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OBJECTIVE—Blood 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.

RESEARCH DESIGN AND METHODS — e 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.

RESULTS —During 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/di-
astolic blood pressure at baseline (<110/65, 110-119/65-69, 120-129/70-80, and 130-139/
80-90 mmHg [reference groupl; 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, respec-
tively. 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 associ-
ation in the older age-group (=60 years).

CONCLUSIONS —Our 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.
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important public health problems

in the U.S. Hypertension is a prev-
alent condition affecting ~65 million
Americans (1), and diabetes is considered
“the epidemic of the 21st century,” affect-
ing ~24 million Americans (2). As many
as 70% of people aged >40 years who
have diabetes are also affected by hy-
pertension, with black and Hispanic

H ypertension and diabetes are two

individuals affected disproportionately
compared with the rest of the population
(3,4). All guidelines recommend that
blood pressure goals should be more ag-
gressive (<130/80 mmHg) in diabetic pa-
tients than in people without diabetes
(<140/90 mmHg) (5-7). In the aggres-
sive control of hypertension, the mantra
of “lower is better” was mostly based on
the landmark randomized clinical trials
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(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 hy-
pertension and diabetes do not confirm
the benefit to coronary heart disease
(CHD) of intensive blood pressure con-
trol (11,12). Specifically, a relationship
between adverse cardiovascular out-
comes and low blood pressure has been
observed in some studies (13,14). How-
ever, most studies only use a single base-
line 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 Af-
rican American and white diabetic pa-
tients in the Louisiana State University
Hospital-Based Longitudinal Study
(LSUHLS).

RESEARCH DESIGN AND

METHODS 1 SU Health Care Services
Division (LSUHCSD) operates seven pub-
lic hospitals and affiliated clinics in Loui-
siana, 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. Ad-
ministrative (name, address, date of birth,
sex, race/ethnicity, types of insurance,
family income, and smoking status), an-
thropometric (date of examination, mea-
surements of body weight, height, and
blood pressure for each visit), laboratory
(test code, test collection date, test result
values, and abnormal flag), clinical diag-
nosis (date of diagnosis, diagnosis code,
priority assigned to diagnosis and ICD-9
and Current Procedural Terminology
procedure codes), and medication (med-
ication generic name, pharmacopeia
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Blood pressure and CHD risk in diabetic patients

dispensable drug ID, medication strength-
dose 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 es-
tablished 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 out-
patients were included, and all patients
were under primary care. LSUHCSD’s in-
ternal 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 pa-
tient in the present analyses due to the de-
sign of the cohort study. These newly
diagnosed diabetic participants had
benefited from LSUHCSD hospitals for
3.68 = 4.35 years prior to the baseline.
The current study included 30,154 dia-
betic 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 pa-
tients, ~78.9% of patients qualify for free
care (by virtue of being low income and
uninsured—any individual or family unit
whose income is =200% of federal pov-
erty 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 pa-
tients have Medicare, and ~2.2% of
patients are covered by commercial insur-
ance. The study and analysis plan were
approved by both Pennington Biomedi-
cal Research Center and LSU Health
Sciences Center institutional review
boards, LSU System. We did not obtain
informed consent from participants in-
volved in our study because we used ano-
nymized data compiled from electronic
medical records.

Baseline and follow-up
measurements

The patient’s characteristics, including
age of diabetes diagnosis, sex, race/ethnic-
ity, family income, smoking status, types
of insurance, body weight, height, BMI,

blood pressure, total cholesterol, HDL
cholesterol, LDL cholesterol, triglycerides,
HbA,, estimated glomerular filtration
rate (eGFR), and medication (antihyper-
tensive 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 sphyg-
momanometer or electronic blood pres-
sure 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 aver-
age number of blood pressure measure-
ments during the follow-up period was
14.6 times.

Prospective follow-up

Follow-up information was obtained
from the LSUHLS inpatient and outpa-
tient database by using the unique num-
ber 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, di-
agnoses of CHD were made by the treat-
ing physicians based on a clinical
assessment and examinations as consid-
ered 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). Dif-
ferent levels of blood pressure were

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 pro-
portional hazards assumption in the Cox
model was assessed with graphical meth-
ods. All analyses were adjusted for age
and sex and further for smoking, income,
types of insurance, HbA, ., LDL cholesterol,
eGFR, use of antihypertensive drugs, use of
diabetes medications, use of cholesterol-
lowering agents, SBP/DBP during follow-
up in baseline analysis, or baseline SBP/
DBP in follow-up analysis. Since the inter-
actions between sex and blood pressure
and CHD risk were not statistically sig-
nificant 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 diag-
nosed 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 signifi-
cance was considered to be P < 0.05. All
statistical analyses were performed with
PASW for Windows, version 20.0 (IBM
SPSS, Chicago, ID).

