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Objective: In patients with type 2 diabetes and diabetic kidney disease (DKD),
explore the relationship between estimated glomerular filtration rate decline
(eGFR-d) and simultaneously assessed vascular risk markers including office,
ambulatory or central blood pressure, pulse pressure, carotid-femoral pulse
wave velocity (PWV), carotid intima-media thickness (IMT) and renal resistive
indexes (RRI).

Research design and methods: At baseline, vascular risk markers were measured
in addition to the routine clinical workup. The eGFR-d was based on 2000-2019
creatinine values. Parameters were compared by eGFR-d quartiles. Regression
models of eGFR-d and vascular markers were assessed.

Results: In total, 135 patients were included. Mean age was 63.8 + 10.8y, baseline
eGFR 60.2 + 26.4 ml/min/1.73 m? and urine albumin-creatinine ratio (ACR) 49 +
108 mg/mmol. Mean eGFR-d was based on 43+ 39 creatinine values within a
time span of 7.0 + 1.9y. The average yearly eGFR decline was —1.8 + 3.0 ml/min/
1.73 m? ranging from —5.8+ 2.3 in the first quartile to +1.4+ 1.7 in the fourth
quartile. Mean 24 h systolic (SBP) and diastolic (DBP) blood pressure were 126 +
17 and 74 + 9 mmHg. Mean PWV was 11.8 +2.8 m/s, RRI 0.76 + 0.07 and IMT
0.77+0.21 mm. SBP and pulse pressure correlated with eGFR-d but not DBP.
24 h SBP stood out as a stronger predictor of eGFR-d than office or central SBP.
PWV and RRI correlated with eGFR decline in univariate, but not multivariate
regression models including 24 SBP and ACR.

Conclusions: In this study, eGFR decline was highly variable in patients with type 2
diabetes and DKD. Twenty-four hour SBP provided an added value to the routine
measurement of ACR in predicting eGFR decline, whereas PWV and RRI did not.
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Introduction

Diabetic kidney disease (DKD) affects 30%-40% of diabetic
patients and is the main cause of end-stage kidney disease
(ESKD) in developed countries (1). The rate of decline of renal
function is highly heterogeneous (2). Classical biomarkers such
as albuminuria are associated with adverse renal outcomes, but
more than 30% of DKD patients do not have albuminuria and
still progress to ESKD (3). Finding new biomarkers is crucial for
the early identification of those at highest risk of accelerated
renal function decline.

Better glycemic control, renin-angiotensin system blockade and
recently SGLT2 inhibitors, GLP1 receptor agonists and finerenone
are the standard of care for type 2 diabetic patients at high cardio-
renal risk (4). Landmark randomized controlled trials (RCT) with
empagliflozin (5), canagliflozin (6), dapagliflozin (7) and
finerenone (8) improved cardio-renal outcomes when prescribed
to patients with proteinuric DKD. All these drugs have
hemodynamic effects, suggesting that vascular factors have an
important role in disease progression. Furthermore, elevated
blood pressure, pulse pressure, pulse wave velocity, intima media
thickness and renal resistive index have all been associated with
eGFR decline (eGFR-d); however, the relative contribution of
each factor to eGFR-d in the same individual has not been
explored in detail, due to a lack of studies that have measured
these vascular markers simultaneously (9-12).

The Swiss Diabetic Nephropathy Cohort (SWIDINEP)
(NCT03407989) is a cohort of type 2 diabetic patients with DKD
stage G1-G4 followed at the Lausanne University Hospital
(CHUV) in a prospective and longitudinal way with detailed
vascular phenotyping at standardized time points. In this study,
we explore the relationship between eGFR decline and a panel of
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vascular markers measured at enrollment including blood
pressure and its level of control, pulse pressure, pulse wave
velocity, intima-media thickness and the renal resistive index.

