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Association of Visit-to-Visit
Variability of Systolic Blood
Pressure With Cardiovascular
Disease and Mortality in
Primary Care Chinese Patients
With Type 2 Diabetesd A
Retrospective Population-Based
Cohort Study
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OBJECTIVE

This study aimed to evaluate the impact of visit-to-visit variability (VVV) of systolic
blood pressure (SBP) on cardiovascular disease (CVD) and mortality among pri-
mary care Chinese patients with type 2 diabetes mellitus (T2DM).

RESEARCH DESIGN AND METHODS

Aretrospective cohort study was conducted in 124,105 Chinese adult primary care
patients with T2DM and without prior diagnosed CVD from August 2008 to De-
cember 2009. The VVV of SBP was evaluated using SDs of SBP over 24 months. The
risks of CVD and all-cause mortality associated with variability in SBP were eval-
uated using Cox proportional hazards regression. Subgroup analysis was con-
ducted by the stratification of age, sex, duration of diabetes, the presence of
chronic kidney disease, baseline SBP and trend, and the number and class of
antihypertensive drugs.

RESULTS

A positive linear relationship between the VVV of SBP and the first incidence of
CVD and all-cause mortality was identified over a median follow-up time of
39.5 months. Patients with a low SD of SBP of <5 mmHg had the lowest risks
of CVD and all-cause mortality, and patients with an SD of SBP of $10 mmHg had
significantly higher risks. For every 1 SD increase in the SD of SBP, the risks of CVD,
all-cause mortality, and the composite of both events increased by 2.9% (95% Cl
2.4-3.4%), 4.0% (95% CI 3.5-4.6%), and 3.4% (95% Cl 3.0-3.8%), respectively. A
direct linear relationship was also observed in all selected subgroups.

CONCLUSIONS

SBP variability, irrespective of the mean SBP level, is a potential predictor for the
development of CVD and all-cause mortality in patients with diabetes. In addition
to monitoring BP targets for their patients with diabetes, clinicians should also
remain vigilant about the visit-to-visit fluctuation of BP.
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Diabetes is a global public health issue,
affecting 415 million people around the
world. It contributes to 10% of deaths
worldwide, of which 70% are caused by
the main complication of diabetes,
namely, cardiovascular disease (CVD)
(1,2). A rapidly aging population and
the increasing prevalence of obesity are
reasons why the projected number of
patients with diabetes is expected to
reach 600 million worldwide by 2035
(2). Among the approaches advocated
in diabetes management guidelines
to prevent CVD and premature death
is the recommendation to maintain
optimal blood pressure (BP) (3,4). In
addition to absolute BP readings, in-
creasing attention is being paid to the
harmful effect of BP variability in the
members of the population with dia-
betes (5).
Many studies have shown that a large
uctuation in BP within a short period of
time substantially increased the risk of
morbidity and mortality (6,7), and a re-
cent systematic review and meta-analysis
(5) concluded that the visit-to-visit vari-
ability (VVV) of systolic BP (SBP) was also
associated with CVD and mortality. How-
ever, very few studies have explored the
long-term effect of the VVV of SBP on
clinical outcomes speci cally in popula-
tions with diabetes. Among the 37 stud-
iesincluded in the systematic review, the
target populations were mainly patients
with hypertension, members of the gen-
eral public, or patients with end-stage
renal disease, with only four studies fo-
cusing on patients speci cally with
type 2 diabetes mellitus (T2DM) (5).
Given that patients with diabetes are
two to four times more likely to have
CVD than patients without diabetes
(8,9), it is conceivable that the VVV of
SBP may have a signi cantly different ef-
fect on populations with diabetes versus
those without diabetes. A limited num-
ber of studies (10-12) reported that the
VVV of SBP was associated with the in-
cidence of CVD and all-cause mortality
among members of the population
with diabetes. However, these studies
were limited by having a relatively small
number of patients in whom CVD devel-
oped, or by having been conducted in a
very structured but arti cial setting such
as a randomized clinical trial or in a trial
whose study populations were from hos-
pital-based settings. Given the heteroge-
neity of the population with diabetes,

the results from these studies may not
be generalizable to patients with diabetes
managed in the real-world primary care
outpatient setting. Moreover, these stud-
ies did not adjust for the natural changes,
or trend, in BP over time, which has been
associated with an increased risk of CVD
and mortality (13).

With this gap in the current knowl-
edge, setting-speci ¢ population-based
studies are needed to con rm the effect
of the VVV of SBP on CVD/mortality risk
among those in the population with di-
abetes who are in primary care. This
study aimed to respond to this need by
evaluating the relationship between the
VVV of SBP and CVD/mortality risk in the
Chinese T2DM population that is in pri-
mary care.

