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RESEARCH DESIGN AND METHODSdWe performed a prospective cohort study
(2000–2009) on diabetic patients including 17,536 African Americans and 12,618 whites.
Cox proportional hazards regression models were used to estimate the association of blood
pressure with CHD risk.
RESULTSdDuring a mean follow-up of 6.0 years, 7,260 CHD incident cases were identiﬁed.
The multivariable-adjusted hazard ratios of CHD associated with different levels of systolic/diastolic blood pressure at baseline (,110/65, 110–119/65–69, 120–129/70–80, and 130–139/
80–90 mmHg [reference group]; 140–159/90–100; and $160/100 mmHg) were 1.73, 1.16,
1.04, 1.00, 1.06, and 1.11 (P trend ,0.001), respectively, for African American diabetic patients,
and 1.60, 1.27, 1.08, 1.00, 0.95, and 0.99 (P trend,0.001) for white diabetic patients, respectively. A U-shaped association of isolated systolic and diastolic blood pressure at baseline as well
as blood pressure during follow-up with CHD risk was observed among both African American
and white diabetic patients (all P trend ,0.001). The U-shaped association was present in the
younger age-group (30–49 years), and this U-shaped association changed to an inverse association in the older age-group ($60 years).
CONCLUSIONSdOur study suggests that there is a U-shaped or inverse association between
blood pressure and the risk of CHD, and aggressive blood pressure control (blood pressure
,120/70 mmHg) is associated with an increased risk of CHD among both African American
and white patients with diabetes.
Diabetes Care 36:3287–3296, 2013
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ypertension and diabetes are two
important public health problems
in the U.S. Hypertension is a prevalent condition affecting ~65 million
Americans (1), and diabetes is considered
‘‘the epidemic of the 21st century,’’ affecting ~24 million Americans (2). As many
as 70% of people aged .40 years who
have diabetes are also affected by hypertension, with black and Hispanic

individuals affected disproportionately
compared with the rest of the population
(3,4). All guidelines recommend that
blood pressure goals should be more aggressive (,130/80 mmHg) in diabetic patients than in people without diabetes
(,140/90 mmHg) (5–7). In the aggressive control of hypertension, the mantra
of “lower is better” was mostly based on
the landmark randomized clinical trials
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RESEARCH DESIGN AND
METHODSdLSU Health Care Services
Division (LSUHCSD) operates seven public hospitals and afﬁliated clinics in Louisiana, which provide quality medical care
to the residents of Louisiana regardless of
their income or insurance coverage (15–
20). Overall, LSUHCSD facilities have
served ~1.6 million patients (35% of the
Louisiana population) since 1997. Administrative (name, address, date of birth,
sex, race/ethnicity, types of insurance,
family income, and smoking status), anthropometric (date of examination, measurements of body weight, height, and
blood pressure for each visit), laboratory
(test code, test collection date, test result
values, and abnormal ﬂag), clinical diagnosis (date of diagnosis, diagnosis code,
priority assigned to diagnosis and ICD-9
and Current Procedural Terminology
procedure codes), and medication (medication generic name, pharmacopeia
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OBJECTIVEdBlood pressure control can reduce the risk of coronary heart disease (CHD)
among diabetic patients; however, it is not known whether the lowest risk of CHD is among
diabetic patients with the lowest blood pressure level.

(RCTs) published in the 1990s (8–10)
that established clear beneﬁt with regard
to cardiovascular risk reduction when
blood pressure was lowered intensively
in patients with diabetes.
Aggressive targets for blood pressure
treatment in type 2 diabetes guidelines
have recently been questioned. Data from
more contemporary populations with hypertension and diabetes do not conﬁrm
the beneﬁt to coronary heart disease
(CHD) of intensive blood pressure control (11,12). Speciﬁcally, a relationship
between adverse cardiovascular outcomes and low blood pressure has been
observed in some studies (13,14). However, most studies only use a single baseline measurement of blood pressure to
predict CHD risk, which may produce
potential bias. Moreover, very few studies
have assessed the race-speciﬁc association
of blood pressure with CHD risk. The aim
of the current study is to examine the
race-speciﬁc association between blood
pressure and the risk of CHD among African American and white diabetic patients in the Louisiana State University
Hospital–Based Longitudinal Study
(LSUHLS).

Blood pressure and CHD risk in diabetic patients

Baseline and follow-up
measurements
The patient’s characteristics, including
age of diabetes diagnosis, sex, race/ethnicity, family income, smoking status, types
of insurance, body weight, height, BMI,
3288

