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A B S T R A C T   

Chronic kidney disease (CKD) is a common complication of type 2 diabetes mellitus (T2DM). Approximately-one- 
third of patients with T2DM also have CKD. In clinical trial studies, several anti-diabetic medications (ADM) 
show evidence of preventing the progression of CKD. Biguanides (e.g., metformin) are widely accepted as the 
first line medication. However, the comparative effectiveness of second line ADMs on CKD outcomes in T2DM is 
unclear. In addition, results from clinical trials may not generalize into routine clinical practice. In this study, we 
aimed to investigate the association of second line ADMs with diagnosed incident CKD, CKD hospitalization, and 
eGFR < 45 mL/min in T2DM patients using real-world data from electronic health records. Our study found that 
treatment with sodium-glucose cotransporter 2 (SGLT-2) inhibitors was significantly associated with lower risk 
of diagnosed CKD incidence in both primary analysis (hazard ratio, 0.43; 95 % CI, [0.22;0.87]; p-value,0.02) and 
secondary analysis (hazard ratio, 0.42; 95 % CI, [0.19;0.92]; p-value, 0.03) compared to use of Sulfonylureas 
(SU) as a second-line ADM. However, significant associations were not observed when using eGFR < 45 mL/min 
as the endpoint. Treatment with a dipeptidyl peptidase 4 (DPP-4) inhibitor was significantly associated with 
lower risk of diagnosed incident CKD (hazard ratio, 0.7; 95 % CI, [0.53;0.96]; p-value, 0.03) and lower risk of 
CKD hospitalization (hazard ratio, 0.6; 95 % CI, [0.37; 0.96]; p-value, 0.04) in the primary analysis. However, 
both associations were not significant in the sensitivity analysis. We did not observe significant association 
between use of glucagon-like peptide 1 receptor agonists (GLP-1RA), Thiazolidinediones (TZD), insulin and 
diagnosed CKD incidence, hospitalization or eGFR < 45 mL/min compared to use of SU as a second-line ADM.   

Introduction 

Type 2 diabetes is a major risk factor for chronic kidney disease 
(CKD) and is the leading cause of end stage renal disease (ESRD) with 
approximately 20 % − 40 % of patients developing diabetic nephropa-
thy [1]. Sulfonylureas (SU), dipeptidyl peptidase 4 (DPP-4) inhibitor, 
glucagon-like peptide 1 receptor agonists (GLP-1RA), sodium-glucose 
cotransporter 2 inhibitor (SGLT-2 inhibitor), Thiazolidinediones 
(TZD), and Insulin are commonly used as second-line medication in 
addition to metformin. In the past decade, several randomized clinical 
trials have shown evidence of the newer anti-diabetic medications 
(ADMs) such as SGLT-2 and GLP-1RA in reducing risk for renal disease 
outcome compared to placebo [2–6]. However, there are few clinical 
trials (ongoing or finished) that directly compare the effectiveness of the 

newer AMDs to the older ones such as SU and DPP-4 inhibitor. 
Furthermore, patients in clinical trial studies are more compliant with 
therapy for a number of reasons (e.g. support from study staff), there-
fore, it is unclear how well results from clinical trials may apply to the 
general population in real clinical practice [7]. Electronic health records 
(EHRs), a major source of real-world evidence data, can facilitate the 
understanding of treatment effectiveness in clinical practice using pa-
tient level data from the routine operation of the healthcare system and 
complement evidence on the efficacy of medications from randomized 
controlled trials (RCTs) [8]. Recently, a study using real-world data 
investigated the comparative effectiveness of SGLT-2 inhibitor, GLP- 
1RA, DPP-4 inhibitor, and SU in type 2 diabetics for preventing renal 
disease [9]. This study was conducted within the Department of Veter-
ans Affairs, which serves an older (mean age = 65.46), white (71.95 %), 
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male (94.49 %) population. Therefore, additional research is required to 
compare the effectiveness on renal disease across the multitude of 
currently available drugs and drug classes. In this study, we compared 
the effect of commonly used second line anti-diabetic medications 
including SU, DPP-4 inhibitor, GLP-1RA, SGLT-2 inhibitor, TZD, and 
Insulin on renal outcomes using EHRs from a large integrated health 
delivery system. 

Methods 

Study population 

The Northwestern Medicine Electronic Data Warehouse (NMEDW) is 
the primary data repository for all the medical records of patients who 
receive care within the Northwestern Medicine system [10]. Established 
in 2007, the NMEDW contains records for over 3.8 million patients, with 
most EHR data going back to at least 2002, and with some billing claims 
data going back to 1998 or even earlier [10]. We included patients who 
met the following criteria: 1) at least one prescription to an ADM 2) at 
least one diagnosis code for type 2 diabetes (see Supplemental Table 1 
for type 2 diabetes diagnosis codes) [11] 3) no excluded diagnoses: 
pregnancy, type 1 diabetes mellitus 4) at least one year of records in the 
database before their first ADM exposure and 5) at least three years of 
continuous ADM prescription records after first ADM exposure. Given 
that the first SGLT-2 inhibitor was approved by FDA for use in the United 
States in March 2013, we only included patients who had their first ADM 
exposure after 2013–03-01. Fig. 1 shows the flow chart of the patient 
selection process. 

