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Abstract
Background: Chronic kidney disease (CKD) poses substantial clinical, economic, and humanistic burden
in patients with type 2 diabetes (T2D). Understanding of how to optimize patient care and slow disease
progression is warranted.

Objective: To compare the prevalence, clinical characteristics, treatment patterns, and healthcare
utilization among patients with CKD, T2D, or CKD associated with T2D.

Design: Retrospective cross-sectional analysis.

Patients: Adult patients with CKD, T2D, or CKD+T2D in the Cleveland Clinic Health System.

Main Measures: Clinical characteristics, laboratory measures, medication utilization, cardiometabolic
management and healthcare resource utilization.

Key Results: In 2019, 122,276 patients were identi�ed as CKD, 63,643 were identi�ed as T2D, and 35,255
were identi�ed as having CKD associated with T2D. Patients with CKD and CKD+T2D were observed to be
older than those with T2D alone, 72.6, 72.2, and 63.0 years, respectively. T2D and T2D+CKD cohorts
contained a higher percentage of males vs. those with CKD alone, 49.3%, 50.8%, 43.6%, respectively.
ACEi/ARB therapy was observed in 27.7%, 42.4%, and 31.5% patients with CKD, T2D+CKD, and T2D,
respectively. SGLT-2i therapy was only prescribed to a minority of patients with T2D (5.8%) and T2D+CKD
(4.7%). Emergency department visits and hospital admissions were more prevalent in the group with CKD
(26.5%, 52.9%) or CKD+T2D (28.8%, 54.9%) vs. T2D alone (18.6%, 41.8%), respectively. The majority of
patients with CKD (90.4%), CKD+T2D (60.0%) or T2D (69.1%) did not have an assessment of urine
protein.

Conclusions: Patients with CKD+T2D or CKD have higher healthcare resource utilization than those with
T2D alone. The majority of patients with CKD, CKD+T2D or T2D do not undergo assessment of urine
protein and are under prescribed ACEi/ARB therapy. SGLT-2i therapy was prescribed to only a small
minority of patients with T2D or CKD+T2D. An opportunity exists to improve the care of patients with
CKD, both with and without T2D.   

Introduction
The prevalence of type 2 diabetes is increasing worldwide, and in the United States, the prevalence of
diabetes (both type 1 and type 2) is projected to increase by 54% to more than 54.9 million Americans
between 2015 and 2030.1 Diabetes can result in a myriad of complications, which are frequently
categorized as micro- or macrovascular. Kidney damage, which may ultimately result in chronic kidney
disease, is one such microvascular complication of diabetes. The development and progression of
chronic kidney disease is multifactorial, with metabolic, hemodynamic, in�ammatory and �brotic drivers
contributing to the progressive decline in kidney function that is typically observed in patients with and
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without type 2 diabetes.2–7 The substantial clinical, economic, and humanistic burden of kidney disease
is well-documented in the literature with approximately 50% of end-stage kidney disease cases caused by
diabetes in the developed world.8 Given the public health magnitude, and recent advancements in
medical therapy for patients with chronic kidney disease4–6, it is important to understand the prevalence
of chronic kidney disease in patients with type 2 diabetes and their clinical characteristics to inform
opportunities to optimize outcomes. Previous studies have leveraged National Health and Nutrition
Examination Survey (NHANES) data to evaluate the prevalence of chronic kidney disease in the type 2
diabetes population. These studies have resulted in sobering U.S. prevalence estimates of 38-44%.9–11

Patients with type 2 diabetes and chronic kidney disease have a high mortality rate and increased
cardiovascular events12, and can progress to end stage kidney disease. The annual mortality rate for
patients with diabetes and kidney failure has been reported to be 64.1 per 1000 individuals and increases
with severity of chronic kidney disease [Stage 3A (37.0), Stage 3B (57.5), Stage 4 (98.3) and Stage 5
(98.5)].13 Patients with type 2 diabetes similarly have an increased risk of cardiovascular disease. The
objective of this study was to characterize patients with type 2 diabetes and/or chronic kidney disease in
terms of demographics, medication utilization and healthcare resource use in a contemporary real-world
setting, so as to identify opportunities to improve the quality of care rendered to these populations and
reduce their risk of adverse cardiovascular and kidney outcomes.