Methods

Patients with type 2 diabetes (T2D) were recruited at the
kidney and diabetes outpatient clinics of the Lausanne University
Hospital between 2013 and 2019. Both males and females were
enrolled with a diagnosis of DKD defined by at least one of the
following criteria: an eGFR <60 ml/min/1.73 m?, albuminuria
>30 mg on a 24 h urine collection or an ACR >2.5 mg/mmol for
men or >3.5mg/mmol for women measured in at least two
urinary samples. Age over 18 years and the ability to read and
understand the consent form were required for inclusion. All
participants followed the standardized protocol of investigations
in our outpatient clinic. In case there was the slightest doubt
about the presence of another underlying kidney disease, they
were excluded from this cohort, and referred for further
nephrological workup. Patients were excluded from the study if
other causes of kidney disease were present (apart from
hypertensive nephropathy, focal segmental glomerulosclerosis,
obesity glomerulomegaly and nephrolithiasis). All had a renal
ultrasound examination. Hence, post-renal causes of kidney
disease were identified thanks to renal ultrasound, as were
patients with polycystic kidney disease, and these patients were
not enrolled in the cohort. Eligible patients were asked to return
the consent form duly signed before inclusion in the cohort.

Patients included in the cohort underwent a complete check-up
Medical history,
sociodemographic status as well as current treatments and

onsite. clinical and paraclinical data,
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smoking status were recorded. A complete set of clinical data such
as patient’s height, weight, body mass index (BMI), seated blood
pressure (BP) and heart rate were measured after 15 min rest
using a brachial cuff-based oscillometric device (OMRON HEM-
907).
including renal function, glycemic control and lipid profile. A

Routine serum and urine chemistries were collected

complete vascular evaluation was proposed: (1) 24 h ambulatory
BP was measured (ABPM, Diasys, Physicor, Geneva Switzerland;
validated by a minimum of 20 measurements during daytime
and 7 measurements during nighttime) (13). Percentage dipping
was defined as the difference between daytime mean systolic BP
and nighttime mean systolic BP expressed as a percentage of the
day value. (2) Arterial stiffness and central BP were assessed
non-invasively with the commercially available Sphygmocor
device (Version 8.0, At Cor Medical, Sydney, Australia) using
applanation tonometry to measure respectively carotid-femoral
pulse wave velocity (PWV) and carotid and radial augmentation
indexes. Patients were supine for at least 10 min before
measurements. For details, we refer to a locally performed,
previous study (14). (3) Carotid intima media thickness was
measured with an ultrasound system [Aplio XG device (Toshiba
Sytems, AG/Sa Switzerland)] in the supine position after at least
5 min rest (15). Images of the longitudinal and transverse planes
of the internal carotid artery were obtained. Mean carotid artery
thickness was measured in the longitudinal plane with dedicated
software in an area free of plaques, 10 mm proximal of the
carotid bifurcation, at the end of diastole in both the right and
left common carotid artery. The bulbus was excluded from IMT
(4) Renal ultrasound of both kidney was
performed with the same ultrasound system and included renal

measurements.

dimensions and measurement of renal resistive indexes on 3
segmental arteries (superior, middle, and inferior) in each kidney.
Imaging data and waveform analyses were performed by
respectively the same medical doctor (M.P.) and research nurse
(D.N.), both with large experience in each technique, according
to previously published protocols (14).

All kidney function data were extracted on site from patient
The CKD-EPI formula was used for eGFR
calculation (16). For each patient, eGFR was calculated using

medical records.

every creatinine values available from years 2000 to 2019. From
these eGFR values, linear regression was performed with the day
of the sample as independent variable and the eGFR as
dependent variable. The resulting line was then plotted to obtain
the absolute change in kidney function in the last ten years. This
method provided for each patient a single value representing the
yearly eGFR decline. If a patient were to enter renal replacement
therapy (RRT) during the study, the linear regression was
calculated up to the date of RRT. Patients with less than four
eGFR values or a time span of less than 666 days were excluded
from the analysis. All linear regressions, lines and equations were
performed using the commercially available software Microsoft
Excel 32 bites (Microsoft Corporation, Washington) with built-in
functions. Analysis of factors influencing eGFR decline slopes
was based on clinical and biochemical parameters collected at
baseline.
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Statistics

Unless stated otherwise, results are expressed as mean + SD.
Normality was assessed with the Shapiro-Wilk test and visually
with boxplots. Outliers were defined as values higher than 2.5
times the mean value. Analyses of variance (ANOVA) was used
to evaluate statistical significance for continuous variables with
normal distribution; Kruskal-Wallis non-parametric test was used
to evaluate statistical difference for not normally distributed
variables. Post-hoc analyses were performed with Tukey’s
methods for ANOVA and Dunn’s test using Sidak correction
method for Kruskal-Wallis non-parametric test. For frequency
variables, multiple chi squared tests were used to evaluate
statistical differences. For correlation analysis, Pearson correlation
coefficient method was used followed by linear regression
analysis with the adjusted R* reported in Results; adj R* refers to
the amount of variance in eGFR explained by the parameter of
interest in univariate linear regression analysis. A threshold of
P <0.05 was set for statistical significance. The total sample size
required for a correlation coefficient of 0.3 was of 68. A
multivariate stepwise regression analysis was run to identify the
best predictors of eGFR slopes. This model specified the
significant level of 0.05 for entering in the model and 0.1 for
removing it from the model. All statistical analyses were
performed with the commercially available STATA 16 software
(Stata college station, Texas).