blood pressure, total cholesterol, HDL
cholesterol, LDL cholesterol, triglycerides,
HbA1c, estimated glomerular ﬁltration
rate (eGFR), and medication (antihypertensive drug, cholesterol-lowing drug
and antidiabetes drug), within a half
year after the diabetes diagnosis (baseline)
and during follow-up after the diabetes
diagnosis (follow-up) were extracted
from the computerized hospitalization
records. Blood pressure was measured
from the right arm of the participant after
5 min of sitting using a mercury sphygmomanometer or electronic blood pressure meter in each visit (19). An updated
mean value of blood pressure over time
was calculated for each individual from
diabetes diagnosis to the ﬁnal clinical
measure of follow-up or to the last value
before the occurrence of CHD. The average number of blood pressure measurements during the follow-up period was
14.6 times.
Prospective follow-up
Follow-up information was obtained
from the LSUHLS inpatient and outpatient database by using the unique number assigned to every patient who visits
the LSUHCSD hospitals each time. The
diagnosis of CHD was the primary end
point of interest of the study and was
deﬁned according to the ICD-9: CHD
(ICD-9 codes 410–414). Since 1997, diagnoses of CHD were made by the treating physicians based on a clinical
assessment and examinations as considered relevant by the clinician in charge of
treatments. Follow-up of each cohort
member continued until the date of
the diagnosis of CHD, the date of the
last visit if the subject stopped use of
LSUHCSD hospitals, death, or 31 May
2012 (18).
Statistical analyses
The association between blood pressure
and the risk of CHD was analyzed by
using Cox proportional hazards models.
Systolic blood pressure (SBP) and diastolic
blood pressure (DBP) were evaluated in
the following two ways 1) as six categories
(SBP ,110, 110–119, 120–129, 130–139
[reference group], 140–159, and $160
mmHg; DBP ,65, 65–69, 70–79, 80–89
[reference group], 90–100, and $100
mmHg; and SBP/DBP ,110/65, 110–
119/65–69, 120–129/70–79, 130–139/
80–89 [reference group], 140–159/90–
99, and $160/100 mmHg), and 2) as a
continuous variable (SBP and DBP). Different levels of blood pressure were
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included in the models as dummy and
categorical variables, and the signiﬁcance
of the trend over different categories of
blood pressure was tested in the same
models by giving an ordinal numeric
value for each dummy variable. The proportional hazards assumption in the Cox
model was assessed with graphical methods. All analyses were adjusted for age
and sex and further for smoking, income,
types of insurance, HbA1c, LDL cholesterol,
eGFR, use of antihypertensive drugs, use of
diabetes medications, use of cholesterollowering agents, SBP/DBP during followup in baseline analysis, or baseline SBP/
DBP in follow-up analysis. Since the interactions between sex and blood pressure
and CHD risk were not statistically signiﬁcant among both whites and African
Americans, data for men and women
were combined in the analyses. To avoid
the potential bias due to severe diseases at
baseline, additional analyses were carried
out excluding the subjects who were diagnosed CHD during the ﬁrst 2 years of
follow-up. We used restricted cubic splines
in Cox models to test whether there is a
dose-response or nonlinear association of
blood pressure as a continuous variable
with CVD risk because a J- or U-shaped
association of blood pressure with CVD
risk has been found in prospective studies
and RCTs (11,12,22). Statistical signiﬁcance was considered to be P , 0.05. All
statistical analyses were performed with
PASW for Windows, version 20.0 (IBM
SPSS, Chicago, IL).
RESULTSdGeneral characteristics of
the study population are presented by
race in Supplementary Table 1. During a
mean follow-up period of 6.0 years, 7,260
subjects (3,580 whites and 3,680 African
Americans) developed incident CHD.
The age- and sex-adjusted hazard ratios
(HRs) for incident CHD at different levels
of SBP at baseline (,110, 110–119, 120–
129, 130–139 [reference group], 140–
159, and $160 mmHg) were 1.27 (95%
CI 1.07–1.51), 1.10 (0.95–1.27), 1.03
(0.91–1.16), 1.00, 1.05 (0.95–1.16),
and 1.12 (1.01–1.24) (P trend = 0.058)
for African American diabetic patients
and 1.57 (1.35–1.82), 1.14 (1.00–1.30),
1.05 (0.93–1.18), 1.00, 0.98 (0.89–1.08),
and 1.03 (0.93–1.15) (P trend,0.001)
for white diabetic patients, respectively
(Table 1). A signiﬁcantly increased risk
of CHD was observed among both African
American and white diabetic patients
with SBP ,120 mmHg and a borderline
signiﬁcantly increased risk with SBP
care.diabetesjournals.org
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dispensable drug ID, medication strengthdose form, medication strength units,
medication rote code and description,
medication form, etc.) data collected at
these facilities are available in electronic
form for both inpatients and outpatients
from 1997. Using these data, we have established the LSUHLS (15). A cohort of
diabetic patients was set up by using the
ICD-9 (code 250) through the LSUHLS
database between 1 January 1999 and 31
December 2009. Both inpatients and outpatients were included, and all patients
were under primary care. LSUHCSD’s internal diabetes disease-management
guidelines call for physician conﬁrmation
of diabetes diagnoses by applying the
American Diabetes Association criteria: a
fasting plasma glucose level $126 mg/ dL,
2-h glucose level $200 mg/dL after a 75-g
2-h oral glucose tolerance test, and one or
more classic symptoms plus a random
plasma glucose level $200 mg/dL (21).
The ﬁrst record of diabetes diagnosis was
used to establish the baseline for each patient in the present analyses due to the design of the cohort study. These newly
diagnosed diabetic participants had
beneﬁted from LSUHCSD hospitals for
3.68 6 4.35 years prior to the baseline.
The current study included 30,154 diabetic patients (12,618 whites and 17,536
African Americans) who were 30–94 years
of age without a history of CHD or stroke
and with complete repeated data on major
risk factor variables. In these diabetic patients, ~78.9% of patients qualify for free
care (by virtue of being low income and
uninsureddany individual or family unit
whose income is #200% of federal poverty level), ~5.1% of patients are self-pay
(uninsured, but incomes not low enough
to qualify for free care), ~5.1% of patients
are covered by Medicaid, ~8.9% of patients have Medicare, and ~2.2% of
patients are covered by commercial insurance. The study and analysis plan were
approved by both Pennington Biomedical Research Center and LSU Health
Sciences Center institutional review
boards, LSU System. We did not obtain
informed consent from participants involved in our study because we used anonymized data compiled from electronic
medical records.
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Baseline
African American
No. of cases
Person-years
Age and sex adjustment HR (95% CI)