Methods
This retrospective cross-sectional analysis was conducted using the enterprise-wide electronic health
record (EHR) at Cleveland Clinic Health System (CCHS), was approved by the Institutional Review Board
of Cleveland Clinic and informed consent was waived. All methods were carried out in accordance with
relevant guidelines and regulations. The study sample was a cohort of patients with chronic kidney
disease, chronic kidney disease+type 2 diabetes or type 2 diabetes without documented chronic kidney
disease, established using EHR data from 2005 to 2019 in the CCHS. Patients from this cohort and
included in the study were required to have at least one outpatient visit in 2019 and at least two
outpatient visits with a primary care, endocrinology, nephrology, or cardiology provider (any combination)
during or prior to 2019. These provider types were selected as they are expected to most actively
participate in the management of patients with chronic kidney disease and/or type 2 diabetes, and
because these two conditions are associated with a higher risk of developing cardiovascular disease. The
patient attrition �owchart (Figure 1) depicts how the patients were classi�ed, and the order by which their
chronic kidney disease and type 2 diabetes diagnosis was identi�ed.

Identi�cation of chronic kidney disease patients
The chronic kidney disease study cohort was created using ICD-9/-10 codes and laboratory measures.
The earliest date when a patient record met any of the following combinations was documented as the
date in which the patient met the criteria for chronic kidney disease: 1) two eGFR<90 separated by more
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than 90 days, 2) ICD-9/-10 codes (E11.21, E11.22, 250.4, N0[0-7].[2–7], 58[0-3].[012489].X, I12.X, 403.X,
Q61.Q, 753.1X, N18.X, 585.X) and 3) two urine albumin:creatinine ratio of >30mg/g OR urine
protein:creatinine ratio >150mg/g, separated by more than 90 days. Combinations preceded by a type 2
diabetes code, type 2 diabetes medication, A1C > 6.5% or blood glucose > 200 mg/dL were excluded.
Patients with records at any time indicating other types of diabetes (including the following) were also
excluded: 1) Type 1 diabetes (ICD-9 codes: 250.x1, 250.x3; ICD-10 code: E10), 2) Diabetes mellitus due to
an underlying condition (ICD-9 code: 249; ICD-10 code: E08), 3) Drug or chemical induced diabetes
mellitus (ICD-9 code: 249; ICD-10 code: E09), and 4) Other speci�ed diabetes mellitus: (ICD-9 code: 249;
ICD-10 code: E13).

Identi�cation of type 2 diabetes patients
The type 2 diabetes study cohort was created based upon ICD-9/-10 codes (250X, E11X). A modi�ed
version of the EMERGE algorithm7 was used to calculate the earliest date when a patient record
contained any of the following combinations: 1) type 2 diabetes code and type 2 diabetes medication, 2)
type 2 diabetes code and abnormal glucose, 3) type 2 diabetes code recorded twice and outpatient
insulin, 4) type 2 diabetes medication and abnormal glucose and 5) outpatient insulin preceded by type 2
diabetes medication. The earliest date that any of the �ve conditions above were met was documented
as the date in which the patient met the criteria for type 2 diabetes. Patients with records at any time
indicating other types of diabetes (including the following) were excluded: 1) Type 1 diabetes (ICD-9
codes: 250.x1, 250.x3; ICD-10 code: E10), 2) Diabetes mellitus due to underlying condition (ICD-9 code:
249; ICD-10 code: E08), 3) Drug or chemical induced diabetes mellitus (ICD-9 code: 249; ICD-10 code:
E09), and 4) Other speci�ed diabetes mellitus: (ICD-9 code: 249; ICD-10 code: E13). Combinations
preceded by an ICD-9/-10 codes used for chronic kidney disease, two eGFR < 90, one urine albumin to
creatinine ratio of >30mg/g or urine protein creatinine ratio >150mg/g were also excluded.

Identi�cation of chronic kidney disease + type 2 diabetes
patients
The chronic kidney disease+type 2 diabetes cohort was created based upon the de�nitions for the chronic
kidney disease and type 2 diabetes only cohorts outlined above. Patients must have met both inclusion
criteria.

