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Significance of this study

What is already known about this subject?
 ► Adherence to guideline associates with improved 
clinical outcome in patients with type 2 diabetes 
with renal disease. However, there was no evidence 
for patients with diabetic nephropathy (DN) diag-
nosed by renal biopsy.

 ► The relationship between the longitudinal changes 
in clinical parameters and end- stage kidney disease 
(ESKD) risk was not clear.

What are the new findings?
 ► For patients with biopsy- proven DN, guideline ad-
herence was associated with better glycemic and 
blood pressure control, and showed the potential 
to reduce ESKD risk by comprehensively assessing 
the antihyperglycemic, antihypertensive and lipid- 
lowering treatments.

 ► The continuous control of proteinuria, low- density 
lipoprotein cholesterol (LDL- C), systolic blood pres-
sure and uric acid were more likely to reduce ESKD 
risk, particularly in proteinuria and LDL- C.

 ► Glycated hemoglobin A1c level was not associated 
with ESKD risk.

How might these results change the focus of 
research or clinical practice?

 ► This study demonstrates that guideline adherence 
and good control of proteinuria and LDL- C in pa-
tients with DN are important in improving prognosis. 
It provides theoretical evidence to help in establish-
ing the policies of standardized treatment for DN.

AbStrAct
Introduction We assessed the association between 
guideline adherence and outcomes of clinical parameter 
control and end- stage kidney disease (ESKD), and further 
studied the effect of parameter control on ESKD for 
Chinese patients with diabetic nephropathy (DN).
Research design and methods In this retrospective 
study, 1128 patients with DN (15,374 patient- visit samples) 
diagnosed by renal biopsy were enrolled. Samples were 
classified as adherence and nonadherence based on whether 
prescribed drugs conformed to medication regimen and 
drug contraindication recommended by guidelines, including 
American Diabetes Association (ADA) and Chinese guidelines. 
Guideline adherence rate was calculated on all samples 
for antihyperglycemic, antihypertensive and lipid- lowering 
treatments. Clinical parameter control was compared after 
3–6 months’ therapy between two groups by generalized 
estimating equation models. Time- dependent Cox models 
were applied to evaluate the influence of guideline adherence 
on ESKD. Latent class mixed model was used to identify 
distinct trajectories for parameters and their ESKD risks were 
compared using Cox proportional- hazards models.
Results Guideline adherence rate of antihyperglycemic 
therapy was the highest, with 72.87% and 68.15% 
of samples meeting ADA and Chinese guidelines, 
respectively. Adherence was more likely to have good 
glycated hemoglobin A1c (HbA1c) control (ADA: OR 1.46, 
95% CI 1.12 to 1.88; Chinese guideline: OR 1.42, 95% CI 
1.09 to 1.85) and good blood pressure control (ADA: OR 
1.35, 95% CI 1.03 to 1.78; Chinese guideline: OR 1.39, 
95% CI 1.08 to 1.79) compared with nonadherence. 
The improvement of patient’s adherence showed the 
potential to reduce ESKD risk. For proteinuria, low- density 
lipoprotein cholesterol (LDL- C), systolic blood pressure 
and uric acid, patients in higher- value trajectory group had 
higher ESKD risk. Proteinuria and LDL- C trajectories were 
most closely related to ESKD risk, while the risk was not 
significantly different in HbA1c trajectories.
Conclusions Guideline adherence and good control of 
proteinuria and LDL- C in clinical practice are important and in 
need for improving clinical outcomes in patients with DN.

InTRoduCTIon
Diabetic nephropathy (DN) is a chronic 
kidney disease (CKD) caused by diabetes 
mellitus, which is the main cause of end- stage 

kidney disease (ESKD) at present.1 Approx-
imately 20%–40% of patients with diabetes 
have progressed to DN.2 3 In China, the prev-
alence of DN is also increasing.4–6 In order 
to standardize the diagnosis and treatment 
of DN, multi- version clinical practice guide-
lines were formulated.7–11 These guidelines 
involved diagnosis, treatment goals, thera-
peutic strategies and so on. It was empha-
sized that patients with DN should adopt a 
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comprehensive treatment of antihyperglycemic therapy, 
hypertension control and lipid management on the basis 
of changing their lifestyle in order to slow the progres-
sion of DN.

