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ABSTRACT

Background. Chronic kidney disease (CKD), one of the most common complications of type 2 diabetes (T2D), is associated
with poor health outcomes and high healthcare expenditures. As the CKD population increases, a better understanding of
the prevalence and progression of CKD is critical. However, few contemporary studies have explored the progression of CKD
relative to its onset in T2D patients using established markers derived from real-world care settings.

Methods. This retrospective, population-based cohort study assessed CKD progression among adults with T2D and with
newly recognized CKD identified from US administrative claims data between 1 January 2008 and 30 September 2018.
Included were patients with T2D and laboratory evidence of CKD as indicated by the established estimated glomerular
filtration rate (eGFR) and urine albumin:creatinine ratio (UACR) criteria. Disease progression was described as transitions

across the eGFR- and UACR-based stages.

Results. A total of 65731 and 23035 patients with T2D contributed to the analysis of eGFR- and UACR-based CKD stage
progression, respectively. CKD worsening was observed in approximately 10-17% of patients over a median follow-up of 2 years.
Approximately one-third of patients experienced an increase in eGFR values or a decrease in UACR values during follow-up.

Conclusions. A relatively high proportion of patients were observed with disease progression over a short period of time, highlighting
the need for better identification of patients at risk of rapidly progressive CKD. Future studies are needed to determine the clinical
characteristics of these patients to inform earlier diagnostic and therapeutic interventions aimed at slowing disease progression.
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INTRODUCTION

Chronic kidney disease (CKD), a serious complication of type 2
diabetes (T2D), impacts 25-40% of the diabetic population [1, 2].
Progression of CKD is associated with poor health outcomes
and can culminate in potentially fatal end-stage renal disease
(ESRD) [1-3]. Dialysis, renal transplantation and the intensive
care afforded to ESRD patients represent a severe strain on the
healthcare system, reaching costs of nearly $34 billion in the US
alone in 2015 [4]. With the diabetic population projected to
grow, a substantial increase in the CKD population is expected
[5]. Better understanding of the prevalence and timing of CKD
progression in diabetes is needed to inform prevention and
treatment strategies.

CKD prevalence is defined and classified based on the pres-
ence of persistently low kidney function and/or the presence of
kidney damage for a period of at least 3months [6, 7]. CKD is ob-
served on average 10-20years after the onset of T2D [8].
Established markers of CKD include persistently low estimated
glomerular filtration rate (eGFR) and elevated urine
albumin:creatinine ratio (UACR) [9]. eGFR and UACR values are
also used to determine CKD staging, according to the Kidney
Disease: Improving Clinical Outcomes (KDIGO) recommenda-
tions [6]. Guidelines recommend two or more kidney function
test results at least 3months apart to confirm a CKD diagnosis
[6]. eGER values <60 mL/min/1.73 m? and UACR values >30 mg/g
are indicative of CKD [6]. CKD progression is operationalized as
a decrease in eGFR, an increase in UACR or a combination of
both over time in an individual.

Prior studies on the timing of CKD progression in real-world
data are limited due to the highly variable nature of CKD, the
complexity of defining the exact time of diabetes onset and the
rarity of T2D cohorts with long-term observability and availability
of laboratory measurements [8, 10, 11]. A US-based cohort study
of 3682 participants with progressive CKD reported that patients
spent a median of 7.9years in Stage 3a, Syears in Stage 3b,
5.2years in Stage 4 and <1year in Stage 5 CKD; diabetes substan-
tially shortened these times [12]. To our knowledge, few studies

have explored the feasibility of assessing CKD progression rela-
tive to its onset in T2D patients or using established markers de-
rived from real-world administrative claims data, which provide
a unique opportunity to generate evidence that is generalizable
to larger populations as observed in clinical practice. We sought
to assess the prevalence of newly recognized CKD and subse-
quent disease progression using laboratory-based markers in a
large administrative claims data source.

MATERIALS AND METHODS

Data source

This was a retrospective cohort study using Optum Clinformatics
Data Mart (CDM) data, a US claims database comprised of
deidentified health plan data captured during the billing of routine
healthcare encounters. Comprehensive longitudinal information
on demographics, coded inpatient and outpatient diagnoses and
procedures, outpatient prescription dispensing and laboratory
results is recorded in the database. This database captures ~63 mil-
lion unique members (2007-18) and is considered to be representa-
tive of the commercially insured US population [13].

