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User of angiotensin-converting-enzyme ®
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disease patients: a retrospective single-
center observational study
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ACEI/ARB and vascular calcification
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Abstract

Background: Vascular calcification is a prominent feature in chronic kidney disease (CKD) and diabetes mellitus. A
recent report suggests that angiotensin Il is protective to vascular calcification. Therefore, we investigated the
relationship between vascular calcification and use of angiotensin-converting-enzyme inhibitor (ACEl) and/or
angiotensin Il receptor blocker (ARB) from a cross-sectional view.

Methods: A total of 121 predialysis CKD patients (age 71 + 12 y; male 72; estimated glomerular filtration rate
(eGFR) 20.2 (11.8-40.3) mL/min/1.73 m?) who underwent thoracoabdominal plain computed tomography scan
were included in this study. The total vascular calcification volume (Calc) was calculated with a three-dimensional
imaging software and standardized by body surface area (BSA). The relevance between log [Calc/BSA] and ACEl/
ARB use was investigated by multivariate linear regression analyses with or without a time-duration factor of ACEl/
ARB use.
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Results: The Calc/BSA was 5.62 (201-12.7) mL/m? in 121 patients. In multivariate analyses adjusted with age, sex,
ACEI/ARB and log [eGFR], ACEI/ARB use is significantly and positively associated with log [Calc/BSA] (3=0.2781, p
0.0007). Even after the adjustment by age, sex, log [eGFR], phosphate, diabetes mellitus, systolic blood pressure,
warfarin, hypertension, dyslipidemia, low-density lipoprotein cholesterol, diuretics and ACEI/ARB, ACEI/ARB use is
significantly and positively associated with log [Calc/BSA] (B =0.1677, p = 0.0487). When 90 patients whose time-
duration of ACEI/ARB use was clear in medical records were studied, a multivariate analysis adjusted with age, sex,
log [eGFR], and ACEI/ARB duration factors showed that the longer use of ACEI/ARB more than 2 years was
significantly, independently and positively associated with log [Calc/BSA] (B = 0.2864, p = 0.0060).

Conclusions: ACEI/ARB user was associated with vascular calcification in predialysis patients with low eGFR.
Prospective studies with larger numbers of patients or more in vitro studies are needed to confirm whether this
phenomenon is due to the use of ACEI/ARB itself, the underlying disease condition or the prescription bias.
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Background

Vascular calcification is often found in patients with
chronic kidney disease (CKD) or diabetes mellitus (DM),
and is closely associated with cardiovascular events and
mortality [1, 2]. Vascular calcification is formed by ac-
tively regulated processes between inductive and inhibi-
tory factors, similar to those in bone formation and
remodeling [3].

Anatomically, vascular calcification is classified into
two types: intimal and medial calcification. The intimal
layer of the vascular walls is mainly composed of endo-
thelium and is commonly associated with atherosclerotic
plaques in pathologic conditions. Therefore, intimal
calcification often leads to stenosis or occlusion of the
vessels, as in coronary artery disease. In contrast, the
medial layer of the vascular walls is composed of smooth
muscle cells and elastin-rich extracellular matrix. Medial
calcification, also known as Monckeberg’s calcification,
is often associated with CKD. As medial calcification af-
fects elastin-rich matrixes, a reduction or loss of vascular
elasticity or vascular tone is the major problem, rather
than stenosis of the vascular lumen. Many clinical stud-
ies suggest that hypertension, DM, dyslipidemia, aging,
smoking, and genetic factors, which are known as
“traditional” Framingham risk factors, promote vascular
calcification. Non-traditional risk factors, including in-
flammation, oxidative stress, advanced glycation end
products, and abnormal mineral metabolism (e.g. high
serum phosphate) are also associated with vascular
calcification [4, 5].

The renin-angiotensin system is known to be a major
pathogenic factor in vascular smooth muscle cell apop-
tosis, growth, and differentiation. Suggestively, it is likely
to play a role in calcification [6]. Calcified arteries show
an upregulation of angiotensin 1 receptors, and treat-
ment with an angiotensin II type 1 receptor blocker has
been shown to inhibit calcification in a rabbit model [7].
Most recently, another study showed angiotensin II type

2 receptor (AT2)-mediated attenuation of vascular
calcification, which was induced by an adenine and
high-phosphate diet [8], suggesting that ARB might be
protective to vascular calcification. In contrast, in 5/6
nephrectomized rats (a model of CKD), treatment with
enalapril improved myocardial hypertrophy and progres-
sion of renal disease, but had no effect on vascular calci-
fication [9].