In theory, the development of various guidelines can 
help to guide the diagnosis and treatment of the clini-
cian and improve the prognosis of patients. However, in 
actual practice, are the treatments of patients with DN in 
China accordant with guidelines? Is guideline adherence 
conducive to the improvement of clinical parameter 
control and long- term outcome? How about the associa-
tion between longitudinal changes in clinical parameters 
and outcome in patients with DN? The interpretation of 
these questions will help improve the treatment strategies 
of patients with DN with more guideline- concordance 
and real- world evidence integrated, assisting clinicians 
with most effective prescriptions.

Some published studies assessed the adherence to 
guidelines for patients with type 2 diabetes with renal 
disease and the guideline was interpreted relatively 
simply.12–15 For example, Eder et al12 assessed the guide-
line adherence with respect to metabolic and blood pres-
sure control, use of renin–angiotensin system–blocking 
agents, statins and acetylsalicylic acid for patients with 
type 2 diabetes with and without renal disease. Chen 
et al13 only assessed whether patients adjusted the dose 
of oral antidiabetic agents or avoided using them in 
patients with type 2 diabetes with moderate to severe 
CKD. Nevertheless, neither of the studies elaborated 
on the guideline- recommended medication regimen, 
namely which drug therapy should be chosen and how 
to combine drugs for precise patients grouped by their 
clinical conditions and medication history. Chen et al15 
assessed the association between oral antidiabetic drug 
treatment concordance with guidelines and related 
economic and clinical outcomes in patients with type 2 
diabetes and stage 3 to 5 CKD. However, there was no 
evidence for patients with DN diagnosed by renal biopsy. 
Also, they did not comprehensively assess the antihy-
perglycemic, antihypertensive and lipid- lowering treat-
ments. As far as we know, there was no study to assess 
the effect of longitudinal trajectories in clinical param-
eter (ie, increasing, stable or decreasing) on ESKD for 
patients with DN.

Therefore, our study aimed to fill this gap. We first 
extracted the medication regimens and drug contra-
indications of patients with DN in American Diabetes 
Association (ADA) and Chinese guidelines, and further 
evaluated the guideline adherence to antihypergly-
cemic, antihypertensive and lipid- lowering treatments 
comprehensively. Then we analyzed the influence of 
guideline- concordant treatment on clinical outcomes in 
terms of short- term clinical parameter control and long- 
term ESKD occurrence. In addition, latent class mixed 
model was used to identify longitudinal trajectory groups 
for clinical parameters, and further it was studied how 
different trajectory groups were associated with ESKD 
risk in patients with DN.

ReseaRCH desIgn and meTHods
study population
A total of 1906 patients with biopsy- proven DN in the 
Nanjing Diabetic Nephropathy Registry from January 
2003 to December 2018 were reviewed. At our institution, 
the general indication for renal biopsy is persistent albu-
minuria or decreased serum creatinine, with a particular 
emphasis on sudden- onset overt proteinuria, obvious 
hematuria or rapidly progressive glomerular nephrop-
athy.16 Patients meeting one of the following criteria were 
excluded: (1) patients with other renal diseases (such as 
membranous nephropathy and IgA nephropathy); (2) 
patients who had received kidney transplantation or 
dialysis before enrollment; (3) DN not caused by type 2 
diabetes; (4) less than 14 days from enrollment to the 
occurrence of ESKD; (5) follow- up time was less than 
1 year and no ESKD occurred; (6) patients without esti-
mated glomerular filtration rate (eGFR) record. Finally, 
1128 patients were enrolled with 15,374 follow- up visits 
from the enrollment time to outcome event (online 
supplementary figure S1).

Clinical data collection
The baseline and follow- up data of the patients were 
obtained from the Nanjing Diabetic Nephropathy 
Registry database. The time when a patient was diag-
nosed by renal biopsy was regarded as enrollment time, 
which was also baseline time. Eligible patients were 
followed up from the time of biopsy until the earliest 
outcome event (patient transferred out, death, study end 
date, ESKD occurrence). The follow- up visits of these 
patients were performed two to four times per year based 
on the patient’s individual condition. At baseline, demo-
graphic information (eg, sex and age) and disease history 
(eg, diabetes and atherosclerotic cardiovascular disease 
(ASCVD)) were collected. At baseline and each follow- up 
visit, laboratory test results, current and previous medi-
cations in prescriptions were collected. The laboratory 
test results included glycated hemoglobin A1c (HbA1c), 
blood pressure (BP), uric acid (UA), proteinuria (PRO), 
serum creatine (SCr), low- density lipoprotein cholesterol 
(LDL- C) and so on, and the medications in prescriptions 
included antihyperglycemic drugs, antihypertensive 
drugs and lipid- lowering drugs.

