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Background. Diabetic kidney disease affects approximately 40% of patients with type 2 diabetes mellitus (T2DM) and is associated
with an increased risk of end-stage kidney disease (ESKD) and cardiovascular (CV) events, as well as increased mortality. Among
the indicators of decline in renal function, the eGFR slope is acquiring an increasing clinical interest. The aim of this study was to
evaluate, through a systematic review of the literature and meta-analysis of the collected data, the association between the decline
of the eGFR slope, chronic complications, and mortality of T2DM patients, in order to understand whether or not the eGFR slope
can be defined as a predictive indicator of complications in T2DM. Methods. The review and meta-analysis were conducted
according to PRISMA guidelines considering published studies on patients with T2DM. A scientific literature search was
carried out on PubMed from January 2003 to April 2023 with subsequent selection of scientific papers according to the
inclusion criteria. Results. Fifteen studies were selected for meta-analysis. Risk analysis as hazard ratio (HR) indicated a
significant association between all events considered (all-cause mortality, CV events, ESKD, and microvascular events) for
patients with steeper eGFR slope decline than subjects with stable eGFR. Calculated HRs (with 95% CI) were as follows: for
all-cause mortality, 2.31 (1.70-3.15); for CV events, 1.73 (1.43-2.08); for ESKD, 1.54 (1.45-1.64); and for microvascular events,
2.07 (1.57-2.73). Overall HR was 1.82 (1.72-1.92). Conclusions. An association between rapid eGFR decline and chronic
diabetes complications was demonstrated, suggesting that eGFR slope variability significantly impacts the course of T2DM and
that eGFR slope should be considered as a predictor for chronic complications in patients with T2DM. According to the
obtained results, the therapeutic management of the patient with diabetes should not focus exclusively on glycaemic control,
and particular attention should be paid to preserve renal function.

1. Introduction

Approximately half of the patients affected by type 2 diabetes
mellitus (T2DM) present a microvascular complication
(retinopathy, neuropathy, or diabetic nephropathy), and 27%
have a macrovascular complication (cardiovascular complica-
tions) [1], with a significant increase of risk than in the general
population [2], leading to high healthcare costs [1-3]. Among
microvascular complications of T2DM [4], diabetic nephrop-
athy (diabetic kidney disease (DKD) is the leading cause of
end-stage kidney disease (ESKD) in the Western world and
is defined as the presence of impaired renal function in
diabetic patients in the absence of other causes of chronic

kidney disease [5, 6]. The risk of DKD development and pro-
gression depends mainly on the duration of diabetes and
hypertension [7]. Approximately 30% of the patients develop
microalbuminuria within 10 years of being diagnosed with
diabetes, and approximately 5% progress to overt nephropa-
thy each year [8]. With the progression of DKD, also mortality
from all causes increases, and this is particularly true for
cardiovascular disease (CVD): the annual mortality rate for
CVD, in the absence of DKD, is 0.7%, while it rises to 2%
for patients with microalbuminuria and to 3.5% for those with
macroalbuminuria [8]. In order to determine the presence of
DKD, the American Diabetes Association recommends the
measurement of spot urinary albuminuria through the urinary
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albumin/creatinine ratio (UACR) and the evaluation of the
estimated glomerular filtration rate (eGFR). If albuminuria is
high, the data must be confirmed by repeating the UACR
within six months [5]. The diagnosis of DKD is based on an
increase in urinary albumin excretion (UACR >30mg/g
creatinine) and/or a decrease in eGFR (eGFR < 60 mL/min/
1.73m?) in a patient affected by diabetes [4, 5, 9].

A relevant problem with DKD is that approximately 20%
of the patients progress to require dialysis without receiving
treatment from a nephrologist [10, 11]. Current guidelines
recommend referral to a nephrologist when the eGFR falls
below 30 mL/min/1.73 m?, when the aetiology of the disease
is unclear, and when there are management concerns (resis-
tant hypertension, worsening of albuminuria, and rapid
worsening of eGFR) [5]. Increasing attention has been paid
on the role of short-term changes in eGFR as a prognostic
method of diabetes-related complications, and two meta-
analyses demonstrated a significant association between a
decline in eGFR and the risk of ESKD and mortality [12,
13]. A strong limitation of this approach was linked to the
fact that eGFR change was derived by two measurements
only, ignoring the behaviour of the parameter over time.
Therefore, a more complete approach on the microvascular
kidney complications has recently been introduced, based
on eGFR slope using multiple eGFR measurements, indicat-
ing annual change in eGFR [14], defining its positive or neg-
ative slope.

The aim of the present study was to evaluate the associ-
ation between eGFR slope variability, chronic complications,
and mortality in patients with T2DM. Through a systematic
review of the literature and the subsequent meta-analysis of
the collected data, the predictive role of the eGFR slope was
investigated by comparing patients with a decline in the
eGFR slope to patients with a stable eGFR slope. As far as
we know, this meta-analysis is the first breakthrough on
T2DM patients and is aimed at bringing together all published
data in a single study. The overview of the data will hopefully
be useful to extend the knowledge on the role of this new
indicator specifically in the T2DM patient population.

2. Materials and Methods

The meta-analysis was conducted according to PRISMA
Statement guidelines [15], following the suggested checklist
of items (Supplementary material: PRISMA checklist (avail-
able here)). The scientific literature (English language of
publication) search was performed through the PubMed
database from January 2003 to April 2023 with the following
keywords: [(“eGFR decline” OR “eGFR slope”) AND “type 2
diabetes mellitus” OR “microvascular complications” OR
“macrovascular complications”]. Each study identified was
evaluated independently by two reviewers (E.D. and G.S.)
in order to assess the suitability for the meta-analysis.

The eligibility criteria were defined on the basis of the
PICOS criteria [16, 17]:

(a) P: population: patients older than 18 years diagnosed
with T2DM
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(b) I condition investigated: measurement of the vari-
ability of the eGFR slope evaluated by hazard ratio
(HR)

(c) C: comparison method: logistic or Cox regression
analysis for outcome risk prediction

(d) O: outcome: risk of macro-/microvascular complica-
tions, all causes of death

(e) S: type of study: any type of clinical trial (random-
ized controlled trial, cohort study, etc.)

All the articles that met the requirements were taken into
consideration, regardless of the age of the participants (as long
as they were adults). Reviews, editorials, and case reports were
excluded. Comprehensive articles on potentially relevant stud-
ies were downloaded and reviewed for inclusion.

Adverse outcomes considered were all-cause mortality
(ACM), cardiovascular (CV) events, end-stage kidney disease
(ESKD), and microvascular complications. For cardiovascular
events, major cardiovascular events (MACE) were considered
as a composite criterion combining cardiovascular mortality,
nonfatal myocardial infarction, and nonfatal stroke. For
microvascular complications, reference was made to retinopa-
thy and diabetic neuropathy. Diabetic nephropathy was not
included within microvascular complications because it was
investigated by ESKD. ESKD was defined as end-stage kidney
disease with initiation of replacement therapy, either by dialy-
sis or kidney transplantation.

Risk of bias was evaluated for the included studies accord-
ing to currently suggested methods [18] and the ROBINS-E
tool [19]. The risk of bias approach was used in the context
of the systematic review providing an examination of the
strength of evidence about the presence of potential effect of
an exposure on an outcome. Each of the seven bias domains
evaluated is addressed using a series of questions that aim to
gather important information about the study and the analysis
being assessed [19]. Supplementary Figure 1 and 2 show the
results of the risk of bias assessment of the studies included
in the meta-analysis.

Meta-analysis was performed using Review Manager
(RevMan) (computer program) version 5.4.1 [20]. The anal-
ysis was stratified by the presence of data on eGFR slope var-
iability using the hazard ratio (HR) available in the reviewed
articles. HR values were extracted directly from the studies.
In the case of multiple HR estimates based on different
models, presented in a single article, all proposed data were
considered and individually evaluated. This approach was
selected in order not to exclude any valuable information
included in the published study.

