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OBJECTIVE —Recent study has suggested that not only the presence of hypertension but also
the variability in systolic blood pressure (SBP) are risk factors for vascular disease and organ
damage. The aim of this study was to investigate the relationship between visit-to-visit variability
in SBP and change in urinary albumin excretion (UAE) or development of albuminuria in patients
with type 2 diabetes.

RESEARCH DESIGN AND METHODS —\We measured SBP in 354 consecutive patients
atevery visit during 1 year and calculated the coefficient of variation (CV) of SBP. We performed a
follow-up study to assess change in UAE or development of albuminuria, the mean interval
of which was 3.76 = 0.71 years. Then, we evaluated relationships of variability of SBP to
diabetic nephropathy using multiple regression analysis and multiple Cox regression
model.

RESULTS—Multiple regression analysis demonstrated that CV of SBP was independently
associated with change in UAE (B = 0.1758; P = 0.0108). Adjusted Cox regression analyses
demonstrated that CV of SBP was associated with an increased hazard of development of albu-
minuria; hazard ratio was 1.143 (95% CI 1.008-1.302).

CONCLUSIONS —Visit-to-visit variability in SBP could be a novel risk factor for the devel-
opment and progression of diabetic nephropathy in patients with type 2 diabetes.
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ardiovascular disease (CVD) is the

primary cause of mortality and mor-

bidity in patients with type 2 di-
abetes, and several risk factors including
smoking, hypertension, and dyslipidemia
have been shown to accelerate the pro-
gression of CVD (1,2). Elevated albumin
excretion rate, which is a useful marker
for diabetic nephropathy, has been reported
to be associated with increased risk of car-
diovascular mortality and the progression
of CVD (3,4). The presence of hyperten-
sion and the variability in blood pressure

are strong predictors of all mortality (5),
CVD (6-8), and organ damage such as
chronic kidney disease (9). However,
there is a recent study that does not fa-
vor a prognostic role of variability in
blood pressure. Mancia et al. (10) reported
that in patients with mild-to-moderate
hypertension, carotid intima-media
thickness and cardiovascular outcomes
were not related to on-treatment visit-to-
visit clinic or 24-h blood pressure vari-
ability. A recent study suggested that
visit-to-visit variability in blood pressure
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was associated with the development of
diabetic nephropathy in patients with
type 1 diabetes (9). Also, we recently re-
ported that visit-to-visit variability in sys-
tolic blood pressure (SBP) is correlated
with albuminuria in a cross-sectional
study (11). However, a relationship be-
tween visit-to-visit variability in blood
pressure and the progression or develop-
ment of diabetic nephropathy in patients
with type 2 diabetes has not been investi-
gated. Therefore, we evaluated the rela-
tionship between visit-to-visit variability
in SBP and change in the urinary albumin
excretion (UAE) or the development of
albuminuria in patients with type 2
diabetes.

RESEARCH DESIGN AND
METHODS

Patients and study design

We performed a retrospective cohort
study in 354 participants recruited from
the outpatient clinic at the Kyoto Pre-
fectural University of Medicine from April
2008 to September 2012. Type 2 diabetes
was diagnosed according to the Report of
the Expert Committee on the Diagnosis
and Classification of Diabetes Mellitus
(12). BMI was calculated as weight in kilo-
grams divided by height in meters
squared. Patients were classified as non-
smokers, past smokers, or current smok-
ers according to a self-administered
questionnaire. Nephropathy was graded
as follows: normoalbuminuria, UAE
<30 mg/g creatinine (Cr); microalbumi-
nuria, 30-300 mg/g Cr; or macroalbumi-
nuria, >300 mg/g Cr. Patients with
advanced renal dysfunction (serum Cr
>2.0 mg/dL) or malignancy, patients
with major cardiovascular event or newly
prescribed ACE inhibitor or angiotensin
1T receptor blocker during follow-up, and
patients with any changes of medication
for hypertension during 1 year of blood
pressure data collection were excluded
from this study. We then evaluated
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relationships of variability in blood pres-
sure to change in UAE in all patients and
calculated the hazard ratio for develop-
ment of albuminuria in patients with nor-
moalbuminuria. This study was approved
by the local research ethics committee
and was conducted in accordance with
Declaration of Helsinki; informed con-
sent was obtained from all participants.

Measurement of blood pressure and
data collection

We measured blood pressure at every visit
during 1 year and calculated the visit-to-
visit variability in blood pressure. After
collection of blood pressure data, blood
and urine samples were collected as base-
line data. As a follow-up study, we col-
lected urine samples for calculation of
UAE at the end of the follow-up.

