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Abstract

Background: The role of statin therapy
in the development of kidney disease in
patients with type 2 diabetes mellitus
(DM) remains uncertain. We aimed to
determine the relationships between
statin initiation and kidney outcomes in
patients with type 2 DM.

Methods: Through a new-user design,
we conducted a multicentre retrospect-
ive cohort study using the China Renal
Data System database (which includes
inpatient and outpatient data from
19 urban academic centres across
China). We included patients with type 2
DM who were aged 40 years or older and
admitted to hospital between Jan. 1,
2000, and May 26, 2021, and excluded
those with pre-existing chronic kidney
disease and those who were already on
statins or without follow-up at an affili-
ated outpatient clinic within 90 days after
discharge. The primary exposure was
initiation of a statin. The primary out-
come was the development of diabetic
kidney disease (DKD), defined as a com-

posite of the occurrence of kidney dys-
function (estimated glomerular filtration
rate [eGFR] < 60 mL/min/1.73 m? and
> 25% decline from baseline) and pro-
teinuria (a urinary albumin-to-creatinine
ratio = 30 mg/g and > 50% increase from
baseline), sustained for at least 90 days;
secondary outcomes included develop-
ment of kidney function decline (a sus-
tained > 40% decline in eGFR). We used
Cox proportional hazards regression to
evaluate the relationships between
statin initiation and kidney outcomes, as
well as to conduct subgroup analyses
according to patient characteristics,
presence or absence of dyslipidemia, and
pattern of dyslipidemia. For statin initia-
tors, we explored the association
between different levels of lipid control
and outcomes. We conducted analyses
using propensity overlap weighting to
balance the participant characteristics.

Results: Among 7272 statin initiators and
12586 noninitiators in the weighted
cohort, statin initiation was associated

with lower risks of incident DKD (hazard
ratio [HR] 0.72, 95% confidence interval
[CI] 0.62-0.83) and kidney function
decline (HR 0.60, 95% Cl 0.44-0.81). We
obtained similar results to the primary
analyses for participants with differing
patterns of dyslipidemia, those pre-
scribed different statins, and after stratifi-
cation according to participant character-
istics. Among statin initiators, those with
intensive control of high-density lipopro-
tein cholesterol (LDL-C) (< 1.8 mmol/L)
had a lower risk of incident DKD (HR 0.51,
95% Cl 0.32-0.81) than those with inad-
equate lipid control (LDL-C = 3.4 mmol/L).

Interpretation: For patients with type
2 DM admitted to and followed up in
academic centres, statin initiation was
associated with a lower risk of kidney
disease development, particularly in
those with intensive control of LDL-C.
These findings suggest that statin initia-
tion may be an effective and reasonable
approach for preventing kidney disease
in patients with type 2 DM.

Statins are among the most commonly prescribed medica-
tions, administered to 146 million people worldwide.! Statin
therapy reduces the risk of cardiovascular disease in patients
with type 2 diabetes mellitus (DM) and in patients with hyper-
tension.?”® Current guidelines from the Canadian Cardiovascu-
lar Society and the American Diabetes Association recommend
statin therapy for patients with diabetes aged 40 years or

older.c® However, some recent studies have shown that treat-
ment with a statin alters glucose metabolism and affects gly-
cemic control in such patients.’"1> Given that a worsening of
glycemic control is associated with the development or pro-
gression of microvascular disease, patients with diabetes
who are undergoing statin treatment might be at higher risk of
developing microvascular complications.
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Diabetic kidney disease (DKD) is a common microvascular com-
plication in patients with type 2 DM, is the leading cause of end-
stage kidney disease, and imposes enormous health care and finan-
cial burdens in both low- and high-income countries.'*® Although
multiple experimental and epidemiologic studies have shown that
dyslipidemia is a risk factor for kidney disease in patients with dia-
betes, the role of lipid-lowering therapy in the development of kid-
ney disease in patients with type 2 DM remains unclear.'*! Previous
studies suggested that statins might have protective effects against
diabetes-induced oxidative stress and podocyte injury in the kid-
ney.??* However, several population-based studies have shown
that the use of statins does not reduce the risk of kidney disease?**
and, as noted earlier, may even have adverse effects in patients with
diabetes.?®?” Thus, it is uncertain whether the administration of
statins represents an appropriate means of preventing DKD.