Subgroup analyses and overall values were presented as
forest plots. The analysis was performed using the random
effects method [21, 22].

The measure of the magnitude of variation (heterogeneity)
between the effects presented in different studies was quanti-
fied by Tau’. Heterogeneity was also evaluated by I? statistic
based on the y? test [23] considering the following suggested
levels of heterogeneity: 0% to 40% may not be important;
30% to 60% may represent moderate heterogeneity; 50% to
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90% may represent substantial heterogeneity; and from 75% to
100%, considerable heterogeneity. Testing for the overall effect
for each group and for all subgroups was performed based on
the z distribution and the significance results provided [24].

3. Results

Figure 1 presents the results of the scientific literature search
and the study selection. We identified 987 studies from
PubMed, and after excluding studies that did not meet the
previously described inclusion criteria, 39 studies were
evaluated in detail. Of these, 24 were excluded for reasons
related to the definition of adverse outcomes, the population
selected in the study, and the carried-out method. We
included 6 articles regarding the association between all-
cause mortality (ACM) and eGFR decline (defined as eGFR
slope), 8 studies regarding the association between cardio-
vascular events and eGFR slope decline, 11 on the associa-
tion between ESKD and eGFR slope decline, and 2 studies
on the association between microvascular complications
and eGFR slope decline. Table 1 shows the details of the
studies related to the eGFR slope considered in the meta-
analysis. Risk of bias, related to confounding, measurement
of exposure, selection of participants, missing data, outcome
measurement, or selection, was rated as “low risk” for the
selected studies.

The cutoffs used to define patients as belonging to the
declining eGFR slope and stable eGFR category differ
according to the study considered, since there is no common
international agreement in this regard. Therefore, the
method of defining the eGFR slope has been explained for
each study; moreover, the different subgroups of patients
and the different risk estimation models were taken into
consideration, if present.

3.1. eGER Slope and All-Cause Mortality. A total of 6 studies
were included in the analysis between eGFR slope variability
and all-cause mortality (ACM) in patients with T2DM.
Comparing patients with declining eGFR slope versus
patients with stable eGFR slope, an overall significant risk
(HR) for all-cause mortality of 2.31 (95% confidence interval
(CI): 1.70-3.15) was found (Figure 2).

The total number of T2DM patients considered in the 6
studies amounted to 83,200 subjects. In the study by Oshima
et al. [25], the risk of mortality, compared to patients with
stable eGFR, was stratified into 4 groups based on the per-
centage reduction of the eGFR slope from baseline over a
period of 3 years: -53% for group 1, -40% for group 2,
-30% for group 3, -and 20% for group 4. An increasing mor-
tality risk was found linked to the increase in the decline of
eGFR. In Zhang et al.’s study [26], data from 5189 patients
with rapidly declining eGFR slope (< -5mL/min/1.73 m?*/
year) were compared with patients in whom the eGFR slope
was stable (> —1 to <1 mL/min/1.73 mZ/year). The result was
a HR of 3.6 for the “crude model” in which only the eGFR
slope category was considered; a HR of 2.20 was found for
the “multivariable model” in which the eGFR slope was
adjusted for age, gender, and comorbidities; finally, a HR
of 2.80 was reported for the “full model,” in which an

adjustment based on the eGFR was added to the multivariate
model. In the study by Meguro et al. [27], patients with an
eGFR slope of -18.2% per year decline from baseline were
considered fast decliners. Compared with nondeclining
patients, the result was a statistically significant HR of 2.09
for all causes of death. In the Kim et al. study [28], patients
with eGFR slope decline were defined as having a 30%
reduction from baseline eGFR. Compared with patients with
stable eGFR slope, the HR was 3.26. In the study of Oshima
et al. [14], patients with an annual reduction in the eGFR
slope < —1.63 mL/min/1.73 m™*/year were significantly asso-
ciated with a higher risk of mortality (HR 1.38) compared
to patients with stable eGFR slope (between —1.63 and
0.33 mL/min/1.73 m*/year). As regards the Furuichi et al.
study [29], the data (HR and 95% CI) for the meta-analysis
were estimated by a graphical approach from published plots,
since the numerical values were not available. Baseline
patients were defined as those whose eGFR slope was >0
and <5mL/min/1.73 m */year, and patients with declining
renal function were defined as those whose eGFR slope was
<-5mL/min/1.73 m*/year. After adjustment for age, sex, hae-
moglobin, systolic blood pressure, and albuminuria, the HR
was 4.50.

3.2. eGFR Slope and Cardiovascular Events. A total of 8
studies were included in the analysis of eGFR slope variabil-
ity versus cardiovascular (CV) events in T2DM patients.
Comparing patients with declining eGFR slope and patients
with stable eGFR slope revealed an overall significant risk
(HR) for cardiovascular events of 1.73 (95% CI: 1.43-2.08)
(Figure 3). The total number of patients affected by dia-
betes considered in these studies amounted to 125,817
subjects.

Details of studies by Meguro et al. [27], Oshima et al.
[14], Zhang et al. [26], and Kim et al. [28] have already been
described in the previous paragraph. In Barzilay et al.’s study
[30], patients with eGFR slope decline were analysed accord-
ing to two different models. In model 1, patients with eGFR
slope decline were considered those with an eGFR slope < -5
mL/min/1.73m*/year. In model 2, a 5% reduction from
baseline of the eGFR slope was used as a cutoff to define
patients with decline. In both cases, a statistically signifi-
cantly higher risk of cardiovascular events was demonstrated
compared to patients with stable eGFR. In the study by Cab-
rera et al. [31], the decline of the eGFR slope was defined for
a value < -3mL/min/1.73 m” in 2 years. In the Chan et al.
study [32], the decline in eGFR slope was considered accord-
ing to a cutoff < —30% from baseline with a mean follow-up
period of 13.9 £ 9.1 months. The data presented in the forest
plot of Figure 3 refer to the raw data (crude model) and the
data adjusted for age, gender, duration of diabetes, comorbid-
ities, HbA1c levels, eGFR, lipid profile, BMIL, and antiplatelet/
antihypertensive/diuretic/antihypoglycaemic therapy. In the
Ragot et al. study [33], the cutoff for eGFR slope decline was
defined as eGFR slope < —5 mL/min/1.73m’/year. The associ-
ation analysis between eGFR slope variability and CV event
risk was performed on two distinct cohorts of T2DM patients,
which are defined in Figure 3 as “a” and “b” and refer to the
SURDIAGENE and DIABHYCAR studies, respectively.



Journal of Diabetes Research

[ Identification of studies via databases and registers ]

Records removed before screening:
Duplicate records removed
(n=0)

Records marked as ineligible by

v

automation tools (n = 0)
Records removed for other reasons
(n=0)

Records excluded

A 4

(n = 945)

Reports not retrieved

v

(n=3)

» Reports excluded: 24

4
T
=
L
§ Records identified from:
5 Databases (n = 987)
g Registers (n = 0)
=
|
v
Records screened
(n=987)
Reports sought for retrieval
ém (n = 42)
|
8
s}
2] v
Reports assessed for eligibility
(n=39)
S
2
= Studies included in review
'E{ (n=15)

«

Unsuitable patient population
(n=13)

Inadequate setting (n = 5)
Inadequate outcome (n = 6)

FiGure 1: Flowchart, according to PRISMA 2020 guidelines [15], for the selection of studies used in this meta-analysis.

3.3. eGEFR Slope and ESKD (End-Stage Kidney Disease).
Eleven studies (on a total of 169,840 subjects) were included
in the analysis of eGFR slope variability linked to end-stage
kidney disease (ESKD) in T2DM patients. Comparison of
patients with eGFR slope decline versus patients with stable
eGFR slope gave a significant overall risk (HR) for ESKD of
1.54 (95% CI: 1.45-1.64) (Figure 4).