Data protection and ethics

The SWIDINEP study was submitted and approved by the
Cantonal Human Being Ethics Research Committee (CER 43/12),
the Centre Hospitalier Universitaire Vaudois (CHUV) and all
data were treated anonymously according to the Swiss law of
data protection. The study is registered at clinical trials gov
(NCT03407989).

Results

Baseline demographic and clinical
characteristics

A total of 150 patients were enrolled in the entire cohort
and data of 135 patients were available for the analysis of eGFR
slopes (Supplementary Flow chart). The demographic and
clinical characteristics of these 135 patients are described in
Tables 1, 2. Mean age was 63.8 + 10.8 years with a predominance
of Caucasians (83%) and males (76.3%). Average BMI was
31.6+5.3 kg/m2 with respectively 7.4%, 35.6%, 35.6%, 15.6%
and 5.9% with normal weight, overweight and obesity stage I,
II and III. Active smoking was present in 23.7% of patients
with 50.4% and 25.9%
Women were significantly heavier than men but smoked less

former smokers and non-smokers.
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TABLE 1 Clinical characteristics of patients enrolled in SWIDINEP at the
baseline visit.

% Men D
(y) 63.8

Age 10.8
Sex

Male 76.3

Female 23.5

Ethnicity

Caucasian 83

Asian 1.5

African 8.2

Other 7.4

Duration of diabetes (y) 13.3 9.0
Diagnosis of hypertension 96

Duration of hypertension (y) 123 20.9
BMI (kg/m?) 316 5.3
Smoking History

Past 50.4

Active 23.7

Never 25.9

Past medical history

Coronary artery disease 35.8

Stroke 9.0

Peripheral artery disease 23.0

Retinopathy 35.7

Proliferative retinopathy with laser therapy 37.3

Peripheral neuropathy 54.8

Erectile dysfunction 51.0

Lower limb amputation 4.9

Renal function

eGFR (CKD-EPI) ml/min/1.73 m* 60.2 26.4
KDIGO CKD stage

1 17.1

2 29.1

3a 18.7

3b 25.4

4 9.7

eGFR decline (ml/min/1.73 mZ/y) -1.8 3.0
Albumine/creatinine ratio (mg/mmol) 48.9 108.4
KDIGO CKD stage

Al 22.0

A2 51.2

A3 26.8

(Supplementary Table S1). Mean eGFR was 60.2 + 26.4 ml/min/
1.73 m* and urine ACR ratio was of 48.9 + 108.4 mg/mmol. Half
of patients were KDIGO stage A2 (ACR: 3-29 mg/mmol) and
26.8% were KDIGO stage A3 (ACR > 30 mg/mmol).

The majority of patients were on anti-hypertensive therapy
(96%); RAS blockade (87.8%) and diuretics (thiazide or loop;
66.2%) were the most prescribed antihypertensive drugs. Other
therapies such as calcium channel blockers (43.2%) and beta-
blockers (41.2%) were less prescribed. Mineralocorticoid-receptor
(8.1%), (3.4%)
vasodilators (3.4%) were rarely used.

antagonists alpha-blockers and peripheral

Regarding T2D medication, the majority of patients were on
metformin (56.4%) or insulin (59.4%) followed by a DPP-IV
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inhibitor (36.8%). Only 15.8% of patients were on a GLP1R
agonist and 6.8% on an SGLT2 inhibitor at baseline.

Renal function decline

The time span for the estimation of eGFR decline was an
average of 2,545+ 706 days (7.0 1.9 years) based on an average
of 43 +£39 creatinine values per patient. Globally, the average
yearly change in eGFR was —1.8 + 3.0 ml/min/1.72 m*/year
ranging from a decrease of —11.1 to an increase of 7 ml/min/
1.73 m*/year. A trend to a lesser decline was observed in women
(=125
(Supplementary Table S1) but the difference was not significant.
Fast eGFR decline as defined by an eGFR decrease > 5 ml/min/
1.73 mz/year was present in 17 subjects (12.6%, 16 males,
1 female) (Table 2).