Outcome Measures
Demographic characteristics, clinical characteristics, laboratory measures, medication utilization,
cardiometabolic management and healthcare resource utilization were summarized during 2019 and
compared between patients that had chronic kidney disease alone, type 2 diabetes alone, or chronic
kidney disease+type 2 diabetes. Demographic and clinical characteristics, and medication utilization
were assessed at the last documented encounter in 2019. Outpatient type 2 diabetes therapies
documented within the patients’ medication list in 2019 were also recorded. Continuous variables were
reported as medians with interquartile ranges (IQRs) or mean +/-SD (where appropriate) and as N (%) for
categorical variables. Medians were reported with IQRs because these continuous variables were not
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normally distributed. The Kruskal-Wallis rank sum test was used to compare continuous variables and
the chi-square test was used for categorical variables with a signi�cance level of p<0.05. The null
hypotheses were that the variables in all 3 groups have equal medians for continuous variables, or equal
frequencies for categorical variables.

Results
In 2019, of the 1,774,807 patients within the Cleveland Clinic Health System, 122,276 patients were
identi�ed as chronic kidney disease only, 63,643 were identi�ed as type 2 diabetes only, and 35,255 were
identi�ed as having both chronic kidney disease+type 2 diabetes (Table 1). P-values for all of the outlined
comparisons were <0.001.
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Table 1
Descriptive Analysis of the Chronic Kidney Disease, Chronic Kidney Disease +Type 2 Diabetes, and Type 2

Diabetes Retrospective Cohorts as of 2019*

  Chronic
Kidney
Disease only

Chronic Kidney
Disease+Type 2
Diabetes

Type 2
Diabetes
Only

P-
value

Demographics        

N 122276 35255 63643  

Age (years) 72.64 [62.52,
81.70]

72.23 [64.01, 79.70] 63.00 [53.91,
71.21]

<0.001

Male (%) 53277 (43.6) 17926 (50.8) 31349 (49.3) <0.001

Ethnicity (%)       <0.001

Hispanic 4453 ( 3.6) 1625 ( 4.6) 3756 (5.9)  

Not Hispanic or Latino 114437 (93.6) 32642 (92.6) 57434 (90.2)  

Unknown 3386 ( 2.8) 988 ( 2.8) 2453 ( 3.9)  

Race (%)       <0.001

Asians 926 ( 0.8) 411 ( 1.2) 1206 ( 1.9)  

Black 15729 (12.9) 6333 (18.0) 10977 (17.2)  

Caucasian 100802 (82.4) 26655 (75.6) 47163 (74.1)  

Other 4819 (3.9) 1856 (5.3) 4297 (6.8)  

Insurance (%)       <0.001

Commercial 27643 (22.6) 6679 (18.9) 25232 (39.6)  

Medicaid 6081 (5.0) 1916 ( 5.4) 6158 (9.7)  

Medicare 83825 (68.6) 25147 (71.3) 27638 (43.4)  

Other 4727 ( 3.9) 1513 ( 4.3) 4615 ( 7.3)  

Median Income 62710.00

[46873.00,
78924.00]

55988.00

[45474.00,
72122.00]

55740.00

[45474.00,
71194.00]

<0.001

Clinical Characteristics        

BMI (kg/m2) 27.73 [24.33,
31.91]

31.23 [27.24, 36.30] 32.44 [28.24,
37.71]

<0.001

*Continuous variables were reported as medians with interquartile ranges and categorical variables
as numbers and percentages.
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  Chronic
Kidney
Disease only

Chronic Kidney
Disease+Type 2
Diabetes

Type 2
Diabetes
Only

P-
value

Systolic Blood Pressure (mmHg) 129.33
[120.83,
138.00]

130.88 [123.00,
139.33]

129.60
[122.00,
138.00]

<0.001

Diastolic Blood Pressure (mmHg) 72.50 [66.80,
78.29]

71.50 [65.78, 77.33] 75.00 [69.00,
80.29]

<0.001

History of Cardiovascular
Disease (%)

18168 (14.9) 6468 (18.3) 5537 (8.7) <0.001

eGFR (mL/min/1.73m2) 58.81 [48.08,
70.90]

59.18 [45.85, 74.73] 89.40 [78.30,
100.40]