Study population

The study population consisted of health plan enrollees
>18years of age with T2D and laboratory evidence of CKD en-
rolled in a health plan between 1 January 2007 and 30
September 2018. Patients must have had evidence of compro-
mised kidney function as indicated by at least two laboratory
results indicating reduced eGFR (<60 mL/min/1.73 m?) or at least
two laboratory results indicating elevated UACR (>30 mg/g) 90—
365days apart. The date of the second laboratory result con-
firming CKD defined the index date. Patients were required to
have continuous health plan enrollment for 365days prior to
the index date (baseline period). T2D was defined as one or
more inpatient International Classification of Diseases, Ninth
Revision/Tenth Revision (ICD-9/10) diagnosis code for T2D, two
or more outpatient ICD-9/10 diagnosis codes for T2D at least 30—
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365 days apart or one or more prescription claim for second-line
therapy for T2D during the baseline period. The following
patients were excluded: prevalent CKD as defined by two or
more laboratory results indicating a CKD diagnosis, at least one
ICD-9/10 diagnosis code for kidney disease, any ICD-9/10 diag-
nosis code indicating kidney disease from causes other than
T2D during the baseline period and patients without at least
one additional eGFR or UACR laboratory result post-index,
allowing for the evaluation of CKD progression in follow-up.
Patients with eGFR values on both the index date and in follow-
up were evaluated with regards to eGFR-based CKD progression,
while those with multiple UACR values were evaluated with
regards to UACR-based CKD progression. A full list of definitions
is in the Supplementary data.

Patient characteristics

A priori patient characteristics were identified based on pub-
lished literature and expert insight. Patient characteristics in-
cluded demographic information, KDIGO-based eGFR and UACR
stage at index [6], clinical characteristics (select cardiovascular
conditions and CKD- and T2D-related diagnoses) and
comedications (cardiovascular and antiglycemic agents).
Patient demographic data were assessed on the index date.
KDIGO-based eGFR and UACR stages were assessed on the index
date among patients who entered the cohort on an eGFR and/or
UACR laboratory result, respectively. Then we assessed the
nearest laboratory value available for the other laboratory test
within 30days. Clinical characteristics and comedications were
assessed during the 365-day baseline period. The presence of
one or more medical or pharmacy claim indicated the presence
of a diagnosis or treatment, respectively.

Outcomes

The primary outcome was the last observed CKD stage in
follow-up based on an eGFR and/or UACR laboratory result.
Follow-up began on the index date and ended at the earliest oc-
currence of the outcome, death, end of enrollment or end of
data.

Statistical analyses

Kidney function was categorized according to KDIGO guidelines
for CKD staging defined by eGFR and UACR values
(Supplementary data, Table S1). Only eGFR and UACR results
>0-<200mL/min/1.73m? and 3250mg/g, respectively, were
used in this study. Outliers outside of these thresholds, calcu-
lated as 3 times the standard deviation (SD), were not consid-
ered. To capture eGFR based on serum creatinine values, we
used the Chronic Kidney Disease Epidemiology Collaboration
equation, applying a formula specific to the documented race of
the patient. This equation has shown accuracy across diverse
populations in prior research [14]. Lastly, any patients with two
or more nonidentical test results on the same day (<1% of the
population) were excluded from the analysis.

Frequency distributions for categorical variables and de-
scriptive statistics for continuous variables among patients
with nonmissing values were used. For claims-based variables,
a lack of claims was assumed to indicate lack of the condition
(e.g. comorbidities). No imputations on missing data were
performed.

To identify a transition to a higher or lower CKD stage, we
first identified the initial eGFR- and/or UACR-based stage on the
index date. Next we identified the last observed corresponding
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laboratory result during the follow-up period. The number and
percentage of patients transitioning from one CKD stage on the
index date to another CKD stage in follow-up were cross-
tabulated. The median [interquartile range (IQR)] time from the
index date until the last observed laboratory result was reported
in days.

Sensitivity analyses

In a sensitivity analysis, we assessed disease progression based
on two eGFR test results in follow-up at least 90 days apart. Both
test results in follow-up had to fall within the same CKD stage,
different from the initial stage, to be considered a transition.

All statistical analysis was performed using the Aetion
Evidence Platform version 3.7 (Aetion, New York, NY, USA) [15].

RESULTS

Participants and patient characteristics

Among 61199398 patients in the database, a total of 65731 T2D
patients with newly recognized CKD had sufficient data to as-
sess eGFR progression. A total of 23035 patients had sufficient
data to assess UACR progression (Figure 1).