Sitting blood pressure was measured
twice after a 5-min rest at every visit
during 1 year in quiet space using a device
(HEM-906: OMRON) that automatically
measures blood pressure, and the refer-
ence was an average of two values. The
visit-to-visit variability in blood pressure
was calculated as follows: coefficient of
variation (CV) = SD/average blood pres-
sure X 100.

Blood samples were taken in the
morning at baseline. Serum total choles-
terol and triglyceride concentrations were
assessed using standard enzymatic meth-
ods. Hemoglobin A;. was assayed using
high-performance liquid chromatogra-
phy and expressed with the unit defined
by the National Glycohemoglobin Stan-
dardization Program. Urinary albumin
and Cr concentrations were determined
from an early morning spot urine collec-
tion. The UAE was measured with an im-
munoturbidimetric assay. A mean value
for UAE was determined from three urine
collections. Change in UAE was calcu-
lated as follows: change in UAE = increase
of UAE/follow-up duration (year). Devel-
opment of albuminuria was defined as
UAE =30 mg/g Cr.

Statistical analysis

Means and frequencies of potential con-
founding variables were calculated. Be-
cause triglycerides showed skewed
distributions, log transformation was per-
formed before performing correlation and
regression analysis. The relationships be-
tween visit-to-visit variability in SBP and
change in UAE as well as the relationships
between visit-to-visit variability in SBP
and age or other variables were examined

by Pearson correlation analyses. To ex-
amine the effects of various factors on
change in UAE or development of albu-
minuria defined as UAE =30 mg/g Cr, the
following factors were considered simul-
taneously as independent variables for
multiple regression analysis: age, sex, du-
ration of diabetes, BMI, average SBP, CV
of SBP, hemoglobin A, total cholesterol,
logarithm of triglyceride, uric acid, smok-
ing status, antihypertensive drug, and
statin. For multiple Cox regression
model, the following factors were con-
sidered simultaneously as independent
variables: age, sex, duration of diabetes,
BMI, average SBP, CV of SBP, hemoglo-
bin A, total cholesterol, logarithm of
triglyceride, uric acid, baseline UAE,
smoking status, antihypertensive drug,
and statin. All continuous variables are
presented as the mean * SD or absolute
number. P < 0.05 was considered statis-
tically significant. The size, direction,
and statistical significance of relation-
ships were estimated by the hazard ratio
with 95% CI.

RESULTS —Characteristics of the 354
patients with type 2 diabetes enrolled in
this study are shown in Table 1. Mean CV
of SBP was 8.0 = 4.0%. The average du-
ration of follow-up was 3.76 = 0.71
years. The average number of measure-
ments per subject during the year of

Table 1—Characteristics of patients
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blood pressure data collection was
7.19 ®£ 2.02. The average interval of
blood pressure measurements was
1.67 % 0.47 months, and they were reg-
ularly spaced. Change in UAE was 16.1 =
28.7 mg/g Cr. There were 218 patients
(61.6%) with normoalbuminuria at base-
line. During the study period, 28 patients
had development of albuminuria. The
CV of SBP positively correlated with age
(r = 0.3042; P = 0.0001), duration of
diabetes (r = 0.2085; P = 0.0001), or
change in UAE (r = 0.1447; P = 0.0085),
and negatively correlated with BMI (r =
—0.1239;P=0.0215). No significant cor-
relations were found between CV of SBP
and average SBP, hemoglobin A, total
cholesterol, logarithm of triglycerides, or
uric acid. Multiple regression analyses of
change in UAE are shown in Table 2. Mul-
tiple regression analysis demonstrated
that the average of SBP (B = 0.2167; P =
0.0023) or CV of SBP (B = 0.1758; P =
0.0108) was independently associated
with change in UAE. Adjusted Cox re-
gression analyses demonstrated that aver-
age SBP, CV of SBP, total cholesterol, or
logarithm of triglycerides were associated
with an increased hazard of development
of albuminuria; hazard ratios of those
were 1.047 (95% CI 1.002-1.103),
1.143 (1.008-1.302), 1.024 (1.002-
1.050), or 18.40 (1.407-326.5), respec-
tively (Table 3).

N

Age (years)

Sex (male/female)

Duration of diabetes (years)
BMI (kg/m?)