RESEARCH DESIGN AND METHODS

Study Design
This territory-wide retrospective cohort
study was conducted between 1 August
2008 and 31 December 2009. Subjects
included Chinese T2DM patients $18
years of age who were without a clinical
diagnosis of CVD and were managed in
any one of the 74 public General Out-
Patient Clinics of the Hong Kong Hospital
Authority (HA). The HA is the largest
governmental organization coordinat-
ing all public-sector hospitals and pri-
mary care clinics in Hong Kong and
manages - 50% of diabetes patients in
primary care. The data obtained were
from a territory-wide study (14) evalu-
ating the effectiveness of a risk assess-
ment and management program for
patients with diabetes. Patients with a
clinical diagnosis of T2DM were identi-
ed from the computerized clinical
management system of the HA using
the International Classi cation of Pri-
mary Care-2 (ICPC-2) code of T90. The
date of rstrecording of SBP was de ned
as the baseline. Figure 1 shows the
timeline for the assessment of the VWV

BP assessment period

Wan and Associates

of SBP and outcome ascertainment in
this study. The SBP readings obtained
at baseline and every 3 months until
the visit 24 months after baseline (total
9 occasions) were retrieved from the
electronic patient record and used for
the calculation of the VVV of SBP be-
cause patients with diabetes who are
managed in the General Out-Patient
Clinics are typically required to book a
follow-up consultation with the doctor
every 3 months. To increase the preci-
sion of estimates, patients with fewer
than ve SBP measurements during the
follow-up period were excluded from
this study. The mean SBP value of an in-
dividual patient was de ned as the aver-
age of all the SBP measurements taken.
Each patient was tracked until the date
of a cardiovascular outcome event, the
date of death, or the date of the last
follow-up visit until the conclusion of the
study on 31 December 2013, whichever
occurred rst. Ethics approval has been
given by all institutional review boards
across the whole territory.

Outcome Measures

The outcomes of interest consisted of the
following three events: 1) CVD event, in-
cluding coronary heart disease (ischemic
heart disease, myocardial infarction, coro-
nary death, and sudden death coded
as K74 to K76 in the ICPC-2, or coded as
410.3, 411.3 t0 414.3, and 798.3 in the
ICD-9-CM), stroke (fatal and nonfatal was
coded as K89 to K91 [ICPC-2] or 430.3 to
438.3 [ICD-9-CM]), or heart failure (coded
as K77 [ICPC-2] or 428.3 [ICD-9-CMY]); 2)
all-cause mortality (identi ed using the
population data from the Hong Kong
Death Registry); and 3) a composite of
CVD and all-cause mortality.

Clinical BP Measurements

The procedure of obtaining and docu-
menting the BP readings in patients
with diabetes followed standardized
guidelines, which were applicable to all

Outcome ascertainment

0 3 6 9 12 15 18 21 24
Months

End of
follow-up

Figure 1—Study design for the investigation of the association of VVV in BP and CVD and all-
cause mortality. The measurements of BP at eight visits (3, 6, 9, 12, 15, 18, 21, and 24 months
after baseline) were used to calculate the mean and VVV. The median follow-up period was

39.5 months after the BP assessment period.
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General Out-Patient Clinics (15). Clini-
cians measured BP after allowing the pa-
tient to rest for at least 5 min without
any distractions, in a seated position,
using a standardized automatic sphyg-
momanometer (TM-2655P or UA-853;
A&D Company, Limited, Tokyo, Japan;
or M3A; EDAN, Shenzhen, People’s Re-
public of China). Multiple BP readings
were taken at each visit, with an interval
of at least 1 min between measure-
ments. If the difference between the
two readings exceeded 5 mmHg, an ad-
ditional measurement would be per-
formed. The BP measurement recorded
in the patient chart was de ned as the
average of these readings.

BP Variability Measurements

The primary measure of SBP VVV was
the SD of SBP levels, which was the
most common measurement of variabil-
ity. Additional measures of variability
were also included as supplementary
measures to increase the robustness of
the analysis. These were as follows: 1)
coef cient of variation, 2) variability in-
dependent of mean, 3) residual SD, 4)
average real variability, and 5) succes-
sive variation. The de nitions of these
indices of variability are shown in
Supplementary Table 1 and have been
commonly used to evaluate the relation-
ship between variability in clinical pa-
rameters and clinical outcome events
(16-18).

Baseline covariates included patients’
sociodemographics, clinical parameters,
disease characteristics, and treatment
modalities. Sociodemographic informa-
tion consisted of age, sex, smoking status,
and alcohol consumption. Clinical param-
eters included BMI, waist-to-hip ratio,
SBP, diastolic BP (DBP), lipid pro le (LDL
cholesterol and total cholesterol-to-HDL
cholesterol ratio), triglyceride level, and
urine albumin-to-creatinine ratio (ACR).
Disease characteristics comprised self-
reported duration of diabetes, family his-
tory of diabetes, and the presence of the
comorbidities hypertension and chronic
kidney disease (CKD). Patients with hy-
pertension were identi ed by an ICPC-2
code of K86 or K87, whereas patients
with CKD were de ned as those with an
estimated glomerular Itration rate
of , 60 mL/min/1.73 m?. Treatment mo-
dalities included the baseline usage of
antihypertensive drugs (e.g., ACE inhibi-
tor [ACEI] or angiotensin receptor blocker

[ARB], b-blocker, calcium channel blocker
[CCB], diuretic and others [e.g., a-blockers,
central-acting antihypertensive agents,
vasodilators]), oral antidiabetic drugs,
insulin-lowering agents, and lipid-lowering
agents. All laboratory assays were per-
formed in laboratories accredited by
the College of American Pathologists, the
Hong Kong Accreditation Service, or the
National Association of Testing Authori-
ties, Australia.