65–69

,65

1,435
329
9,152
1.07 (0.94–1.21)

827
160
4,604
1.14 (0.97–1.35)
1.14 (0.96–1.34)
1.22 (1.03–1.44)
1.24 (1.04–1.47)
870
276
4,180
1.49 (1.36–1.70)
1.47 (1.28–1.68)
1.50 (1.31–1.72)
1.49 (1.30–1.71)

224
56
1,135
1.51 (1.16–1.99)
1.44 (1.10–1.90)
1.58 (1.20–2.08)
1.63 (1.23–2.16)
177
70
759
1.92 (1.50–2.44)
1.80 (1.41–2.30)
1.81 (1.42–2.31)
1.79 (1.39–2.30)

1,523
428
9,499
1.30 (1.16–1.46)

1,306
257
8,137
1.10 (0.95–1.27)
1.09 (0.94–1.26)
1.09 (0.94–1.27)
1.08 (0.93–1.26)
1,204
351
6,275
1.14 (1.00–1.30)
1.15 (1.00–1.30)
1.15 (1.01–1.31)
1.11 (0.97–1.26)

738
164
4,287
1.27 (1.07–1.51)
1.25 (1.05–1.48)
1.28 (1.08–1.53)
1.27 (1.06–1.51)
662
239
3,260
1.57 (1.35–1.82)
1.55 (1.33–1.80)
1.54 (1.32–1.79)
1.43 (1.23–1.67)

110–119

SBP (mmHg)

4,614
937
30,132
0.97 (0.89–1.06)

70–79

DBP (mmHg)

2,561
456
15,904
0.95 (0.85–1.06)
0.95 (0.85–1.07)
0.98 (0.88–1.10)
0.99 (0.88–1.11)
2,514
711
12,914
1.15 (1.04–1.27)
1.15 (1.04–1.26)
1.16 (1.05–1.27)
1.15 (1.05–1.27)

2,272
430
14,298
1.03 (0.91–1.16)
1.03 (0.91–1.17)
1.03 (0.91–1.17)
1.03 (0.91–1.17)
1,907
527
10,256
1.05 (0.93–1.18)
1.05 (0.94–1.18)
1.06 (0.94–1.19)
1.04 (0.92–1.16)

120–129

5,200
1,027
33,397
1.00

80–89

4,392
882
27,924
1.00
1.00
1.00
1.00
3,671
987
20,544
1.00
1.00
1.00
1.00

2,987
572
18,935
1.00
1.00
1.00
1.00
2,386
641
12,821
1.00
1.00
1.00
1.00

130–139

3,080
616
19,799
1.03 (0.93–1.14)

90–99

6,844
1,537
45,486
1.04 (0.96–1.13)
1.02 (0.94–1.10)
1.02 (0.94–1.11)
1.01 (0.93–1.10)
4,332
1,229
24,261
1.00 (0.92–1.09)
0.98 (0.90–1.07)
0.99 (0.91–1.07)
0.99 (0.91–1.08)

5,625
1,181
36,104
1.05 (0.95–1.16)
1.04 (0.94–1.15)
1.03 (0.93–1.13)
1.03 (0.93–1.14)
4,059
1,113
22,351
0.98 (0.89–1.08)
0.97 (0.88–1.07)
0.97 (0.88–1.07)
1.00 (0.90–1.10)

140–159
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Baseline
African American
No. of cases
Person-years
Age and sex adjustment HR (95% CI)
Multivariable adjustment HR (95% CI)a
Multivariable adjustment HR (95% CI)b
Multivariable adjustment HR (95% CI)c
White
No. of cases
Person-years
Age and sex adjustment HR (95% CI)
Multivariable adjustment HR (95% CI)a
Multivariable adjustment HR (95% CI)b
Multivariable adjustment HR (95% CI)c
Follow-up
African American
No. of cases
Person-years
Age and sex adjustment HR (95% CI)
Multivariable adjustment HR (95% CI)a
Multivariable adjustment HR (95% CI)b
Multivariable adjustment HR (95% CI)c
White
No. of cases
Person-years
Age and sex adjustment HR (95% CI)
Multivariable adjustment HR (95% CI)a
Multivariable adjustment HR (95% CI)b
Multivariable adjustment HR (95% CI)c

,110

,0.001

P for trend

,0.001
,0.001
,0.001
,0.001

0.007
0.055
0.007
0.004

,0.001
,0.001
,0.001
,0.001

0.058
0.13
0.057
0.050

P for trend

Continued on p. 3290

1,684
343
10,462
1.11 (0.98–1.25)

$100

2,671
587
17,363
1.04 (0.94–1.15)
1.00 (0.90–1.11)
1.02 (0.92–1.14)
0.99 (0.88–1.12)
1,048
306
5,559
1.05 (0.93–1.20)
0.98 (0.86–1.11)
1.01 (0.89–1.15)
1.03 (0.88–1.19)

4,608
1,076
30,680
1.12 (1.01–1.24)
1.10 (0.99–1.22)
1.09 (0.99–1.21)
1.12 (1.00–1.25)
2,400
709
13,265
1.03 (0.93–1.15)
1.00 (0.90–1.11)
1.00 (0.90–1.12)
1.10 (0.98–1.23)

$160

Table1dHR (95% CI) of CHD according to different levels of SBP and DBP at baseline and during follow-up among African American and white patients with diabetes

Zhao and Associates
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1,559
439
10,331
1.24 (1.10–1.38)
1.22 (1.08–1.36)
1.17 (1.05–1.32)
1.18 (1.04–1.33)
1,964
725
10,983
1.52 (1.36–1.70)
1.52 (1.36–1.70)
1.46 (1.31–1.64)
1.44 (1.28–1.63)

