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Purpose: To investigate the pathogenesis of diabetic kidney disease (DKD) in type 2 diabetes mellitus (T2DM), we evaluated the 
effects of short-term glycemic variability (GV) on the profile of T cell subpopulations.
Methods: A total of 47 T2DM patients with normoalbuminuria, 47 microalbuminuria, and 49 macroalbuminuria were enrolled. The 
continuous glucose monitoring (CGM) determined the GV of enrolled patients. Flow cytometry was used to determine the proportion 
of T cell subpopulations.
Results: The frequency of T helper (Th) 17 and Th1 cells significantly increased while regulatory T cells (Tregs) significantly 
decreased in the macroalbuminuria group compared to normoalbuminuria and microalbuminuria groups (P < 0.01). The suppressive 
function of Tregs was significantly lower in the macroalbuminuria group than the normoalbuminuria group (P < 0.05). Compared with 
the normoalbuminuria group, the mean amplitude of glucose excursions (MAGE) of the macroalbuminuria group was significantly 
higher (P<0.05). Furthermore, there were negative associations between the proportion of Tregs and MAGE.
Conclusions: Increased GV could decrease the proportion of Tregs and may impair their function. This may lead to increases in Th1 
and Th17 cells, and some inflammatory cytokines, which might contribute to the development and progression of DKD in T2DM.
Keywords: type 2 diabetes mellitus, diabetic kidney disease, glycemic variability, regulatory T cells, inflammatory cytokines

Introduction
Diabetic kidney disease (DKD) is a common and serious complication of diabetes mellitus that entails increased 
morbidity and mortality for diabetic patients.1 DKD affects approximately 25% of patients with type 2 diabetes mellitus 
(T2DM) and is the main cause of end-stage kidney disease (ESKD) in affluent countries.2 The pathogenesis of DKD 
remains elusive and complex, leading to suboptimal therapeutic outcomes. Standard therapy, involving tight blood sugar 
and blood pressure control, has proven insufficient to halt the progression of DKD to ESKD3 and reduce DKD-related 
mortality.4 Enhancing understanding and elucidating the pathogenic mechanisms of DKD is crucial for devising new 
strategies to treat DKD.

Increased glycemic variability (GV) has recently been considered as a risk factor for DKD in T2DM.5,6 

However, the mechanism of increased GV in DKD development is not fully understood. Recent studies have 
demonstrated that inflammation is considered the major contributor to the pathology of the onset and progression 
of DKD, and anti-inflammation may be a potential strategy for preventing or alleviating DKD in diabetes.7,8 

Regulatory T cells (Tregs) are a powerful immunosuppressive population in inflammatory disorders; they can 
antagonize proinflammatory cell populations, especially T helper (Th)1 and Th17 cells.9 Tregs are a diverse 
population of lymphocytes that act as key regulators of peripheral tolerance homeostasis in higher vertebrates.10 

CD4+CD25+FOXP3+ T cells have thus far been known to be natural Tregs; FOXP3 and CD25 (interleukin [IL]- 

Diabetes, Metabolic Syndrome and Obesity 2023:16 2365–2375                                         2365
© 2023 Gu et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Diabetes, Metabolic Syndrome and Obesity                                           Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 21 March 2023
Accepted: 3 August 2023
Published: 8 August 2023

D
ia

be
te

s,
 M

et
ab

ol
ic

 S
yn

dr
om

e 
an

d 
O

be
si

ty
 d

ow
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

http://orcid.org/0000-0003-2857-4826
http://orcid.org/0000-0002-4750-0139
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


2Rα) are not merely markers of Tregs, but Tregs survival and function are also critically dependent on them. Tregs 
mediate suppressive functions by producing cytokines, including transforming growth factor (TGF)-β, IL-10, and 
IL-35. They also use direct cell-cell contacts to inhibit the proliferation and activation of T effector cells 
(Teff).11,12

Foxp3 deficiency in scurfy mice triggers T cell activation as early as the neonatal stage, which swiftly escalates to 
widespread immune cell activation and inflammatory cytokine production.13 Conversely, adoptive transfer of CD4+ 
Foxp3+ Tregs to the db/db mouse model could limit the proinflammatory milieu, and improve insulin sensitivity and 
diabetic nephropathy.14 In T2DM patients, urine albumin/creatinine ratio (UACR) correlated positively with the 
percentages of Th1 and Th17 cells, as well as the Th17/Treg cell ratio, and negatively with the percentages of Treg 
cells.15,16

To elucidate whether short-term GV can affect subsets of T cells and their roles in DKD in patients with T2DM, we 
evaluated some indexes of the short-term GV and T cell subpopulations and analyzed the relationship between short-term 
GV and T cell subsets in T2DM patients with DKD.