Patients described according to eGFR values were on average
71.3 (9.3) years of age, with 60.6% female and 61.9% White.
Patients described according to UACR values were on average
65.8 (12.2) years of age, with 45.1% female and 45.2% White. At
least half of all patients in the study population lived in the
southern region of the USA (Table 1).

The majority (>78%) of patients who contributed to the
eGFR-based disease progression analysis were at eGFR Stage 3a
on the index date and most (>85%) patients with available
UACR values were at UACR Stage A2 on the index date. The
most common baseline comorbidities were hypertension
(>85%), hyperlipidemia (>80%) and pain disorders (>65%). Other
T2D-related comorbidities were also common (Table 2).

Among all patients, the most commonly prescribed cardio-
vascular medications at baseline were angiotensin-converting
enzyme inhibitors (ACEis) or angiotensin II receptor blockers
(ARBs, >69%), followed by statins (>65%), diuretics and f-block-
ers (>39%) and calcium channel blockers (>31%). More than half
of all patients were prescribed metformin at baseline. More
than 20% were prescribed at least two antiglycemic agents
(Table 3).

Patients with eGFR values had a higher prevalence of most
comorbidities, greater use of cardiovascular medications and
lower use of glucose-lowering agents compared to those with
UACR values.

Outcomes

Of the 65731 patients with CKD in T2D who had sufficient data
to assess eGFR progression, no change in eGFR stage was ob-
served in ~50% of the population over a median of 1.1-1.5years.
Disease progression from Stages 3a, 3b and 4 to the next closest
stage was observed in 16.9, 11.8 and 10.2% of patients, respec-
tively, over a median of 1.8-2.3years. Improved eGFR levels
were observed in ~31% of patients over a median of 1.3-
1.8years. Disease progression over two eGFR stages was cap-
tured in 2.0% of patients over a median of 3.5 years. Of patients
at eGFR Stage 5 on the index date, regression to eGFR Stage 4
was observed in 13.4% of patients over a median of 0.8 years
(Table 4).
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Source population
All patients in Optum CDM between
01 Jan 2008 and 30 Sep 2018
N =61199398

Eligible patients?
N =699710

Excluded patients

N = 582286

* Age < 18 or missing at index (N = 133, < 1.0%)

« Prior CKD diagnosis in baseline defined by eGFR and/or
UACR (N = 331745, 47.4%)

« Claim for CKD (N = 38650, 5.5%), ESRD (N = 5906, < 1.0%),
kidney transplant (N = 45, < 1.0%), or dialysis (N =9, < 1.0%)
in baseline

* Claim for T2D (N = 118511, 16.9%)

* Less than 365 days of continuous enroliment pre-index
(N=85714, 12.2%)

« Claim for diagnosis other than T2D in baseline that can
cause CKD (N = 1573, < 1.0%)

Excluded patients
No eGFR test post-index
(N =18020)

T2D patients with newly-recognised CKD
and 2 1 additional eGFR test
N =65731

Excluded patients
No UACR test post-index
(N =15056)

T2D patients with newly-recognised CKD

and 2 1 additional UACR test
N = 23035

FIGURE 1: Selection of patients with T2D and newly recognized CKD identified in Optum CDM (1 January 2008-30 September 2018). ®Eligible patients are defined as
patients with two abnormal eGFR test results or two abnormal UACR test results 30-365 days apart from 1 January 2014 to 30 September 2018.

Among the 23035 T2D patients with CKD who had sufficient
data to assess UACR progression, ~64% of patients had no
change in UACR stage over a median follow-up of 1.3years.
Among patients at UACR Stage A2 on the index date, disease
progression to the next stage was observed in 10.4% of patients
over a median of ~2years. Increased UACR values were ob-
served in ~28% of patients over a median follow-up of 1.5 years
and <5% of patients regressed from Stage A3 to Al during all
available follow-ups (Table 5).

Sensitivity analysis

A total of 47938 patients had two eGFR test results during the
follow-up, allowing assessment of eGFR-based disease progres-
sion using two test results. No change in eGFR stage was ob-
served for 58-72% of patients. Disease progression from Stages
3a, 3b and 4 to the next closest stage was observed in 8.4, 5.9
and 4.7% of patients, respectively, over a median of 3years.
Improved eGFR levels were observed in ~18% of patients over a
median of 2years. Disease progression over two eGFR stages
was captured in 2.0% of patients over a median of 4years. Of
patients at eGFR Stage 5 on the index date, regression to eGFR
Stage 4 was observed in 8% of patients over a median of
2.3years (Supplementary data, Table S5).