The eGFR was estimated using the chronic kidney 
disease epidemiology collaboration (CKD- EPI) formula.17 
ESKD was defined as eGFR <15 mL/min/1.73 m2 for over 
3 months, with initiation of dialysis or transplantation.

selection of guidelines
In this study, multi- version guidelines including ADA 
guideline for 20188 and Chinese guideline9 were selected 
for comparative analysis. In addition, some drugs metab-
olized or excreted in the kidney, so in patients with renal 
insufficiency, the decrease of renal excretion or the clear-
ance of its active metabolites can lead to adverse reactions 
such as hypoglycemia.18 Therefore, another two national 
guidelines supplemented the drug contraindications 
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when eGFR was below 60 mL/min/1.73 m2 for Chinese 
guideline in this study.10 11 Treatment strategies in 
domestic and international guidelines were summarized 
in online supplementary table S1.

statistical analysis
In this study, the guideline- concordant evaluation 
and associated clinical outcomes were given at both 
sample level and patient level. We defined a sample as a 
follow- up visit merged with diagnosis, laboratory tests and 
treatments (online supplementary figure S1B), so there 
were multiple samples for one patient. Taking the anti-
hyperglycemic therapy of ADA guideline for example, 
the flowchart of sample inclusion when evaluating the 
influence of guideline adherence on short- term/long- 
term outcome is shown in online supplementary figure 
S2. The following analysis was performed separately for 
domestic and international guidelines.

The guideline adherence rate was calculated at sample 
level. For each kind of guideline, we partitioned all 
samples into adherence and nonadherence based on 
whether the type and number of prescribed medica-
tions conformed to guideline recommendations and the 
drugs that should be completely avoided at low eGFR 
were discontinued. The short- term clinical outcomes 
were defined as target achievement rate of the key 
parameters, namely the percentages of samples with (1) 
HbA1c ＜7%, (2) both systolic BP <130 and diastolic BP 
<80 mm Hg, and (3) LDL- C <1.8 mmol/L for very- high- 
risk, LDL- C <2.6 mmol/L for high- risk (very- high- risk: 
have a definite history of ASCVD; high- risk: diabetic 
patients without history of ASCVD). Then we compared 
these clinical outcomes in short term (after 3–6 months’ 
therapy) between the two groups. The generalized esti-
mating equation (GEE) models with an exchangeable 
correlation structure were used to account for correlation 
between samples within the same patient when evaluating 
the association between guideline- concordant treatment 
and short- term clinical outcomes.19 The models were 
also performed to control potential confounding factors 
including age, sex, eGFR and corresponding parameters 
(HbA1c or systolic BP, diastolic BP or LDL- C, triglyceride 
(TG)) measured at baseline or current visit. In order to 
evaluate the influence of guideline versions published 
in different years, we divided ADA guidelines from 2003 
to 2018 into five groups according to the similarity in 
the antihypertensive treatment regimen and BP control 
target (online supplementary table S2). The 2007, 2012, 
2014, 2016 and 2018 versions of ADA were selected as 
representative of each group to study the association 
between guideline adherence and BP- goal achieving rate.

Then, we performed the long- term effect evalua-
tion results at patient level. For each patient, we first 
computed its patient’s adherence rate with regard to 
antihyperglycemic therapy, hypertension control and 
lipid management, respectively, through dividing the 
number of guideline- adherent visits by the total number 
of visits, that is, to quantify the extent to which each 

patient complied with the guidelines. In the whole 
population, we further illustrated the relationship 
between patient’s adherence rate and ESKD occurrence 
rate. To avoid the sharp variability in less visit number, 
patients with a visit number of 5 or greater were selected 
to evaluate the long- term clinical outcome. In addition, 
to evaluate the influence of exposing to different guide-
lines, taking hypertension control of ADA guideline for 
an example (online supplementary table S2), we illus-
trated the relationship between patient’s adherence 
rate and ESKD occurrence rate based on multi- version 
ADA guidelines that the different visits of the patient 
were exposed to.

