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Purpose: This study aimed to explore the association of globulin and albumin-to-globulin ratio (AGR) with diabetic kidney disease
(DKD) and diabetic retinopathy (DR) in patients with type 2 diabetes mellitus (T2DM).

Methods: This study used data from the China National Diabetic Chronic Complications Study in Shaanxi Province. From April to
May 2019, T2DM patients at disease surveillance sites in Shaanxi Province were investigated using a stratified multi-stage sampling
method. The participants completed questionnaire surveys, anthropometric and blood pressure measurements, laboratory tests, and
fundus photograph examinations. Multivariate Logistic regression and restricted cubic spline model were used to analyze the
association of globulin and AGR with DKD and DR, and subgroup analysis was performed according to age, sex, and diabetes
duration to test the stability of the results.

Results: A total of 1494 T2DM patients were enrolled in this study, including 495 patients with DKD (33.1%) and 341 patients with
DR (22.8%). After adjusting for all covariates, globulin and AGR were linearly associated with DKD. For every 1g/L increase in
globulin level, the risk of DKD increased by 7% (OR=1.07, 95% CI=1.04, 1.10). For every 1 unit increase in AGR, the risk of DKD
was reduced by 55% (OR=0.45, 95% CI=0.28, 0.72). Subgroup analysis showed that the association between globulin and DKD was
consistent across all subgroups, and the association between AGR and DKD was consistent across subgroups of age and diabetes
duration; however, only in males, higher AGR was associated with a reduced risk of DKD. No association was found between globulin
and AGR with DR.

Conclusion: Globulin is an independent risk factor and AGR is an independent protective factor for DKD. Screening for DKD should
be performed in T2DM patients with high globulin and low AGR levels, especially in men.
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Introduction

Type 2 diabetes mellitus (T2DM) is a common chronic disease, and its incidence has increased at an alarming rate in
recent years. According to the International Diabetes Federation, the global prevalence of T2DM is expected to rise to
10.2% (578 million people) by 2030 and 10.9% (700 million people) by 2045.! Among them, China has the largest
number of T2DM patients, accounting for about one-quarter of the total number of T2DM patients worldwide.” Shaanxi
Province is located in the northwest region of China, where the staple food is wheat products such as steamed bread and
noodles. Compared with southern and coastal areas of China, the economy here is less developed and the health literacy
of residents is relatively weak,> all of which may affect the prevalence of T2DM. Three waves of surveys on chronic
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diseases and nutrition monitoring were conducted in 10 counties of Shaanxi Province in 2013, 2015, and 2018, and the
data showed that the prevalence of T2DM was as high as 11.16%."

The threat of T2DM to human health mainly comes from chronic complications, among which diabetic kidney disease
(DKD) and diabetic retinopathy (DR) are the most common microvascular complications of T2DM. The occurrence of DKD
and DR are closely related, and many studies have shown that DKD and DR can predict each other.”’”” About 30-40% of
T2DM patients have DKD,® and nearly 50% of them will eventually develop end-stage kidney disease,” shortening the life
span of T2DM patients. About one-third of T2DM patients will have DR, which can rapidly progress to vision-threatening DR
if not treated promptly, resulting in irreversible vision impairment.'® Studies have shown that DR is the leading cause of
acquired vision loss in the working-age population,'' and is the fifth most common cause of blindness among people over 50
years old worldwide.'?> DKD and DR seriously affect the quality of life of T2DM patients and also bring heavy medical
burdens to patients and society. Information on DKD and DR and related risk factors in Shaanxi Province is lacking.
Therefore, it is necessary to comprehensively study the risk factors of DKD and DR, and conduct early screening for DKD
and DR to improve the prognosis and quality of life of T2DM patients.

Studies have shown that controlling blood glucose alone cannot prevent the development of chronic microvascular
complications of T2DM,"? so attention has focused on the relationship between other risk factors such as inflammation and
chronic microvascular complications. Inflammation plays a crucial role in the occurrence and progression of DKD and DR.'
Serum albumin and globulin are biomarkers of systemic inflammation, and the relationship between lower levels of serum
albumin and increased risk of DKD and DR has been well described,'>2° but this is not the case for serum globulin. Globulin
is synthesized and secreted by liver and plasma cells in response to inflammation and infection. Globulin is the main
component of non-albumin in serum and is composed of a variety of proinflammatory proteins including immunoglobulin
and acute phase proteins.?' Elevated serum globulin concentrations are the result of the accumulation of immunoglobulins and
acute inflammatory proteins, and these changes are key markers of the degree and severity of inflammation and immune.*
However, its clinical significance in diabetic microvascular complications is unclear. A previous study in a US population has
reported that high levels of globulin increase the risk of DKD in T2DM patients,> but that study did not collect information on
DR in T2DM, which limits the exploration of the association between globulin and DR, as well as fail to take into account the
effect of DR on the association between globulin and DKD since the occurrence of DKD and DR is closely related.””’ In
addition, the study population was a US population, and there is a lack of research on the association of globulin with DKD and
DR in the Chinese population. The albumin-to-globulin ratio (AGR) can comprehensively consider the levels of albumin and
globulin and is also a marker of inflammation and infection in the body.>* Recent studies have reported that AGR was an
independent predictor of chronic kidney disease development.”> Another study in adolescents with type 1 diabetes has found
that reduced AGR was associated with early DKD.?® However, there are no studies on the association of AGR with DKD and
DR in T2DM patients.

