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                     Abstract 
  Objective     Dyslipidemia has been implicated in the development and progression of renal disease. To our knowledge, no 

reports have demonstrated an association between blood lipid level variability and diabetic kidney disease (DKD) in China. 

Our objective is to investigate the infl uence of variability in triglyceride levels on DKD incidence in a middle-aged to elderly 

Chinese Zhuang population with type 2 diabetes mellitus. 

   Methods     In all, 276 participants with type 2 diabetes mellitus aged ≥ 45 years were followed up for 2 ~ 5 years and the results 

were analyzed. Variability in their triglycerides was evaluated using standard deviation, coeffi  cient of variation, and vari-

ability independent of the mean, and the mean was calculated, and the outcome was DKD. We applied a Cox proportional 

hazard model to determine the relationship between variability TG levels and DKD. 

   Results     During the mean 3-year follow-up, 74 participants developed DKD. In a multivariable cox regression model, tri-

glyceride variability was a signifi cant risk factor for DKD. The hazard ratios (HRs) (95% confi dence intervals [CI]) for each 

increase in SD, CV, and VIM of triglycerides by 1 SD were 1.257 (1.038–1.522), 1.525 (1.059–2.195), and 1.007 (1.004–

1.011), respectively. Compared to the lowest quartiles of SD of triglycerides, the HRs (95%CI) were 1.858 (1.359–2.542), 

1.881 (1.354–2.612), and 1.858 (1.343–2.570) in Q2, Q3, and Q4. Consistency was seen when CV and VIM were used for 

calculating variability. 

   Conclusion     High TG variability in middle-aged and elderly Chinese Zhuang patients with type 2 diabetes mellitus was 

associated with a signifi cantly increased risk of developing DKD. 

    Keywords     Triglyceride variability    ·  Diabetic kidney disease    ·  Type 2 diabetes    ·  Zhuang population  

      Introduction 

 Diabetic kidney disease (DKD) is a severe irreversible 

complication of diabetes mellitus and is defi ned as a per-

sistent rise in albuminuria excretion, a reduction in the 

estimated glomerular fi ltration rate (eGFR), or both [ 1 ,  2 ]. 

Data show that approximately 20–40% of diabetic patients 

have DKD in a Chinese population [ 3 – 5 ]. In China, DKD 

has become a major cause of ESRD in middle-aged and 

older age-groups [ 6 ]. Unfortunately, the awareness rate of 

DKD in our country is less than 20%, and the treatment 

rate is less than 50% [ 7 ]. In addition to low awareness of 

the disease, poor patient compliance and treatment inertia 

are the main reasons for inadequate DKD control [ 2 ,  8 ]. 

Despite improvements in diabetes risk factor control and 

management, only a small proportion of patients with type 

2 diabetes achieve target levels of glucose, blood pressure, 

and lipids, especially if they are also aff ected by CKD 

[ 9 – 11 ]. Hypertriglyceridemia (HTG) is a common type 

of dyslipidemia, and the prevalence of HTG is particu-

larly high in the Chinese population. Insulin resistance 
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(IR) refers to the reduced ability of insulin target tissues 

to respond to physiological levels of insulin due to vari-

ous reasons, and the body compensates by secreting too 

much insulin to maintain blood glucose stability [ 12 ]. 