Patients and Methods
Patients
A total of 143 patients with T2DM were recruited from the Nanjing First Hospital between April 2019 to March 2022. 
T2DM was diagnosed according to the WHO diagnostic criteria (1999).17 Patients with other renal and autoimmune 
diseases, cardiovascular diseases, chronic infectious diseases, or inflammatory diseases were excluded. No patient was 
receiving anti-inflammatory drugs and/or immunosuppressive agents known to interfere with the immune system prior to 
examination. The protocol and informed consent document were approved by the ethics committee of Nanjing First 
Hospital and all participants gave written informed consent.

Study Design
All the enrolled patients were admitted to our hospital. Urinary albumin and creatinine concentrations were measured 
in spot urine samples and used to calculate the UACR. Normoalbuminuria was defined as a UACR <30 mg/g, 
microalbuminuria as a UACR of 30–300 mg/g, and macroalbuminuria as a UACR ≥300 mg/g. The estimated 
glomerular filtration rate (eGFR) was calculated using the CDK-EPI formula.18 Patients with T2DM were divided 
into three groups according to the UACR as follows: normoalbuminuria group, microalbuminuria group, and macro-
albuminuria group.

Before modifying the original glucose-lowering treatment plan, all patients received iPro2 continuous glucose 
monitoring (CGM) (Medtronic, Dublin, Ireland) for 72 hours. We extracted the system measurement data and uploaded 
them to a computer using the Dynamic Glucose Test Report Management System 2.0 for data analysis. Before breakfast 
was served on the participant’s first day in the hospital, one of the researchers attached a sensor to the participant’s 
triceps. The sensors were affixed with adhesive tape, and the researcher removed them after every monitoring period. 
Included among the GV parameters were the mean amplitude of glycemic excursions (MAGE), mean blood glucose 
(MBG), time above range (TAR, blood glucose level: >10.1 mmol/L), and time in range (TIR, blood glucose level: 3.9– 
10 mmol/L).

Laboratory Analyses
After overnight fasting, participants’ blood samples were collected. Glycated hemoglobin A1c (HbA1c) was measured by 
high-pressure liquid chromatography (D-10TM; Bio-Rad Laboratories, CA, USA), and lipid profiles were evaluated by 
an enzymatic colorimetric assay using an automatic biochemistry analyzer (HITACHI-7600; Hitachi, Tokyo, Japan). 
Urine albumin was quantified using the turbidimetric method (albumin; Roche, Basel, Switzerland), and urine creatinine 
was assessed using the colorimetric method (CREA; Roche). Both measurements were performed using an automated 
analyzer (HITACHI-7600; Hitachi).
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Flow Cytometry Analysis
Peripheral blood mononuclear cells (PBMCs) were isolated from heparinized blood by Ficoll-Hypaque density gradient 
separation. The immuno-phenotype of the PBMCs was determined using the FACSC antoTM II flow cytometer (BD 
Biosciences, Franklin Lakes, NJ, USA) with FACSDivaTM software version 6.1.1 (BD Biosciences) for data evaluation. 
PBMCs were washed and stained, and then four-color flow cytometry analyses were performed. Th1 cells were stained 
with anti-CD4-PerCP-Cy5-5 and anti-interferon (IFN)-γ-FITC antibodies, Th17 cells with anti-CD4-PerCP-Cy5-5 and 
anti-human IL-17A-PE antibodies, Th2 cells with anti-CD4-PerCP-Cy5-5 and anti-IL-4-PE antibodies. All antibodies 
used in the flow cytometry analysis were purchased from BD Biosciences.