Therefore, this study aimed to systematically explore the association of globulin and AGR with DKD and DR in
a population in Northwest China, considering the effects of DKD and DR on each other’s occurrence. Our primary
hypothesis was there would be an association between globulin/AGR and DKD/DR.

Materials and Methods

Study Design and Participants

This study used the data of the China National Diabetic Chronic Complications Study (China DiaChronic Study) in
Shaanxi Province. The China DiaChronic Study protocol has been described in detail previously.”” In brief, the China
DiaChronic Study was designed to investigate the prevalence of diabetes-related complications and the compliance rate
of metabolic indicators in Chinese adults with diabetes between March 2018 and January 2020. The multi-stage stratified
cluster random sampling method was used to sample study participants based on the China Chronic Disease and Risk
Factors Surveillance points in 31 provinces, autonomous regions, and municipalities in China.”’ In Shaanxi Province,
two disease surveillance points (DSPs) in urban areas and two DSPs in rural areas were first selected after considering
urbanization levels; then, four neighborhoods in urban areas or four villages in rural areas were selected as study sites
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from each DSP. After the total sample size was evenly distributed among study sites, 113 participants were sampled at
each study site according to age- and sex- structure.

From April to May 2019, the study recruited T2DM patients aged 18—74 years who had resided at the sampling sites
for 6 months or more of the last year before the survey in Shaanxi Province. Pregnant women and study subjects who
could not participate because of serious illness were excluded. This study investigated 1777 T2DM patients in Shaanxi
Province, after excluding participants with chronic kidney disease (n=91), liver disease (n=135), cancer (n=8), with
missing value on urine albumin (n=13), without screening for DR (n=36), a total of 1494 participants were included in
the final analysis (Figure 1).

Data Collection

Data collection of each participant included questionnaire surveys, anthropometric and blood pressure measurements,
laboratory tests, and fundus photograph examinations. All data were collected by uniformly trained Chinese Diabetes
Society (CDS) and Center for Disease Control and Prevention (CDC) medical staff at local community health service
centers or hospitals. Social demographic characteristics, diabetes duration, blood glucose control methods, lifestyle,
disease history, and family history of diabetes were collected by face-to-face interviews using a tablet computer.

Anthropometric measurements including height and weight were measured according to the standard protocol.”” The
measurement precision of height and weight was 0.1cm and 0.1kg, respectively. Body mass index (BMI) was calculated
by dividing weight in kilograms by height in meters squared. Blood pressure was measured in the left arm three times at
I-minute intervals with participants in a seated position after a 5-minute rest. The average of three blood pressure
measurements was used in this study.

Blood samples after a 10-hour overnight fast and random urine samples were collected. Fasting plasma glucose (FPG)
was tested by local laboratories with unified quality control within 48 hours. Blood and urine samples were stored, and
after completing the survey in a neighborhood or village, the samples were transported in the temperature range of 2—8
°C to the Guangzhou KingMed Diagnostics Group Co., Ltd. (Guangzhou, China) for testing of hemoglobin Alc
(HbAlc), serum creatinine, total cholesterol (TC), low-density lipoprotein (LDL C), high-density lipoprotein
(HDL_C), triglycerides (TQG), alanine transaminase (ALT), aspartate transaminase (AST), serum albumin, serum globu-
lin, urine albumin, and urine creatinine concentrations. AGR was calculated by dividing serum albumin by serum

globulin. Urine albumin-to-creatinine ratio (UACR) was calculated by dividing urine albumin by urine creatinine.

Patients with type 2 diabetes mellitus
in Shaanxi Province
(n=1777)

Participants with chronic kidney
disease (n=91)

Participants with liver disease

(n=135)
Participants with cancer
(n=8)
Missing value on urine albumin
(n=13)
Participants without screening on
diabetic retinopathy
(n=36)

Final analysis included
(n=1494)

Figure | Flow chart of study participants.
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Definition of DKD

The estimated glomerular filtration rate (eGFR) was calculated using the Chronic Kidney Disease Epidemiology
Collaboration equation (CKD-EPI).?® DKD was defined as eGFR<90 mL/min/1.73m? and/or UACR > 30mg/g in the
absence of signs of other causes of kidney damage.”

Definition of DR

Participants sat in a dark room with no windows and their pupils dilated naturally for fundus photograph examinations.
A digital non-mydriatic retinal camera (Canon CR-2; Canon Inc., Tokyo, Japan or TRC-NW400; Topcon Corporation,
Tokyo, Japan) was used to take two 45-degree color fundus photos of each of the subjects’ eyes, one centered on the
optic disc and the other centered on the macula. According to the 2002 International Clinical Diabetic Retinopathy
Disease Severity Scales,*® the photographs taken were reviewed and graded by a team of eight ophthalmologists from the
Department of Ophthalmology of the Shanghai Sixth People’s Hospital affiliated to Shanghai Jiao Tong University
School of Medicine. The presence and severity of DR were identified and graded as no obvious DR, non-proliferative DR
(including mild, moderate, and severe non-proliferative DR), and proliferative DR. These ophthalmologists underwent
standardized training, and each photo was reviewed independently by two ophthalmologists. If the grading diagnosis of
DR was inconsistent, a third senior ophthalmologist reviewed and obtained the final grading diagnosis. During the
diagnosis process, all the ophthalmologists were blind to the participant’s condition and the grading of the photographs
by other ophthalmologists. In this study, DR was defined as the presence of any degree of DR in either eye (including
mild non-proliferative, moderate non-proliferative, severe non-proliferative, and proliferative DR).