DISCUSSION

In the published literature, few studies report stage-based pro-
gression relative to a newly recognized CKD diagnosis [8]. In the
years after CKD onset, the rate of eGFR decline and UACR incline
is variable and can be influenced by managed therapy for hyper-
glycemia, hypertension and hyperlipidemia [16]. In this study,
we found that 50-64% of patients with CKD and T2D showed no
disease progression over a median follow-up of ~1.3years.
Approximately 10-17% of patients experienced CKD stage pro-
gression over a median of 2years. Few (<2%) patients pro-
gressed more than one stage after a median follow-up of
3.4 years.

Results of the sensitivity analysis showed a lower rate of
progression over a longer follow-up time, with approximately
5-8.4% showing a progression over a period of 3years. This find-
ing suggests the selection of healthier individuals with longer
follow-up time needed to observe two test results or the vari-
ability of test results over time, in which fewer patients had a
sustained decline as indicated by two test results in the same
stage range. The presence of acute kidney injury among some
patients who are classified as disease progression based on one
test result is also possible.

Our findings are comparable to those reported in the existing
literature [17]. For example, a study by Ruzafa et al. [17] using
data from the UK primary care setting reported that roughly 10-
19% of patients progressed one stage over 1.7-1.9years of
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Table 2. Baseline comorbidities among patients with DKD

eGFR cohort UACR cohort eGFR cohort UACR cohort

Characteristics (n=65731) (n=23035) Comorbidities (n=65731) (n=23 035)

Demographics Comorbidity score

Age (years) Deyo comorbidity score
Mean (SD) 71.28 (9.42) 65.84 (12.15) Mean (SD) 2.22 (1.53) 2.00 (1.30)
Median (IQR) 72.00 (66.00-79.00) 68.00 (58.00-74.00) Median (IQR) 2.00 (1.00-3.00) 2.00 (1.00-3.00)

Gender, n (%) Index CKD stage®
Male 25838 (39.3) 12636 (54.9) eGFR stage, n (%)

Female 39845 (60.6) 10390 (45.1) 1 0(0.0) 3523 (15.3)
Unknown 48 (0.1) 9(0.0) 2 0(0.0) 4953 (21.5)

Race, n (%) 3a 51349 (78.1) 2041 (8.9)
White 40694 (61.9) 10409 (45.2) 3b 12734 (19.4) 516 (2.2)
Asian 1688 (2.6) 1510 (6.6) 4 1474 (2.2) 82 (0.4)
Black 7036 (10.7) 2463 (10.7) 5 174 (0.3) 8(0.0)
Hispanic 6981 (10.6) 5237 (22.7) Missing 0(0.0) 11912 (51.7)
Missing 9332 (14.2) 3416 (14.8) UACR category, n (%)

Region, n (%) Al 4980 (7.6) 0(0.0)
Northeast 5507 (8.4) 2986 (13.0) A2 2507 (3.8) 19460 (84.5)
Midwest 6253 (9.5) 1542 (6.7) A3 648 (1.0) 3575 (15.5)
South 38854 (59.1) 12001 (52.1) Missing 57 596 (87.6) 0(0.0)

West 14819 (22.5) 6428 (27.9) Comorbidities, n (%)
Missing 298 (0.5) 78 (0.3) Anemia 13290 (20.2) 3112 (13.5)

Provider specialty, n (%) Angina pectoris 16867 (25.7) 4573 (19.9)
Endocrinologist 1298 (2.0) 821 (3.6) Atrial fibrillation 7289 (11.1) 1796 (7.8)
Nephrologist 248 (0.4) 73(0.3) Chronic lung/pulmonary 13217 (20.1) 3839 (16.7)
Cardiologist 1689 (2.6) 253 (1.1) disease
General practitioner/ 33391 (50.8) 9206 (40.0) Coronary artery disease 8488 (12.9) 2988 (13.0)
internist Diabetic retinopathy 11474 (17.5) 4191 (18.2)
Urologist 208 (0.3) 38(0.2) Edema 7458 (11.3) 1711 (7.4)
Inpatient facility 1546 (2.4) 267 (1.2) Fatigue and sleep-related 17 066 (26.0) 4225 (18.3)
Outpatient facility 941 (1.4) 304 (1.3) disorders
Missing 37205 (56.6) 10417 (45.2) Heart failure 7995 (12.2) 1713 (7.4)