Quantitative Real-Time PCR
The RNA extracted from Tregs and PBMCs using TRIzol reagent (Life Technologies, Carlsbad, CA, USA) was 
quantified and assessed for purity by measuring the absorbance at 260/280 nm using a spectrophotometer; an A260/ 
A280 ratio of 1.8 to 2.0 was considered acceptable. Reverse transcription was performed using PrimeScriptTM RT reagent 
kit (Takara Bio Inc., Shiga, Japan) according to the manufacturer’s instructions for two-step RT-PCR (Applied 
Biosystems, CA, USA): (1) synthesis of complementary cDNA, followed by (2) PCR amplification. PCR reaction 
mixture consisted of SYBR® Premix Ex Taq (2×) (Takara Bio Inc., Shiga, Japan), 10 μL; cDNA 2μL; both upstream and 
downstream primers, 0.8μL; ROX Reference Dye II (50×) (Takara Bio Inc., Shiga, Japan), 0.4 μL, and ddH2O, 6μL. The 
PCR program included an initial denaturation step at 95°C for 30 seconds, followed by 40 cycles of denaturation at 95°C 
for 5 seconds, and annealing/extension at 60°C for 34 seconds. The expression levels of FOXP3, TGF-β, and IL-10 in 
Tregs and IL-6, IL-17, and IFN-γ in PBMCs were normalized to β-actin using the 2−∆∆CT method. All experiments were 
repeated independently more than 3 times. The primers used are listed in Table 1.

Functional Analysis of Tregs
Treg function is reflected by the inhibition rate of Teff proliferation. Previous research indicated that Tregs cultured with 
a fixed amount of Teff at a 1:8 ratio exhibited significant suppression.19 Three control groups and three experimental 
groups were established to evaluate how Tregs inhibit Teff proliferation at different stages of DKD. Three control groups 
consisted solely of CD4+CD25- T cells in an RPMI-1640 complete medium at a concentration of 5×106 cells/mL, with 
anti-human CD3 and anti-human CD28 antibodies serving as the controls. In the three experimental groups, Teff and 
Tregs were cocultured at a ratio of 8:1. After 72 hours, cell proliferation was determined using the Cell Trace 
carboxyfluorescein succinimidyl ester staining assay (BD Biosciences) for 30 minutes at 37°C, followed by flow 
cytometry analysis after the cells were stained with APC-anti-CD25 for another 30 minutes at 4°C. The inhibition rate 
of Teff proliferation (%) was recognized as a function of Tregs and was calculated using the following for-
mula: Teff proliferation alone � Teff proliferation with Tregs½ �=Teff proliferation aloneð Þ�100%.

Table 1 Primer Sequences for RT-PCR in Human

Gene (Human) Forward (5’-3’) Reverse (5’-3’)

β-Actin TCAAGATCATTGCTCCTCCTGAG ACATCTGCTGGAAGGTGGACA

GAPDH ACCACAGTCCATGCCATCAC TCCACCACCCTGTTGCTGTA

TGF-β AACGAACTGGCTGTCTGC CCTCTGCTCATTCCGCTTAG
IL-17 ACTACAACCGATCCACCTCAC ACTTTGCCTCCCAGATCACAG

IL-6 GTATGAACA- GCGATGATGCAC GAAACGGAACTCCAGAAGACC

IL-10 GCTGGAGGACTTTAAGGGTTAC ATGTCTGGGTCTTGGTTC
IFN-γ GCAGAGCCAAATTGTCTCCT ATGCTCTTCGACCTCGAAAC

FOXP3 GCACCTTCCCAAATCCCA GGCCACTTGCAGACACCA
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Statistical Analyses
Data were analyzed using statistical software (SPSS 22.0; LEAD Technologies, Inc., Chicago, IL, USA, and GraphPad 
Prism 6.1; CA, USA). All variables were tested for normality or homogeneity of variance, continuous variables of normal 
distribution were expressed as mean ± standard deviation (mean ± SD), and variables of non-normal distribution were 
expressed as median (interquartile range). When the data were normally distributed, independent samples t-test was used 
for comparison between two groups, and one-way ANOVA was used for comparison among multiple groups; when the 
data were not normally distributed, nonparametric tests were performed. The relationship between variables was 
analyzed by Pearson (normally distributed variables) or Spearman (non-normally distributed or ordinal variables) 
correlation. Multiple stepwise linear regression analysis evaluated the effect of GV on T cell subpopulations. The 
independent variables were gender, age, body mass index (BMI), systolic blood pressure (SBP), total cholesterol (TC), 
low-density lipoprotein-cholesterol (LDL-C), serum uric acid (sUA), the duration of diabetes mellitus (DM), TIR, 
MAGE, HbA1c, and UACR. In the end, the Tregs model retained the variables UACR, sUA, and MAGE. A p value 
<0.05 was considered to be statistically significant.

