DR only; Group 3, 143
patients with DKD only; and Group 4, 191 patients with DR and DKD. The medians of sALB in these four groups were
41.8g/L, 41.3g/L, 40.1g/L and 38.6g/L, respectively. The sALB levels in groups 1 and 2 were significantly higher than that
in groups 3 and 4 (all P < 0.05), and the sALB level in group 3 was significantly higher than that in group 4 (P < 0.05).
However, the difference in SALB levels between groups 1 and 2 was not statistically significant (P > 0.05) (Figure 1B).

Association Between sALB and Risk Factors Related to Microvascular Disease in Study

Subjects

Spearman correlation analysis showed that SALB levels were positively correlated with BMI, DBP, TC, TG, ALT, AST
and eGFR and negatively correlated with age, female, diabetes duration, SBP, HbAlc, UACR, and DR and DKD
prevalence (all P < 0.05) (Table 2). After adjusting for age, gender, diabetic duration and BMI, the associations among
sALB and metabolic parameters (SBP, TG, ALT, and HbA1lc), DKD-related parameters (UACR and eGFR), and DR and
DKD prevalence remained statistically significant (all P < 0.05) (Table 2).

Associations Between sALB Tertiles and Microvascular Disease in the Participants

In the multivariable-adjusted model, age, sex, diabetes duration, BMI, FPG, HbAlc, TC, TG, and treatment of diabetes
were adjusted. The results of the fully adjusted covariate model using Q3 (>42.4 g/L) as reference revealed a significantly
higher risk of DR [OR (95% CI) = 1.59 (1.12-2.26), P = 0.010], DKD [OR (95% CI) = 3.00 (2.04—4.41), P < 0.001] and
macroalbuminuria [OR (95% CI) = 9.76 (4.62-20.63), P < 0.001] in Q1 (<39.3 g/L) (Table 3). After stratification by sex
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Table | Baseline Patient Characteristics Based on sALB Tertiles

Overall (n=951) QI (n=325) Q2 (n=320) Q3 (n=306) P

Age (years) 57.00(48.00-66.00) 61.00(52.00-68.00) 57.00(48.00-66.00) 53.00(44.75-60.00) <0.001
Sex [male, n (%)] 566(59.52) 157(48.31) 191(59.69) 218(71.24) <0.001
Duration of diabetes (years) 6.00(1.00-11.00) 10.00(2.00-15.00) 5.00(1.00-10.00) 4.00(1.00-9.25) <0.001
BMI (kg/m?) 24.17(21.83-26.70) 23.33(20.31-25.72) 24.40(21.63-27.11) 24.84(22.67-27.43) <0.001
SBP (mmHg) 132.00(120.00-145.00) 136.00(122.00-149.50) 130.00(1 18.00-142.00) 129.00(118.00-142.00) <0.001
DBP (mmHg) 76.00(68.00-84.00) 74.00(67.00-82.50) 75.00(67.00-83.00) 78.00(71.00-86.25) <0.001
FPG (mmol/L) 7.66(5.88-10.41) 7.64(5.82-10.13) 7.69 (5.92-10.55) 7.66(5.90-10.62) 0.741
HbAlc (%) 8.30(6.80-10.40) 8.60(7.00-10.60) 8.30(7.00-10.50) 8.10(6.50-9.95) 0.006
TC (mmol/L) 4.59(3.88-5.34) 4.51(3.73-5.28) 4.51(3.86-5.32) 4.72(4.04-5.54) 0.017
TG (mmol/L) 1.47(1.02-2.33) 1.24(0.92-1.91) 1.59(1.05-2.35) 1.73(1.11-2.84) <0.001
LDL-C (mmol/L) 2.57(1.97-3.18) 2.49(1.88-3.19) 2.54 (1.97-3.13) 2.68(2.05-3.26) 0.241
HDL-C (mmol/L) 1.07(0.91-1.31) 1.10(0.92-1.36) 1.05(0.89-1.26) 1.08(0.91-1.29) 0.090
ALT (U/L) 18.60(13.00-26.30) 15.80(11.05-22.85) 18.00(13.38-26.08) 21.00(15.00-30.00) <0.001
AST (U/L) 19.00(15.00-24.70) 18.30(14.50-23.30) 18.40(15.00-25.00) 20.00(16.00-25.05) 0.006
SUA (umol/L) 323.10(264.00-390.73) 326.20(253.60-391.10) 314.30(256.15-382.45) 330.00(276.05-398.00) 0.225
UACR [230 mg/g, n (%)] 306(32.18) 158(48.62) 84(26.25) 64(20.92) <0.001
Microalbuminuria [30< UACR <300 mg/g, n (%)] 204(21.45) 84(25.85) 66(20.63) 54(17.65) 0.039
Macroalbuminuria [UACR >300 mg/g, n (%)] 102(10.73) 74(22.77) 18(5.63) 10(3.27) <0.001
eGFR (mL/min/1.73 m?) 97.17(77.05-112.06) 91.22(61.56-106.72) 99.29(82.66—112.46) 102.89(87.14-116.38) <0.001
DR, n (%) 442(46.48) 174(53.54) 146(45.63) 122 (39.87) 0.003
DKD, n (%) 334(35.12) 171(52.62) 95(29.69) 68(22.22) <0.001
Treatment of diabetes

