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Aims: It is known that there are sex differences in vascular endothelial function and the development of chronic
kidney diseases; however, it remains unclear whether sex differences influence the association between vascular
endothelial function and renal prognosis.

Methods: To clarify the relationship between vascular endothelial function and longitudinal eGFR changes in
male and female patients with cardiovascular risk factors, we retrospectively evaluated 341 patients (176 males
and 165 females) with cardiovascular risk factors in whom vascular function was assessed by flow-mediated
dilation (FMD) and brachial-ankle pulse wave velocity (baPWYV) and in whom 24-month longitudinal eGFR
values were recorded after the vascular function examinations. Associations of values of FMD and baPWYV with
values of eGFR slope were statistically analyzed.

Results: Simple regression analysis showed that the value of FMD was positively associated with eGFR slope in
females (»=0.001) and non-smoking males (p=0.033) but not in smoking males. Multiple regression analysis
showed that the value of FMD remains a positive contributor for eGFR slope in females (p=0.001) and non-
smoking males (p=0.045) but not in smoking males. In contrast, values of baPWV had no significant association
with eGFR slope regardless of sex and cigarette smoking.

Conclusions: In individuals with cardiovascular risk factors, evaluation of vascular endothelial function enables
prediction of renal prognosis in females and non-smoking males.
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has been given to the concept of cardiorenal syndrome

Introduction (CRS)2 9.

Since chronic kidney disease (CKD) is not only a
risk for the development of end-stage renal disease but
also a strong risk factor for the development of
cardiovascular disease (CVD), even in cases of mild
renal dysfunction and albuminuria?, much attention

It is well known that vascular endothelial damage
is not only involved in the progression of CVD but is
also an aggravating factor for the progression of
albuminuria and renal damage?. Endothelial cells
respond to blood flow-induced increases in vascular

Advance Publication Journal of Atherosclerosis and Thrombosis
Accepted for publication: March 16,2023 Published online: April 19, 2023 1



Masuda et al.

wall shear stress by increasing vasodilatory autocoid
synthesis, leading to vascular smooth muscle relaxation
[flow-mediated dilation (FMD)]>. Endothelial
dysfunction, as indicated by reduced brachial artery
FMD, is considered to be a key early disorder in the
development of atherosclerosis® and it is well known
that there is a gender axdifference in the value of
FMD?7:9.

Although previous studies have revealed an
association between estimated glomerular filtration
rate (eGFR) and endothelial function®'?, it has not
been determined whether FMD can predict future
eGFR changes in individuals with cardiovascular risk
factors regardless of sex.

Aim
To clarify the influence of sex differences on the
predictive value of FMD for prognosis of renal
function, we retrospectively analyzed the correlations
between clinical parameters including FMD value and
eGFR slope in individuals with lifestyle-related
diseases including hypertension, dyslipidemia, diabetes

and obesity.

Materials

Study Design, Subjects and Ethics Statement

We retrospectively analyzed 341 Japanese adult
individuals (176 males and 165 females) who were
inpatients and outpatients for treatment of
cardiovascular risk factors including hypertension,
dyslipidemia, diabetes and obesity and who underwent
two examinations of vascular function including FMD
measurement and brachial-ankle pulse wave velocity
(baPWV) measurement within 16 weeks prior to or
after FMD examination and in whom eGFR was
measured at a minimum of 8 time points including
baseline with 8-12-week intervals during a period of
24 months after the vascular function evaluation in
the Department of Endocrinology and Metabolism at
Tokushima University Hospital and Anan Medical
Center, Tokushima, Japan between April 2015 and
March 2020 (Supplemental Fig.1). All of the
subjects underwent a standardized interview and a
physical examination in the baseline period.

Current smokers were defined as subjects who
had habitually smoked within the past 2 years in the
baseline examination period. Body mass index was

calculated as an index of obesity. Blood pressure was
measured twice and averaged. Pulse pressure (PP) was
determined by the difference between systolic blood
pressure (SBP) and diastolic blood pressure (DBP).
Hypertensive patients were defined as those with SBP
> 140 mmHg and/or DBP > 90 mmHg or those
receiving antihypertensive agents. Patients with
dyslipidemia were defined as those with low-density
lipoprotein cholesterol (LDL-C) > 140 mg/dl or
triglyceride (TG) level > 150 mg/dl or high-density
lipoprotein cholesterol (HDL-C) less than 40 mg/dl
or those receiving lipid-lowering agents. Diabetic
patients were defined as individuals who were
receiving hypoglycemic agents or individuals with
glycosylated hemoglobin Alc (HbAlc) = 6.5%.
Exclusion criteria included patients with serum
creatinine (Cr) above 2.0 mg / dl at entry, patients
undergoing hemodialysis, patients with serious
infections, patients with known malignancy, and
patients who had undergone surgery under the control
of anesthesia.

Our retrospective observational study followed
the institutional guidelines of each hospital
(Tokushima University Hospital and Anan Medical
Center) regarding human experimentation and was in
accordance with the Helsinki Declaration and it was
approved by each hospital’s Institutional Review
Board.

Measurements of FMD and baPWV

Subjects fasted the previous night and abstained
from consuming alcohol, cigarette smoking and
consuming caffeine on the day of the examination.
The subjects rested for at least 15 min in the supine
position before FMD measurements. Using a 10-MHz
linear array transducer probe positioned with a hybrid
probe holder, a longitudinal image of the right
brachial artery was recorded at baseline and then a
forearm-cuff was inflated for 5 min at 50 mmHg
above systolic blood pressure just prior to FMD
measurement® 9. After cuff deflation, the diastolic
diameter of the brachial artery was semi-automatically
recorded for 2.0 min using an instrument equipped
with software for monitoring brachial artery diameter
(UNEXEF 18VG; UNEX Co. Ltd., Nagoya, Japan).
Then FMD was estimated as the percent change in
the vessel diameter over the baseline value at maximal
dilation during reactive hyperemia.

baPWV was measured after a 15-min rest period
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in the supine position in an air-conditioned room
using a vascular testing device (Form PWV/ABI,
Omron Healthcare, Kyoto, Japan). The four cuffs of
this volume-plethysmographic device fitted with
oscillometric sensors were wrapped around the upper
arms and ankles and then inflated automatically and
simultaneously. Patients with an ankle-brachial index
less than 0.9 were excluded. Means of the right and
left baPWV values were used for analysis. The validity
and reproducibility of measurements using this device
were assessed in previous studies® 419,

Urinalysis

Qualitative analysis of spot urine protein was
performed by a urine test (Uropaper a I11¥, EIKEN
Chemical Co, LTD. Tokyo Japan) and each result of
proteinuria was allocated to an ordinal variable by the
following scale: (-)=0, (+)=0.5, (1+)=1.0, (2+)=2.0,
(3+)=3.0.