<0.001

Labs        

Potassium (mmol/L) 4.30 [4.00,
4.60]

4.30 [4.00, 4.60] 4.20 [3.90,
4.50]

<0.001

Creatinine (mg/dL) 1.09 [0.90,
1.32]

1.15 [0.91, 1.46] 0.81 [0.69,
0.96]

<0.001

LDL (mg/dL) 94.50 [73.00,
119.00]

83.00 [61.00,
110.25]

89.00 [67.00,
113.00]

<0.001

Triglyceride (mg/dL) 100.00 [73.00,
141.00]

127.00 [91.00,
177.00]

125.00
[88.00,
179.75]

<0.001

HDL (mg/dL) 52.00 [43.00,
64.00]

44.00 [36.00, 53.00] 45.00 [37.00,
54.00]

<0.001

A1C (%) 5.60 [5.40,
5.90]

6.60 [6.10, 7.50] 6.60 [6.10,
7.50]

<0.001

Alb:Cr (mg/g) 53.00 [21.30,
188.00]

51.00 [21.00,
135.00]

16.00 [10.00,
29.00]

<0.001

Missing Alb:Cr (%) 121419 (99.3) 33393 (94.7) 62051 (97.3)  

Missing Urine Alb:Cr or Protein:Cr
(%)

112935 (92.4) 24608 (69.8) 50876 (79.9)  

Missing Urine Alb:Cr, random
Urine Albumin, and Urine
Protein:Cr (%)

110493 (90.4) 21159 (60.0) 43974 (69.1)  

Medications        

Receiving Antihypertensive Agent 73259 (59.9) 25524 (72.4) 34358 (54.0) <0.001

ARB or ACEi 33859 (27.7) 14955 (42.4) 20023 (31.5) <0.001

*Continuous variables were reported as medians with interquartile ranges and categorical variables
as numbers and percentages.
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  Chronic
Kidney
Disease only

Chronic Kidney
Disease+Type 2
Diabetes

Type 2
Diabetes
Only

P-
value

N of Antihypertensive Agents 1.00 [0.00,
2.00]

1.00 [0.00, 3.00] 1.00 [0.00,
2.00]

<0.001

Receiving Antihyperglycemic
Agent

5294 (4.3) 24702 (70.1) 50933 (80.0) <0.001

N of Antihyperglycemic Agents 0.00 [0.00,
0.00]

1.00 [0.00, 2.00] 1.00 [0.00,
2.00]

<0.001

Receiving Antihyperlipidemic
Agent

42897 (35.1) 18370 (52.1) 25902 (40.7) <0.001

N of Antihyperlipidemics Agents 0.00 [0.00,
1.00]

1.00 [0.00, 1.00] 0.00 [0.00,
1.00]

<0.001

SGLT-2i 102 (0.1) 1661 (4.7) 3718 (5.8) <0.001

Healthcare Resource Utilization        

ED Visits (yes) 32395 (26.5) 10151 (28.8) 11820 (18.6) <0.001

ED Visits N (mean, SD) 0.80 (2.08) 0.88 (2.19) 0.55 (2.12) <0.001

Hospital Admission (yes) 64625 (52.9) 19351 (54.9) 26613 (41.8) <0.001

Hospital Admission N (median,
IQR)

1.00 [0.00,
2.00]

1.00 [0.00, 3.00] 0.00 [0.00,
2.00]

<0.001

Hospital Admission N (mean,
SD)

2.08 (4.34) 2.42 (4.95) 1.39 (3.19) <0.001

Outpatient O�ce Visits (yes) 108092 (88.4) 30974 (87.9) 55310 (86.9) <0.001

Outpatient O�ce Visits N
(median, IQR)

8.00 [3.00,
18.00]

9.00 [3.00, 19.00] 5.00 [2.00,
12.00]

<0.001

Outpatient O�ce Visits N (mean,
SD)

13.79 (18.04) 14.58 (18.55) 9.17 (12.73) <0.001

Endocrinology Department Visit
(yes)

4375 (3.6) 3036 (8.6) 5729 (9.0) <0.001

Endocrinology Department N
(mean, SD)