Considering that the adherence for a patient to 2018 
version of guidelines was time varying and the follow- up 
time for different patients were varied, the time- 
dependent Cox models were used to evaluate the influ-
ence of guideline adherence on long- term outcome of 
ESKD.20 The models were adjusted for sex, age, eGFR, 
duration of diabetes and time- dependent covariates 
(HbA1c, systolic BP, diastolic BP, LDL- C, TG, PRO, UA).

Trajectory analyses
In order to illustrate how changes in clinical parameters 
were associated with the prognosis of patients with DN, 
latent class mixed model (LCMM) was used to identify 
distinct longitudinal trajectory groups for each key clin-
ical parameter using R package “lcmm”.21 LCMM enables 
agnostic detection of multiple subpopulations with 
distinct longitudinal patterns of clinical parameter.22 23 
Compared with the traditional method, trajectory anal-
yses may be more beneficial to identify dynamic patterns 
over time for laboratory test records in their individual 
patients rather than average changes in all of their 
patients. Thus, we used LCMM to fit the longitudinal 
records with different numbers of trajectory groups in 
various polynomial (linear, quadratic and cubic) terms. 
Best models were chosen with the following key criteria: 
sufficient patient number in each class and relatively 
low Bayesian Information Criterion. Furthermore, Cox 
proportional- hazards models were applied to analyze 
how different trajectory groups were associated with the 
occurrence of ESKD.

Potential confounding factors were adjusted stepwise 
in each Cox model. Model 1 adjusted for demographic 
factors (age and sex). Model 2 further adjusted for the 
visit number during the follow- up period and the labo-
ratory test results (including HbA1c, systolic BP, diastolic 
BP, TC, TG, LDL- C, HDL- C, UA) measured at baseline. 
Model 3 further adjusted for the baseline eGFR. In 
order to determine whether the results of the study were 
affected by changing the follow- up time, we performed 
the sensitivity analysis by changing the inclusion time 
span of the trajectory and repeating the aforementioned 
analysis. All p values were two tailed, and p value <0.05 
was considered statistically significant.
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Table 1 Baseline characteristics of study participants

Baseline characteristics Values

Age, years 50.17±9.37

Male sex 778 (69%)

Duration of diabetes, years 9.13±6.56

HbA1c, % 6.70±1.23

Uric acid, μmol/L 388.43±96.21

Total cholesterol, mmol/L 5.22±1.71

HDL- C, mmol/L 1.13±0.39

LDL- C, mmol/L 3.11±1.35

Triglyceride, mmol/L 1.55 (1.11–2.14)

Systolic BP, mm Hg 136.89±20.83

Diastolic BP, mm Hg 78.25±10.88

Proteinuria, g/24 h 1.59 (0.71–3.35)

Serum creatine, mg/dL 1.29 (0.89–1.86)

eGFR (mL/min/1.73 m2) 58.98 (38.36–92.03)

Follow- up, years 3.26 (1.56–5.53)

Anemia, % 49.91

ASCVD, % 16.9

Values for continuous variables given as mean±SD or median 
(IQR); for categorical variables, as count (percentage).
ASCVD, atherosclerotic cardiovascular disease; BP, blood 
pressure; eGFR, estimated glomerular filtration rate; HbA1c, 
hemoglobin A1c; HDL- C, high- density lipoprotein cholesterol; 
LDL- C, low- density lipoprotein cholesterol.

ResulTs
Baseline characteristics
Of the 1128 patients enrolled in the study, 778 were 
male (69%). At the time of biopsy, the mean age was 
50.17±9.37 years and the mean duration of diabetes was 
9.13±6.56 years. The median follow- up period was 3.26 
(IQR, 1.56–5.53) years. The median baseline serum 
creatinine level was 1.29 (IQR, 0.89–1.86) mg/dL and 
the median eGFR was 58.98 (IQR, 38.36–92.03) mL/
min/1.73 m2 (table 1). The ADA guideline adherence 
rates at baseline for antihyperglycemic, antihyperten-
sive and lipid- lowing treatment were 55.10%, 42.09% 
and 30.54%, respectively. The Chinese- guideline 
adherence rates at baseline were 43.88%, 45.15% and 
19.63%, respectively.