Results
Baseline Characteristics
The study population consisted of 47 T2DM patients with normoalbuminuria, 47 with microalbuminuria, and 49 with 
macroalbuminuria (Table 2). There were no significant differences in age, gender, BMI, diastolic blood pressure (DBP), 
total triglyceride (TG), high-density lipoprotein-cholesterol (HDL-C), or LDL-C among the three groups (P > 0.05 for 
all). However, the duration of DM and UACR were significantly higher in the microalbuminuria group than in the 
normoalbuminuria group, and the duration of DM, SBP, HbA1c, fasting plasma glucose (FPG), TC, sUA, creatinine (Cr), 
and UACR were all higher in the macroalbuminuria group than in the normoalbuminuria group (P < 0.05 for all). The 
duration of DM, SBP, TC, Cr, and UACR values were higher, but the eGFR was lower in the macroalbuminuria group 
than in the microalbuminuria group (P < 0.05 for all)(Table 2).

Table 2 Baseline Patient Characteristics

Clinical Parameters Normoalbuminuria Microalbuminuria Macroalbuminuria P

n=47 n=47 n=49 ANOVA Test

Gender (male/female) 28/19 25/22 27/22

Age (years) 54.12±9.65 53.56±10.65 56.32±9.15 0.862

Duration of DM (years) 7.00 (3.00, 12.00) 10.00 (5.00, 15.00)a 12.00 (9.25, 15.00)a,b <0.001
BMI (kg/m²) 23.56±2.53 24.21±4.92 25.37±3.72 0.278

Systolic BP (mm Hg) 130.96±15.21 131.02±20.42 145.21±22.09a,b <0.001

Diastolic BP (mm Hg) 86.56±10.10 85.47±12.05 87.43±12.31 0.257
HbA1c (%) 7.98±1.87 8.79±1.65 9.34±1.65a 0.009

FBG (mmol/L) 8.58 (5.79, 10.05) 9.02 (6.57, 12.73) 9.91 (8.17, 12.38)a 0.092

TC (mmol/L) 4.51±1.15 4.21±1.12 5.36±1.91a,b 0.016
TG (mmol/L) 2.60±0.78 2.57±0.86 2.85±1.26 0.482

HDL-C (mmol/L) 1.13±0.42 1.00±0.27 1.07±0.46 0.342

LDL-C (mmol/L) 2.85±0.85 2.77±0.91 3.24±1.31 0.060
sUA (μmol/L) 287.91±73.64 332.60±118.2 375.12±126.09a 0.013

Serum Cr (μmol/L) 67.23±18.34 69.01±21.12 150.01±25.06a,b <0.001

UACR (mg/g) 13.70±7.29 98.39±60.50a 1017.46±571.48a,b <0.001
eGFR (mL/min per 1.73m2) 112.49±12.22 110.68±19.15 46.70±11.18a,b <0.001

Notes: Values were expressed as means ± SD and median with range according to the nature of data. avs normoalbuminuria groups, P< 0.05; bvs 
microalbuminuria groups, P< 0.05. 
Abbreviations: DM, diabetes mellitus; BMI, body mass index; BP, blood pressure; HbA1c, hemoglobin A1c; FPG, fasting plasma glucose; TC, total 
cholesterol; TG, total triglyceride; HDL-C, high-density lipoprotein-cholesterol; LDL-C, low-density lipoprotein-cholesterol; sUA, serum uric acid; Cr, 
creatinine; UACR, urinary albumin-to-creatinine ratio; eGFR, estimated glomerular filtration rate.
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Frequency and Function of Tregs in Patients with DKD
To evaluate the frequency and function of Tregs at different stages of DKD, we used flow cytometry to detect the 
frequency and suppressive function of Tregs in the three groups. Stable expressions of FOXP3, IL-10, and TGF-β are 
vital for Tregs to play immunomodulatory roles; therefore, we also compared their mRNA expressions in all groups.