0.08 (0.64) 0.22 (0.99) 0.24 (1.08) <0.001

Nephrology Department (yes) 9329 (7.6) 2696 (7.6) 270 (0.4) <0.001

Nephrology Department N (mean,
SD)

0.17 (0.85) 0.17 (0.80) 0.01 (0.12) <0.001

Primary Care Visit (yes) 78524 (64.2) 21842 (62.0) 37852 (59.5) <0.001

*Continuous variables were reported as medians with interquartile ranges and categorical variables
as numbers and percentages.
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  Chronic
Kidney
Disease only

Chronic Kidney
Disease+Type 2
Diabetes

Type 2
Diabetes
Only

P-
value

Primary Care N (median, IQR) 2.00 [0.00,
6.00]

2.00 [0.00, 7.00] 1.00 [0.00,
4.00]

<0.001

Primary Care N (mean, SD) 4.77 (7.77) 4.96 (8.06) 3.40 (5.86) <0.001

Cardiology Department Visit
(yes)

36009 (29.4) 11345 (32.2) 13245 (20.8) <0.001

Cardiology Department N (mean,
SD)

1.17 (3.96) 1.40 (4.72) 0.71 (2.97) <0.001

*Continuous variables were reported as medians with interquartile ranges and categorical variables
as numbers and percentages.

 

Demographics
Patients with chronic kidney disease and chronic kidney disease+type 2 diabetes were observed to be
older (years) than those with type 2 diabetes alone, 72.6, 72.2, and 63.0, respectively. Patient cohorts with
type 2 diabetes and chronic kidney disease+type 2 diabetes contained a higher percentage of males
compared to those with chronic kidney disease alone, 49.3%, 50.8%, 43.6%, respectively. The proportion
of Hispanic and black patients was more prevalent in the type 2 diabetes (5.9%, 17.2%) and chronic
kidney disease+type 2 diabetes (4.6%, 18.0%) groups, than those with chronic kidney disease alone (3.6%,
12.9%). Medicare insurance coverage was higher in the group of patients with chronic kidney disease
(68.6%) and chronic kidney disease+type 2 diabetes (71.3%) vs. those with type 2 diabetes alone (43.4%).
Median household income was signi�cantly higher in the group with chronic kidney disease only
($62,710) vs. those with chronic kidney disease+type 2 diabetes ($55,988) or type 2 diabetes alone
($55,740).

Clinical Characteristics and Labs
Patients with type 2 diabetes and chronic kidney disease+type 2 diabetes were observed to have a higher
median BMI (kg/m2) than those with chronic kidney disease alone, 32.4, 31.2, and 27.7, respectively. A
history of cardiovascular disease was observed in 14.9%, 18.3%, and 8.7% of patients with chronic kidney
disease alone, chronic kidney disease+type 2 diabetes, and type 2 diabetes alone, respectively. Although
statistical variations in median systolic and diastolic blood pressure were observed, they were small and
not considered clinically relevant. As expected, median A1C values were observed to be higher in those
with type 2 diabetes and chronic kidney disease+type 2 diabetes, and median creatinine values were
observed to be higher in those with chronic kidney disease and chronic kidney disease+type 2 diabetes.
The median potassium levels (mmol/L) were similar among those with chronic kidney disease, chronic
kidney disease+type 2 diabetes or type 2 diabetes, 4.3, 4.3, 4.2, respectively. Median HDL (mg/dL) was
higher, and Tg (mg/dL) levels lower, in those with chronic kidney disease vs. those with chronic kidney
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disease+type 2 diabetes or type 2 diabetes, (52.0, 100.0; 44.0 127.0; 45.0, 125.0), respectively. Median
LDL (mg/dL) was higher in those with chronic kidney disease vs. chronic kidney disease+type 2 diabetes
or type 2 diabetes, 94.5, 83.0, 89.0, respectively. Median eGFR (mL/min/1.73m2) in the chronic kidney
disease and chronic kidney disease+type 2 diabetes was lower compared to those with type 2 diabetes,
58.8, 59.2, and 84.9 respectively. The median urine albumin:creatinine (alb:Cr, mg/g) ratio was higher in
those with chronic kidney disease and chronic kidney disease+type 2 diabetes compared to those with
type 2 diabetes, 53.0, 51.0, 16.0, respectively. However, the majority of patients with chronic kidney
disease alone (92.4%), chronic kidney disease+type 2 diabetes (69.8%) or type 2 diabetes alone (79.9%)
did not have any assessment of urine protein (protein:Cr or alb:Cr) documented in 2019.

