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Abstract

Background It remains unclear whether urinary albumin changes can predict subsequent kidney disease progression in
people with diabetes.

Methods This retrospective cohort study included 4570 Japanese adults with type 2 diabetes (T2D). The exposure was
changes in urinary albumin-to-creatinine ratio (UACR) over 3 years, categorized into three categories: < — 30%, minor
change, or>30%. During the exposure period, eGFR decline was also examined and categorized into two categories: < 30%
or>30% decline. The primary outcome was the composite of eGFR halving or initiation of kidney replacement therapy
(KRT). The secondary outcome was the initiation of KRT.

Results In the spline model, the hazard ratio for the primary outcome increased linearly on the log, scale of UACR changes.
When classified into six groups based on the categories of UACR changes and eGFR decline, people with a<— 30% UACR
change and < 30% eGFR decline had a 38% lower incidence of the outcome compared to those with a minor UACR change
and <30% eGFR decline. Meanwhile, the risk in those with a<— 30% UACR change and >30% eGFR decline was 2.89
times. People with a>30% UACR change had the higher risk, regardless of whether a>30% eGFR decline occurred. Similar
results were obtained in the secondary outcome.

Conclusions UACR changes can be a useful surrogate for kidney disease progression in people with T2D. However, when
setting a decrease in UACR as the surrogate, it may be necessary to simultaneously evaluate kidney function decline.
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Introduction of these surrogates was low, especially in people without

kidney insufficiency [5], indicating the necessity for clini-

The establishment of a useful surrogate for end-stage kid-
ney disease (ESKD) is an urgent requirement for people
with diabetes owing to the long progression of diabetic
nephropathy, which is a global public health concern [1-4].
Recently, a large cohort study of over 1.5 million individuals
has shown that 30 and 40% eGFR declines were acceptable
as a surrogate for ESKD [5-7]. Nevertheless, the incidence
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cal trials with a larger sample size, longer follow-up period,
and higher costs.

A meta-analysis of 20 observational studies with 675,904
individuals has shown that changes in urinary albumin
were associated with the subsequent progression to ESKD,
regardless of whether diabetes exists [8]. This surrogate is
more attractive in terms of its higher frequency of occur-
rence compared to the above eGFR-related surrogates [5,
8]. To our knowledge, only few studies have examined both
urinary albumin changes and eGFR decline simultaneously
as the surrogate in people with diabetes [9, 10]. In these
studies, changes in urinary albumin unaccompanied by kid-
ney function decline were not associated with the subsequent
incidence of ESKD [9, 10]. If correct, the use of changes in
urinary albumin as the surrogate should be reconsidered.
Furthermore, in estimating changes in urinary albumin, there
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were a limited number of studies adjusting for imprecision in
the determination of urinary albumin levels [8, 9], leading to
regression dilution bias. In this study, we aimed to elucidate
whether changes in urinary albumin can predict subsequent
kidney disease progression in people with diabetes.

Materials and methods
Study design and ethical issues

We designed this single-center retrospective cohort study in
adherence to the tenets of the Declaration of Helsinki. The
local ethics committee approved the protocol, in which the
need for informed consent was waived owing to the non-
prospective interventional design (Approval No. 3932).
Instead, the website of the institution offered participants
an opportunity to opt out.

Participants and measurements

Initially, 7751 Japanese people aged > 18 with type 2 dia-
betes (T2D) and no history of chronic kidney replacement
therapy (KRT) before the index date were identified, who
visited our outpatient clinic in Tokyo Women’s Medical Uni-
versity School of Medicine from August 1, 2003 to Janu-
ary 31, 2015. They all had records of body weight, blood
pressure, hemoglobin Alc (HbAlc), serum creatinine, lipid
parameters, urinary albumin, and urinary creatinine, all of
which were measured on the same day. The earliest date of
the collected data was set as the index date for each subject
if multiple measurements were available during the above-
mentioned period.