We defined an ADM sequence as the chronological series of ADM 
prescription orders a patient received from the date of their first ADM 
prescription to one year later (e.g., “Metformin, Glipizide, Glipizide, 
Glucophage, Sitagliptin, Glipizide”). We then mapped each generic 
name and brand name to its respective drug class in Anatomical Ther-
apeutic Chemical Classification (e.g., “Biguanides, SU, SU, Biguanides, 
DPP-4 inhibitor, SU”) [12]. Repeated listings of the same medication in 
each sequence were understood to be refilled prescription. Therefore, in 
this example, only the first occurrence of a medication is kept in the final 

sequence (e.g., “Biguanides, SU, DPP-4 inhibitor”). During the 1-year 
period, only patients who were treated with biguanides as their first 
line of medication and had a second medication of either DPP-4 inhib-
itor, SGLT-2 inhibitor, GLP-1RA, SU, TZD, or Insulin were included in 
the study. 

Exposure 

The exposure in this study was the medication sequence during a 
patient one-year exposure period as described above. The sequences we 
were interested in include ’Biguanides, SU’, ’Biguanides, DPP-4 inhibi-
tor’, ’Biguanides, Insulin’, ‘Biguanides, GLP-1RA’, ‘Biguanides, SGLT-2 
inhibitor’ and ‘Biguanides, TZD’. A patient might switch to a third 
medication during the one-year exposure time, we considered them in 
the same group as the patients who did not. For example, ‘Biguanides, 
SU, DPP-4′ was considered in the same second-line ADM group as 
‘Biguanides, SU’. Patients who were only on Biguanides during the 1- 
year drug exposure period were excluded from the study. Index date 
was defined as one year after first the exposure to ADM. 

Renal outcomes 

Our primary outcome is diagnosed CKD incidence identified by the 
first appearance of an associated International Classification of Diseases, 
9th/10th revision (ICD9/10) diagnosis code (see Supplemental Table 1) 
[7]. Patients who had CKD, ESRD or macroalbuminuria before index 
date were excluded in the analysis for this outcome. In addition to the 
diagnosed incident CKD event, we evaluated ADMs’ associations with 
CKD hospitalization. CKD hospitalization were identified based on 
ICD9/10 codes. Because diagnosis codes may be entered by clinicians in 
the EHR only for more severe cases of CKD resulting in a significant 
delay between onset of CKD and an observable diagnosis or admission, 
we also performed analysis using laboratory value eGFR < 45 mL/min as 
an additional outcome. We used eGFR < 45 mL/min as an indicator of 
patients having moderate or more severe CKD and more specific than 
using a higher threshold of < 60 mL/min. For this outcome, patients 
who had eGFR < 45 mL/min, CKD diagnosis, or CKD hospitalization 

Fig. 1. Cohort selection flowchart. Abbreviations: T2DM, type 2 diabetes mellitus; ADM, antidiabetic medication; DX, diagnosis; T1D, type 1 diabetes; SU, sulfo-
nylureas; DPP-4 inhibitor, dipeptidyl peptidase 4 inhibitors; GLP-1RA, glucagon-like peptide receptor agonists; SGLT-2 inhibitor, sodium-glucose cotransporter 2 
inhibitor; TZD, Thiazolidinediones. 
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prior to index date were excluded from the analysis for this outcome. For 
any of the outcomes, patients were followed up from their index date 
until meeting criteria of one of the above outcomes, last hospital visit 
date, end of 5-year follow up period or end of study date (2019-10-29) 
whichever comes first. 

Covariates 

We included 5 major categories of covariates: demographics, labo-
ratory tests related to CKD, diagnoses from medical history before index 
date, medications that are known to affect CKD related outcome, in-
surance status and smoking status. Demographics includes age, gender, 
race were collected at baseline (index date). Race categories included 
White, Black, Asian, and other races. We used White race as the refer-
ence group. Insurance status categories included Medicaid, self-pay, 
Medicare, commercial insurance. Commercial insurance was used as 
the reference group. Laboratory test included hemoglobin A1C (HbA1c), 
high density lipoprotein cholesterol (HDL), total cholesterol (TOTCHL), 
serum creatinine, body mass index (BMI). Medications included 
angiotensin-converting enzyme (ACE) inhibitors, aldosterone receptor 
antagonists (ARA), angiotensin II receptor blocker (ARB), antiplatelet 
drugs, beta-blockers, calcium channel blockers, diuretics, statins, and 
other lipid modifying drugs (loop and thiazide diuretics). Medical his-
tory included cardiovascular disease (CVD), congestive heart failure 
(CHF), hypertension, vascular disease, vascular complication of diabetes 
(including skin ulcer), diabetic neuropathy, diabetic oculopathy, dysli-
pidemia, and other diabetic complications (diabetic nephropathy, 
nephrotic syndrome, nephritis/nephropathy, lower extremity amputa-
tions). For CKD hospitalization outcome, prior CKD hospitalization was 
also included as a covariate. 