The frequency of Tregs was significantly lower in the macroalbuminuria group than in the normoalbuminuria and 
microalbuminuria groups (P < 0.01 for all). The frequency of Tregs was significantly lower in the microalbuminuria 
group than in the normoalbuminuria group (P < 0.05) (Figure 1A). FOXP3, IL-10, and TGF-β mRNA expressions in 
Tregs significantly decreased in the macroalbuminuria and microalbuminuria groups compared with the normoalbumi-
nuria group (P < 0.05 and 0.01, respectively), but only IL-10 mRNA expression significantly decreased in the 
macroalbuminuria group compared with the microalbuminuria group (P < 0.05) (Figure 1B–D).

CD4+CD25+ Tregs and Teff were isolated from patients’ peripheral blood, and a standard in vitro suppression assay 
was performed. The results showed that the suppressive function of Tregs significantly decreased in the macroalbumi-
nuria group compared with the normoalbuminuria group (P < 0.05); however, there was no significant difference between 
the normoalbuminuria and microalbuminuria groups and between the microalbuminuria and macroalbuminuria groups 
(P > 0.05) (Figure 1E).

Distribution of T Cell Subpopulations in Patients with DKD
The proportion of T cell subpopulations in the peripheral blood was evaluated by flow cytometry. The frequency of Th17 
and Th1 cells significantly increased in the macroalbuminuria group compared with the normoalbuminuria and micro-
albuminuria groups (P < 0.01 for all). The frequency of Th17 cells significantly increased in the microalbuminuria group 
compared to the normoalbuminuria group (P < 0.01), but there was no significant difference in Th1 cells between the two 
groups (P > 0.05) (Figure 2A and B). There were no significant differences in the frequency of Th2 cells among the three 
groups (P > 0.05 for all) (Figure 2C).

Moreover, the inflammatory factors in PBMCs of the patients, such as IL-6, IL-17, and IFN-γ mRNA expressions, all 
significantly increased in the macroalbuminuria group compared with the normoalbuminuria and microalbuminuria 
groups (P < 0.01 for all). There was no significant difference in IL-6 mRNA expression between the normoalbuminuria 
and microalbuminuria groups (P >0.05), but IL-17 and IFN-γ mRNA expressions significantly increased in the micro-
albuminuria group compared with the normoalbuminuria group (P <0.05 and 0.01, respectively) (Figure 2D–F).

GV in Patients with DKD
The glycemic results obtained from the CGM reports of the patients are presented in Table 3. The MBG and TAR 
significantly increased and the TIR significantly decreased in the microalbuminuria and macroalbuminuria groups 
compared with the normoalbuminuria group (P < 0.001 for all). The MBG significantly increased in the macroalbumi-
nuria group compared with the microalbuminuria group (P < 0.05). MAGE levels were higher in the macroalbuminuria 
group than in the normoalbuminuria group (P < 0.05). There were no significant differences in CV and TBR (blood 
glucose level: < 3.9 mmol/L) among the three groups.