Studies have shown that hypertriglyceridemia can cause 

insulin resistance and at the same time, insulin resistance, 

as a key causative factor in many metabolic diseases, can 

exacerbate hypertriglyceridemia [ 13 ]. Patients with type 

2 diabetes mellitus (T2DM) frequently have concurrent 

lipid metabolism disorders, and abnormalities in lipid 

metabolism can be involved in kidney disease development 

[ 14 – 16 ]. In the World Health Organization's Multi-Coun-

try Follow-Up Study of Diabetic Vascular Disease, plasma 

triglycerides were found to be a signifi cant predictor of 

renal failure in patients with type 2 diabetes [ 17 ]. Recent 

evidence has suggested that lipid variability can be used 

to predict renal insuffi  ciency. Specifi cally, a Korean study 

involving 8 493 277 individuals reported an association 

between high total cholesterol (TC) variability and ESRD 

[ 18 ]. In the same year, a multicenter cohort study in Italy 

reported that low-density lipoprotein-C (LDL-C) and tri-

glyceride (TG) variabilities led to reduced eGFRs in indi-

viduals with type 2 diabetes, and interestingly, lipid vari-

ability may have a greater impact on low-risk populations, 

such as young subjects without metabolic disease [ 19 ]. A 

recent Japanese study suggested that the standard deviation 

(SD), adjusted SD, and maximum minus minimum devia-

tion of postprandial triglyceride (PTG) may increase the 

likelihood of patients with type 2 diabetes having reduced 

eGFR or microalbuminuria [ 20 ]. It is therefore unclear, 

based on the above evidence, what eff ect lipid variabil-

ity has on renal insuffi  ciency, which may be due to the 

diff erences in the populations, metabolic characteristics 

and ethnicities, and potential confounding factors in the 

studies. Moreover, few studies have focused on Chinese 

diabetic patients, and it is unclear whether previous fi nd-

ings can be translated to the high risk of DKD in middle-

aged or elderly people from China with type 2 diabetes. 

Hence, we need additional consistent data that support the 

eff ect of lipid variability on DKD to draw more concrete 

conclusions. China is composed of 56 ethnic groups, with 

the Han nationality accounting for the main part and the 

remaining 55 ethnic minorities accounting for 9% of the 

national population. The ethnic minorities show distinct 

genetic backgrounds, socioeconomic status, disease bur-

dens, languages, eating habits, and living environments 

[ 21 ,  22 ]. However, research into the risk factors of non-

communicable diseases in China often integrates ethnic 

minorities into a single ethnic category, ignoring ethnic 

diff erences, and the survey population is relatively limited. 

Therefore, we used a longitudinal cohort study to explore 

the link between TG variability and DKD development 

in middle-aged and elderly T2DM patients in a Chinese 

Zhuang population. 

    Material and methods 

   Study design  

 This was a single-center observational cohort study on mid-

dle-aged and elderly (age ≥ 45 years old) Chinese Zhuang 

individuals with T2DM. The participants were recruited from 

among ambulatory and hospitalized patients presenting at the 

Second Affi  liated Hospital of Guilin Medical University in 

Guangxi Zhuang Minority Autonomous Region, China. We 

fi rst confi rmed that they had Guangxi household registration, 

that their nationality was shown as Zhuang on their ID cards, 

and they had lived there for more than fi ve years. Patients with 

type 2 diabetes were identifi ed, followed by baseline data col-

lection, from January to December 2014. The follow-up for 

each patient ranged from 2 to 5 years (median 3.0 years). In 

2014, there were 485 diabetic patients. Participants that had 

other conditions (congestive heart failure, infections of the 

urinary system, and primary kidney disease) or other forms of 

diabetes, complied with less than 2-year of follow-up, whose 

records were lacking blood lipid data, and eGFR of < 60 mL/

min/1.73  m 2  were excluded. Data on 276 diabetic patients in 

the fi nal cohort were used in data analysis. The research fl ow 

chart was shown in Fig.  1 . 

    Measurement of anthropometric, clinical, 
and biochemical parameters 

 At each check-up, the participants were questioned regard-

ing their medical history, focusing on metabolic diseases, 

such as hypertension, diabetes, and hyperlipidemia. We took 

readings of each person’s height (cm) and weight (kg), with 

0.1 cm or 0.1 kg accuracy, when they were barefoot and in 

light clothing. To calculate BMI, we divided the patient’s 

weight (kg) by their squared height (m). Using an automatic 

electronic device (Model HEM-7117, OMRON Company, 

Dalian, China), three blood pressure readings were taken 

within 1 min after the individual had rested for 5 min, and 

the average of three measurements was calculated. Partici-

pants were categorized as having hypertension when their 

systolic BP (SBP) was ≥ 140 mmHg or diastolic BP (DBP) 

was ≥ 90 mmHg or they used antihypertensive agents. Fast-

ing venous blood specimens were collected between 07:30 

and 08:30 on the day of the test. Smoking, drinking, the 

consumption of high-sugar and high-fat food, and strenuous 

activities were prohibited during the blood sampling period. 