Oral drugs, n (%) 881(92.64) 291(89.54) 302(94.38) 288(94.12) 0.031

Insulin, n (%) 344(36.17) 162(49.85) 107(33.44) 75(24.51) <0.001

Notes: Data for continuous variables are presented as median and interquartile range, categorical variables are presented as percentages. Tertiles of serum albumin were <39.3 g/L, 39.4-42.4 g/L and >42.4 g/L.

Abbreviations: sALB, serum albumin; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose; HbAlc, glycated hemoglobin; TC, total cholesterol; TG, triglyceride; LDL-C, low
density lipoprotein cholesterol; HDL-C, high density lipoprotein cholesterol; ALT, alanine transaminase; AST, aspartate aminotransferase; SUA, serum uric acid; UACR, urine albumin-creatinine ratio; eGFR, estimated glomerular filtration

rate; DR, diabetic retinopathy; DKD, diabetic kidney disease.
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Figure | Relationships of sALB level with the prevalences of DR, DKD and macroalbuminuria. (A): Prevalences of DR, DKD and macroalbuminuria. Using the chi-square
test. *P < 0.05 compared with QI, P < 0.05 compared with Q2. (B): sALB levels in patients with diabetes, with or without DR or DKD. Using the Kruskal-Wallis test, data
are presented as medians with interquartile range. *P < 0.05 compared with GI, TP < 0.05 compared with G2, *P < 0.05 compared with G3.

Abbreviations: DR, diabetic retinopathy; DKD, diabetic kidney disease; G|, patients without DR or DKD; G2, patients with DR alone; G3, patients with DKD alone; G4,
patients with both DR and DKD; sALB, serum albumin.

and age, the effect of SALB of <39.3 g/L on DR incidence was more obvious in patients with male (OR: 1.60, 95% CI:
1.00-2.56), and aged<65 years (OR: 1.74, 95% CI: 1.14-2.65) (P <0.05 for all); the effect of sSALB<39.3 g/L on the
incidence of DKD was significant in both males (OR: 3.78, 95% CI: 2.26-6.32) and females (OR: 2.35, 95% CI: 1.26—

4.35) (P<0.05 for all), while only the age <65 years (OR: 3.46, 95% CI: 2.16-5.53) was significant in the age subgroup
(P<0.001) (Table 4).