Biochemical Analyses

Blood and single spot urine samples were
collected from each patient and used for determining
blood cell counts, fasting plasma glucose (FPG),
HbAlc, and serum biochemical parameters including
LDL-C, TG, HDL-C, uric acid (UA) and serum
creatinine (Cr). FPG and serum levels of LDL-C, TG,
HDL-C, UA and Cr were measured by enzymatic
methods. HbAlc was assayed by performing latex
agglutination assays.

Determination eGFR Slope

eGFR was calculated according to the following
formula from the Japanese Society of Nephrology:
eGFR (mL/min/1.73m?) =194 x Cr™1:0% x age 70287
(x0.739 if female)??. Values of eGFR during a period
of 24 months after the baseline FMD measurement
were selected at 8 time points including baseline with
8-12-week intervals between eGFR examinations, and
eGEFR slope (expressed in mL/min/1.73 m?/year) was

determined by linear regression analysis!®!9).

Comparison of Actual eGFR Values and Calculated
eGFR Values based on the eGFR Slope

Since the accuracy of a linear regression model is
greatly affected by the values of outliers and since
muscle mass in patients with end-stage renal disease
decreases due to accelerated catabolism and
malnutrition, which may result in a smaller annual
decline in the eGFR slope, the validity of the eGFR
slope in this study is a critical issue for evaluating the
predictive value of FMD for renal prognosis.
Therefore, to assess the accuracy of the eGFR slope
based on eGFR data obtained during a period of 24

months, we investigated the associations between
actual eGFR values and calculated eGFR values based
on the eGFR slope at 36, 48 and 60 months after the
baseline examination in individuals who had eGFR

records at those time points (36M, 48M and 60M).

Statistical Analysis

Continuous variables were averaged and
expressed as means=standard deviation (SD).
Categorical variables were compared by performing
the x? test or Fishers exact test. For comparisons
between two groups, we performed the Mann-
Whitney U test or Students #ztest for numeric
variables depending on the variables’ distribution. The
degrees of associations between eGFR slope calculated
by using the following 24-month longitudinal eGFR
values and variables including sex, age, BMI, SBP, PP,
serum lipid parameters, UA, Cr, FPG, HbAlc, history
of current smoking, hypertension, diabetes mellitus,
and dyslipidemia were measured by means of simple
linear regression analysis. To compare the trends of the
association between FMD and eGFR slope in the
male and female subjects, analysis of covariance
(ANCOVA) was performed. In addition, we
performed multiple linear regression analysis with the
significant variables determined by the simple linear
regression analysis. Since it was considered that
relatively high percentage of male current smokers
would have an influence on the results, we conducted
those analyses in total subjects, male subjects, male
subjects with or without a current smoking habit and
female subjects. These analyses were performed using
Microsoft Office Excel 2019 (Microsoft, Richmond,
CA), GraphPad Prism 9 (GraphPad Software, San
Diego, CA, USA) and EZR (Saitama Medical Center,
Jichi Medical University, Japan). The threshold for

statistical signiﬁcance was set at p<0.05.

Results

Baseline Characteristics of Total Subjects, Male
Subjects and Female Subjects

The physical and laboratory-determined
characteristics of subjects enrolled in this study are
shown in Table 1. Males were older than females.
There was no significant difference in BMI, SBP,
FPG, HbAlc, eGFR slope or severity of proteinuria
between males and females. On average, the females
enrolled in this study had greater PP and higher serum
levels of HDL-C, LDL-C and eGFR than did the
males. The male patients showed higher serum levels
of TG, UA and Cr than those in the female patients.
The percentage of male patients who were current
smokers was significantly higher than that of female
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Table 1. Baseline Clinical Characteristics of Total subjects, Male Subjects and Female Subjects in This Study

Total (=341) Male (n=176) Female (2=165) p value (M vs F)

Cardiovascular Risk Factors

Age (years) 63.9+12.0 65.4+11.4 62.3+12.5 0.018
Body Mass Index: BMI (kg/m?) 25.2+5.1 25.2%5.0 25.3+5.2 0.796
Systolic Blood Pressure: SBP (mmHg) 131.5+16.2 130.2+13.5 132.8+18.5 0.150
Pulse Pressure: PP (mmHg) 55.0+11.3 53.2+10.1 56.8+12.2 0.003
Triglyceride: TG (mg/dL) 123.6+74.2 129.6+83.4 117.2+62.1 <0.001
High-density Lipoprotein Cholesterol: HDL-C (mg/dL) 59.4+17.0 54.2+14.3 64.9+17.8 <0.001
Low-density Lipoprotein Cholesterol: LDL-C (mg/dL) 104.1+32.4 98.2+30.7 110.4+32.9 0.001
Uric Acid: UA (mg/dL) 53+1.2 57x1.2 49+1.2 <0.001
Fasting Plasma Glucose: FPG (mg/dL) 120.6£36.5 121.8+32.4 119.3+40.4 0.544
Hemoglobin Alc: HbAlc (%) 6.4+1.0 6.4+0.8 6.5+1.1 0.392
Kidney Function Parameters
Creatinine: Cr (mg/dL) 0.80+0.28 0.93+0.27 0.67+0.21 <0.001
estimated Glomerular Filtration Rate: eGFR (ml/min/1.73m?) 71.8+21.9 68.9+18.9 74.9+24.3 0.012
eGER Slope (mL/min/1.73m?/year) -1.07+3.85 -1.33+3.69 -0.81+£4.01 0.216
Proteinuria Score ((-):0, ():0.5, (1+):1.0, (2+):2.0, (3+):3.0) 0.22+0.51 0.36=0.20 0.19+0.51 0.226
Smoking Status and Comorbidities
Current Smoker (7, (%)) 80 (23) 70 (40) 10 (6) <0.001
Hypertension (7, (%)) 236 (69) 126 (72) 110 (66) 0.325
Dyslipidemia (n, (%)) 238 (70) 118 (67) 120 (72) 0.254
Diabetes Mellitus (2, (%)) 218 (64) 120 (68) 98 (59) 0.092
Vascular Examinations
Flow-Mediated Dilation: FMD (%) 491+2.83 4.52+2.35 5.31+3.22 0.011
brachial-ankle pulse wave velocity: baPWV (cm/sec) 1661.6+373.3 1693.0 +£364.9 1628.1£379.2 0.110
Medications Used
Angiotensin IT Receptor Blocker: 174 (51) 93 (53) 81 (49) 0.489
ARB or Angiotensin-Converting Enzyme Inhibitor: ACEi (1, (%))
Calcium Channel Blocker: CCB (7, (%)) 142 (42) 77 (44) 65 (39) 0.415
B Blocker (7, (%)) 39 (11) 22 (13) 17 (10) 0.524
Mineralocorticoid Receptor Antagonist: MR Antagonist (72, (%)) 14 (4) 7 (4) 7 (4) 0.902
Statin (7, (%)) 178 (52) 85 (48) 93 (56) 0.136
Ezetimibe (7, (%)) 30 (9) 11 (6) 19 (11) 0.086
Other Lipid-lowering Drugs (7, (%)) 40 (12) 25 (14) 15 (9) 0.816
Antiplatelets (7, (%)) 64 (19) 42 (24) 22 (13) 0.013
Sulfonyl Urea: SU or Glinide (7, (%)) 29 (9) 17 (10) 12 (7) 0.407
Dipeptidyl Peptidase-4 inhibitor: DPP-4i (72, (%)) 140 (41) 76 (43) 64 (39) 0.410
Metformin (7, (%)) 95 (28) 50 (28) 45 (27) 0.815
alpha-glucosidase inhibitor: aGI (7, (%)) 55 (16) 35 (20) 20 (12) 0.051
Pioglitazone (7, (%)) 14 (4) 10 (6) 4(2) 0.130
Sodium Glucose Cotransporter 2 Inhibitor: SGLT?2i (7, (%)) 35 (10) 18 (10) 17 (10) 0.982
Insulin (7, (%)) 47 (14) 25 (14) 22 (13) 0.816
Glucagon-like Peptide-1 Receptor Agonist: GLP-1RA (7, (%)) 21 (6) 9 (5) 12 (7) 0.143