Data Analysis

A multiple imputation method was used
to handle the missing data, except for BP
(19). This method aims at increasing the
power of the analysis and producing
more statistically reliable and applicable
models within clinical practice (20).
Patients with incomplete data were
also taken into account to minimize
unnecessary biases (19). In this study,
all missing data were imputed ve times
using the chained equation method. The
same analysis was conducted for each of
the ve imputed data sets, and these
results were combined based on combi-
nation rules of Rubin (21).

SBP variability was de ned as the SD
of the SBP. All patients were categorized
into 1 of 10 of the following groups
based their SBP variability: 1) SD ,5
mmHg, 2) SD $5 and , 7.5 mmHg, 3)
SD $7.5 and , 10 mmHg, 4) SD $10
and ,12.5 mmHg, 5) SD $12.5 and
, 15 mmHg, 6) SD $15 and ,17.5
mmHg, 7) SD $17.5 and , 20 mmHg,
8) SD $20 and ,22.5 mmHg, 9) SD
$22.5 and ,25 mmHg, and 10)
SD $25 mmHg. Descriptive statistics
were used to display the baseline cova-
riates of each group after multiple im-
putation. Univariate linear and logistic
regressions were used to test differ-
ences in the characteristics between
groups. The incidence rate of CVD, all-
cause mortality, and the composite of
CVD and all-cause mortality were calcu-
lated based on an exact 95% CI with a
Poisson distribution. Multivariable Cox
proportional hazards regressions were
conducted to evaluate the incidence of
outcome events for each group. Three
different models were established to in-
vestigate the association between the
VVV of SBP and each of the outcome
events. The rst model was adjusted
by all baseline covariates to investigate
whether the variability in SBP was clini-
cally signi cant, given that our earlier
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study and other literature had shown a
curvilinear relationship between mean
SBP level and CVD and all-cause mortal-
ity (22). The second model was estab-
lished by modifying the rst one with
further adjustment to the mean and
square of mean SBP values. The third
model was modi ed based on the sec-
ond model with the additional adjust-
ment to the difference in SBP between
baseline and the last record. This was
done in order to address the observa-
tion that BP tends to decline with age,
and this model adjusts for the effect of
the trend over time (13). The plot of the
scaled Schoenfeld residuals against time
for the covariates was performed to
check the proportional hazards assump-
tion. Avariancein ation factor was used
to check for the presence of multicolli-
nearity. Data analysis showed that all
models ful lled proportional hazards as-
sumption and that no multicollinearity
existed. The restricted cubic splines with
three knots in Cox models were con-
ducted to evaluate the nonlinear rela-
tionship between the VVV of SBP and
the outcomes (23). In order to minimize
the potential bias due to multiple impu-
tation, the high degree of severity of the
disease at baseline, and the number of
SBP measurements, four sensitivity
analyses were conducted. First, the anal-
ysis was repeated without using multiple
imputation. Second, patients with a fol-
low-up period ,1 year after their
24-month visit were excluded. Third, pa-
tients with at least two SBP measure-
ments were included. Fourth, patients
who were missing one of eight SBP mea-
surements after baseline were excluded.
Subgroup analyses strati ed by age
(565 and $65 years), sex, duration of
diabetes (, 1 year and $1 years), the
presence of CKD, controlled BP (mean
SBP ,130 mmHg and DBP ,80
mmHg), and uncontrolled BP (mean
SBP $130 mmHg or DBP $80 mmHg,
respectively), the change of BP (#10,
within 10, $10 mmHg), and the type
and number of types of antihypertensive
drugs (without antihypertensive drug,
one to two types, and three or more
types) at baseline were performed using
the SD of SBP and other indicators of the
VVV of SBP as a continuous variable in
order to con rm the effect of the VVV of
SBP on the outcomes.