Discussion
The present study revealed that the prevalence of DR, DKD and macroalbuminuria significantly increased with
decreasing sALB levels, and patients with T2DM with DKD or DKD combined with DR had significantly lower
sALB levels compared with patients without DR or DKD. The multivariate analysis showed that patients with lower
sALB levels were consistently at a significantly higher risk of DR and DKD compared with patients with higher SALB
levels and were strongly associated with DKD progression, despite adjustment for potential confounders. Further
subgroup analysis showed that the effect of lower levels of SALB on the incidence of DR was more obvious in male
T2DM patients aged <65 years, while the effect on the incidence of DKD was more obvious in T2DM patients aged <65
years. The clinical significance of the study lies in the comprehensive analysis of the association of SALB with DR and
DKD in patients with T2DM and the first identification of the key population, for which this indicator is applicable.
SALB plays an important role in maintaining homeostasis and is the main carrier of endogenous and exogenous
ligands, thereby contributing to the transport of various biochemical molecules in the body.'?'> Hypoalbuminemia may
be caused by decreased energy or amino acid supply, impaired hepatic synthesis, increased losses, increased tissue
catabolism or distribution problems, and it is a predictor of poor prognosis in many different conditions, not only in the
disease setting but also in healthy populations.'® Patients with lower levels of SALB in our study were associated with the

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2022:15 heeps: 2177

Dove:


https://www.dovepress.com
https://www.dovepress.com

Zhang et al

Dove

Table 3 Associations

Table 2 Association Between sALB and Risk Factors Related to Microvascular
Disease in Study Subjects

Variable r P-value Adjusted r Adjusted P-value
Age —0.259 <0.001 - -
Sex —0.193 <0.001 - -
Diabetes duration —0.201 <0.001 - -
BMI 0.160 <0.001 - -
SBP —0.150 <0.001 —0.128 <0.001
DBP 0.104 0.001 —0.008 0.800
FPG 0.037 0.250 —0.002 0.961
HbAlc —0.083 0.010 —0.102 0.002
TC 0.085 0.009 0.015 0.645
TG 0.190 <0.001 0.076 0.020
LDL-C 0.050 0.130 —0.022 0.502
HDL-C —0.042 0.202 0.034 0.302
ALT 0.224 <0.001 0.113 0.001
AST 0.098 0.003 0.046 0.160
SUA 0.011 0.732 —0.069 0.035
UACR —0.323 <0.001 —0.386 <0.001
eGFR 0.259 <0.001 0.275 <0.001
DR —0.131 <0.001 —0.138 <0.001
DKD —0.306 <0.001 —0.287 <0.001

Notes: Men were defined

as 0 and females were defined as |. Participants without DKD or DR were
defined as 0 and those with DKD or DR as |I.
Abbreviations: sALB, serum albumin; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood
pressure; FPG, fasting plasma glucose; HbA I ¢, glycated hemoglobin; TC, total cholesterol; TG, triglyceride; LDL-
C, low density lipoprotein cholesterol; HDL-C, high density lipoprotein cholesterol; ALT, alanine transaminase;
AST, aspartate aminotransferase; SUA, serum uric acid; UACR, urine albumin-creatinine ratio; eGFR, estimated
glomerular filtration rate; DR, diabetic retinopathy; DKD, diabetic kidney disease.

Between sALB Tertiles and Microvascular Disease in Study Subject

DR P DKD P Macroalbuminuria Odds P
Odds Ratio (95% CI) Odds Ratio (95% CI) Ratio (95% CI)
Model |
QI(=39.3 g/L) 1.74(1.27-2.38) 0.001 3.89(2.75-5.50) <0.001 8.73(4.42-17.25) <0.001
Q2(39.4-424 g/L) 1.27(0.92-1.74) 0.146 1.48(1.03-2.12) 0.034 1.76(0.80-3.89) 0.159
Q3(>42.4 g/L) 1.00(Reference) 1.00(Reference) 1.00(Reference)
Model 2
QI(=39.3 g/L) 1.80(1.29-2.49) <0.001 3.43(2.40-4.91) <0.001 9.55(4.73-19.28) <0.001
Q2(39.4-42.4 g/L) 1.29(0.93-1.77) 0.124 1.38(0.95-1.98) 0.088 1.83(0.83—4.05) 0.136
Q3(>42.4 g/L) 1.00(Reference) 1.00(Reference) 1.00(Reference)
Model 3
QI(=39.3 g/L) 1.59(1.12-2.26) 0.010 3.00(2.04-4.41) <0.001 9.76(4.62-20.63) <0.001
Q2(39.4-42.4 g/L) 1.30(0.93-1.82) 0.130 1.29(0.88-1.90) 0.194 2.05(0.90—4.67) 0.086
Q3(>42.4 g/L) 1.00(Reference) 1.00(Reference) 1.00(Reference)