Hyperlipidemia 54923 (83.6) 18534 (80.5)

DKD, diabetic kidney disease. Hypertension 58893 (89.6) 19530 (84.8)

Microvascular complica- 20361 (31.0) 8336 (36.2)
tions disease

follow-up. Authors also reported that <4% of patients pro- Obesity 10690 (16.3) 5454 (23.7)

gressed two stages during the study period, with a median Pain disorders 46098 (70.1) 14 899 (64.7)

follow-up time of 5 years. Peripheral vascular 10423 (15.9) 3555 (15.4)

We report that ~30% of all patients experienced improve- disease
ment in eGFR or UACR values over an average follow-up of Resistant hypertension 11372 (17.3) 3164 (13.7)
Sleep apnea 6841 (10.4 2572 (11.2)

1.5years. While prior studies have established a strong relation-
ship between eGFR decline and worsening CKD, the opposite
may also be true. Some evidence suggests that positive eGFR
slopes are associated significantly with a higher risk of ESRD
and mortality [18]. Thus regression among these patients may
not be actual improvement in kidney function, but rather a
well-documented phenomenon of artificially improved eGFR
due to underlying and irreversible kidney injury or temporary
fluctuations in test results. Recent literature points to a number
of reasons for this phenomenon, including the overestimation
of eGFR levels due to decreases in muscle mass that are
reflected in serum creatinine levels. Weight loss among these
patients usually indicates worsening of health or frailty and
more advanced disease stage. Other potential reasons for ob-
served artificial improvements in eGFR include volume overload
or recovery from previous acute kidney injury [19]. In our study
we observed slight differences among patients experiencing
eGFR regression compared with patients with worsening dis-
ease, such as lower baseline albuminuria levels and lower prev-
alence of cardiovascular and diabetes-related comorbidities
(Supplementary data, Tables S6-S9). While baseline medication
between patients showing regression and progression did not

3Stage 1: eGFR >90 mL/min/1.73 m? and UACR >30 mg/g; Stage 2: eGFR 60-89 mL/
min/1.73 m? and UACR >30 mg/g; Stage 3a: eGFR 45-59 mL/min/1.73 m? Stage 3b:
eGFR 3044 mL/min/1.73m? Stage 4: eGFR 15-29 mL/min/1.73 m? Stage 5: eGFR
<15mL/min/1.73m?% Al: UACR<30mg/g and eGFR<60mL/min/1.73m? A2:
UACR 30-299 mg/g; A3: UACR >300 mg/g.

differ notably, the role of changes in renin-angiotensin system
blockade treatment on increasing eGFR levels requires further
investigation.

In contrast to changing eGFR values, previous research
indicates that declining and increasing UACR over time
results in better and worse health outcomes, respectively [20].
In a large cohort study using Swedish Population Registry
data, Carrero et al. [21] reported lower risks of ESRD among
patients with greater reductions in UACR measured over 1- to
3-year intervals; significantly higher ESRD risk was observed
with increases in UACR over these times. A study of diabetic
patients by Jun et al. [22] that analyzed ADVANCE-ON trial
data additionally reported a positive, linear association be-
tween changes in UACR over 2years and the risk of
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Table 3. Baseline medication use among patients with DKD

eGFR cohort  UACR cohort

Medications (n=65731) (n=23035)

Antiglycemic agents, n (%)

Metformin 33825 (51.5) 15503 (67.3)
Any second-line therapy 33885 (51.6) 14066 (61.1)
Sulfonylurea 20877 (31.8) 8176 (35.5)
Thiazolidinedione 6536 (9.9) 2089 (9.1)
DPP4i 7373 (11.2) 3555 (15.4)
SGLT2i 996 (1.5) 967 (4.2)
GLP1ra 2231 (3.4) 1352 (5.9)

Basal insulin
Any two second-line therapies®

10084 (15.3) 5444 (23.6)
12875 (19.6) 6342 (27.5)

