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Prevalence and severity of chronic kidney disease in a
population with type 1 diabetes from a United States health
system: a real-world cohort study
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Summary

Background A contemporary description and estimates for rates of chronic kidney disease (CKD) in type 1 diabetes
are needed to inform risk reduction strategies. The study aim was to assess prevalence and severity of CKD based on a
population with type 1 diabetes receiving care at a large United States health system.

Methods Type 1 diabetes was identified through the Providence health system electronic health records during
2013-2022. Prevalent CKD was defined cross-sectionally by > 90-day persistence of estimated glomerular filtration
rate (eGFR) < 60 mL/min/1.73 m? urine albumin-to-creatinine ratio >30 mg/g, or urine protein-to-creatinine
ratio >0.15 g/g. Multivariable logistic regression models analyzed variable associations with CKD and severe
kidney disease (eGFR < 45 mL/min/1.73 m?, dialysis, or transplant).

Findings The study population (N = 23,589) was 48.6% female with a mean + SD age of 38 + 17 years. CKD prevalence
was 27.1%. Higher odds of CKD were found for females (odds ratio: 1.36 [95% confidence interval]: 1.26-1.47); age
60-79 years (reference 12-17 years; 2.22 [1.83-2.69]); Asian (reference White; 1.71 [1.20-2.44]), Black or African
American (1.76 [1.45-2.14]), and Other race (1.33 [1.04-1.71]) populations. CKD odds were higher with hypertension,
heart failure, and atherosclerotic cardiovascular disease. Severe kidney disease was present in 10.8% with higher odds
among Black or African American (2.08 [1.23-3.54]) and Native Hawaiian or Pacific Islander (2.62 [1.28-5.38])
populations.

Interpretation CKD was present in nearly one of three persons with type 1 diabetes with higher risks for females,
older adults, racial and ethnic minorities, and those with cardiovascular diseases. Severe kidney disease was found in
over one-tenth and more likely in Black or African American and Native Hawaiian or Pacific Islander populations.
Focus on disproportionately affected groups who may benefit from monitoring and interventions to improve
clinical outcomes will be important for public health and health system strategies to reduce risks of CKD and
severe kidney disease in type 1 diabetes.
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Research in context

Evidence before this study

We conducted PubMed searches from June 15 to July 31,
2024, with no restrictions on time or language, using search
terms including: “type 1 diabetes” AND “chronic kidney
disease” or “CKD"; “type 1 diabetes” AND “diabetic kidney
disease” or “DKD"; “type 1 diabetes” AND "“kidney failure” or
“dialysis” or “transplant”; type 1 diabetes AND “CKD
epidemiology” or “CKD prevalence”; type 1 diabetes AND
“DKD epidemiology” or “DKD prevalence”. Chronic kidney
disease (CKD) is a major diabetes complication. Racial and
ethnic minorities have disproportionally high rates of CKD in
type 2 diabetes, but data on prevalence and severity of CKD
representing the diversity of the type 1 diabetes population
were not found because prior studies were limited to mostly
White or European populations.

Added value of this study
We estimated CKD prevalence as well as the likelihood of CKD
or severe kidney disease in a large real-world population

Introduction
Type 1 diabetes is present in 8.75 million people
worldwide.! Despite efforts to mitigate risks by man-
agement of hyperglycaemia and concurrent risk factors
such as hypertension, chronic kidney disease (CKD)
remains one of the most common diabetes complica-
tions. CKD has historically been expected in about one
of three persons with type 1 diabetes and clusters with
other microvascular complications.>” Development of
albuminuria heralds CKD onset, presaging glomerular
filtration rate (GFR) decline, kidney failure, and death.”
Racial and ethnic minorities have higher risk of devel-
oping CKD and kidney failure, especially from type 2
diabetes, but little is known about their CKD risks in
type 1 diabetes because prior studies have been
comprised of predominantly White or European
populations.*® Moreover, these studies have been
limited by use of administrative codes to identify CKD,
high rates of missingness for laboratory assessments,
particularly albuminuria, and extrapolations from small
sample sizes.”®

Contemporary estimates and descriptions of CKD in
type 1 diabetes are needed to inform risk reduction
strategies now that highly efficacious therapies for CKD
have become available. For type 2 diabetes, the four
“pillars of therapy” for CKD include conventional renin-
angiotensin system inhibitors as well as newer agents in
the sodium glucose cotransporter 2 (SGLT2) inhibitor,
glucagon-like peptide-1 (GLP-1) receptor agonist, and
non-steroidal mineralocorticoid antagonist classes.”"
However, persons with type 1 diabetes were excluded
from most clinical trials of newer agents for CKD, and
thus have not similarly benefited from therapeutic ad-
vances. The last drug shown to improve CKD outcomes

(N = 23,589) with type 1 diabetes from the United States
during 2013-2022. CKD was present in 27.1% with no
decrease over this decade despite many advances in diabetes
care. Females, older adults, racial and ethnic minorities, and
those with cardiovascular diseases were more likely to have
CKD. In the overall type 1 diabetes population, more than one
in ten had severe kidney disease with eGFR < 45 mL/min/
1.73 m? in 5.3% and treatment for kidney failure by dialysis or
transplant in 5.5%. Black or African American and Native
Hawaiian or Pacific Islander populations had higher odds of
severe kidney disease.