The Correlation of T Cell Subpopulations with GV
To evaluate the effect of short-term GV on T cell subpopulations, we analyzed the relationship between some indices of 
short-term GV and the frequency of T cell subpopulations in three groups of patients. The results confirmed that MAGE 
was negatively correlated with the frequency of Tregs (Figure 3A) and positively correlated with the frequency of Th1 
and Th17 cells in the three groups (Figure 3B and C). In contrast, the TIR was positively correlated with the frequency of 
Tregs (Figure 3E) and negatively correlated with the frequency of Th1 and Th17 cells (Figure 3F and G). There was no 
significant correlation between the MAGE or TIR and the frequency of Th2 cells (Figure 3D and H).
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Figure 1 Representative FACS dot-plots used for the quantification of Tregs, FACS for the quantification of the suppressive function of Tregs, and qPCR for the 
quantification of FOXP3, IL-10, and TGF-β mRNA expressions. PBMCs were stained with anti-CD4-FITC, anti-CD25-PE, and anti-FOXP3-APC antibodies. (A) Tregs were 
defined as CD4+CD25+ FOXP3+ cells in the three groups; the average fractions of Tregs are shown in the right panels (n = 15 in each group). FOXP3 (B), TGF-β (C), and 
IL-10 (D) mRNA expressions in Tregs of the three groups (n = 8 in each group). (E) Representative suppressive functions of Tregs in the three groups are presented (n = 6 in 
each group). The CD4+CD25+ cells (Tregs) and CD4+CD25- cells were isolated and cocultured at a ratio of 8:1 for 72h. The proliferation of Teff was detected by FACS. 
*p< 0.05; **p < 0.01.
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Figure 2 Representative FACS dot-plots were used for the quantification of T cell subpopulations and qPCR for the quantification of inflammatory factor mRNA 
expressions. PBMCs were stained with anti-CD4-PerCP-Cy5-5, anti-IFN-γ-FITC, IL-17A-PE, and anti-IL-4-PE antibodies (n = 15 in each group). (A) Th17 cells were defined 
as CD4+IL-17A+ cells in the three groups; the average fractions of Th17 cells are shown in the right panels. (B) Th1 cells were defined as CD4+IFN-γ+ cells in the three 
groups, the average fractions of Th1 cells are shown in the right panels. (C) Th2 cells were defined as CD4+IL4+ cells in the three groups, the average fractions of Th2 cells 
are shown in the right panels. The IL-6 (D), IL-17 (E), and IFN-γ (F) mRNA expressions in PBMCs of the three groups are shown (n = 8 in each group). *p< 0.05; **p < 0.01.
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Regression Analysis of Associations Between T Cell Subpopulations and GV
Multiple stepwise linear regression analysis evaluated the effect of GV on T cell subpopulations. The independent 
variables were gender, age, BMI, SBP, TC, LDL-C, sUA, the duration of DM, TIR, MAGE, HbA1c, and UACR. The 
dependent variable was the proportion of T cell subpopulations. The analysis showed a significant negative correlation 
between the proportion of Tregs and MAGE (β = −0.204; P < 0.05) (Table 4).

Discussion
Herein, we found that the frequency, suppressive function, and FOXP3, IL-10, and TGF-β mRNA expressions of Tregs 
were decreased in T2DM patients with DKD, especially in T2DM patients with massive albuminuria. Moreover, we 

Table 3 Glycemic Parameters Obtained from CGM

Variable Normoalbuminuria Microalbuminuria Macroalbuminuria P

n=47 n=47 n=49 ANOVA Test

MBG (mmol/L) 8.87±1.70 9.68±1.61a 10.67±2.23a,b <0.001

% CV 23.00 (18.84, 28.00) 22.97 (19.76, 28.39) 23.80 (17.96, 31.33) 0.807
MAGE (mmol/L) 4.91±1.88 5.73±2.27 6.35±2.99a 0.039

% TIR (3.9–10mmol/L) 73.61 (57.64, 85.00) 57.64 (43.40, 72.22)a 48.32 (21.70, 77.84)a <0.001

% TBR (<3.9mmol/L) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 0.995
% TAR (10.1–13.9mmol/L) 22.57 (8.33, 36.46) 33.33 (20.49, 45.49)a 35.42 (22.40, 55.21)a <0.001

% TAR (>13.9mmol/L) 0.00 (0.00, 5.50) 5.81 (0.00, 13.54)a 8.45 (0.00, 16.60)a 0.001

Notes: Values were expressed as means ± SD and median with range according to the nature of data. avs normoalbuminuria groups, P< 0.05; bvs 
microalbuminuria groups, P< 0.05. 
Abbreviations: MBG, mean blood glucose; CV, coefficient of variation; MAGE, mean amplitude of glycemic excursions; TIR, time in range; TBR, time 
below range; TAR, times above range.

Figure 3 Linear correlation between the frequency of T cell subpopulations and some indexes of short-term GV. The relationships between the MAGE and frequency of 
Tregs (A), Th17 (B), Th1 (C), and Th2 (D) are shown. The relationships between the TIR and frequency of Tregs (E), Th17 (F), Th1 (G), and Th2 (H) are presented.
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verified for the first time that the frequency of Tregs was negatively correlated with the MAGE. Currently, MAGE is 
a reliable indicator of short-term GV level,20 which has been acknowledged by most researchers. These results suggest 
that abnormal T cell subpopulations might be, at least in part, due to increased GV in T2DM and DKD.