adherence to guidelines and achievement of control targets
As shown in table 2, the overall guideline adherence 
rate for antihyperglycemic therapy was the highest. 
ADA- guideline adherence rate and Chinese- guideline 
adherence rate for antihyperglycemic therapy were 
72.87% and 68.15%, respectively. Since ADA guideline 
just mentioned drug contraindications for antihyper-
glycemic therapy but not for hypertension control and 
lipid management, we just evaluated the compliance 
with the medication regimens in ADA guideline for 
antihypertensive and lipid- lowering treatment. For anti-
hypertensive treatment, ADA- guideline adherence rate 

and Chinese- guideline adherence rate were 36.00% and 
37.78%, respectively. ADA- guideline adherence rate and 
Chinese- guideline adherence rate for lipid management 
were 36.98% and 28.97%, respectively.

The short- term clinical outcomes between adherence 
and nonadherence were compared in table 3. After 
confounder adjustment by GEE models, for both ADA 
and Chinese guidelines, the adherence was more likely 
to have good HbA1c control (ADA: OR 1.46, 95% CI 1.12 
to 1.88; Chinese guideline: OR 1.42, 95% CI 1.09 to 1.85), 
good blood pressure control (ADA: OR 1.35, 95% CI 1.03 
to 1.78; Chinese guideline: OR 1.39, 95% CI 1.08 to 1.79) 
than nonadherence. Since there is no specified control 
goal of blood lipid in ADA guideline, the lipid- goal 
achieving rate was not assessed for ADA guideline. For 
Chinese guideline, we found no statistically significant 
difference between adherence and nonadherence (OR 
1.18, 95% CI 0.85 to 1.62).

The guideline adherence and associated BP- goal 
achieving rate are shown based on guidelines published 
in different years in online supplementary table S3. 
There is an irregularity between the guideline adher-
ence rate and guideline version, as the guideline adher-
ence rate with ADA guideline in 2016 was the highest 
(55.12%). Interestingly, the BP- goal achieving rate is 
closely related to the BP control target. The BP- goal 
achieving rate if concordant with ADA guideline in 
2016 was the highest (55.71%) due to a relatively high 
goal of 140/90 mm Hg. We also found among the five 
versions of ADA guidelines that guideline- adherent 
treatments tend to have better BP- goal achieving rate 
than nonadherence.

adherence to guidelines and the risk of esKd
The curves in A, B, E and F were with an obvious down-
ward trend as a whole (online supplementary figure 
S3), which means that the higher the patient’s adher-
ence rate, the lower the ESKD occurrence rate. It was 
indicated that the improvement of patient’s adherence 
showed the potential to reduce ESKD risk. Although the 
curve was fluctuated in online supplementary figure S3D, 
the whole curve still showed a slight downward trend. 
While in online supplementary figure S3C the curve was 
fluctuated horizontally, it was indicated that there was no 
obvious trend in illustrating the relationship between the 
patient’s adherence rate and ESKD occurrence rate for 
lipid management of ADA guideline. In addition, similar 
trends have been found in patients with a visit number of 
5 or greater (online supplementary figure S4) and multi- 
version ADA guidelines–based adherence rate (online 
supplementary figure S5).

The influence of guideline adherence on ESKD was 
evaluated using time- dependent Cox models (table 4). 
After adjustment for confounders, adherence to Chinese 
guideline was associated with a decrease in ESKD risk 
for antihyperglycemic therapy (adjusted HR 0.74; 
95% CI 0.58 to 0.95; p=0.016), hypertension control 
(adjusted HR 0.66; 95% CI 0.50 to 0.87; p=0.004) and 
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Table 2 ADA and Chinese guideline adherence rate for antihyperglycemic therapy, hypertension control and lipid 
management in patients with diabetic nephropathy

Treatment strategies

ADA guideline Chinese guidelines

Total sample 
number*

Adherence 
sample 
number

Guideline 
adherence
rate (%)

Total sample 
number

Adherence 
sample 
number

Guideline 
adherence 
rate (%)