Statistical Analysis
All statistical analyses were performed using SAS (version 9.3, SAS Institute, Cary, NC, USA). A two-tailed P<0.05 was
considered statistically significant. Continuous variables were expressed as median (25™ percentile, 75™ percentile) and
compared between groups using the Wilcoxon rank test. Categorical variables were expressed as number (percentage)
and compared between groups using the Chi-Square test.

The Logistic regression model was used to estimate the association of continuous and tertiles of globulin and AGR with

DKD and DR. According to previous literature reports,'>!72%-%3

age, sex, educational level, family history of diabetes,
diabetes duration, blood glucose control methods, hypertension, BMI, lipids, and other liver function biomarkers have been
suggested as potential confounders. In our study, age, sex, educational level, diabetes family history, duration, glucose control
methods, hypertension, BMI, FPG, HbAlc, TC, HDL C, TG, AST, and ALT had significant differences between DKD and
non-DKD groups or between DR and non-DR groups, and were selected as covariates. In addition, the occurrence of DKD
and DR were also influenced by each other,”’ the other complication was also considered a covariate when studying one
complication. Variance inflation factor (VIF) was used to detect the multicollinearity of these covariates. The covariates of
VIF>5 (FPG and HDL C) were removed from the model. Three models were established to control for covariates step by
step: the unadjusted Model, Model 1, and Model 2. Model 1 adjusted for age, sex, and education level; Model 2 adjusted for
age, sex, educational level, HbAlc, diabetes duration, blood glucose control methods, family history of diabetes, hyperten-
sion, BMI, TC, TG, AST, ALT and DR (the outcome was DKD) or DKD (the outcome was DR). For globulin, Model 2
additionally adjusted the level of albumin. To test the linear trend, the median value for each tertile of globulin and AGR was
included in the regression model as a continuous variable. In addition, restricted cubic splines (RCS) with three knots at the
10™, 50™, and 90™ percentiles of globulin and AGR were further used to explore the possible dose-response or non-linear
relationship of globulin and AGR with DKD and DR. Lastly, subgroup analyses were conducted based on age, sex, and
diabetes duration to test the robustness of the association of interest.

Results

Characteristics of the Study Participants
A total of 1494 T2DM patients were included in this study (Table 1). In general, the median age of the subjects was 57.7
years old (50.6, 65.5), with 406 (27.2%) individuals aged 65 years old and above. There were 495 (33.1%) patients with
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Table | Characteristics of the Study Participants *

Total (n=1494) DKD+ (n=495) DKD- (n=999) P° DR+ (n=341) DR- (n=1153) P°
Age, years 57.7 (50.6, 65.5) 60.8 (53.8, 67.4) 56.5 (49.4, 64.0) <0.001 60.4 (54.4, 67.1) 57.0 (49.5, 65.0) <0.001
Age, n(%) <0.001 0.002
<65 years 1088 (72.8) 318 (64.2) 770 (77.1) 226 (66.3) 862 (74.8)
= 65 years 406 (27.2) 177 (35.8) 229 (22.9) 115 (33.7) 291 (25.2)
Sex, n(%) 0.002 0.341
Male 746 (49.9) 276 (55.8) 470 (47.0) 178 (52.2) 568 (49.3)
Female 748 (50.1) 219 (44.2) 529 (53.0) 163 (47.8) 585 (50.7)
Area, n(%) 0.617 0.325
Urban 723 (48.4) 235 (47.5) 488 (48.8) 173 (50.7) 550 (47.7)
Rural 771 (51.6) 260 (52.5) 511 (51.2) 168 (49.3) 603 (52.3)
Educational level, n(%) <0.001 0.037
Primary school or below 408 (27.3) 162 (32.7) 246 (24.7) 111 (32.5) 297 (25.8)
Middle school 488 (32.7) 175 (35.4) 313 (31.3) 108 (31.7) 380 (32.9)
High school or above 598 (40.0) 158 (31.9) 440 (44.0) 122 (35.8) 476 (41.3)
Current smoker, n(%) 358 (24.0) 115 (23.2) 243 (24.3) 0.642 80 (23.5) 278 (24.1) 0.805
Current drinker, n(%) 374 (25.0) 126 (25.5) 248 (24.8) 0.791 77 (22.6) 297 (25.8) 0.234
Diabetes family history, n(%) 559 (37.4) 194 (39.2) I51 (15.1) 0.318 156 (45.7) 403 (35.0) <0.001
Duration, years 4.1 (1.7, 89) 5.6 (29, 11.2) 3.7 (1.2, 7.0) <0.001 8.3 (4.0, 14.4) 3.6 (1.2, 6.9) <0.001
Duration, n(%) <0.001 <0.001
<5 years 839 (56.2) 224 (45.3) 615 (61.6) 119 (34.9) 720 (62.4)
25 years 655 (43.8) 271 (54.7) 384 (38.4) 222 (65.1) 433 (37.6)
Glucose control methods, n(%) <0.001 <0.001
None 215 (14.4) 44 (8.9) 171 (17.1) 18 (5.3) 197 (17.1)
Diet and exercise 251 (16.8) 59 (11.9) 192 (19.2) 42 (12.3) 209 (18.1)
Hypoglycemic drugs 784 (52.5) 269 (54.3) 515 (51.6) 166 (48.7) 618 (53.6)
Hypoglycemic drugs and insulin injection 244 (16.3) 123 (24.8) 121 (12.1) 115 (33.7) 129 (11.2)
Hypertension, n(%) 875 (58.6) 376 (76.0) 499 (49.9) <0.001 225 (66.0) 650 (56.4) 0.002
BMI, kg/m? 25.1 (23.0, 27.2) 25.4 (23.3, 27.5) 24.9 (22.8, 26.9) 0.006 24.7 (22.8, 26.8) 25.1 (23.0, 27.3) 0.040
BMI, n(%) 0.015 0.177
<24 kg/m? 541 (36.2) 155 (31.3) 386 (38.6) 128 (37.5) 413 (35.8)
24-27.9 kg/m? 669 (44.8) 233 (47.1) 426 (43.6) 160 (46.9) 509 (44.2)
228 kg/m? 284 (19.0) 107 (21.6) 177 (17.8) 53 (15.6) 231 (20.0)
FPG, mmol/L 7.34 (5.80, 9.74) 8.63 (6.86, 11.60) 6.80 (5.58, 8.79) <0.001 9.01 (6.90, 12.36) 6.99 (5.66, 8.99) <0.001
HbAlc, % 7.0 (5.7, 8.6) 8.0 (6.6, 9.7) 6.5 (5.5,7.9) <0.001 8.2 (6.7, 10.0) 6.7 (5.6, 8.0) <0.001
TC, mmol/L 4.58 (4.01, 5.21) 4.65 (4.04, 5.32) 4.55 (3.97, 5.17) 0.042 4.55 (4.02, 5.37) 4.58 (4.00, 5.19) 0.608
(Continued)
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Table | (Continued).