729
230
4,556
1.32 (1.14–1.53)
1.25 (1.08–1.45)
1.19 (1.02–1.38)
1.19 (1.01–1.40)
1,197
550
5,998
2.01 (1.78–2.27)
1.92 (1.70–2.17)
1.85 (1.63–2.09)
1.81 (1.57–2.09)

7,061
1,504
46,485
1.04 (0.96–1.13)
1.04 (0.96–1.13)
1.02 (0.94–1.11)
1.02 (0.94–1.11)
5,853
1,568
32,758
1.18 (1.07–1.29)
1.20 (1.09–1.32)
1.17 (1.07–1.29)
1.17 (1.06–1.29)

0.97 (0.88–1.06)
0.96 (0.88–1.05)
0.95 (0.87–1.04)
3,889
1,060
21,593
1.02 (0.93–1.12)
1.03 (0.94–1.12)
1.03 (0.94–1.13)
0.95 (0.86–1.04)

70–79

5,846
1,085
37,391
1.00
1.00
1.00
1.00
2,924
597
15,331
1.00
1.00
1.00
1.00

1.00
1.00
1.00
3,522
884
19,071
1.00
1.00
1.00
1.00

80–89

1,820
340
10,764
1.11 (0.98–1.26)
1.09 (0.96–1.23)
1.12 (0.99–1.27)
1.12 (0.98–1.27)
578
114
2,745
1.05 (0.86–1.29)
1.03 (0.84–1.26)
1.06 (0.87–1.29)
1.07 (0.87–1.31)

1.02 (0.93–1.13)
1.03 (0.94–1.14)
1.05 (0.94–1.16)
1,605
372
8,840
0.95 (0.84–1.07)
0.95 (0.85–1.08)
0.97 (0.85–1.09)
1.05 (0.93–1.19)

90–99

504
80
2,895
1.01 (0.81–1.27)
0.97 (0.77–1.22)
0.99 (0.79–1.24)
0.98 (0.77–1.25)
96
25
401
1.51 (1.01–2.26)
1.36 (0.91–2.04)
1.46 (0.98–2.19)
1.49 (0.99–2.24)

1.10 (0.98–1.25)
1.12 (1.00–1.27)
1.16 (1.02–1.33)
583
152
2,914
1.16 (0.97–1.38)
1.12 (0.95–1.34)
1.13 (0.95–1.35)
1.37 (1.14–1.63)

$100

,0.001
,0.001
,0.001
,0.001

0.001
0.004
0.020
0.026

,0.001
,0.001
,0.001
,0.001

,0.001
,0.001
,0.001

P for trend

Data are n or HR (95% CI) unless otherwise noted. aAdjusted for age, sex, BMI, LDL cholesterol, HbA1c, glomerular ﬁltration rate, type of insurance, income, and smoking. bAdjusted for age, sex, BMI, LDL cholesterol,
HbA1c, glomerular ﬁltration rate, type of insurance, income, smoking, and use of antihypertensive drugs, glucose-lowering agents, and cholesterol-lowering agents. cAdjusted for age, sex, BMI, LDL cholesterol, HbA1c,
glomerular ﬁltration rate, type of insurance, income, smoking, use of antihypertensive drugs, glucose-lowering agents, and cholesterol-lowering agents; and follow-up blood pressure in baseline analysis or baseline
blood pressure in follow-up analysis.

1.07 (0.94–1.21)
1.07 (0.94–1.21)
1.05 (0.92–1.19)
1,296
444
6,840
1.30 (1.16–1.46)
1.29 (1.15–1.44)
1.29 (1.15–1.45)
1.10 (0.97–1.24)

65–69

1.26 (1.12–1.41)
1.25 (1.12–1.40)
1.22 (1.07–1.37)
1,723
668
8,970
1.44 (1.30–1.60)
1.39 (1.26–1.55)
1.38 (1.25–1.53)
1.09 (0.97–1.23)

,65

DBP (mmHg)
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Multivariable adjustment HR (95% CI)
Multivariable adjustment HR (95% CI)b
Multivariable adjustment HR (95% CI)c
White
No. of cases
Person-years
Age and sex adjustment HR (95% CI)
Multivariable adjustment HR (95% CI)a
Multivariable adjustment HR (95% CI)b
Multivariable adjustment HR (95% CI)c
Follow-up
African American
No. of cases
Person-years
Age and sex adjustment HR (95% CI)
Multivariable adjustment HR (95% CI)a
Multivariable adjustment HR (95% CI)b
Multivariable adjustment HR (95% CI)c
White
No. of cases
Person-years
Age and sex adjustment HR (95% CI)
Multivariable adjustment HR (95% CI)a
Multivariable adjustment HR (95% CI)b
Multivariable adjustment HR (95% CI)c

Table1dContinued

Blood pressure and CHD risk in diabetic patients
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370
110
2,077
1.72 (1.41–2.11)
1.67 (1.37–2.05)
1.73 (1.41–2.12)
1.71 (1.39–2.10)
385
153
1,880
1.66 (1.39–1.97)
1.61 (1.36–1.92)
1.60 (1.34–1.91)
1.50 (1.25–1.79)

,110/65

405
102
2,164
1.47 (1.19–1.80)
1.41 (1.14–1.73)
1.44 (1.17–1.77)
1.47 (1.19–1.81)
585
225
2,758
1.74 (1.50–2.01)
1.69 (1.46–1.96)
1.70 (1.47–1.97)
1.70 (1.46–1.97)