Average SBP (mmHg)

CV of SBP (%)

Hemoglobin A;. (%)

Total cholesterol (mmol/L)
Triglyceride (mmol/L)

Uric acid (pmol/L)

Cr (umol/L)

Smoking (none/past/current)
Retinopathy (NDR/SDR/PDR)

354
65.5 (9.3)
218/136
15.0 (10.7)
23.5(3.8)
131.6 (12.7)
8.0 4.0)
75(1.2)
4.96 (0.85)
1.45 (1.03)
315.2 (87.4)
70.6 (33.7)
263/61/30
239/45/70

Nephropathy (normoalbuminuria/microalbuminuria/

macroalbuminuria)
Cardiovascular disease (negative/positive)
Antidiabetic treatment (diet/OHA/insulin)

218/98/38
290/64
39/249/122

Antihypertensive drug (calcium channel blocker/diuretic drug/ACE

inhibitor/ARB/a-blocker/B-blocker)
Statin (negative/positive)

125/42/25/168/10/10
164/190

Data are expressed as mean (SD) or absolute number. ARB, angiotensin 11 receptor blocker; NDR, no diabetic
retinopathy; OHA, oral hypoglycemic agent; PDR, proliferative diabetic retinopathy; SDR, simple diabetic

retinopathy.
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Table 2—Simple correlation and multiple regression analyses on change in urinary albumin

excretion
r p B p

Age 0.1222 0.0261 0.0141 0.8521
Sex = = 0.0774 0.2968
Duration of diabetes 0.0971 0.0849 —0.0064 0.9295
BMI 0.0157 0.7776 —0.0296 0.6863
Average SBP 0.2062 0.0002 0.2167 0.0023
CV of SBP 0.1447 0.0085 0.1758 0.0108
Hemoglobin A —0.0304 0.5819 —0.0400 0.5573
Total cholesterol —0.0864 0.1408 —0.0463 0.4986
Logarithm of triglyceride —0.0148 0.7892 —0.0659 0.3688
Uric acid 0.1406 0.0197 0.0681 0.3323
Smoking status — — —0.0855 0.2199
Calcium-channel blocker = = 0.0940 0.1821
Diuretic drug — — 0.1082 0.1371
ACE inhibitor = = —0.0637 0.3469
Angiotensin II receptor blocker — — —0.0309 0.6612
a-Blocker = = —0.0676 0.3006
B-Blocker — — 0.0216 0.7685
Statin = = 0.0659 0.3155

Sex was defined as female (0) or male (1); smoking status was defined as nonsmoker (0), past smoker (1),
or current smoker (2); and medication for hypertension or dyslipidemia was defined as without (0) or

with (1).

CONCLUSIONS —The major finding
of our study is that visit-to-visit variability
in SBP is a risk factor for progression of
UAE or development of albuminuria.
Recent studies have suggested that
an increased visit-to-visit variability in
blood pressure was a risk factor for

cerebrovascular events (7), myocardial
infarction (8), and all mortality (5) inde-
pendently of average blood pressure.
Kilpatrick et al. (9) have reported that
visit-to-visit variability in blood pressure
consistently and independently added to
mean blood pressure in predicting the

Table 3—Multivariate adjusted hazard ratios for development of albuminuria

Hazard ratio (95% CI) P

Age

Sex

Duration of diabetes

BMI

Average SBP

CV of SBP

Hemoglobin A,

Total cholesterol

Logarithm of triglycerides

Uric acid

Baseline urinary albumin excretion
Smoking status
Calcium-channel blocker
Diuretic drug

ACE inhibitor

Angiotensin II receptor blocker
a-Blocker

B-Blocker

Statin

1.077 (0.986-1.188)
1.155 (0.328-4.013)
1.007 (0.967-1.044)
0.856 (0.640-1.074)
1.047 (1.002-1.103)
1.143 (1.008-1.302)
0.924 (0.453-1.684)
1.024 (1.002-1.050)
18.40 (1.407-326.5)
0.999 (0.664-1.406)
1.044 (0.968-1.129)
1.257 (0.445-3.329)
0.332 (0.096-1.091)
2.182 (0.275-11.27)
6.571 (0.718-45.29)
2.860 (0.852-11.57)
0.112 (0.001-6.368)
2.679 (0.133-26.72)
2.123 (0.676-7.218)

0.1018
0.8202
0.7260
0.2062
0.0392
0.0370
0.8108
0.0366
0.0257
0.9965
0.2673
0.6523
0.0580
0.4187
0.0896
0.0915
0.3461
0.4607
0.1990

Sex was defined as female (0) or male (1); smoking status was defined as nonsmoker (0), past smoker (1), or
current smoker (2); and medication for hypertension or dyslipidemia was defined as without (0) or with (1).

risk of diabetic nephropathy, but not reti-
nopathy, in the Diabetes Control and
Complications Trial, which was a 9-year
follow-up study of 1,441 participants
with type 1 diabetes. Recently, we
reported a cross-sectional study of rela-
tionship between visit-to-visit variability
in SBP and diabetic nephropathy in pa-
tients with type 2 diabetes (11). In this
study, multiple regression analysis re-
vealed that CV of SBP was associated
with progression of UAE after adjustment
for the other risk factors, and multiple
Cox regression model revealed that CV of
SBP was associated with the increase in the
hazard of development of albuminuria.