Total (n=1494) DKD+ (n=495) DKD- (n=999) [ DR+ (n=341) DR- (n=1153) [
LDL_C, mmol/L 271 (2,12, 3.22) 2.71 (2.03, 3.27) 270 (.15, 3.21) 0812 2.68 (2.15, 3.30) 271 (.11, 3.20) 0.458
HDL_C, mmol/L 1.24 (1.05, 1.48) 122 (1.03, 1.44) 1.26 (1.06, 1.49) 0.033 126 (1.05, 1.53) 1.24 (1.05, 1.47) 0.374
TG, mmoliL 1.68 (1.18, 2.48) 1.79 (1.26, 2.73) 1.62 (1.16, 2.36) <0.001 1.63 (1.12, 2.43) 170 (1.19, 2.53) 0.24
ALT, UL 17 (13, 23) 18 (14, 23) 17 (13, 22) 0.048 16 (12, 21) 18 (14, 23) 0.001
AST, UIL 18 (16, 22) 18 (16, 22) 18 (16, 22) 0.746 18 (15, 21) 18 (16, 22) 0.002
Urine albumin, mg/L 21.1 (7.8, 53.7) 85.1 (47.5, 201.3) [1.1 (5.3, 22.3) <0.001 37.6 (12.0, 119.8) 18.1 (7.0, 45.5) <0.001
Urine creatinine, g/L 1.3 (09, 1.8) 1.1 (08, 1.7) 1.3 (09, 1.8) <0.001 1.1 (08, 1.6) 1.3 (09, 1.8) <0.001
UACR, mglg 15.3 (6.3, 41.7) 69.5 (42.0, 178.7) 85 (4.7, 15.8) <0.001 30.4 (10.3, 130.0) 12.9 (5.7, 33.3) <0.001
Serum creatinine, pmol/L 66 (57, 77) 69 (56, 82) 65 (57, 75) <0.001 68 (57, 79) 66 (56, 76) 0.040
eGFR, mL/min/1.73 m? 99.27 (89.78, 107.09) | 95.46 (84.99, 105.18) | 100.58 (91.83, 107.99) | <0.00I 95.72 (85.93, 104.73) | 100.11 (91.04, 107.84) |  <0.00I
Albumin, g/L 492 (47.3, 50.9) 49.1 (47.2, 50.9) 492 (47.3, 50.9) 0.557 487 (46.7, 50.4) 49.4 (47.5,51.1) <0.001
Globulin, g/L 29.1 (26.6, 31.8) 29.9 (27.6, 32.8) 287 (26.1, 31.3) <0.001 29.7 (27.2, 32.2) 29.0 (26.4, 31.8) 0.026
AGR 1.69 (1.52, 1.87) 1.63 (1.47, 1.80) 1.70 (1.55, 1.91) <0.001 1.65 (1.48, 1.80) 1.70 (1.54, 1.89) <0.001

Notes: *Data were expressed as median (25“‘ percentile, 75% percentile) for continuous variables or number (percentage) for categorical variables. ®P values for the differences between groups were derived from the Wilcoxon rank test
for continuous variables, and the Chi-Square test for categorical variables.

Abbreviations: AGR, albumin-to-globulin ratio; ALT, alanine aminotransferase; AST, aspartate transaminase; BMI, body mass index; DKD, diabetic kidney disease; DR, diabetic retinopathy; eGFR, estimated glomerular filtration rate;
FPG, fasting plasma glucose; HbAlc, hemoglobin Alc; HDL_C, high-density lipoprotein cholesterol; LDL_C, low-density lipoprotein cholesterol; TC, total cholesterol; TG, triglycerides; UACR, urine albumin-to-creatinine ratio.
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DKD and 341 (22.8%) patients with DR. Compared with patients without DKD or DR, those with DKD or DR had
higher levels of globulin and lower levels of AGR. For other baseline characteristics, DKD or DR patients both had older
age, longer duration of diabetes, a higher proportion of insulin use, a higher proportion of hypertension, higher BMI,
higher levels of FPG, HbAlc, urinary albumin, UACR, serum creatinine, and ALT. They both had lower levels of
education, urinary creatinine, and eGFR as compared with those without DKD or DR. Inconsistently, DKD patients had
a higher proportion of male participants, higher levels of TC, TG, and lower levels of HDL_C, while DR patients had
a higher proportion of diabetes family history and higher AST levels. The characteristics of participants according to the
tertiles of globulin and AGR were shown in Supplementary Tables 1 and 2.