Exclusion criteria at the index date were as follows:
pregnancy (n=46), malignant diseases (n = 134), history of
unilateral nephrectomy (n=4), biopsy-proven diagnosis of
non-diabetic nephropathy (n=2), and acute kidney injury or
post-renal failure (n=2). We also excluded 2993 participants
who had no data of urinary albumin or serum creatinine
over three years after the index date (n=2582), experienced
kidney outcome during the exposure period (n=133), had
no serum creatinine measurements in the follow-up period
(n=274), and had missing data on height or smoking status
at the index date (n=4). Eventually, 4570 participants were
eligible for inclusion in this study (Supplementary Fig. 1).
The characteristics at the index date of the 4570 eligible
participants and 2993 participants with missing data are pre-
sented in Supplementary Table 1. In this study, a complete-
case analysis was conducted.

Data obtained from blood and urine samples were meas-
ured using random and first morning samples, respectively.
The following formula proposed by the Japanese Society
for Nephrology was adopted to estimate GFR: eGFR (mL/
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min/1.73 m?) =194 x age (years)_o'287 X serum creatinine
level (mg/dL)~1%*x (0.739 for women) [11].

Exposures and exposure period

Exposures were set as changes in urinary albumin-to-cre-
atinine ratio (UACR) over three years from the index date,
estimated using two UACR measurements. In determining
the second UACR level for each participant, one year was
allowed as a window, and the closest value to three years
was selected. UACR changes over three years were treated
as both continuous and categorical variables. In the former,
UACR changes were expressed as fold changes which were
calculated using the following equation: log, (second UACR/
first UACR). In the latter, those were categorized into three
categories of the percentage changes as follows: < — 30%,
minor change (i.e.,>— 30% to <30%), or >30%. The above-
mentioned treatment for UACR changes was done in previ-
ous studies [8—10, 12-14].

The eGFR decline over three years from the index date
was also estimated using all eGFR values measured during
the period in which the closest eGFR to three years within
the same window for each participant was defined as the
last eGFR. The eGFR decline was expressed as a percent-
age eGFR decline (%/3 years) using the following equation:
100 x 3 x [annual eGFR slope (mL/min/1.73m?*/year)]/
[eGFR (mL/min/1.73m?) at the index date]. The eGFR
decline was treated as a continuous or categorical variable.
In the latter, this was categorized into two categories as fol-
lows: <30% decline (i.e., < 10% decline per year) or>30%
decline (i.e.,> 10% decline per year), as done in previous
studies [5, 9, 10, 14].

The exposure period for each participant was set as the
duration from the index date, when UACR and eGFR were
measured on the same day, to the date when the second
UACR or last eGFR was measured, whichever occurred later
(Supplementary Fig. 2).

Outcomes and follow-up period

The primary composite outcome was the first occurrence of
a sustained decrease of at least 50% in eGFR from the index
date for at least 90 days, or the initiation of chronic KRT.
We also evaluated the time to the initiation of chronic KRT
as a secondary outcome.

The follow-up period for each participant was set as the
duration from the end of the exposure period to the date
when the individual reached the outcome or the date when
serum creatinine was last measured during the follow-up
period without reaching the kidney outcome (Supplemen-
tary Fig. 2). The administrative censoring date was set to
31 January 2018.
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Statistical analysis

All analyses were performed using the SAS software ver-
sion 9.4 (SAS Institute, Cary, NC, USA). A two-tailed p
value < 0.05 was considered statistically significant.

We used a linear mixed-effects model with a random
intercept and slope to estimate the annual eGFR slope dur-
ing the exposure period. The Cox proportional hazards
model was used to estimate hazard ratios for each outcome,
in which the following nine covariates were incorporated:
sex, age, body mass index (BMI), systolic blood pressure,
HbA1lc, LDL cholesterol, UACR transformed into common
logarithmic values and eGFR at the index date, and per-
centage decline in eGFR during the exposure period. In the
analyses treating UACR changes as a continuous variable for
each outcome, log,-transformed UACR change was modeled
with the restricted cubic spline function, where four knots
were placed at the 5th, 35th, 65th, and 95th percentile level.
To mitigate the regression dilution bias, the hazard ratios at
a — 30% and 30% UACR change were adjusted by dividing
the log-transformed hazard ratio by an attenuation factor,
referring to a previous study [8]. The attenuation factor was
defined as the ratio of the variance of participants’ random
effects to the total variance (i.e., sum of the variances of ran-
dom effects and residual errors) estimated from the random
intercept linear model fitted for all measurements of UACR
during the exposure period [15]. The model adjusted for day
at measurements as a spline function, while excluding it did
not change the estimates. The variability of the estimates was
evaluated by the parametric bootstrap samples, assuming a
bivariate normal distribution for random effects and residual
errors. In the analyses to compare the outcomes between six
groups classified into three categories of UACR changes
and two categories of eGFR decline, where the above eight
variables (other than the percentage eGFR decline) were
used as covariates, the interaction between the categories
of UACR changes and eGFR decline with respect to each
outcome was tested.