In other studies, not only SD of SBP
but also CV of SBP exhibited an increase
as average on-treatment blood pressure
increased. For this reason, Rothwell et al.
(6) made use of variation independent of
mean at which this relationship was lost.
However, no significant correlations were
found between CV of SBP and average
SBP, and CV of SBP was a risk factor for
the development and progression of dia-
betic nephropathy after adjustment for
average SBP in this study.

Because antihypertensive drugs such
as angiotensin II receptor blocker could
delay the development of albuminuria in
patients with diabetes (13), we excluded
patients with newly prescribed ACE in-
hibitor or angiotensin II receptor blocker
during a follow-up. Because visit-to-visit
variability could be determined by im-
proper titration of antihypertensive ther-
apy and by improper downward titration
of antihypertensive drug regimen during
summer (14), we excluded the patients
with any changes of medication for hyper-
tension during 1 year of data collection.
Anglo-Scandinavian Cardiac Outcomes
Trial Blood Pressure—-Lowering Arm
(ASCOT-BPLA) indicated that benefits
of calcium channel blocker in the preven-
tion of CVD may be partly attributed to the
reduction in visit-to-visit variability in
blood pressure (6). In our study, visit-to-
visit variability in SBP was associated with
progression of UAE or development of al-
buminuria even after adjustment for anti-
hypertensive drug class.

Because a small proportion of nor-
moalbuminuric patients had develop-
ment of albuminuria, the increase in
albuminuria associated with CV of SBP
presumably occurs in patients with albu-
minuria. Multiple regression analysis
demonstrated that average of SBP (B =
0.2510; P = 0.0054) or CV of SBP (B =
0.2039; P = 0.0271) was independently
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associated with change in UAE in patients
with normoalbuminuria. Furthermore,
inclusion of baseline UAE in the regres-
sion models did not affect the relationship
between CV of SBP and development of
albuminuria.

Variability in SBP is a dynamic and
complex phenomenon as a result of in-
tricate interactions among behavioral,
environmental, humoral, and neural cen-
tral or reflex influences (15). Particularly,
visit-to-visit variability in blood pressure
can be altered by environmental stimuli
(16). It is still not clear how blood pres-
sure variability impacts vascular damage
or organ damage such as chronic kidney
disease. Kawai et al. (17) reported that
visit-to-visit variability in blood pressure
was associated with renal vascular resis-
tance, which was a useful marker for renal
function and albuminuria. Eto et al. (18)
suggested that increased blood pressure
variability, independently of average
blood pressure level, impairs endothelial
function by inhibiting nitric oxide pro-
duction, enhances neointimal formation,
and thereby may contribute to atherogen-
esis in an animal model. Diaz et al. (19)
suggested that blood pressure variability
was increased with decreased endothelial
function and was associated with the vas-
cular smooth muscle response to nitric
oxide.

There were several limitations in this
study. First, although CV of SBP was
measured in a period preceding measure-
ment of UAE, and therefore preceded
development of frank albuminuria in
normoalbuminuric patients, this study
was still unable to determine the direc-
tion of effect. An intervention reducing
variability in SBP without direct renal
effects would have the capacity to dem-
onstrate causation. Second, the study
population consisted of Japanese men
and women; therefore, it is uncertain
whether these findings are generalized
in other ethnic groups. Third, medication
nonadherence and difference of the time
intervals from drug assumption at visits
might be one of the causes of visit-to-visit
BP variation. Unfortunately, however, we
have no exact data for medication adher-
ence and the time from drug assumption.
Finally, the number of patients available
for analysis was not large, the follow-up
was rather short, and the cases of new
albuminuria were rare in this study. To
make use of all patients, we analyzed the
data as a continuum, thereby considering
small changes in UAE. Recently, how-
ever, Ruggenenti et al. (20) reported that

any degree of measurable albuminuria
had significant cardiovascular risk among
normoalbuminuric patients with type
2 diabetes. We believe that increased
UAE below the threshold or microalbu-
minuria is not likely to be clinically inno-
cent. To assess small change in UAE
exactly, UAE was assessed three times
in this study. Large prospective trials
are needed to better-assess the relation-
ship between variability in SBP and pro-
gression of nephropathy or development
of albuminuria in patients with type 2 di-
abetes.

Clinical guidelines emphasized the
attention to hypertension as a risk factor
for progression of atherosclerosis or or-
gan damage. However, little attention to
variability in SBP could be given. There-
fore, it is important to clarify the role
of variability in SBP in the progression
of diabetic nephropathy. To the best of
our knowledge, this is the first study to
investigate the relationships between
visit-to-visit variability in SBP and pro-
gression of UAE or development of
albuminuria. In conclusion, visit-to-
visit variability in SBP could be a novel
risk factor for progression of diabetic
nephropathy or development of albu-
minuria.
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