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Original Article

Aims: Patients with chronic kidney disease (CKD) have a higher burden of cardiovascular morbidity and mor-
tality than the general population. Endothelial dysfunction has been suggested to play a role in both glomerular 
filtration rate loss and cardiovascular damage. Thus, the present study aimed to evaluate the relationship between 
endothelial dysfunction and the prevalence of CKD in the general Japanese population.

Methods: We conducted a cross-sectional study of 1042 men and women aged 30–81 years in two communi-
ties under the Circulatory Risk in Communities Study between 2013 and 2017. Endothelial function was evalu-
ated by percent change of brachial artery flow-mediated dilation (%FMD) before and after the cuff inflation.

Results: Among the total 1042 participants, there were 62 cases of CKD (~6%). The multivariable odds ratios 
(ORs) (95% confidence intervals [CIs]) of CKD according to quartiles of %FMD were 2.02 (0.68–5.99), 3.56 
(1.27–9.94), and 3.14 (1.10–8.93) for the third to lowest quartile compared with the highest %FMD quartile; p 
for trend=0.02. The respective multivariable ORs (95% CIs) of CKD in subjects without antihypertensive med-
ication use (39 cases among 886 subjects) were 1.83 (0.46–7.33), 3.41 (0.92–12.61), and 4.60 (1.22–17.31); p 
for trend=0.01, and that for one-point decrement in %FMD was 1.16 (1.00–1.35); p for interaction with the 
status of antihypertensive medication use was 0.12.

Conclusions: Our cross-sectional study suggested the relationship between endothelial dysfunction and the 
higher prevalence of CKD in the general Japanese population.

with chronic kidney disease (CKD) have a higher bur-
den of cardiovascular morbidity and mortality1). Mor-
tality from cardiovascular disease in patients with 

Introduction

Compared with the general population, patients 
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veys. Informed consent for FMD measurement was 
obtained from each participant. The Ethics Commit-
tee of Osaka University and the Osaka Center for 
Cancer and Cardiovascular Diseases Prevention 
approved this study protocol.

Measurement of Endothelial Dysfunction
To measure FMD, all participants took a 5 min 

rest in a sitting position, using the standard proto-
col13), and technicians used high-resolution ultraso-
nography and a forearm occlusive cuff according to 
current guidelines14). The right brachial artery diame-
ter was measured using a high-resolution linear artery 
sensor (10 MHz) equipped with computer-aided anal-
ysis software (UNEXEF18G, UNEX Co., Nagoya, 
Japan)15). The brachial artery was imaged 5–10 cm 
above the elbow. When obtaining the clearest image of 
the anterior and posterior intimal interface between 
the lumen and blood vessels, the sensor is fixed at the 
same point during the whole scanning process. To 
standardize the position of the probe, we used spe-
cially designed handrails and probe holders. The sys-
tem measures the diameter of the brachial artery at 
baseline and collects 30 s of baseline longitudinal 
images of the artery before the cuff was inflated to a 
50 mm mercury column above SBP for 5 min and 
then deflated the cuff. Percent change of FMD 
(%FMD) was defined by the following formula: 
%FMD= ((maximal hyperemia diameter－baseline 
diameter)/baseline diameter)×100, according to pub-
lished guidelines for the determination of endothelial 
function14). Endothelial dysfunction was considered 
for the lowest quartile of %FMD value (＜5.3%) 
according to our previous study16) and other studies 
that used receiver operating characteristic analysis17, 18). 
Based on a subsample of 43 participants, the coeffi-
cient of inter-operator variability among three opera-
tors for the FMD measurement in our laboratory was 
5.7%, and those of intra-operator variability after 2 
and 4 months were 11.1% and 10.8%, respectively18). 

Measurement of CKD
Serum creatinine levels were assayed using an 

enzymatic method. We calculated the eGFR (mL/
min/1.73 m2) based on the following formula, estab-
lished by the working group of the Japanese Chronic 
Kidney Disease Initiative: eGFR (mL/min/1.73 m2)=  
1.94×(serum creatinine)－1.094×(age)－0.287 for men and 
1.94×(serum creatinine)－1.094×(age)－0.287×0.739 for 
women19). We defined CKD cases as an unexplained 
reduction in eGFR to less than 60 mL/min/1.73 m2.