Antihyperglycemic therapy

Medication rule 6925 5343 77.16 6925 5066 73.16

  Monotherapy 1221 802 65.68 1221 537 43.98

  Dual therapy 464 140 30.17 296 53 17.91

  Triple therapy 248 26 10.48 248 26 10.48

  Combination injectable 
therapy

1234 1017 82.41 1118 960 85.87

  Short- term intensive insulin 
therapy

– – – 284 132 46.48

  Continue therapy† 3758 3358 89.36 3758 3358 89.36

Drug contraindications 9176 8720 95.03 9176 8621 93.95

Rules and contraindications 6864 5002 72.87 6864 4678 68.15

Hypertension control

Medication rule 3336 1201 36.00 3407 1345 39.48

  Monotherapy 505 454 89.90 505 463 91.68

  Dual therapy 808 212 26.24 818 267 32.64

  Triple therapy 705 25 3.55 732 52 7.10

  Quadruple therapy 653 3 0.46 687 43 6.26

  Continue therapy† 665 507 76.24 665 520 78.20

Drug contraindications – – – 9937 9490 95.50

Rules and contraindications – – – 3303 1248 37.78

Lipid management

Medication rule 11 002 4069 36.98 7299 3405 46.65

  Statin 10 538 3918 37.18 4118 1240 30.11

  Statin and additional LDL- 
lowering therapy

163 19 11.66 162 18 11.11

  Fibrate 301 132 43.85 301 132 43.85

  Continue therapy† – – – 487 427 87.68

Drug contraindications – – – 5319 4806 90.36

Rules and contraindications – – – 5693 1649 28.97

Bold values denote overall adherence rate of guidelines.
*The total sample number of each group represented the number of patient visits meeting the situation mentioned in corresponding rule 
in online supplementary table S1. The adherence sample number indicated the number of patient visits in which prescribed medications 
conformed to guideline- rule recommendations. Thus, guideline adherence rate was calculated through dividing the adherence sample 
number by the total sample number.
†Continue therapy: continued previous treatment when tolerated and target achieved.
ADA, American Diabetes Association.

lipid management (adjusted HR 0.52; 95% CI 0.39 to 
0.71; p<0.001), while adherence to ADA guideline was 
associated with a decrease in ESKD risk for antihyper-
glycemic therapy (adjusted HR 0.71; 95% CI 0.55 to 0.9; 
p=0.006). However, no significant association existed 
between adherence to ADA guideline and ESKD risk 
for hypertension control (adjusted HR 0.89; 95% CI 
0.66 to 1.21; p=0.471) and lipid management (adjusted 
HR 0.95; 95% CI 0.76 to 1.19; p=0.658).

longitudinal trajectory of key clinical parameters and the risk 
of esKd
The median number of follow- up visits was 9.0 (IQR 
5.0–16.0) and median follow- up time is 3.26 (IQR 1.56–
5.53) years. During the first 2 years of follow- up, about 
70% of participants did not develop ESKD in the study. 
Therefore, we performed the longitudinal trajectory 
analysis on the key parameters in the first 2 years from 
the enrollment, and analyzed the association between 
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Table 4 Associations between guideline adherence and ESKD risk using time- dependent Cox models

ADA guideline Chinese guideline

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

Antihyperglycemic therapy 0.71 (0.55 to 0.9) 0.006 0.74 (0.58 to 0.95) 0.016

Hypertension control 0.89 (0.66 to 1.21) 0.471 0.66 (0.50 to 0.87) 0.004

Lipid management 0.95 (0.76 to 1.19) 0.658 0.52 (0.39 to 0.71) <0.001

Adjusted HR and p value were obtained via time- dependent Cox models to adjust for sex, age, eGFR, duration of diabetes and time- 
dependent covariates (HbA1c, systolic BP, diastolic BP, LDL- C, TG, PRO, UA).
ADA, American Diabetes Association; BP, blood pressure; eGFR, estimated glomerular filtration rate; ESKD, end- stage kidney disease; 
HbA1c, hemoglobin A1c; LDL- C, low- density lipoprotein cholesterol; PRO, proteinuria; TG, triglyceride; UA, uric acid.

Figure 1 Trajectory modeling identified multiple distinct trajectory groups with 95% CIs (between dashed lines) for PRO 
(A), LDL- C (B), SBP (C), UA (D), HbA1c (E). The ESKD risks were compared according to trajectory groups of those key 
clinical parameters with fully adjusted HRs (low- stable trajectory as reference) (F). ESKD, end- stage kidney disease; HbA1c, 
hemoglobin A1c; LDL- C, low- density lipoprotein cholesterol; PRO, proteinuria; SBP, systolic blood pressure; UA, uric acid.

different trajectory groups and ESKD occurrence from 
the third year.