But, a recent report indicated that angiotensin II pre-
vents phosphate-induced calcification in human aortic
smooth muscle cells in vitro by increasing magnesium
influx, activating ERK1/2, and inhibiting canonical Wnt/
beta-catenin signaling pathways [10]. This study mim-
icked medial calcification in patients with reduced renal
function and high phosphate levels. Therefore, we inves-
tigated the relationship between vascular calcification
and use of angiotensin-converting-enzyme inhibitor
(ACEI) and/or angiotensin II receptor blocker (ARB).

Methods

Study population

We retrospectively investigated 152 patients who under-
went thoracoabdominal plain computed tomography
(CT) scan between May 2014 and April 2018 in the de-
partment of nephrology, National Hospital Organization
Osaka National Hospital. We excluded 31 individuals
because of maintenance dialysis (14 cases), continuous
hemodiafiltration (2 cases), fulminant hepatitis (1 case),
a history of aortic aneurysm treatment or surgical oper-
ation to major large arteries (8 cases), extremely low
value of creatinine due to the decreased muscle volume
(1 case), lacking data of blood pressure on the day of CT
scan (1 case), and/or lacking lipid data profile within 15
days from the day of CT scan (5 cases). One individual
had two conditions of the above-mentioned exclusion
criteria. In the remaining 121 patients, clinical data, in-
cluding laboratory tests, past history, comorbidities, and
medications, were collected. DM was defined as a casual
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blood glucose level 2200 mg/dL, hemoglobin Alc26.5%,
or the use of antidiabetic medications. Hypertension was
defined as systolic blood pressure 2140 mmHg, diastolic
blood pressure 290 mmHg, or use of antihypertensives.
Dyslipidemia was defined as a low-density lipoprotein
cholesterol (LDL-C) level 2140 mg/dL, high-density lipo-
protein cholesterol level <40 mg/dL, triglyceride level
2150 mg/dL, or the use of lipid-lowering medications.
Systolic blood pressure (SBP) on the day of CT scan was
collected. Current prescription of warfarin, ACEI and/or
ARB on the day of CT scan was collected from medical
records. ACEI and/or ARB were basically prescribed to
patients with CKD such as those accompanying de-
creased eGFR or proteinuria, patients with cardiovascu-
lar diseases or patients with DM especially with
proteinuria/albuminuria.

Laboratory analyses

Basically, the results of blood tests performed within 3
days of the thoracoabdominal plain CT scan were col-
lected. LDL-C was calculated by Friedewald formula
(LDL-C = Total Cholesterol — high-density lipoprotein
cholesterol — Triglyceride/5) [11]. These lipid data were
used within 15 days of the thoracoabdominal plain CT
scan. In case where the calculation was impossible, LDL-
C was collected from the directly measured values. In
cases with a serum albumin level < 4.0 g/dL, the serum
calcium level (mg/dL) was adjusted with Payne’s formula
as follows: adjusted serum calcium level (mg/dL)=
serum calcium level (mg/dL) + (4.0 — albumin (g/dL)).
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The estimated glomerular filtration rate (eGFR) was cal-
culated using the following equation, which was defined
by the Japanese Society of Nephrology: eGFR =194 x
serum creatinine level (mg/dL) °* x age (years) ¥
(x 0.739 if female) (mL/min/1.73m>2). Body surface area
(BSA) for our Japanese patients was calculated with Fuji-
moto’s formula as follows: BSA = body weight (kg) **** x
height (cm) %%% x 0.008883 [12].