All signi cance tests were two tailed,
and those with a P value , 0.05 were
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Table 1—Continued

Patients grouped by SBP variability (SD)

SD of SBP
Group 8
(%20 and

SD of SBP SD of SBP

Group 4
($10 and

SD of SBP
Group 10
($25

SD of SBP
Group 9
($22.5 and

SD of SBP

Group 6
($15 and

SD of SBP
Group 5
($12.5and

SD of SBP
Group 3

($7.5 and

SD of SBP

,22.5
mmHg)

N

Group 7
($17.5and

,17.5
mmHg)

,12.5
mmHg)

Group 2

(5 and
, 7.5mmHg)

(N

SD of SBP
Group 1

All patients

mmHg)

N

» 25 mmHg)

(N

» 20 mmHg)

(N

» 15 mmHg)

(N

» 10 mmHg)

(> 5 mmHg)

(N

total

P value

1,822)

1,807)

3,493)

6,751)

20,794) (N = 12,020)

29,646)

(N=

124,105) (N = 2,954) =15766) (N = 29,052)

(N=

Measurements of variability

of SBP

,0.001*
»0.001*
»0.001*
. 0.001*
,0.001*
,0.001*

28.56 6 3.50
26.11 6 3.85
19.66 6 2.64
28.40 6 8.12
35.65 6 8.06
35.51 6 9.07

23.63 6 0.73
22.10 6 2.45
16.56 6 1.46
23.83 6 5.87
29.91 6 6.36
29.61 6 6.22

21116 0.71
20.02 6 2.23
14.95 6 1.33
21.66 6 5.20
26.97 6 5.85
26.65 6 5.56

18.61 6 0.72
17.92 6 1.99
13346 1.19
19.41 6 457
23.98 6 5.48
23.76 6 4.92

16.13 6 0.72
15.78 6 1.75
11.71 6 1.05
17.18 6 3.87
21216543
20.91 6 4.12

13.65 6 0.72
13.56 6 1.53
10.03 6 0.94
14.86 6 3.26
18.59 6 5.19
17.97 6 3.45

11.2160.71
11.34 6 1.37
8.35 6 0.85

8.80 6 0.72
9.08 6 1.24
6.65 6 0.77
9.90 6 2.13
15.27 6 6.28

11.91 6 2.26
All parameters are expressed as the mean 6 SD or percentages, as appropriate. ARV, average real variability; CV, coef cient of variation; HDL-C, HDL cholesterol; LDL-C, LDL cholesterol; Other antihypentensive

6.47 6 0.69
6.88 6 1.10

4.17 6 0.69
4.59 6 0.98
3.31 6 0.65
4796124
16.19 6 9.88
5.76 6 1.36

11.88 6 4.62
11.86 6 4.36
8.76 6 3.23
12.92 6 5.43
18.03 6 7.31
15.66 6 6.47

SD
cv

5.01 6 0.70
7.38 6 1.65
15.17 6 8.03

VIM

RSD

12.42 6 2.65
16.54 6 5.41
14.97 6 2.81

ARV
SV

8.86 6 1.77

drugs, acarbose, glucagon-like peptide 1 agonist, meglitinides; RSD, residual SD; SV, successive variation; TC, total cholesterol; VIM, variation independent of mean. *Signi cant difference (P , 0.05) by univariate

linear or logistic regression.

considered to be statistically signi cant.
All data analyses were conducted using
STATA version 13.0.

RESULTS

A total of 148,713 Chinese primary care
patients with T2DM who were $18
years old and had at least one previous
SBP value recorded between 1 August
2008 and 31 December 2009 were
identi ed. After excluding 11,098 pa-
tients with a clinical diagnosis of CVD,
250 patients without follow-up, 10,242
patients with fewer than ve SBP mea-
surements, and 3,018 patients with CVD
or mortality in the rst 24 months after
baseline, the remaining 124,105 pa-
tients with T2DM were included in the
data analysis. The data completion rate
for each baseline covariate was - 90%.

Table 1 summarizes the baseline char-
acteristics of patients in each SBP vari-
ability group after multiple imputation.
Overall, the mean age was 63.2 years
(SD 11.3), females comprised 55.6% of
the group, and patients’ mean duration
of T2DM was 6.2 years (SD 6.5). The av-
erage number of SBP readings recorded
in the medical chart was 8.4 (SD 0.9), the
mean SBP was 135.3 mmHg (SD 12.0),
and the SD of SBP was 11.9 mmHg (SD
4.6). There were signi cant differences
in all baseline characteristics except for
drinking habit, and the usage of oral
hypoglycemic drugs and lipid-lowering
agents between groups. Groups of pa-
tients with higher SBP variability were
older, female, had a relatively longer du-
ration of diabetes but were without a
family history of diabetes, had hyper-
tension and CKD, were taking antihyper-
tensive drugs, and had a higher urine
ACR.

Table 2 demonstrates the number
and incidence rates for CVD events and
all-cause mortality by SBP variability.
After a median follow-up period of
38.5-39.5 months, the incidence rates
for CVD events, all-cause mortality,
and the composite of both events from
the lowest variability (SD , 5 mmHg) to
the highest variability (SD $25 mmHg)
were from 9.5 to 48.9, from 7.1 to 44.6,
and from 15.0 to 81.3 per 1,000 person-
years, respectively. Table 2 also shows
the results of multivariable Cox propor-
tional hazard regressions. After adjust-
ing for all baseline characteristics, the
mean SBP, and the difference in SBP be-
tween baseline and the last record, the
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Table 2—Incidence rate and adjusted hazard ratios for CVDs and all-cause mortality among subjects