Also for this complication, different subgroups of
patients with different risk estimation models were taken
into consideration, if present. In particular, the studies by
Meguro et al. [27], Oshima et al. [14, 25], Zhang et al.
[26], Kim et al. [28], Barzilay et al. [30], and Chan et al.
[32] have already been described in above sections. In the
study by Tseng et al. [34], nephropathic T2DM patients were
divided, based on the disease stage, into early stage 3, late
stage 3, and stage 4. The cutoft to define the decline of the
eGFR slope was chosen as -10mL/min/1.73 m*/year. For
each of the three groups, the risk of developing ESKD
increased up to 6.7% for stage 4 patients, in patients with a
rapidly declining eGFR slope compared with patients with
a stable eGFR slope. In the study by Oshima et al. [35],

T2DM patients were divided into two categories based on
the decline of the eGFR slope. Figure 4 refers to the “decline”
group, indicating patients with a decline in the eGFR slope
by 2 and 5mL/min/1.73m*/year, and to the “substantial
decline” group, considering patients with an eGFR slope <
~5mL/min/1.73m?*/year. The risk of progression to ESKD
was significantly higher in the “substantial decline” group.
In the study by Misra et al. [36], eGFR slope < -5mL/
min/1.73 m*/year was chosen for the decline of the eGFR
slope. Univariate and multivariate analyses including albu-
min/creatinuria ratio and HbAIc level were performed. Both
analyses defined an association between the decline in the
eGFR slope and progression of renal disease to end stage.
In the study by Shimizu et al. [37], two classes of patients
were considered: class 1 with eGFR slope decline <-50%
in two years and class 2 with eGFR slope decline between
-50 and -30% in 2 years. For each of the groups, univariate
and multivariate analyses were performed taking into con-
sideration age, gender, HbAlc, systolic blood pressure, total
cholesterol, and BMI. An increased risk is also confirmed in
this study of ESKD in patients with eGFR slope decline
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Hazard ratio Hazard ratio

Study or subgroup Log (hazard ratio) SE Weight
1V, random, 95% CI 1V, random, 95% CI

Oshima et al. 2018 group 4, HR 0 0.1944 9.8% 1.00 [0.68, 1.46] -1
Oshima et al. 2019, HR 0.3221 0.0611 11.3% 1.38 [1.22, 1.56] -
Oshima et al. 2018 group 3, HR 0.4055 0.2606 8.8% 1.50 [0.90, 2.50] T
Meguro et al. 2021, HR 0.7352 0.1937 9.8% 2.09 [1.43, 3.05] -
Zhang et al. 2022 multivariate, HR 0.7885 0.07 11.3% 2.20[1.92, 2.52] -
Oshima et al. 2018 group 2, HR 0.9555 0.24 9.1% 2.60 [1.62, 4.16] e
Zhang et al. 2022 full model, HR 1.0296 0.2024 9.7% 2.80[1.88,4.16] -
Kim et al. 2020, HR 1.1817 0.4462 6.0% 3.26 [1.36, 7.82] I —
Zhang et al. 2022 crude, HR 1.2809 0.0632 11.3% 3.60 [3.18, 4.07] -
Furuichi et al. 2020 model 2, HR 1.5041 0.4985 5.4% 4.50 [1.69, 11.95] . —
Oshima et al. 2018 group 1, HR 1.6487 03512 7.4% 5.20 [2.61, 10.35] I
Total (95% CI) 100.0%  2.31[1.70, 3.15] -
Heterogeneity: 72 = 0.22; y% = 148.30, df = 10 (P < 0.00001); I> = 93% T T ' !
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Test for overall effect: Z = 5.31 (P < 0.00001)
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F1GURE 2: Forest plot of association between all-cause mortality (ACM) and eGEFR slope decline, random effect model. Values are expressed
as hazard ratio (HR), taken directly from published data. Here and in the following figures, each study is represented by a point estimate of
the intervention effect, completed with a horizontal line extending either side (indicating the 95% confidence interval (95% CI)); the
summary result is represented as a diamond at the bottom of each group.
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Chan et al. 2021 crude, HR 1.2326 0.3403  4.4% 3.43 [1.76, 6.68] E———
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FIGURE 3: Forest plot of association between CV events and eGFR slope decline, random effect model.

compared to patients with stable eGFR (defined as eGFR
slope -30% to 0%). In the study by Furuichi et al. [29], sim-
ilar to what is described in the paragraph on all-cause mor-
tality risk, the data were obtained by graphical extrapolation,
since they were not made explicit in the study. Baseline
patients are defined by eGFR slope>0 and <5mL/min/
1.73m?/year and patients with renal function decline by
eGFR slope < —-5mL/min/1.73 m*/year. After adjustment
for age, gender, haemoglobin, systolic blood pressure, and
albuminuria, the HR was 3.05.

3.4. eGFR Slope and Microvascular Complications. A total of
2 studies (with overall 8048 subjects) were included in the
analysis of eGFR slope variability and microvascular compli-
cations in T2DM patients. Comparing patients with declin-

ing eGFR slope versus patients with stable eGFR slope, the
overall significant risk (HR) for microvascular complications
was 2.07 (95% CI: 1.57-2.73) (Figure 5).

In Muramatsu et al.’s study [38], the association between
eGFR slope decline of -40% from baseline and autonomic
neuropathic microvascular complications was investigated
according to a univariate model and two multivariate
models: in the multivariate model 1, the confounding effect
of nonautonomic complications was taken into consider-
ation, while in the multivariate model 2, the independence
of the association between decline in the eGFR slope and
microvascular complications was studied. In the study by
Kim et al. [28], the association between a 30% decline in
the eGFR slope and microvascular complications was inves-
tigated and demonstrated in a population of patients with
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Hazard ratio Hazard ratio

Study or subgroup Log (hazard ratio) SE Weight
1V, random, 95% CI 1V, random, 95% CI
Tseng et al.2015 late stage, HR 0.007 0.0013  18.9% 1.01 [1.00, 1.01]
Tseng et al.2015 early stage, HR 0.0109 0.0035  18.9% 1.01 [1.00, 1.02]
Tseng et al.2015 stage 4, HR 0.062 0.0141  18.2% 1.06 [1.03, 1.09] "
Zhang et al. 2022 full model, HR 0.4055 0.2606 1.4% 1.50 [0.90, 2.50] T
Misra et al. 2020 univariate, HR 0.47 0.1138 5.4% 1.60 [1.28, 2.00] -
Chan et al. 2021 adjusted, HR 0.5988 0.2232 1.8% 1.82[1.18, 2.82] -
Zhang et al. 2022 multivariate, HR 0.6419 0.1303 4.5% 1.90 [1.47, 2.45] -
Barzilay et al.2018 model 2, HR 0.6831 0.0395 14.6% 1.98 [1.83, 2.14] -
Chan et al. 2021 crude, HR 1.008 0.217 1.9% 2.74 [1.79, 4.19] —_—
Oshima et al.2021 decline, HR 1.0613 0.3999 0.6% 2.89 [1.32, 6.33]
Furuichi et al. 2020 model 2, HR 1.1151 0.1893 2.4% 3.05 [2.10, 4.42] -
Zhang et al. 2022 crude, HR 1.335 0.1338 4.3% 3.80 [2.92, 4.94] -
Oshima et al.2019,HR 1.3507 0.2118 2.0% 3.86 [2.55, 5.85] I
Oshima et al.2021 substantial decline, HR 1.4327 04114 0.6% 4.19 [1.87,9.38]
Oshima et al.2018 group 4, HR 1.6864 04379  0.5% 5.40 [2.29, 12.74] e
Shimizu et al. 2018 group 2 univariate, HR 1.8245 0.7698 0.2% 6.20 [1.37, 28.03] e
Misra et al. 2020 multivariate, HR 1.8687 0.5302 0.3% 6.48 [2.29,18.32] -
Barzilay et al. 2018 model 1,HR 2.0757 0.2164 1.9% 7.97 [5.22,12.18] -
Meguro et al. 2021, HR 2.2974 0.4493 0.5% 9.95 [4.12, 24.00] —
Oshima et al.2018 group 3,HR 2.5494 0.4651  0.4% 12.80 [5.14, 31.85] -
Shimizu et al. 2018 group lunivariate, HR 2.5885 0.8658 0.1% 13.31 [2.44, 72.63] ——
Shimizu et al. 2018 group 2 multivariate, HR 2.7441 1.1112 0.1% 15.55 [1.76, 137.28] E—
Oshima et al.2018 group 2,HR 29124 0.8495 0.1% 18.40 [3.48, 97.26] -
Oshima et al.2018 group 1,HR 3.3911 0.5168 0.4% 29.70 [10.79, 81.78] I
Shimizu et al. 2018 group Imultivariate, HR 3.8228 1.1393  0.1%  45.73 [4.90, 426.57] E—
Total (95% CI) 100.0%  1.54[1.45,1.64] '
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FIGURE 4: Forest plot of association between end-stage kidney disease (ESKD) and eGEFR slope decline, random effect model.