CT protocol and image analysis

All CT examinations were performed using a commer-
cially available CT system (Discovery CT750 HD, GE
Healthcare, Japan; SOMATOM Definition AS+, Sie-
mens, Erlangen, Germany). The CT protocol comprised
the following parameters: tube voltage, 120kV; tube
current, modulated with automated exposure control;
and gantry rotation time, 500 ms. To reconstruct the
raw image data, we used a section thickness of 1 mm,
field of view of approximately 360 mm, and a matrix of
512 x 512. The vascular calcification volume (Calc) was
measured using a 3-D imaging software (Volume
analyzer SYNAPSE VINCENT, FUJIFILM Medical Co.,
Ltd., Tokyo). The method was similar to that in Kinu-
gasa et al. [13]. First, we reconstructed a 3-D image from
the original CT image. Second, bone was removed by
the software. Third, the total aorta (from the apex level
of the lung to the femoral artery) was extracted. Using a
Hounsfield unit of more than 130 as the cut-off level, we
obtained the total vascular calcification volume semi-
automatically by the software.

Fig. 1 Representative image of vascular calcification using 3D imaging software. 3D images from an original CT image were reconstructed (@). After the
removal of bone and the manual confirmation, the vascular calcification image is shown in (b). Rotation of the vascular calcification image (b) is shown in (c)
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Table 1 Patients characteristics

A B

N 121 N 920

Age, years 71+12 Age, years 72 (63-78)
Men, n (%) 72 (60) Men, n (%) 54 (60)

Serum phosphate (mg/dL) 39+1.1 Serum phosphate (mg/dL) 39+ 1.1

eGFR (mL/min/1.73 m2)eGFR (mL/min/1.73 m2) 20.2 (11.8-40.3) eGFR (mL/min/1.73 m2)eGFR (mL/min/1.73 m2) 21.3 (12-50.2)
Log [eGFR] 3.1+08 Log [eGFR] 3.1+08
Calcification Volume (mL) 8.94 (3.26-18.9) Calcification Volume (mL) 80 (3.1-19.3)

Calc/BSA (mL/m2)Calc/BSA (mL/m?2)

562 (201-12.7)

Calc/BSA (mL/m2)Calc/BSA (mL/m?2)
Log [Calc/BSA]

526 (1.96-13.2)
1.66 (0.67-2.58)

Log [Calc/BSA] 167120
Systolic Blood Pressure (mmHg) 134+20
Hypertension (n(%)) 98 (81)
Diabetes mellitus (n (%)) 54 (45)
Dyslipidemia (n (%)) 69 (57)
LDL-C (mg/dL) 118+ 66
Malignancy (n (%)) 35 (29)
Medications
Warfarin User (n (%)) 14 (12)
Vitamin D User (n (%)) 12 (10)
Phosphate-Binding Agent User (n (%)) 13 (11)
Diuretics user (n (%)) 67 (55)
ACEI/ARB User (n (%)) 48 (40)

Systolic Blood Pressure (mmHg) 133+£20
Hypertension (n(%)) 69 (77)
Diabetes mellitus (n (%)) 38 (42)
Dyslipidemia (n (%)) 49 (54)
LDL-C (mg/dL) 116+ 65
Malignancy (n (%)) 30 (33)
Medications

Warfarin User (n (%)) 12 (13)

Vitamin D User (n (%)) 8 (9)

Phosphate-Binding Agent User (n (%)) 809

Diuretics user (n (%)) 50 (56)
ACEI/ARB Duration

None or < 6 months (n (%)) 42 (47)

6 months < < 2years (n (%)) 7(8)
2years < (n (%)) 41 (46)

(A) N=121, (B) N=90 where patients whose history of ACEI/ARB use were unknown are excluded. eGFR estimated glomerular filtration rate, Calc calcification
volume, BSA body surface area calculated with Fujimoto’s formula, LDL-C low-density lipoprotein cholesterol, ACEl angiotensin-converting-enzyme inhibitor, ARB

angiotensin Il receptor blocker

The relationship between log [Calc/BSA] and clinical
parameters including use of warfarin, ACEl and/or ARB
The relationship between log [Calc/BSA] and either of
age, log [eGFR], SBP, use of warfarin, use of diuretics,
presence of malignancy, or use of ACEI and/or ARB was
investigated by univariate linear regression analyses as
shown in Fig. 2 and Fig. 3. Then, log [Calc/BSA] was ad-
justed by clinical parameters in multivariate linear re-
gression analyses as shown in each model in Table 2.