Implications of all the available evidence

CKD and severe kidney disease are common in type 1
diabetes. Females, older adults, racial and ethnic minorities,
and those with cardiovascular diseases are disproportionately
affected. Focus on these groups for awareness, detection, and
intervention is an important strategy for reducing risks of
CKD in type 1 diabetes.

in type 1 diabetes was an angiotensin converting
enzyme (ACE) inhibitor over three decades ago."
Therefore, the aim of this study was to assess CKD
prevalence and severity in a large real-world population
with type 1 diabetes to help identify individuals who
may benefit from monitoring and interventions to
improve clinical outcomes.

Methods

Data source

The Center for Kidney Disease Education and Hope
(CURE-CKD) is a clinical registry derived from elec-
tronic health records (EHRs) of the Providence health
system that contains demographics, physical and labo-
ratory measurements, prescription records, and
administrative codes.”'® The Providence health system
includes a large clinical network spanning from tertiary
care to community-based primary care centres across
five western states (Washington, Montana, Oregon,
Alaska, and California). Registry data are extracted and
curated for persons with CKD or at risk of CKD due to
diabetes or hypertension. Diabetes is identified by hae-
moglobin (Hb) Alc > 6.5%; two fasting blood glucose
measures >126 mg/dL, or two random blood glucose
measures >200 mg/dL between 1 day and 2 years apart;
a prescription for blood glucose-lowering agents; or
diagnosis codes.” The Chronic Kidney Disease Epide-
miologic 2021 equation is used to calculate estimated
GFR (eGFR) from serum creatinine."” CKD is defined by
the first of two laboratory measurements >90 days apart
(eGFR < 60 mL/min/1.73 m? urine albumin-to-
creatinine ratio (UACR) >30 mg/g, or urine protein-
to-creatinine ratio (UPCR) 2>0.15 g/g). ICD-10
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diagnosis and ICD-9 or ICD-10 procedure codes are also
used to detect CKD, dialysis, or kidney transplant
Supplementary Table S1).

Study population

Persons > 12 years old were selected for a type 1 dia-
betes cohort from the overall diabetes population in the
CURE-CKD registty by an EHR algorithm
(Supplementary nathods) between January 1, 2013 and
December 31, 2022. Those with type 1 diabetes and
laboratory measures of serum creatinine, UACR, or
UPCR were included. To assess for temporal trends in
CKD prevalence, the 2013-2022 cohort was subdivided
into two study periods (January 1, 2013 until December
31, 2017, and January 1, 2018 until December 31, 2022)
resulting in three cross-sectional cohorts from years
2013-2022 (N = 23,589), 2013-2017 (N = 13,645), and
2018-2022 (N = 19,941; Supplementary Fig. S2).

At entry into the type 1 diabetes cohort, sex, race and
ethnicity, and age were recorded. Systolic blood pres-
sure, body mass index (BMI), and HbAlc measures
were averaged over the study periods. Hypertension
status,”'® primary health insurance type, International
Classification of Diseases (ICD)-10 codes for athero-
sclerotic cardiovascular disease and heart failure
(Supplementary Table S1), medication use by prescrip-
tion records, and healthcare encounters by specialty type
(Nephrology, Endocrinology, Internal Medicine, Family
Medicine) were also recorded.

The study was conducted according to Reporting of
Observational Studies in Epidemiology guidelines
(Supplementary materials STROBE checklist), and was
approved by the Providence Institutional Review Board,
who determined a written informed consent was not
required for analyses of a limited retrospective dataset.

Statistical analysis

The sample size was based upon the number of persons
identified with type 1 diabetes in the Providence health
system (Supplementary Figs. S1 and S2). Categorical
variables were displayed as frequencies and percentages.
Continuous normally distributed variables were re-
ported as mean = standard deviation (SD). Continuous
skewed variables were reported as median and inter-
quartile range (IQR). Persons with type 1 diabetes were
described by demographic, clinical, and healthcare
characteristics according to CKD status. The prevalence
of CKD was estimated for each study period, and strat-
ified by eGFR values of 45-59, 30-44, 15-29, and
<15 mL/min/1.73 m? based on the most recent
measurement.