Measurement of other Factors
The body mass index (BMI) as weight (kg) 

chronic renal failure is approximately 9% per year, 
which is 10 to 20 times higher than in the general 
population in Western countries2). Detection and 
treatment of CKD is now a public health priority. Tra-
ditional risk factors could not adequately predict 
CKD, and non-traditional risk factors may play a role 
both in reduced glomerular filtration rate (GFR) and 
cardiovascular damage3, 4). 

Endothelial dysfunction, as indicated by reduced 
brachial artery flow-mediated dilation (FMD), is con-
sidered a key early disorder in the development of cor-
onary atherosclerosis5). Previous case-reference stud-
ies6-8) reported that endothelial dysfunction was com-
mon in patients with advanced CKD, but the evi-
dence on endothelial dysfunction associated with the 
risk of early CKD has been limited. A 7.7 year Italian 
prospective study9) of 500 never-treated uncompli-
cated hypertensive subjects (mean aged 47 years) 
reported that endothelial dysfunction (evaluated by 
strain gauge plethysmography during intra-arterial 
infusion of acetylcholine) was associated with reduced 
estimated GFR (eGFR): eGFR changed by 0.37 mL/
min/1.73 m2 for each 100% change in forearm blood 
flow after adjustment for other cardiovascular risk fac-
tors and the use of antihypertensive treatment. Fur-
thermore, experimental evidence also suggested that 
endothelial dysfunction plays a key role in human 
CKD; reduction of the bioavailability of nitric oxide 
leads to the development and progression of experi-
mental kidney disease10, 11).

To the best of our knowledge, no study has 
reported that endothelial dysfunction measured by 
noninvasive FMD is associated with the risk of CKD 
in detail. Thus, the present study aimed to examine 
the association between endothelial dysfunction by 
estimated %FMD levels and the prevalence of CKD 
in the general Japanese population.

Materials and Methods

Study Population
We conducted FMD measurements in two com-

munities: one urban, Minami-Takayasu district in Yao 
City, Osaka prefecture, and one rural, Ikawa town, 
Akita Prefecture, covered by the Circulatory Risk in 
Communities Study (CIRCS). The CIRCS is a 
dynamic community-based cohort study that covers 
five communities in Japan, including Yao and Ikawa. 
From January 2013 to June 2017 12), we recruited a 
total of 1,042 participants (537 men and 505 women) 
without specified from the community of Yao (recruit-
ment rate among the cardiovascular survey partici-
pants, 31.2%) and from Ikawa (33.2%) aged 30–81 
years who underwent annual cardiovascular risk sur-
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spaced values (quartiles), with α=0.05 and power=  
80%, the minimum required sample size in each 
group was 142 subjects with a minimum total sample 
of 568 subjects. In the present study, there was an 
average 260 subjects per group with a total sample of 
1042 subjects; thus, at α=0.05, the estimated power 
was ＞97%. We further analyzed the association 
between %FMD levels and CKD, stratified by the use 
of antihypertensive medication status. P value for 
interaction was generated for an interaction term of 
the binary variable of the use of antihypertensive med-
ication with the %FMD values by the likelihood ratio 
test. Sensitivity analyses were conducted considering 
the median, the lowest tertile, and the lowest quintile 
of %FMD as the cutoff points. We used SAS version 
9.4 software (SAS Institute Inc, Cary, NC, USA) in all 
statistical analyses. Two-tailed P values of ＜0.05 were 
considered statistically significant.

Results

The baseline characteristics of participants 
according to the quartiles of %FMD levels are shown 
in Table 1. The median values of %FMD in the low-
est to highest quartiles were 3.9, 6.2, 7.8, and 10.4. 
Compared with participants in the lowest quartile of 
%FMD, those in the highest %FMD quartile were 6 
year younger and were less likely to be men, rural resi-
dents, smokers, drinkers, diabetics, and hypertensives. 
eGFR and serum HDL-cholesterol levels were posi-
tively associated with %FMD, whereas systolic and 
diastolic blood pressure, serum triglycerides, and glu-
cose levels were inversely associated with %FMD.