Sulfonylurea + thiazolidinedione 2877 (4.4) 991 (4.3)
Sulfonylurea + DPP4i 3009 (4.6) 1518 (6.6)
Sulfonylurea + SGLT2i 333(0.5) 288 (1.3)
Sulfonylurea + GLP1ra 655 (1.0) 410 (1.8)
Sulfonylurea + basal insulin 2352 (3.6) 1325 (5.8)
Thiazolidinedione + DPP4i 891 (1.4) 369 (1.6)
Thiazolidinedione + SGLT2i 85(0.1) 72 (0.3)
Thiazolidinedione + GLP1ra 304 (0.5) 151 (0.7)
Thiazolidinedione + basal insulin 679 (1.0) 302 (1.3)
DPP4i + SGLT2i 275 (0.4) 233 (1.0)
DPP4i + basal insulin 979 (1.5) 617 (2.7)
SGLT2i+ GLP1ra 138 (0.2) 148 (0.6)
SGLT?2i + basal insulin 244 (0.4) 227 (1.0)
GLP1ra + basal insulin 530 (0.8) 413 (1.8)

Combination injectable therapy® 4430 (6.7) 2191 (9.5)

Cardiovascular agents, n (%)

ACEi/ARB 45263 (68.9) 17075 (74.1)

a-blocking agent 2293 (3.5) 621 (2.7)
a-glucosidase inhibitor 182 (0.3) 108 (0.5)
Aspirin 527 (0.8) 242 (1.1)

p-blocker 28921 (44.0) 8878 (38.5)
Calcium channel blocker 20964 (31.9) 8147 (35.4)
Centrally acting antihypertensive 2765 (4.2) 797 (3.5)
Diuretic 37135(56.5) 9085 (39.4)
Loop diuretic 13310 (20.2) 2631 (11.4)

Thiazide diuretic 27538 (41.9) 7120 (30.9)

Potassium-sparing diuretic 7201 (11.0) 1015 (4.4)

MRA 3460 (5.3) 529 (2.3)

Epithelial sodium channel blocker 3992 (6.1) 537 (2.3)
Direct renin inhibitor 326 (0.5) 110 (0.5)
HMG-CoA reductase inhibitor (statin) 43093 (65.6) 15861 (68.9)
Meglitinide 663 (1.0) 262 (1.1)
Oral anticoagulant 5917 (9.0) 1515 (6.6)
Potassium binding agent 139 (0.2) 22 (0.1)

?Dual second-line therapy included drugs used concurrently for >30days.
PCombination injectable therapy included the concurrent use of basal and meal-
time insulin for >30days.

DPP4i: dipeptidyl peptidase-4 inhibitor; GLP1ra: glucagon-like peptide-1 receptor
agonist; HMG-CoA: 3-hydroxy-3-methyl-glutaryl-coenzyme A; MRA: mineralo-
corticoid receptor antagonist; SGLT2i: sodium-glucose co-transporter-2
inhibitor.

cardiorenal outcomes and all-cause mortality. Published liter-
ature suggests this relationship could plausibly be explained
by underlying pathophysiologic processes including dysfunc-
tion of the vascular endothelium and chronic, low-grade in-
flammation [20-22]. The reported risks of major clinical
outcomes and mortality associated with CKD progression
support the prognostic utility of actively monitoring eGFR and
UACR values over time.

Overall, this study adds to the existing body of literature on
CKD and T2D by examining CKD disease progression and timing
among T2D patients from the onset of newly recognized CKD.
We observed CKD progression by eGFR- and UACR-based stages
among 10-17% of patients in this study over a relatively short
period of 2 years. This finding highlights a nonnegligible propor-
tion of patients with T2D and newly recognized CKD who are
expected to experience rapid disease progression and worsen-
ing health outcomes. The prompt identification of these
patients is crucial to informing a vulnerable population with po-
tential unmet therapeutic need. Future studies are needed to
determine the clinical characteristics of these patients at risk of
rapidly progressive CKD to inform earlier diagnostic and thera-
peutic interventions that slow disease progression and the need
to develop better therapeutic interventions for patients at risk
of rapid progression.