The distinct trajectory groups of each clinical param-
eter are shown in figure 1. For proteinuria, we identified 
four distinct trajectories marked with Class 1–4 orderly: 
low stable (in black), moderate stable (in red), rising 
(in green) and declining (in blue) (figure 1A). After 
trajectory grouping, we compared their ESKD risk using 
Cox proportional- hazards models. Compared with low- 
stable proteinuria trajectory group (PRO- Class 1), the 
full multivariable- adjusted HR of ESKD was 8.29 (95% CI 
4.81 to 14.28, p<0.001) for the rising proteinuria trajec-
tory group (PRO- Class 3) and 7.46 (95% CI 3.45 to 16.14, 
p<0.001) for the declining proteinuria trajectory group 
(PRO- Class 4), as described in figure 1F and online 
supplementary table S4 (model 3). It was indicated that 

compared with low- stable trajectory group (PRO- Class 
1), participants with rising proteinuria trajectory group 
(PRO- Class 3) were at 8.29- fold higher risk of ESKD and 
participants with declining proteinuria trajectory group 
(PRO- Class 4) were at 7.46- fold higher risk of ESKD in 
fully adjusted analyses. For HbA1c, four distinct trajec-
tory groups were identified and illustrated in figure 1E. 
Patients with DN with higher HbA1c trajectory did not 
have a higher risk of ESKD (p>0.05) compared with those 
with a low- stable HbA1c trajectory. For other parameters 
including LDL- C, systolic blood pressure (SBP) and UA, 
the results for the full multivariable- adjusted HR of ESKD 
showed that participants with higher trajectory were asso-
ciated with higher risk of ESKD (figure 1B–D). Rising 
PRO trajectory (PRO- Class 3) and EX- high unstable 
LDL- C trajectory (LDL- Class 4) were most closely 
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associated with increased risk of ESKD (figure 1F). In 
summary, except HbA1c, the continuous control of PRO, 
LDL- C, SBP and UA was more likely to reduce ESKD risk, 
particularly in PRO and LDL- C. The results of sensitivity 
analysis by changing the inclusion time span of the trajec-
tory from 2 years to 3 years were similar (online supple-
mentary table S5).

dIsCussIon
To our knowledge, this is the first study to assess guideline- 
concordant treatment and associated clinical outcomes 
in patients with DN diagnosed by renal biopsy. The guide-
line adherence rates of ADA and Chinese guideline were 
similar. However, guideline adherence of treatments for 
patients with DN in China still needs to be improved, espe-
cially for antihypertensive and lipid- lowing treatment. We 
found that guideline- concordant treatments were associ-
ated with improved clinical outcomes, achieving good 
control of blood glucose and BP and showing the poten-
tial to reduce ESKD risk in the long term. Except HbA1c, 
the longitudinal trajectory analysis of PRO, LDL- C, SBP 
and UA indicated that good continuous control of these 
key parameters was associated with reduced ESKD risk, 
particularly for PRO and LDL- C.

Some previous study found guideline- concordant treat-
ment was associated with better clinical outcomes.15 24 
Similarly, we found that adherence to Chinese guideline 
was associated with a decrease in ESKD risk for antihy-
perglycemic therapy, hypertension control and lipid 
management among Chinese patients with DN. However, 
it seems that no significant association existed between 
adherence to ADA guideline and ESKD risk for hyperten-
sion control and lipid management in our study. It may be 
because that ADA guideline just mentioned drug contra-
indications for antihyperglycemic therapy but not for 
hypertension control and lipid management.8 So we just 
evaluated the compliance with the medication regimens 
in ADA guideline for antihypertensive and lipid- lowering 
treatment. Some patients in the adherence group tend to 
have higher ESKD risk if taking those drugs that should 
be discontinued at low eGFR, which probably leads to no 
significant difference in ESKD risk between adherence 
and nonadherence for hypertension control and lipid 
management of ADA guideline.