Hazard ratio Hazard ratio

Study or subgroup Log (hazard ratio) SE  Weight

IV, random, 95% CI 1V, random, 95% CI
Muramatsu et al. 2022 multivariate 2, HR 0.4318 0.2506 31.3% 1.54 [0.94, 2.52] T—a—
Muramatsu et al. 2022 multivariate 1, HR 0.6471 0.3103  20.5% 1.91 [1.04, 3.51] —_—
Muramatsu et al. 2022 univariate, HR 0.8838 0.2304 36.8% 2.42 [1.54, 3.80] —.—
Kim et al. 2020, HR 1.1725 0.4184 11.4% 3.23[1.42,7.33] _—
Total (95% CI) 100.0%  2.07 [1.57, 2.73] >
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FIGURE 5: Forest plot of association between microvascular events and eGFR slope decline, random effect model.

T2DM. From the meta-analysis of both studies (Figure 5),
although the multivariate model 2 from Muramatsu et al.
[38] did not prove a significant risk, the overall HR suggests
an association between eGFR slope and microvascular
complications.

3.5. Role of eGFR Slope in Overall Risk of Complications. An
overall significant risk (HR) of 1.82 (95% CI: 1.72-1.92)
(Figure 6) was obtained by means of eGFR slope after com-
bining all the considered complications. This risk measure
includes all-cause mortality together with macro- and
microvascular complications, giving an overview of how
the decline in the eGFR slope reflects the progression of
T2DM. Although the meta-analysis reveals the presence of
a non-negligible heterogeneity (Tau® =0.01; I* = 98%), the

datum appears as statistically significant, as were the data
taken by individual complication, and this reinforces the
value of the eGFR slope parameter for the complication risk
evaluation in the clinical history of T2DM patient.

4. Discussion

The present meta-analysis shows that for all-cause mortality
(ACM), major cardiovascular events, ESKD, and microvas-
cular events, the decline in eGFR slope represents a factor
significantly associated with the clinical events of interest
in T2DM patients. To our knowledge, this study is the most
comprehensive evaluation on the association between eGFR
slope variability and diabetes complications in patients with
T2DM.
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Study or subgroup Log (hazard ratio) SE ~ Weight Hazard ratio Hazard ratio
1V, random, 95% CI 1V, random, 95% CI
1.1.1 All cause mortality HR
Oshima et al. 2018 group 4, HR 0 0.1944 1.5% 1.00 [0.68, 1.46] -
Oshima et al. 2019, HR 0.3221 0.0611 4.4% 1.38 [1.22, 1.56] -
Oshima et al. 2018 group 3, HR 0.4055 0.2606 0.9% 1.50 [0.90, 2.50] T
Meguro et al. 2021, HR 0.7352 0.1937  1.5% 2.09 [1.43,3.05] -
Zhang et al. 2022 multivariate, HR 0.7885 007 41% 2.20 [1.92,2.52] -
Oshima et al. 2018 group 2, HR 0.9555 0.24 1.1% 2.60 [1.62, 4.16] I —
Zhang et al. 2022 full model, HR 1.0296 0.2024 1.4% 2.80[1.88,4.16] I
Kim et al. 2020, HR 1.1817 0.4462 0.4% 3.26 [1.36,7.82] s —
Zhang et al. 2022 crude, HR 1.2809 0.0632  4.3% 3.60 [3.18, 4.07] -
Furuichi et al. 2020 model 2, HR 1.5041 0.4985 0.3% 4.50 [1.69, 11.95] s —
Oshima et al. 2018 group 1, HR 1.6487 0.3512  0.6% 5.20 [2.61, 10.35] e
Subtotal (95% CI) 20.3% 2.31[1.70, 3.15] .
Heterogeneity: 7% = 0.22; x> = 148.30, df = 10 (P < 0.00001); I* = 93%
Test for overall effect: Z = 5.31 (P < 0.00001)
1.1.2 CV events HR
Meguro et al. 2021, HR -0.046 0.2647  0.9% 0.96 [0.57, 1.60] -1
Barzilay et al. 2018 model 2, HR 0.077 0.0166 5.4% 1.08 [1.05, 1.12] "
Oshima et al. 2019, HR 0.2311 0.0628 4.3% 1.26 [1.11, 1.43] -
Barzilay et al. 2018 model 1, HR 0.3148 0.0868  3.6% 1.37 [1.16, 1.62] -
Cabrera et al. 2020, HR 0.3716 0.0719 4.0% 1.45[1.26, 1.67] -
Zhang et al. 2022 multivariate, HR 0.47 0.0319 5.2% 1.60 [1.50, 1.70] -
Zhang et al. 2022 crude, HR 0.5878 0.0284 5.2% 1.80 [1.70, 1.90] -
Zhang et al. 2022 full model, HR 0.5878 0.1153 2.8% 1.80 [1.44, 2.26] —_
Chan et al. 2021 adjusted, HR 0.7372 0.3543  0.5% 2.09 [1.04, 4.19]
Ragot et al. 2016b, HR 0.8065 0.1744 1.7% 2.24[1.59, 3.15] —_
Chan et al. 2021 crude, HR 1.2326 0.3403 0.6% 3.43 [1.76, 6.68]
Kim et al. 2020, HR 1.2809 0.4778 0.3% 3.60 [1.41,9.18]
Ragot et al. 2016a, HR 1.4134 0.1448 2.2% 4.11 [3.09, 5.46] —_
Subtotal (95% CI) 36.8% 1.73 [1.43, 2.08] DS
Heterogeneity: 7% = 0.09; x* = 397.38, df = 12 (P < 0.00001); I* = 97%
Test for overall effect: Z = 5.72 (P < 0.00001)
1.1.3 Microvascular events HR
Muramatsu et al. 2022 multivariate 2, HR 0.4318 0.2506 1.0% 1.54 [0.94, 2.52] —
Muramatsu et al. 2022 multivariate 1, HR 0.6471 0.3103  0.7% 1.91 [1.04, 3.51] —
Muramatsu et al. 2022 univariate, HR 0.8838 0.2304 1.1% 2.42 [1.54, 3.80] —_—
Kim et al. 2020, HR 1.1725 0.4184 0.4% 3.23[1.42,7.33] R —
Subtotal (95% CI) 3.2% 2.07 [1.57, 2.73] >
Heterogeneity: 7% = 0.00; x? = 3.05, df = 3 (P = 0.38); I = 2%
Test for overall effect: Z = 5.13 (P < 0.00001)
1.1.4 ESKD HR
Tseng et al. 2015 late stage, HR 0.007 0.0013  5.5% 1.01 [1.00, 1.01
Tseng et al. 2015 early stage, HR 0.0109 0.0035  5.5% 1.01 [1.00, 1.02
Tseng et al. 2015 stage 4, HR 0.062 0.0141 5.5% 1.06 [1.03, 1.09 i
Zhang et al. 2022 full model, HR 0.4055 0.2606 0.9% 1.50 [0.90, 2.50 T
Misra et al. 2020 univariate, HR 0.47 0.1138  2.9% 1.60 [1.28, 2.00 —_
Chan et al. 2021 adjusted, HR 0.5988 0.2232 1.2% 1.82[1.18,2.82 —_—
Zhang et al. 2022 multivariate, HR 0.6419 0.1303  2.5% 1.90 [1.47,2.45 _
Barzilay et al. 2018 model 2, HR 0.6831 0.0395 5.0% 1.98 [1.83,2.14 -
Chan et al. 2021 crude, HR 1.008 0217  1.3% 2.74 [1.79,4.19 _
Oshima et al. 2021 decline, HR 1.0613 0.3999 0.4% 2.89[1.32,6.33
Furuichi et al. 2020 model 2, HR 1.1151 0.1893 1.5% 3.05 [2.10, 4.42 —_—
Zhang et al. 2022 crude, HR 1.335 0.1338  2.4% 3.80[2.92,4.94 J—
Oshima et al. 2019, HR 1.3507 02118 1.3% 3.86 [2.55,5.85
Oshima et al. 2021 substantial decline, HR 1.4327 0.4114  0.4% 4.19[1.87,9.38
Oshima et al. 2018 group 4, HR 1.6864 0.4379  0.4% 5.40 [2.29, 12.74]
Shimizu et al. 2018 group 2 univariate, HR 1.8245 0.7698 0.1% 6.20 [1.37,28.03]
Misra et al. 2020 multivariate, HR 1.8687 0.5302 0.3% 6.48 [2.29, 18.32]
Barzilay et al. 2018 model 1, HR 2.0757 0.2164 1.3% 7.97 [5.22, 12.18]
Meguro et al. 2021, HR 2.2974 0.4493  0.4% 9.95 [4.12, 24.00]
Oshima et al. 2018 group 3, HR 2.5494 0.4651 0.3% 12.80 [5.14, 31.85] —
Shimizu et al. 2018 group 1 univariate, HR 2.5885 0.8658 0.1% 13.31 [2.44, 72.63] —
Shimizu et al. 2018 group 2 multivariate, HR 2.7441 1.1112  0.1% 15.55 [1.76, 137.28] —
Oshima et al. 2018 group 2, HR 29124 0.8495 0.1% 18.40 [3.48, 97.26] —_—
Oshima et al. 2018 group 1, HR 3.3911 0.5168 0.3% 29.70 [10.79, 81.78] E—
Shimizu et al. 2018 group 1 multivariate, HR 3.8228 1.1393  0.1% 45.73 [4.90, 426.57] g
Subtotal (95% CI) 39.6% 1.54 [1.45, 1.64] E—
Heterogeneity: 72 = 0.01; x> = 830.08, df = 24 (P < 0.00001); I* = 97% (]
Test for overall effect: Z = 13.78 (P < 0.00001)
Total (95% CI) 100.0% 1.82[1.72,1.92] 1
Heterogeneity: 72 = 0.01; ¥ = 2356.52, df = 52 (P < 0.00001); I* = 98% T T T T T T
Test for overall effect: Z = 21.63 (P < 0.00001) 01 02 05 1 2 5 10