SD of SBP SD of SBP SD of SBP SD of SBP SD of SBP SD of SBP SD of SBP SD of SBP
SD of SBP Group 2 Group 3 Group 4 Group 5 Group 6 Group 7 Group 8 Group 9 SD of SBP
Group 1 ($5and ($7.5 and ($10 and ($12.5and ($15and ($17.5 ($20 and ($22.5 and Group 10
(> 5 mmHg) » 7.5 mmHg) » 10 mmHg) , 12.5 mmHg) » 15 mmHg) , 17.5 mmHg) » 20 mmHg) , 22.5 mmHg) » 25 mmHg) ($ 25 mmHg)
(N = 2,954) (N = 15,766) (N =29,052) (N = 29,646) (N = 20,794) (N =12,020) (N = 6,751) (N = 3,493) (N =1,807) (N =1,822)
cvD
Cumulative cases with
event 87 561 1,289 1,594 1,366 911 595 349 189 248
Cumulative incidence rate 2.9% 3.6% 4.4% 5.4% 6.6% 7.6% 8.8% 10.0% 10.5% 13.6%
Person-years 109,737 585,915 1,073,173 1,089,110 752,823 432,458 239,495 121,382 62,861 60,847
Median follow-up, months 39.5 39.5 395 39.5 39.5 39.5 395 39.5 39.5 38.5
lence rate (95% CI)t 9.5 (7.7-11.7) 11.5 (10.6-12.5) 14.4 (13.6-15.2) 17.6 (16.7-18.4) 21.8 (20.6-23.0) 25.3 (23.7-27.0) 29.8 (27.5-32.3) 34.5(31.1-38.3) 36.1 (31.3-41.6) 48.9 (43.2-55.4)
Adjusted HR (95% Cl)
Model 1 Reference 1.06 (0.84-1.33) 1.17 (0.94-1.45) 1.26* (1.01-1.56) 1.40* (1.13-1.74) 1.45* (1.16-1.81) 1.57* (1.25-1.97) 1.74* (1.38-2.21) 1.75* (1.36-2.26) 2.11* (1.65-2.70)
Model 2 Reference 1.06 (0.84-1.32) 1.16 (0.93-1.44) 1.25* (1.00-1.55) 1.38* (1.11-1.72) 1.42* (1.14-1.78) 1.53* (1.22-1.92) 1.68* (1.33-2.13) 1.68* (1.30-2.17) 1.99* (1.55-2.55)
Model 3 Reference 1.06 (0.84-1.32) 1.16 (0.94-1.44) 1.25* (1.00-1.55) 1.38* (1.11-1.72) 1.43* (1.14-1.78) 1.53* (1.22-1.92) 1.68* (1.33-2.14) 1.68* (1.30-2.18) 2.00* (1.56-2.56)
All-cause mortality
Cumulative cases with
event, n 66 342 846 1,097 1,043 710 486 318 173 239
Cumulative incidence rate 2.2% 2.2% 2.9% 3.7% 5.0% 5.9% 7.2% 9.1% 9.6% 13.1%
Person-years 110,873 594,096 1,091,760 1,110,887 772,159 444,392 247,959 126,202 65,527 64,324
Medium follow-up, months 39.5 39.5 39.5 39.5 39.5 395 39.5 39.5 39.5 39.5
Incidence rate (95% CI)t 7.1 (5.6-9.1) 6.9 (6.2-7.7) 9.3 (8.7-9.9) 11.8 (11.2-12.6) 16.2 (15.3-17.2) 19.2 (17.8-20.6) 235 (21.5-25.7) 30.2 (27.1-33.8) 31.7 (27.3-36.8) 44.6 (39.3-50.6)
Adjusted HR (95% CI)
Model 1 Reference 0.84 (0.64-1.09) 0.96 (0.75-1.24) 1.05 (0.82-1.35) 1.24 (0.97-1.60) 1.28 (0.99-1.65) 1.42* (1.10-1.84) 1.72* (1.31-2.24) 1.70* (1.28-2.27) 2.06* (1.56-2.71)
Model 2 Reference 0.85 (0.65-1.11) 1.00 (0.77-1.28) 1.10 (0.85-1.41) 1.31* (1.02-1.68) 1.34* (1.04-1.73) 1.49* (1.15-1.94) 1.80* (1.38-2.36) 1.78* (1.34-2.38) 2.14* (1.62-2.83)
Model 3 Reference 0.85 (0.65-1.11) 1.00 (0.78-1.28) 1.10 (0.85-1.41) 1.30* (1.01-1.67) 1.34* (1.04-1.73) 1.48* (1.14-1.92) 1.79* (1.37-2.34) 1.77* (1.33-2.36) 2.11* (1.60-2.79)
CVD or all-cause mortality
Cumulative cases with
event, n 137 827 1,942 2,409 2,145 1,440 932 573 310 412
Cumulative incidence rate 4.6% 5.2% 6.7% 8.1% 10.3% 12.0% 13.8% 16.4% 17.2% 22.6%
Person-years 109,737 585,915 1,073,173 1,089,110 752,823 432,458 239,495 121,382 62,861 60,847
Medium follow-up, months 39.5 39.5 39.5 39.5 39.5 39.5 39.5 39.5 39.5 38.5
Incidence rate (95% Cl)t  15.0 (12.7-17.7) 16.9 (15.8-18.1) 21.7 (20.8-22.7) 26.5 (25.5-27.6) 34.2 (32.8-35.7) 40.0 (37.9-42.1) 46.7 (43.8-49.8) 56.6 (52.2-61.5) 59.2 (52.9-66.1) 81.3 (73.8-89.5)
Adjusted HR (95% Cl)
Model 1 Reference 0.99 (0.83-1.19) 1.12 (0.94-1.33) 1.20* (1.01-1.42) 1.38* (1.16-1.64) 1.43* (1.20-1.71) 1.54* (1.28-1.84) 1.79* (1.48-2.16) 1.79* (1.46-2.19) 2.17* (1.78-2.63)
Model 2 Reference 1.00 (0.84-1.20) 1.13 (0.95-1.35) 1.22* (1.02-1.45) 1.40* (1.18-1.67) 1.45* (1.22-1.73) 1.55* (1.29-1.86) 1.79* (1.49-2.17) 1.78* (1.45-2.18) 2.14* (1.76-2.60)
Model 3 Reference 1.00 (0.84-1.20) 1.13 (0.95-1.35) 1.22* (1.02-1.45) 1.40* (1.18-1.66) 1.45* (1.22-1.73) 1.55* (1.29-1.85) 1.79* (1.48-2.16) 1.78* (1.45-2.18) 2.13* (1.75-2.59)