Table 2 describes the quartiles of eGFR decline and their
clinical characteristics. The yearly eGFR decline ranged between
—5.8 +2.3 ml/min/1.73 m*/year in the first quartile to +1.4+
1.7 ml/min/1.73 m*/year in the fourth quartile. Age, sex, weight,

compared to men vs.  —1.9 ml/min/1.73 m/year

BMI and smoking history did not differ between quartiles. The
number of creatinine measurements was higher in the first
quartile and baseline eGFR at entry of the cohort was lower in
the first quartile compared to the last quartile. There was a
remarkable wide range of baseline eGFR in all quartiles from
KDIGO stage Gl to G4. Baseline eGFR correlated only weakly
with eGFR decline (adj R? 0.05; p=0.005). The ACR ratio was
significantly higher for quartiles 1 in comparison to quartiles
3 and 4 and ACR correlated with eGFR decline (adj R? 0.09;
p=0.0004). Age, sex, BMI and smoking history were not
correlated with eGFR decline.

Vascular and biochemical factors and eGFR
decline

Blood pressure (treatment, office, ABPM)

The number of prescribed anti-hypertensive classes was
significantly higher in the first quartile (3.5 + 1.3), compared to the
second (2.2+1.2), third (2.6 +1.4) and fourth quartile (2.5 1.4)
of eGFR decline, p = 0.0004.

Office systolic and diastolic BP were significantly higher in the
first quartiles (Table 3). Diurnal and nocturnal systolic BP were
higher in the first quartile as well as pulse pressure. Office, 24 h,
day and night systolic BP correlated with eGFR decline (resp. adj
R* 0.11; p=0.0001; adj R* 0.08; p = 0.001, adj R* 0.07; p = 0.003,
adj R* 0.08; p=0.001). Likewise, office, 24 h, day and night pulse
pressure correlated with eGFR decline (resp. adj R* 0.09;
p=0.0002; adj R* 0.08; p=0.001; adj R* 0.09; p=0.0008, adj R*
0.08; p =0.002). Diastolic BP and mean BP did not correlate with
eGFR decline.

Blood pressure goal attainment (Figure 1): patients with a 24 h
systolic BP control <130 mmHg (63%) declined less than others
(ml/min/1.73 m*y: —1.0ml+£26 vs. —3.3%3.5 p=0.002).
Patients reaching a diurnal systolic BP control <135mmHg
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TABLE 2 eGFR decline quartiles and clinical characteristics.

10.3389/fcvm.2023.1230227

1st quartile | 2nd quartile | 3rd quartile | 4th quartile | p value | Post hoc
n 135 34 37 31 33
eGFR decline (ml/min/1.73 m*/year) -1.8+3.0 —58+23 -1.9+05 —0.6+0.4 +1.4+1.7 0.0001 R
min ~-11.1 -3.0 -11 +0.04
max -3.1 -12 0.0 +7.0
Fast decliners (%)* 12.6% 50%
Average Time Range days (years) 2,545 706 (7.0) | 2,378 +681 (6.5) | 2,597 +761 (7.1) | 2,779+543 (7.6) | 2,437 %764 (6.7) 0.1
Number of creatinine measured 42.5+39.0 60.2 + 46.8 32.8+27.7 349+27.8 42.2+44.8 0.006 nhE
eGER at entry (ml/min/1.73 m*/year) 60.2 +26.4 49+23.7 61.1+26.4 66.9 +28.6 64.7 £24.6 0.02 B
min 15 16 15 23 22
max 129 98 112 129 108
ACR ratio (mg/mmol) 494108 100 + 141 63 +139 16+ 24 10+ 10 0.0001 B
min 0 3 0 0 0
max 694 477 694 93 45
Age (y) 64411 66+9 65+ 12 62+12 62+ 10 02
Sex (%) 05
men 76 85 73 71 76
‘women 24 15 27 29 24
Weight 91.5+18.8 92.0+14.9 88.0+17.1 92.2+22.6 93.6 +20.7 0.8
BMI 31.6+53 314437 313449 320465 317462 0.9
Smoking history (%) 0.9
Past 50.4 47.1 54.1 51.6 485
Active 237 206 243 226 27.3
Never 259 324 216 25.8 242

2>5 ml/min/year.