Chi-squared tests assessed for differences in CKD
prevalence between the study periods of 2013-2017 and
2018-2022. Multivariable logistic regression models
examined primary and secondary outcomes for patients
with available measures, respectively: 1. CKD (eGFR <
60 mL/min/1.73 mz, UACR > 30 mg/g, or UPCR >
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0.15 g/g, or CKD diagnosis code; n = 19,483) and 2.
Severe kidney disease (€GFR < 45 mL/min/1.73 m?,
dialysis, or transplant; n = 12,021). Variable selection
and cut points were based on clinically recognized CKD
risk factors."! The exposure variables included: sex
(reference: male), race and ethnicity (reference: White,
non-Hispanic), age (reference: 12-17 years), BMI
(>30 kg/m? versus <30 kg/m?), HbAlc (>8% versus
<8%),"® commercial health insurance (reference: non-
commercial), and dichotomous variables including
medications, specialty type of healthcare encounters,
hypertension, heart failure, and atherosclerotic cardio-
vascular disease. UACR > 300 mg/g and UPCR > 0.5 g/
g were included as variables in the model for the sec-
ondary outcome. Both unadjusted and adjusted esti-
mates for associations of exposure variables with the
primary and secondary outcomes were calculated. In
sensitivity analyses, models were also fit with baseline
age (per decade), HbAlc (per 1%) and BMI (per 5 kg/
m?) as continuous variables. Missing values were not
imputed. The significance level was set at 0.05. Analyses
were performed in R version 4.2.2.

Role of the funding source

A sponsor of the study, the United States Centers for
Disease Control and Prevention (CDC), reviewed and
cleared the manuscript for publication, as required by
CDC policy. Benaroya Research Institute provided
funding to support the EHR algorithm to identify per-
sons with type 1 diabetes. These institutions did not
participate in the writing or decision to submit for
publication. Two authors (MEP and FX) are employees
of the CDC. CG is an employee of the Benaroya
Research Institute.

Results

Characteristics of the type 1 diabetes population
During 2013-2022, the overall type 1 diabetes population
(N = 23,589) included 48.6% females. Their racial and
ethnic identities comprised 1.0% American Indian or
Alaska Native, 2.5% Asian, 3.4% Black or African Amer-
ican, 0.4% Native Hawaiian or Pacific islander, 3.2%
Hispanic, 6.6% Other race, 78.4% White, and 4.5% Un-
known (Table 1). They were on average 38 + 17 years of
age at entry into the type 1 diabetes cohort. Their most
recently recorded values were mean eGFR 91.1 + 30.8 mL/
min/1.73 m”® and median UACR and UPCR 9.6 (5.0-31.0)
mg/g and 0.3 (0.1-1.5) g/g, respectively. Measurement of
eGFR was available for 99.0% with a median of 8 (3-19)
measurements per patient. UACR and UPCR were
measured in 54.4% and 3.8%, respectively with a median
of 1 (0-2) measurement. Mean values for risk factors were:
HbAlc 8.4 + 1.8%, BMI 27 + 6 kg/m?, and systolic blood
pressure 125 + 14 mm Hg. The majority (>90%) of per-
sons with type 1 diabetes were seen in primary care
(Family Medicine or Internal Medicine) and half were seen
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Persons, n (%) of total Overall With CKD Without CKD
23,589 (100.0) 6396 (27.1) 17,193 (72.9)
Demographics and clinical characteristics
Sex, n (%)
Female 11,465 (48.6) 3274 (51.2) 8191 (47.6)
Male 12,124 (51.4) 3122 (48.8) 9002 (52.4)
Race and ethnicity, n (%)
American Indian or Alaska Native 225 (1.0) 90 (1.4) 135 (0.8)
Asian 587 (2.5) 162 (2.5) 425 (2.5)
Black or African American 808 (3.4) 301 (4.7) 507 (2.9)
Hispanic or Latino(a) 752 (3.2) 171 (2.7) 581 (3.4)
Native Hawaiian or Pacific Islander 93 (0.4) 23 (0.4) 70 (0.4)
White 18,496 (78.4) 5106 (79.8) 13,390 (77.9)
Other® 1567 (6.6) 374 (5.8) 1193 (6.9)
Unknown 1061 (4.5) 169 (2.6) 892 (5.2)
Age, y, mean, SD 38, 17 48, 17 35, 16
Age category, y, n (%)
12-17 3022 (12.8) 257 (4.0) 2765 (16.1)
18-39 10,319 (43.7) 1912 (29.9) 8407 (48.9)
40-59 7087 (30.0) 2448 (38.3) 4639 (27.0)
60-79 2999 (12.7) 1651 (25.8) 1348 (7.8)
>80 162 (0.7) 128 (2.0) 34 (0.2)
eGFR, mL/min/1.73 m’, n (%) 23,350 (99.0) 6385 (99.8) 16,965 (98.7)
Mean, SD 91.1, 30.8 61.8, 34.0 102.2, 20.7
UACR, mg/g, n (%) 12,844 (54.4) 3876 (60.6) 8968 (52.2)
Median (IQR) 9.6 (5.0-31.0) 49.0 (14.0-238.0) 7.0 (4.0-14.0)
UACR category, n (%)
<30 9558 (40.5) 1524 (23.8) 8034 (46.7)
30-300 2287 (9.7) 1481 (23.2) 806 (4.7)
>300 999 (4.2) 871 (13.6) 128 (0.7)
UPCR, g/g, n (%) 900 (3.8) 607 (9.5) 293 (1.7)
Median (IQR) 0.3 (0.1-1.5) 0.6 (0.2-2.4) 0.1 (0.1-0.3)
UPCR category, n (%)
<0.15 305 (1.3) 142 (2.2) 163 (0.9)
0.15-0.50 230 (1.0) 149 (2.3) 81 (0.5)
>0.50 365 (1.5) 316 (4.9) 49 (0.3)
HbA1C %, n (%) 20,048 (85.0) 5847 (91.4) 14,201 (82.6)
Mean, SD 8.4,1.8 8.6, 1.8 8.4, 1.9
Systolic blood pressure, mm Hg, n (%) 22,648 (96.0) 6308 (98.6) 16,340 (95.0)
Mean, SD 125, 14 130, 15 123, 13
BMI, kg/m?, n (%) 22,867 (96.9) 6319 (98.8) 16,548 (96.2)
Mean, SD 27,6 28, 6 27, 6
Hypertension 14,932 (63.3) 5736 (89.7) 9196 (53.5)
Heart failure 1412 (6.0) 1158 (18.1) 254 (1.5)
Atherosclerotic cardiovascular diseases 3944 (16.7) 2460 (38.5) 1484 (8.6)
Medications, n (%)
ACE inhibitor or ARB 11,281 (47.8) 5027 (78.6) 6254 (36.4)
GLP-1 receptor agonist 1146 (4.9) 375 (5.9) 771 (4.5)
SGLT2 inhibitor 694 (2.9) 259 (4.0) 435 (2.5)
Healthcare characteristics
Clinical encounter types, n (%)
Family medicine 14,033 (59.5) 4001 (62.6) 10,032 (58.3)
Internal medicine 7507 (31.8) 2655 (41.5) 4852 (28.2)
Pediatrics 741 (3.1) 175 (27) 566 (3.3)
Endocrinology 11,778 (49.9) 3091 (48.3) 8687 (50.5)
Nephrology 1260 (5.3) 1024 (16.0) 236 (1.4)
Primary health insurance, n (%)
Commercial 14,675 (62.2) 2361 (36.9) 12,314 (71.6)