The relationship between log [Calc/BSA] and the duration
of ACEI/ARB

To further investigate the accumulative effect of ACEI/
ARB on vascular calcification, we added the duration of
ACEI/ARB as an explanatory factor. Because the subject
number was small, we classified the subject into 3
groups based on the duration of ACEI/ARB until the
day of CT performed: Group 1 (none or less than 6
months), Group 2 (between 6 months and 2 years) and
Group 3 (more than 2 years). Because 31 patients were

unknown as to the duration of ACEI/ARB, we excluded
these 31 patients in the following analyses. In the
remaining 90 patients, log [Calc/BSA] was compared
among group 1, group 2 and group 3 by Tukey-Kramer
HSD test. The relevance between log [Calc/BSA] and
the duration of ACEI/ARB was investigated by tendency
analysis (Jonckheere-Terpstra trend test) and multivari-
ate linear regression analysis.

Statistical analysis

Data are reported as percentages or means * standard
deviation (SD) for normally distributed variables, and as
medians (interquartile range) for non-normally distrib-
uted variables. To minimize skewness, the eGFR and
Calc/BSA were transformed using the natural logarithm.
Calc/BSA was confirmed not to include 0 value in our
121 patients. The relevance between log [Calc/BSA] and
ACEI/ARB use was investigated by several multivariate
linear regression analyses. Statistical analyses were per-
formed using JMP (verl4, SAS Institute Japan, Tokyo,
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Japan) and Excel add-in software (Social Survey Research
Information Co., Ltd. Tokyo, Japan). In the multivariate
analysis, p < 0.05 was considered statistically significant.

Results

Our study subjects underwent CT scan in order to in-
vestigate the presence or absence of malignancy (91
cases), locate the source of infection (18 cases), evalu-
ate aortic aneurysm or aortic dissection (4 cases), in-
vestigate the cause of anemia (4 cases), evaluate renal
artery calcification (2 cases), and for other miscellan-
eous reasons (9 cases). A single CT examination often
detected more than one such condition in a total of
121 patients. A representative vascular calcification
image is shown in Fig. 1.

The characteristics of the 121 patients (mean age,
71+ 12years; 72 men) included in the analysis are
provided in Table 1A. Among these patients, the median
Calc was 8.94 (3.26-18.9) mL, and the median Calc/
BSA was 5.62 (2.01-127) mL/m> The mean log
[Calc/BSA] was 1.67 +£1.20. The mean log [eGFR] was
3.1 £0.8, which corresponds to an eGFR of 20.2 (11.8 -
40.3) mL/min/1.73m> The relationships between log
[Calc/BSA] and either of age, log [eGFR], SBP, warfarin,
diuretics, malignancy or ACEI/ARB were investigated.
Log [Calc/BSA] was significantly associated with age
(p<0.0001), log [eGFR] (p=0.0226) or systolic blood
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Fig. 3 The relationship between warfarin or ACEI/ARB and vascular
calcification volume. In univariate analyses, use of warfarin was
significantly associated with vascular calcification volume (p =
0.0287). ACEI/ARB was marginally associated with vascular
calcification volume (p = 0.0586). a, warfarin. b, ACEI/ARB. ACE|,
angiotensin-converting-enzyme inhibitor; ARB, angiotensin ||
receptor blocker; BSA, body surface area calculated with Fujimoto’s
formula; Calc, calcification volume