To address this knowledge gap, we performed a retrospective
observational cohort study of patients with type 2 DM across
China to determine the effect of statin initiation on the develop-
ment of DKD and kidney function decline.

Methods

Study design and setting
This is a multicentre retrospective cohort study using a new-user
design and de-identified data collected from the China Renal
Data System (CRDS) database from Jan. 1, 2000, to May 26,
2021.%8 At present, the government’s basic medical insurance
provides coverage for more than 95% of the population in China,
including access to care at academic health care centres.?®

We reported the study according to the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE)
reporting guideline.®

Data source

The CRDS database is a joint initiative of the National Clinical
Research Center for Kidney Disease and the China Center for
Disease Control and Prevention. This database contains data for
more than 7 million inpatients and outpatients from 19 large,
urban academic centres that cover the major geographic
regions across China (Appendix 1, Supplementary Methods 1,
available at www.cmaj.ca/lookup/doi/10.1503/cmaj.230093/tab
-related-content). The accuracy and completeness of this data-
base have been verified in our previous studies®*2 and by other
validation activities (Appendix 1, Supplementary Methods 1).

Participants
We selected patients with type 2 DM admitted to hospital
between Jan. 1, 2000, and May 26, 2021, and aged 40 years or
older, for inclusion in the present study. The diagnosis of type 2
DM was based on the International Classification of Diseases, 10th
Revision (ICD-10) code E11,* and all hospital admissions for
diabetes-related complications or general admissions with dia-
betes as a comorbidity were included.

We assigned the date of the first statin prescription as the
index date for statin initiators. For noninitiators, we assigned the
index date as a randomly selected date of any admission (i.e., not

limited to hospital admissions for diabetes or related complica-
tions). All study participants (both initiators and noninitiators)
had not received a statin prescription within the previous year
before the index date.

We excluded patients for whom baseline serum creatinine or
urinary protein concentrations were not available, and those
with a diagnosis of chronic kidney disease (as defined by ICD-10
code N18) or an estimated glomerular filtration rate (eGFR) of
< 60 mL/min/1.73 m? or proteinuria (defined as a urinary
albumin-to-creatinine ratio = 30 mg/g) before the index date.>*
We also excluded patients with identified or suspected acute
kidney injury at the index date. We based the diagnosis of acute
kidney injury on ICD-10 codes N10/N17/090.4 or Kidney Disease
Improving Global Outcomes creatinine criteria.® We defined sus-
pected acute kidney injury as a 50% or greater change in serum
creatinine within 1 month.*

We defined a 1-year observational period before the index
date and excluded those who did not have any records of pre-
scriptions from an affiliated outpatient clinic or during a hospital
admission during this period. We also excluded patients without
follow-up at an affiliated outpatient clinic within 90 days after
discharge or who were prescribed a statin and 1 or more other
lipid-lowering drugs. The follow-up period started on the index
date and continued until any outcome occurred, the participant
was lost to follow-up, or the date of the final serum creatinine
measurement or urinary protein test, whichever came first.

Exposure

The primary exposure was the initiation of statin treatment
(Appendix 1, Supplementary Methods 2), as defined by a statin being
prescribed. We extracted details of statin prescriptions — including
dose, usage, and starting and ending times of statins during inpatient
and outpatient periods — from the CRDS database and further valid-
ated them by accessing the relevant individual academic centre’s
information system to extract the electronic medical records data.
For comparison, we defined noninitiators as those who did not
receive a statin prescription or a prescription for any nonstatin lipid-
lowering drugs (e.g., fibrate, ezetimibe and nicotine acid).

Outcomes

The primary outcome was the development of DKD, defined as a
composite of the occurrence of kidney dysfunction” (defined as
an eGFR < 60 mL/min/1.73 m? and > 25% decline from baseline)
and proteinuria (defined as a urinary albumin-to-creatinine ratio
> 30 mg/g and > 50% increase from baseline), sustained for at
least 90 days. The secondary outcomes were individual indices
indicating the development of DKD and the development of kid-
ney function decline (defined as a sustained > 40% decline in
eGFR).3® We calculated the eGFR using serum creatinine and the
Chronic Kidney Disease Epidemiology Collaboration equation.®®

Covariates

We collected demographic information (age, sex) and comorbid-
ities determined using ICD-10 codes at baseline (defined as
within a 3-month period before the index date). We calculated
the age-adjusted Charlson Comorbidity Index to quantify the
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overall comorbidity status.*® We identified antihypertensive
drugs and glucose-lowering drugs during the observational
period (i.e., within 1 year before the index date). The relevant
Anatomic Therapeutic Chemical codes are summarized in
Appendix 1, Supplementary Table 1.