We conducted a series of sensitivity analyses for the pri-
mary composite kidney outcome. First, the association of
UACR changes with the outcome was examined in each
group classified into the absence or presence of albuminu-
ria or kidney insufficiency at the index date, in which albu-
minuria and kidney insufficiency were defined as UACR
of >30 mg/g and eGFR of < 60 mL/min/1.73 m? based on
the Clinical Practice Guidelines proposed by Kidney Dis-
ease: Improving Global Outcomes (KDIGO), respectively
[16, 17]. Second, in determining the cutoff value of percent-
age UACR changes during the exposure period, — 40-40%
were used instead of — 30-30%. Third, eGFR slope during
the exposure period was used instead of percentage eGFR
decline, where it was categorized into two categories: <5
or>5 (mL/min/1.73 m%/year), referring to previous studies

[18, 19]. Fourth, in addition to the above variables, the fol-
lowing five variables were incorporated as covariates: smok-
ing status (current/former vs never), use of ACE inhibitors
or angiotensin receptor blockers, use of mineralocorticoid
receptor antagonists and history of coronary artery disease
or stroke at the index date, and number of creatinine meas-
urements per year during the follow-up period. Finally, the
analyses treating death as a competing risk were conducted
using the Fine and Gray subdistribution hazards model.

Results
Participant characteristics

Participant characteristics are shown in Table 1 and Sup-
plementary Tables 2 and 3. The distributions of percentage
changes in UACR and eGFR during the median exposure
period of 3.1 years (IQR: 3.0-3.3 years) are shown in Sup-
plementary Fig. 3. The median annual eGFR slope (mL/
min/1.73m?%year) during the exposure period was 1.2 (IQR:
0.2-2.4). The median number of creatinine measurements
per person per year performed during the exposure period
was 3.2 (IQR: 2.1-5.5). People with <— 30% in UACR
change had higher UACR at the index date, and steeper per-
centage decline in eGFR during the exposure period com-
pared to the other two groups (Table 1). At the index date, 15
participants and nobody took glucagon-like peptide-1 recep-
tor agonists and sodium—glucose cotransporter 2 inhibitors,
respectively.

Summary of the follow-up period and outcomes

During the median follow-up period of 5.3 years (IQR:
2.5-8.9 years), 310 participants reached the primary out-
come, including 296 with a halving of eGFR and 14 who ini-
tiated chronic KRT before experiencing a halving of eGFR.
There were 95 participants with chronic KRT after experi-
encing an eGFR halving. Eventually, there were 109 cases of
chronic KRT initiation (i.e., secondary outcome) during the
median follow-up period of 5.6 years (IQR: 2.7-9.0 years).
The median (IQR) numbers of creatinine measurements per
person per year, performed during the follow-up period,
were 4.3 (IQR: 2.7-6.5) and 4.4 (IQR: 2.7-6.7) in the analy-
ses for the primary and secondary outcomes, respectively.
There were 207 and 221 deaths before reaching the primary
outcome and initiating chronic KRT, respectively.