pressure (p = 0.0306) as shown in Fig. 2. The association
of warfarin with log [Calc/BSA] was significant (p =
0.0287). The association of ACEI/ARB with log [Calc/
BSA] was marginally significant (p =0.0586) (Fig. 3)
Moreover, the association of diuretics with log [Calc/
BSA] was significant (p =0.0020). The association of
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Fig. 2 Univariate analyses of age, eGFR, and systolic blood pressure (SBP) on the day of CT scan against vascular calcification volume. In univariate
analyses, phosphate concentration and malignancy were not associated with log [Calc/BSA] (p =0.3768 and p = 0.8414, respectively). Male sex,
diabetes and diuretics were significantly associated with log [Calc/BSA] (p =0.0002, p =0.0013 and p = 0.0020, respectively). BSA, body surface
area calculated with Fujimoto's formula; Calc, calcification volume; CT, computed tomography; eGFR, estimated glomerular filtration rate; SBP,
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Table 2 Multivariate linear regression analyses for the outcome of log[Calc/BSA]
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 Model 9
Adjusted R’ 0451 0.531 0498 0450 0.554 0.558 0.569 0576 0.576
Age 0.0587 0.0639 0.0574 0.0577 0.0626 0.0617 0.0576 0.0607 0.0599
p<00001  p<00001  p<00001  p<00001  p<00001  p<00001  p<00001  p<00001  p<0.0001
Male 02741 0.2474 0.3097 0.2695 0.2818 0.2859 0.2427 02513 0.2508
p=00014  p=00025 p=00002 p=00017 p=00005 p=00004 p=00030 p=00020  p=00021
Log[eGFR] -0.2344 —-0.0603 -0.2573 —-0.2268 —-0.0872 -0.079% —0.00033 —0.00135 0.0100
p=00214  p=05993  p=00086 p=00264 p=04386 p=04777 p=09978  p=09911  p=09338
Phosphate - 0.2304 - - 0.2161 0.2088 0.1707 0.1503 0.1597
p=0.0085 p=00116  p=00143  p=0055 p=00874  p=00710
DM - 0.2883 - - 0.2373 0.2248 0.1892 0.1884 0.1819
p=00003 p=00027 p=00045 p=00174 p=00169  p=00213
SBP - - - - - 0.0055 0.00552 0.0056 0.00574
p=01362  p=0.155 p=0.1497  p=0.1374
warfarin - - - 0.1220 - - 0.1295 - 0.1183
p=03450 p=02664 p=03068
ACEI/ARB - - 0.2781 - 0.2028 0.1987 0.1677 0.1671 0.1685
p=00007 p=00107 p=00119 p=00487 p=00478  p=0046]
Hypertension - - - - - - 0.1340 0.1130 0.1170
p=0.2259 p=0.3048 p=0.2884
Dyslipidemia - - - - - - —0.0808 —-0.1013 —-0.0977
p=03340  p=02258  p=02429
LDL-C - - - - - - —0.00062 —0.00073 —0.00066
p=06221  p=05620  p=06001
Diuretics - - - - - - 0.1696 0.1809 0.1745
p=00392  p=00266  p=00327
Malignancy - - - - - - - -0.1412 -0.1361
p=00929  p=0.1056

B values (upper line) and statistical p values (lower line) are shown in various regression models. The number of patients analyzed here are 121. The effects of
age, phosphate, systolic blood pressure (SBP), and low-density lipoprotein cholesterol (LDL-C) are shown as per 1year, per 1 mg/dL, per 1 mmHg and 1 mg/dL,
respectively. Calc, calcification volume, BSA body surface area calculated with Fujimoto’s formula, eGFR estimated glomerular filtration rate, DM diabetes mellitus,
SBP systolic blood pressure, LDL-C low-density lipoprotein cholesterol, ACEl angiotensin-converting-enzyme inhibitor, ARB angiotensin Il receptor blocker

malignancy with log [Calc/BSA] was not significant (p =
0.8414). In univariate analyses, the difference of the me-
dian values of log [Calc/BSA] was 1.10 with or without
warfarin (Fig. 3). That was 0.53 with or without ACEI/
ARB (Fig. 3).

Next, we performed multivariate linear regression ana-
lyses for the outcome of log [Calc/BSA] (Table 2). In
model 3, where log [Calc/BSA] was adjusted by age, sex
log [eGFR] and ACEI/ARB use, ACEI/ARB use showed
a positive and significant association with log [Calc/
BSA]. When the explanatory variables such as phos-
phate, DM or SBP were further added as in model 5 or
model 6, ACEI/ARB use still showed a positive and
significant association (Table 2). When the explanatory
variables such as presence of hypertension, presence of
hyperlipidemia, LDL-C, use of diuretics, or presence of
malignancy were further added as in model 7, model 8
or model 9, ACEI/ARB use still showed a positive and
significant association with log [Calc/BSA] (Table 2).
The range of p value of ACEI/ARB in various multivari-
ate models is from 0.1671 to 0.2781, which indicates that

the differences of log [Calc/BSA] with or without ACEI/
ARB were from 0.1671 to 0.2781 (Table 2). On the other
hand, warfarin was not significant.