We extracted physical examination and laboratory test
results, including blood pressure measurement, body mass
index, serum lipid concentrations (total cholesterol [TC], low-
density lipoprotein cholesterol [LDL-C], high-density lipoprotein
cholesterol [HDL-C] and triglyceride [TG]), eGFR, glycosylated
hemoglobin (HbA,,), serum uric acid, alanine aminotransaminase
and aspartate aminotransaminase, hemoglobin and leukocytes.
We included the most recent measurements of these parameters
within 3 months before the index date. All covariates were con-
sidered clinically relevant based on biological mechanism or evi-
dence from previously published data.1%*

Statistical analysis

We summarized the clinical parameters and baseline characteristics
of the statin initiator and noninitiator groups and used standardized
mean differences (SMDs) to evaluate the balance of the 2 groups.

We used propensity score overlap weighting to balance the
characteristics of the statin initiators and noninitiators to mimic
randomized clinical trials.*> We identified a total of 38 covariates
and modelled their hypothetical causal pathways using a directed
acyclic graph (Appendix 1, Supplementary Figure 1); we included
these in the propensity score overlap weighting. Overlap weight
for each participant was calculated by multivariable logistic
regression and assigned to each participant proportionally to the
probability of that patient belonging to the opposite treatment
group. This method created balance between the exposure
groups with regard to all the covariates included in the propensity
score. After weighting, parameters with an SMD higher than 0.1
were regarded as unbalanced between the groups.*

We evaluated the relationships between statin initiation and
kidney outcomes using Cox proportional hazards regression after
weighting. Hazard ratios (HRs) and the corresponding 95% confi-
dence intervals (Cls) were reported. We tested the proportional
hazards assumption using Schoenfeld residuals.

We conducted a predefined subgroup analysis according to
the presence or absence of dyslipidemia (defined as LDL-C
>3.4 mmol/L or TC=5.2 mmol/L or TG = 1.7 mmol/L) and the pat-
tern of dyslipidemia (high TC or LDL-C, high TG, or both).* We
also determined the potential effect modification associated
with statin initiation on the development of DKD using the same
Cox model after weighting and after stratification according to
age, sex, HbA,, comorbidity, use of insulin, use of metformin, and
treatment with antihypertensive drugs (renin-angiotensin sys-
tem inhibitors, B-blockers, calcium channel blockers and
diuretics).

Additional analyses

We performed additional analyses to compare the effects of
statin initiation on kidney outcomes in patients with different
levels of lipid control. We evaluated the first serum LDL-C con-
centration recorded for statin initiators between 90 and 365 days

after the index date. Those whose serum LDL-C concentrations
were less than 1.8 mmol/L, 1.8 to less than 3.4 mmol/L, and
3.4 mmol/L or higher were defined as belonging to the intensive
lipid control, moderate lipid control and inadequate lipid control
groups, respectively.*** Furthermore, we evaluated the relation-
ships between the various types of statins with kidney outcomes.
We also conducted a multivariable logistic regression to assess
the association between statin initiation and the use of glucose-
lowering drugs during follow-up, after weighting.

Sensitivity analyses

We performed a series of sensitivity analyses to evaluate the
robustness of the findings. We developed a long-term follow-up
cohort from our study population, which excluded those with
loss of follow-up (i.e., not seen at an affiliated outpatient clinic)
within the first 3 years. We fitted propensity score matching and
inverse probability treatment weighting (stable weighting)
models to evaluate the relationship between statin initiation and
kidney outcomes, in place of overlap weighting (Appendix 1,
Supplementary Methods 3). We used a time-varying Cox model
with statin initiation treated as a time-varying exposure. To
evaluate the bias associated with reverse causality, we excluded
participants who developed a kidney outcome within the first
year of the study.