“Post-hoc analysis for p-value < 0.05 between the first and second quartile.
"Post-hoc analysis for p-value < 0.05 between the first and third quartile.
*Post-hoc analysis for p-value < 0.05 between the first and fourth quartile.
SPost-hoc analysis for p-value < 0.05 between the second and third quartile.

Ipost-hoc analysis for p-value < 0.05 between the second and fourth quartile.

#Post-hoc analysis for p-value < 0.05 between the third and fourth quartile.

Bold significants ANOVA with p <0.05.

TABLE 3 eGFR decline quartiles and office, ambulatory blood pressure measurements.

rtile

2nd quartile

3rd quartile

p value

Post hoc

Office systolic blood pressure 136 +20 146 +21 134 +21 131+18 131+13 0.02 whE
Office diastolic blood pressure 75+ 10 78+ 10 72+9 75+11 75+ 10 0.05
Office pulse pressure 61+17 68+18 63 +20 57+14 56+ 14 0.03 I
Office pulse rate 72+ 11 7210 74+ 11 72+12 72+10 0.5
24 h systolic blood pressure 126+17 134+19 125+17 121+13 124+ 16 0.04 8
24 h variation coefficient 12.7+£3.7 12.8 4.1 12.7+3.3 13.1+43 125+3.7 0.9
24hTIR% 57.8+31.5 50.7 +32.6 53.0+33.4 71.5+£27.9 59.2+29.0 0.1
24 h diastolic blood pressure 74+9 75+9 72+9 75+ 10 73+9 0.4
24 h pulse pressure 53+ 14 58+ 16 54+ 14 47+9 51+14 0.02 18
24 h pulse rate 77 £ 11 76 +9 8011 75+13 79+ 10 0.4
Dipping (%) —9.0+8.2 —-7.8+8.9 -79+78 —10.6 +8.8 —-102+7.3 0.5
Diurnal systolic blood pressure 129+17 137 +17 128 +18 124+ 14 128 +17 0.03 8
Day variation coefficient 11.9+42 114+43 122+43 119+ 4.6 12.0+3.6 0.8
Diurnal TIR% (<135 mmHg) 60.9 51.3 57.9 72.2 62.9 0.1
Diurnal diastolic blood pressure 76+9 78+7 74+ 10 77 +10 77+10 04
Diurnal pulse pressure 53+14 59+15 55+ 14 47 +10 51+15 0.01 I8
Diurnal pulse rate 80+12 78+9 83+13 79+13 81+11 0.5
Nocturnal systolic blood pressure 119+20 128 +25 119+19 112+ 14 115+17 0.04 *
Night variation coefficient 11.2+£39 12.1+44 11.1£3.6 114+£3.0 10.0+£4.2 0.3
Nocturnal TIR% (<120mmHg) 55.3 45.1+359 49.3+343 70.7 £27.2 60.3 +35.4 0.06
Nocturnal diastolic blood pressure 68+12 71+12 67+11 69£12 67+9 0.3
Nocturnal pulse pressure 51+16 57 +20 53+14 43+8 48 +15 0.02 T
Nocturnal pulse rate 71+11 72+9 73+11 69+13 71+9 0.6

“Post-hoc analysis for p-value <0.05 between the first and second quartile.

*Post-hoc analysis for p-value <0.05 between the first and third quartile.

¥Post-hoc analysis for p-value <0.05 between the first and fourth quartile.

Bold significants ANOVA with p < 0.05.
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FIGURE 1
eGFR decline in patients with controlled or uncontrolled systolic blood pressure.

declined less than others (ml/min/1.73 mz/y: —1.0ml+25 vs.
—3.1£3.5, p=0.003). Patients reaching a nocturnal systolic BP
control < 120 mmHg declined less than others (ml/min/1.73 mz/y:
—12ml+22 vs. —2.5£3.8, p=0.03).

Blood pressure variability and time in range (Table 3): Blood
pressure variability as defined by 24h, diurnal or nocturnal
variation coefficient did not differ between quartiles. Systolic
diurnal and nocturnal time in range (TIR) defined as the % of
<135 mmHg,
significantly differ between quartiles

time spent in range (diurnal nocturnal <
120 mmHg) did not
although there was a trend for lower TIR for the first quartile.
Dippers were defined as having at least 10% decrease in
nocturnal systolic BP compared to diurnal systolic BP. Nocturnal
dipping was present in 46.7% of cases with an average eGFR
decline of —1.6 ml/min/1.73 m*/y which was non statistically

lower than in non-dippers (—2.1 ml/min/1.73 m*/y).