Values are presented as mean £ SD or 7 (%).

patients. There were significant differences in values of Associations between Actual eGFR Values and
FMD but not in values of baPWV between males and Calculated eGFR Values based on the eGFR Slope

females as shown in Table 1. A greater percentage of As shown in Supplemental Fig.2, we found that
male patients were antiplatelet drug users. there were close relationships between the actual and

calculated eGFR values (R?=0.8413, »<0.0001
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Table 2. Simple Linear Regression Analysis for Determinants of eGFR Slope in Total Subjects, Male Subjects and Female Subjects

Total (n=341)

Male (n=176)

Female (2=165)

coefficient p value coefficient p value coefficient p value
Cardiovascular Risk Factors
Age 0.009 0.625 0.023 0.347 0.001 0.962
BMI -0.057 0.164 -0.106 0.055 -0.009 0.879
SBP -0.022 0.085 -0.025 0.236 -0.023 0.170
PP -0.034 0.064 -0.023 0.398 -0.050 0.050
TG 0.000 0.999 0.000 0.921 0.001 0.768
HDL-C 0.000 0.978 0.017 0.382 -0.020 0.254
LDL-C 0.007 0.264 0.005 0.555 0.006 0.501
UA 0.222 0.195 0.464 0.053 0.174 0.525
FPG -0.008 0.182 -0.018 0.037 0.000 0.978
HbAlc -0.464 0.031 -0.773 0.019 -0.292 0.308
Kidney Function Parameters
Cr 0.849 0.260 1.869 0.066 1.196 0.417
eGFR -0.035 <0.001 -0.059 <0.001 -0.023 0.068
Proteinuria Score -1.007 0.014 -0.835 0.128 -1.130 0.065
Smoking Status and Comorbidities
Current Smoker -0.143 0.772 0.099 0.864 0.299 0.820
Hypertension -0.279 0.538 0.202 0.745 -0.691 0.299
Dyslipidemia 0.086 0.850 0.209 0.726 -0.136 0.848
Diabetes Mellitus -0.259 0.553 -0.492 -0.489 0.415 0.931
Vascular Examinations
FMD 0.241 0.001 0.102 0.393 0.307 0.001
baPWV 0.000 0.734 0.000 0.865 0.000 0.799
Medications Used
ARB or ACEi -0.466 0.266 0.159 0.776 -1.091 0.081
CCB 0.116 0.784 -0.025 0.965 0.321 0.618
B Blocker 0.101 0.877 0.478 0.572 -0.310 0.765
MR Antagonist 0.052 0.961 1.683 0.239 -1.602 0.124
Statin -0.264 0.529 -1.060 0.263 -0.721 0.255
Ezetimibe 0.935 0.206 -0.063 0.960 1.332 0.175
Other Lipid-lowering Drugs 0.794 0.222 0.652 0.416 1.197 0.273
Antiplatelets 0.201 0.708 0.151 0.818 0.539 0.560
SU or Glinide -0.352 0.639 -1.451 0.150 0.718 0.553
DPP-4i -0.301 0.475 -0.511 0.365 -0.034 0.957
Metformin -0.408 0.383 -0.003 0.997 -0.835 0.236
aGI 0.630 0.268 0.496 0.479 1.059 0.271
Pioglitazone 0.839 0.427 0.291 0.810 -0.470 0.842
SGLT2i 0.822 0.233 0.794 0.389 0.850 0.411
Insulin 0.272 0.655 -0.222 0.795 1.010 0.274
GLP-1RA 0.535 0.539 -0.132 0.917 0.962 0.426

(n=318) at 36M; R?=0.7288, p<0.0001 (7=244) at
48M; R?=0.6337, p<0.0001 (»=170) at 60M).
Hence, we confirmed that the eGFR slope generated
by data for eGFR obtained during a period of 24
months was a reliable clinical surrogate marker in this
study.

Associations between FMD Values and eGFR Slope
without Adjustment of Confounding Factors in
Total Subjects, Male Subjects and Female Subjects
Firstly, we evaluated the statistical association of
each variable with eGFR slope by simple linear
regression analysis (Table 2). We found that HbAlc,
eGFR, and proteinuria score were negatively correlated

with eGFR slope and that FMD values were
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Fig.1. Associations between FMD values and ¢GEFR slope in total subjects, male subjects and female subjects with cardiovascular

risk factors

(a) Scatterplot between FMD values and eGFR slope in total subjects
(b) Scatterplot between FMD values and ¢eGER slope in male subjects

() Scatterplot between FMD values and eGFR slope in female subjects

significantly and positively correlated with eGFR slope
(Table 2, R?=0.0284, »=0.001; Fig.1(a) and
Supplemental Fig.2(a)). Because there was a gender
difference in the values of FMD, we divided the
subjects into a group of male subjects and a group of
female subjects. There was a significant positive
relationship between FMD values and eGFR slope in
female subjects (Table 2, R*=0.0606, p=0.001;
Fig. 1(c) and Supplemental Fig. 3(c)) but not in male
subjects (Table 2, Fig.1(b) and Supplemental
Fig.3(b)). On the other hand, the value of baPWV
was not associated with eGFR slope in patients with
cardiovascular risk factors regardless of sex (Table 2,

Supplemental Fig. 4(a-c)).