Association of UACR changes during the exposure
period with subsequent incidence of outcomes

In the spline models, the hazard ratios for both the pri-
mary and secondary outcomes increased approximately
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Table 1 Participant characteristics

All participants Percentage changes in UACR during the exposure period P value
<-30% Minor change >30%
(>-30% to<30%)
Variables (n=4570) (n=1351) (n=1582) (n=1637)
At the index date
Age (years) 60+12 6011 59+12 61+12 0.021
Women 1668 (36.5) 552 (40.9) 571 (36.1) 545 (33.3) <0.001
Duration of diabetes (years) 11 (5, 18) 11 (5, 18) 11 (5, 18) 12 (5, 20) 0.005
History of coronary artery disease or stroke 763 (16.7) 237 (17.5) 235 (14.9) 291 (17.8) 0.049
Former or current smoker 2373 (51.9) 692 (51.2) 790 (49.9) 891 (54.4) 0.032
Insulins 1377 (30.1) 406 (30.1) 447 (28.3) 524 (32.0) 0.068
Other antidiabetic drugs 2747 (60.1) 825 (61.1) 919 (58.1) 1,003 (61.3) 0.128
ACE inhibitors or ARBs 1759 (38.5) 541 (40.0) 541 (34.2) 677 (41.4) <0.001
Other antihypertensive drugs 1371 (30.0) 408 (30.2) 411 (26.0) 552 (33.7) <0.001
Mineralocorticoid receptor antagonists 83 (1.8) 27 (2.0) 19 (1.2) 37 (2.3) 0.058
BMI (kg/m?) 24.8+4.0 249+4.1 24.5+39 249+39 0.012
Systolic blood pressure (mmHg) 136+20 138 +20 135+19 135+20 0.002
Diastolic blood pressure (mmHg) 77+12 77+12 77+11 76+12 0.137
Laboratory data
HbAlc (%) 7.7+1.2 7.7+1.2 7.6+1.2 7.7+1.3 0.147
Triglycerides (mg/dL) 120 (82, 179) 122 (81, 183) 114 (79, 172) 124 (86, 184) <0.001
HDL cholesterol (mg/dL) 55+15 55+15 55+15 54+15 <0.001
LDL cholesterol (mg/dL) 115+29 115+30 115+29 115+29 0.771
eGFR (mL/min/1.73 m?) 73.9+19.7 73.6+19.7 75.6+18.9 72.4+204 <0.001
UACR (mg/g) 12.8 (6.6, 39.4) 20.0 (9.5,71.8) 9.9 (6.1, 22.3) 11.7 (5.4, 38.0) <0.001
During the exposure period
Percentage change in UACR (%) 0.0(—375,69.1) —579(—752,—-424) —1.1(-16.7,10.2) 119.7 (61.0,266.4) <0.001
Percentage decline in eGFR (%) 5.2 (0.9, 9.8) 6.1 (1.6, 10.6) 4.8 (0.8, 8.8) 4904, 10.2) <0.001
>30% decline in eGFR 94 (2.1) 28 (2.1) 22 (1.4) 44 (2.7) 0.034

Data are expressed as mean + standard deviation, median (IQR), or number (percentage). UACR urinary albumin-to-creatinine ratio, ARBs angi-

otensin receptor blockers

linearly on the log, scale of changes in the UACR during
the exposure periods (Fig. 1A, B). The hazard ratios for the
primary outcome at -30% and 30% in UACR change dur-
ing the exposure period in the spline curves were 0.72 and
1.33, respectively (Table 2). The adjustment by a median
attenuation factor, which was 0.560 (parametric bootstrap
95% CI 0.547-0.572), strengthened the estimation of the
hazard ratios at the two points (Table 2). Similar results
were obtained in the analyses for the secondary outcome
(Table 2).

In the three groups classified into UACR changes during
the exposure period, the risks for the primary outcome in
people with <— 30% and those with>30% in UACR change
were 0.60 and 2.79 times, respectively, compared to those
with a minor change in UACR, as was the case in the sec-
ondary outcome (Table 3).