(Table 1 continues on next page)

by Endocrinology. Commercial health insurance was the
primary payer for 62.2% while 25.2% had Medicare.

Similar patient characteristics were observed during
the 2013-2017 (N = 13,645) and 2018-2022 (N = 19,941)
study periods (Supplementary Table S2). The larger
number of cases in the more recent timeframe is related
to growth of the population accessing care in the Prov-
idence health system. The median observation window
for 2013-2022 was 6.1 years (2.5-8.7). During
2013-2017 and 2018-2022 it was 3.0 years (1.1-4.4) and
3.5 years (1.4-4.7), respectively.

Frequency and severity of chronic kidney disease in
type 1 diabetes

CKD prevalence in the overall type 1 diabetes population
was 27.1% (6396/23,589) during 2013-2022 with prev-
alences of 27.0% in 2013-2017 and 27.3% in 2018-2022
(p = 0.53; Table 2). CKD prevalence by demography was
also similar across study periods. CKD was more com-
mon in females (28.6%) than in males (25.8%) and
highest among American Indian or Alaska Native
(40.0%) and Black or African American (37.3%) pop-
ulations (Table 2). The CKD group was older than those
without CKD (48 + 17 and 35 + 16 years). While prev-
alence was higher with age such that 55.1% of those in
the 60-79-year old group and 79.0% of those >80 years
had CKD, 8.5% of the 12-17-year old group already had
CKD. In the CKD group versus those without CKD,
hypertension (89.7% and 53.5%), heart failure (18.1%
and 1.5%), and atherosclerotic cardiovascular disease
(38.5% and 8.6%) were more common. ACE inhibitors
or ARBs were prescribed more often to those with
versus without CKD (78.6% and 36.4%). GLP-1 receptor
agonist and SGLT2 inhibitor use were low, but slightly
higher in the CKD group (GLP-1 receptor agonists: 5.9%
and 4.5%; SGLT?2 inhibitors: 4.0% and 2.5%). A greater
proportion with CKD than without CKD were seen by
Nephrology (16.0% and 1.4%).

CKD was identified by eGFR < 60 mIL/min/1.73 m?
in 73.5% (n = 4701), while 19.0% (n = 1215) were
identified by UACR > 30 mg/g or UPCR > 0.15 g/g in
the overall type 1 diabetes population. Few persons were
identified with CKD by only a diagnosis code (n = 428,
6.7%) or by codes for dialysis or kidney transplant
(n = 52, 0.8%). With a more liberal definition not
requiring more than one laboratory value > 90 days
apart for eGFR, UACR, or UPCR, CKD prevalence
would be 33.3% (7844/23,589). An eGFR < 45 mL/min/
1.73 m* occurred in 5.3%, and kidney replacement
therapy by dialysis or transplant was present in 3.6%
and 1.9%, respectively (Fig. 1A).