We acknowledge that high blood glucose is the main cause of abnormal T cell subpopulations in T2DM and T2DM 
patients with DKD. In our previous studies, we have demonstrated that abnormal T cell subpopulations are associated 
with HbA1c in T2DM.21 GV may further aggravate abnormal T cell subpopulations in T2DM patients with DKD.

Clinical studies have demonstrated that GV contributes to DKD in T2DM patients. GV has two forms: long-term GV, 
measured by HbA1c and fasting and postprandial blood glucose levels, and short-term GV, based on the daily and day-to- 
day fluctuations in blood glucose.21 Both increased long-term22–25 and short-term GV5,6 are pathogenic factors in the 
development of DKD in T2DM, although there is some inconsistency about short-term GV in association with DKD.26 

Some studies have found that hyperglycemia can also impair the function of Tregs.27 However, this study did not find 
a significant difference in the percentage of TAR (>13.9mmol/L) between the macroalbuminuria and microalbuminuria 
groups, which excludes the effect of hyperglycemia on the function of Tregs. Therefore, we speculate that increased 
short-term GV could impair Tregs function and increase the inflammatory response, due to the changes of immune cells 
and inflammatory response usually taking place within days. If short-term GV elevation is ignored in patients with 
T2DM, it may result in failure to achieve long-term GV targets over time. Because complications of T2DM usually 
emerge several years after the disease onset, if the inflammatory response is persistent, DKD may develop.

DKD has traditionally been regarded as a non-inflammatory disease, especially in T2DM patients. However, Recent 
evidence has shown that renal inflammation is important in initiating the development and progression of DKD.28 In 
T2DM, interstitial infiltration of CD4+ T cells correlates with the degree of proteinuria.29 IL-17A, a cytokine from the 
IL17 family, originates from activated Th17 cells. Excess IL-17A causes renal damage, such as mesangial matrix 
expansion and glomerular basement membrane thickening, which IL-17A neutralizing antibodies can reduce.30 Serum 
IL-6 level correlates with albuminuria severity31 and morphological changes in DKD, such as thickening of the 
glomerular basement membrane.32

DKD is considered a complex disease with a central role of chronic inflammation, progressive tubular damage, and fibrosis of 
the tubulointerstitium.7 On the other hand, protective tubular proteins, including EGF, Klotho, uromodulin, and BMP-7, have 
been associated with a slower decline in eGFR in diabetes patients.7 However, whether these protective and inflammatory factors 
are affected by GV, and anti-inflammatory treatment has beneficial effects in human DKD need further to be studied.

Tregs modulate the immune system by inducing IL-10 and TGF-β, besides direct cell–cell contact to inhibit Teff 
proliferation and activation. IL-10 can impair Teff proliferation, migration, and cytokine production.33,34 TGF-β can 
induce and maintain FOXP3 expression in nTregs and induce iTregs from naïve CD4+ T cells.35,36 Furthermore, IL-10 
and TGF-β can suppress CD4+ T-cell proliferation and do not promote fibrosis in inflamed kidneys.37,38

In conclusion, the proportion of Tregs is negatively associated with MAGE, which may compromise the function of 
Tregs and lead to an increase in the proportion of Th1 and Th17 cells, as well as the levels of inflammatory cytokines. 
Increased GV impairs the function of Tregs and aggravates the inflammatory response, which might be one of the 
mechanisms in the development and progression of DKD. Although short-term GV may reflect long-term blood glucose 
levels, the effects of long-term GV on immune system imbalance and its role in the development and progression of DKD 
should be further evaluated.

Table 4 Multivariate Linear Regression Model of GV Parameters Related to the Proportion of T Cell Subpopulations

Independent 

variables

Dependent Variable

Tregs Th17 Th1 Th2

β 95% CI p β 95% CI p β 95% CI p β 95% CI p

MAGE −0.204 −0.281~ −0.014 0.031a 0.188 −0.069~0.274 0.233 0.171 −0.153~0.731 0.292 0.187 −0.083~0.249 0.321

Note: aP< 0.05 was adjusted of gender, age, BMI, SBP, TC, LDL-C, sUA, the duration of DM, TIR, HbA1c, and UACR. 
Abbreviation: MAGE, mean amplitude of glycemic excursions.
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