Finally, to account for the bias introduced by unmeasured
confounders, we calculated the E-value for the kidney outcomes.
The E-value represents the minimum magnitude of association
required for an unmeasured confounder to reverse the observed
association toward a null. In brief, if the relative risk between
unmeasured confounders, kidney outcomes and statin initiation
is greater than the estimated E-value, residual confounders may
be sufficient to explain the identified association.*

We managed missing data in all analyses using multiple impu-
tation, with an assumption of missing at random. We performed
all statistical analyses using SAS version 9.4 (SAS Institute, Cary,
NY, USA) and R 4.1.1 (R Foundation for Statistical Computing,
Vienna, Austria) and with a significance level of 0.05 (2-sided).

Ethics approval

The study was approved by the China Office of Human Genetic
Resources for Data Preservation Application (approval no.: 2021-
BC0037). The protocol was approved by the Medical Ethics Com-
mittee of Nanfang Hospital, Southern Medical University
(approval no.: NFEC-2019-213), and the requirement for
informed consent was waived.

Results

We selected a total of 19858 participants from the original cohort
of 455493 patients with type 2 DM admitted to a participating
hospital during the study period (Figure 1). The baseline charac-
teristics and weighting of the groups are summarized in Table 1
and Appendix 1, Supplementary Table 2. Among 7272 statin initi-
ators and 12586 noninitiators, 11012 (55.5%) were male and
their median age was 62.2 years (interquartile range 54.5-
69.4 yr). The mean duration of follow-up was 1.6 years.
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Patients with type 2 DM who were
admitted to 1 of the 19 medical

centres between 2000 and 2021
N=476218

Excluded n=20725
« Ageyounger than 40 yr

Patients with type 2 DM

aged 240 yr
n=455493

— Excluded n=408 041

With prescription records of <1 yr
before the index date* n =156 544
Previous use of statins before the
index date n=171 808

Lack of creatinine measurements
or urinary protein tests at the index
date n= 32581

Diagnosed with CKD before the
index date n= 44931

With identified or suspected AKI at
the index date n= 2177

Patients with type 2 DM without

kidney disease
n=47452

—— Excluded n=27594
« Statin combined with other
lipid-lowering agents n=501
« Loss of follow-up within 90 d
n=27093
Y

Eligible patients n=19 858

Noninitiators n=12 586

Statin initiators n=7272

Figure 1: Flow chart of study population. *We assigned the date of the
first statin prescription as the index date for statin initiators. For noniniti-
ators, we assigned the index date as a randomly selected date of any
admission. AKI = acute kidney injury, CKD = chronic kidney disease, DM =
diabetes mellitus.

Association of statin initiation with risk of kidney
outcomes

The weighted cumulative incidences of kidney outcomes among
statin initiators and noninitiators are shown in Figure 2 and
Appendix 1, Supplementary Table 3. Statin initiation was signifi-
cantly associated with lower cumulative incidences of incident
DKD, new-onset proteinuria and more than 40% decline in eGFR
(p <0.05 for all), but not with new-onset eGFR lower than 60 mL/
min/1.73 m? (p = 0.34). After weighting, the risk of incident DKD
was significantly lower for statin initiators than for noninitiators
(HR 0.72, 95% Cl 0.62-0.83) (Figure 3).

Using Cox proportional hazards regression after weighting,
statin initiation was found to be associated with lower risks of
new-onset eGFR lower than 60 mL/min/1.73 m? (HR 0.63, 95% ClI
0.50-0.79), new-onset proteinuria (HR 0.70, 95% CI 0.59-0.84) and
kidney function decline (HR 0.60, 95% Cl 0.44-0.81) (Figure 3).

In subgroup analyses, we also obtained consistent findings for
participants with or without dyslipidemia and with different pat-
terns of dyslipidemia (high TG, high TC or LDL-C, or both) (Figure 3
and Appendix 1, Supplementary Figure 2). We did not find any sig-
nificant effect modifiers among the other clinical characteristics
(all Pinteraction > 0.05) (Appendix 1, Supplementary Figure 3).