The association between %FMD levels and the 
prevalence of CKD are shown in Table 2. Among the 
total 1042 participants, compared with the highest 
%FMD quartile, the multivariable-adjusted ORs 
(95% CIs) of CKD were 2.02 (0.68–5.99) in the third 
quartile, 3.56 (1.27–9.94) in the second quartile, and 
3.14 (1.10–8.93) in the lowest %FMD quartile of 
%FMD, p for trend=0.02, and one-point decrement 
of %FMD levels was associated with OR of CKD=  
1.09 (0.98–1.24). Further adjustment for serum total 
cholesterol (mg/dL), high-density lipoprotein choles-
terol (mg/dL), triglycerides (mg/dL), antihyperlipid-
emic drugs use (yes or not), and women menopausal 
status (yes or no) did not change the results materially 
(data not shown in Table 2). The positive association 
was primarily observed in subjects without medication 
use for hypertension; the respective multivariable-
adjusted ORs (95% CIs) in the third to the lowest 
compared with the highest quartiles were 4.60 (1.22–
17.31), 3.41 (0.92–12.61), and 1.83 (0.46–7.33), p 
for trend=0.01, and one-point decrement of %FMD 

divided by the square of height (m2) was also calcu-
lated. Blood pressures were measured by physicians 
and nurses with a standard mercury sphygmomanom-
eter on participants’ right arm20). Hypertension was 
defined as systolic blood pressure ≥ 140 mmHg and/
or diastolic blood pressure ≥ 90 mmHg and/or antihy-
pertensive medication use. Serum glucose was deter-
mined by the hexokinase method, and hyperglycemia 
was defined as borderline or high serum glucose (fast-
ing glucose ≥ 110 mg/dL or non-fasting glucose ≥ 140 
mg/dL) and/or antidiabetic medication use. Serum 
total cholesterol, high-density lipoprotein cholesterol, 
and triglycerides were determined by an enzymatic 
assay. The use of antihyperlipidemic drugs was also 
ascertained. Menopausal status for women was asked 
by interview. All of them were measured using an 
automatic biochemical analyzer TBA–2000FR (Canon 
Medical Systems Corp., Tochigi, Japan) in Osaka 
Center for Cancer and Cardiovascular Disease Preven-
tion. A face-to-face interview was conducted to ascer-
tain alcohol consumption, smoking habits, and usual 
weekly physical activity.

Statistical Analysis
Mean values (standard deviations) and propor-

tions of baseline characteristics were calculated accord-
ing to quartiles of FMD levels. We tested the p for 
trend for the associations between baseline characteris-
tics and FMD by the analysis of variance, using the 
median FMD value of each quartile.

We calculated age- and sex-adjusted, multivari-
able-adjusted odds ratios (ORs) and 95% confidence 
intervals (CIs) of prevalent CKD using the logistic 
regression analysis according to the quartiles of and 
one-point decrement of %FMD levels. We adjusted 
for the following potential confounding factors: age 
(year), sex, community, alcohol consumption (never 
drinkers, ex-drinkers, or current drinkers), smoking 
habits (never smokers, ex-smokers, or current smok-
ers), BMI (＜18.5, 18.5–24.9, or ≥ 25.0 kg/m²), 
hypertension (high systolic blood pressure ≥ 140 
mmHg and/or high diastolic blood pressure ≥ 90 
mmHg and/or antihypertensive medication use), 
hyperglycemia (laboratory diagnosis and/or antidia-
betic medication use), and baseline brachial artery 
diameter. Linear regression analysis predicting the 
level of eGFR by one-point decrement in %FMD was 
conducted for total sample, for those with and with-
out antihypertensive medication use and for those 
with eGFR ＜60 and ≥ 60 mL/min/1.73 m2.

Using the Cochran–Armitage test, we calculated 
if the recruited sample size was enough to find a sig-
nificant linear trend in the proportions tested. For the 
logistic regression analysis with four groups of equally 
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pants aged 30–81 years, we found that the endothelial 
dysfunction measured by %FMD value was associated 
with the increased prevalence of CKD. The associa-
tion was evident for people who did not use antihy-
pertensive medications.