Vascular parameters (central BP, carotid
augmentation index, pulse wave velocity, carotid
intima-media thickness), renal ultrasound and
resistive index

Central systolic BP was significantly higher in the first
quartile, as well a central pulse pressure and both correlated with
eGFR decline (resp. (adj R® 0.08; p=0.006 and adj R* 0.06;
p=0.02). Carotid and radial augmentation indices were similar
among quartiles. Carotid-femoral pulse wave velocity was higher
in the first quartile and correlated with eGFR decline (adj R®
0.07; p=0.006). Carotid-radial pulse wave velocity did not differ
between groups. Left and right carotid intima-media thickness
did not differ between groups. Renal volume, number of cysts
measured by ultrasound were the same in all quartiles. Average
left and right resistive index was significantly higher in the first
quartile and correlated with eGFR decline (adj R? 0.08; p=0.001)
(Table 4).
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Biochemical values and diabetes control

Blood glucose control as defined by HbA1C was not different
between quartiles. The prescription of drugs did not differ
between quartiles of eGFR decline. All other biochemical
variables in Supplementary Table S2 were the same in the four
quartiles. As for linear regression analysis, sodium had a positive
correlation with eGFR decline (adj R* 0.03; p = 0.047). Potassium
had a negative correlation with eGFR decline (adj R* 0.04; p =
0.02). None of the other variables correlated with eGFR decline
(Supplementary Table S3).

Univariate and multivariate regression analysis

Details of the univariate regression analysis for factors
significantly associated with eGFR decline is presented in
Supplementary Table S3. A multivariate stepwise regression
analysis was run to identify the best predictors of eGFR decline
from various systolic BP readings (24h SBP, office SBP and
central SBP). This model specified the significant level of 0.05 for
entering in the model and 0.1 for removing it from the model.
From this model, 24 h SBP stood out with the highest predictor
of eGFR decline (p <0.0001, R*=0.25).

Further models explored whether other clinical parameters
were additive to the 24 h systolic BP prediction of eGFR decline.
A multiple stepwise regression analysis using the same criteria as
above evaluated the effects of 24 h systolic BP, ACR, femoral
PWYV, mean renal resistive index, baseline eGFR. Two variables
(24h SBP (p=0.001) and ACR (p=0.01)) remained in the
model as significant and independent predictors of eGFR decline.
This model predicted 40% of eGFR decline variability (p < 0.0001).

Finally, when age, BMI and sex were included as variables in
the linear regression analysis along with 24hSBP and ACR, there
was no alteration in the significance or coefficients of 24hSBP
and ACR. This confirms that age, BMI and sex have no impact
on the relationship between eGFR decline and 24hSBP and ACR.
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TABLE 4 eGFR decline quartiles, sphygmocor measurements, carotid intima-media thickness and renal ultrasound.

‘ﬁ 2nd quartile | 3rd quartile | 4th quartile = p value = Post hoc
N

Central blood pressure (mmHg) n=281

Systolic 131 +20 142 +20 127 £23 127 21 126 +11 0.009 o
Diastolic 74+13 77 £10 69 +10 7511 74+13 0.09

Pulse pressure 57+18 65+ 16 57 +21 53+18 51+13 0.01 o
Augmentation index (%)

Carotid artery 26.3+11.6 27.7+11.1 23.8+11.2 254+12.6 29.1+11.6 0.4

Radial artery 25.1+124 26.6+10.4 280+11.1 23.3+13.1 22.5+14.2 0.2

Pulse wave velocity (m/s) n=90

Carotid-femoral PWV 11.8+2.8 13.2+28 121+25 10.9+3.0 11426 0.06

Carotid-Radial PWV 82+14 81x15 83+1.2 81x1.5 81x14 0.9

Carotid Intima-media thickness (mm) n=121

Left carotid (mean) 0.77 £0.21 0.76 £0.19 0.80 £0.22 0.75+0.26 0.76 +0.16 0.8

Right carotid (mean) 0.76 +£0.21 0.80 +0.21 0.77 £0.23 0.72+0.22 0.76 +0.18 0.5

Renal ultrasound n=131

Average renal volume (em®) 161 +55 166 + 54 166 + 71 163 +42 149 + 45 0.7

Average resistive index 0.76 £0.07 0.79 £ 0.06 0.78 £ 0.08 0.73 £ 0.06 0.75 +0.08 0.007 iR
Average cysts (1) 1.7+1.6 14+12 2021 21+18 1.3£09 0.7