Additional analyses

We performed additional analyses to compare the effects of
statin initiation on kidney outcomes in those with different
levels of LDL-C control (Appendix 1, Supplementary Figure 4). By
comparison with the inadequate lipid control group (LDL-C
> 3.4 mmol/L), patients with intensive control (LDL-C
< 1.8 mmol/L) had the lowest risk of developing DKD (HR 0.51,
95% CI 0.32-0.81). Similar results were obtained for the risk of
new-onset eGFR lower than 60 mL/min/1.73 m? and proteinuria.
Among those with moderate control (LDL-C 1.8 to < 3.4 mmol/L),
there was no significant association with the development of
DKD when compared with the inadequate lipid control group
(HR 0.84, 95% C1 0.61-1.11).

Atorvastatin (n = 4424 [60.8%]) and rosuvastatin (n = 1135
[15.6%]) were the most frequently used statins (Appendix 1,
Supplementary Table 4). The hazard ratios for DKD ranged from
0.65 to 0.88 and from 0.46 to 0.75 for patients taking lipophilic
(simvastatin, pitavastatin, fluvastatin and atorvastatin) and
hydrophilic (pravastatin and rosuvastatin) statins, respectively.

With respect to glucose metabolism and glycemic control
(Appendix 1, Supplementary Table 5), there was a significant posi-
tive association between statin initiation and an increase in the
use of oral glucose-lowering drugs (OR 1.75, 95% CI 1.50-2.05).

Sensitivity analyses

About 1 in 5 study participants (4107/19858, 20.7%) were fol-
lowed up for longer than 3 years, with a mean follow-up of
3.5 years. The associations of statin initiation with kidney out-
comes remained in these patients (Appendix 1, Supplementary
Table 6). We also found similar results for the associations of
statin initiation with the risks of kidney outcomes when using the
stable weighting, propensity score matching and time-varying
Cox models (Appendix 1, Supplementary Table 7 and 8).

With respect to the reverse causality (Appendix 1, Supplemen-
tary Table 9), we found consistent results after excluding partici-
pants who developed DKD within 1 year. The E-value for kidney
outcomes ranged from 2.1 to 2.7 in the primary analyses.

Interpretation

In this multicentre cohort study of patients with type 2 DM admit-
ted to and followed up in an academic centre in China, we found
that statin initiation was associated with significantly lower risks
of developing DKD and kidney function decline. These associa-
tions were robust, being unaffected by differences in clinical
characteristics or the pattern of dyslipidemia. The similar results
in multiple sensitivity analyses that evaluated reverse causality
and unmeasured confounders also suggest that the findings of
the present study are robust.
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Table 1: Baseline characteristics of study population*

Characteristic

Age, yr, median (IQR)
Male
BMI, median (IQR)

Blood pressure, median
(IQR), mm Hg

SBP
DBP

Baseline eGFR, median (IQR),
mL/min/1.73 m?§

Dyslipidemia

LDL-C = 3.4 mmol/L

TC=5.1 mmol/L

TG=1.7 mmol/L
Albumin, g/L, median (IQR)
HbA,., %, median (IQR)
Glucose-lowering drugs

Insulin

Metformin

SGLT2 inhibitors

DPP4 inhibitors

Sulfonylureas
Antihypertensive drugs

RASI

B-blockers

CCB

Diuretic
Comorbidities

Diabetic complications**

Myocardial infarction

Arrhythmia

Hypertension

Hyperuricemia

Cerebral bleeding

Cerebral infraction

CCl, median (IQR)Y

No. (%)T of total No. (%)t of
patients noninitiators
n=19 858 n=12586

62.2 (54.5-69.4)

11012.0 (55)

23.6 (21.5-26.0)

131 (120-144)

79 (71-86)

94.2
(83.7-103.1)

4086.0 (20.6)
5583.0 (28.1)
4324.0 (21.8)

40.5 (37.6-43.5)

7.0 (6.2-8.3)

9159.0 (46.1)
6851.0 (34.5)
82.0(0.4)
1345.0 (6.8)
4358.0 (21.9)

4872.0 (24.5)
3759.0 (18.9)
5939.0 (29.9)
3186.0 (16.0)

4297.0 (21.6)
218.0 (1.1)
1899.0 (9.6)

9049.0 (45.6)

2154.0 (10.8)
236.0 (1.2)

2492.0 (12.5)

6 (5-7)

7140.0 (56)

78 (70-85)

9.6
(86.8-105.1)

1753.0 (13.9)
2747.0 (21.8)
2378.0 (18.9)