Test for subgroup differences: XZ =10.73,df=3 (P =0.01), > =72.1%
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FIGURE 6: Forest plot of association between the decline of all the considered outcomes and eGFR slope, random effect model.

The results show a stronger correlation for ACM  comes considered also gave a positive association with
where the HR is 2.31, identifying a risk rate of death for  the decline of the eGFR slope, being HR of 2.07 for micro-
patients with eGFR slope decline that is 230% that of  vascular events, HR of 1.73 for CV events, and HR of 1.54
patients with stable eGFR slope. The other adverse out-  for ESKD.
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Another interesting datum that emerged is the direct
correlation between different decline rate of the eGFR slope
and risk of adverse event. Considering the study by Oshima
et al. [25], in which 4 classes of decline in the eGFR slope
were defined, the greater is the risk for the outcome
(ACM), the greater is the decline in the eGFR slope. A
similar conclusion can be made by looking at the study by
Shimizu et al. [37] who instead investigated the association
between eGFR slope and ESKD.

If eGFR (as a single measurement) is an established pre-
dictor of ESKD, CV events, and ACM [5, 39], the role of
eGFR slope in the evaluation of cardiovascular, renal, and
microvascular complications both in patients with and with-
out diabetes is less clear because it is less investigated. In this
perspective, the present work is aimed to be a first step in
defining the role of eGFR slope as a new risk predictor for
the chronic complications of T2DM. Since this meta-
analysis is the first one performed on T2DM patients, the
results are comparable only with meta-analyses performed
on the general population/populations with chronic kidney
disease (CKD).

The data collected in previous meta-analyses are in line
with the results of our study; in a meta-analysis performed
on 12 CKD cohorts and 22 non-CKD cohorts (general pop-
ulation/with cardiovascular risk), a statistically significant
association was found between the decline in the eGFR slope
(<-5mL/min/1.73 mz/year) and ACM [40]. This association
was also observed after adjustment for the current eGFR
value suggesting that the eGFR slope may provide additional
information compared to the single glomerular filtration
data. The reported HR for the CKD cohorts is 1.25, while
for the non-CKD cohorts, it is 1.15; comparing the results
with our meta-analysis (HR 2.31), it is possible to observe
a closer correlation between eGFR slope decline and ACM
in T2DM patients than in patients with chronic kidney dis-
ease and, even more, than in the general population [40]. It
should be considered that the different risk obtained in the
present meta-analysis in comparison to the reported study
by Naimark et al. [40] could be affected also by the different
sample size (about 380,000 patients in this meta-analysis
versus >1.2 million subjects in the general population of
the study by Naimark et al. [40]). Moreover, due to the
design of the present analysis, the presence of multiple HR
values coming from a single study may have influenced the
overall estimate, which should be taken as a provisional
datum, to be better focused when additional independent
clinical studies will appear in the literature. The present
finding needs to be further investigated, but it already
indicates that eGFR slope can be considered a relevant
complication risk indicator, especially in patients affected
by diabetes mellitus.

Another meta-analysis investigated the role of the eGFR
slope in predicting ESKD [41], demonstrating an association
between eGFR slope decline (<—6 mL/min/1.73m*/year and
<-3mL/min/1.73 m*/year) and ESKD; however, this associ-
ation was found as significant in the CKD cohorts only. The
other cohorts (general population/population at CV risk)
showed similar trends, but greater heterogeneity and lack
of statistical significance indicated that the association refers
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mainly to patients already diagnosed with CKD. The
reported HRs for the CKD cohorts were 2.28 and 1.73 for
eGFR slopes < —6 and <-3mL/min/1.73m?, respectively
[41]. Comparing these data with the results of our meta-
analysis in T2DM (HR 1.54), a higher ESKD risk association
appears in the nondiabetic CKD population, when the eGFR
slope decline is particularly rapid, but a similar correlation
occurs between nondiabetic CKD subjects and T2DM
patients when the eGFR slope decline is less rapid. A funda-
mental factor to consider is that the eGFR slope seems to
provide additional information compared to the single mea-
surement of eGFR both regarding cardiovascular risk and
regarding the progression of kidney disease. The present
study also extends this concept to T2DM patients, whose
cardiovascular and renal risks are enhanced if compared to
the general population.