HR, hazard ratio; Model 1, HRs were adjusted for age, sex, smoking status, drinking habit, BMI, waist-to-hip ratio, glycated hemoglobin A, DBP, LDL cholesterol, total cholesterol-to-HDL cholesterol ratio,
triglyceride, urine ACR, self-reported duration of diabetes, family history of diabetes, treated hypertension, the presence of CKD, the usage of antihypertensive drugs (ACEI or ARB, b-blocker, CCB, diuretic and
other [acarbose, glucagon-like peptide 1 agonist, meglitinides]), oral antidiabetic drugs, insulin and lipid-lowering agents at baseline; Model 2, HRs were adjusted for variables in Model 1 and additional
adjustment for mean SBP; Model 3, HRs were adjusted for variables in Model 2, and there was additional adjustment for the difference in SBP between baseline and the last record. *Signi cant difference
(P . 0.05) by multivariable Cox proportional hazards regression; tIncidence rate (cases/1,000 person-years) with 95% Cl based on Poisson distribution.


http://care.diabetesjournals.org

276  SBP Variability With CVD and Mortality in T2DM
. ______________________________________________________________________________________________________________________________]

CVD All-cause mortality

Composite of CVD and all-
cause mortality

45
45

Adjusted HR

0 5 10 15 20 25 30 0
SD of SBP

results showed a direct linear associa-
tion between SBP variability (de ned
as SD) and the CVD/all-cause mortality
risk. Patients with low SBP variability
(SD , 5 mmHg) had the lowest risk of
CVD and mortality, whereas patients
with high SBP variability (SD $10 mmHg)
had signi cantly higher risks. Figure 2
demonstrated that no nonlinear associ-
ation between the variability of SBP and
clinical outcomes existed by restricted
cubic spline in Cox models. These sug-
gested that there was a direct linear as-
sociation between the VVV of SBP and
the risks of CVD and all-cause mortality,
and that the VVV of SBP was an inde-
pendent predictor of CVD and all-cause
mortality, irrespective of the SBP levels.
In the sensitivity analysis, with a com-
plete case cohort or after excluding pa-
tients with a follow-up period of ,1
year after their 24-month visit or with
an incomplete number of SBP measure-
ments, similar results were obtained,
supporting the main analysis. Figure 3
and Supplementary Table 2 show that
the SD of SBP and all other measures of
the VVV of SBP were associated with a
signi cantelevation in the risk of CvD and
all-cause mortality among all selected
subgroups. For every 1 SD increase in
the SD of SBP, the risks of CVD, all-cause

5 10 15 20 25 30 o s
SD of SBP

10 15 20 25 30
SD of SBP

Figure 2—Adjusted hazard ratios (HRs) of SD of SBP associated with the incidence of CVD, all-
cause mortality, and the composite of CVD and mortality by the restricted cubic splines in
multivariable Cox proportional hazards regression. HRs were adjusted for age, sex, smoking
status, drinking habit, BMI, waist-to-hip ratio, glycated hemoglobin A;, DBP, LDL cholesterol,
total cholesterol-to-HDL cholesterol ratio, triglyceride, urine ACR, self-reported duration of di-
abetes, family history of diabetes, diagnosed hypertension, the presence of CKD, the usage of
antihypertensive drugs (ACEI or ARB, b-blocker, CCB, diuretic and other [acarbose, glucagon-like
peptide 1 agonist, meglitinides]), oral antidiabetic drugs, insulin and lipid-lowering agents at
baseline, and mean SBP and the difference in SBP between baseline and last record. Solid lines
and dashed lines indicate the adjusted HRs and its 95% Cls, respectively.

mortality, and composite of both events
increased by 2.9% (95% CI 2.4-3.4%),
4.0% (95% Cl 3.5-4.6%), and 3.4% (95%
Cl 3.0-3.8%), respectively.