The duration of the use of ACEI/ARB is shown in
Fig. 4. Because 31 patients were unknown as to the dur-
ation of ACEI/ARB, we excluded these 31 patients in the
following analyses and the characteristics of the
remaining 90 patients are shown in Table 1B. In 90 pa-
tients, group 3 had significantly higher log [Calc/BSA]
than group 1 (P =0.0060) with Tukey-Kramer HSD test.
There was a significant trend that the longer the dur-
ation of ACEI/ARB, the higher log [Calc/BSA] (P=
0.0022) with Jonckheere-Terpstra trend test. In multi-
variate linear regression analysis where log [Calc/BSA]
was adjusted by age, sex, log [eGFR], and the duration
category of ACEI/ARB, the longer duration of ACEI/
ARB more than 2years showed an independent and
positive association with log [Calc/BSA] (model A,
Table 3). Even after the further adjustment by the
various factors such as phosphate, DM, hypertension,
dyslipidemia, diuretics or malignancy as in model B,
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Fig. 4 Time duration association of ACEI/ARB and vascular
calcification volume. Patients using ACEI/ARB were categorized into
three groups according to the duration time. Thirty-one patients
were excluded from the analysis because of unknown duration time.
Tukey-Kramer HSD test shows that the longest duration Group 3 has
higher log [Calc/BSA] than the shortest Group 1 (p = 0.0060).
Jonckheere-Terpstra trend test shows statistically significant
increment of log [Calc/BSA] in accordance with the duration time

(p =0.0022). ACEI, angiotensin-converting-enzyme inhibitor; ARB,
angiotensin Il receptor blocker; BSA, body surface area calculated
with Fujimoto’s formula; Calc, calcification volume

model C and model D, ACEI/ARB treatment in Group 3
seems to consistently contribute to higher log [Calc/
BSA] by 0.2268 to 0.2864 as compared with the refer-
ence group (Table 3).

Discussion

Our results suggest that ACEI/ARB user might be inde-
pendently and significantly associated with vascular
calcification in predialysis patients with low eGFR.
However, the difference of log [Calc/BSA] with or with-
out ACEI/ARB was about from 0.1671 to 0.2781 in
multivariate analyses (Table 2). These correspond to
1.18-1.32 of Calc/BSA (mL/m?). Although the differ-
ences were statistically significant, the value was quite
small. In other words, whether ACEI/ARB has a clinic-
ally significant impact on the vascular calcification or
not remains unknown.

In the present study, use of warfarin was not associ-
ated with log [Calc/BSA] in multivariate analysis, but
was significantly associated in the univariate analysis.
Considering that warfarin inhibits matrix Gla protein, a
vitamin K-dependent protein produced by vascular
smooth muscle, and also a key inhibitor of vascular cal-
cification [14], our results of the univariate analysis are
almost compatible to the previously known fact. In the
present study, use of diuretics was positively and signifi-
cantly associated with log [Calc/BSA] in multivariate
analysis as in model 7 or model 8 (Table 2). Considering
that the use of diuretics induces hypomagnesemia [15]
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Table 3 Time-duration association of ACEI/ARB use and vascular
calcification volume

Model A Model B Model C Model D
Adjusted R? 0493 0.559 0587 0597
Age 0.0575 0.0638 0.0573 0.0612
p < 0.0001 p <0.0001 p < 0.0001 p < 0.0001
Male 0.2862 0.2946 0.2488 0.2587
p =00055  p=0.0031 p=00129  p=00092
Log [eGFR] —-0.1592 0.0202 0.1166 0.1099
p=01669 p=08804 p=04002 p=04222
Phosphate - 0.2581 0.1928 0.1787
p =00144 p =0.0649 p =0.0838
DM - 0.2520 02217 0.2037
p=0011 p =0.0230 p =0.0351
Hypertension - - 0.2609 02517
p =00221 p =0.0254
Dyslipidemia - - -0.1261 —0.1490
p =0.2071 p =0.1356
Diuretics - - 0.1836 0.1786
p=00602  p=00643
Malignancy - - - —-0.1694
p =0.0867
Group 1 reference reference reference reference
Group 2 03186 0.1600 0.0825 0.0825
p=00854 p=03691 p=06372 p=06330
Group 3 0.2864 0.2605 0.2361 0.2268
p=00060 p=00124 p=00203 p=00241