Next, the three groups were further classified into the
six groups according to two categories of eGFR decline
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(<30% or >30%) during the exposure period. There was
a significant interaction between the categories of UACR
changes and eGFR decline during the exposure period with
respect to the subsequent primary outcome (p for interac-
tion=0.002). Compared to people with a stable change in
UACR and eGFR (i.e., minor change in UACR and <30%
decline in eGFR), those with <— 30% in UACR change
and < 30% decline in eGFR had a 38% lower incidence of the
subsequent primary outcome (Fig. 2A). Meanwhile, the risk
in those with <— 30% in UACR change and >30% decline
in eGFR was 2.89 times (Fig. 2A). People with >30% in
UACR change had the higher risk, regardless of whether
a>30% eGFR decline occurred during the exposure period
(Fig. 2A). Similar results were obtained in the analyses for
the secondary outcome (Fig. 2B), although the interaction
was not significant (p for interaction =0.223).

Finally, to examine effects of eGFR decline during the
exposure period in people with <— 30% in UACR change
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Fig. 1 A. Multivariable-adjusted restricted cubic spline curves (95%
CI) of the association between fold changes in UACR and the pri-
mary composite kidney outcome. B. Multivariable-adjusted restricted
cubic spline curves (95% CI) of the association between fold changes
in UACR and the secondary outcome. The two red dotted lines show
a — 30% and 30% change in UACR during the exposure period,
respectively. The primary composite kidney outcome was either a
decrease in eGFR of >50% from the index date or the initiation of

16

0.5 /
0.25 /

0.125
0.125 0.25 0.5 1 2 4 8

Hazard ratio for the incidence of KRT

Fold change in UACR

KRT, whichever came first. The secondary outcome was the initiation
of chronic KRT. The 4 knots were placed at the 5th, 35th, 65th, and
95th percentile level of fold changes in UACR. The following vari-
ables were used as covariates: sex, age, BMI, systolic blood pressure,
HbAIlc, LDL cholesterol, UACR transformed into common logarith-
mic values and eGFR at the index date, and percentage decline in
eGFR during the exposure period. UACR urinary albumin-to-creati-
nine ratio, KRT kidney replacement therapy

Table 2 HRs for the primary and secondary outcome at a — 30% and 30% change in UACR during the exposure period in the spline curves

HR (95% CI) at — 30% in UACR changes

HR (95% CI) at 30% in UACR changes

Outcome Without adjustment by a

median attenuation factor

With adjustment by a median Without adjustment by a With adjustment by
attenuation factor median attenuation factor a median attenuation
factor

>50% decrease in
eGFR or KRT

KRT

0.72 (0.65, 0.80)

0.73 (0.61, 0.87)

0.56 (0.46, 0.67)

0.56 (0.41, 0.78)

1.33 (1.22, 1.46) 1.67 (1.42, 1.95)

1.28 (1.09, 1.49) 1.54 (1.16, 2.05)

The primary composite kidney outcome was either a decrease in eGFR of >50% from the index date or the initiation of KRT, whichever came
first. The secondary outcome was the initiation of chronic KRT. To estimate the hazard ratios, the following variables were used as covariates:
sex, age, BMI, systolic blood pressure, HbAlc, LDL cholesterol, UACR transformed into common logarithmic values and eGFR at the index
date, and percentage decline in eGFR during the exposure period. A median attenuation factor was 0.560 (parametric bootstrap 95% CI 0.547,
0.572). UACR urinary albumin-to-creatinine ratio, KRT kidney replacement therapy, HR hazard ratio

in more detail, the eGFR decline was further classified into
four categories as follows: < 15% decline, > 15 t0 <22.5%
decline, >22.5 to <30% decline, and >30% decline. In this
analysis of the twelve groups, even if a<— 30% change in
UACR occurred, people with a> 15% decline in eGFR dur-
ing the exposure period had a higher risk of the subsequent
primary outcome compared to those with a stable change in
UACR and eGFR (Fig. 2C).

Sensitivity analyses

In people with non-albuminuria and those with non-kidney
insufficiency at the index date, the analyses in the above-
mentioned six groups were not performed because of the
small numbers of subjects with a>30% decline in eGFR

during the exposure period (n=19 and 28, respectively).
The results of sensitivity analyses were consistent with the
above-mentioned findings (Supplementary Tables 4 and 5,
and Supplementary Figs. 4A-F and SA-F).

