Impact of isolated high home systolic blood
pressure on diabetic nephropathy in patients with
type 2 diabetes mellitus: A 5-year prospective
cohort study
Nobuko Kitagawa
Kyoto Furitsu Ika Daigaku
NORIYUKI KITAGAWA
Kyoto Furitsu Ika Daigaku https://orcid.org/0000-0003-3263-9469
Emi Ushigome (  emis@koto.kpu-m.ac.jp )
Kyoto Prefectural University of Medicine https://orcid.org/0000-0003-1031-4380
Hidetaka Ushigome
Kyoto Furitsu Ika Daigaku
Isao Yokota
Hokkaido Daigaku
Masahide Hamaguchi
Kyoto Furitsu Ika Daigaku
Mai Asano
Kyoto Furitsu Ika Daigaku
Masahiro Yamazaki
Kyoto Furitsu Ika Daigaku
Michiaki Fukui
Kyoto Furitsu Ika Daigaku

Original investigation
Keywords: albuminuria, diabetes mellitus, isolated high home systolic blood pressure, diabetic
nephropathy
Posted Date: September 14th, 2020
DOI: https://doi.org/10.21203/rs.3.rs-66901/v1
License:   This work is licensed under a Creative Commons Attribution 4.0 International License.
Read Full License
Page 1/16

Abstract

Background
A previous 2-year cohort study has shown that isolated high home systolic blood pressure (IH-HSBP) may
increase the risk of diabetic nephropathy. However, this association has not been previously assessed
over medium to long term.

Methods
This prospective 5-year cohort study of 424 patients with normoalbuminuria investigated the effect of IHHSBP on the risk of diabetic nephropathy in patients with type 2 diabetes mellitus. Diabetic nephropathy
was defined as advancement from normoalbuminuira to micro- or macroalbuminuria.

Results
Among 424 patients, 75 developed diabetic nephropathy during the study period. Adjusted odds ratio of
developing diabetic nephropathy because of IH-HSBP was 2.39 (95% confidence interval 1.15–4.96, p =
0.02). Sex; body mass index; duration of diabetes mellitus; and levels of hemoglobin A1c, total
cholesterol, creatinine; and use of renin-angiotensin-aldosterone system inhibitors were included in the
model as covariates.

Conclusions
IH-HSBP was associated with an increased risk of diabetic nephropathy among type 2 diabetes mellitus
patients with normoalbuminuria over medium to long term. These findings suggest that IH-HSBP might
be a useful marker in disease prognostication.

Background
Home blood pressure (HBP) control is paramount to diabetic nephropathy prevention [1]. Several
important factors of HBP, including day-to-day variability [2] or pulse pressure [3], have been reported as
relevant to the risk of diabetic nephropathy.
Isolated systolic hypertension (ISH) is diagnosed when systolic blood pressure (SBP) is
disproportionately high compared to diastolic blood pressure (DBP) [4]. ISH has been shown to increase
the risk of premature mortality in patients with cardiovascular disease [5, 6]; it is a common form of
hypertension [7].
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ISH expressed as HBP (home ISH) has also been shown to affect the risk of diabetic nephropathy. In fact,
our group has previously shown that isolated high home systolic blood pressure (IH-HSBP) might be a
useful marker in prognostication of diabetic nephropathy, based on data from a 2 year-cohort study [8].
Nevertheless, the follow-up period in that study was relatively short, likely limiting its statistical power. To
address this limitation, we performed a follow-up study with patients diagnosed with type 2 diabetes
mellitus (DM), aiming to provide valid assessment of the impact of ISH on the risk of diabetic
nephropathy in this patient group over medium to long term.