709
155
4,400
1.19 (1.00–1.42)
1.19 (1.00–1.41)
1.16 (0.97–1.38)
1.15 (0.97–1.38)
720
246
3,628
1.29 (1.12–1.49)
1.27 (1.10–1.47)
1.27 (1.10–1.47)
1.22 (1.05–1.41)

110–119/65–69

2,577
474
16,058
0.99 (0.89–1.11)
0.99 (0.89–1.11)
1.02 (0.91–1.14)
1.03 (0.92–1.15)
2,596
740
13,516
1.15 (1.05–1.27)
1.15 (1.05–1.27)
1.16 (1.06–1.28)
1.16 (1.05–1.28)

2,308
435
14,604
1.04 (0.92–1.17)
1.03 (0.91–1.17)
1.04 (0.92–1.17)
1.03 (0.91–1.17)
1,998
563
10,770
1.07 (0.95–1.19)
1.07 (0.96–1.19)
1.08 (0.96–1.20)
1.05 (0.94–1.17)

120–129/70–79

4,777
929
30,136
1.00
1.00
1.00
1.00
3,897
1,028
21,440
1.00
1.00
1.00
1.00

3,457
637
22,000
1.00
1.00
1.00
1.00
2,776
740
14,792
1.00
1.00
1.00
1.00

130–139/80–89

6,921
1,551
45,775
1.06 (0.98–1.15)
1.04 (0.95–1.12)
1.04 (0.96–1.13)
1.02 (0.94–1.11)
4,361
1,226
24,441
0.99 (0.91–1.08)
0.97 (0.89–1.05)
0.98 (0.90–1.06)
0.98 (0.90–1.07)

5,772
1,218
36,897
1.09 (0.99–1.20)
1.08 (0.98–1.18)
1.06 (0.97–1.17)
1.07 (0.97–1.18)
4,201
1,136
23,218
0.96 (0.87–1.05)
0.96 (0.87–1.05)
0.95 (0.86–1.04)
0.98 (0.89–1.08)

140–159/90–99

2,746
594
17,801
1.05 (0.94–1.16)
1.00 (0.90–1.11)
1.02 (0.92–1.14)
0.98 (0.87–1.11)
1,071
312
5,645
1.05 (0.93–1.20)
0.98 (0.86–1.11)
1.02 (0.89–1.16)
1.03 (0.89–1.19)

4,920
1,125
32,463
1.14 (1.04–1.26)
1.12 (1.01–1.23)
1.11 (1.01–1.22)
1.13 (1.01–1.26)
2,538
742
13,941
1.02 (0.92–1.13)
0.99 (0.89–1.10)
0.99 (0.90–1.10)
1.09 (0.97–1.22)

$160/100

,0.001
,0.001
,0.001
,0.001

P for trend

,0.001
,0.001
,0.001
,0.001

,0.001
0.002
0.001
0.001

,0.001
,0.001
,0.001
,0.001

94
29
489
1.74 (1.20–2.52)
1.67 (1.15–2.42)
1.76 (1.21–2.55)
1.82 (1.25–2.66)
102
48
416
2.14 (1.61–2.87)
1.92 (1.43–2.57)
1.89 (1.41–2.54)
1.87 (1.39–2.52)

SBP/DBP (mmHg)

Table 2dHR (95% CI) of CHD according to different levels of SBP/DBP at baseline and during follow-up among African American and white patients with diabetes

Baseline
African American
Cases
Person-years
Age adjustment
Multivariable adjustmenta
Multivariable adjustmentb
Multivariable adjustmentc
White
Cases
Person-years
Age adjustment
Multivariable adjustmenta
Multivariable adjustmentb
Multivariable adjustmentc
Follow-up
African American
Cases
Person-years
Age adjustment
Multivariable adjustmenta
Multivariable adjustmentb
Multivariable adjustmentc
White
Cases
Person-years
Age adjustment
Multivariable adjustmenta
Multivariable adjustmentb
Multivariable adjustmentc

Data are n or HR (95% CI) unless otherwise indicated. aAdjusted for age, sex, BMI, LDL cholesterol, HbA1c, glomerular ﬁltration rate, type of insurance, income, and smoking. bAdjusted for age, sex, BMI, LDL cholesterol,
HbA1c, glomerular ﬁltration rate, type of insurance, income, smoking, and use of antihypertensive drugs, glucose-lowering agents, and cholesterol-lowering agents. cAdjusted for age, sex, BMI, LDL cholesterol, HbA1c,
glomerular ﬁltration rate, type of insurance, income, smoking, use of antihypertensive drugs, glucose-lowering agents, and cholesterol-lowering agents; and follow-up SBP in baseline analysis or baseline SBP in followup analysis.
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1.20 (1.05–1.36)
1.28 (1.03–1.58)
1.54 (1.33–1.78)
1.69 (1.38–2.08)

1.69 (1.18–2.43)
1.92 (1.41–2.61)

110–119/65–69

1.57 (1.33–1.84)
1.73 (1.36–2.19)

,110/65

1.31 (1.21–1.44)
1.20 (1.02–1.41)

1.44 (1.28–1.60)
1.51 (1.28–1.77)

65–69

,65
1.15 (1.04–1.26)
1.27 (1.07–1.50)

1.37 (1.20–1.55)
1.38 (1.14–1.68)

1.71 (1.32–2.23)
1.69 (1.30–2.20)

1.28 (1.17–1.40)
1.31 (1.13–1.52)

1.12 (1.00–1.26)
1.11 (0.91–1.35)

1.36 (1.19–1.56)
1.49 (1.21–1.84)

