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ABSTRACT

Introduction: Type 1 diabetes (T1D) is asso-
ciated with chronic kidney disease (CKD) and
major adverse cardiovascular events (MACE).
Contemporary data on the natural history of
kidney function decline and the effect of thera-
pies on slowing disease progression in T1D-
related CKD are limited. We conducted a scop-
ing review to describe the natural trajectory of
kidney function and its effects in individuals
with T1D in the USA.

Methods: In our scoping review of observa-
tional studies and grey literature, we searched
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EMBASE (Ovid), Cumulative Index to Nursing
and Allied Health Literature [CINAHL; Elton B.
Stephens Company (EBSCO)], MEDLINE (Ovid),
Scopus (Elsevier), Global Health (Ovid), and the
Food and Drug Administration from inception
to 25 April 2025. The study population included
adults (age =18 years) with T1D in the USA. Our
outcomes were change in estimated glomerular
filtration rate (eGFR), urine albumin-to-creati-
nine ratio (UACR), MACE (myocardial infarc-
tion, ischemic stroke, cardiovascular death,
unstable angina, or heart failure hospitaliza-
tion), and healthcare resource use (HCRU). We
screened 6437 abstracts and selected 22 texts
that matched our criteria.

Results: In one cohort, more than 50.0% of
individuals with T1D developed moderately
increased albuminuria (UACR>30-299 mg/g)
after 20 years and two cohort studies in T1D
observed a progressive annual eGFR decline of
3 mL/min/1.73 m?. Five cohort studies found
higher proportions of individuals with T1D
experienced MACE or kidney failure versus those
without T1D. Cross-sectional studies estimated
total annual cost of HCRU in the USA at $17-
27.8 billion for those with T1D, with annual per-
patient costs ranging from $73,534-$112,833 for
kidney failure and $40,889-$86,417 for compo-
nents of MACE.

Conclusions: T1D is associated with a high
burden of CKD, MACE, and healthcare costs. A
clearer understanding of the trajectory of kidney

Published online: 15 July 2026

A\ Adis


http://orcid.org/0000-0002-7046-0358
http://crossmark.crossref.org/dialog/?doi=10.1007/s13300-026-01899-9&domain=pdf
https://doi.org/10.1007/s13300-026-01899-9

Diabetes Ther

function decline in T1D would help providers
and policymakers understand the impact poten-
tial therapies to treat T1D-related CKD may have
on reducing the risk of kidney failure, MACE,
and HCRU.

Keywords: Type 1 diabetes; Natural history;
UACR; eGFR; MACE; Pharmacotherapies

Key Summary Points

A significant proportion of individuals with
type 1 diabetes (T1D) will develop moder-
ately increased albuminuria.

Individuals with T1D experience a higher
progressive annual kidney function decline
than the general population.

Patients with T1D will experience a high bur-
den of major adverse cardiovascular events,
healthcare costs, and resource use.

A clearer understanding of the trajectory of
kidney function decline in T1D would help
providers and policymakers understand the
impact potential therapies to treat T1D-
related chronic kidney disease may have on
reducing the risk of kidney failure and major
adverse cardiovascular events.

INTRODUCTION

Diabetes is distinguished by hyperglycemia,
which is driven by complications in insulin secre-
tion, insulin activity, or both [1]. The two main
classes of diabetes are type 1 diabetes (T1D), and
(2) type 2 diabetes (T2D) [2]. T1D is normally diag-
nosed in childhood and caused by autoimmune
destruction of pancreatic B-cells [3]. Patients with
T1D must be administered exogenous insulin.
In contrast, T2D is normally diagnosed in adult-
hood and is marked by insulin resistance and/or
unusual insulin secretion [4]. Patients with T2D
may require exogenous insulin if blood glucose

levels cannot be controlled by dietary means or
oral hypoglycemic agents [5].

Both T1D and T2D are associated with micro-
vascular and macrovascular complications, and
increased risk of mortality [6, 7]. Microvascular
complications affect several tissues, including the
kidneys. However, macrovascular complications
affect arteries and veins, including the cardiovas-
cular system [8].