“Post-hoc analysis for p-value < 0.05 between the first and second quartile.
Post-hoc analysis for p-value < 0.05 between the first and third quartile.
*Post-hoc analysis for p-value < 0.05 between the first and fourth quartile.
#Post-hoc analysis for p-value < 0.05 between the third and fourth quartile.
Bold significants ANOVA with p <0.05.

Discussion

Vascular markers have been linked to eGFR decline and to
morbidity but most studies focused on individual markers, without
exploring whether their predictive values were equal or additive
(9-12). In this cohort of 135 DT2 patients with different degrees
of DKD we show that office, 24 h, and central systolic BP, pulse
pressure, pulse wave velocity and renal resistive index all correlated
with eGFR decline in univariate models, whereas diastolic BP,
intima media thickness did not. However, the only vascular
variable that remained significantly associated with eGFR decline
in addition to ACR in multivariable regression models was 24 h SBP.

In this study, eGFR decline was based on the retrospective
analysis of an average of 43 creatinine values over a time span of
7 years. It showed an average decline of —1.8 ml/min/1.73 m*/year.
Fast decliners (<—5 ml/min/1.73 m2/year) represented 12.3% of
cases. The rate of decline was superior to the average annual
eGFR decline (—0.528 ml/min/1.73 m?) of 189 CKD patients of
similar age of the Swiss based Colaus cohort (CKD: all causes
combined, 12.7% with diabetes) (17). SWIDINEP confirms the
finding of the Colaus study that diabetes is an important risk
factor for a faster eGFR decline.

Office, central, diurnal and nocturnal systolic BP correlated
with eGFR decline but accounted individually for only 7%-11%
of its variability. Diastolic BP was not associated with eGFR
decline. This relationship is in accordance with the recent
KNOW-CKD study from Korea showing that office systolic BP
but not diastolic BP was significantly associated with a >50%
eGFR decline in CKD patients (32.4% with diabetes) followed for
an average of 7.5 years (18). Another study included CKD
patients (41% with diabetes) with ABPM and followed for an
average of 4.7 years. This study showed that 24 h systolic BP,
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proteinuria and hemoglobin values were associated with renal
outcomes (19). As in our study, eGFR decline was not
significantly different in dippers in comparison to non dippers.

In a multivariate analysis, the 24 h systolic BP was the most
strongly associated with eGFR decline in comparison to other
measurements of systolic BP. In particular, measuring central
systolic BP, a surrogate marker of arterial stiffness, did not add
to the predictive value of 24 h systolic BP. Furthermore, the
association was independent from baseline eGFR showing that it
is important at all stages of DKD.

As for other surrogate markers of arterial stiffness, pulse
pressure or augmentation index did not correlate with eGFR
decline. Although, carotid-femoral pulse wave velocity was
negatively associated with eGFR decline and with baseline eGFR
in univariate analysis, it did not add to the predictive value of
24 h systolic BP and urine albumin creatinine ratio. Thus we
were not able to reproduce previous findings that arterial
stiffness independently predicts renal outcomes in patients with
diabetes (20). This is maybe due to the fact that previous studies
did not systematically take 24 h BP into account.

A recent study showed that in younger type 2 diabetic patients
(<60y) with an eGFR >45ml/min, aortic pulse wave velocity
(PWV) predicted a decline in eGFR before the onset of advanced
renal dysfunction (21). Our study was not large enough to address
this issue. However, 24 h BP was not measured in the study by
Fountoulakis et al. In our cohort, PWV was higher in the first and
second quartiles; when stratifying patients by PWV over or under
10.3 m/s, average eGFR decline differed significantly (—0.4 + 1.4 vs.
—2.2+3.1 ml/min/1.73 m?, p=0.007). Besides, PWV exceeded on
average 103 m/s, a threshold that was associated with a 30%
increased risk of ESKD in comparison to a PWV <10.3 m/s in the
CRIC cohort (22). Once more, 24hBP was not available in the
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CRIC cohort, hampering definite conclusion. Whether PWV
measurement will improve the stratification of patients at risk
beyond systolic BP and urine ACR ratio remains uncertain and
needs to be explored in larger studies.