110–119

1.10 (1.01–1.19)
1.10 (0.94–1.28)

1.06 (0.96–1.16)
1.06 (0.904–1.25)

120–129/70–79

1.00
1.00

1.00
1.00

130–139/80–89

1.00
1.00

1.00
1.00

80–89

1.00
1.00

1.00
1.00

130–139

SBP/DBP (mmHg)

1.08 (1.01–1.16)
1.03 (0.90–1.17)

0.99 (0.92–1.06)
1.01 (0.88–1.16)

70–79

DBP (mmHg)

1.08 (0.99–1.17)
1.08 (0.92–1.26)

1.07 (0.97–1.18)
1.01 (0.84–1.20)

120–129

1.00 (0.94–1.07)
1.03 (0.90–1.18)

0.99 (0.92–1.07)
1.06 (0.92–1.22)

140–159/90–99

1.13 (1.00–1.27)
1.05 (0.85–1.29)

0.95 (0.87–1.04)
1.20 (1.02–1.42)

90–99

1.00 (0.94–1.07)
1.03 (0.90–1.18)

0.99 (0.92–1.07)
1.02 (0.88–1.19)

140–159

1.02 (0.92–1.12)
1.00 (0.85–1.17)

1.05 (0.971–1.14)
1.02 (0.88–1.19)

$160/100

1.11 (0.86–1.43)
1.02 (0.74–1.42)

1.07 (0.96–1.20)
1.26 (1.01–1.58)

$100

1.02 (0.93–1.13)
0.99 (0.84–1.16)

1.06 (0.98–1.16)
0.99 (0.85–1.16)

$160

Adjusted for age, sex, BMI, LDL cholesterol, HbA1c, glomerular ﬁltration rate, type of insurance, income, smoking, and use of glucose-lowering agents and cholesterol-lowering agents.

Baseline
Using antihypertensive drugs
Not using antihypertensive drugs
Follow-up
Using antihypertensive drugs
Not using antihypertensive drugs

Baseline
Using antihypertensive drugs
Not using antihypertensive drugs
Follow-up
Using antihypertensive drugs
Not using antihypertensive drugs

Baseline
Using antihypertensive drugs
Not using antihypertensive drugs
Follow-up
Using antihypertensive drugs
Not using antihypertensive drugs
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SBP (mmHg)

0.001
,0.001

,0.001
,0.001

P for trend

,0.001
,0.001

,0.001
,0.001

P for trend

,0.001
,0.001

,0.001
0.002

P for trend

Table 3dHR (95% CI) of CHD according to different levels of blood pressure at baseline and during follow-up among diabetic patients using (n = 25,061) and not using (n = 5,093)
antihypertensive drugs

Blood pressure and CHD risk in diabetic patients
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SBP (mmHg)

0.001
0.010
,0.001

P for trend
1.15 (1.02–1.30)
1.10 (0.98–1.25)
0.91 (0.79–1.05)

0.001
,0.001
,0.001

$160

0.97 (0.86–1.08)
1.11 (0.99–1.25)
0.91 (0.80–1.05)

1.23 (1.08–1.40)
0.89 (0.77–1.02)
1.01 (0.86–1.18)

140–159

1.00
1.00
1.00

1.05 (0.95–1.16)
1.03 (0.94–1.14)
0.95 (0.84–1.07)

130–139

0.97 (0.84–1.11)
1.17 (1.02–1.35)
0.99 (0.83–1.17)
1.00
1.00
1.00

120–129

1.03 (0.88–1.21)
1.20 (1.02–1.42)
1.14 (0.94–1.38)
0.96 (0.85–1.09)
1.11(0.98–1.25)
1.18 (1.02–1.37)

110–119

1.27 (1.06–1.52)
1.42 (1.17–1.72)
1.62 (1.30–2.02)
1.13 (0.95–1.34)
1.35 (1.13–1.60)
1.83 (1.49–2.26)
DBP (mmHg)

0.002
,0.001
,0.001

P for trend
1.19 (1.03–1.37)
1.02 (0.86–1.21)
1.21 (0.94–1.57)

,0.001
,0.001
,0.001

$100
0.99 (0.89–1.12)
0.99 (0.88–1.13)
1.04 (0.87–1.25)

1.11 (0.86–1.43)
0.94 (0.63–1.39)
1.15 (0.65–2.07)

90–99
1.00
1.00
1.00

1.18 (1.03–1.36)
0.98 (0.81–1.18)
1.02 (0.75–1.38)

80–89

0.97 (0.87–1.07)
1.06 (0.96–1.18)
1.01 (0.88–1.15)

1.00
1.00
1.00

70–79

1.10 (0.95–1.29)
1.24 (1.09–1.42)
1.26 (1.08–1.48)

1.01(0.92–1.11)
1.16(1.05–1.28)
1.13 (0.98–1.31)

65–69

1.24 (1.08–1.43)
1.51 (1.34–1.71)
1.30 (1.13–1.50)
1.20 (1.04–1.38)
1.53 (1.36–1.74)
1.31 (1.11–1.54)

SBP/DBP (mmHg)

1.18 (1.05–1.33)
1.08 (0.96–1.21)
0.92 (0.80–1.06)

,0.001
,0.001
,0.001

,0.001
,0.001
,0.001

P for trend
1.01 (0.90–1.13)
1.08 (0.97–1.21)
0.93 (0.81–1.06)

1.22 (1.07–1.38)
0.90 (0.78–1.03)
1.00 (0.85–1.17)