Among the type 1 diabetes population with CKD, the
eGFR distribution was 15.6% for eGFR 45-59 mL/min/
1.73 m?, 9.8% for eGFR 30—44 mL/min/1.73 m? 5.7%
for eGFR 15-29 mL/min/1.73 m?% and 1.8% for eGFR <
15 mL/min/1.73 m? (Fig. 1B). Kidney replacement
therapy by dialysis or transplant occurred in 13.3%, and
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6.9% of the CKD population, respectively. Presence of
elevated albuminuria defined as UACR 30-300 mg/g or
UACR > 300 mg/g was present in 23.2% and 13.6% of
those with CKD, respectively (Table 1). Elevated pro-
teinuria defined as UPCR 0.15-0.50 g/g or UPCR >
0.50 g/g was present in 2.3% and 4.9%, respectively.
Presence of both eGFR < 60 mL/min/1.73 m? and
elevated UACR or UPCR occurred in 19.7% (n = 1259)
of the type 1 diabetes population with CKD.

Associations of type 1 diabetes characteristics with
chronic kidney disease or severe kidney disease

By multivariable adjusted logistic regression modelling,
higher odds of CKD (Fig. 2 and Supplementary
Table S3) were found for females (odds ratio 1.36
[95% confidence interval: 1.26-1.47]), and for Asian
(1.71 [1.20-2.44]), Black or African American (1.76
[1.45-2.14]), and Other race (1.33 [1.04-1.71]) pop-
ulations. Odds of CKD increased progressively with age
particularly in those aged 60-79 years (2.22 [1.83-2.69])
and >80 years (10.43 [6.16-18.41]). Persons with a mean
HbAlc > 8.0% had higher odds of CKD (1.80
[1.66-1.95]). Higher odds of CKD were also observed in
persons with hypertension (2.69 [2.41-3.02]), heart fail-
ure (3.69 [3.13-4.38]), atherosclerotic cardiovascular
diseases (1.91 [1.73-2.11]), ACE inhibitor or ARB use
(2.84 [2.59-3.10]), and Nephrology (7.70 [6.49-9.16]) or
Internal Medicine (1.21 [1.12-1.31]) encounters. With
covariate adjustment, lower odds of CKD were observed
in the American Indian or Alaska Native population
(0.79 [0.63-0.98]) and for persons with commercial in-
surance (0.46 [0.42-0.50]) or BMI > 30 kg/m? (0.83
[0.76-0.90]). Inclusion of age, HbAlc, and BMI as
continuous variables in the model, yielded similar re-
sults as the main analysis (Supplementary Fig. S3 and
Table S5).

Similar results were found in the multivariable
adjusted logistic regression model for severe kidney
disease except that the Native Hawaiian or Pacific
Islander population had higher odds (2.62 [1.28-5.38])
(Fig. 3 and Supplementary Table S4). Severe kidney
disease was not significantly related to female sex,
American Indian or Alaska Native, Asian and Other race
populations. Lower odds were observed for persons with
HbAlc > 8.0% and Family Medicine encounters.
Comparable results were observed with modelling age,
HbAlc, and BMI as continuous variables
(Supplementary Fig. S4 and Table S6) with significantly
lower odds of severe kidney disease for higher degrees
of HbA1c (per 1%, 0.92 [0.85-1.00]) and BMI (per 5 kg/
m?, 0.89 [0.80-0.98]).

Discussion

CKD was found in 27.1% of a racially and ethnically
diverse population with type 1 diabetes from a large
United States health system in 2013-2022. No decrease
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Persons, n (%) of total Overall With CKD Without CKD
23,589 (100.0) 6396 (27.1) 17,193 (72.9)
(Continued from previous page)
Medicare 5941 (25.2) 3402 (53.2) 2539 (14.8)
Medicaid 2659 (11.3) 603 (9.4) 2056 (12.0)
Unknown 313 (1.3) 30 (0.5) 283 (1.6)

CKD = chronic kidney disease; y = years; SD = standard deviation; eGFR = estimated glomerular filtration rate;
UACR = urine albumin-to-creatinine ratio; IQR = interquartile range; UPCR-urine protein-to-creatinine ratio;
Hb = haemoglobin; BMI = body mass index; ACE = angiotensin-converting enzyme; ARB = angiotensin receptor
blocker; GLP-1 = glucagon-like peptide; SGLT2 = sodium-glucose co-transporter. ®Includes persons who did not
identify with main census categories.

Table 1: Characteristics of the population with type 1 diabetes overall and by CKD status.

in CKD prevalence was observed during this decade
despite many advances in diabetes care. In the overall
type 1 diabetes population, 5.3% had an eGFR < 45 mL/
min/1.73 m® and 5.5% received treatment for kidney
failure by dialysis or transplant.