Baseline Characteristics and Associations between
FMD Values and eGFR Slope in Male Subjects with
and Those without a Current Smoking Habit

Since cigarette smoking has been shown to be an
important risk factor for the development of CKD
and endothelial dysfunction!'” 2%, we divided the male
subjects into a group of current smokers and a group
of non-current smokers (Table 3). There were no
significant differences in age, BMI, SBP, PP, TG,
LDL-C, HDL-C, HbAlc, Cr, baseline eGFR,
proteinuria score, baPWV values and FMD values
between the smoking and non-smoking male groups
(Table 3). In contrast, the value of UA and
administration rate of a Ca-channel blocker (CCB)
were significantly higher in smoking males than in
non-smoking males (Table 3). In this sub-analysis, we

found that there was a significant positive association
between the value of FMD and eGEFR slope in non-
smoking males (R?=0.0336, p=0.033; Fig.2(b) and
Supplemental Fig.5(b)) but not in smoking males
(Fig.2(a) and Supplemental Fig.5(a)). Moreover,
ANCOVA showed that there was no difference in the
trends of associations between FMD and eGFR slope
in non-current smoker males and females

(Supplemental Fig. 6).

Associations between FMD Values and eGFR Slope
with Adjustment of Confounding Factors in Total
Subjects, Total Male Subjects, Male Subjects with
and Those without a Current Smoking Habit, and
Female Subjects

In multiple regression analysis targeting the
eGFR slope in total subjects, we found that baseline
eGFR and proteinuria score were negatively and
independently associated with eGFR slope (t value:
11721, p<0.001 and t value: -4.402, p=0.004,
respectively) (Table 4). In contrast, an independent
and positive association of FMD value with eGFR
slope were observed (t value: 2.928, »<0.001) (Table
4). In subgroup analysis including total male subjects,
male subjects with and those without a current
smoking habit, and female subjects, the variables
identified in analysis of total subjects (HbAlc, baseline
eGEFR, proteinuria score and FMD) were used in each
multiple regression analysis. As a result, FMD value
was a common and independent protective factor
against decline in eGFR slope in non-smoking males
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Table 3. Baseline Clinical Characteristics of Male Subjects with and Those without a Current Smoking Habit

Male Subjects Current Smoker (2=70) Non-Current Smoker (2=106) p value
Cardiovascular Risk Factors
Age (years) 64.9+11.4 65.7+11.3 0.744
BMI (kg/m?) 24.4+4.6 25.7+5.2 0.098
SBP (mmHg) 128.3+12.4 131.6 % 14.0 0.110
PP (mmHg) 52.5+10.2 53.7+10.0 0.483
TG (mg/dL) 123.4+73.7 133.7+89.0 0.444
HDL-C (mg/dL) 53.1+13.3 54.9+14.9 0.411
LDL-C (mg/dL) 94.9+27.9 100.4£32.2 0.217
UA (mg/dL) 59+1.3 55+1.0 0.048
FPG (mg/dL) 122.9+37.2 121.0+28.8 0.681
HbA1c (%) 6.4%0.9 6.4+0.8 0.580
Kidney Function Parameters
Cr (mg/dL) 0.92+0.29 0.93+0.26 0.819
eGFR (ml/min/1.73m?) 69.6+18.2 68.5+19.3 0.745
eGER Slope (mL/min/1.73m?/year) -1.28+4.08 -1.36£3.40 0.989
Proteinuria Score 0.31+0.63 0.21+0.40 0.254
Comorbidities
Hypertension (7, (%)) 54 (77) 72 (68) 0.184
Dyslipidemia (7, (%)) 46 (66) 72 (68) 0.760
Diabetes Mellitus (2, (%)) 50 (71) 70 (66) 0.452
Vascular Examinations
FMD (%) 472+223 4.39+2.41 0.292
baPWV (cm/sec) 1643.6+369.3 1725.6+358.3 0.168
Medications Used
ARB or ACEi (7, (%)) 40 (57) 3 (50) 0.353
CCB (n, (%)) 7 (53) 40 (38) 0.048
B Blocker (7, (%)) 0 (14) 2 (11) 0.560
MR Antagonist (7, (%)) 4 6) 3 (3) 0.338
Statin (7, (%)) 33 (47) 52 (49) 0.804
Ezetimibe (7, (%)) 5(7) 6 (6) 0.691
Other Lipid-lowering Drugs (, (%)) 12 (17) 3 (12) 0.364
Antiplatelets (7, (%)) 22 (31) 0 (19) 0.056
SU or Glinide (7, (%)) 6 9) 11 (10) 0.691
DPP-4i (n, (%)) (4 ) 43 (41) 0.389
Metformin (7, (%)) 5 (36) 25 (24) 0.081
aGI (n, (%)) 8 (26) 7 (16) 0.115
Pioglitazone (7, (%)) 4 (6) 6 (6) 0.988
SGLT2i (n, (%)) 7 (10) 11 (10) 0.936
Insulin (7, (%)) 7 (10) 18 (17) 0.194
GLP-1RA (n, (%)) 3 (4) 6 (6) 0.685

and females (t value: 2.031,

»=0.045 and t value:
3.393, p=0.001, respectively) (Table 4). However,

there was no significant association between FMD

(Fig.3).

value and eGFR slope in the total males or smoking
males (Table 4). Values of variance inflation factor
(VIF) indicated no multicollinearity problem in each

multiple regression analysis (Table 4). Thus, the
results obtained suggest that cigarette smoking directly
or indirectly abolished the interaction between

endothelial function of the brachial artery and renal
prognosis in males with cardiovascular risk factors

Discussion

In this study, baseline FMD values were
positively correlated with eGFR slope in female and
non-smoking male patients with cardiovascular risk
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Fig.2. Associations between FMD values and eGFR slope in smoking male subjects and non-smoking male subjects with
cardiovascular risk factors