6.9 (6.2-8.1)

6410.0 (50.9)
3604.0 (28.6)
24.0(0.2)
607.0 (4.8)
2476.0 (19.7)

1827.0 (14.5)
1522.0 (12.1)
2908.0 (23.1)
2370.0 (18.8)

2297.0 (18.3)
24.0 (0.2)
770.0 (6.1)

4550.0 (36.2)
948.0 (7.5)
103.0(0.8)
548.0 (4.4)

6 (5-7)

60.7 (53.5-67.4)

23.4(21.2-25.8)

129 (118-141)

40.2 (37.1-43.3)

Before weighting

No. (%)T of statin

initiators
n=7272
65.0 (57.1-72.7)
3872.0 (53)
24.1(22.0-26.4)

135 (123-149)
80 (72-87)

89.6
(79.2-98.8)

2333.0(32.1)
2836.0 (39.0)
1946.0 (26.8)
40.9 (38.2-43.7)
7.0 (6.3-8.5)

2749.0 (37.8)
3247.0 (44.7)
58.0(0.8)
738.0(10.1)
1882.0 (25.9)

3045.0 (41.9)
2237.0(30.8)
3031.0 (41.7)
816.0(11.2)

2000.0 (27.5)
194.0 (2.7)
1129.0 (15.5)
4499.0 (61.9)
1206.0 (16.6)
133.0 (1.8)
1944.0 (26.7)
6 (4-7)

SMD¥

0.40
0.07
0.22

0.03
0.02
0.46

0.44
0.38
0.19
0.21
0.15

0.27
0.34
0.09
0.20
0.15

0.64
0.47
0.41
0.21

0.22
0.21
0.31
0.53
0.28
0.09
0.65
0.23

After weighting

Percentaget of
noninitiators
62.7 (55.3-69.9)
53.0
23.8(21.6-26.2)

131 (120-145)
79 (71-86)

o815
(82.8-101.9)

24.9
334
24.7
40.8 (38.0-43.8)
7.0 (6.3-8.5)

43.9
39.2
0.5
8.6
24.0

27.4
19.2
32.0
12.7

24.9
0.6
10.1
48.6
12.8
16
123
6 (4-7)

Percentaget of
statin
initiators
62.8 (54.7-70.5)
53.0
23.8 (21.7-26.1)

132 (120-145)
80 (71-87)

C8.3
(82.9-101.9)

24.9
33.4
24.7
40.7 (38.0-43.6)
7.0 (6.2-8.4)

43.9
$2
0.5
8.6
24.0

27.4
19.2
32.0
12.7

24.9
0.6
10.1
48.6
12.8
1.6
12.3
5(4-7)

SMDi}

<0.001
<0.001
<0.001

<0.001
<0.001
<0.001

<0.001
<0.001
<0.001
<0.001
<0.001

<0.001
<0.001
<0.001
<0.001
<0.001

<0.001
<0.001
<0.001
<0.001

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

Note: BMI = body mass index, CCB = calcium channel blocker, CCl = Charlson Comorbidity Index, DBP = diastolic blood pressure, DPP4 = dipeptidyl peptidase-4, eGFR =
estimated glomerular filtration rate, HbA,. = glycosylated hemoglobin, IQR = interquartile range, LDL-C = low-density lipoprotein cholesterol, RASi = renin-angiotensin
system inhibitor, SBP = systolic blood pressure, SGLT2 = sodium-glucose co-transporter 2, SMD = standardized mean difference, TC = total cholesterol, TG =

triglyceride.

*We defined the time from within 3 months before the index date as the baseline period. We assigned the date of the first statin prescription as the index date for statin initiators. For
noninitiators, we assigned the index date as a randomly selected date of any admission.

tUnless stated otherwise.

tCovariates with SMD > 0.1 were regarded as unbalanced between the groups.*
§We calculated eGFR using serum creatinine and the Chronic Kidney Disease Epidemiology Collaboration equation.®®
Y We calculated the CCI to quantify the overall comorbidity status.*
**Diabetic complications including diabetic retinopathy, diabetic peripheral neuropathy, diabetic ketosis, diabetic foot and other diabetic angiopathies.
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Figure 2: Statin initiation and weighted cumulative incidence of kidney outcomes in patients with type 2 diabetes mellitus. *We defined incident dia-
betic kidney disease (DKD) as an estimated glomerular filtration rate (eGFR) < 60 mL/min/1.73 m? and > 25% decline from baseline and new-onset pro-
teinuria.’” TWe defined new-onset proteinuria as a urinary albumin-to-creatinine ratio = 30 mg/g and > 50% increase from baseline).