The representativeness of these estimates for preva-
lence of CKD and severe kidney disease in type 1 dia-
betes are reflected by similarities between the
Providence health system in the United States and the
national Danish Register.’ Persons with type 1 diabetes
in these systems may be receiving attention to kidney
health assessments by laboratory testing. In contrast,
lower rates were reported in national registries from
Sweden and Norway where CKD was solely identified by
diagnosis codes, which may underestimate prevalence
due to under coding or less testing.”® A single centre in
Ireland reported a CKD prevalence of 18% in type 1

CKD prevalence 2013-2022 2018-2022

6396/23,589 (27.1) 3684/13,645 (27.0) 5447/19,941 (27.3)

2013-2017

Type 1 Diabetes, n with CKD/
total N (%)

n with CKD/total by sex N (%)

Female 3274/11,465 (28.6)

Male 3122/12,124 (25.8)

with CKD/total race and ethnicity N (%)

American Indian Alaska Native 90/225 (40.0)

Asian 162/587 (27.6)
301/808 (37.3)

171/752 (22.7)

1887/6706 (28.1)  2802/9694 (28.9)
1797/6939 (25.9) 2645/10,247 (25.8)

3

51/146 (34.9)
86/292 (29.5)

( 79/195 (40.5)
(

166/431 (38.5)
(
(

(
134/503 (26.6)
248/675 (36.7)
159/676 (23.5)

(231

Black or African American

Hispanic or Latino(a) 52/258 (20.2)

Native Hawaiian Pacific 23/93 (24.7) 11/47 (23.4) 18/78 (231
Islander

White 5106/18,496 (27.6) 3059/11,199 (27.3) 4347/15,662 (27.8)
Other” 374/1567 (23.9) 177/767 (23.1) 322/1297 (24.8)
Unknown 169/1061 (15.9) 82/505 (16.2) 140/855 (16.4)

=1

with CKD/total age category, y, N (%)

12-17 257/3022 (8.5) 112/1577 (7.1) 248/2701 (9.2)

18-39 1912/10,319 (18.5)  1110/6000 (18.5)  1691/8648 (19.6)
40-59 2448/7087 (34.5)  1436/4146 (34.6)  2071/6046 (34.3)
60-79 1651/2999 (55.1) 929/1796 (51.7) 1363/2457 (55.5)
>80 128/162 (79.0) 97/126 (77.0) 74/89 (83.1)

CKD = chronic kidney disease; y = years. “Includes persons who did not identify with main census categories.

Table 2: CKD prevalence in type 1 diabetes population by demographics during study periods.
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Fig. 1: Distribution of eGFR and kidney replacement therapy by dialysis or transplant in the type 1 diabetes population. A. Overall (N = 23,589)
B. CKD (N = 6396). eGFR = estimated glomerular filtration rate; CKD = chronic kidney disease.

diabetes, but this is a low-range estimate due to high
missingness for albuminuria.” An analysis of type 1
diabetes from the National Health and Nutrition Ex-
amination Survey in the United States estimated CKD
prevalence at 21.5% based on a single laboratory
assessment.* However, that analysis has considerable
uncertainties because it was based on extrapolation with
population weighting from just 40 individuals with type
1 diabetes who had both eGFR and UACR measure-
ments. All these studies lacked the broad racial and
ethnic diversity represented in the CURE-CKD data
from the Providence health system.

Our findings underscore a persistently high CKD
burden in a type 1 diabetes population with notable
disparities that can help to guide strategies to improve
awareness, detection, and intervention. Females were
36% more likely to have CKD, although they did not
have higher odds than males of severe kidney disease,
an observation aligned with the general CKD population
and likely related to higher rates of disease progression
and death in men.**'%*? Asian, Black or African
American, and Other race populations were more likely
to have CKD. However, only Black or African American
and Native Hawaiian or Pacific Islander populations
were more likely to have severe kidney disease by a
magnitude of two-to-three-fold. Thus, among these
populations with type 1 diabetes, higher odds of disease
progression overlay their increased risks of incident
CKD.” In the American Indian or Alaska Native popu-
lation, the odds of CKD were lower after adjustment for

covariates. Kidney failure incidence dropped by greater
than half two decades after the Indian Health Service in
the United States instituted a population health
approach to optimize diabetes care and use of renin
angiotensin system inhibitors.”’ As a result, persons
with type 1 diabetes in the present American Indian or
Alaska Native population also may have benefited by
reduced risk of CKD. Although CKD independently
associated with older age, it was common across all
ages. Of note, the prevalence of CKD was 8.5% in ado-
lescents aged 12-17 years, comparable to a prior study
of type 1 diabetes in youth.?? These observations high-
light the importance of recognizing CKD early in type 1
diabetes and addressing lifelong risks.