(a) Scatterplot between FMD values and eGFR slope in male subjects with a current smoking habit
(b) Scatterplot between FMD values and eGFR slope in male subjects without a current smoking habit

Table 4. Multiple Regression Analysis for Determinants of eGFR Slope in Total Subjects, Male Subjects, Male Subjects with and
Those without a Current Smoking Habit, and Female Subjects

Total (2=341)

Male

Total (n=176)

Current Smoker (n=70)

Non-Current Smoker

Female (7=165)

(n=106)
tvalue  VIF  pvalue  tvalue VIF  pvalue  tvalue VIF  pvalue  tvalue VIF  pvalue  tvalue  VIF  pvalue
HbAlc 22061 1.029 0.086  -1.949 1.024 0.053  -0.589 1.074 0558  -1.867 1.018 0.065  -0.242 1.108  0.809
BaselineeGFR ~ -1.721  1.025 <0.001  -4.090 1.031 <0.001 -2.060 1.052 0.043 -3.890 1.022 0.001 -2544 1.053 0.012
Proteinuria Score  -4.402  1.048  0.004  -1.849 1.014 0.066  -1.640 1.030 0.106  -1.089 1.019 0279  -2.376 1.101 0.019
EMD 2928  1.005  0.001 0.658 1.016  0.511 1.320  1.079  0.191 2.031  1.008 0.045 3393 1.036  0.001
VIF: Variance Inflation Factor
Females and Non-Smoking Males FMD can predict eGFR slope.

E .

Smoking Males

LLL% p— Q::«L(\Q )
> ‘f]_,

Fig.3. Graphical Summary

FMD cannot predict eGFR slope.

[ 3 \\£

o

We demonstrated that in individuals with cardiovascular risk factors, FMD can predict eGFR slope in females and non-smoking males but
not in smoking males.
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factors.

Sex differences in endothelial function have a
considerable clinical impact on vascular heath and
overall risks of CVDs and CKD across the
lifespan?!-?Y. Because the increase in CVD risk
coincides with menopause, it is well known that
estrogens in females are cardiovascular protective
hormones having the capability for preservation of
endothelial function?®. On the other hand,
cardioprotective roles of androgens in males are very
complicated. The only certain knowledge about
androgens in the cardiovascular system is that both an
excess and a lack of androgens are exacerbation factors
for the development of CVDs. Aside from the pivotal
roles of sex hormones and their receptors in the
control of endothelial function in males and females,
sex differences exist in other mechanisms that
influence endothelial biology and function. As
candidate mechanisms, it has been documented that
there are sex-dependent differences in vascular
responsiveness to endothelin-1 (ET-1) and the renin
angiotensin system (RAS)?". Since cigarette smoking
has been shown to affect plasma ET-1 concentration??
and alter the homeostasis of the RAS by upregulating
the detrimental angiotensin-converting enzyme/
angiotensin II type 1 receptor axis®, there is a
possibility that the higher prevalence of cigarette
smoking in males than in females exerted a sex
difference in the association between FMD and eGFR
slope.

Furthermore, Hashimoto et 4/ demonstrated
that FMD decreases with an increase in the number of
smoking pack-years?” and cigarette smoking has been
recognized as a crucial exacerbation factor for eGFR
decline?*?®. Although the detailed mechanism is
largely unknown, the harmful effects of smoking have
been presumed to be mediated by endothelial
dysfunction with accumulation of advanced glycation
end products that are present in cigarettes and by
increased vascular permeability and insulin
resistance®”. Therefore, previous studies clearly
demonstrated that smoking cessation or never
smoking is pivotal for preventing CKD as well as
CVD. However, in the present study, we could not
find any significant difference in the eGFR slope or
FMD value between male subjects with and those
without a current smoking habit. A comparison of
baseline characteristics of male subjects with and those
without a current smoking habit showed that male
subjects with a current smoking habit had a
significantly higher frequency for CCB use and a
tendency of higher frequency of antiplatelet agent use.

In addition to hypertension, visit-to-visit BP
variability (BPV) has been shown to be associated

with macro- and microvascular outcomes and organ
damage®® V. Jeffers and Zhou demonstrated that
patients with declining renal function tended to have
higher systolic BPV values than those in subjects with
preserved renal function even after adjustment of
confounding factors and they showed that
amlodipine-based treatment efficiently reduced BPV
compared to the effects of other antihypertensive
drugs, regardless of eGFR levels??. In the present
study, as mentioned above, a higher percentage of
male current smokers used a CCB than did male non-
current smokers.

A sub-analysis of the FMD-] study showed that
endothelial dysfunction assessed by FMD was not
associated with SBP levels in individuals receiving
hypotensive drugs®”. Therefore, we evaluated the
influence of a CCB with other hypotensive drugs on
endothelial function in the subjects of the present
study. As shown in Supplemental Table 1, CCB
showed an inverse relationship with FMD values as
was found in our previous study®. Since it has been
shown that baseline vascular diameter of the brachial
artery was a major negative determinant of FMD
value’* ), we speculate that CCB administration
dilated the baseline vascular diameter of the brachial
artery resulting FMD reduction. On the other hand,
CCB administration reduced systemic SBP with visit-
to-visit BPV resulting in preservation of renal
function.

In addition, the mean total number of
hypotensive drugs taken by male current smokers were
significantly larger than that taken by male non-
current smokers (male current smokers vs. male non-
current smokers; 1.30=1.00 drugs vs. 1.02+0.90
drugs, p=0.042 (Mann—Whitney U test, one-tailed)).
Taken together, the results of the present study suggest
that intensive hypotensive pharmaceutical treatment,
including CCB treatment disrupts the relationship
between FMD value and eGFR slope in male current
smokers.

Limitations

There are several limitations in the current study.
First, this study was a retrospective observational
study, and causation of the observed relationships
therefore cannot be confirmed. Second, the number of
subjects with lifestyle-related diseases who were
enrolled in this study was too small to clarify the
detailed mechanisms underlying the sex-associated
and cigarette smoking-associated phenotypic
differences. Third, data for smoking status did not
include data for pack-years, and there is therefore a
possibility that smoking status was underestimated or
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overestimated. Fourth, because of the small number of
current smokers in female subjects, it is unclear
whether there is a gender difference in the influence of
smoking status on the relationship between baseline
FMD value and eGFR slope. Fifth, other critical
comorbidities such as coronary artery disease, stroke
and peripheral arterial diseases were not noted and not
analyzed in this study. Sixth, the results obtained in
this study cannot be extended to the general
population because we studied only patients with
cardiovascular risk factors. Seventh, in the present
study population, logistic regression analysis for the
determinants of rapid decline in eGFR (equal to or
less than -5ml/min/1.73m?/year) did not show any
statistically significant contribution of the FMD value
in total subjects, non-smoking males and females (data
not shown). Although the sample size in the present
study was sufficient for showing associations between
continuous variables, including FMD value and eGFR
slope, we think that the sample size was too small for
identifying the rapid eGFR decliners in the logistic
regression analysis. Eighth, it has remained unclear
whether interventions for amelioration of FMD
improve renal prognosis in clinical practice. Therefore,
a large-scale investigation is required to assess and
clarify the sex-dependent prognostic value of FMD in
renal prognosis in subjects with cardiovascular risk
factors.