Various mechanisms have been proposed that may
explain the importance of eGFR trends over time (eGFR slope)
versus single eGFR data in predicting mortality/ESKD. First of
all, the single eGFR data based on creatinine can reflect not
only a change in glomerular filtration rate but also an alter-
ation of muscle mass or malnutrition. In addition, patients
with a rapid decline in eGFR in the clinical history will tend
to maintain this trend resulting in lower individual eGFR
levels which are associated with a higher risk of mortality/
micro- and macrovascular complications [40]. On the other
hand, an antecedent decline in the eGFR slope could underlie
patient comorbidities and not be directly related to actual
renal function. Comorbidities must therefore be considered
as confounding factors to avoid erroneous conclusions [42].

This meta-analysis further strengthens the value of eGFR
slope by identifying it as a parameter to be considered in the
general evaluation of the patient affected by diabetes. If, as
the study suggests, the trend of the eGFR slope is so strongly
associated with diabetic complications, the predictive and
therefore preventive role that this parameter assumes is clear.

From this point of view, the study fully fits into the
emerging trend in the field of diabetic nephropathy: progres-
sive kidney decline (the eGEFR slope), and not albuminuria, is
the hallmark of disease progression. In the Joslin Kidney
Study conducted on patients with T2DM and normoalbu-
minuria, significant renal decline (of at least 3 mL/min/year)
occurred in 20% of subjects, and this was associated with a
higher risk of disease progression to terminal this stage
(ESKD) [43]. Progressive decline in renal function has been
recognized as the earliest clinical manifestation of diabetic
nephropathy, and frequently, it begins in the absence of
albuminuria.

In the present meta-analysis, only the hazard ratio (HR)
and not the odds ratio (OR) was considered as a risk param-
eter. This choice was due to the fact that there were too few
studies with OR as a risk parameter in the literature to com-
bine them in a meta-analysis. This led to the exclusion of
studies such as that by Jiang et al. [44] and by Cho et al.
[45], despite the significance of the results on the variation
of the eGFR slope. The consideration of only studies with
data expressed as HR cannot be defined as a limitation of
the present meta-analysis: several studies [46, 47] show that
OR is a risk parameter which in this context gives less useful
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information than HR. The OR, if compared to HR, tends to
overestimate the risk and is a static measure that does not
consider the rates (variations over time), thus assessing the
risk at a specific point in time. The HR, on the contrary,
considers the rates and provides information on the phe-
nomenon in progress over time, defining itself as the repre-
sentation of the risk in progress.

As regards the question of the heterogeneity of HR data, the
results obtained present a relevant variability: the measure of
heterogeneity, expressed as the I statistic, has values greater
than 90%. However, the distribution of data in the forest plot
suggests that almost all of the studies, although characterized
by sustained overall heterogeneity, are located beyond the null
effect line, being associated with an overall increase in the risk
of the outcome. Also in this context and as mentioned above,
the presence of multiple HR estimations coming from the same
study, with sometimes a wide range of variability, must be taken
into account in order to explain the overall distribution of data.

The most important problem linked to eGFR slope is
undoubtedly the lack of its standardization both as regards
the cutoff definition of patients in rapid decline (“fast
decliners”) and as regards the number of eGFR measure-
ments, that is, the interval at which they are taken and the
chosen follow-up. The 2012 KDIGO (Kidney Disease:
Improving Global Outcomes) guidelines define a significant
decline in the eGFR slope as a reduction in eGFR greater
than —5mL/min/1.73 mz/year [39]. However, several studies
on T2DM patients, but also on the general population [14, 31],
have used less stringent cutoffs (-3 mL/min/1.73 m*/year),
finding equally important risks both associated with the pro-
gression of renal disease and with cardiovascular events. Using
eGFR slopes smaller than -5mL/min/1.73m”/year should be
evaluated as more practical surrogate endpoints for people
affected by diabetes.

The problem with defining the cutoffs is due, in part, to
the fact that people with diabetes have a nonconstant rate of
decline in eGFR and, in part, to the fact that the observation
period for adverse events is not standardized, and it varies
among the studies. Longer observation periods may help to
distinguish the effect of small changes in eGFR slope on
chronic renal dysfunction [27]. Indeed, it should be remem-
bered that eGFR slope studies are often performed on
patients starting new treatments for kidney disease such as
RAAS inhibitors which cause an initial acute reduction in
eGFR, although in the long term, they give a beneficial effect.

To address nonlinearity, measurement variability, and
potential initial short-term effects of therapy, the Chronic Kid-
ney Disease Epidemiology Collaboration (CKD-EPI) proposed
a two-slope model to determine the eGFR slope [48]. The clas-
sic linear model uses a single slope (given by at least 2 eGFR
measurements) to determine the decline of the eGFR slope.
On the contrary, the two-slope model makes use of a first
short-term phase (first 3 months of follow-up) and a second
long-term phase. It allows to consider any effects, whether pos-
itive or negative, which occur in the short term on the eGFR
and which would otherwise have an excessive impact on the
eGFR slope itself. Considering the short-term effect, the long-
term effect, and the total slope, this model gives a more realistic
and overall picture of the behaviour of eGFR over time [48]. In
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general, it should be remembered that the influence of the
short-term effect on total slope is greater when follow-up is
short and when the rate of progression of eGFR decline is
slow [48].

Considering the heterogeneity of eGFR slope measure-
ment, in the present meta-analysis, all the studies using differ-
ent follow-up periods and cutoffs were extensively and
individually explained in Results, in order to evaluate, besides
the overall calculated risk value, also any possible adjunctive
confounding variables. Surely, it is desirable that a standardi-
zation on the eGFR slope parameter will be achieved, in order
to make the comparison between studies simpler and more
effective. The role of eGFR slope in the evaluation of the
patient with diabetes should be highlighted, as happens with
glycated haemoglobin in controlling the progress of the dis-
ease. Far more studies have been conducted on the relationship
between HbA1c (glycated haemoglobin) variability and diabetic
complications, than studies (such as this meta-analysis) con-
ducted on eGFR slope variability and diabetic complications;
this, together with the fact that the glycated haemoglobin mea-
surement is standardized, differently from what happens for the
eGFR slope and the difficulties described above, explains why in
clinical practice, the glycaemic parameter is used almost exclu-
sively for the evaluation of patients. However, if the data relating
to HbAlc and the eGFR slope are compared, it emerges that
both are particularly strong prognostic indicators and that even
the eGFR slope seems to be stronger. Considering data from
similar meta-analyses on HbA1c [49, 50], the HR of HbA1c var-
iability for ACM is 1.33 versus 2.31 in this meta-analysis, and
the HR for CV events is similar (1.40 for HbAlc and 1.73 for
eGFR slope), the same for the progression of renal disease
(1.29 for HbA1c and 1.54 for eGEFR slope).

5. Conclusions

In conclusion, the concept of eGFR slope as a surrogate end-
point of renal function and predictor of cardiovascular and
renal complications is a concept of recent acquisition and
still little or not used in clinical practice. This is even more
true regarding patients affected by diabetes, a condition
where studies are lacking.

Based on the most recent available literature data, the
results obtained from this meta-analysis suggest that the
decline in glomerular filtration over time is a significant indi-
cator for chronic complications in patients with T2DM. This
assumption opens important future perspectives in the field
of the care of T2DM patient, but also of the early diagnosis
of diabetes complications, considering the impact that these
have on patient mortality. Research in the field of the eGFR
slope is desirable, in order to make this parameter usable in
clinical practice, in particular regarding its standardization,
allowing patients to be stratified on the basis of the rate of
decline of filtration. The renewed approach to diabetes therapy
focused on its complications suggests that although glycaemic
control is undoubtedly relevant, it should not be the only indi-
cator to take into consideration. Acting with drugs that pre-
serve kidney function and therefore prevent the rapid decline
of the eGFR slope is desirable and in line with the most recent
recommendations.