Microvascular complications can be attenuated by
intensive glycaemic control in type 1 diabetes.” None-
theless, in our population, glycaemic control was sub-
optimal as reflected in an average HDbAlc of
approximately 8.5%. Higher HbAlc associated with
CKD, although the reverse was the case for severe kid-
ney disease. The latter observation may be explained by
controlling for albuminuria or proteinuria, a strong risk
factor for loss of kidney function that may confound an
association with glycaemia. Higher BMI and CKD were
also inversely associated, which may be due to an
obesity paradox.” However, both observations could
relate to reverse causality through effects of reduced
kidney function to lower glycaemia and cause weight
loss.>*** The association of CKD with renin-angiotensin
system inhibitors probably signifies indication for use
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Variables OR (95% CI) P value
Sex (reference: male) Lower odds of CKD Higher odds of CKD

Female 1.36 [1-26, 1-47] - <0-0001
Race (reference: White, non-Hispanic)

American Indian Alaska Native 0-79[0-63, 0-98] —— 0-034
Asian 1.71[1-20, 2-44] — 0-0031
Black or African American 1.76 [1-45, 2-14] —— <0-0001
Hispanic 0-98 [0-49, 1-86] —_— 0-95
Native Hawaiian Pacific Islander 1-19[0-95, 1-48] iR 0-13
Other 1.33[1-04, 1-71] —— 0-023
Unknown 1-11 [0-95, 1-30] I 0-18
Age Category (reference: 12 to 17 y)

18 to 39 1-54[1-31, 1-81] —-— <0-0001
40 to 59 1.72[1-45, 2.04] —— <0-0001
60to 79 2.22[1.83, 2-69] —— <0-0001
280 10-43[6-16, 18-41] ——— <0-0001

Metabolic (yes/no)

HbA1c 28% vs <8%
BMI 230 kg/m? vs <30 kg/m?

Cardiovascular comorbidities (yes/no)

1.80 [1-66, 1-95]
0-83 [0-76, 0-90]

- <0-0001
- <0-0001

Hypertension
Heart Failure

Atherosclerotic Cardiovascular Diseases

Medications (yes/no)

2.69 [2-41, 3.02]
3.69 [3-13, 4-38]
1.91 [1-73, 2-11]

- <0-0001
- <0-0001
- <0-0001

ACE inhibitor or ARB
GLP-1 receptor agonist

SGLT2 inhibitor

Healthcare characteristics (yes/no)

2.84 [2:59, 3-10]
1.13[0-96, 1-34]
1.23[0-99, 1-51]

- <0-0001
o 0-14
o 0-055

Commercial insurance

Nephrology
Endocrinology
Internal medicine
Family medicine

0-46 [0-42, 0-50]
7.70 [6-49, 9-16]
1.07 [0-99, 1-16]
1.21 [1-12, 1-31]
0-98[0-91, 1:07]

- <0-0001
—— <0-0001
> 0-072
- <0-0001
<+ 0-68
[ I T TTTTIT I I T TTTTTT
0-10 1-0 20-00
OR (95% Cl)

Fig. 2: Adjusted associations of demographic, clinical, and healthcare characteristics with CKD in type 1 diabetes and measures for BMI and
HbA1c (N = 19,483). CKD: Administrative codes, eGFR < 60 mL/min/1.73 m?, UACR > 30 mg/g, or UPCR >0.15 g/g. CKD = chronic kidney
disease; eGFR-estimated glomerular filtration rate; UACR-urine albumin-to-creatinine ratio; UPCR-urine protein-to-creatinine ratio; OR = odds
ratio; Cl = confidence interval; y = years; Hb = haemoglobin; BMI = body mass index; ACE = angiotensin converting enzyme; ARB = angiotensin
receptor blocker; GLP-1 = glucagon-like peptide; SGLT2-sodium-glucose cotransporter.

by virtue of CKD or hypertension. Indeed, in the group
with type 1 diabetes and CKD, blood pressure was well-
controlled and ACE inhibitor or ARB use was 78.6%.
However, these medicines are often stopped and not
restarted, so their use may be overestimated.”” The type
1 diabetes population with CKD is encumbered by
multiple comorbidities. Hypertension was present in
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nearly 90%. Together, heart failure and atherosclerotic
cardiovascular disease occurred in over half. An eGFR <
45 mL/min/1.73 m? or kidney replacement therapy by
dialysis or transplant, were recorded for about one third
of those with CKD. Once kidney function declined to
this point, care for persons with type 1 diabetes was
more likely from nephrologists than other specialties.
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Variables OR (95% CI) P value
eGFR <45 mL/min/1.73 m2, dialysis, or kidney transplant
Sex (reference: male) Lower odds _ Higher odds
Female 1-13 [0-86, 1-47] T 0-38
Race (reference: White, non-Hispanic)
American Indian Alaska Native 1-08 [0-48, 2-36] —_—— 0-85
Asian 1.44 [0-57, 3-69] — e 0-44
Black or African American 2-08 [1-23, 3-54] — 0-0062
Hispanic 1.60 [0-24, 9-69] 0-61
Native Hawaiian Pacific Islander 2-62 [1-28, 5-38] —_— 0-0085
Other 1-59 [0-79, 3-22] —_ 0-19
Unknown 1-40 [0-85, 2-30] - 0-18
Age Category (reference: 12 to 17 y)
18 to 39 2.52[1.27, 5-32] —_— 0-011
40 to 59 4.51[2.22, 9-76] —_— <0-0001
60 to 79 3:05 [1-41, 6-94] —_— 0-0061
280 5-89 [1-25, 35-01] 0-033
UACR/UPCR
UACR/UPCR 2300 mg/g or 20-5 g/g 2-63[1-80, 3-88] — <0-0001
Metabolic (yes/no)
HbA1c 28% vs <8% 0-75 [0-56, 1-00] —e— 0-049
BMI 230 kg/m? vs <30 kg/m? 0-92[0-70, 1-22] —e— 0-56
Cardiovascular comorbidities (yes/no)
Hypertension 2.78[1-35, 6-37] —_— 0-0091
Heart Failure 2.66 [1-85, 3-85] — <0-0001
Atherosclerotic Cardiovascular Diseases  1-54 [1-14, 2-09] —— 0-0050
Medications (yes/no)
ACE inhibitor or ARB 1-53 [1-08, 2-29] —— 0-035
GLP-1 receptor agonist 0-70 [0-40, 1-20] — 0-20
SGLT2 inhibitor 0-57 [0-29, 1-12] — 0-11
Healthcare characteristics (yes/no)
Commercial insurance 0-39 [0-29, 0-51] —— <0-0001
Nephrology 5.67 [4-16, 7-81] — <0-0001
Endocrinology 0-60 [0-45, 0-78] —— 0-00024
Internal medicine 1-09 [0-83, 1-42] —— 0-53
Family medicine 0-67 [0-50, 0-90] —e— 0-0074
I T TTTT1T IR
0.10 1.0 40.0