CONCLUSIONS

This population-based cohort study was
the rst to evaluate the association be-
tween the VVV of SBP and CVD/all-cause
mortality risk among Chinese primary
care patients with T2DM. Our ndings
demonstrated a direct linear relation-
ship between all measurements of the
VVV of SBP and CVD/all-cause mortality
risk, indicating that greater SBP variabil-
ity increased the risks for adverse out-
comes. Our results also identi ed that
the optimal SD of SBP target should
be , 10 mmHg in order to reduce the
incidence of CVD and all-cause mortal-
ity. The impact of the VVV of SBP on the
risk of the development of CVD events
and all-cause mortality was essentially
unchanged by age group, sex, duration
of diabetes, the presence of CKD, type
and number of antihypertension drugs
used after adjustments of mean SBP,
and the difference in SBP between base-
line and the last follow-up record. This
suggests that SBP variability may pro-
vide additional valuable information
as a potential predictor for the incidence

Diabetes Care Volume 40, February 2017

of CVD events and mortality in the pop-
ulation with diabetes, irrespective of the
absolute mean SBP readings, and is con-
sistent with the ndings of earlier stud-
ies in other populations with diabetes
(10-12).

Of interest, the magnitude of the ef-
fect of the variability of SBP on the risk
of CVD and all-cause mortality among
patients in primary care in our study
was lower, compared with previous
studies. A post hoc analysis of the Action
in Diabetes and Vascular Disease: Pre-
terax and Diamicron MR Controlled
Evaluation (ADVANCE) trial (10) showed
that every 1 SD increase in the SD of SBP
was associated with an 18% (95% Cl 7—
30%) and 29% (95% Cl 17-43%) increase
in the risks of CVD and all-cause mortal-
ity, respectively. The two studies con-
ducted in a hospital setting in Japan
and Taiwan (11,12) showed that the
risks of CVD and all-cause mortality in-
creased by 40% (95% Cl 10-79%) and
4.8% (95% CI 0.5-9.2%), respectively, for
every 1 SD increase in the SD of SBP. This
supported our hypothesis that the health
care setting, in which patients under pri-
mary care are less likely to have severe
disease, in uences the impact of the var-
iability of SBP on the adverse events. It
may be that patients with chronic dis-
eases that are relatively less complicated
or less severe, and are therefore man-
aged in primary care, may be less suscep-
tible to the impact of SBP variability on
adverse outcomes.

The pattern of association between
the variability of SBP and outcomes may
also differ between Chinese and non-
Chinese populations. A study in the U.K.
(24) revealed that patients with diabetes
who were of Chinese ethnicity have a
lower CVD risk than those of Caucasian,
Indian, and African-Caribbean descent.
However, the observed direct linear re-
lationship may be subject to the de ni-
tion of the variability of BP, as evidenced
by the extensive debate on the calcula-
tion method for determining the vari-
ability of BP (5,10,25,26). This current
study was based on 6 different measures
of variability, all of which produced con-
sistent results across all VVV estimates,
concluding that the optimal SBP variabil-
ity is SD , 10 mmHg. Therefore, the var-
iability of BP can be considered as a
potential indicator of good-quality care
in a population with diabetes. More in-
vestigations are warranted to develop a
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Figure 3—Adjusted hazard ratios (HRs) of SD of SBP associated with the incidence of CVDS, all-cause mortality, and the composite of CVD and
mortality in selected subgroups by multivariable Cox proportional hazards regression. HRs were adjusted for age, sex, smoking status, drinking habit,
BMI, waist-to-hip ratio, glycated hemoglobin A;., DBP, LDL cholesterol, total cholesterol-to-HDL cholesterol ratio, triglyceride, urine ACR, self-
reported duration of diabetes, family history of diabetes, diagnosed hypertension, the presence of CKD, the usage of antihypertensive (anti-HT)
drugs (ACEI or ARB, b-blocker, CCB, diuretic and other [acarbose, glucagon-like peptide 1 agonist, meglitinides]), oral antidiabetic drugs, insulin and
lipid-lowering agents at baseline, and mean SBP and the difference in SBP between baseline and last record. Adjusted HR indicated the risk estimates

per 1 SD increase in SD of SBP.

standardized de nition of the variability
of BP and to determine a reasonable ther-
apeutic target, before variability can
serve as a clinically useful predictor of
outcomes and a practical management
tool.