Most of the previous studies were of a case-refer-
ence design to compare the endothelial function 
among advanced CKD patients (chronic renal failure, 
dialysis, and transplantation) and non-CKD controls; 
the prevalence of endothelial dysfunction was higher 
in CKD patients than controls6-8). However, little is 
known about whether endothelial dysfunction is asso-
ciated with the prevalence of CKD in the general pop-
ulation samples. The Hoorn study of 613 Dutch men 
and women aged 50–70 years with mild to severe 
renal insufficiency (average eGFR of 68 mL/min/1.73 
m2) showed that endothelial dysfunction, estimated by 
plasma von Willebrand factor, soluble vascular cell 
adhesion molecule-1, and urinary albumin–creatinine 
ratio, was associated with reduced eGFR cross-section-
ally 21). In that study, %FMD was linearly and 
inversely associated with nephropathy (microalbumin-
uria) after adjustment for age, sex, baseline arterial 

levels was associated with an OR of CKD=1.16 
(1.00–1.35). The respective multivariable-adjusted 
ORs (95% CIs) for subjects with medication use for 
hypertension were 2.36 (0.38–14.78), 6.51 (1.06–
40.13), and 4.53 (0.67–30.51), p for trend=0.53, and 
one-point decrement of %FMD levels was associated 
with an OR of CKD=0.99 (0.81–1.23), P for interac-
tion with the medication use was 0.12. Furthermore, 
the multivariable linear regression slopes (95% CIs) of 
eGFR (mL/min/1.73 m2) by one-point decrement in 
%FMD were −0.14 (−0.47 to 0.19), p=0.40 for total 
sample, 0.23 (−0.89 to 1.35), p=0.40 for subjects 
with antihypertensive medication use, and −0.19 
(−0.52 to 0.15), p=0.28 for those without antihyper-
tensive medication use. The respective slopes (95% 
CIs) were 0.16 (−1.04 to 1.37), p=0.79 for subjects 
with eGFR ＜60 mL/min/1.73 m2, and −0.03 (−0.34 
to 0.27), p=0.84 for those with eGFR ≥ 60 mL/
min/1.73 m2 (data not shown in Table).

Discussion

In the present study of 1042 Japanese partici-

Table 1.  Mean values±standard deviations and proportions of chronic kidney disease risk factors according to quartiles of %FMD 
levels

%FMD levels

P for trendQ4 (high) Q3 Q2 Q1 (low)

No. at risk
Range of FMD, %
Median FMD, %
Estimated glomerular filtration rate (eGFR), ml/min per 1.73 mm2

Age, years
Men, %
Rural residents, %
Current smokers, %
Current drinkers, %
Body mass index, kg/m2

Systolic blood pressure, mmHg
Diastolic blood pressure, mmHg
Antihypertensive medication use, %
Hypertension, %
Serum total cholesterol, mg/dL
Serum HDL-cholesterol, mg/dL
Serum non-HDL-cholesterol, mg/dL
Serum triglycerides, mg/dL
Antihyperlipidemic medication use, %
High serum glucose, %
Antidiabetic medication use, %
Diabetes, %
Baseline brachial artery diameter, mm