After overnight fasting for at least eight hours, blood was 

collected in the morning. Concentrations of plasma fasting 
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blood glucose (FBG), the two-hours postprandial blood glu-

cose (2hPBG), TC, TG, LDL-C, and high-density lipopro-

tein-C (HDL-C) were measured with commercial colorimet-

ric kits on an Architect c8000 analyzer (Abbott, IL, USA) 

using the manufacturer’s protocol. HbA1c was determined 

by high-pressure liquid chromatography. 

    Outcomes and follow-up 

 DKD was the outcome of the present study, and diagnoses 

were formed using National Kidney Foundation Kidney Dis-

ease Outcomes Quality Initiative clinical practice guidelines. 

Patients were considered to have DKD when three stand-

ard criteria were applied to them: (1) a diagnosis of type 2 

diabetes; (2) two consecutive urine tests within 6 months 

with urine albumin-to-creatinine ratio (UACR) ≥ 30 mg/g 

and/or eGFR ≤ 60 ml·min −1 ·(1.73  m 2 ). −1 ; (3) there was no 

clinical or laboratory evidence for other kidney diseases. 

The eGFR was evaluated based on revised Japanese Soci-

ety of Nephrology Chronic Kidney Disease Initiative equa-

tions:  eGFR (ml∕min∕1.73m2) = 194 × serum creatinine − 1.094 × age − 0.287     [if 

female, × 0.739] [ 23 ] 

 DKD status was reassessed annually during follow-up. 

    Parameters of lipid variability 

 We drew blood for fasting plasma lipids measurements the 

morning after the individual had fasted overnight (≥ 8 h) 

during the annual physical examination. For each patient, 

TG parameter variability was evaluated using three indices: 

SD, coeffi  cient of variation (CV), and variability independ-

ent of the mean (VIM). The CV was obtained as the SD-

to-mean ratio.   VIM = 100 × SD∕mean𝛽     , in which β repre-

sents the regression coeffi  cient based on the natural log 

of SD divided by the natural log of the mean. Therefore, 

we included only those individuals with at least four lipid 

variable readings in the fi nal analyses. The variabilities of 

the TG parameters were described in quartiles. 

    Statistical analyses 

 Data were analyzed with SPSS 20 and other statistics 

formulae and tables. We represented continuous vari-

ables as means ± SD or median (interquartile range) and 

categorical variables as numbers (percentages). We used 

Student’s t-test to compare normally distributed data 

between groups, the Wilcoxon test for non-normally dis-

tributed data, and the chi-square for categorical data. A 

Cox proportional hazards model was used to explore the 

relationships between different TG variabilities and the 

development of DKD; covariates included age, sex, dis-

ease duration, BMI, FBG, 2hPBG, HbA1c, TC, LDL-C, 

Fig. 1       Flowchart of included/

excluded type 2 diabetic 

patients of Zhuang ethnicity. 

Abbreviations: DKD, diabetic 

kidney disease; TG, triglyceride 
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and HDL-C, amongst others. The variabilities of the 

TG parameters were allocated to quartiles. Standard-

ized Kaplan–Meier curves were employed for survival 

analysis, and log-rank tests were run to compare cumula-

tive event rates differences according to TG variability 

quartiles. All tests were two-sided.  p -values < 0.05 were 

deemed statistically significant. 

     Results 

   Baseline characteristics of participants 

 Table  1  shows an outline of the clinical characteristics of 

the study population categorized by DKD status. Patients 

were assigned to two groups according to their DKD status. 