There are several possible explana-
tions for the positive associations be-
tween BP variability and the incidence
of CVD and all-cause mortality. From a
pathophysiological perspective, in-
creased BP variability is associated with
endothelial dysfunction and in amma-
tion (27,28), which accelerates athero-
sclerosis, resulting in increased risk of
CVD and mortality. Arterial stiffness, cor-
onary artery calci cation, and left ven-
tricular diastolic dysfunction have also
been reported (29-31) as possible mech-
anisms underlying the relationship be-
tween BP variability and negative
clinical outcomes. On the contrary, other
research suggests that the impact of the
variability of BP may be attributed to low

patient adherence to antihypertension
medications, suboptimal BP control, the
class of antihypertensive drug, and
change in antihypertensive medications
(32-34). However, the results of our sub-
group analysis were consistent with those
of several studies (35,36) showing that
risk estimates for different BP control lev-
els and the usage of different types of
antihypertensive drugs were similar. Al-
though information about antihyperten-
sive medication adherence and a change
in antihypertensive drugs after baseline
were unavailable in this current study,
the subgroup analysis demonstrated
that risk estimates for different numbers
of antihypertensive drugs remained sig-
ni cant, and recent research (10,35) also
reported that these factors cannot ex-
plain the links between the variability of
SBP and the incidence of CVD and all-
cause mortality. Further studies are
required to better understand the mech-
anistic relationship.

Some risk factors associated with the
high variability of BP were identi ed in
our study. These observations were
similar to those in a previous study
(10), which also found that groups of
patients with high SBP variability were
older; female; had higher SBP, DBP, and
urine ACR levels; had hypertension and
CKD; and used antihypertensive drugs,
compared with those in groups with low
SBP variability. Some studies (10,27)
also showed that hyperglycemia and in-
creased waist circumference were asso-
ciated with higher variability of SBP.
Apart from the clinical factors, psycho-
logical and behavioral factors such as
emotional state, mental stress, exercise,
salt intake, and amount of rest also play
an important role in BP variability (37).
These observations may help in the early
identi cation of patients with high BP var-
iability, who are at higher risk of the de-
velopment of CVD and early death. More
attention should be given to patients with
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diabetes who have these risk factors to
minimize the negative impact of high
SBP variability. Additional research is
needed to con rm the type and extent
of the risk factors associated with high
BP variability.

Strengths and Limitations of This
Study

This study has several strengths. First,
our subjects consisted of a large popu-
lation of Chinese primary care patients
with T2DM, which is highly representa-
tive of the Hong Kong Chinese popula-
tion with diabetes managed in the
primary care setting. Second, all the clin-
ical characteristics and laboratory data
were retrieved from the HA computer-
ized administrative database, which was
more reliable and accurate. Last, multi-
ple imputations were adopted to replace
the missing data in order to obtain less
biased results.

There were several limitations to this
study. First, our retrospective cohort
study design can only conclude associa-
tion but not causation. To con rm the
association and to determine causation,
further study using a randomized clinical
trial or a prospective cohort study de-
sign is required. Second, the incidence
of CVD relied on the clinical diagnosis of
comorbidity prede ned by ICPC-2 and
ICD-9-CM codes and recorded in the HA
computerized administrative database,
which may be subject to misclassi cation
bias. There were no prior studies con-
ducted to audit the accuracy and com-
pleteness of ICPC-2 and ICD-9-CM
diagnosis coding in this database. How-
ever, previous studies (38,39) showed an
almost perfect level of data completeness
regarding drug prescription (99.98%) in
this database, and clinicians are required
to provide adequate coding for each epi-
sode of care in routine clinical practice
in the HA. Third, potential confounding
factors related to lifestyle, like exercise
and diet, were unavailable in the current
study. However, physical and clinical pa-
rameters such as BMI, hemoglobin A,
level, and lipid pro le were available
that can re ect lifestyle habits and the
severity of the disease. Last, further lon-
gitudinal studies with a longer follow-up
period are important to con rm the re-
lationship between SBP variability and
CVD/mortality risk.

To conclude, in this population-based
cohort study, SBP variability was associated

with a higher risk of CVD and all-cause
mortality among Chinese primary care
patients with T2DM. The positive linear
associations were signi cant in all sub-
groups with different age groups, sex, du-
ration of diabetes, the presence of CKD,
BP levels and trend, and class and number
of antihypertensive drugs. The variability
of BP may be useful as a potential pre-
dictor for the development of CVD and
all-cause mortality in the population
with diabetes. The positive association
between the VVV of SBP and the cardio-
vascular events and mortality supported
the importance of having steady BP con-
trol (i.e., less uctuation) as well as having
stable BP control (i.e., achieving the opti-
mal target BP). In addition to monitoring
BP targets for their patients with diabe-
tes, clinicians should also remain vigilant
about the visit-to-visit uctuation of BP.

Future work is recommended to in-
vestigate the effect of the variability of
DBP, standardize the de nition of the
variability of BP, compare the effect of
three clinical indicators (mean SBP,
changes in SBP, and SD of SBP), and de-
termine a therapeutic target for SBP var-
iability in order to provide management
of BP in patients with diabetes.
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