Methods
We used the same resources in our previous study, which is based on data from the HBP cohort of
patients with type 2 diabetes mellitus who had regularly attended the diabetes outpatient clinic at the
Kyoto Prefectural University of Medicine Hospital or other general hospitals located in Japan
(KAMOGAWA-HBP study) [9].
The present study included patients with type 2 DM; the impact of HBP on the risk of diabetic
nephropathy was evaluated. Nephropathy was graded as follows: normoalbuminuria, defined as urinary
albumin/creatinine ratio (UACR) < 30 mg per gram of creatinine (mg/g Cr); microalbuminuria, defined as
UACR 30–300 mg/g Cr; or macroalbuminuria, defined as UACR > 300 mg/g Cr [10–14]. Development of
diabetic nephropathy was defined as advancement from normoalbuminuira to micro- or
macroalbuminuria within 5 years. The study protocol was approved by the local Research Ethics
Committee; RBMR-E-349, the study adhered to the principles of the Declaration of Helsinki; informed
consent was obtained from all patients prior to enrollment.

Data collection
Blood samples for biochemical measurements were taken in the morning. Serum lipid profile (including
levels of triglycerides, low-density lipoprotein cholesterol, and high-density lipoprotein cholesterol), and
levels of creatinine and hemoglobin A1C (HbA1c), and of other biochemical markers were assessed by
standard laboratory methods. An immunoturbidimetric assay was used to measure UACR; the mean
value of three consecutive urinary measurements was equivalent to UACR. Levels of HbA1c were
classified and reported according to the National Glycohemoglobin Standardization Program guidelines,
as recommended by the Japan Diabetes Society [15]. Data on patient demographic and clinical
characteristics, including sex, age, duration of DM, smoking status, and those on alcohol consumption
and antihypertensive medication use were collected at the same time as HBP measurements began. To
measure the brachial-ankle pulse wave velocity (baPWV), the volume plethysmographic method was
used, which was also the method utilized in our previous cohort study [16]. Diagnosis of diabetic
nephropathy was based on the Diagnostic Nephropathy Study Group criteria [17]. Alcohol drinking status
(never, social, or everyday) and smoking status (never, past, or current) were checked by interview. Type 2
DM was diagnosed based on the American Diabetes Association criteria [18].
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HBP measurements
Patients were instructed to measure their BP three times each morning and evening for 14 consecutive
days, and the 14-day average of the three morning and three evening mean values were calculated for
each. Patients were instructed to measure their morning BP within 1 hour of waking up, before breakfast,
before taking medication, having sat and rested for at least 5 minutes [19]. Similar instructions applied to
evening BP measurements, which were obtained before bedtime. Moreover, patients were instructed that
the cuff of the measuring device should be placed around the contralateral side of the dominant arm,
with its position maintained at the level of the heart. HBP measurements were performed with an
automated device, HEM-70801C (Omron Healthcare Co. Ltd, Kyoto, Japan), which uses a digital display
to present values of SBP/DBP and heart rate, measured using the cuff-oscillometric method. HEM70801C uses the same components and BP-determining algorithm as those of another device, HEM705IT, which was previously validated and satisfied the criteria of the British Hypertension Society
protocol [20].
Patients were classified into four groups based on HBP levels: normal HBP (morning SBP < 125 mmHg
and morning DBP < 75 mmHg), IH-HSBP (morning SBP ≥125 mmHg and morning DBP < 75 mmHg,
isolated high home DBP (IH-HDBP) (morning SBP < 125 mmHg and morning DBP ≥75 mmHg), and high
HBP (morning SBP ≥125 mmHg and morning DBP ≥75 mmHg) [21].

Statistical analysis
Participant baseline characteristics were reported as median with interquartile range or count, as suitable.
Logistic regression analysis was used to assess the relationship between IH-HSBP, IH-HDBP, and high
HBP, and the risk of diabetic nephropathy, with “normal HBP” set as a reference. The following factors
were included as covariates in adjusted models: sex, body mass index (BMI), duration of diabetes, levels
of HbA1c, of total cholesterol, and of creatinine, and use of antihypertensive medication (Model 2).
Separate adjustments were made for use of renin-angiotensin-aldosterone system inhibitors instead of
antihypertensive medications (Model 3).
In addition, subgroup analyses were performed for age (≥65 years vs. <65 years) and SBP control
(≥135 mmHg vs. <135 mmHg). P-values < 0.05 were considered indicative of statistically significant
findings. Statistical analyses were performed using JMP version 13.2 software (SAS Institute Inc., Cary,
NC, USA).