Diabetes is the primary cause of kidney fail-
ure [9]. Diabetic kidney disease (DKD) occurs in
20-40% of individuals with T1D and is character-
ized by albuminuria, reduction in estimated glo-
merular filtration rate (eGFR), high blood pres-
sure, and higher cardiovascular risk [9, 10].

Overall, there is a paucity of data on the natural
history of changes in kidney function in those
with T1D compared with T2D as well as fewer
treatment options to slow CKD progression.
Studies have reported that approximately 85%
of patients with DKD and moderately increased
albuminuria [urine albumin-to-creatinine ratio
(UACR)>30-299 mg/g] develop severely increased
albuminuria (UACR>300 mg/g) within the next
10-15 years [11]. Further, 50% of individuals with
T1D and severely increased albuminuria progress
to kidney failure within 10 years, and at least
75% within 20 years, compared with only 20%
of those with T2D and macroalbuminuria [12,
13]. Although the association between T1D and
CVD is well known [14, 15], the specific rate and
trajectory of decline in kidney function over time
in that association is less understood.

Understanding the natural history of kidney
function decline in patients with T1D can help
healthcare providers and policymakers identify
clinical phenotypes based on patterns of T1D-
related CKD and devise treatment plans that slow
or halt kidney function decline. As such, we con-
ducted a scoping review to investigate the natural
history, cardiovascular burden, regulatory con-
siderations, and health care resource use (HRCU)
outcomes associated with CKD in individuals
with T1D in the USA.
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METHODS

Literature Search

Articles published on EMBASE (Ovid), Cumu-
lative Index to Nursing and Allied Health Lit-
erature [CINAHL; Elton B. Stephens Company
(EBSCO)], MEDLINE (Ovid), Scopus (Elsevier),
and Global Health (Ovid) were captured. Addi-
tionally, grey literature published by the Food
and Drug Administration (FDA) was included.
The search included articles published from
inception to 25 April 2025. We adapted a search
strategy from our prepared protocol which
included keywords and Medical Subject Head-
ings (MeSH) terms related to type 1 diabetes,
urine albumin to creatinine ratio, and estimated
glomerular filtration rate. The full search strat-
egy used for each database is provided in the
Supplementary Material.

Study Selection

Citations were eligible if they met the following
criteria: (1) adults (age =18 years) with T1D and
(2) observational studies in a USA setting. We
also included materials from our search of the
FDA related to pharmacological safety in T1D-
related CKD. We excluded articles where the
study population was on kidney replacement
therapy. There were no restrictions due to lan-
guage or sample size.

We aimed to describe temporal changes in
kidney function in patients with T1D and the
associated cardiovascular events and HCRU.
Our outcomes included (1) changes in eGFR, (2)
changes in UACR, (3) major adverse cardiovascu-
lar events (MACE), and (4) HCRU including costs
of treatment, hospitalizations, and emergency
room visits. We defined MACE as a composite
outcome of myocardial infarction, ischemic
stroke, cardiovascular death, unstable angina,
or heart failure hospitalization [16]. We also
evaluated the individual components of MACE.
Additionally, we sought citations that compared
all outcomes in T1D to those with T2D.

Once the search results were inputted into
Covidence by the medical librarian, one

reviewer (F.C.) screened through the abstracts
and selected articles for full text review. From
there, the full texts were reviewed to be selected
for data extraction. The reviewer consulted with
the senior author (N.T.) before finalizing all arti-
cles for inclusion at each stage.

Data Extraction

We extracted the author, title, journal, year of
publication, study setting and duration, diag-
nosis of diabetes, and relevant outcomes with
magnitude of change and association.

Ethics Statement

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.

RESULTS

The citations were imported into Covidence. The
search captured 10,190 citations. After remov-
ing duplicates, 6437 abstracts were screened. In
addition to the captured citations, three articles
were manually added. Following full-text screen-
ing, 22 articles satisfied the inclusion criteria.
Figure 1 provides the search results and study
selection using an adapted Preferred Reporting
Items for Systematic Reviews and Meta-analyses
Extension for Scoping Reviews (PRISMAScR) flow
diagram [17].