Table 1       Baseline and follow-up characteristics of the study participants 

 Data represent percentages, means ± SD, or medians (25th–75th percentile), as appropriate.  DKD  diabetic kidney disease,  SD  standard devia-

tion,  CV  coeffi  cient of variation,  VIM  variability independent of the mean,  BMI  body mass index,  TC  total cholesterol,  TG  triglyceride,  HDL 
high-density lipoprotein,  LDL  low-density lipoprotein,  SBP  systolic blood pressure,  DBP  diastolic blood pressure,  FBG  fasting plasma glucose, 

2hPBG  two-hours postprandial blood glucose,  HbA1c  hemoglobin A1c,  eGFR  estimated glomerular fi ltration rate,  UACR   urine Albumin-to-

Creatinine Ratio 

  Characteristic    Overall 

 ( n  = 276)  

  Without DKD 

 ( n  = 202)  

  With DKD 

 ( n  = 74)  

p -value  

  Baseline  

  Age (y)    60.49 ± 11.05    61.63 ± 11.05    59.92 ± 11.03    0.740  

  Diabetes duration (y)    7.00 (2.00–12.00)    5.00 (1.00–9.00)    7.00 (2.50–14.00)     < 0.001  

  Female ( n , %)    110 (39.86%)    77 (38.11%)    33 (44.59%)    0.330  

  Smoking ( n , %)    97 (35.14%)    78 (38.61%)    19 (25.67%)    0.046  

  Alcohol-drinking ( n , %)    79 (28.62%)    60 (29.70%)    19 (25.67%)    0.512  

  Education levels ( n , %)           < 0.001  

    Primary school    51 (18.48%)    35 (17.32%)    16 (7.92%)    

    High school    152 (55.07%)    100 (49.50%)    52 (70.27%)    

    College or above    73 (26.45%)    67 (33.17%)    6 (8.10%)    

  Rural residence ( n ,%)    86 (31.16%)    60 (29.70%)    26 (35.10%)    0.388  

  Diabetic retinopathy ( n ,%)    50 (18.12%)    31 (15.35%)    19 (25.67%)    0.048  

  Use of lipid-lowering agents ( n ,%)    84 (30.43%)    60 (29.70%)    24 (32.43%)    0.662  

  Insulin    148 (53.62%)    110 (54.46%)    38 (51.35%)    0.647  

  Antihypertensive drugs    118 (42.75%)    93 (46.03%)    25 (33.78%)    0.038  

  Hypoglycemic agents    196 (66.67%)    154 (77.72%)    48 (64.86%)    0.059  

  Family history of diabetes ( n ,%)    47 (17.03%)    35 (17.32%)    12 (16.21%)    0.828  

  BMI (kg/cm 2 )    24.44 (22.19–26.75)    23.63 (21.91–26.35)    24.84 (22.50–26.74)    0.386  

  TC (mmol/L)    4.83 (4.07–5.65)    4.91 (4.12–5.65)    4.80 (4.01–5.67)    0.284  

  TG (mmol/L)    1.50 (1.00–2.36)    1.40 (1.00–2.31)    1.59 (1.00–2.35)    0.905  

  LDL cholesterol (mmol/L)    3.04 (2.40–3.56)    3.50 (3.06–4.04)    3.59 (3.09–4.04)    0.126  

  HDL cholesterol (mmol/L)    1.27 (1.08–1.43)    1.26 (1.03–1.45)    1.29 (1.11–1.42)    0.015  

  SBP(mmHg)    135.07 ± 21.75    137.75 ± 24.44    133.72 ± 20.21    0.017  

  DBP (mmHg)    78.83 ± 11.40    78.48 ± 12.68    79.00 ± 10.74    0.143  

  FBG (mmol/L)    7. 80 (6.29–9.87)    7.55 (6.40–9.60)    8.00 (6.31–9.90)    0.882  

  2hPBG(mmol/L)    12.50 (9.35–15.43)    13.62 (11.20–18.40)    12.00 (8.90–14.70)    0.001  