Several animal and epidemiologic studies have shown that
dyslipidemia plays a role in the development and progression
of DKD.*"*® Because dyslipidemia is both a risk factor and
potential target for the treatment of DKD, further research into
the clinical benefits of lipid-lowering drugs is required. How-
ever, given that the cardiovascular benefits of statins in
patients with diabetes have been well established,>* it is diffi-
cult to conduct a randomized controlled trial (RCT) to compare

the kidney outcomes of patients undergoing statin therapy
with placebo-treated controls. Therefore, the use of medical
data obtained from real-world clinical practice represents a
rational means of studying the effect of statins to prevent kid-
ney disease in patients with diabetes. Our findings provide evi-
dence that statins may be reno-protective in patients with
type 2 DM in a real-world setting and may help physicians to
optimize disease management.
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Development of DKD 1247
New-onset eGFR <60 mL/min/1.73 m2 571
New-onset proteinuria 880
>40% decline in eGFR 316

Without dyslipidemia

n=11839

Development of DKD 719
New-onset eGFR <60 mL/min/1.73 m2 334
New-onset proteinuria 494
>40% decline in eGFR 186

With dyslipidemia
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Development of DKD 528
New-onset eGFR <60 mL/min/1.73 m? 237
New-onset proteinuria 386
>40% decline in eGFR 130
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Figure 3: Adjusted hazard ratio (HR) of statin initiation associated with kidney outcomes among all patients and patients with or without dyslipidemia. We
defined dyslipidemia as low-density lipoprotein cholesterol (LDL-C) = 3.4 mmol/L or total cholesterol (TC) = 5.2 mmol/L or triglyceride (TG) = 1.7 mmol/L.*
We estimated HRs by Cox proportional model after propensity score overlap weighting with confounders adjusted for all characteristics in Table 1.
Schoenfeld residuals validated the proportional hazards assumption (p = 0.35). Note: CI = confidence interval, DKD = diabetic kidney disease, eGFR = esti-

mated glomerular filtration rate.

The results of previous studies assessing the reno-protective
effect of statins in patients with diabetes have been contradict-
ory. Two large population-based studies (n = 43438 and
62716)*?* showed that statin use did not have beneficial effects
on kidney outcomes and may possibly have had adverse effects.
However, the kidney outcomes used in these studies were based
on ICD codes, which lack sensitivity, and therefore the incidence
of the outcomes may have been underestimated. Also, given the
lack of inclusion of laboratory data, such as eGFR, proteinuria
(urinary albumin-to-creatinine ratio), HbA,. and cholesterol, the
baseline characteristics of the participants who were or were not
taking a statin could not be well matched, and this represents a
major limitation of these studies.

Consistent with our findings, several previous studies have
shown that statins may be reno-protective in patients with dia-
betes.>*-*2 However, these studies were limited by small sam-
ple sizes, inconsistent effects on proteinuria and renal func-
tion, or the use of an ICD-based method of diagnosis of DKD.

More importantly, one of the basic principles of examining
effectiveness of medications in cohort studies is excluding
prevalent users.>® The exposure in these observational studies
including prevalent users of a statin raises concern for bias
toward better outcomes.

The strengths of the present study include its real world-
based data source, new-user design, large sample size, inclusion
of individuals with a wide range of disease phenotypes, and use
of hard kidney outcomes. The comprehensive patient-level data
with time stamps ensure that thorough weighting of the groups
was possible. In addition, we adjusted for important potential
confounders, such as comorbidities, concomitant drug adminis-
tration, the type of statin used and the level of lipid control. Addi-
tional strengths include the use of sophisticated statistical meth-
ods to reduce the risk of confounding and indication bias. Given
the E-values for kidney outcomes in the primary analyses (2.1-
2.7), the robustness of the study results do not appear to be sub-
stantially affected by the presence of unassessed confounders.*
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In our study, we found that various specific statins may have
variable effects on kidney outcomes in patients with type 2 DM. A
previous RCT that compared the renal effects of atorvastatin and
rosuvastatin in patients with diabetes who had proteinuria
showed that atorvastatin might be more reno-protective.>*
Recently, a real-world study also found that rosuvastatin was
associated with increased risk of proteinuria compared with ator-
vastatin.>® However, these studies did not include a placebo con-
trol; therefore, it could not be determined whether atorvastatin
protected the kidney or rosuvastatin harmed the kidney. In the
present study, atorvastatin appeared to be most reno-protective,
across all kidney outcomes.