Notes: Data are odds ratio (95% Cl) from logistic regression model. Model | was no adjustment of covariates. Model 2 was adjusted for age and sex. Model 3 was adjusted
for age, sex, diabetes duration, BMI, FPG, HbAlc, TC, TG, and treatment of diabetes.

Abbreviations: sALB, serum albumin; DR, diabetic retinopathy; DKD, diabetic kidney disease; Cl, confidence interval.

older age and lower BMI, possibly related to the decreased protein intake in frail elderly patients. Evidence suggests

a high prevalence of diabetes in elderly and frail patients, and that frailty is a predictor of poor diabetes outcomes.'” Our

study also showed that low sALB was a predictor of concurrent DR or DKD in patients with T2DM.
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Table 4 Subgroup Analysis of Association

Stratified by Sex and Age

Between sALB Tertiles and Microvascular Complication

Subgroup sALB DR Odds Ratio P DKD Odds Ratio P
(95% CI) (95% CI)
Sex
Male QI(=39.3 g/L) 1.60(1.00-2.56) 0.049 3.78(2.26-6.32) <0.001
(n=566) Q2(39.4-42.4 g/L) 1.29(0.85-1.96) 0.227 1.25(0.77-2.03) 0.370
Q3(>42.4 g/L) 1.00(Reference) 1.00(Reference)
Female QI(=39.3 g/) 1.51(0.86-2.68) 0.155 2.35(1.26—4.35) 0.007
(n=385) Q2(39.4-42.4 g/L) 1.24(0.69-2.23) 0.473 1.29(0.67-2.48) 0.440
Q3(>42.4 g/L) 1.00(Reference) 1.00(Reference)
Age
<65years QI(=39.3 g/L) 1.74(1.14-2.65) 0.010 3.46(2.16-5.53) <0.001
(n=691) Q2(39.4-424 g/L) 1.28(0.87-1.88) 0.204 1.45(0.92-2.29) 0.110
Q3(>42.4 g/L) 1.00(Reference) 1.00(Reference)
265 years QI(=39.3 g/L) 1.25(0.61-2.56) 0.543 1.86(0.90-3.86) 0.094
(n=260) Q2(39.4-424 g/L) 1.36(0.65-2.89) 0416 0.81(0.38-1.74) 0.592
Q3(>42.4 g/L) 1.00(Reference) 1.00(Reference)

Abbreviations: sALB, serum albumin; DR, diabetic retinopathy; DKD, diabetic kidney disease; Cl, confidence interval.