Association Between Globulin and AGR with DKD

Table 2 shows the association of continuous and tertiles of globulin and AGR with DKD by Logistic regression analysis. After
adjusting for all covariates, we found that the highest and medium tertiles of globulin were associated with a higher risk of
DKD in comparison to the lowest tertile (T3 vs T1: OR=2.09, 95% CI=1.52, 2.88; T2 vs T1: OR=1.44, 95% CI=1.06, 1.97),
and the test for linear trend was significant (P for trend<0.001). For every 1g/L increase in globulin levels, the risk of DKD
increased by 7% (OR=1.07, 95% CI=1.04, 1.10). As for AGR, the highest and medium tertiles of AGR were associated with
a lower risk of DKD in comparison to the lowest tertile (T3 vs T1: OR=0.55, 95% CI=0.40, 0.76; T2 vs T1: OR=0.72, 95%
CI=0.54, 0.96), and the test for linear trend was significant (P for trend=0.001). For every 1 unit increase in AGR, the risk of
DKD was reduced by 55% (OR=0.45, 95% CI=0.28, 0.72). Then we used the RCS model to analyze whether there was
a potential nonlinear association of globulin and AGR with DKD. As shown in Figure 2a and b, after adjusting for all
covariates, the relationship of globulin (P for overall<0.001, P for non-linear=0.651) and AGR (P for overall=0.004, P for
non-linear=0.601) with DKD were both linear. In summary, globulin was positively associated with DKD, and AGR was
negatively associated with DKD.

Association Between Globulin and AGR with DR

Table 3 shows the association of continuous and tertiles of globulin and AGR with DR using Logistic regression analysis.
No association was found between globulin and AGR with DR. Similarly, the RCS model also did not find any
association between globulin and AGR with DR (Figure 2¢ and d). In summary, globulin and AGR were not associated
with DR.

Table 2 Association of Globulin and AGR with DKD in the Logistic Regression Models

Event (%) OR (95% ClI)
Unadjusted Model Model 1* Model 2°
Globulin (continuous) 495 (33.1) 1.08 (1.05, 1.11) 1.08 (1.05, I.11) | 1.07 (1.04, 1.10)
Globulin tertiles (g/L) T3 (>30.7) 204 (41.0) 2.24 (1.70, 2.94) 2.21 (1.65,2.96) | 2.09 (1.52, 2.88)
T2 (27.5-30.7) | 174 (34.5) 1.69 (1.28, 2.24) 1.67 (1.25,2.23) | 1.44 (1.06, 1.97)
Tl (227.4) 117 (23.7) Ref Ref Ref
P for trend® <0.001 <0.001 <0.001
AGR (continuous) 495 (33.1) 0.32 (0.21, 0.49) 0.35 (0.22, 0.55) | 0.45 (0.28, 0.72)
AGR tertiles T3 (>1.80) 130 (25.8) 0.49 (0.37, 0.64) 0.52 (0.39, 0.69) | 0.55 (0.40, 0.76)
T2 (1.59-1.80) | 163 (32.3) 0.67 (0.52, 0.87) 0.69 (0.53, 0.90) | 0.72 (0.54, 0.96)
TI (£1.58) 202 (41.6) Ref Ref Ref
P for trend® <0.001 <0.00I <0.001

Notes: *Model I: adjusted for age, sex and education level. "Model 2: adjusted for age, sex, educational level, HbAlc, duration, glucose
control methods, diabetes family history, hypertension, BMI, TC, TG, AST, ALT, and DR, whereas for globulin, the level of albumin was
additionally adjusted. P for trend was obtained using the median value of each globulin or AGR tertile as a continuous variable in the

regression models.

Abbreviations: AGR, albumin-to-globulin ratio; Cl, confidence interval; DKD, diabetic kidney disease; OR, odds ratio.
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Figure 2 Dose-response relationship of globulin and AGR with DKD and DR using RCS regression. (a) Association between globulin and DKD. (b) Association between
AGR and DKD. (c) Association between globulin and DR. (d) Association between AGR and DR.

Notes: ORs with a 95% Cl were obtained from the multivariable model adjusted for age, sex, educational level, HbAlc, duration, glucose control methods, diabetes family
history, hypertension, BMI, TC, TG, AST, ALT, and DR (the outcome was DKD) or DKD (the outcome was DR), whereas for globulin, the level of albumin was additionally
adjusted. The globulin and albumin-to-globulin ratio was considered continuous exposure, and three knots (represented by dots) were placed at the 10, 50, and 90"
percentiles of the distribution of globulin and albumin-to-globulin ratio in the entire population. The reference value for globulin and albumin-to-globulin ratio was the
median value in the tertile | group of 25.4 g/L and |.45, respectively. Solid lines indicate ORs and dashed lines indicate 95% confidence intervals.

Abbreviations: AGR, albumin-to-globulin ratio; Cl, confidence interval; DKD, diabetic kidney disease; DR, diabetic retinopathy; OR, odds ratio; RCS, restricted cubic

splines.