Patients were categorized into three groups according to the duration time of
ACEI/ARB. Thirty-one patients were excluded from the analysis because of
unknown duration time. The effect of the time-duration of ACEI/ARB was
analyzed by a multi-regression method using the group category as factors.
Group 1, 2, and 3 denote as follows; Group 1 (none or less than 6 months),
Group 2 (between 6 months and 2 years) and Group 3 (more than 2 years)

{3 values (upper line) and statistical p values (lower line) are shown in various
regression models. The effects of age and phosphate are shown as per 1 year
and per 1 mg/dL, respectively

DM diabetes mellitus, ACEI angiotensin-converting-enzyme inhibitor, ARB
angiotensin Il receptor blocker, eGFR estimated glomerular filtration rate

which is associated with vascular calcification [16], our
results are compatible to the previously known fact.
Even after the adjustment by the parameters including
use of diuretics, use of ACEI/ARB was significantly and
positively associated with log [Calc/BSA].

The present study mainly targeted the aorta in humans
with reduced eGFR which is evident from representative
image in Fig. 1, and we showed that ACEI/ARB user
might be associated with vascular calcification. Our
present results are consistent with a recent report by
Herencia C. et al.,, showing the cause and effect relation-
ship between angiotensin II inhibition and calcification
in hyperphosphatemic milieu in vitro [10]. The in vitro
study by Herencia C. et al. is based on the human aortic
smooth muscle cells. Therefore, the in vitro study and
our present study share a concept that the deterioration
of human aortic calcification by blocking angiotensin II
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pathway both in clinical and in vitro point of view. In
terms of vascular calcification and ACEI and/or ARB,
Darabian S et al. reported that patients who received
ACEI and/or ARB had a greater average of coronary ar-
tery calcification score [17], which is consistent with our
results.

Vascular biology and bone biology have many regula-
tory mechanisms in common [3, 18]. In osteoblasts,
angiotensin II significantly induces the expression of re-
ceptor activator of NF-kB ligand (RANKL), which leads
to the activation of osteoclasts. These effects are com-
pletely cancelled by angiotensin II type 1 receptor
blockers [19]. The renin-angiotensin system has a
physiologic function in bone remodeling, and signaling
via ATla receptors negatively regulates bone turnover
and bone mass [20, 21]. Therefore, we speculate that
under reduced eGFR angiotensin II might prevent calci-
fication in vessels, and that blockade of angiotensin II
might promote vascular calcification.

The present study has several limitations. First, the
study population comprised patients with CKD in the
nephrology unit of Osaka National Hospital. Addition-
ally, patients who undergo thoracoabdominal CT tend to
have severe disorders. Therefore, a selection bias is un-
avoidable. Second, as this was a retrospective cross-
sectional observational study, it cannot show causal rela-
tionships. The present study results do not completely
rule out the possibility that patients on ACEI/ARB were
formerly at high risk for vascular calcification. In other
words, our present results might be the results of unob-
vious confounding factors. Thirdly, a prescription bias
may be unavoidable. But we have already confirmed that
there were no statistical differences among Group 1,
Group 2 and Group 3 in terms of age, sex, albumin, cor-
rected calcium, phosphate, product of corrected calcium
and phosphate, log [eGFR], phosphate binder with
calcium, phosphate binder without calcium, and SBP ex-
cept for DM (Supplementary Data). Magnesium concen-
tration was not included in Supplementary Data due to
the substantial number of lacking data, however, there
was no statistical difference between Group 1, Group 2
and Group 3. Lastly, the study population included pa-
tients with malignancy. However, the significant associ-
ation of log [Calc/BSA] and ACEI/ARB was consistently
maintained even after the adjustment by the presence of
malignancy in multivariate analyses such as in model 8
(Table 2).

Conclusions

ACEI/ARB user might be associated with vascular
calcification in predialysis patients with low eGFR.
This result is consistent with in vitro study showing
that angiotensin II modulation influences calcification.
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Prospective studies with larger numbers of patients or
more in vitro studies are needed to confirm whether
the observed phenomenon is due to the use of ACEI/
ARB itself, the underlying disease condition or the
prescription bias.
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The online version contains supplementary material available at https://doi.
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