267
8.9-20.3

10.4
82.8±13.3
49.3±8.3

40.5
36.7
19.2
22.9

22.7±3.2
122±16

79±11
12.4
34.8

208±34
65±17

143±32
95±64

6.7
5.6
6.4
8.2

3.53±0.65

268
7.0-8.8

7.8
82.2±14.3
50.6±9.1

43.3
44.0
26.0
23.4

23.3±4.7
122±17

79±10
8.6

37.3
215±45

65±17
151±45
113±174

8.2
6.0
6.0
9.0

3.75±0.65

262
5.3-6.9

6.2
78.9±15.3
52.4±9.3

53.8
51.2
25.1
26.4

23.6±3.9
124±17

81±12
13.4
39.3

209±35
62±16

147±33
120±113

5.3
10.3

6.9
13.0

3.98±0.69 

245
0.7-5.2

3.9
79.1±16.4
55.4±8.8

70.2
53.5
29.7
27.3

24.0±3.8
128±17

81±10
26.5
63.7

206±35
60±16

146±33
127±92

11.8
13.1
11.8
16.7

4.32±0.72

＜0.001
＜0.001
＜0.001

0.0004
＜0.001
＜0.001
＜0.001
＜0.001

0.003
＜0.001
＜0.001

0.355
＜0.001

0.449
0.001
0.097
0.006
0.025
0.009

＜0.001
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ous studies suggested a %FMD value of 6%–10% as 
healthy, 5%–6% as borderline, and 0%–5% as endo-
thelial dysfunction16, 18, 25-30). Therefore, using a very 
low %FMD cutoff value (＜1.7%) might have mis-
classified some cases of endothelial dysfunction. 
Another explanation is that 63.3% of participants in a 
previous Japanese study24) were under antihypertensive 
medication that can affect the endothelial function by 
increased production or activity of nitric oxide31, 32). 
Antihypertensive agents such as ACE inhibitors and 
angiotensin II receptor blockers can increase more 
than two points of %FMD according to the review of 
38 clinical trials33). By contrast, antihypertensive 
agents such as ACE inhibitors and calcium entry 
blockers can improve GFR34).

The lack of association between endothelial dys-
function and the prevalence of CKD among partici-
pants under antihypertensive medication in the pres-
ent study may be due to the low power to detect the 
association and also the effect of antihypertensive 
agents on endothelial function and GFR.

The biologic mechanisms for endothelial dys-
function and CKD are not well understood. Nitric 

diameter, and other potential confounders22). Simi-
larly, a study of 334 patients with mild to severe renal 
insufficiency at a kidney clinic in Birmingham/UK 
reported that endothelial dysfunction, estimated by 
plasma von Willebrand factor and soluble P-selectin, 
was associated with the prevalence of CKD (serum 
creatinine concentration ＞1.47 mg/dL)23). However, 
in a more recent Japanese cross-sectional study24) of 
1,567 men and women aged 18–92 years who under-
went health screening examinations or who visited the 
outpatient clinic, %FMD was not associated with the 
prevalence of CKD (eGFR ＜60 mL/min/1.73 m2) 
after adjustment for age, sex, and other cardiovascular 
risk factors; the OR of CKD for ＜1.7% compared 
with ≥ 1.7% in %FMD was 0.94 (95% CI: 0.70–
1.27, p=  0.70). That result was different from our 
finding because of different definitions of endothelial 
dysfunction; they compared %FMD between the low-
est quartile of %FMD (＜1.7%) defined as endothe-
lial dysfunction and the higher % FMD, whereas, in 
the present study, we divided %FMD into quartiles, 
and the lowest quartile %FMD defined as endothelial 
dysfunction was much higher (＜5.3%). Many previ-

Table 2.  Multivariable odds ratios (ORs, 95%CI) of prevalence of chronic kidney disease according to quartiles of %FMD levels, 
and stratified by antihypertensive medication use

%FMD levels P for 
trend

1 point decrement 
of %FMDQ4 (high) Q3 Q2 Q1 (low)

Total
No. at risk
No. of e-GFR ＜60 ml/min per 1.73 mm²
Model 1
Model 2

 
267

5
ref
ref

268
12

2.00 (0.68-5.89)
2.02 (0.68-5.99)

262
22

3.46 (1.26-9.55)
3.56 (1.27-9.94)

245
23

3.16 (1.13-8.78)
3.14 (1.10-8.93)

 
 
 

0.02
0.02

 
 
 

1.10 (0.99-1.23)
1.09 (0.98-1.22)

Subjects with antihypertensive medication
No. at risk
No. of e-GFR ＜60 ml/min per 1.73 mm²
Model 1
Model 2＊

  
33
2

ref
ref

 
23
5

3.85 (0.61-24.13)
4.53 (0.67-30.51)

 
35
9

5.26 (0.94-29.28)
6.51 (1.06-40.13)

 
65
7

1.92 (0.35-10.55)
2.36 (0.38-14.78)

 
 
 

0.68
0.53

 
 
 

1.00 (0.84-1.21)
0.99 (0.81-1.23)