Results
A total of 1,372 consecutive patients with type 2 DM, aged 20–90 years were recruited for this study.
Sixty-four and 422 patients were excluded due to insufficient HBP and UACR data, respectively. In
addition, 148 patients who were newly prescribed angiotensin II receptor blocker (ARB) or angiotensinconverting-enzyme inhibitor (ACE-I) or stopped with them during follow-up, 263 patients who were with
microalbuminuria or macroalbuminuria were also excluded.
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The final sample included 424 patients with normoalbuminuria (Fig. 1). Among them, during 5-year
follow-up period, 74 patients developed microalbuminuria and 1 patient developed macroalbuminuria.
Patient baseline demographic and clinical characteristics are presented in Table 1. Median (interquartile
range) age, duration of diabetes, BMI, and levels of total cholesterol and those of HbA1C were 64.0 (59.0–
70.0) years, 9.0 (4.8–15.0) years, 23.0 (21.4–25.3) kg/m2, 191 (170–212) mg/dL, and 6.6 (6.2–7.3)%,
respectively. The unadjusted odds ratio (OR) with 95% confidence interval (CI) of developing diabetic
nephropathy given IH-HSBP, IH-HDBP, and high HBP was 2.68 (1.36–5.30), 0.78 (0.21–2.81), and 1.63
(0.87–3.04), respectively (Table 2), using normal HBP as a reference. In multivariate analyses, adjusted
OR (95% CI) of developing diabetic nephropathy given IH-HSBP was 2.36 (1.14–4.89, p = 0.02) (Model 2),
and 2.39 (1.15–4.96, p = 0.02) in Model 3 (Table 2).
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Table 1
Characteristics of patients
Male/female

228/196

Age (y)

64.0 (59.0–70.0)

Duration of diabetes (y)

9.0 (4.8–15.0)

Body mass index (kg/m2)

23.0 (21.4–25.3)

Mean morning systolic blood pressure (mmHg)

128.1 (117.4-138.2)

Mean morning diastolic blood pressure (mmHg)

73.2 (66.5–79.9)

Mean evening systolic blood pressure (mmHg)

123.4 (115.0-133.1)

Mean evening diastolic blood pressure (mmHg)

67.7 (61.9–74.2)

Clinic systolic blood pressure (mmHg)

136.0 (123.0-146.0)

Clinic diastolic blood pressure (mmHg)

76.7 (70.0-80.3)

Hemoglobin A1c (%)

6.6 (6.2–7.3)

Hemoglobin A1c (mmol/mol)

52.0 (48.6–59.5)

Total cholesterol (mg/dL)

191 (170–212)

Creatinine (mg/dL)

0.70 (0.58–0.83)

baPWV

1762(1501–2002)

Smoking status (never/past/current)

258/125/65

Alcohol drinking (never/social/everyday)

263/92/96

Retinopathy (NDR/SDR/PDR)

353/61/33

Neuropathy (-/+)

360/110

Macrovascular complication (-/+)

385/86

Antihypertensive medication (-/+)

232/192

RAS (-/+)

267/156

For categorical variables, n (%) is presented. For continuous variables, median (interquartile range) is
presented. baPWV, brachial ankle pulse wave velocity; NDR, no diabetic retinopathy; SDR, simple
diabetic retinopathy; PDR, proliferative diabetic retinopathy; RAS, renin-angiotensin-aldosterone
system.
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Table 2
Unadjusted and adjusted odds ratios for the development of diabetic nephropathy.
Hypertension status
(n)

Model 1
Unadjusted OR
(95%CI)

* Model 2

P
Value

Adjusted OR
(95%CI)