Discussion

This single-center, retrospective cohort study of Japanese
adults with T2D showed that UACR changes during the
three-year exposure period, treated as both continuous and
categorical variables, were significantly associated with the
subsequent kidney outcomes independent of eGFR decline
during the exposure period. Furthermore, the hazard ratios
were adjusted using an attenuation factor. The analyses
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Table 3 Comparison of
outcomes between the three
groups classified into changes
in UACR during the exposure

Percentage change in UACR during the exposure period

period
Outcome

>50% decrease in eGFR or KRT
Events
Incidence rate/1000 person-years
HR (95% CI)

KRT
Events
Incidence rate/1000 person-years
HR (95% CI)

<-30% Minor change >30%
> — 30% to <30%)
(n=1351) (n=1582) (n=1637)
78 72 160
10.4 7.8 18.1
0.60 (0.43, 0.84) Reference 279 (2.10, 3.71)
22 26 61
2.9 2.8 6.6
0.41 (0.23, 0.74) Reference 2.48 (1.53, 4.02)

The primary composite kidney outcome was either a decrease in eéGFR of >50% from the index date or
the initiation of KRT, whichever came first. The secondary outcome was the initiation of chronic KRT. To
estimate the hazard ratios, the following variables were used as covariates: sex, age, BMI, systolic blood
pressure, HbAlc, LDL cholesterol, UACR transformed into common logarithmic values and eGFR at the
index date, and percentage decline in eéGFR during the exposure period. UACR urinary albumin-to-creati-
nine ratio, KRT kidney replacement therapy, HR hazard ratio

combining each category of the UACR changes and eGFR
decline showed that people with <— 30% in UACR change
and <30% decline in eGFR had a lower risk for the inci-
dence of the kidney outcome, compared to those with a sta-
ble change in UACR and eGFR; however, the risk in those
with <— 30% in UACR change and >30% decline in eGFR
was rather high. An increase of >30% in UACR was asso-
ciated with the higher risk, regardless of whether a>30%
eGFR decline occurred during the exposure period.

To our knowledge, the existing studies demonstrating a
significant association of UACR changes with subsequent
kidney disease progression did not consider effects of eGFR
changes during the exposure period [8, 20-24]. In addition,
only few studies have adjusted for imprecision in the deter-
mination of UACR when estimating the UACR changes [8,
9]. We consider that in the present study, the hazard ratios
of the kidney outcomes adjusted by the attenuation factor
was close to the true effects of the UACR changes, since
the estimated coefficient of variation for UACR was by no
means small even in a 24-h specimen or first morning spot
urine specimen [25].

A cohort study of 8,766 people with T2D in the Action
in Diabetes and Vascular Disease: Preterax and Diamicron
Modified Release Controlled Evaluation Observational
(ADVANCE-ON) showed that neither <— 40% nor>40%
in UACR changes during the two-year exposure period was
associated with the subsequent progression to ESKD when
those did not experience a>40% decline in eGFR during the
exposure period [9], as was the case in a cohort study from
Japan [10]. The findings of these studies are inconsistent
with those of the present findings. However, the number of
people who reached the kidney outcome in the two above
studies was only 108 and 129, respectively [9, 10]. The

@ Springer

recent population-based cohort study of 91,319 individu-
als, where 2541 experienced kidney outcomes, showed that
in those with a stable eGFR (i.e.,> — 30% to <30% in eGFR
changes) during the three-year exposure period, both — 30%
and 30% in UACR changes during the exposure period were
significantly associated with the subsequent kidney out-
comes [14]. Based on the above results and together with
the present findings, we believe that UACR changes can be a
useful surrogate for subsequent kidney disease progression,
irrespective of the presence of diabetes.

As shown in Fig. 2C, even people with a<— 30% UACR
change and 15-22.5% decline in eGFR (i.e., 5 to 7.5%
decline per year) had the higher risk for the subsequent inci-
dence of the primary outcomes in the present study, suggest-
ing that compared to UACR changes, eGFR declines were
more strongly associated with a subsequent kidney function
decline. In the Aliskiren Trial in Type 2 Diabetes Using Car-
diorenal Endpoints (ALTITUDE) and the Veterans Affairs
Nephropathy in Diabetes (VA NEPHRON-D) study, dual
blockade of renin—angiotensin—aldosterone system reduced
urinary albumin but not risk for kidney failure [26, 27],
which might be partly explained by the present findings.
We, therefore, consider that when setting an UACR decrease
as a kidney outcome, kidney function decline needs to be
evaluated simultaneously.