Medications
Antihypertensive therapy was more prevalent in those with chronic kidney disease+type 2 diabetes
(72.4%) vs. those with chronic kidney disease (59.9%) or type 2 diabetes (54.4%) alone.
Antihyperlipidemic therapy was also observed to be more prevalent in those with chronic kidney
disease+type 2 diabetes (52.1%) or type 2 diabetes (40.7%) vs. chronic kidney disease (35.1%) alone. As
expected, antihyperglycemic therapy was more prevalent in those with chronic kidney disease+type 2
diabetes (70.1%) or type 2 diabetes (80.0%) vs. chronic kidney disease (4.3%). ACEi/ARB therapy was
observed in 27.7%, 42.4%, and 31.5% patients with chronic kidney disease alone, chronic kidney
disease+type 2 diabetes, and type 2 diabetes alone, respectively. SGLT-2i therapy was only prescribed to a
minority of patients with type 2 diabetes (5.8%), chronic kidney disease+type 2 diabetes (4.7%), and
chronic kidney disease (0.1%).

Healthcare Resource Utilization
The percentage of patients with at least one outpatient visit in 2019 was high among all cohorts, with
group percentages of 88.4% in patients with chronic kidney disease, 87.9% with chronic kidney
disease+type 2 diabetes, or 86.9% with type 2 diabetes. The median number of outpatient visits was
observed to be higher in those with chronic kidney disease+type 2 diabetes (9.0) or chronic kidney
disease (8.0) vs. type 2 diabetes (5.0). The prevalence of primary care visits was similar across groups,
but statistically higher in those with chronic kidney disease (64.2%) or chronic kidney disease+type 2
diabetes (62.0) vs. type 2 diabetes (59.5%).

Emergency department visits and hospital admissions were more prevalent in the group with chronic
kidney disease or chronic kidney disease+type 2 diabetes compared to type 2 diabetes alone; 26.5%,
52.9%; 28.8%, 54.9%; 18.6%, 41.8%, respectively. Cardiology visits were more prevalent in those with
chronic kidney disease (29.4%) and chronic kidney disease+type 2 diabetes (32.2%) compared to those
with type 2 diabetes (20.8%). Endocrinology visits were more common in those with type 2 diabetes
(9.0%) or chronic kidney disease+type 2 diabetes (8.6%) vs. chronic kidney disease (3.6%), and
nephrology visits were more common in those with chronic kidney disease (7.6%) or chronic kidney
disease+type 2 diabetes (7.6%) vs. type 2 diabetes (0.4%).
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Discussion
The results con�rm the large clinical and economic burden of chronic kidney disease, particularly in
patients with type 2 diabetes. Patients were observed to be “sicker” and used more healthcare resources
in the ascending order of: type 2 diabetes < chronic kidney disease < chronic kidney disease+type 2
diabetes. This observation may be in part related to the older age (years) observed among those with
chronic kidney disease alone (72.6) or chronic kidney disease+type 2 diabetes (72.2) vs. type 2 diabetes
alone (63.0). Emergency department visits and hospitalizations were highest in those with both chronic
kidney disease+type 2 diabetes. While the percentage of patients with a primary care visit was observed
to be very similar across groups, more patients with chronic kidney disease and type 2 diabetes had
cardiology visits, not surprising since the prevalence of cardiovascular disease was observed to be
highest in this group (18.3%). The prevalence of other specialty visits was observed to be rather low.
Nephrology visits were observed in only 7.6% of patients with chronic kidney disease or chronic kidney
disease+type 2 diabetes, and endocrinology visits were observed in only 9.0% and 8.6% of patients with
type 2 diabetes or chronic kidney disease+type 2 diabetes respectively. Perhaps a higher rate of specialty
referral and management, as well as an increase in outpatient primary care visits, would lead to a
reduction in the number of emergency department visits and hospitalizations in patients with chronic
kidney disease+type 2 diabetes.