Data cleaning 

We included the medical history and medication use covariates for 
any time before the index date. For lab tests, we used the measurement 
closest to the index date in the prior 2 years. We treated All the lab tests 
(HbA1c, HDL, TOTCHL, BMI, serum creatinine) as continuous variables. 
We excluded extreme values that were likely to be erroneous values (e.g. 
HDL > 100 mg/dL, BMI < 8 kg/m2, BMI > 100 kg/m2, HbA1c > 20 % 
(195 mmol/mol), TOTCHL > 1000 mg/dL) from the study. A patient 
may not have any laboratory test during our 2-year searching time 
window. In addition, some patients also have missing values in race and 
insurance status in EHR. To deal with the missing data, we used multiple 
imputation by chained equation [13]. In our analysis, we used predictive 
mean matching as the imputation method for continuous variables and 
polytomous regression imputation for unordered categorical data. We 
created 10 multiple imputed datasets. For each imputation, we set the 
number of iterations as 20. We fit Cox regression model on each imputed 
dataset. We then used Rubin’s rule to pool coefficient estimates from 10 
Cox regression models [14]. 

Statistical analysis 

We generated a simple statistical summary and stratified patients by 
second-line ADM medication. For categorical variables, we conducted 
Chi-square test for the differences among second-line ADM classes. For 
continuous variables, we performed t-test to test the differences among 
second-line ADM classes at baseline. To evaluate the association of ADM 
drug classes and three different CKD-related outcomes, we developed a 
series of cox proportional hazard regression models. In our baseline 
model, we included only ADM class variables. In our basic demographic 
model, we included both ADM class and basic demographic information. 
In our demographic-medical history model, we included ADM class 
variables, basic demographics, and medical history. In the full model, 
we included all the mentioned variables in the Covariates section. Cox 
regressions were conducted using ‘survival’ package in R, version 3.6.0. 

Multiple data imputation was performed using ‘MICE’ package in R, 
version 3.6.0. Estimate pooling from 10 imputed datasets were per-
formed using ‘Hmisc’ in R, version 3.6.0. Descriptive data statistics were 
generated using ‘TableOne’ module in python, version 3.7.3. 

Sensitivity analysis 

We conducted a sensitivity analysis to evaluate the robustness of our 
association findings. In the sensitivity analysis, we excluded patients 
with missing race, insurance status, HbA1c, total cholesterol, BMI, SBP, 
eGFR, and serum creatinine instead of imputing the missing data. The 
same Cox regression models were performed to assess the association of 
ADMs with the three above mentioned outcomes. 

Results 

We identified 3403 patients in our final cohort who started with 
Biguanides (mainly metformin) as their first ADM and used either a DPP- 
4 inhibitor, SGLT-2 inhibitor, GLP-1RA, TZD, SU, or an insulin as their 
second line medication. Table 1 shows the baseline characteristics of 
patients stratified by second-line ADM classes. For diagnosed CKD 
incident outcome, we further excluded patients who had CKD diagnosis 
before the index date, which left us 3216 patients in the final cohort for 
diagnosed CKD incidence outcome (see Fig. 1). For eGFR outcome, we 
further excluded patients with prior eGFR < 45 mL/min, which left us 
2746 patients in the final cohort for eGFR < 45 mL/min outcome. 

Among the 3403 patients, overall, the mean age of the population is 
59.8 (S.D = 12.0). Among these patients, 125 (3.67 %) patients have 
missing data in race. For these who have race information, 2408 (73.5 
%) were white, 458 (14.0 %) black, 178 (5.4 %) Asian, 234 (7.1) % 
classified as other races; 1853 (54.5 %) patients were male, and 1550 
(45.5 %) were female. There are 44 (1.29 %) patients with missing in-
surance. Among the patients with insurance, 113 (3.5 %) were self-pay, 
1706 (50.8 %) had commercial insurance, 128 (3.8 %) were Medicaid, 
1407 (41.9 %) were Medicare. For laboratory test, there were 391 
(11.49 %) patients with missing HDL-C, 129 (3.79 %) patients with 
missing HbA1c, 18 (0.5 %) patients with missing BMI, and 462 (13.6 %) 
patients with missing TOTCHL. For those patients with available labo-
ratory values, the mean of HDL-C is 46.0 mg/dL (S.D. = 12.3), the mean 
of HbA1c is 7.4 % (57 mmol/mol) (S.D. = 1.5), the mean of TOTCHL is 
166.5 mg/dL (S.D. = 40.4), the median of serum creatinine is 0.9 mg/dL 
([Q1, Q3] = [0.7–1.0]). Among the 3403 patients, 1192 (35.0 %) pa-
tients had DPP-4 inhibitors as second line ADM, 208 (6.1 %) patients had 
GLP-1RA as second line ADM, 215 (6.3 %) patients had insulin as second 
ADM, 1348 (39.6 %) used SU as second line ADM, 355 (10.4 %) patients 
had SGLT-2 inhibitor as second line ADM and 85 (2.5 %) patients had 
TZD as second line ADM. 