We could not show any correlation with other markers of arterial
stiffness such as carotid intima-media thickness or carotid and radial
augmentation indexes. The relationship between carotid-intima
thickness and eGFR decline remains conflicting (23-25). A recent
study in T2D shows no independent relationship between radial
augmentation index and eGFR decline in T2D (26).

As for renal ultrasound, the renal resistive index alone
predicted eGFR decline but accounted only for 8% of its
variability. Studies are scarce on the association of renal resistive
index and eGFR decline. One study examining the dynamic
changes in renal resistive index with glyceryl trinitrate, showed
that T2D patients with larger changes in renal resistive index has
a higher risk in developing microalbuminuria after 4.1 years of
follow-up (27). Another study showed a clear association
eGFR decline and renal
resistive index in CKD patients due mainly to glomerulonephritis
(28). Bigé et al. defined a cutoff value of >0.65 to identify
patients with the highest risk. In our study, the vast majority

between severe interstitial fibrosis,

(92%) had a renal resistive index >0.65. In another recent study,
Davis et al. defined a cutoff of 0.7 but could not show an
association with eGFR decline (only a minority were diabetic).
When using this cutoff value in our study, 80% had a renal
resistive index over 0.7 with a significantly faster eGFR decline
than others (=2.2+0.3 vs. —0.6 + 0.5 ml/min/1.73 < m?, p=0.03).
Finally when using the cutoff of 0.8 as in a study of patients with
T2D by Nosadini et al., 30.3% had a renal resistive index over 0.8,
and these patients declined more than others (-2.8 £ 0.5 vs. —1.5+
0.3 ml/min/1.73 <m? p=0.03) (29). Our study confirms the
association with eGFR decline, irrespective of baseline eGFR.
However, as for PWV, RRI had no added value to predict eGFR
decline on top of urine ACR and 24 h SBP. Further studies are
therefore needed to identify the best cut-off value and whether
this parameter adds to the stratification of patients at risk of
accelerated eGFR decline and whether therapeutic interventions
that decrease RRI alter the risk of eGFR decline. A pilot study
showed an improvement in renal resistance index in T2D
patients treated for 2 days with dapagliflozin but not with
hydrochlorothiazide (30). In a recent study, we could not show
any change in renal resistive index in healthy normotensive
volunteers treated with empagliflozin for one month (31).

This study has several limitations. The eGFR slope was
analyzed retrospectively and was based on linear regression
analysis. Non-linear trajectories, episodes of acute kidney injury
or changes in the prescription of drugs with renal effects were
not taken into account in the analysis. GFR was estimated, thus
than measured GFR with
clearances. However, this study examined the kinetics of eGFR

less precise iohexol or inulin
with an average of 40 values of eGFR per patient. Performing a
GFR is not feasible.
Furthermore a recent study showed that measured GFR
performed only modestly better than eGFR CKD-EPI in the

prediction of mortality in CKD (32). Because kidney biopsies

similar study with measurement
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were not performed, we cannot exclude that we included
erroneously some patients with another associated kidney disease.
No hard endpoints were considered in the analysis, and the slope
of eGFR decline used as a hard endpoint is still a matter of
debate (33). A recent study however showed that eGFR decline is
associated with mortality in American Indians (34). The low
number of individuals in this study decreased the power to
identify weaker associations in particular in normoalbuminuric
individuals. Also, patients in our cohort were in average close to
blood pressure and HbA1C goals, thus these results cannot be
generalized to less well controlled patients with DKD. Finally,
this study did not examine the dynamic changes in vascular
their eGFR decline. These
relationships will be examined at completion of the cohort.

markers and relationship to

The clear strength of our study is the extensive panel of
vascular parameters that was performed in most participants at
baseline, which allowed us to analyze their added value on top of
classic risk factors, as well as their mutual correlations.

In conclusion, in this study, we demonstrate that eGFR decline
is highly variable in patients with type 2 diabetes and diabetic
kidney disease. Although individually associated with eGFR
decline, pulse wave velocity or renal resistive index did not add
to the predictive value of 24 h systolic blood pressure and urine
albumin creatinine ratio. Twenty-four hour ambulatory blood
pressure measurement provides an added value to the routine
measurement of albumin creatinine ratio in identifying patients
with type 2 diabetes at risk of accelerated eGFR decline.
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