12

Data Availability

All data extracted and analysed are included within the
manuscript.

Conflicts of Interest

The authors declare that there is no conflict of interest
regarding the publication of this article.

Supplementary Materials

Supplementary 1. PRISMA checKklist.

Supplementary 2. Supplementary Figure 1 and 2: risk of bias
assessment.

References

(1]

(2]

(5]

(10]

(11]

(12]

Y. Zheng, S. H. Ley, and F. B. Hu, “Global aetiology and epide-
miology of type 2 diabetes mellitus and its complications,”
Nature Reviews Endocrinology, vol. 14, no. 2, pp. 88-98, 2018.
E. W. Gregg, N. Sattar, and M. K. Ali, “The changing face of
diabetes complications,” The Lancet, vol. 4, no. 6, pp. 537-
547, 2016.

International Diabetes Federation, IDF Diabetes Atlas, Inter-
national Diabetes Federation, Brussels, Belgium, 10th edition,
2021.

C. Faselis, A. Katsimardou, K. Imprialos, P. Deligkaris,
M. Kallistratos, and K. Dimitriadis, “Microvascular complica-
tions of type 2 diabetes mellitus,” Current Vascular Pharma-
cology, vol. 18, no. 2, pp. 117-124, 2020.

N. A. ElSayed, G. Aleppo, V. R. Aroda et al, “11. Chronic
kidney disease and risk management: standards of care in
diabetes—2023,” Diabetes Care, vol. 46, Supplement 1,
pp. S191-8202, 2023.

M. Afkarian, L. R. Zelnick, Y. N. Hall et al., “Clinical manifes-
tations of kidney disease among US adults with diabetes, 1988-
2014,” JAMA, vol. 316, no. 6, pp. 602-610, 2016.

R. Bonner, O. Albajrami, J. Hudspeth, and A. Upadhyay, “Dia-
betic kidney disease,” Primary Care: Clinics in Office Practice,
vol. 47, no. 4, pp. 645-659, 2020.

A. T Adler, R J. Stevens, S. E. Manley et al., “Development and
progression of nephropathy in type 2 diabetes: the United
Kingdom prospective diabetes study (UKPDS 64),” Kidney
International, vol. 63, no. 1, pp. 225-232, 2003.

E. Dal Canto, A. Ceriello, L. Rydén et al., “Diabetes as a cardio-
vascular risk factor: an overview of global trends of macro and
micro vascular complications,” European Journal of Preventive
Cardiology, vol. 26, 2_Supplement, pp. 25-32, 2019.

United States Renal Data System, “Incidence, prevalence,
patient characteristics, and treatment modalities,” American
Journal of Kidney Diseases, vol. 59, no. 1, Supplement 1,
pp- e183-e194, 2012.

B. W. Gillespie, H. Morgenstern, E. Hedgeman et al,
“Nephrology care prior to end-stage renal disease and out-
comes among new ESRD patients in the USA,” Clinical Kidney
Journal, vol. 8, no. 6, pp. 772-780, 2015.

J. Coresh, T. C. Turin, K. Matsushita et al., “Decline in
estimated glomerular filtration rate and subsequent risk of
end-stage renal disease and mortality,” JAMA, vol. 311,
no. 24, pp. 2518-2531, 2014.

(13]

(14]

(15]

(16]

(17]

=
X

(20]

(21]

(22]

[24]

(25]

(26]

(27]

Journal of Diabetes Research

H. J. Lambers Heerspink, H. Tighiouart, Y. Sang et al., “GFR
decline and subsequent risk of established kidney outcomes:
a meta- analysis of 37 randomized controlled trials,” American
Journal of Kidney Diseases, vol. 64, no. 6, pp. 860-866, 2014.

M. Oshima, M. Jun, T. Ohkuma et al., “The relationship
between eGFR slope and subsequent risk of vascular outcomes
and all-cause mortality in type 2 diabetes: the ADVANCE-ON
study,” Diabetologia, vol. 62, no. 11, pp. 1988-1997, 2019.

M. J. Page, J. E. McKenzie, P. M. Bossuyt et al., “The PRISMA
2020 statement: an updated guideline for reporting systematic
reviews,” PLoS Medicine, vol. 18, no. 3, article e1003583, 2021.

X. Huang, J. Lin, and D. Demner-Fushman, “Evaluation of
PICO as a knowledge representation for clinical questions,”
AMIA Annual Symposium Proceedings, vol. 2006, pp. 359-
363, 2006.

A. M. Methley, S. Campbell, C. Chew-Graham, R. McNally,
and S. Cheraghi-Sohi, “PICO, PICOS and SPIDER: a compar-
ison study of specificity and sensitivity in three search tools for
qualitative systematic reviews,” BMC Health Services Research,
vol. 14, no. 1, p. 579, 2014.

I. Boutron, M. J. Page, J. P. T. Higgins, D. G. Altman,
A. Lundh, and A. Hrébjartsson, “Chapter 7: Considering bias
and conflicts of interest among the included studies,” in
Cochrane Handbook for Systematic Reviews of Interventions
version 6.3,]. P. T. Higgins, ]. Thomas, J. Chandler, M. Cump-
ston, T. Li, M. J. Page, and V. A. Welch, Eds., Cochrane, 2022,
http://www.training.cochrane.org/handbook.

ROBINS-E Development Group, J. Higgins, R. Morgan et al.,
“Risk Of Bias In Non-randomized Studies - of Exposure
(ROBINS-E),” Launch version, 2023, https://www.riskofbias
.info/welcome/robins-e-tool.

Review Manager (RevMan) [Computer program], Version
5.4.1, The Cochrane Collaboration, 2020.

M. Borenstein, L. V. Hedges, J. P. T. Higgins, and H. R. Rothstein,
“A basic introduction to fixed-effect and random-effects models
for meta-analysis,” Research Synthesis Methods, vol. 1, no. 2,
pp. 97-111, 2010.

G. A. Kelley and K. S. Kelley, “Statistical models for meta-anal-
ysis: a brief tutorial,” World Journal of Methodology, vol. 2,
no. 4, pp. 27-32, 2012.

J. J. Deeks, J. P. T. Higgins, and D. G. Altman, “Chapter 10:
Analysing data and undertaking meta-analyses,” in Cochrane
Handbook for Systematic Reviews of Interventions Version
6.3,]. P. T. Higgins, J. Thomas, J. Chandler, M. Cumpston,
T. Li, M. J. Page, and V. A. Welch, Eds., Cochrane, 2022,
http://www.training.cochrane.org/handbook.

P. H. Chyou, “A simple and robust way of concluding meta-
analysis results using reported P values, standardized effect
sizes, or other statistics,” Clinical Medicine & Research,
vol. 10, no. 4, pp. 219-223, 2012.

M. Oshima, T. Toyama, M. Haneda et al., “Estimated glomer-
ular filtration rate decline and risk of end-stage renal disease in
type 2 diabetes,” PLoS One, vol. 13, no. 8, article e0201535,
2018.

L. Zhang, S. Hauske, Y. Ono et al., “Analysis of eGFR index
category and annual eGFR slope association with adverse clin-
ical outcomes using real-world Japanese data: a retrospective
database study,” BMJ Open, vol. 12, no. 2, article e052246,
2022.