  HbA1c (%)    7.60 (6.50–9.20)    7.45 (6.50–8.80)    7.80 (6.60–9.40)    0.095  

  eGFR (mL/min/1.73m 2 )    80.09 ± 8.19    86.40 ± 17.75    76.94 ± 16.51     < 0.001  

  UACR(mg/g)    3.92 (11.85–18.44)    7.29 (2.35–13.03)    14.59 (6.63–19.5)     < 0.001  

  Follow-up Variability  

  Triglyceride_Mean    1.60 (1.14–2.40)    2.34 (1.42–3.17)    2.39 (1.70–3.84)    0.439  

  Triglyceride_SD    1.14 (0.74–1.48)    1.31 (0.76–1.79)    1.55 (1.26–1.96)     < 0.001  

  Triglyceride_CV    0.62 (0.22–0.84)    0.22 (0.14–0.66)    0.73 (0.56–0.89)     < 0.001  

  Triglyceride_VIM    100.93 (70.14–113.03)    79.20 (33.98–104.75)    107.21 (90.27–114.23)     < 0.001  
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In comparison with those without DKD, patients with 

DKD had a greater likelihood of being female and having 

diabetes for longer, a lower literacy level, higher HDL-C, 

lower 2hPBG levels, and were more likely to have diabetic 

retinopathy (all  p  < 0.05). Fewer patients with DKD were 

on insulin or antihypertensive drugs; although there were 

lower proportions of lipid-lowering drugs in the DKD group, 

these diff erences were not signifi cant. In addition, we found 

that DKD patients had higher TG variability compared to 

those without DKD ( p  < 0.05), but the mean TG values did 

not diff er signifi cantly between the two groups ( p  > 0.05).  

    Risk factors for DKD in follow-up 

 To investigate how diff erent TG variability infl uenced the 

emergence of DKD, Cox regression was used to conduct a 

multivariate factor analysis among related factors. After fur-

ther adjustments for confounders, the results (Table  2 ) were 

relatively consistent. Overall, TG variability was a DKD risk 

factor of signifi cance. After further adjustments for age, sex, 

diabetes duration, BMI, SBP, DBP, FBG, HbA1c, TC, HDL, 

and LDL, the hazard ratios (HRs) and 95% confi dence inter-

vals (CIs) of an increase by 1 SD of SD, CV, and VIM of TG 

were 1.235 (1.017–1.499), 1.481 (1.028–2.133), and 1.008 

(1.004–1.011), respectively ( p  < 0.05).  

    TG variability and diabetic kidney disease 

 When the lowest quartile of TG variability was included as 

a reference (Table  3 ) across the models, we found a signifi -

cant rise in the risk of DKD in the upper quartiles (Q2-Q4) 

compared with the lowest (Q1). In the unadjusted Model 1, 

the HRs and 95%CIs for the highest quartiles of SD, CV, and 

VIM of TG variability were 1.826 (95%CI: 1.429, 2.333), 

1.485 (95%CI: 1.174, 1.879), and 1.572 (95%CI: 1.317, 

1.875). In Model 3 (after adjusting for age, sex, BMI, SBP, 

DBP, FBG, 2hPBG, HbA1c, TC, LDL-C, and HDL-C levels, 

etc.), the HRs and 95%CIs for the highest quartiles of SD, 

Table 2       Multivariate Cox 

proportional hazards regression 

model to study the relationship 

between TG variability and 

DKD 

 Data presented as HR and 95%CI.  HR  hazard ratio,  CI  confi dence interval,  DKD  diabetic kidney disease, 

SD  standard deviation,  CV  coeffi  cient of variation,  CV  coeffi  cient of variation,  VIM  variability independent 

of the mean 

  Variables    Model 1    Model 2    Model 3  

  HR (95% CI)    P-value    HR (95% CI)    P-value    HR (95% CI)     p -value  

  TG-SD    1.106 (1.005–1.217)    0.039    1.204 (1.026–1.412)    0.023    1.235 (1.017–1.499)    0.033  

  TG-CV    1.365 (1.056–1.763)    0.017    1.417 (1.055–1.903)    0.021    1.481 (1.028–2.133)    0.035  

  TG-VIM    1.007 (1.004–1.010)    0.000    1.007 (1.004–1.010)    0.000    1.008 (1.004–1.011)    0.000  

Table 3       Relationships between TG variability and diabetic kidney disease 

 Data presented as HR and 95%CI. Model 1: non-adjusted. Model 2:adjusted for adjusted for age, sex, BMI, diabetes duration, mean TG. Model 