OR (95% Cl)

Fig. 3: Adjusted associations of demographic, clinical, and healthcare characteristics for severe kidney disease in type 1 diabetes and measures for
UACR/UPCR (N = 12,021). Severe kidney disease: eGFR < 45 mL/min/1.73 m? or kidney replacement therapy by dialysis or transplant.
eGFR = estimated glomerular filtration rate; OR = odds ratio; Cl = confidence interval; y = years; UACR = urine albumin-to-creatinine ratio;
UPCR = urine protein-to-creatinine ratio; Hb = haemoglobin; BMI = body mass index; ACE = angiotensin converting enzyme; ARB = angiotensin
receptor blocker; GLP-1 = glucagon-like peptide; SGLT2 = sodium-glucose cotransporter.

People with advanced CKD, often develop disabilities
accompanied by financial and employment hardships.”
Correspondingly, we found commercial health insur-
ance less frequently in the CKD group and inversely
associated with severe kidney disease. The state-of-
affairs in type 1 diabetes stands in stark contrast to the
treatment advances that have significantly reduced kid-
ney and cardiovascular risks in type 2 diabetes.” !

The strengths of our study include representation of
broad racial and ethnic diversity in a population of
23,589 persons with type 1 diabetes during a contem-
porary 10-year timeframe. We primarily relied on labo-
ratory tests rather than on administrative codes to
overcome problems of under coding for CKD in
EHR."™'* We also had a rigorous requirement for
persistence of laboratory abnormalities to identify CKD.

www.thelancet.com Vol 47 July, 2025
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Therefore, our CKD prevalence estimate is conservative.
For example, about 6% of persons without CKD iden-
tification had elevated levels of albuminuria or protein-
uria because persistence was not confirmed. If based on
only a single laboratory abnormality, CKD prevalence
would have been 33.3% rather than 27.1%. UACR
measurements were available in 54.4%, which may also
have contributed to a lower range estimate for CKD in
this population with type 1 diabetes. Furthermore,
incidence-prevalence bias introduced by variable obser-
vation time between individuals and competing risk of
death would also be likely to underestimate CKD. Our
study has several other noteworthy limitations. The
EHR algorithm might not have captured all persons
with type 1 diabetes in the health system. However, we
generated a sizeable sample to generally describe the
prevalence and severity of CKD in a real-world popula-
tion that can serve as a foundation for further study.
Although we have reported temporal trends, longitudi-
nal analyses are needed to more clearly delineate asso-
ciations of individual characteristics, including use of
guideline-directed medical therapy, such as ACE in-
hibitors and ARBs, with CKD and cardiovascular out-
comes. We also did not have data on other
microvascular complications, age at onset or duration of
type 1 diabetes, although age is an indirect yet imperfect
proxy for the latter. In some groups, particularly those
>80 years old, sample sizes were relatively small such
that odds ratios for CKD and severe kidney disease had
wide confidence intervals reflecting more uncertainty in
risk estimates than for other model variables. Finally,
these observations from a single United States health
system may not be generalizable to other systems or
settings.

In conclusion, CKD was present in nearly one of
three persons with type 1 diabetes who received care at
the Providence health system. Females, older adults,
racial and ethnic minority groups, and those with car-
diovascular diseases were more likely to have CKD.
Substantially reduced kidney function or kidney failure
treated by dialysis or transplant was observed in over
one tenth of the type 1 diabetes population with higher
odds of severe kidney disease in Black or African
American and Native Hawaiian or Pacific Islander
populations. Focus on disproportionately affected
groups who may benefit from monitoring and in-
terventions to improve clinical outcomes will be
important for public health and health system strategies
to reduce risks of CKD and severe kidney disease in type
1 diabetes.
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