Statistical tests showed that age, race, insurance, smoking status, 
HDL-C, HbA1c, BMI, baseline serum creatinine, eGFR, CKD, CHF, dia-
betic neuropathy, other complications, vascular disease, VCD, oculop-
athy, CVD, use of ACE inhibitors, ARA, antiplatelet, diuretics, and statin 
were significantly different among the six second line ADM groups (see 
Table 1). In general, patients in newer medication groups (DPP-4 in-
hibitors, SGLT-2 inhibitors, GLP-1RA) tended to be younger, more likely 
to be white and have commercial insurance compared to patients in 
older medication groups (insulin, SU, TZD). In addition, patients in the 
insulin group tended to have higher HbA1c, lower eGFR and higher 
prevalence of use of renal related medications and comorbidities 
compared to other medication groups. In our regression analysis, in the 
full model, we adjusted for these differences by including demographics, 
medication history, diagnosis history, and laboratory tests as covariates. 

During the 5-year follow up, 232 of 3216 patients (7.2 %) had 
diagnosed incident CKD (i.e., incident CKD based on ICD codes) with 
median length of follow-up of 3.23 years. Out of 3403 patients, 109 (3.2 
%) patients had CKD hospitalization with median length of follow-up of 
3.31 years. Out of 2746 patients, 254 (9.2 %) patients had eGFR < 45 
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mL/min with median length of follow-up of 3.23 years. Figs. 2–4 showed 
the unadjusted Kaplan Meier curves for diagnosed incident CKD, CKD 
hospitalization, and eGFR < 45 min/mL outcomes, respectively. We also 
examined the change of HbA1c during the 5-year follow up within each 
second line ADM groups. Patients in the insulin group started with the 
highest HbA1c among all groups. For this group, HbA1c remained stable 
during the first 4 years and went up during year 4 to year 5. HbA1c also 
went up in SGLT-2 group when comparing the fifth year’s value to the 
baseline value (first two years prior to the first ADM medication). For the 

GLP-1RA group, HbA1c in year five slightly decreased from baseline but 
remained relatively stable overall. For DPP-4, SU, TZD groups, HbA1c 
increased slightly during the 5-yearsfollow up. (See Supplemental 
Table 3 for details). 

Risk for diagnosed incident CKD, CKD hospitalization, and eGFR < 45 
mL/min outcome in primary analysis 

Table 2 showed the number of events and hazard ratio of all three 

Table 1 
Baseline characteristics of study cohort.   

Grouped by second-line medication  
Missing Overall DPP-4 GLP-1 Insulin SGLT2 SU TZD P-Value 

n  3403 1192 208 215 355 1348 85  
Basic Demographics 
Age, mean (SD) 0 59.8 (12.0) 59.8 (11.6) 54.9 (10.8) 59.5 (12.3) 56.3 (11.4) 61.2 (12.3) 63.5 (10.9)  <0.001 
Gender, n (%)  1853 (54.5) 656 (55.0) 91 (43.8) 111 (51.6) 204 (57.5) 739 (54.8) 52 (61.2)   

Race, n (%)          
Asian 125 178 (5.4) 61 (5.3) 11 (5.7) 8 (4.0) 15 (4.3) 75 (5.7) 8 (9.8)  <0.001 
Black  458 (14.0) 136 (11.9) 30 (15.5) 65 (32.2) 21 (6.1) 198 (15.1) 8 (9.8)  
Other races  234 (7.1) 86 (7.5) 9 (4.7) 15 (7.4) 25 (7.2) 97 (7.4) 2 (2.4)  
White  2408 (73.5) 860 (75.2) 143 (74.1) 114 (56.4) 285 (82.4) 942 (71.8) 64 (78.0)   

Insurance, n (%)          
Self-pay 44 118 (3.5) 43 (3.6) 5 (2.5) 13 (6.2) 5 (1.4) 49 (3.7) 3 (3.6)  <0.001 
Commercial  1706 (50.8) 622 (52.8) 144 (70.6) 101 (48.3) 241 (68.3) 559 (42.0) 39 (46.4)  
Medicaid  128 (3.8) 34 (2.9) 8 (3.9) 6 (2.9) 11 (3.1) 69 (5.2)   
Medicare  1407 (41.9) 480 (40.7) 47 (23.0) 89 (42.6) 96 (27.2) 653 (49.1) 42 (50.0)  
Smoking status, n (%)  475 (14.0) 167 (14.0) 31 (14.9) 47 (21.9) 36 (10.1) 186 (13.8) 8 (9.4)  0.004  

Laboratory test 
HDL-C, mean (SD) 391 46.0 (12.3) 45.9 (12.2) 47.0 (13.0) 46.2 (12.4) 44.6 (12.0) 45.9 (12.2) 49.8 (16.4)  0.033 
HbA1c, mean (SD) 129 7.4 (1.5) 7.3 (1.3) 7.2 (1.6) 7.9 (2.0) 7.3 (1.4) 7.5 (1.6) 7.0 (1.1)  <0.001 
BMI, mean (SD) 18 34.2 (7.7) 33.4 (7.4) 37.2 (7.4) 34.3 (7.1) 35.9 (8.1) 33.9 (7.9) 33.6 (7.3)  <0.001 
TOTCHL, mean (SD) 462 166.5 (40.4) 165.3 (39.7) 168.0 (35.0) 163.4 (48.4) 169.2 (38.2) 167.9 (41.4) 155.3 (31.3)  0.059 
Baseline serum 

creatinine, median [Q1,Q3] 
166 0.9 [0.7,1] 0.9 [0.7,1] 0.9 [0.7,1] 0.9 [0.8,1.1] 0.8 [0.7,1] 0.9 [0.8,1] 0.9 [0.8,1.1]  0.005 

eGFR, mean (SD) 199 76.4 (28.8) 77.1 (28.7) 62.7 (14.9) 60.3 (22.1) 82.7 (28.8) 79.2 (30.0) 73.1 (28.4)  <0.001  