Subgroup Analysis of the Association Between Globulin and AGR with DKD and DR
We then stratified the participants according to age, sex, and diabetes duration to explore the association of globulin and AGR
with DKD and DR respectively (Figure 3). For DKD, we found that the association between globulin and DKD was consistent
across all subgroups, and the association between AGR and DKD was consistent across subgroups of age and diabetes
duration; however, only in males, we found a higher AGR was associated with a reduced risk of DKD. The characteristics of
participants according to sex and DKD status in different sexes were shown in Supplementary Tables 3 and 4. For DR, no

association of globulin and AGR with DR was found in any subgroup.
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Table 3 Association of Globulin and AGR with DR in the Logistic Regression Models

Event (%) OR (95% Cl)
Unadjusted Model Model 1? Model 2°

Globulin (continuous) 341 (22.8) 1.03 (1.00, 1.06) 1.01 (0.98, 1.05) | 0.99 (0.96, 1.03)
Globulin tertiles (g/L) T3 (>30.7) 122 (24.5) 1.44 (1.06, 1.95) 1.28 (0.93, 1.76) | 1.00 (0.70, 1.44)
T2 (27.5-30.7) | 128 (25.4) 1.50 (1.11, 2.04) 1.39 (1.02, 1.90) | I.15 (0.81, 1.62)

Tl (27.4) 91 (18.5) Ref Ref Ref

P for trend® 0.026 0.175 0.944
AGR (continuous) 341 (22.8) 0.40 (0.25, 0.63) 0.48 (0.29, 0.78) | 0.73 (0.42, 1.25)
AGR tertiles T3 (>1.80) 91 (18.1) 0.57 (0.42, 0.77) 0.65 (0.47, 0.90) | 0.83 (0.58, 1.18)
T2 (1.59-1.80) | 115 (22.8) 0.77 (0.58, 1.03) 0.81 (0.61, 1.09) | 0.92 (0.67, 1.27)

Tl (£1.58) 135 (27.8) Ref Ref Ref

P for trend® <0.001 0.008 0.295

Notes: *Model |: adjusted for age, sex and education level. "Model 2: adjusted for age, sex, educational level, HbA I c, duration, glucose control
methods, diabetes family history, hypertension, BMI, TC, TG, AST, ALT, and DKD, whereas for globulin, the level of albumin was additionally
adjusted. P for trend was obtained using the median value of each globulin or AGR tertile as a continuous variable in the regression models.
Abbreviations: AGR, albumin-to-globulin ratio; Cl, confidence interval; DR, diabetic retinopathy; OR, odds ratio.

Discussion

Main Findings and Clinical Implications
This study comprehensively analyzed the association of serum globulin and AGR with DKD and DR in T2DM patients. We
found there was a positive linear relationship between globulin and DKD, and a negative linear relationship between AGR and

Globulin
OR (95%Cl)a

AGR
OR (95%Cl)®

Event (%)

DKD

Age

<65 years (n=1088) 318 (29.2) 1.07 (1.03, 1.11) E —— 0.48 (0.27,0.85)  —m— E

265 years (n=406) 177 (43.6) 1.07 (1.01, 1.13) | —— 0.37 (0.15,0.94) —m—

Sex E E

Male (n=746) 276 (37.0) 1.08 (1.04, 1.13) E —-— 0.38 (0.20,0.72) —m— E

Female (n=748) 219 (29.3) 1.05 (1.01, 1.10) E—.— 0.60 (0.28, 1.29) —-—é—

Diabetes duration E E

<5 years (n=839) 224 (26.7) 1.09 (1.04, 1.14) - 0.22(0.10,0.50) -w—
>5years (n=655) 271 (41.4) 1.07 (1.02, 1.11) E — 0.40 (0.19, 0.85) —w— i

DR E ;

e a
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265 years (n=406) 115 (28.3) 0.99 (0.93, 1.06) —u— 0.71(0.24,2.07) —a—1+—>

Sex E i

Male (n=746) 178 (239)  0.97 (0.93,1.03) —m-— 078(0.39,158) ~ —mt—

Female (n=748) 163 (21.8) 1.01 (0.96, 1.06) —:-— 0.62 (0.26, 1.44) —-—i—

Diabetes duration i :

<5 years (n=839) 119 (14.2) 1.01 (0.96, 1.07) —'h— 0.55 (0.23, 1.29) —-—5—
>5years (n=655) 222 (33.9) 0.98 (0.93, 1.02) . 0.97 (0.47, 1.98) —q'—

—

0.0 05 1.0 15 2.0

Figure 3 Subgroup analysis of the effect of globulin and AGR on DKD and DR.

Notes: “OR with a 95% Cl was obtained from the multivariable Logistic regression model after adjusting for age, sex, educational level, HbAIc, duration, glucose control
methods, diabetes family history, hypertension, BMI, TC, TG, AST, ALT, albumin, and DR (the outcome was DKD) or DKD (the outcome was DR) except for the
stratification factor. "OR with a 95% Cl was obtained from the multivariable Logistic regression model after adjusting for age, sex, educational level, HbA I ¢, duration, glucose
control methods, diabetes family history, hypertension, BMI, TC, TG, AST, ALT, and DR (the outcome was DKD) or DKD (the outcome was DR) except for the
stratification factor.

Abbreviations: AGR, albumin-to-globulin ratio; Cl, confidence interval; DKD, diabetic kidney disease; DR, diabetic retinopathy; OR, odds ratio.
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DKD. Further subgroup analysis showed that the association between globulin and DKD was consistent across all subgroups,
and the association between AGR and DKD was consistent across subgroups of age and diabetes duration; however, only in
males, higher AGR was associated with a reduced risk of DKD. These results suggest that DKD screening should be
performed in T2DM patients with high globulin and low AGR levels, especially in men.