Whether the potential reno-protective effect of statins is
independent of their lipid-lowering effects remains unclear.’5" In
animal models of diabetes, statin therapy has been shown to
cause increases in antioxidant enzyme levels, reduce the accu-
mulation of advanced glycation end products, and reverse
diabetes-related podocyte injury, which may prevent or slow the
development of kidney disease, independent of the effects of
reducing lipid concentrations.®®*° In a post hoc analysis of data
from randomized trials, the effect of statin treatment on pro-
teinuria was shown to be inconsistent with the degree of control
of hypercholesterolemia in individual patients. However, in the
present study, intensive control of LDL-C tended to be associated
with a better kidney outcome, implying a reno-protective effect
driven at least partly by the lipid-lowering effects. Considering
the relatively few participants taking other lipid-lowering drugs,
which limited the feasibility and statistical power of the compari-
son between statin and other lipid-lowering drugs, we could not
preclude the potential reno-protective effect of statins independ-
ent of their lipid-lowering effect.

Although the management of type 2 DM has improved sub-
stantially in recent decades, patients with diabetes in China are
still at substantial risk of kidney disease and progressive loss of
renal function. Our study found that only 36.6% of people with
type 2 DM who were age 40 years or older were prescribed statins
during the study period, which is lower than that in Canada
(54.0% for males and 45.3% for females)? and the United States
(41.6%).%® The current national guideline in China recommends
statin therapy for patients with diabetes who are aged 40 years or
older.® The suboptimal accordance with this recommendation
might contribute to the higher risk of kidney disease progression
we observed in our study population. Our findings suggest that
there is an urgent need to promote guideline-concordant care in
real-world clinical practice in China.®

Limitations

Although we performed propensity score overlap weighting to
balance the baseline characteristics of the statin initiators and
noninitiators, other uncontrolled factors could have affected the
kidney outcomes. We performed multiple sensitivity analyses to
adjust for these residual confounders.

Statin initiation may have represented a marker of athero-
sclerosis, high health awareness or high frequency of hospital
visits, all of which could have resulted in ascertainment bias and
influenced the results. However, the number of outpatient visits

by the weighted cohort during the follow-up period was similar
for statin initiators and noninitiators. We selected our study
population from patients with type 2 DM who were admitted to 1
of the 19 urban academic centres in the CRDS and who received
follow-up at 1 of the affiliated clinics. These patients might have
been sicker and had poorer glycemic control and higher risk of
diabetic complications than those who were not admitted to
hospital and those without follow-up. As such, caution is needed
when generalizing our results to all patients with type 2 DM.
Finally, patients whose data are included in the CRDS are pre-
dominantly Chinese; therefore, whether there are ethnic differ-
ences in the potential reno-protective effect of statins warrants
further research. Additionally, we found that only one-third of
inpatients used metformin and statins in our study, reflecting
poor adherence to guidelines in China.®® Our findings need to be
validated in other countries in which a higher proportion of
patients with type 2 DM are receiving guideline-concordant care.

Conclusion
We found that statin initiation was associated with significantly
lower risks of incident DKD and kidney function decline among
patients with type 2 DM admitted to and followed up in academic
centres. We obtained similar results for participants with differ-
ing patterns of dyslipidemia, those prescribed different statins,
and after stratification according to participant characteristics.
Among statin initiators, these associations were more pro-
nounced in those with intensive LDL-C control (< 1.8 mmol/L).
These findings suggest that statin initiation may be an effective
approach for preventing kidney disease in patients with type 2 DM.
Further research is needed to compare the reno-protective effects of
specific statins and newer lipid-lowering drugs, such as proprotein
convertase subtilisin/kexin type 9 inhibitors, on kidney outcomes.
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