The utilization of ACEi/ARB therapy was observed to be low in our cohorts of patients with chronic kidney
disease alone (27.7%), chronic kidney disease+type 2 diabetes (42.4%), and type 2 diabetes alone
(31.5%). This is much lower than has been previously reported by Vupputuri et.al. with 54-65% depending
on the stage of chronic kidney disease14, but similar to other reports which have characterized the
utilization of ACEi or ARB therapy among patients with type 2 diabetes15,16 Low ACEi/ARB use in chronic
kidney disease alone may be explained, in part, by non-diabetic kidney disease or chronic kidney disease
without proteinuria or resulting hyperkalemia. In addition, prescriptions for SGLT-2i therapy in patients
with type 2 diabetes or chronic kidney disease+type 2 diabetes were observed to be rather low, and only
modestly higher when compared to data from 2017.15 Lastly, the assessment of proteinuria was
observed to be disappointingly low among our three cohorts of patients, and this is consistent with data
that has been previously published.17 These observations highlight the opportunity that exits to improve
the frequency of albuminuria testing to guideline-recommended standards since albuminuria levels are
highly predictive of all-cause mortality, end stage kidney disease and risk of fatal and non-fatal
cardiovascular events.18,19 Dedicated kidney outcome randomized controlled trials have demonstrated
the bene�ts of SGLT-2is4,5 and the non-steroidal mineralocorticoid antagonist �nerenone6 on the risk of
chronic kidney disease progression and associated outcomes, particularly in patients with type 2
diabetes. Thus, recognizing the presence of chronic kidney disease in patients with type 2 diabetes will
become ever-more important, and the choice of therapies will need to include those which may provide
additional bene�ts, beyond those afforded by adequate blood pressure and glycemic control, as well as
ACEi/ARB therapy.
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The strengths of this study include the large number of participants identi�ed, the use of the validated
EMERGE algorithm to properly identify patients with type 2 diabetes, and the robust amount of clinical
data which allowed for an extensive depiction of subjects. While there are numerous strengths of our
analysis, it is not without limitations. Our study is limited by its use of only structured data to document
both chronic kidney disease and type 2 diabetes, which relies heavily on provider coding practices and
adequate documentation of lab results which may have occurred outside our health system. Adding the
use of natural language processing of chart notes may better capture these disease states vs. using the
ICD codes alone. In addition, our record of medication utilization was based upon EHR documentation of
prescriptions, not based on pharmacy data; thus, medication compliance could not be ascertained. As is
typical of cross-sectional data in general, full interpretation of the observed medication use and
comorbidity burden is limited by the lack of longitudinal data. Further, cross-sectional data cannot
capture the complexities of clinical care on a patient level. However, our intent was primarily to
understand the prevalence of these conditions and overall care patterns in a large cohort of patients with
both type 2 diabetes and chronic kidney disease, purposes for which cross sectional data are particularly
useful. While we limited our analysis to active patients in our health system by requiring at least one
outpatient encounter in 2019, this likely resulted in bias by selecting “sicker” patients as they are the ones
likely to seek or require care. Lastly, our report only contains data from one integrated delivery system so
generalizability of our �ndings may be limited.

Characterizing the population of patients with chronic kidney disease and type 2 diabetes will become
ever-more important in routine clinical practice to ensure that appropriate treatment strategies are
initiated. A tremendous opportunity exists to improve the utilization of ACEi or ARB therapy, particularly in
patients with chronic kidney disease or chronic kidney disease+type 2 diabetes. In addition, routine
measurement of urine protein, particularly urine albumin to creatinine ratio, was observed to be very low.
For type 2 diabetes patients, guidelines recommend at least annual urine albumin to creatinine ratio
testing to thoroughly characterize the chronic kidney disease burden and to monitor for chronic kidney
disease progression. Furthermore, employing strategies to mitigate chronic kidney disease progression
may help to offset costs associated with the disease thereby freeing up resources for other high valued
needs. This study, leveraging real-world data, helps to expand our knowledge about the burden of chronic
kidney disease in patients with and without type 2 diabetes and the opportunities that exist to improve
the quality of care rendered to these populations.
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Figure 1

Flowchart of Patient Identi�cation