$160/100
1.00
1.00
1.00

1.06 (0.96–1.17)
1.04 (0.94–1.14)
0.94 (0.84–1.06)

140–159/90–99
1.03 (0.91–1.18)
1.13 (0.99–1.29)
1.00 (0.85–1.18)

1.00
1.00
1.00

130–139/80–89
1.13 (0.93–1.37)
1.39 (1.15–1.67)
1.18 (0.96–1.45)

0.97 (0.86–1.09)
1.16 (1.03–1.30)
1.21 (1.05–1.40)

120–129/70–79

1.61 (1.30–2.01)
1.61 (1.29–2.03)
1.68 (1.31–2.15)

1.30 (1.06–1.61)
1.54 (1.27–1.87)
1.97 (1.59–2.45)

110–119/65–69

2.28 (1.49–3.49)
1.34 (0.89–2.02)
1.88 (1.30–2.72)

,110/65

1.52 (1.25–1.86)
1.68 (1.45–1.94)
1.62 (1.37–1.91)

,65

1.59 (1.17–2.16)
1.39 (1.01–1.92)
2.03 (1.47–2.82)

,110

Table 4dHR (95% CI) of CHD according to different levels of blood pressure at baseline and during follow-up among diabetic patients stratiﬁed by age

Age-groups (years)
Baseline
,50
50–59
60–94
Follow-up
,50
50–59
60–94

Age-groups (years)
Baseline
,50
50–59
60–94
Follow-up
,50
50–59
60–94

Age-groups (years)
Baseline
,50
50–59
60–94
Follow-up
,50
50–59
60–94

P for interaction
of age and
blood pressure

,0.001

,0.001

P for interaction
of age and
blood pressure

0.001

0.001

P for interaction
of age and
blood pressure

,0.001

,0.001

Adjusted for age, sex, BMI, LDL cholesterol, HbA1c, glomerular ﬁltration rate, type of insurance, income, smoking, and use of antihypertensive drugs, glucose-lowering agents, and cholesterol-lowering agents.
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When we did an additional analysis
by using an updated mean of blood
pressure, we found almost the same
U-shaped associations between baseline
blood pressure levels and an updated
mean of blood pressure levels with CHD
risk among both African American and
white diabetic patients (Table 1–4).
CONCLUSIONSdOur study found a
U-shaped association between blood
pressure at baseline and during followup with the risk of CHD among both
African American and white diabetic patients. In addition, we found that this
U-shaped association was present in different age-groups, especially among diabetic patients aged ,50 years. For the
oldest group (age $60 years), the U-shaped
association changed to an inverse association.
The beneﬁts of treating hypertension
in diabetes patients are well documented
in several early RCTs (8,9). However,
there is a lack of supporting evidence for
an aggressive blood pressure goal (,130/
80 mmHg) (5–7). One recent analysis
from the Action to Control Cardiovascular Risk in Diabetes (ACCORD) study did
not conﬁrm the beneﬁcial effect of intensive blood pressure treatment (SBP ,120
mmHg) among diabetic patients compared with standard therapy (SBP ,140
mmHg) (11). The International Verapamil SR-Trandolapril (INVEST) study
also indicated that tight control of SBP
(,130 mmHg) among diabetic patients
was not associated with improved CVD
outcomes compared with usual control
(SBP 130–139 mmHg) (11,12). The limitations of these RCTs include the low incident CHD events, short follow-up time,
high loss to follow-up rates, and strict inclusion and exclusion criteria that limit
their applicability to diabetic patients in
clinical practice. It has been indicated that
observational studies and RCTs overall
produced similar results (23,24), and observational studies, especially from hospitalbased cohorts, may reﬂect everyday clinical
practice.
One recent U.K. observational study
has indicated a U-shaped association of
SBP or DBP with all-cause mortality
among type 2 diabetic patients (22).
Other studies have demonstrated an inverse association between blood pressure
levels and all-cause mortality among elderly diabetic patients (14,25). Several
reasons or limitations for the inconsistency of these studies can be considered.
First, small sample sizes, short follow-up,