Theme 1: Changes in UACR in Patients with
T1D

Table 1 contains four citations that explored the
changes in UACR in patients with T1D. Three
studies found that longer diabetes duration is
associated with higher levels of protein in the
urine (i.e., severely or moderately increased
albuminuria) [18, 19]. Conversely, another study
found that hyperfiltration was not associated
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Fig. 1 Flow diagram of the literature search
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with developing microalbuminuria within 5, 10,
or 15 years of follow-up [20].

Theme 2: Changes in eGFR in Patients with
T1D

Table 2 contains four citations that explored
the changes in eGFR in patients with T1D.
Over 16 years of follow-up, 71 of 480 (14.8%)
participants in the Pittsburgh Epidemiology of
Diabetes Complications Study developed an
eGFR< 60 mL/min/1.73 m?; of those, 66 (93.0%)
had prior/concurrent albuminuria [22]. Two
cohort studies found an approximate annual
eGFR or creatinine clearance decline of 3 mL/
min/1.73 m?, and another study found 8.7% of
individuals with T1D developed kidney failure
within 6 years [23, 24].

and adjusted mean annual eGFR
change of —0.7 and —0.3 mL/

mean annual change in eGFR
min/1.73 m?, respectively

in patients who use insulin was
—1.8and —1.1 mL/min/1.73
m?, respectively. On the other
hand, the use of only oral medi-
cations reported an unadjusted

The unadjusted and adjusted

Findings

Prospective cohort study with
26 years of follow-up

Study design

Theme 3: Comparing the Changes in UACR
in Patients with T1D to Those with T2D

We did not capture citations that compared the
changes in UACR in patients with T1D with
patients with T2D.

Theme 4: Comparing the Changes in eGFR
in Patients with T1D to Those with T2D

(n

Patients with diabetes
15,517)

Population

Table 3 reports a study that compared the
changes in eGFR in patients with diabetes who
use insulin versus patients with diabetes who

g
g I

o

-
g
: :
R~ o ae]
only use oral medications for glycemic con- ; a "§ o
trol. The group who used insulin experienced a 5 4 T?;* S
greater annual decline in eGFR versus the group g § = Q
who used oral medications (unadjusted: —-1.8 £ g "é &~
versus 0.7 mL/min/1.73 m? adjusted: —1.1 ver- & < g %
sus —0.3 mL/min/1.73 m?). [25] 3 £ S 2 g
HEIEE: E
N £l = &
Theme 5: The Effect of Worsening Kidney g|R|Z “’g
Function on Major Adverse Cardiovascular < F E
Events in Patients with T1D g o g
R s
Table 4 includes five articles that reported the gl a 3
effects of kidney function decline on MACE in S|e|E §
patients with T1D. These observational stud- P Ta’ a g
ies showed that lower levels of kidney function =[£]|E N
were associated with higher risks of heart failure, El<lB R

A\ Adis



Diabetes Ther

$930qeIp ou pue (THD
auoreadid yaim sauoned oa
$IU2A3 (JH D) IUIPIOUT JO 38X
Terwrs & paduatiadxs QHD
Jo 103514 OU YIIM BLINUTW

-Nqe YIim I0/pue urpnsut

Sursn $212qeIp Yam saudne] € Yarm £pnis 110y0d aandadsorg

IUIAD
TE[NDSEAOIGDIND € PaduaLIadxd
/ PUE UOTIDIEJUT [RIPIEd0AW ®

paduatiadxa (941%T) syuonzed
861 JO 8T ‘syauow 1§ jo

dn-mofjoy uerpawr & JuLng

SIUDAD TEND

-SEAOIPIED JO siI 1ySIy Yaim
P2IBIDOSSE SeM ISEISTP AoUpPD]
onaqer(T K[2A122dsa1 ‘046°C
PUE 048°F T “06T'QT 2121 201S
pUE ‘uondIeyul [EIpIEdOAW

“eurdue 10§ 2UIPIOUT JALIE]