Diagnosis History 
CKD, n (%)  187 (5.5) 62 (5.2) 11 (5.3) 23 (10.7) 10 (2.8) 74 (5.5) 7 (8.2)  0.004 
CHF, n (%)  213 (6.3) 62 (5.2) 16 (7.7) 23 (10.7) 16 (4.5) 90 (6.7) 6 (7.1)  0.028 
Hypertension, n (%)  2761 (81.1) 983 (82.5) 161 (77.4) 181 (84.2) 274 (77.2) 1089 (80.8) 73 (85.9)  0.089 
Dyslipidemia, n (%)  2635 (77.4) 939 (78.8) 152 (73.1) 169 (78.6) 272 (76.6) 1039 (77.1) 64 (75.3)  0.534 
Diabetic Neuropathy, n (%)  332 (9.8) 105 (8.8) 19 (9.1) 45 (20.9) 29 (8.2) 127 (9.4) 7 (8.2)  <0.001 
Other Complications, n (%)  274 (8.1) 87 (7.3) 17 (8.2) 37 (17.2) 30 (8.5) 93 (6.9) 10 (11.8)  <0.001 
Vascular disease, n (%)  330 (9.7) 103 (8.6) 22 (10.6) 40 (18.6) 29 (8.2) 130 (9.6) 6 (7.1)  <0.001 
VCD, n (%)  466 (13.7) 147 (12.3) 19 (9.1) 37 (17.2) 58 (16.3) 185 (13.7) 20 (23.5)  0.005 
Oculopathy, n (%)  128 (3.8) 28 (2.3) 11 (5.3) 24 (11.2) 13 (3.7) 47 (3.5) 5 (5.9)  <0.001 
CVD, n (%)  644 (18.9) 196 (16.4) 43 (20.7) 64 (29.8) 57 (16.1) 268 (19.9) 16 (18.8)  <0.001 
hypoglycemia, n (%)  43 (1.3) 6 (0.5) 3 (1.4) 4 (1.9) 6 (1.7) 23 (1.7) 1 (1.2)  0.116  

Medication History 
ACE inhibitors, n (%)  2162 (63.5) 765 (64.2) 128 (61.5) 151 (70.2) 204 (57.5) 849 (63.0) 65 (76.5)  0.005 
ARA, n (%)  271 (8.0) 82 (6.9) 18 (8.7) 26 (12.1) 26 (7.3) 117 (8.7) 2 (2.4)  0.037 
ARB, n (%)  251 (7.4) 97 (8.1) 25 (12.0) 13 (6.0) 25 (7.0) 84 (6.2) 7 (8.2)  0.054 
CCBs, n (%)  817 (24.0) 294 (24.7) 47 (22.6) 61 (28.4) 71 (20.0) 321 (23.8) 23 (27.1)  0.274 
Antiplatelet, n (%)  1116 (32.8) 376 (31.5) 83 (39.9) 99 (46.0) 99 (27.9) 431 (32.0) 28 (32.9)  <0.001 
Beta Blocker, n (%)  1098 (32.3) 374 (31.4) 62 (29.8) 74 (34.4) 99 (27.9) 459 (34.1) 30 (35.3)  0.228 
Diuretics, n (%)  1368 (40.2) 466 (39.1) 91 (43.8) 108 (50.2) 124 (34.9) 544 (40.4) 35 (41.2)  0.011 
Lipid modifier, n (%)  541 (15.9) 190 (15.9) 38 (18.3) 37 (17.2) 50 (14.1) 204 (15.1) 22 (25.9)  0.111 
Statin, n (%)  2284 (67.1) 805 (67.5) 135 (64.9) 154 (71.6) 224 (63.1) 897 (66.5) 69 (81.2)  0.024 