Conclusion and Perspectives

In individuals with cardiovascular risk factors,
FMD value was found to be positively associated with
eGEFR slope in females and non-smoking males, and
the results of the present study suggested that vascular
endothelial function is a more accurate prognostic
factor than proteinuria for the development of CKD
in female and non-smoking patients with lifestyle-
related diseases. Therefore, in individuals with a low
FMD value, early comprehensive intervention for
improving vascular endothelial function should be
performed to protect renal function.

Acknowledgements

The authors are very grateful to Professor
Kokichi Arisawa (Department of Preventive Medicine,
Tokushima University Graduate School of Biomedical
Sciences) for statistical advice. We acknowledge Ryoko
Uemoto and Akiko Sekine for their help with clerical
work in this study. The authors would also like to
thank S.E.S Translation and Proofreading Services for
English language editing.

Conflict of Interest

The authors declare no competing interest.

Funding

No funding support was received for this study.

References

1) Sarnak MJ, Levey AS, Schoolwerth AC, Coresh J,
Culleton B, Hamm LL, McCullough PA, Kasiske BL,
Kelepouris E, Klag M]J, Parfrey B Pfeffer M, Raij L,
Spinosa DJ and Wilson PW: Kidney disease as a risk
factor for development of cardiovascular disease: a
statement from the American Heart Association Councils
on Kidney in Cardiovascular Disease, High Blood
Pressure Research, Clinical Cardiology, and Epidemiology
and Prevention. Hypertension, 2003; 42: 1050-1065

2) Hillege HL, Girbes AR, de Kam PJ, Boomsma E de
Zeeuw D, Charlesworth A, Hampton JR and van
Veldhuisen DJ: Renal function, neurohormonal
activation, and survival in patients with chronic heart
failure. Circulation, 2000; 102: 203-210

3) Ronco C, Bellasi A and Di Lullo L: Cardiorenal
Syndrome: An Overview. Advances in Chronic Kidney
Disease, 2018; 25: 382-390

4) Pedrinelli R, Giampietro O, Carmassi F, Melillo E,
DellOmo G, Catapano G, Matteucci E, Talarico L,
Morale M, De Negri F and et al.: Microalbuminuria and
endothelial dysfunction in essential hypertension. Lancet,
1994; 344: 14-18

5) Tremblay JC and Pyke KE: Flow-mediated dilation
stimulated by sustained increases in shear stress: a useful
tool for assessing endothelial function in humans? Am ]
Physiol Heart Circ Physiol, 2018; 314: H508-H520

6) Ross R: Atherosclerosis--an inflammatory disease. N Engl
J Med, 1999; 340: 115-126

7) Yoshida S, Aihara K, Azuma H, Uemoto R, Sumitomo-
Ueda Y, Yagi S, Ikeda Y, Iwase T, Nishio S, Kawano H,
Miki J, Yamada H, Hirata Y, Akaike M, Sata M and
Matsumoto T: Dehydroepiandrosterone sulfate is inversely
associated with sex-dependent diverse carotid
atherosclerosis regardless of endothelial function.
Atherosclerosis, 2010; 212: 310-315

8) Kinouchi M, Aihara K, Fujinaka Y, Yoshida S, Ooguro Y,
Kurahashi K, Kondo T, Aki N, Kuroda A, Endo I,
Matsuhisa M and Matsumoto T: Diabetic conditions
differentially affect the endothelial function, arterial
stiffness and carotid atherosclerosis. ] Atheroscler
Thromb, 2014; 21: 486-500

9) Nerpin E, Ingelsson E, Riserus U, Helmersson-Karlgvist J,
Sundstrom J, Jobs E, Larsson A, Lind L and Arnlov J:
Association between glomerular filtration rate and
endothelial function in an elderly community cohort.
Atherosclerosis, 2012; 224: 242-246

10) Ito H, Nakashima M, Meguro K, Furukawa H, Yamashita
H, Takaki A, Yukawa C, Omoto T, Shinozaki M, Nishio
S, Abe M, Antoku S, Mifune M and Togane M: Flow

Advance Publication Journal of Atherosclerosis and Thrombosis
10 Accepted for publication: March 16,2023 Published online: April 19, 2023



FMD and eGFR Slope in Males and Females

Mediated Dilatation Is Reduced with the Progressive
Stages of Glomerular Filtration Rate and Albuminuria in
Type 2 Diabetic Patients without Coronary Heart
Disease. ] Diabetes Res, 2015; 2015: 728127

11) Ashokachakkaravarthy K, Rajappa M, Parameswaran S,
Satheesh S, Priyadarshini G, Mohan Raj PS, Revathy G
and Priyadarssini M: Asymmetric dimethylarginine and
angiopoietin-like protein-2 are independent predictors of
cardiovascular risk in pre-dialysis non-diabetic chronic
kidney disease patients. Int Urol Nephrol, 2020; 52:
1321-1328

12) Iwamoto Y, Maruhashi T, Kajikawa M, Oda N,
Kishimoto S, Matsui S, Hashimoto H, Aibara Y, Yusoff
FM, Hidaka T, Kihara Y, Chayama K, Noma K,
Nakashima A, Goto C and Higashi Y: Chronic kidney
disease is associated with vascular smooth muscle
dysfunction but not with endothelial dysfunction. Int ]
Cardiol, 2018; 254: 284-290

13) Cui M, Cui R, Liu K, Dong JY, Imano H, Hayama-
Terada M, Muraki I, Kiyama M, Okada T, Kitamura A,
Umesawa M, Yamagishi K, Ohira T, Iso H and
investigators C: Associations of Tobacco Smoking with
Impaired Endothelial Function: The Circulatory Risk in
Communities Study (CIRCS). ] Atheroscler Thromb,
2018; 25: 836-845