-nwnod passnipe-o3e 1eak-(g oy,

(8€00=74:6'0-%010 %S6
‘90 MIV UondNPII YSII 2INJIej
1TeJY 1M PIIBIDOSSE SeM JUI|
-0stq 18 Y] D9 PYSIH "2In[1e)
areay ﬁuu:uiumxu (%99) $59

Jo ¢t ‘dn-mof[o] Jo s1e24 ¢7 1040

s1eak ¢ jo dn-moyjoy ueow

syauow %

Jo dn-mof[oj uerpaw € YaIm

Apmnis 110402 2a1302dso1g

dn-morjo3 o s1ea4 7

s £pnas 110400 dandadsorg

dn-morjo5 jo s1eak G-

s £pnas 110400 2andadsorg

(175s=u)
d7I, pue (1.1, Y sausne

(861 =) urw/Tw ¢
Emﬂu mmﬁ uuc.mumoﬁu ucﬂcﬁm

-1 ﬂvﬁw darL £u§> syuaneJ

(966=4) 1L Y3 siuaneq

oewdy
% 6% ‘s1eak § F /7 :a8e uray

($S9=u) QLI (s1eh LT >)
19SUO-POOYP[IYD YIIM SIUIMIE]

sassauuay, pue ‘ddrs

-SISSIJA] ‘BURISINOT ‘SESUBTY

‘ewreqe[y 18109 ‘eurjore))
yanog ‘eurjore])) YuoN  [6¢] (9107) Te 32 A1s3puoy

suonesr[dury

udisa(q Apmag

uonemdog

vlosouutly  [87] (L66T) Te 39 ysuey
UISUODIST A\ [£2] (3007) Te 32 uIoy
ySmgsnig [97] (T207) Te 3 onn

uoneso| (1eak) T0tPNY

1L Y sausred Ut s1U9A9 T[NOSEAOTPIED ISIIAPE JO[EW UO JUTIIP [BUDT JO 1092 Y], ¥ J[qe],

A\ Adis



Diabetes Ther

Table 4 continued

Population Study Design Implications

Location

Author (year)

Case—control study In this case—control study,

Patients with T1D and T2D

Oregon

Norby et al. (2022) [30]

patients with T1D, SCA was

(n=2997)

2.41 times more likely than in

patients with T2D. In T1D,
those with SCA had a higher

proportion of CKD than con-
trols (63.6% versus 45.0%)

CHD coronary heart disease, CKD chronic kidney disease, M1 myocardial infarction, SCA sudden cardiac arrest, 71D type 1 diabetes, 72D type 2 diabetes

angina, myocardial infarction, cerebrovascular
events, coronary heart disease, and sudden car-
diac arrests [26-30]. However, the magnitude of
annual kidney function decline and its longitu-
dinal relationship with MACE in T1D was not
quantified.

Theme 6: Healthcare Resource Utilization in
Patients with T1D

Table 5 includes four articles that reported
HCRU and costs in patients with T1D. Cross-
sectional studies estimated total annual cost
of HRCU at $17-27.8 billion for those with
T1D with annual per-patient costs ranging
from $73,534-$112,833 for kidney failure and
$40,889-$86,417 for components of MACE,
depending on whether the costs were for main-
tenance of existing comorbidities or for experi-
encing events.

One study found that starting treatment
with an angiotensin-converting enzyme (ACE)
inhibitor (captopril) in patients with T1D at the
onset of diagnosis is cost effective at $27,143/
QALY (2004 USD cost) it provides the benefit of
a cumulative lifetime risk reduction of incidence
of kidney failure by 0.5%.

Theme 7: The FDA'’s Safety Justifications for
T1D Indications

The citations included 2 drug labels, 1 guid-
ance draft, 1 safety communication, and 1 drug
development resource [35-38]. We captured two
sodium-glucose contransporter-2 (SGLT2) inhib-
itors labels [35, 38]. The use of SGLT2 inhibitors
in patients with T1D is not recommended due
to the increased risk of diabetic ketoacidosis [35,
38], and their safety is not established [37]. The
end points of T1D indications are a statistically
significant reduction in blood glucose levels [36]
(Table 6).