Subjects without antihypertensive medication
No. at risk
No. of e-GFR ＜60 ml/min per 1.73 mm²
Model 1
Model 2＊

  
234

3
ref
ref

 
238

7
1.80 (0.45-7.17)
1.83 (0.46-7.33)

 
227
13

3.36 (0.92-12.21)
3.41 (0.92-12.61)

 
180
16

4.19 (1.15-15.31)
4.60 (1.22-17.31)

 
 
 

0.01
0.01

 
 
 

1.15 (1.00-1.32)
1.16 (1.00-1.35)

Pinteraction 0.12

Q4: 8.9-20.3, Q3: 7.0-8.8, Q2: 5.3-6.9, Q1: 0.7-5.2
Model 1: Adjusted for age, sex and community.
Model 2: Further adjusted for body mass index, hyperglycemia (high serum glucose and/or antidiabetic medication use), hypertension (systolic 
blood pressur
≥ 140 mmHg and/or diastolic blood pressure ≥ 90 mmHg and/or antihypertension medication use) and brachial artery diameter.
＊: Adjusted for the above variables except for antihypertensive medication use.
Pinteraction was calculated by the likelihood ratio between antihypertensive medication use status and the quartiles of %FMD levels.
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gested the relationship between endothelial dysfunc-
tion and the higher prevalence of CKD in the general 
Japanese population.
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Hiroyasu Iso, Osaka University; Kazumasa Yamagishi, 
Mitsumasa Umesawa and Tomoko Sankai, University 
of Tsukuba; Koutatsu Maruyama, Ehime University; 

oxide, an important substance produced by the endo-
thelium, plays a key role in vasodilation, inflamma-
tion, and reduction of oxidative stress mainly through 
the production of reactive oxygen species35). Several 
experimental studies36-41) demonstrated that nitric 
oxide is an important regulator of renal blood flow, 
GFR, and salt and fluid balance. An experimental ani-
mal study using the 5/6 nephrectomy rat model of 
renal damage examined the endothelium-dependent 
vasodilatation of the interlobar artery at the time of 
nephrectomy and found that the endothelial release of 
nitric oxide protected rats from glomerular injury by 
reducing renal vascular resistance and glomerular 
hyperfiltration, preventing leukocyte adhesion and 
mesangial cell hyperplasia/hypertrophy, and inhibiting 
renal renin release39). Additionally, nitric oxide plays a 
role in reducing papillary blood flow and medullary 
blood flow that indirectly reduces urinary sodium and 
water excretion40, 41).

The strength of the present study is the use of a 
noninvasive technique for measuring FMD values and 
the standardized measurements for other cardiovascu-
lar risk factors in community population-based 
study20). Second, we are the first to analyze the associ-
ation between FMD and CKD in the general popula-
tion.

The present study also has several limitations. 
First, we cannot guarantee causality because of a cross-
sectional design. Second, the information on the spe-
cific types of administered antihypertensive or antidia-
betic drugs that may affect brachial reactivity differen-
tially33, 42, 43) were not available. Third, the number of 
patients with CKD was small because we studied the 
association in apparently healthy general population; 
however, we had no power problem in the categorical 
analysis. Fourth, we used the cutoff value of the lowest 
%FMD quartile as an indicator of endothelial dys-
function, but other studies have used different cutoff 
points. However, using the value of lowest tertile 
(%FMD ＜6.0%), quintile (%FMD ＜5.0%), or 
dichotomizing FMD by median value (%FMD=  
7.0%) did not change the observed association; the 
respective ORs (95% CIs) for the lowest category ver-
sus the highest were 2.06 (0.97–4.37); p for trend=  
0.04 in tertile analysis, 3.71 (1.00–13.73); p for trend 
=0.04 in quintile analysis; and 2.15 (1.15–4.02) in 
dichotomized analysis (data not shown in Table). Last, 
oxidative stress and inflammation play a critical role in 
the impairment of endothelial function44, 45). In the 
present study, oxidative stress markers and inflamma-
tion markers were not measured. Therefore, future 
studies should combine circulating biomarkers for 
endothelial function to verify our results.

In conclusion, our cross-sectional study sug-
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