14) Maruhashi T, Soga ], Fujimura N, Idei N, Mikami §,
Iwamoto Y, Iwamoto A, Kajikawa M, Matsumoto T, Oda
N, Kishimoto S, Matsui S, Hashimoto H, Aibara Y,
Mohamad Yusoff F Hidaka T, Kihara Y, Chayama K,
Noma K, Nakashima A, Goto C, Tomiyama H, Takase B,
Kohro T, Suzuki T, Ishizu T, Ueda S, Yamazaki T,
Furumoto T, Kario K, Inoue T, Koba S, Watanabe K,
Takemoto Y, Hano T, Sata M, Ishibashi Y, Node K,
Maemura K, Ohya Y, Furukawa T, Ito H, lkeda H,
Yamashina A and Higashi Y: Endothelial Dysfunction,
Increased Arterial Stiffness, and Cardiovascular Risk
Prediction in Patients With Coronary Artery Disease:
FMD-] (Flow-Mediated Dilation Japan) Study A. ] Am
Heart Assoc, 2018; 7: 008588

15) Tomiyama H, Hashimoto H, Tanaka H, Matsumoto C,
Odaira M, Yamada ], Yoshida M, Shiina K, Nagata M
and Yamashina A: Continuous smoking and progression
of arterial stiffening: a prospective study. ] Am Coll
Cardiol, 2010; 55: 1979-1987

16) Bermingham ML, Colombo M, McGurnaghan §J,
Blackbourn LAK, Vuckovic F, Pucic Bakovic M,
Trbojevic-Akmacic I, Lauc G, Agakov E Agakova AS,
Hayward C, Klaric L, Palmer CNA, Petrie JR, Chalmers J,
Collier A, Green F, Lindsay RS, Macrury S, McKnight
JA, Patrick AW, Thekkepat S, Gornik O, McKeigue PM,
Colhoun HM and Investigators STB: N-Glycan Profile
and Kidney Disease in Type 1 Diabetes. Diabetes Care,
2018; 41: 79-87

17) Atay FE Taskapan H, Berktas B, Yildirim O, Dogan M
and Piskin T: Factors Affecting eGFR Slope of Renal
Transplant Patients During the First 2 Years. Transplant
Proc, 2019; 51: 2318-2320

18) Weldegiorgis M, de Zeeuw D, Li L, Parving HH, Hou
FF, Remuzzi G, Greene T and Heerspink HJL:
Longitudinal Estimated GFR Trajectories in Patients
With and Without Type 2 Diabetes and Nephropathy.

Am ] Kidney Dis, 2018; 71: 91-101

19) Orth SR: Smoking and the kidney. ] Am Soc Nephrol,
2002; 13: 1663-1672

20) Hashimoto H, Maruhashi T, Yamaji T, Harada T, Han Y,
Takaeko Y, Kihara Y, Chayama K, Goto C, Aibara Y,
Yusoff FM, Kishimoto S, Kajikawa M, Nakashima A and
Higashi Y: Smoking status and endothelial function in
Japanese men. Sci Rep, 2021; 11: 95

21) Stanhewicz AE, Wenner MM and Stachenfeld NS: Sex
differences in endothelial function important to vascular
health and overall cardiovascular disease risk across the
lifespan. Am ] Physiol Heart Circ Physiol, 2018; 315:
H1569-H1588

22) Minutolo R, Gabbai FB, Chiodini P, Provenzano M,
Borrelli S, Garofalo C, Bellizzi V, Russo D, Conte G, De
Nicola L and Collaborative Study Group on the
Conservative Treatment of CKDotISoN: Sex Differences
in the Progression of CKD Among Older Patients: Pooled
Analysis of 4 Cohort Studies. Am ] Kidney Dis, 2020; 75:
30-38

23) Swartling O, Rydell H, Stendahl M, Segelmark M, Trolle
Lagerros Y and Evans M: CKD Progression and Mortality
Among Men and Women: A Nationwide Study in
Sweden. Am J Kidney Dis, 2021; 78: 190-199

24) Goerre S, Staehli C, Shaw S and Luscher TF: Effect of
cigarette smoking and nicotine on plasma endothelin-1
levels. J Cardiovasc Pharmacol, 1995; 26: S236-238

25) Oakes JM, Fuchs RM, Gardner JD, Lazartigues E and
Yue X: Nicotine and the renin-angiotensin system. Am J
Physiol Regul Integr Comp Physiol, 2018; 315:
R895-R906

26) Suchy-Dicey AM, Zhang Y, McPherson S, Tuttle KR,
Howard B, Umans J and Buchwald DS: Glomerular
filtration function decline, mortality, and cardiovascular
events: data from the Strong Heart Study. Kidney360,
2021; 2: 71-78

27) Ali I, Chinnadurai R, Ibrahim ST, Green D and Kalra PA:
Predictive factors of rapid linear renal progression and
mortality in patients with chronic kidney disease. BMC
Nephrol, 20205 21: 345

28) Kelly JT, Su G, Zhang, Qin X, Marshall S, Gonzalez-
Ortiz A, Clase CM, Campbell KL, Xu H and Carrero JJ:
Modifiable Lifestyle Factors for Primary Prevention of
CKD: A Systematic Review and Meta-Analysis. ] Am Soc
Nephrol, 2021; 32: 239-253

29) Xia J, Wang L, Ma Z, Zhong L, Wang Y, Gao Y, He L
and Su X: Cigarette smoking and chronic kidney disease
in the general population: a systematic review and meta-
analysis of prospective cohort studies. Nephrol Dial
Transplant, 2017; 32: 475-487

30) Yokota K, Fukuda M, Matsui Y, Hoshide S, Shimada K
and Kario K: Impact of visit-to-visit variability of blood
pressure on deterioration of renal function in patients
with non-diabetic chronic kidney disease. Hypertens Res,
2013; 36: 151-157

31) McMullan CJ, Lambers Heerspink HJ, Parving HH,
Dwyer JB Forman JP and de Zeeuw D: Visit-to-visit
variability in blood pressure and kidney and
cardiovascular outcomes in patients with type 2 diabetes
and nephropathy: a post hoc analysis from the RENAAL
study and the Irbesartan Diabetic Nephropathy Trial. Am

Advance Publication Journal of Atherosclerosis and Thrombosis
Accepted for publication: March 16,2023 Published online: April 19, 2023 1



Masuda et al.