Several limitations common to administrative claims data
existed. First, laboratory results were available for ~30% of
patients in the database; only a small fraction of individuals
available in the Optum database qualified for inclusion in this
analysis, partly due to the necessary stringent definitions used
for T2D and especially CKD and CKD progression. This reduced
our sample size and may have resulted in selection bias [23]. To
explore the presence of any selection bias due to the additional
test result requirement in follow-up, we compared baseline pa-
tient characteristics of newly recognized CKD patients (defined
by the laboratory test results criteria) and no additional test
results in follow-up (n= 117 424) to patients with one additional
test result included in the main analysis for eGFR progression
(n=65731) and UACR progression (n=23035), as well as to those
with two additional tests for eGFR included in the sensitivity
analysis (n=47938) (Supplementary data, Table S10). We ob-
served that patients with one and two additional tests in
follow-up did not differ from patients with no test results in
follow-up in terms of demographic characteristics, CKD stage at
the index date, comorbidities and medication use; however,
patients with two additional tests in follow-up were observed
for a longer time period (median of 3 versus 1.7 years). Second,
we refer to eGFR and UACR laboratory results as the gold stan-
dard for identification of renal disease [14, 24, 25]. However,
there are circumstances in which any creatinine-based estimate
of kidney function, including eGFR, should not be used. For ex-
ample, creatinine-based estimates should be avoided in
patients with changing serum creatinine values; people with
acute kidney injury; people with extremes in muscle mass,
body size or altered diets; and people taking medications that
affect excretion of creatinine. To address this limitation, we re-
quired patients to have at least two laboratory results confirm-
ing CKD before they were classified as having the disease. We
also performed sensitivity analyses to evaluate disease progres-
sion based on two test results for eGFR [6, 14, 15]. Third, the
Optum CDM is considered to be representative of the commer-
cially insured US population but may not be representative of
non-US-based populations or non-commercially insured US
populations. Finally, because of the limited follow-up time
available in the claims data, full progression from newly recog-
nized CKD to ESRD is unlikely to be captured. This limitation
may have also impacted our ability to observe more patients
with disease progression. While the maximum allowable
follow-up time was ~10years, the typical transition from Stage
1 to 5 CKD based on eGFR measurements is closer to 20 years

[8].
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Table 4. Proportion and median (IQR) time to CKD progression according to eGFR values during follow-up among patients with DKD

Patients with available eGFR results (N =65 731)

Last observed eGFR stage in follow-up

eGFR stage on index® 1 2 3a 3b 4 5
From 3a, n (%) 306 (0.6) 14540 (28.3) 26393 (51.4) 8694 (16.9) 1197 (2.3) 179 (0.3)
3b, n (%) 34(0.3) 1071 (8.4) 3984 (31.3) 5914 (46.4) 1504 (11.8) 213 (1.7)
4,1 (%) 11(0.7) 74 (5.0) 189 (12.8) 478 (32.4) 572 (38.8) 150 (10.2)
5,1 (%) 1(0.6) 8 (4.6) 21 (12.1) 14 (8.0) 23 (13.2) 107 (61.5)
Time to transition (days) 1 2 3a 3b 4 5

From 3a, median (IQR)
3b, median (IQR)

4, median (IQR)

5, median (IQR)

932 (487-1505)
744 (143-1319)
570 (310-1603)
680 (680-680)

641 (285-1151)
615 (265-1163)
478 (102-950)
639 (243-1030)

533 (235-1010)
526 (223-1026)
628 (193-1043)
394 (202-755)

846 (402-1528)
572 (236-1094)
490 (177-960)
291 (118-948)

1243 (667-2088)
850 (410-1530)
413 (184-812)

293 (33-825)

1705 (938, 2407)

1232 (661, 2004)
632 (334, 1215)
477 (189, 854)

3Stage 1: eGFR >90 mL/min/1.73 m? and UACR >30 mg/g; Stage 2: eGFR 60-89 mL/min/1.73 m? and UACR >30 mg/g; Stage 3a: eGFR 45-59 mL/min/1.73 m?; Stage 3b: eGFR

30-44 mL/min/1.73 m? Stage 4: eGFR 15-29 mL/min/1.73 m? Stage 5: <15mL/min/1.73m%

Table 5. Proportion and median (IQR) time to CKD progression according to UACR values during follow-up, among patients with DKD

Patients with available UACR results (n=23035)

Last observed eGFR stage in follow-up

UACR category at index?® Al A2 A3
From A2, n (%) 5027 (25.8) 12387 (63.7) 2033 (10.4)
A3,n (%) 138 (3.9) 1106 (30.9) 2326 (65.1)
Time to transition (days) Al A2 A3

From A2, median (IQR)
A3, median (IQR)

541 (272-935)
690 (259-1283)

487 (245-909)
477 (241-959)

739 (381-1227)
461 (229-883)

2A1: UACR <30 mg/g and eGFR <60 mL/min/1.73 m? A2: UACR 30-299 mg/g; A3: UACR >300 mg/g.
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