S. Meguro, J. Inaishi, Y. Sato, I. Komuro, and H. Itoh, “One-
year estimated glomerular filtration rate decline as a risk factor


https://downloads.hindawi.com/journals/jdr/2024/8859678.f1.docx
https://downloads.hindawi.com/journals/jdr/2024/8859678.f2.docx
http://www.training.cochrane.org/handbook
https://www.riskofbias.info/welcome/robins-e-tool
https://www.riskofbias.info/welcome/robins-e-tool
http://www.training.cochrane.org/handbook

Journal of Diabetes Research

(28]

(29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

of cardiovascular and renal end-points in high-risk Japanese
patients,” Journal of Diabetes Investigation, vol. 12, no. 7,
pp. 12121219, 2021.

H. Kim, D. Wang, J. Chalmers et al., “Alternative kidney filtra-
tion markers and the risk of major macrovascular and micro-
vascular events, and all-cause mortality in individuals with
type 2 diabetes in the ADVANCE trial,” Journal of Diabetes,
vol. 12, no. 12, pp. 929-941, 2020.

K. Furuichi, M. Shimizu, M. Yamanouchi et al., “Clinicopath-
ological features of fast eGFR decliners among patients with
diabetic nephropathy,” BMJ Open Diabetes Research ¢ Care,
vol. 8, no. 1, article 001157, 2020.

J. I Barzilay, B. R. Davis, A. Ghosh et al., “Rapid eGFR change
as a determinant of cardiovascular and renal disease outcomes
and of mortality in hypertensive adults with and without type
2 diabetes,” Journal of Diabetes and its Complications, vol. 32,
no. 9, pp. 830-832, 2018.

C. S. Cabrera, A. S. Lee, M. Olsson et al., “Impact of CKD pro-
gression on cardiovascular disease risk in a contemporary UK
cohort of individuals with diabetes,” Kidney International
Reports, vol. 5, no. 10, pp- 1651-1660, 2020.

Y. H. Chan, S. W. Chen, T. F. Chao, Y. W. Kao, C. Y. Huang,
and P. H. Chu, “Impact of the initial decline in estimated glo-
merular filtration rate on the risk of new-onset atrial fibrillation
and adverse cardiovascular and renal events in patients with
type 2 diabetes treated with sodium-glucose co-transporter-2
inhibitors,” Diabetes, Obesity & Metabolism, vol. 23, no. 9,
pp. 2077-2089, 2021.

S. Ragot, P.-J. Saulnier, G. Velho et al., “Dynamic changes in
renal function are associated with major cardiovascular events
in patients with type 2 diabetes,” Diabetes Care, vol. 39, no. 7,
pp. 1259-1266, 2016.

C. L. Tseng, J. P. Lafrance, S. E. Lu et al., “Variability in esti-
mated glomerular filtration rate values is a risk factor in
chronic kidney disease progression among patients with diabe-
tes,” BMC Nephrology, vol. 16, no. 1, p. 34, 2015.

M. Oshima, T. Toyama, A. Hara et al., “Combined changes in
albuminuria and kidney function and subsequent risk for kid-
ney failure in type 2 diabetes,” BMJ Open Diabetes Research &
Care, vol. 9, no. 1, article e002311, 2021.

P. S. Misra, S. G. Szeto, A. Krizova, R. E. Gilbert, and D. A.
Yuen, “Renal histology in diabetic nephropathy predicts pro-
gression to end-stage kidney disease but not the rate of renal
function decline,” BMC Nephrology, vol. 21, no. 1, p. 285, 2020.

M. Shimizu, K. Furuichi, T. Toyama et al., “Decline in esti-
mated glomerular filtration rate is associated with risk of
end-stage renal disease in type 2 diabetes with macroalbumi-
nuria: an observational study from JDNCS,” Clinical and
Experimental Nephrology, vol. 22, no. 2, pp. 377-387, 2018.

T. Muramatsu, M. Takahashi, R. Kakinuma et al., “Decline in
renal function associated with cardiovascular autonomic neu-
ropathy positively coordinated with proteinuria in patients with
type 2 diabetes,” Journal of Diabetes Investigation, vol. 13, no. 1,
pp. 102-111, 2022.

P. E. Stevens, A. Levin, and Kidney Disease: Improving Global
Outcomes Chronic Kidney Disease Guideline Development
Work Group Members, “Evaluation and management of
chronic kidney disease: synopsis of the kidney disease: improv-
ing global outcomes 2012 clinical practice guideline,” Annals
of Internal Medicine, vol. 158, no. 11, pp. 825-830, 2013.

(40]

[41]

(42]

(43]

[44]

(45]

(46]

(47]

(48]

(49]

(50]

13

D. M. J. Naimark, M. E. Grams, K. Matsushita et al., “Past
decline versus current eGFR and subsequent mortality risk,”
Journal of the American Society of Nephrology, vol. 27, no. 8,
pp. 2456-2466, 2016.

C. P.Kovesdy, J. Coresh, S. H. Ballew et al., “Past decline versus
current eGFR and subsequent ESRD risk,” Journal of the
American Society of Nephrology, vol. 27, no. 8, pp. 2447-
2455, 2016.

T. C. Turin, J. Coresh, M. Tonelli et al., “Change in the esti-
mated glomerular filtration rate over time and risk of all- cause
mortality,” Kidney International, vol. 83, no. 4, pp. 684-691,
2013.

A. S. Krolewski, J. Skupien, P. Rossing, and J. H. Warram, “Fast
renal decline to end-stage renal disease: an unrecognized fea-
ture of nephropathy in diabetes,” Kidney International,
vol. 91, no. 6, pp. 1300-1311, 2017.

G.Jiang, A. O. Y. Luk, C. H. T. Tam et al., “Progression of dia-
betic kidney disease and trajectory of kidney function decline
in Chinese patients with type 2 diabetes,” Kidney Interna-
tional, vol. 95, no. 1, pp. 178-187, 2019.

A. Cho, H. C. Park, Y. K. Lee, Y. J. Shin, S. H. Bae, and H. Kim,
“Progression of diabetic retinopathy and declining renal func-
tion in patients with type 2 diabetes,” Journal of Diabetes
Research, vol. 2020, Article ID 8784139, 7 pages, 2020.

A. George, T. S. Stead, and L. Ganti, “What’s the risk: differen-
tiating risk ratios, odds ratios, and hazard ratios?,” Cureus,
vol. 12, no. 8, article e10047, 2020.

T.J. VanderWeele, “Optimal approximate conversions of odds
ratios and hazard ratios to risk ratios,” Biometrics, vol. 76,
no. 3, pp. 746-752, 2020.

M. S. Khan, G. L. Bakris, I. Shahid, M. R. Weir, and J. Butler,
“Potential role and limitations of estimated glomerular filtra-
tion rate slope assessment in cardiovascular trials: a review,”
JAMA Cardiology, vol. 7, no. 5, pp. 549-555, 2022.

C. Gorst, C. S. Kwok, S. Aslam et al., “Long-term glycemic var-
iability and risk of adverse outcomes: a systematic review and
meta-analysis,” Diabetes Care, vol. 38, no. 12, pp. 2354-2369,
2015.

G. Sartore, E. Ragazzi, R. Caprino, and A. Lapolla, “Long-term
HbAlc variability and macro-/micro-vascular complications
in type 2 diabetes mellitus: a meta-analysis update,” Acta Dia-
betologica, vol. 60, no. 6, pp. 721-738, 2023.



	Is eGFR Slope a Novel Predictor of Chronic Complications of Type 2 Diabetes Mellitus? A Systematic Review and Meta-Analysis
	1. Introduction
	2. Materials and Methods
	3. Results
	3.1. eGFR Slope and All-Cause Mortality
	3.2. eGFR Slope and Cardiovascular Events
	3.3. eGFR Slope and ESKD (End-Stage Kidney Disease)
	3.4. eGFR Slope and Microvascular Complications
	3.5. Role of eGFR Slope in Overall Risk of Complications

	4. Discussion
	5. Conclusions
	Data Availability
	Conflicts of Interest
	Supplementary Materials