3: adjusted for age, sex, BMI, diabetes duration, mean TG, smoking, drinking, family history of diabetes, SBP, DBP, FBG, 2hPBG, HbA1c, TC, 

HDL, and LDL.  Abbreviations:   HR  hazard ratio,  CI  confi dence interval,  DKD  diabetic kidney disease,  SD  standard deviation,  CV  coeffi  cient of 

variation,  VIM  variability independent of the mean,  BMI  body mass index,  TC  total cholesterol,  TG  triglyceride,  HDL  high-density lipoprotein, 

LDL  low-density lipoprotein,  SBP  systolic blood pressure,  DBP  diastolic blood pressure,  FBG  fasting plasma glucose,  HbA1c  hemoglobin A1c, 

eGFR  estimated glomerular fi ltration rate 

  Variable        Model 1    Model 2    Model 3  

  HR (95%CI)    P-value    HR (95%CI)    P-value    HR (95%CI)    P-value  

  TG-SD    Q1    ref    

  Q2      1.601 (1.251–2.047)     < 0.001    1.484 (1.156–1.906)    0.002    1.668 (1.226–2.269)     < 0.001  

  Q3      1.800 (1.412–2.295)     < 0.001    1.649 (1.279–2.125)     < 0.001    1.750 (1.282–2.389)     < 0.001  

  Q4      1.826 (1.429–2.333)     < 0.001    1.785 (1.313–2.428)     < 0.001    2.051 (1.428–2.945)     < 0.001  

  TG-CV    Q1    ref    

  Q2      1.729 (1.367–2.188)     < 0.001    1.592 (1.251–2.027)     < 0.001    1.651 (1.251–2.180)     < 0.001  

  Q3      1.684 (1.322–2.128)     < 0.001    1.592 (1.245–2.035)     < 0.001    1.655 (1.225–2.237)    0.001  

  Q4      1.485 (1.174–1.879)    0.001    1.491 (1.155–1.925)    0.002    1.574 (1.153–2.150)    0.004  

  TG-VIM    Q1    ref    

  Q2      1.233 (0.944–1.612)    0.124    1.303 (0.990–1.715)    0.059    1.612 (1.168–2.224)    0.004  

  Q3      1.256 (1.007–1.566)    0.043    1.32 (1.060–1.661)    0.013    1.456 (1.116–1.901)    0.006  

  Q4      1.572 (1.317–1.875)     < 0.001    1.563 (1.300–1.879)     < 0.001    1.733 (1.389–2.164)     < 0.001  
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CV, and VIM of TG variability were 2.051 (95%CI: 1.428, 

2.945), 1.574 (95%CI: 1.153, 2.150), and 1.733 (95%CI: 

1.389, 2.164). In addition, when the variability of TG was 

calculated using CV, the risk of DKD occurrence was still 

increased in the Q4 group, but it was lower than those in 

the Q2 and Q3 groups. Figure  2  shows the survival curves 

of cumulative incidence of DKD grouped by quartiles of 

TG variability, and higher TG variability (Q2-Q4) had an 

increased probability of association with an increased cumu-

lative incidence of DKD.          