J Kidney Dis, 2014; 64: 714-722

32) Jeffers BW and Zhou D: Relationship Between Visit-to-

Visit Blood Pressure Variability (BPV) and Kidney
Function in Patients with Hypertension. Kidney Blood
Press Res, 2017; 42: 697-707

33) Maruhashi T, Soga J, Fujimura N, Idei N, Mikami S,

Iwamoto Y, Iwamoto A, Kajikawa M, Matsumoto T, Oda
N, Kishimoto S, Matsui S, Hashimoto H, Aibara Y,
Yusoff FBM, Hidaka T, Kihara Y, Chayama K, Noma K,
Nakashima A, Goto C, Tomiyama H, Takase B, Kohro T,
Suzuki T, Ishizu T, Ueda S, Yamazaki T, Furumoto T,
Kario K, Inoue T, Koba S, Watanabe K, Takemoto Y,
Hano T, Sata M, Ishibashi Y, Node K, Maemura K, Ohya
Y, Furukawa T, Ito H, Ikeda H, Yamashina A and Higashi
Y: Endothelial Function Is Impaired in Patients Receiving
Antihypertensive Drug Treatment Regardless of Blood
Pressure Level: FMD-] Study (Flow-Mediated Dilation
Japan). Hypertension, 2017; 70: 790-797

34) Maruhashi T, Soga ], Fujimura N, Idei N, Mikami S,

12

Iwamoto Y, Kajikawa M, Matsumoto T, Hidaka T, Kihara
Y, Chayama K, Noma K, Nakashima A, Goto C,
Tomiyama H, Takase B, Yamashina A and Higashi Y:
Relationship between flow-mediated vasodilation and
cardiovascular risk factors in a large community-based

study. Heart, 2013; 99: 1837-1842

35) Maruhashi T, Soga ], Fujimura N, Idei N, Mikami S,

Iwamoto Y, Iwamoto A, Kajikawa M, Matsumoto T, Oda
N, Kishimoto S, Matsui S, Hashimoto H, Aibara Y,
Yusoff FM, Hidaka T, Kihara Y, Chayama K, Noma K,
Nakashima A, Goto C, Tomiyama H, Takase B, Kohro T,
Suzuki T, Ishizu T, Ueda S, Yamazaki T, Furumoto T,
Kario K, Inoue T, Koba S, Watanabe K, Takemoto Y,
Hano T, Sata M, Ishibashi Y, Node K, Maemura K, Ohya
Y, Furukawa T, Ito H, Ikeda H, Yamashina A and Higashi
Y: Brachial artery diameter as a marker for cardiovascular
risk assessment: FMD-] study. Atherosclerosis, 2018; 268:
92-98

Advance Publication Journal of Atherosclerosis and Thrombosis
Accepted for publication: March 16,2023 Published online: April 19, 2023



FMD and eGFR Slope in Males and Females

From April 2015 to March 2020

Total FMD measurements including
plural examinations in each individual
(n=2218: males, 1181; females, 1037)

Individuals who had dual
examinations and who had baPWV
examination within 16 weeks prior

to or after FMD examination
(n=789: males, 436; females, 353)

N Wy

Total baPWV measurements including
plural examinations in each individual

Q=9876: males, 5132; females, 4743

24 months after

Subjects of the study

baseline FMD

measurement Individuals who had eGFR records
for at least 8 time points including
baseline with 8-12-week intervals

during the follow-up period

(n=341: males, 176; females, 165)

Supplemental Fig. 1. Diagram showing the selection of study subjects
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Supplemental Fig.2. Associations between actual eGFR values and calculated ¢GFR values based on the eGFR slope

Scatterplots between actual eGFR values and calculated eGFR values based on the eGFR slope at (a) 36 months, (b) 48 months and (c) 60
months after the baseline examination.
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Supplemental Fig. 3. Associations between FMD values and eGFR slope in total subjects, male subjects and female subjects with
cardiovascular risk factors

(a) Boxplot between FMD values and eGER slope in total subjects
(b) Boxplot between FMD values and eGFR slope in male subjects
(c) Boxplot between FMD values and eGFR slope in female subjects

Advance Publication Journal of Atherosclerosis and Thrombosis
Accepted for publication: March 16,2023 Published online: April 19, 2023 13



Masuda et al.

(

Q
~—

Total Subjects (n=341)  (b) Males (n=176)

_
(2)
~—

Females (n=165)

10 4 o

eGFR Slope (mL/min/1.73m?/year)
eGFR Slope (mL/min/1.73m?/year)
eGFR Slope (mL/min/1.73m?/year)

%, %8 0O o
-10 A ‘%{‘:ﬂ’ (cm/sec) -10 A Og’ (cm/sec)
-5 ° -15 ° -15 1
-20 A -20 - -20 -

Supplemental Fig. 4. Associations between baPWV values and eGFR slope in total subjects, male subjects and female subjects with
cardiovascular risk factors

(a) Scatterplot between baPWV values and eGFR slope in total subjects
(b) Scatterplot between baPWV values and eGFR slope in male subjects
(c) Scatterplot between baPWV values and eGER slope in female subjects
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Supplemental Fig.5. Associations between FMD values and eGFR slope in smoking male subjects and non-smoking male subjects
with cardiovascular risk factors

(a) Boxplot between FMD values and eGFR slope in male subjects with a current smoking habit
(b) Boxplot between FMD values and eGFR slope in male subjects without a current smoking habit
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Supplemental Fig. 6. ANCOVA analysis to compare the association trend of FMD value and eGFR slope between non-smoking

males and females

Supplemental Table 1. Multiple Regression Analysis of Associated Medications for Determinants of FMD

Estimate Std. Error t value p value

(Intercept) -2.4141

FMD 0.3026
Male 0.2717
(Non-Current

Smokers)

<0.001
<0.001
0.560

Variables t value VIF p value
Male -1.971 1.083 0.049
Age -5.050 1.215 <0.001
ARB/ACEi 0.686 1.336 0.493
CCB -2.288 1.298 0.023
B blocker -0.123 1.133 0.902
MR antagonist 0.170 1.133 0.865
Statin -0.089 1.172 0.929
Ezetimibe -0.264 1.068 0.792
Other lipid-lowering drugs 1.573 1.138 0.117
Antiplatelets 0.410 1.326 0.682
SU or Glinide -0.765 1.132 0.445
DPP-4i -1.341 1.506 0.181
Metformin 0.179 1.612 0.858
aGI -0.883 1.203 0.378
Pioglitazone 0.231 1.078 0.818
SGLT2i 0.342 1.276 0.733
Insulin 1.421 1.029 0.156
GLP-1RA -1.006 1.395 0.315

VIF: Variance Inflation Factor
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