This table shows the baseline patient characteristics for CKD hospitalization outcome before missing data imputation. For diagnosed CKD incidence outcome, patients 
with prior ESRD and prior CKD were excluded from the study cohort. For composite renal outcome, patients with prior ESRD were excluded from the study cohort. 
Abbreviations: HDL, high density cholesterol, HbA1c, hemoglobin A1c; BMI, body mass index; TOTCHL, total cholesterol; VCD: vascular complications of diabetes; 
CHF, congestive heart failure; CVD, cardiovascular disease; ACE inhibitor, angiotensin-converting enzyme inhibitors; ARA, aldosterone receptor antagonists; ARB, 
angiotensin II receptor blocker. DPP-4, dipeptidyl peptidase 4 inhibitors; GLP-1RA, glucagon-like peptide receptor agonists; SGLT-2, sodium-glucose cotransporter 2 
inhibitor; TZD, Thiazolidinediones. Measurement units for laboratory tests are as the following: HDL-C, mg/dL; HbA1c, %; BMI, kg/m2; TOTCHL, mg/dL; serum 
creatinine, mg/dL. 
*Other complications include diabetic nephropathy, nephrotic syndrome, nephritis, diabetic retinopathy, cataract, lower extreme amputation. 
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renal outcome for each second-line ADM class using SU as reference 
group in a fully adjusted model in the primary analysis (see Supple-
mental Tables 4–6 for hazard ratio in baseline model, basic de-
mographics model, basic demographics/medical history model in 
primary analysis) [7]. Both SGLT-2 inhibitor (HR, 0.43; 95 % CI, 
[0.22;0.87]; P = 0.02) and DPP-4 inhibitor (HR, 0.71; 95 % CI, 
[0.53;0.96]; P = 0.03) are significantly associated with lower diagnosed 
CKD incidence event. GLP-1RA was associated with reduced risk for 
diagnosed CKD incidence (HR, 0.52; 95 % CI, [0.21;1.29]; P = 0.16), but 
the P-value is not significant. For CKD hospitalization outcome, DPP-4 is 
significantly associated with lower risk for CKD hospitalization (HR, 
0.60; 95 % CI, [0.37;0.96]; P = 0.03). Use of the other ADMs also did not 
show significant difference in CKD hospitalization outcome compared to 
use of SU. For eGFR < 45 mL/min outcome, we observed that SGLT-2 
inhibitor was associated with lower risk for eGFR < 45 mL/min (HR, 
0.58; 95 % CI, [0.32, 1.07]; P = 0.08). However, this association was not 
statistically significant. We did not observe significant association be-
tween DPP-4 inhibitor and eGFR < 45 mL/min. 

Sensitivity analysis 

Table 3 showed hazard ratios for ADMs relative to use of SU in the 

Fig. 2. Unadjusted Kaplan Meier curve for incident CKD in different ADM 
groups. Abbreviations: CKD, chronic kidney disease; ADM, anti-diabetic medi-
cation; DPP4, dipeptidyl peptidase 4 inhibitors; GLP-1, glucagon-like peptide 
receptor agonists; SGLT2 inhibitor, sodium-glucose cotransporter 2 inhibitor; 
TZD, Thiazolidinediones. 

Fig. 3. Unadjusted Kaplan Meier curve for CKD hospitalization in different 
ADM groups. Abbreviations: CKD, chronic kidney disease; ADM, anti-diabetic 
medication; sDPP4, dipeptidyl peptidase 4 inhibitors; GLP1RA, glucagon-like 
peptide receptor agonists; SGLT2 inhibitor, sodium-glucose cotransporter 2 
inhibitor; TZD, Thiazolidinediones. 

Fig. 4. Unadjusted Kaplan Meier curve for eGFR < 45 mL/min outcome in 
different ADM groups. Abbreviations: DPP4, dipeptidyl peptidase 4 inhibitors; 
GLP1RA, glucagon-like peptide receptor agonists; SGLT2 inhibitor, sodium- 
glucose cotransporter 2 inhibitor; TZD, Thiazolidinediones. 

Table 2 
Hazard ratio in the fully adjusted Cox regression model in primary analysis.   

Diagnosed CKD 
incidence 
(N = 3216, E = 232) 

CKD hospitalization 
(N = 3403, E = 109) 

eGFR < 45 mL/ 
min (N = 2746, 
E = 254)   

HR (95 % 
CI) 

Pval HR (95 % 
CI) 

Pval HR (95 % CI) Pval 

DPP-4 0.71, 
[0.53;0.96]  

0.03 0.6, 
[0.37;0.96]  

0.04 0.95, 
[0.72;1.26]  

0.73 

GLP- 
1RA 

0.52, 
[0.21;1.30]  

0.16 1.05, 
[0.37;3.02]  

0.92 0.87, 
[0.46;1.65]  

0.68 

Insulin 0.93, 
[0.54;1.59]  

0.80 0.52, 
[0.24;1.17]  

0.11 1.18 
[0.71;1.95]  

0.52 

SGLT- 
2 

0.43, 
[0.22;0.87]  

0.02 0.81, 
[0.31;2.09]  

0.66 0.58, 
[0.32;1.07]  

0.08 

TZD 1.03, 
[0.49;2.13]  

0.93 1.25, 
[0.44;3.70]  

0.65 0.96, 
[0.44;2.08]  

0.91 

Abbreviations: HR, hazard ratio; DPP-4, dipeptidyl peptidase 4 inhibitors; GLP- 
1RA, glucagon-like peptide receptor agonists; SGLT-2, sodium-glucose cotrans-
porter 2 inhibitor; TZD, Thiazolidinediones; Pval, p-value; E, number of events. 

Table 3 
Hazard ratio in the fully adjusted Cox regression model in sensitivity analysis.   