     Discussion 

 In our investigation, we found a link between higher TG 

variability and an increased prevalence of DKD, with the 

retention of signifi cance after adjustment for demographic 

and clinical features. This concurs with the outcomes of a 

previous Italian study, although we used a diff erent index 

for calculating variability[ 24 ]. However, there are known 

biological diff erences in lipid responses [ 25 ,  26 ]. Thus, it is 

important to explore the specifi c characteristics of particular 

populations, and in our study, we focused on middle-aged 

and elderly residents of Guangxi Zhuang, China, for whom 

both dietary habits and customs diff er substantially from 

those of the Han Chinese. A Japanese report [ 20 ] claimed 

that PTG variability was a new risk factor for decreased 

eGFR and microalbuminuria incidence in type 2 diabetic 

individuals, but the study did not perform simultaneous 

blood collection and lacked a standardized diet for quality 

control, which may have directly aff ected the lipid variability 

measurements. TG concentrations are susceptible to dietary 

patterns, for example, short-term very-low-calorie factors 

can induce myocardial triglyceride accumulation. Lai et al. 

used the Environment-Wide Association Study (EWAS) 

approach to characterize dietary factors associated with 

triglycerides and found that alcohol consumption, cigarette 

smoking, and carbohydrate intake were the main infl uences 

on triglycerides [ 27 ], and that changes in TG concentrations 

were also aff ected by mealtimes, exercise, heredity, and 

free fatty acids (FFA) in the body [ 28 ]. It has been reported 

that inter-day variations in TG concentrations are closely 

Fig. 2       Kaplan–Meier curves of cumulative events of diabetic kidney disease by quartile variability of lipid parameters (A: TG variability by SD; 

B: TG variability by CV; C: TG variability by CV) 
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related to diet composition and time of measurement, that 

similar food compositions can lead to diff erent results in 

PTG responses [ 29 ,  30 ], and that peak TG often occurs at 

diff erent time points [ 31 ,  32 ]. Currently, the oral fat toler-

ance testing (OFTT) protocol is most commonly utilized for 

the assessment of PTG and recommends the use of a dietary 

meal standard containing 75 g of fat to assess PTG [ 33 – 35 ]. 

According to the Greek consensus, a PTG level of > 220 mg/

dL after the consumption of high-fat food is considered high 

[ 36 ]. Recently, researchers in China showed this threshold 

to be eff ective for assessing dyslipidemia in those with a 

fasting triglyceride (FTG) level of 1.0–1.7 mmol/L [ 37 ]. In 

contrast, a Mexican study showed that a cut-off  value of 

280 mg/dL PTG at any timepoint after a meal following 

the OFTT test was eff ective for diff erentiating patients with 

fasting hypertriglyceridemia (> 150 mg/dL) [ 38 ]; however, 

their calculated PTG threshold is inconsistent with the con-

sensus and, despite the inclusion of only 50 g of fat in the 

meal, a similar FTG response was seen in the Chinese study 

following the consumption of75 g of high-fat food, suggest-

ing the existence of population variability in the defi nition 

of PTG thresholds. Furthermore, this recently discovered 

threshold cannot be directly correlated with cardiovascu-

lar or mortality events. Consistent with previous studies, 

this study found that TG variability in women was more 

strongly associated with the risk of diabetic nephropathy, 

which may be related to both estrogen and gene expression 

[ 39 ]. However, in previous studies, some important sex dif-

ferences were observed in the management of risk factors. 

Compared with men with T2 DM, women with T2 DM had 

worse cardiovascular risk factor management, especially 

when they had cardiovascular disease [ 39 ]. These results 

suggest that stabilization of lipid levels is important in dia-

betic patients, especially women. Currently, patients’ fast-

ing lipids are still normative measurements in China [ 40 ]. 

Although some recent guidelines and consensus statements 

suggest that PTG is more reliable than FTG for predicting 

cardiovascular disease risk [ 35 ,  41 ,  42 ], the PTG does not 

have wide clinical application and is disadvantaged by an 

absence of standard clinical guidelines for the detection of 

postprandial lipid levels and population-based normal refer-

ence values. There have been many studies demonstrating 

the correlation between TG and DKD [ 43 ,  44 ], but no causal 

factors linking TG and DKD have been demonstrated. It has 

recently been reported that altered TG only, without other 

concomitant metabolic abnormalities, does not seem to have 

any causal association with kidney disease development [ 45 , 

46 ]. However, a Mendelian randomization (MR) analysis 

from China showed that higher TG levels were linked to a 

higher likelihood of developing chronic kidney disease [ 47 ]; 