Globulin is Associated with DKD

Globulin levels are closely related to immune and inflammatory states, and studies have shown that globulin is positively
correlated with the severity of chronic inflammation.>' A previous cohort study of the Pima Indian population found that
high levels of globulin were associated with T2DM,>*? confirming the role of globulin in the development of T2DM. In
the past, one study analyzed the association between serum globulin and DKD risk in 4393 diabetes people in the United
States, and found that high levels of globulin increased the risk of DKD (OR=1.10, 95% CI=1.07, 1.13, P<0.001);23
however, DR, an important influencing factor of DKD, was not collected and adjusted in this study. Our study used
multivariate Logistic regression and RCS model, and after adjusting a series of covariates such as DR and serum
albumin, we also found a positive association between globulin and DKD, that is, globulin is an independent risk factor
for DKD, and this association is linear.

In the inflammatory mechanism of DKD, the overexpression of proinflammatory cytokines and chemokines and the
increase of endothelial cell adhesion molecules may promote the occurrence and development of DKD.?* The underlying
mechanism of globulin and DKD can be partially explained by several studies. Previous studies have shown that serum
globulin is positively correlated with inflammatory cytokines such as IL-6, IL-8, and TNF-a, which are involved in the
inflammatory process.”'** These inflammatory factors can increase the permeability of vascular endothelial cells, induce
endothelial cell apoptosis, directly cause toxicity to renal cells, and participate in the occurrence of DKD.?> On the other
hand, an increase in globulin levels can stimulate the secretion of neutrophils.*® It has been shown that the degree of
neutrophil spontaneous adhesion was significantly greater in T2DM patients with overt proteinuria than that in T2DM
patients with normal albuminuria. Increased spontaneous adhesion of neutrophils stimulated by the proinflammatory
factors granulocyte-macrophage colony-stimulating factor (GM-CSF) and TNF may play a role in the progression of
DKD.?’ In addition, globulin is a combination of multiple proteins with immunoglobulin as the main component, and the
high globulin content may reflect the increased production of immunoglobulin and/or the increased humoral immune
activity.®® Large amounts of immunoglobulin deposits were found in the kidneys of diabetic patients.>® Studies have
shown that IgM deposits in the kidney bind directly to antigens expressed by damaged endothelial cells, leading to
endothelial dysfunction of glomerular capillaries and accelerating the progression of DKD.*® The deposition of IgG in
the kidneys causes changes in the permeability of the glomerular filtration membrane, which leads to changes in the
charge on both sides of the basement membrane, and ultimately leads to changes in the structure of the glomerular
basement membrane, which is involved in the development of DKD.*' The increase of IgA-positive B cells can increase
the accumulation of IgA in the kidney, causing hematuria, proteinuria, and changes in renal function.*

AGR is Associated with DKD

To the best of our knowledge, we are the first study on the association of AGR with DKD and DR. Our study found that
a higher AGR level was a protective factor for DKD. Previous studies have also reported a negative correlation between
AGR and chronic inflammation.*> For example, studies in non-chronic kidney disease populations have found that low
AGR was an independent predictor of the development of chronic kidney disease and had a stronger predictive value
than other inflammatory markers such as white blood cell count and high-sensitivity C-reactive protein.”> Under
inflammatory and infectious conditions, there is an inverse relationship between albumin and globulin, resulting in
a decrease in AGR.** In our study, patients with a higher AGR had higher albumin levels and lower globulin levels
(Supplementary Table 2). Therefore, a higher AGR may be caused by high levels of albumin, low levels of globulin, or

a combination of both. The positive association between serum globulin levels and DKD has been explained in the

previous section. As for albumin, it has been reported to be negatively regulated by the acute phase reactants and is

5

considered a biomarker of inflammation and nutritional status,” and it decreases after inflammatory stimulation.*

Albumin is synthesized and secreted by liver cells and is the most abundant protein in peripheral plasma. Previous
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studies have reported that high levels of albumin are protective factors for DKD,'>"!” while low levels of albumin are risk
factors for DKD.?® Research has shown that albumin was negatively correlated with the levels of inflammatory factors
IL-6, IL-8, and TNF-a.>* Besides, in the occurrence of DKD, the activation of nuclear factor kappa B (NF-kB) is
associated with proteinuria and stromal cell infiltration.”> NF-xB is a transcription factor and the main regulator of
inflammatory factors.*’” Studies have shown that albumin can inhibit the activation of NF-kB, suppress the expression of
vascular cell adhesion molecule-1 (VCAM-1) induced by TNF-a, and inhibit monocyte adhesion, thereby exerting anti-
inflammatory effects.”® In summary, high levels of albumin and/or low levels of globulin were associated with lower
levels of inflammation and may explain a higher AGR associated with a lower risk of DKD.

Further subgroup analysis showed that the association between AGR and DKD was consistent in the subgroups of age and
diabetes duration, but only in males, the increased AGR associated with a reduced risk of DKD. The sex difference between
serum AGR and DKD has not been fully explored. Since globulin was associated with DKD in both sexes, the fact that the
AGR was associated with DKD only in males may be due to differences in albumin. Our study found that serum albumin
levels were significantly higher in males than in females (49.5 g/L vs 48.8 g/L, Supplementary Table 3). This result was

consistent with the finding that serum albumin levels were 2% higher in males than in females, as reported in a hospital-based
cohort study that enrolled nearly 300,000 patients.*® The lower albumin levels in women may be explained by the fact that the
mean serum albumin concentration in the population decreases with age, but the value decreases more rapidly in women.*’
AGR also decreases with decreasing albumin levels, thus making the association of AGR with DKD less observable in
women. Prospective cohort designs are needed in future studies to separately assess the association of AGR with DKD in
different sexes and to elucidate the sex-specific mechanisms involved.