DISCUSSION

In this scoping review of the natural trajectory
of kidney function and its effects in individu-
als with T1D in the USA, we found consistent
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Table 5 continued

Study design Implications

Population

Location

Author (year)

Retrospective cohort study with 2 years  Patients with diabetes using insulin and/

Nationwide Patients with T1D

Yeaw et al. (2014) [34]

or with albuminuria with no history

of follow-up

of CHD experienced a similar rate of

incident CHD events to patients with

prevalent CHD and no diabetes

CHD coronary heart disease, CHF congestive heart failure, CKD chronic kidney disease, HR hazard ratio, MI myocardial infarction, QALY quality adjusted life-

years, T1D type 1 diabetes

themes that showed many patients with T1D
experience significant increases in UACR and
decreases in eGFR throughout their diabetes
duration which over time may lead to experi-
encing Kidney failure and MACE. These are con-
tributing factors to an environment where the
estimated annual HCRU cost of individuals with
T1D is $27.8 billion in the USA. Notable find-
ings include cohort studies which have found
that more than 50% of individuals with T1D
develop moderately increased albuminuria after
20 years, a progressive annual decline of eGFR
in individuals with T1D up to 3 times higher
than what would normally be expected [19, 22,
23], and high rates of MACE. The higher rates
of kidney failure and cardiovascular events in
patients with T1D contribute to high per-person
healthcare costs and total HCRU costs of $18-28
billion a year in the USA. These facts underscore
the urgency to ensure individuals with T1D have
access to therapies that can slow the decline of
kidney function and reduce the risk of MACE.

Our review could not find direct comparisons
of kidney function decline trajectory between
T1D and T2D in an American setting. One obser-
vational study found that individuals with dia-
betes using insulin experienced a greater decline
in eGFR relative compared to individuals with
diabetes using oral medications (unadjusted:
~1.8 versus —0.7 mL/min/1.73 m?; adjusted: —1.1
versus —0.3 mL/min/1.73 m?) [25]. Although
this may be an indicator that CKD progresses
faster in those with T1D versus T2D, there was
not enough information in that study to make
that conclusion, as the proportion of those with
diabetes using insulin who were diagnosed with
T1D was not provided. A Danish study found
similar trajectories in T1D and T2D that were
higher than a normal annual decline of 1 mL/
min/1.73 m?. The mean annual eGFR declines
in patients without albuminuria, moderately
increased albuminuria, and severely increased
albuminuria after 10 years of CKD G3 diagno-
sis were 1.9, 2.3, and 3.3 mL/min/1.73 m? in
patients with T1D and 1.9, 2.1, and 3.0 mL/
min/1.73 m? in patients with T2D, respectively
[40].

Over the past decade, more novel therapies,
including GLP-1 receptor agonists, nonsteroi-
dal mineralocorticoid receptor antagonists
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Table 6 Safety data for T1D indications

Citation title Citation type

Implications

Dapagliflozin FDA label [35] Drug label

Diabetes mellitus: efficacy endpoints for clini- Guidance Draft
cal trials investigating antidiabetic drugs and

biological products [36]

FDA revises labels of SGLT?2 inhibitors for
diabetes to include warnings about too much
acid in the blood and serious urinary tract
infections [37]

Sotagliflozin FDA label [38] Drug label

Table of surrogate endpoints that were the

basis of drug approval or licensure [39]

Safety communication

Drug development resource

There is a limitation of use restriction in
T1D due to the increased risk of diabetic

ketoacidosis

The efficacy endpoints for patients with
T1D or T2D are A, and hypoglycemia.
The decrease from baseline A must be
statistically significant across trials and
subgroups. The risks associated with the
extent of reduction in A, should be
evaluated. Hypoglycemia is primarily a
safety endpoint. If a hypoglycemia claim
is made, the incidence of level 3 hypogly-
cemia (i.e., altered mental and/or physical
state, which, if not treated, may result in
fainting, scizures, coma, or death) must be

reported

SGLT?2 inhibitors are not prescribed for
patients with T1D because their safety and

efﬁcacy have not been proven

In patients with T1D, sotagliflozin sig-
nificantly increased the risk of diabetic
ketoacidosis. As such, ketone monitoring
should be considered in patients with T1D
and sotagliflozin should be discontinued if
ketoacidosis is suspected