CKD incidence 
(N = 2364, E = 159) 

CKD hospitalization 
(N = 2499, E = 75) 

eGFR < 45 mL/min 
(N = 2164, E = 197)  

HR (95 % CI) Pval HR (95 % CI) Pval HR (95 %) Pval 

DPP-4 0.75; 
[0.52;1.08]  

0.12 0.75; 
[0.42;1.32]  

0.32 0.98, 
[0.71;1.36]  

0.90 

GLP-1 0.53; 
[0.19;1.48]  

0.23 0.94; 
[0.26;3.43]  

0.92 0.97, 
[0.48;1.96]  

0.93 

Insulin 0.72; 
[0.37;1.43]  

0.35 1.00; 
[0.39;2.57]  

1.00 1.49, 
[0.83;2.65]  

0.18 

SGLT- 
2 

0.42; 
[0.19;0.92]  

0.03 1.35; 
[0.50;3.66]  

0.56 0.61, 
[0.31;1.18]  

0.14 

TZD 1.15; 
[0.49;2.71]  

0.75 0.9; 
[0.21;3.90]  

0.89 0.97, 
[0.42;2.27]  

0.95 

Abbreviations: HR, hazard ratio; DPP-4, dipeptidyl peptidase 4 inhibitors; GLP- 
1RA, glucagon-like peptide receptor agonists; SGLT-2, sodium-glucose cotrans-
porter 2 inhibitor; TZD, Thiazolidinediones; Pval, p-value; E, number of events. 
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sensitivity analysis in fully adjusted model (see Supplemental Table 7–9 
for hazard ratio in baseline model, basic demographics model, basic 
demographics/medical history model in sensitivity analysis) [7]. Our 
sensitivity analyses included only those patients with complete data. For 
the incident CKD event, after excluding patients with missing race, in-
surance status, HbA1c, insurance status, HDL, total cholesterol, BMI, 
baseline serum creatinine, and baseline eGFR, 2364 patients remained. 
Our analysis showed that in the fully adjusted model, SGLT-2 inhibitor 
use (HR, 0.42; 95 % CI, [0.19, 0.92], P = 0.03) was significantly asso-
ciated with lower incidence of CKD. DPP-4 inhibitor use (HR, 0.75; 95 % 
CI, [0.52;1.08]; P = 0.12) was associated with lower diagnosed CKD 
incidence but the P value was not statistically significant. For the CKD 
hospitalization outcome, after excluding patients with missing values, 
there were 2499 patients left. we did not observe any significant asso-
ciation between a particular second line ADM class relative to SU. For 
eGFR < 45 mL/min outcome, use of SGLT-2 inhibitor showed lower risk 
for eGFR < 45 mL/min compared to the reference group, though this 
association was not statistically significant (HR, 0.61; CI, [0.31,1.18], P 
= 0.14). 

Discussion 

Randomized clinical trials and observational studies are two major 
ways to assess associations between medication and corresponding 
clinical outcomes [15]. Although randomized clinical trials are rigor-
ously designed, they have several limitations in testing the association 
between ADMs and renal outcomes among type 2 diabetes patients. 
First, the major randomized clinical trials compared ADM’s effect to a 
placebo group. To date the ongoing Glycemia Reduction Approaches in 
Diabetes: A Comparative Effectiveness Study (GRADE) (54) is the only 
clinical trial (finished or ongoing) that we are aware of that evaluates 
the comparative effectiveness of newer ADMs vs older ADMs on glucose 
control [16]. Further, most clinical trials treated second line ADMs as a 
monotherapy [3,17]. Therefore, it is unclear how the effect changes 
when the ADMs are used as add-on therapy on top of metformin, which 
is the most common case in the primary care setting. Secondly, patients 
in clinical trials are better positioned to adhere to medication and 
therapy than in real clinical settings. Therefore, the results drawn from 
clinical trials may not apply to real clinical settings. Observational 
studies using EHR data like ours could potentially close these gaps by 
providing evidence from the real-world data of general populations. 

In this study, we used EHR data to investigate the association of 
second-line ADMs with renal outcomes among 3403 type 2 diabetes 
patients who initiated treatment with metformin. We found that both 
the use of SGLT-2 inhibitor and DPP-4 inhibitor showed significant as-
sociation with less incident CKD defined by ICD codes as compared to 
use of SU as a second-line medication. However, in the sensitivity 
analysis, only SGLT-2 inhibitor remained significantly associated. For 
the CKD hospitalization event, DPP-4 inhibitor appeared protective for 
CKD hospitalization in the primary analysis, but the association was not 
statistically significant in the sensitivity analysis. For eGFR < 45 mL/ 
min outcome, the association between use of SGLT-2 inhibitors and 
lower event rate of eGFR < 45 mL/min was marginally significant (P =
0.08). Both diagnosed CKD incidence and eGFR < 45 mL/min are ways 
to identify CKD incidence in EHR. We found that majority (2510/2746) 
of the patients who had eGFR < 45 mL/min also had diagnosed incident 
CKD. Out of the 2746 patients who had eGFR < 45 mL/min, 171 patients 
did not have diagnosed incident CKD. The different results for eGFR <
45 mL/min and ICD based CKD incidence outcome likely reflects the 
discrepancy of recording time between lab values and diagnosis code. 

In each second-line ADM group, around half of the patients switched 
to a third medication during the one-year exposure period (see Sup-
plemental Table 10 for details). To evaluate the impact of switching to a 
third or more medication might have on the result, we examined pa-
tients who took 2 medications only during the one-year exposure. We 
observed that the “Biguanide, DPP-4”, “Biguanides, SGLT-2” group had 

lower hazard risk for diagnosed CKD incidence compared to the refer-
ence group (see Supplemental Table 10). However, the association was 
not significant (P = 0.19 for DPP-4 inhibitor group and P = 0.13 for 
SGLT-2 inhibitor group). This is likely due to small size after restricting 
to patients taking 2 medications only. In addition, SGLT2 is a relatively 
new medication, the follow-up time might not be long enough to 
develop CKD. 