Globulin and AGR are Not Associated with DR

In this study, we found that globulin was significantly higher and AGR was significantly lower in the DR population than in the
non-DR population, but the association of globulin and AGR with DR lost its significance after adjusting for covariates and
DKD. Previous studies have reported the association of albumin with DR,'®2? and the absence of AGR with DR in the present
study may be due to the fact that globulin was not associated with DR. The underlying mechanism by which globulin was
associated with DKD but not with DR needs to be further explored, and previous studies may provide some clues. DKD and
DR share common inflammatory pathways in pathogenesis, but differences in association between DKD and DR on
inflammatory indicators have also been reported.”® A previous study explored the association of neutrophil-to-lymphocyte
ratio (an indicator of systemic inflammation) with DKD and DR in T2DM patients and found that the neutrophil-to-
lymphocyte ratio was only associated with DKD, but not with DR.>® It may be that the kidneys and the eyes, as two different
organs, have unique physiologic processes and internal environments and their own specific influencing factors.’’ DR is
aneurovascular disease caused by the destruction of the retinal neurovascular unit composed of retinal neurons, neuroglia, and
vascular cells.”? Premature neuronal death, structural, and biochemical changes in neurons and glial cells lead to neurode-
generation, and retinal neurodegeneration may cause functional abnormalities that are involved in the development of DR.>
There may be potential specific influencing factors for DR that were not collected in our study. In the future, specific
influencing factors for DR in larger populations are needed, and these influencing factors should be controlled when exploring
the association between globulin/AGR and diabetic microvascular complications.

The Reno-Protective Effects of GLP-1 RA and SGLT2 Inhibitors in This Population

Our study found that high globulin and low AGR levels are associated with an increased risk of DKD in T2DM patients.
In this population, lowering proteinuria levels and maintaining renal function are the main therapeutic goals.>* Significant
renal benefits have been reported in T2DM patients with the treatment of GLP-1 RA and SGLT2 inhibitors. GLP-1 RA
was reported to reduce the risk of progression to end-stage renal disease and death due to renal disease,” and
improvement in renal disease progression was primarily driven by reduced proteinuria levels.’* Animal model studies
have shown that GLP-1 RA can exert anti-inflammatory effects in the kidney by reducing ICAM1, TGF-B, and CD14 in
the renal cortex and preventing monocyte infiltration.”® Studies have shown that SGLT2 inhibitors can prevent major
adverse renal outcomes in T2DM patients.”” In T2DM patients with different stages of renal disease, SGLT2 inhibitors
had a nephroprotective effect by reducing UACR and maintaining eGFR.’® Attenuating inflammation-related molecular
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processes may be one of the mechanisms underlying the reno-protective effect of SGLT2 inhibitors. In small-scale
SGLT2 inhibitors trials, there were modest reductions in circulating inflammatory markers (eg, IL-6, TNF, and IFN-«/).5 o
SGLT?2 inhibitors have also been shown to reduce markers of inflammation and oxidative stress in an animal model of
DKD.?® Thus, the reno-protective effects of GLP-1 RA and SGLT2 inhibitors may be considered in T2DM patients, and
the future could explore whether these drugs would affect serum globulin or AGR levels.

Strengths and Limitations

Our study has several strengths. First, this population-based study was carried out using a multi-stage stratified random
sampling method after considering the level of urbanization, which made the sample more representative of the Shaanxi
Province. Secondly, strict quality control was implemented in this study. Before the investigation, all researchers and
investigators received unified training according to the guidelines. During the investigation, questionnaire surveys and
anthropometric measurements were conducted according to the unified protocol, and laboratory tests and fundus photography
examinations were conducted according to the unified testing laboratory and medical equipment, ensuring the reliability and
consistency of the data. After the investigation, all data were uploaded to the information management platform for inspection
and review. Third, in the diagnosis of DR, two fundus photographs were taken by professional ophthalmologists with uniform
criteria for each eye of the participant, thus reducing the possibility of missed diagnosis of DR. Finally, this study collected
a broad range of sociodemographic characteristics, health behaviors, family history, diabetes duration, blood glucose control
methods, hypertension, BMI, blood glucose levels, lipid levels, and liver function, which allowed us to adjust for these
confounders in assessing the association of globulin and AGR with DKD and DR.

Our study has several limitations. First, due to the cross-sectional study design, we cannot draw the causal relationship
between globulin and AGR with DKD, and future prospective studies will be needed to clarify the causality of the
associations. Second, the duration of T2DM and family history of diabetes in this study relied on self-reporting, which may
introduce some reporting bias. Third, although we controlled for potential confounders to confirm these associations; however,
there were still residual confounders that were not observed. Our findings would be much stronger if we had accessed and
controlled other inflammatory indicators such as TNF-a in this study. Lastly, the sample in this study was from Shaanxi
Province in Northwest China, and the study’s generalizability might be limited if there are regional differences in disease
management and outcomes.

Conclusion

In conclusion, our study suggests that globulin is an independent risk factor and AGR is an independent protective factor
for DKD. Clinicians should consider monitoring globulin and AGR levels in patients with T2DM as part of routine
screening for DKD, especially in men. Future longitudinal studies are warranted to explore the association of globulin
subfractions with DKD and clarify the role of globulin and AGR in the development of DKD.
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