it is possible that this lack of consensus may be the result of 

discrepancies in sample sizes, ethnicities, and outcome clas-

sifi cation of the studies. Diabetic dyslipidemia and diff erent 

stages of nephropathy diff er in their outcomes, indicating 

that the complexity of the pathogenesis and the likelihood 

of several biologically plausible mechanisms to explain the 

development of DKD. When adipose tissue becomes insulin 

resistant, it releases large amounts of free fatty acids (FFA), 

and increased FFA levels cause the liver to synthesize very 

low-density lipoproteins (VLDL) and increase the relative 

amount of low-density lipoproteins (LDL); in addition, the 

clearance of total triglycerides (TG) by lipoprotein lipase 

(LPL) is prolonged, resulting in the main manifestations of 

lipid metabolism disorders in DKD patients being hyper-

triglyceridemia and steatohepatitis [ 48 ]. TG levels exceed-

ing the upper limit of its storage in adipose tissue aggravate 

lipid deposition in the glomerulus, and ectopic deposition 

of lipids leads to endothelial cell injury, which, in turn, pen-

etrates into adjacent endothelial tissues, such as mesangial 

cells, pedunculated cells, and renal tubular epithelial cells 

(RTECs), further exacerbating glomerular injury and scle-

rosis [ 49 ]. In addition, the accumulation of lipid can further 

aggravate glomerular damage and sclerosis. Lipid accumula-

tion can also lead to podocyte damage [ 50 ], increased extra-

cellular matrix deposition [ 51 ], and macrophage infi ltration 

[ 52 ], which is associated with pathways involving infl am-

matory responses [ 53 ], oxidative stress [ 54 ], endoplasmic 

reticulum stress [ 55 ], and mitochondrial damage [ 56 ]. 

 Therefore, whether higher TG variability is a pathogenic 

factor of or a compensatory response to DKD, our current 

understanding of this regulatory network is incomplete and 

further studies are still needed to elucidate its features. 

    Study limitations 

 This was a study to assess the relationship between TG vari-

ability and DKD among Chinese minorities at follow-up, 

but a number of limitations warrant consideration. First, our 

sample size was relatively small, some of the data were lost 

during follow-up, and the cohort study was based in a tertiary 

care hospital, thus lacking broad representation and having 

the potential of a certain degree of sampling bias. Second, 

although patient medication information was collected at 

baseline, we did not monitor patient glycemic variability, 

elevated blood uric acid, infl ammation, eff ects of nephrotoxic 

drugs and dietary habits during follow-up, which are known to 

lead to faster progression of renal damage. Moreover, because 

diet has strong regional and ethnic variations, this may have 

aff ected our actual results. Third, we conducted a short-term 

follow-up period of a maximum of only 5 years, and it is nec-

essary to continue to conduct cohort studies with larger sam-

ples for longer periods of time to more clearly defi ne the link 

between TG variability and DKD in the short and late stages. 

Despite these limitations, our study also has some advantages 

in that less attention was paid to ethnic minorities at home 
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and abroad. Furthermore, it was based on a natural cohort of 

ethnic minorities in Guangxi, where the Zhuang population 

lives in clusters, is less mobile, and the areas of residence are 

relatively concentrated, and thus have a better representation. 

Our study has practical reference value for the development 

of prevention and control strategies and measures for diabetic 

nephropathy in the Zhuang population. 

    Conclusion 

 In conclusion, after adjusting for confounders, three diff erent 

high TG variants were risk-associated with DKD develop-

ment in middle-aged and elderly type 2 diabetic patients in 

Guangxi Zhuang. This suggests that achieving lipid stabili-

zation, especially TG, may help to reduce the propensity for 

renal dysfunction. Future studies should focus on whether 

interventional tools have benefi cial eff ects on TG variability. 
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