The above results from primary and secondary analysis are largely in 
line with results from placebo-controlled cardiovascular outcomes trials, 
which showed empagliflozin, canagliflozin, dapagliflozin, and lina-
gliptin all had beneficial effects on indices of CKD [18,19]. For example, 
the CREDENCE (Canagliflozin and Renal Events in Diabetes with 
Established Nephropathy Clinical Evaluation) trial showed that type 2 
diabetes patients with prior albuminuria assigned canagliflozin (a SGLT- 
2 inhibitor) had lower risk of composite renal events compared to pla-
cebo group [18]. Cooper et al. found linagliptin (a DPP-4 inhibitor) 
significantly reduced the risk of kidney disease events compared to 
placebo among type 2 diabetes patients [19]. Groop et al [20] found 
linagliptin on top of renin-angiotensin-aldosterone system significantly 
reduced albuminuria among patients with type 2 diabetes and renal 
disfunction. We did not find statistically significant difference between 
GLP-1RA and SU, Insulin and SU, TZD and SU in either primary analysis 
or sensitivity analysis regarding diagnosed CKD incidence and CKD 
hospitalization event. For GLP-1RA, previous studies showed inconclu-
sive evidence of its effect in reduction of renal disease [21]. The LEADER 
[21] study showed GLP-1RA had benefit in reduction of new onset 
albuminuria while the LIRA-RENAL study showed no improvement in 
urine ACR, and eGFR change among renal impaired T2DM patients 
compared to the placebo group [22]. For TZD vs SU, Insulin vs SU, we 
did not find evidence of one is superior to the other in renal disease 
outcome in the literature. 

Our study has several strengths. First, our clearly defined exposure 
time starting from first prescription of metformin, with additional pre-
scription of a second line ADM within a year: this ensured comparison of 
patients who were in a clinically similar diabetes stage. Second, we only 
included patients who started ADMs after 2013–03-01 which is the time 
when the first SGLT-2 inhibitor was approved by FDA for use. This en-
sures that patients using different second-line ADMs have comparable 
follow-up times and avoids the immortal time bias [23]. Third, we used 
a rigorously defined patient cohort: we excluded any patients who had 
type 1 diabetes diagnosis or gestational diabetes. In addition, we only 
included patients who had 3 continuous years of ADM prescriptions 
since their first ADM exposure. This makes sure that each patient has 
sufficient and comparable data depth. Last while there could be con-
founders that were not included in the study, our list of covariates is 
relatively comprehensive based on a review of the literature. This list 
contains basic demographic information, laboratory tests, and a wide 
range of diagnoses that might not only be associated with renal disease, 
but also suggest disease severity. 

Our study has several limitations. Firstly, for simplicity, we could not 
distinguish between a switch of medication from an add-on medication. 
For example, patients who have a DPP-4 inhibitor as the second medi-
cation in their sequence could either: 1) have switched entirely from 
metformin to a DPP-4 inhibitor, or 2) began using metformin and a DPP- 
4 inhibitor together. Secondly, while we controlled for as many vari-
ables/confounders as we could, it is possible that there remain other 
covariates we did not capture such as diabetes duration, which could 
affect prescription bias or are still associated with the renal outcomes. 
Therefore, conclusions drawn from our study should be interpreted with 
caution. Thirdly, as EHR data is primarily designed for administrative 
purpose, it is well known that EHR’s have missing data issues. Because 
this is a single site study, patients may have sought care elsewhere. 
Therefore, it is likely that there were data points that we were unable to 
capture in this single site study. Additionally, this was a single center 
study of an academic hospital in a major US city, limiting its general-
izability to other populations. Finally, it is known that there is a delay 
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between the date of a physician attaching ICD codes for CKD and the 
actual onset date of CKD. To reduce the impact of the above-mentioned 
delay, we included laboratory data (eGFR < 45 mL/min) which is usu-
ally more accurate and evident earlier in EHR as an additional endpoint. 

Conclusion 

In conclusion, our study assessed the association of common second- 
line medications with renal outcomes as compared to SU’s from March 
2013 through October 2019 using EHRs. Our results showed that SGLT-2 
inhibitors were significantly associated with lower diagnosed CKD 
incidence in both primary and sensitivity analyses and DPP-4 inhibitor 
was significantly associated with lower diagnosed CKD incidence in 
primary analysis. However, none of the significant associations were 
seen in eGFR < 45 mL/min outcome. We did not observe any statistical 
significance between Insulin and SU, TZD and SU in either primary 
analysis or sensitivity analysis regarding diagnosed CKD incidence, CKD 
hospitalization event, or eGFR < 45 mL/min outcome in our dataset. 
Unlike reported in Xie et al.’s study [9], We also did not observe sig-
nificant benefit of GLP-1RA compared to SU in CKD hospitalization and 
diagnosed CKD incidence, possibly due to small sample size. Additional 
research using multi-site real-world data and larger sample sizes may be 
needed to confirm the generalizability of our results. 
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