* Model 3

P
Value

1

Adjusted OR
(95%CI)

P
Value

Normal HBP group
(166)

1

1

Isolated high HSBP
group (106)

2.68 (1.36–
5.30)

0.004

2.36 (1.14–
4.89)

0.020

2.39 (1.15–
4.96)

0.019

Isolated high HDBP
group (35)

0.78 (0.21–
2.81)

0.701

0.54 (0.12–
2.53)

0.438

0.54 (0.12–
52.52)

0.434

High HBP group
(170)

1.63 (0.87–
3.04)

0.126

1.57 (0.79–
3.12)

0.193

1.60 (0.81–
3.17)

0.173

HBP, home blood pressure; HSBP, home systolic blood pressure;
* Model 2: Odds ratios were adjusted for sex, age, duration of diabetes mellitus, body mass index,
hemoglobin A1C, total cholesterol, creatinine and use of antihypertensive medications.
* Model 3: Odds ratios were adjusted for variables in model 2 and additional adjustment for use of
renin angiotensin system inhibitors instead of use of antihypertensive medications.
In sub-group analyses, an adjusted OR (95% CI) for developing nephropathy given IH-HSBP was 1.68
(0.66–4.27) among age ≥ 65 years (Table 3); meanwhile, in age < 65 years an adjusted OR (95% CI) was
3.06 (0.63-15.0) (Table 3) using normal HBP as a reference.
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Table 3
Unadjusted and adjusted odds ratios for the development of diabetic nephropathy in patients equal to or
more than 65 years old and less than 65 years old.
Hypertension
status

Model 1
Unadjusted OR
(95%CI)

* Model 2

P
Value

Adjusted OR
(95%CI)

* Model 3

P
Value

Adjusted OR
(95%CI)

P
Value

≥ 65 years old
Normal HBP
group

1

Isolated high
HSBP group

1.90 (0.85–
4.23)

1
0.116

1.70 (0.67–
4.33)

1
0.263

1.68 (0.66–
4.27)

0.275

༜ 65 years old
Normal HBP
group

1

Isolated high
HSBP group

3.08 (0.76–
12.5)

1
0.116

3.07 (0.62–
15.1)

1
0.167

3.06 (0.6315.0)

0.167

HBP, home blood pressure; HSBP, home systolic blood pressure;
* Model 2: Odds ratios were adjusted for sex, age, duration of diabetes mellitus, body mass index,
hemoglobin A1C, total cholesterol, creatinine and use of antihypertensive medications.
* Model 3: Odds ratios were adjusted for variables in model 2 and additional adjustment for use of
renin angiotensin system inhibitors instead of use of antihypertensive medications.
In subgroup analysis of SBP control, in patients with equal to or more than 135 mmHg, the adjusted odds
ratio (95% CI) of IH-HSBP, using normal HBP as a reference group for the development of diabetic
nephropathy, was 5.39 (1.92–18.6) (Table 4). In patients with < 135 mmHg, the adjusted odds ratio (95%
CI) of IH-HSBP was 0.71 (0.32–1.35) (Table 4).
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Table 4
Unadjusted and adjusted odds ratios for the development of diabetic nephropathy in patients according
to systolic blood pressure.
Hypertension
status

Model 1
Unadjusted OR
(95%CI)

* Model 2

P
Value

Adjusted OR
(95%CI)

* Model 3

P
Value

Adjusted OR
(95%CI)

P
Value

≥ 135 mmHg
Normal HBP
group

1

Isolated high
HSBP group

4.21 (1.73–
12.6)

1
0.0009

5.59 (2.02–
19.1)

1
0.0005

5.39 (1.92–
18.6)

0.0008

༜ 135 mmHg
Normal HBP
group

1

Isolated high
HSBP group

1.31 (0.63–
2.52)

1
0.452

0.75 (0.33–
1.57)

1
0.449

0.71 (0.32–
1.35)

0.384

HBP, home blood pressure; HSBP, home systolic blood pressure;
* Model 2: Odds ratios were adjusted for sex, age, duration of diabetes mellitus, body mass index,
hemoglobin A1C, total cholesterol, creatinine and use of antihypertensive medications.
* Model 3: Odds ratios were adjusted for variables in model 2 and additional adjustment for use of
renin angiotensin system inhibitors instead of use of antihypertensive medications.