Consistent with previous studies [9, 10, 14], the present
study showed that a combination of UACR increase and
eGFR decline more strongly predicted subsequent incidence
of kidney outcomes than each one, and the effects were syn-
ergistic with a significant interaction. However, the num-
ber of people who experienced both a>30% UACR change
and >30% eGFR decline during the approximate three-year
exposure period was only 1% in the present study.
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A For the primary composite kidney outcome
During the
exposure period
UACR eGFR
change dec. n HR 95%Cl
<-30% <30% 1,323 —* 0.62 0.43,0.90
Minor <30% 1,560 Ref.
230% <30% 1,593 =3 234 1.72,3.19
<-30% 230% 28 ——— 2.89 1.56,5.36
Minor 230% 22 — 6.08 3.09,11.96

230% 230% 44 —*— 40.32 24.42,66.58

0.25 1 4 le 64

B For the secondary outcome

During the

exposure period
UACR eGFR

change dec. n HR 95%Cl
<-30% <30% 1,323 —*— 0.43 0.21,0.90
Minor <30% 1,560 Ref.
>30% <30% 1,593 —— 2.05 1.15,3.66
<-30% 230% 28 —_——— 1.76 0.72,4.27
Minor 230% 22 — 4.64 1.86,11.57
>30% 230% 44 —+— 16.88 8.35,34.11

0.25 1 4 16 64

HR 95%Cl
0.55 0.33,0.91
Ref.

2.41  1.60,3.62
236 1.35,4.13
3.63  2.00,6.61
821 5.04,13.38
3.01 1.56,5.80
3.06  1.39,6.70
5.64 3.03,10.49
533 2.73,10.41
12.80 6.16,26.59

C For the primary composite kidney outcome
:Zj):rr‘\gg the exposure
UACR eGFR
change  dec. n
<-30% <15% 1,168 —e—
Minor  <15% 1,440
230% <15% 1,408 —
<-30% 15t022.5 112 ——
Minor 15t022.5 92 —.
230% 15t022.5 132 —e—
<-30% 22.5t030 43 e
Minor 22.5t030 28 ——
230% 22.5t030 53 ——
<-30% 230% 28 —
Minor  230% 22
230% 230% 44

—e— 72.37 41.51,126.17

0.25 1 4

Fig.2 A. Risk of the primary composite kidney outcome in the
six groups classified based on categories of changes in UACR and
decline in eGFR during the exposure period. B. Risk of the secondary
outcome in the six groups classified based on categories of changes in
UACR and decline in eGFR during the exposure period. C. Risk of
the primary composite kidney outcome in the twelve groups classified
based on categories of changes in UACR and decline in eGFR during
the exposure period. “Minor” indicates a>— 30% to<30% change
in UACR during the exposure period. The primary composite kid-

The present study has several limitations. First, our cohort
comprised an ethnically homogeneous population from a
single Japanese university hospital. Second, we did not have
information regarding histological examinations of people
with albuminuria or kidney insufficiency. Finally, we could
not evaluate time-dependent changes in laboratory data,
blood pressure, BMI, and medications during the follow-up
period.

Conclusions

The present study of people with T2D has provided evidence
that UACR changes can be a useful surrogate for kidney dis-
ease progression. However, when setting an UACR decrease
as a surrogate, it may be necessary to simultaneously con-
sider kidney function decline.
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ney outcome was either a decrease in eGFR of >50% from the index
date or the initiation of KRT, whichever came first. The secondary
outcome was the initiation of chronic KRT. To estimate the hazard
ratios, the following variables were used as covariates: sex, and age,
BMI, systolic blood pressure, HbAlc, LDL cholesterol, UACR trans-
formed into common logarithmic values and eGFR at the index date.
UACR urinary albumin-to-creatinine ratio, KRT kidney replacement
therapy, dec decline, HR hazard ratio
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