Proteinuria is an established marker of kidney damage, 
a risk factor for progression of CKD and a potent risk factor 
for mortality among the diabetic population.25 26 Our 
results are in agreement, and it was found that protein-
uria was most closely related to ESKD risk among those 
clinical parameters, and the prognosis could be improved 
by continuous good control of proteinuria. In addition, 
previous studies showed that the level of BP, lipid and 
UA were closely related to the progression of kidney 
disease in patients with DN.27–30 This was consistent with 
the longitudinal trajectory results of LDL- C, SBP and UA 
in this study, and all of them showed that patients in the 

trajectory group with higher value were associated with 
higher ESKD risk.

Our study showed that no difference in ESKD risk 
was observed among HbA1c trajectory groups. Studies 
exploring the impact of glycemic control on ESKD are 
limited and yield somewhat inconsistent results. Several 
studies have similar results to our study, indicating that 
lowering blood glucose did not appreciably reduce the 
incidence of ESKD.31–33 We discuss the possible reason 
in our study as follows. In the ADVANCE- ON study, to 
analyze the effect of intensive glucose control on ESKD 
by baseline CKD status, participants were divided into 
those with CKD stage 1, stage 2 and stage ≥3.34 A graded 
reduction in the strength of the effect was seen as CKD 
stage increased and intensive glucose control did not 
reduce the incidence of ESKD in participants with CKD 
stage ≥3. In our study, the proportion of participants 
with CKD stage ≥3 was 39%, which was quite higher than 
some studies that have similar results with our study, like 
VADT (14%) and UKPDS (10%) studies.35 This may be 
a possible reason why HbA1c level was not associated 
with ESKD risk. In addition, in patients with CKD, lower 
or higher HbA1c levels may be observed than would 
be expected from measured glucose control36 because 
HbA1c is influenced by many factors including the 
lifespan of red blood cells, recombinant human eryth-
ropoietin, blood transfusions, iron supplements and 
anemia.37–40 Those interfering and confounding factors 
may lead to erroneous HbA1c values. Glycated albumin 
was not influenced by those factors, which may replace 
HbA1c to further explore the relationship between 
glycemic control and ESKD in patients with DN.37 41

The strengths of this study are twofold. First, the data 
of patients with DN used for adherence and effective-
ness evaluation are of good quality. They consist of the 
medical records for a large number of Chinese patients 
with DN and cover a long time span with median 
follow- up time of 3.26 (IQR 1.56–5.53) years. Second, 
the methods to investigate the influence of guide-
line adherence and parameter control on the clinical 
outcomes are comprehensive, including GEE models, 
Cox proportional- hazards models and latent class mixed 
model. We consider the guideline adherence of three 
types of treatments (antihyperglycemic, antihyperten-
sive and lipid- lowing therapy) in both ADA and Chinese 
guidelines, and evaluate two types of outcomes (the 
control of clinical parameters in the short term and the 
occurrences of ESKD in the long term). In this study, 
considering the correlation between visit samples within 
the same patient, guideline adherence and its effect on 
control target achievement of parameters were evalu-
ated through GEE models. Furthermore, considering 
that adherence to a specific guideline for a patient 
was time varying and the follow- up time for different 
patients was varied, the time- dependent Cox models 
have been applied to solve this problem and evaluate the 
influence of guideline adherence on long- term outcome 
of ESKD. Finally, to investigate the effect of parameter 
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control on ESKD, an advanced method of LCMM was 
applied to identify the trajectory groups in clinical 
parameters at patient level, and associated ESKD risks 
in different trajectory groups were compared using Cox 
proportional- hazards models with sensitivity analysis.

However, our study has its limitations. First, it was a 
single- center retrospective study and the selection bias 
may exist. Some patients with incomplete follow- up 
data were not included in the study. Second, since the 
information of drug dosage was incomplete, we did not 
consider the drug dosage adjustment in patients with DN. 
Also, the incomplete death records did not allow us to 
build up competitive risk models. Third, we only measure 
guideline adherence without any measures of patients’ 
adherence to prescription. Finally, although the guide-
lines increasingly emphasize personalized treatment, in 
this study unified therapeutic targets were selected (eg, 
HbA1c<7%) without considering personalized control 
targets for individual patients.

In conclusion, the results in this retrospective study 
suggested that adherence to guidelines can help patients 
with DN patients to reach therapeutic targets and improve 
long- term prognosis. At the same time, the importance of 
strict control of proteinuria and LDL- C in patients with 
DN was emphasized. It provides the real- world evidence 
to help in establishing the policies of standardized treat-
ment for DN in China.
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