The higher risk of microvascular complications in the low sALB group may be due to the following reasons. First, SALB is
an important extracellular antioxidant with multiple enzymatic activities, including glucuronidase activity, lipid peroxidase
activity, and antioxidant activity.'* SALB reversibly or irreversibly binds glucuronide conjugates, thus reducing their plasma
levels.'® Studies have shown that glucuronides are significantly associated with the long-term progression of microvascular
complications in patients with type 1 diabetes,'® and the amount of p-cresol glucuronide is significantly increased in patients
with chronic kidney disease, and the ultrafiltrate of patients with uremia contains oligosaccharides composed of glucuronide
conjugates.”’*? Additionally, SALB inhibits erythrocyte membrane lipid peroxidation, whereas persistent hypoalbuminemia
decreases serum antioxidant activity and increases oxidative cell damage.”> Moreover, SALB can inhibit oxidative stress by
reducing reactive oxygen and nitrogen species (ROS and RNS, respectively) production and accumulation depending on
glutathione-linked thiol peroxidase activity.'* Second, sSALB has anti-inflammatory effects. Recent animal studies have shown
that serum levels of proinflammatory cytokines, such as tumor necrosis factor alpha (TNF-a), interleukin-1 (IL-1), and
C-reactive protein, in rats receiving albumin infusion and a high casein diet are significantly lower than those in hypoalbu-
minemia control.** Studies have found that SALB may exert anti-inflammatory effects by specifically regulating cellular
glutathione (GSH) levels and reducing TNF-a-mediated activation of nuclear factor kappa B (NF-kB).?> Additionally, SALB
inhibits NF-kB activation in a GSH-independent manner, thereby inhibiting TNF-a-induced vascular cell adhesion molecule-1
(VCAM-1) expression and monocyte adhesion, exerting anti-inflammatory effects on vascular endothelial cells.*® Oxidative
stress and inflammation are key factors in patients with T2DM with concurrent DR and DKD.?” The increased inflammation
and oxidative stress caused by SALB reduction may be the main mechanism, by which sALB is associated with DR and DKD.

It is well known that a large amount of sALB is lost from the urine in DKD patients due to impaired renal filtration
barrier,”® which is an important cause of hypoalbuminemia in DKD patients. This was also reflected in our study, with
a higher proportion of macroalbuminuria in patients with low sALB, suggesting more severe renal disease. We also found
that patients with low SALB were associated with higher HbAlc and longer duration of diabetes, and poor glycemic
control and longer duration have been identified as risk factors for DKD and DR in previous studies.”*** In addition,
patients with low sALB are also accompanied by high SBP and low levels of ALT, which may also be the reason for the
higher incidence of DKD and DR in patients with low sALB. Studies have shown that hypertension and ALT are related
to the incidence of DKD and DR.>'** Therefore, patients with T2DM with lower sALB levels must be screened for DR
or DKD. Combined with our subgroup analysis results, DR screening should pay special attention to men aged <65 years,
whereas DKD screening should pay attention to people <65 years old.
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Additionally, sSALB differences in DR or DKD alone and their comorbidities were also explored, which, to our
knowledge, have not been found in previous studies. No significant difference was found in the SALB of patients with
DR only compared with those without DR or DKD. None of the previous studies on SALB and DR excluded patients
with co-morbidity of DR and DKD.*** The occurrence of this situation in our study may be related to the insufficient
sample size of patients in the DR only group because some patients with DR are divided into the DR + DKD group, and
the sALB level in the DR + DKD group is significantly lower than that in the DKD only, DR only, and control group.
However, patients with DR and DKD comorbidities may have different pathophysiological mechanisms from those with
DR or DKD alone. After all, studies have suggested that patients with DR and DKD comorbidities have different blood
glucose phenotypes and uric acid levels compared with patients with DR or DKD alone.>>*® This should be further
investigated in future studies.

This study has some limitations. First, retrospective studies cannot infer causality. Therefore, prospective studies are
needed to confirm our findings. Second, all the study participants were inpatients, which may have selection bias. Third,
due to the lack of clear grading of DR outcomes reported by ophthalmologists, and the lack of data on the severity of DR,
the association between sALB and DR progression was not further analyzed, and future research is needed.

In general, we devoted little attention to low SALB as a predictor of DKD progression or DR screening, although
SALB concentration can be measured easily in the clinical laboratory. Therefore, it is of great significance to clarify the
clinical significance of SALB in DKD and DR and to identify the high-risk groups for application. More importantly, our
findings revealed the potential of SALB as an interventional target for microvascular complications of diabetes.

Conclusions

In conclusion, our study shows that decreased sALB levels may be an independent risk indicator of DR and DKD in
patients with T2DM, and significantly associated with DKD progression. DR screening should pay special attention to
men aged <65 years, whereas DKD screening should pay attention to people <65 years old. Therefore, SALB levels in
T2DM patients should be carefully monitored. Future studies are needed to verify whether modulating sALB levels could
be beneficial to patients with DKD or DR.
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