Discussion
In the present study, IH-HSBP was associated with increased risk of diabetic nephropathy in patients with
type 2 DM during a 5-year follow-up period.
The results are expected to be in line with the previous 2 year-cohort study [8]. The mechanism likely to
account for the association between IH-HSBP and diabetic nephropathy risk has been described
elsewhere [22–28]. Increased arterial stiffness has been associated with the development of ISH [29].
Further arterial aging might result in additional increase of IH-HSBP, which is a risk factor for target organ
dysfunction [30] and diabetic nephropathy [31].
In the present study, IH-HSBP was associated with an increased risk of diabetic nephropathy; however,
high HBP was not. The patients in the IH-HSBP group were older than those in the high HBP group (69.6
vs. 60.6 years, P < 0.001). When arterial stiffness was compared between the IH-HSBP and High-HBP
groups using the baPWV measurements, there appeared to be higher arterial stiffness among patients in
the IH-HSBP group than in those in the High-HBP group (1892 vs. 1784 m/s, P = 0.053) [16, 32]. Arterial
aging in IH-HSBP may be associated with increased odds for the development of diabetic nephropathy.
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ISH among young-to-middle-aged Japanese people is associated with premature mortality due to
cardiovascular disease [33]. In the present study, age-stratified sub-group analysis revealed that the
adjusted OR was higher among patients aged < 65 years than in those aged ≥65 years. These findings
were consistent with those of our previous study [8]. Meanwhile, subgroup analyses stratified by SBP
status revealed that IH-HSBP increased the risk of diabetic nephropathy only in patients with SBP ≥
135 mmHg. Patients with IH-HSBP may be at a lower risk if their SBP measurements meet the
hypertension diagnostic criteria of less than 135 mmHg [34]. It should be noted that patients in this group
were older (66.2 vs. 61.6 years old, P < 0.001) and more likely to take antihypertensive medications (69.1%
vs 45.5%) than patients with SBP < 135 mmHg. Patients with SBP ≥135 mmHg had remarkable ISH,
which would be associated with arterial damage and diabetic nephropathy.
To the best of our knowledge, this is the first study to evaluate the impact of IH-HSBP on the risk of
diabetic nephropathy in patients with type 2 DM over a medium to long term.
Nevertheless, this study has several limitations, which should be considered when interpreting its
findings. First, we did not have data on salt intake, protein intake, or levels of exercise, which would be
associated with the development of diabetic nephropathy [27, 35–37]. In this regard, we could not clearly
identify the prognostic significance of HBP for the development of diabetic nephropathy even in a longer
study. Second, only Japanese men and women were included in the study population. Therefore, these
findings might not be generalized to other ethnic groups. Third, only single baseline measurement of BP
were performed. This may be potential bias. However, the association of target organ damage was
confirmed by BP at baseline or during follow-up [38]. Single BP assessments would be reliable when the
addition of subsequent values do not significantly alter the results.

Conclusions
In conclusion, IH-HSBP in patients with type 2 diabetes mellitus was a prognostic factor for the
development of diabetic nephropathy in a prospective 5-year cohort study.

Abbreviations
IH-HSBP, isolated high home systolic blood pressure
HBP, home blood pressure
ISH, isolated systolic hypertension
SBP, systolic blood pressure
DBP, diastolic blood pressure
DM diabetes mellitus
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UACR, urinary albumin/creatinine ratio
HbA1c, hemoglobin A1C
BMI, body mass index
baPWV, brachial–ankle pulse wave velocity
OR, odds ratio
CI, confidence interval
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Figure 1
Study flow diagram for the registration of patients.
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