The surrogate endpoint for adults with
T1D that is the basis for drug approval or
licensure is A through a glucose lowering
mechanism of action and is appropriate for

traditional approval

A, ¢ hemoglobin A, CGM continuous glucose monitoring, FDA Food and Drug Administration, SGLT2 sodium-glucose

cotransporter 2, 71D type 1 diabetes

(MRAs), and SGLT-2 inhibitors have been
proven to slow the progression of kidney
function and reduce the risk of cardiovascu-
lar events in individuals with CKD and T2D
[41-46]. However, their safety and effectiveness
in T1D have yet to be firmly established. There
are key differences in the pathophysiology

of the types of diabetes due to the complete
inability of those with T1D to produce insu-
lin, such as increased hepatic glucose produc-
tion, suppressed capacity of the kidneys to
absorb glucose, and inhibited lipid and protein
metabolism [47]. Additionally, T2D represents
over 90% of all patients with diabetes [48] and
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therefore attracts more investment in research
compared to T1D.

T1D is also associated with an increased risk
of diabetic ketoacidosis, other autoimmune
diseases, and severe hypoglycemia compared
with T2D, which manifests in more cautious
approaches to safety in T1D [49-51]. For exam-
ple, current FDA guidance issues warnings for
SGLT2 inhibitor use in patients with T1D due to
the increased risk for diabetic ketoacidosis [35,
38]. However, it is promising that phase 3 clini-
cal trials evaluating new medications in T1D and
CKD are either ongoing [52, 53] or have been
recently completed, such as the FINE-ONE trial
investigating finerenone and participants with
T1D and CKD, which found that finerenone was
associated with a 25% greater reduction of UACR
after 6 months compared with placebo [54].

Our scoping review showed that the early
stages of CKD can quickly progress to major
adverse kidney and cardiovascular events in
patients with T1D. In one study, 33% of indi-
viduals progressed to severely increased albu-
minuria from moderately increased albuminu-
ria over 10 years [55]. Whereas another study
found that, in patients with T1D and diabetes
diagnosis younger than 30 years of age, 8.7% of
patients with T1D and CKD progressed to kidney
failure over 6 years [21]. These results are con-
sistent with results found in two analyses of ret-
rospective cohorts of adults with T1D. One study
found that 8% developed CKD over a median
duration of 24 years, and another found that 9%
of those with rapid decline of eGFR developed
CKD in at least 6 years [56, 57]. Both studies
showed a significant number of individuals with
rapid eGFR decline.

Our scoping review also found those with T1D
and CKD experienced higher rates heart failure,
angina, myocardial infarction, cerebrovascular
events, and coronary heart disease than those
without. Furthermore, there was evidence to
suggest a higher likelihood of sudden cardiac
arrest for those with T1D compared with T2D.
However, the nature of the relationship between
annual eGFR decline and MACE could not be
quantified. An analysis of the Diabetes Control
and Complications Trial (DCCT) attempted to
analyze this temporal relationship. The study
results showed that early rapid eGFR loss in T1D

was predictive of CKD, but not MACE, in later
years [58].

Longer diabetes duration, with moderately or
severely increased albuminuria, was associated
with higher mortality risk from cardiovascular
disease, coronary heart disease, and stroke rela-
tive to patients without albuminuria in both
T1D and T2D, possibly indicative of a biomarker
as a risk factor for MACE for both types of dia-
betes [59, 60]. Similarly, a low eGFR forecasted
the risk of heart failure endpoints [26]. In an
analysis of the Swedish Diabetes Registry where
2.4% of individuals with T1D with a mean age
of 41 years were hospitalized with heart failure
(HF) over a median of 7 years, the risk of hospi-
talization for HF was at least twofold higher at
eGFR between 45 and 60 mL/min/1.73 m? and at
least threefold higher at eGFR less than 30 mL/
min/1.73 m? relative to an eGFR of at least
90 mL/min/1.73 m? [61]. In a study of patients
with T1D in Finland, the relative risks for CHD,
stroke, and any CVD in those with CKD versus
those without were 10.3, 10.9, and 10.0, respec-
tively, over a 24-year follow-up period [62].