DIABETES CARE, VOLUME 36, OCTOBER 2013

and few CVD cases in some studies may
limit the statistical power. Second, most
epidemiological studies only assess a single baseline measurement of blood pressure with the CVD risk, which may
produce potential bias. In the current
study, our data showed that a signiﬁcantly increased risk of CHD was observed among both African American
and white diabetic patients in the high
blood pressure group and the low blood
pressure group as well. The most beneﬁt
for CHD risk was achieved with blood
pressure as 130–140/80–90 mmHg.
This U-shaped association of CVD risk
was conﬁrmed by blood pressure at
baseline or during follow-up, which may
suggest that a single blood pressure determination was sufﬁcient where addition of
subsequent values did not change the result very much. In addition, this U-shaped
association was present in different agegroups, but in the oldest group (age $60
years) the U-shaped association changed
to an inverse association.
Potential explanations of this association among diabetic patients are unclear.
Some studies have suggested that tight
control of blood pressure might increase
cardiovascular risk by the underperfusion
of vital organs (26). An impaired coronary
circulation may be particularly sensitive
to decreases in DBP (27,28). Avoidance
of reducing DBP below a critical level is
especially important to ensure coronary
ﬂow during diastole. Lower blood pressure has been shown to be more common
with comorbidities at older ages and is
often reﬂective of poor health. Elderly patients with type 2 diabetes represent a
population that is highly enriched with
underlying coronary artery disease and
may be more prone than others to display
the U-shaped or inversed association.
This may contribute to the inverse association between blood pressure and CHD
risk in the old diabetic patients. We carried out sensitivity analyses excluding
participants who were diagnosed with
CHD during the ﬁrst 2 years of followup (n = 589), which can reduce the possibility of potential bias due to poor health
during the subclinical stage prior to the
diagnosis of CHD. The association of
lower blood pressure control (,120/70
mmHg) with the increased CHD risk in
the elder group did not change; on the
other hand, the harm of uncontrolled
blood pressure ($160/100 mmHg)
seemed to decrease compared with other
two younger groups. This might suggest
that lower blood pressure control is more
care.diabetesjournals.org
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$160 mmHg. After further adjustment for
other confounding factors (smoking, income, type of insurance, BMI, A1C, LDL
cholesterol, eGFR, use of antihypertensive
drugs, use of diabetes medications, and
use of cholesterol-lowering agents), this
U-shaped association did not change
among white (P trend ,0.001) or African
American (P trend = 0.057) diabetic patients. The multivariable-adjusted HRs of
CHD associated with DBP at baseline
(,65, 65–69, 70–80, 80–90 [reference
group], 90–100, and $100 mmHg) were
1.25, 1.07, 0.96, 1.00, 1.03, and 1.12
(P trend ,0.001) for African American diabetic patients and 1.38, 1.29, 1.03, 1.00,
0.97, and 1.13 (P trend ,0.001) for white
diabetic patients, respectively (Table 1).
When SBP or DBP was considered as a
continuous variable by using restricted cubic splines, a nadir of the U-shaped association of blood pressure with CHD risk
was observed at 130–140 mmHg SBP
and 80–90 mmHg DBP (Supplementary
Fig. 1).
The multivariable-adjusted HRs of
CHD associated with different levels of
joint SBP/DBP at baseline (,110/65,
110–119/65–69, 120–129/70–80, 130–
139/80–90 [reference group], 140–159/
90–100, and $160/100 mmHg) were
1.73, 1.16, 1.04, 1.00, 1.06, and 1.11
(P trend ,0.001) for African American
diabetic patients and 1.60, 1.27, 1.08,
1.00, 0.95, and 0.99 (P trend ,0.001)
for white diabetic patients, respectively
(Table 2). After further adjustment for
SBP/DBP during follow-up in baseline
analysis or baseline SBP/DBP blood pressure in follow-up analysis, this U-shaped
association did not change (Tables 1
and 2).
The U-shaped association of blood
pressure with CHD risk was conﬁrmed
among African American and white diabetic patients with or without antihypertensive drugs (all P trend ,0.01)
(Table 3). After exclusion of the subjects
who were diagnosed with CHD during
the ﬁrst 2 years of follow-up (n = 589),
the multivariable-adjusted HRs for different levels of blood pressure did not
change (data not shown).
There was a signiﬁcant interaction
between age and blood pressure on
CHD risk (Table 4). When stratiﬁed by
age, the U-shaped association of blood
pressure at baseline with CHD was present in diabetic patients aged 30–49 and
50–59 years; however, this U shape
changed to an inverse association in diabetic patients aged $60 years.

Zhao and Associates
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by RCTs or meta-analysis concerning
this speciﬁc issue.
In summary, in this large hospitalbased cohort study, we found that aggressive blood pressure control (i.e., SBP
,120 mmHg or DBP ,70 mmHg) is associated with an increased risk of CHD
among both African American and white
diabetic patients with type 2 diabetes.
Furthermore, for the elder group, the
harm is even higher. Since there is currently no robust evidence available for
lowering the blood pressure ,130/80
mmHg in people with diabetes, it might
be advisable to maintain blood pressure
between 130–139 and 80–89 mmHg and
to recommend less intense goals to elderly
patients than to younger ones.
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harmful than uncontrolled blood pressure and that an inverse association exists
in elderly patients. The possible explanations why the inverse relationship was
only found for elderly patients are unclear, but a recent analysis of 13 cohort
studies including 180,000 Japanese participants showed that the effect of hypertension on the risk of mortality gradually
weakened with advancing age (29).
There are several strengths of our
study, including the large sample size,
high proportion of African Americans,
long follow-up time, and use of administrative databases to avoid differential recall bias. We have used both baseline
blood pressure levels and updated mean
values of blood pressure during follow-up
in the analyses, which can avoid potential
bias from a single baseline measurement.
In addition, participants in this study use
the same public health care system, which
minimizes the inﬂuence from the accessibility of health care, particularly in
comparing African Americans and whites.
One limitation of our study is that our
analysis was not performed on a representative sample of the population, which
limits the generalizability of this study;
however, LSUHCSD hospitals are public
hospitals and cover .1.6 million patients, most of whom are middle- or
low-income persons in Louisiana. The results of the current study will have wide
applicability for the population with low
income and without health insurance in
the U.S. Second, the validity of myocardial infarction diagnoses in our study has
not been conﬁrmed by specialists. But the
method we used is hospital discharge register to diagnose major nonfatal CHD,
which has been widely used in American
and European cohort studies, such as the
Kaiser Permanente Medical Care Program
(30,31), the Atherosclerosis Risk in Communities (ARIC) study (32), the Framingham Study (33,34), the National FINRISK
Survey (35), and the Whitehall II study
(36). The validity of the diagnoses of myocardial infarction by using hospital discharge register in these cohort studies is
available (agreement 83–98%) (31,37).
Third, even though our analyses adjusted
for an extensive set of confounding factors, residual confounding due to the measurement error in the assessment of
confounding factors and unmeasured factors such as heart rate, physical activity,
education, dietary factors, cognitive function for all patients cannot be excluded.
Based on the limitation above, our ﬁndings may need to be further conﬁrmed
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