Clinical variables such as hemoglobin A,
(HbA,c) and hypoglycemia are vital endpoints
that reflect the therapeutic benefits of new T1D
therapies [63]. Regulatory assessments prioritize
these outcomes, as an HbA; of less than 7%
is associated with a lower risk of cardiovascular
mortality [64]. However, hypoglycemia remains
a critical safety endpoint [36] that can cause
sweating, shakiness, dizziness, blurred vision,
confusion, and in extreme cases, seizures, coma,
or death [65]. Therefore, understanding the bal-
ance between achieving glycemic control and
minimizing hypoglycemia is essential for the
safe management of T1D.

While the above endpoints are crucial, man-
aging T1D with insulin replacement therapy
presents significant challenges. Insulin replace-
ment therapies are modalities to control blood
glucose levels in individuals with T1D [66].
Hypoglycemia is the predominant adverse
event in insulin therapy [67]. Additionally,
insulin promotes weight gain, which may
decrease the dosage of insulin in individuals
with T1D [67]. Noninsulin adjunct medications
should (1) mitigate hypoglycemia, (2) prevent
insulin-driven weight gain, and (3) promote
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cardiovascular outcomes [68]. The prospective
adjunct therapies for patients with T1D and
CKD are nonsteroidal MRAs, SGLT2 inhibitors,
and glucagon-like peptide 1 receptor agonists
(GLP-1 RAs) [69, 70].

Our search of FDA literature captured SGLT2
inhibitors but not nonsteroidal MRAs or GLP-1
RAs. There are data available for some of these
medications in T1D. A meta-analysis of sotagli-
flozin as adjunct therapy in patients with T1D
reported a reduction in blood glucose levels,
blood pressure, and weight; however, the risk
of diabetic ketoacidosis needs to be assessed
[71]. Similarly, dapagliflozin adjunct therapy in
patients with T1D decreased HbA, - and weight;
however, diabetic ketoacidosis was higher [72].
Empagliflozin reduced HbA,- [73-75] and
weight [73-75], ketoacidosis increased with
higher dosage [73], and it did not contribute
to increasing the risk for hypoglycemia [75].
A meta-analysis of liraglutide as adjunct treat-
ment in T1D reported reductions in HbA,,
weight, and risk of severe hypoglycemia;
however, the odds for nausea and vomiting
increased [76]. Additionally, liraglutide was
not associated with diabetic ketoacidosis [76].
When exenatide was used as adjunct therapy
in patients with T1D, gastrointestinal adverse
events, primarily nausea, were reported [77].

To our knowledge, this is the first scop-
ing review to assess the natural longitudinal
trajectory of kidney function and UACR in
individuals with T1D in the USA. This scop-
ing review has limitations. Many of the stud-
ies we assessed did not differentiate between
T1D or T2D or intentionally combined data
in individuals with T1D and T2D. As a result,
we had to exclude studies where we could not
report on T1D specifically. Additionally, we
could not definitively quantify the extent to
which the burden of CKD, MACE, and HCRU
is increased in individuals with T1D compared
with the general population due to the limited
availability of direct longitudinal compara-
tive evidence. However, the available evidence
does suggest that individuals with T1D are dis-
proportionately affected by faster progression
of CKD and its downstream effects including
MACE and healthcare costs.

CONCLUSIONS

T1D is associated with a high burden of CKD,
MACE, and healthcare costs, which underscores
the need for therapies to treat T1D-related CKD.
A clearer understanding of the natural trajectory
of the loss of kidney function in patients with
T1D would help providers and policymakers bet-
ter understand the long-term impact potential
therapies to treat CKD may have on reducing
the risk of kidney failure, MACE, and HCRU in
this population.
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