RESULTS —General 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
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Table 2—HR (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

SBP/DBP (mmHg)

<110/65 110-119/65-69 120-129/70-79 130-139/80-89 140-159/90-99 =160/100 P for trend
Baseline
African American 370 709 2,308 3,457 5,772 4920
Cases 110 155 435 637 1218 1,125
Person-years 2,077 4,400 14,604 22,000 36,897 32,463
Age adjustment 1.72 (1.41-2.11) 1.19 (1.00-1.42) 1.04 (0.92-1.17) 1.00 1.09 (0.99-1.20) 1.14 (1.04-1.26) <0.001
Multivariable adjustment” 1.67 (1.37-2.05) 1.19 (1.00-1.41) 1.03 (0.91-1.17) 1.00 1.08 (0.98-1.18) 1.12 (1.01-1.23) <0.001
Multivariable m&ﬁm:dos% 1.73 (1.41-2.12) 1.16 (0.97-1.38) 1.04 (0.92-1.17) 1.00 1.06 (0.97-1.17) 1.11 (1.01-1.22) <0.001
Multivariable adjustment* 1.71 (1.39-2.10) 1.15 (0.97-1.38) 1.03 (0.91-1.17) 1.00 1.07 (0.97-1.18) 1.13 (1.01-1.26) <0.001
White 385 720 1,998 2,776 4201 2,538
Cases 153 246 563 740 1,136 742
Person-years 1,880 3,628 10,770 14,792 23,218 13,941
Age adjustment 1.66 (1.39-1.97) 1.29 (1.12-1.49) 1.07 (0.95-1.19) 1.00 0.96 (0.87-1.05) 1.02 (0.92-1.13) <0.001
Multivariable adjustment® 1.61 (1.36-1.92) 1.27 (1.10-1.47) 1.07 (0.96-1.19) 1.00 0.96 (0.87-1.05) 0.99 (0.89-1.10) <0.001
Multivariable m&cmzzm:% 1.60 (1.34-1.91) 1.27 (1.10-1.47) 1.08 (0.96-1.20) 1.00 0.95 (0.86-1.04) 0.99 (0.90-1.10) <0.001
Multivariable adjustment* 1.50 (1.25-1.79) 1.22 (1.05-1.41) 1.05 (0.94-1.17) 1.00 0.98 (0.89-1.08) 1.09 (0.97-1.22) <0.001
Follow-up
African American 94 405 2,577 4777 6,921 2,746
Cases 29 102 474 929 1,551 594
Person-years 489 2,164 16,058 30,136 45,775 17,801
Age adjustment 1.74 (1.20-2.52) 1.47 (1.19-1.80) 0.99 (0.89-1.11) 1.00 1.06 (0.98-1.15) 1.05 (0.94-1.16) <0.001
Multivariable adjustment® 1.67 (1.15-2.42) 1.41 (1.14-1.73) 0.99 (0.89-1.11) 1.00 1.04 (0.95-1.12) 1.00 (0.90-1.11) 0.002
Multivariable m&dm:dmd% 1.76 (1.21-2.55) 1.44 (1.17-1.77) 1.02 (0.91-1.14) 1.00 1.04 (0.96-1.13) 1.02 (0.92-1.14) 0.001
Multivariable adjustment* 1.82 (1.25-2.66) 1.47 (1.19-1.81) 1.03 (0.92-1.15) 1.00 1.02 (0.94-1.11) 0.98 (0.87-1.11) 0.001
White 102 585 2,596 3,897 4361 1,071
Cases 48 225 740 1,028 1,226 312
Person-years 416 2,758 13,516 21,440 24,441 5,645
Age adjustment 2.14 (1.61-2.87) 1.74 (1.50-2.01) 1.15 (1.05-1.27) 1.00 0.99 (0.91-1.08) 1.05 (0.93-1.20) <0.001
Multivariable adjustment® 1.92 (1.43-2.57) 1.69 (1.46-1.96) 1.15 (1.05-1.27) 1.00 0.97 (0.89-1.05) 0.98 (0.86-1.11) <0.001
Multivariable m&cmﬁams% 1.89 (1.41-2.54) 1.70 (1.47-1.97) 1.16 (1.06-1.28) 1.00 0.98 (0.90-1.06) 1.02 (0.89-1.16) <0.001
Multivariable adjustment® 1.87 (1.39-2.52) 1.70 (1.46-1.97) 1.16 (1.05-1.28) 1.00 0.98 (0.90-1.07) 1.03 (0.89-1.19) <0.001

Data are n or HR (95% CI) unless otherwise indicated. *Adjusted for age, sex, BMI, LDL cholesterol, HbA,, glomerular filtration rate, type of insurance, income, and smoking. v>&cm8& forage, sex, BMI, LDL cholesterol,
HbA, ., glomerular filtration rate, type of insurance, income, smoking, and use of antihypertensive drugs, glucose-lowering agents, and cholesterol-lowering agents. “Adjusted for age, sex, BMI, LDL cholesterol, HbA,,
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 follow-

up analysis.
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Table 4—HR (95% CID of CHD according to different levels of blood pressure at baseline and during follow-up among diabetic patients stratified by age

Age-groups (years)

P for trend

P for interaction
of age and
blood pressure

Baseline
<50
50-59
60-94

Follow-up
<50
50-59
60-94

0.001
0.010
<0.001

0.001
<0.001
<0.001

<0.001

<0.001

Age-groups (years)

P for trend

P for interaction
of age and
blood pressure

Baseline
<50
50-59
60-94

Follow-up
<50
50-59
60-94

SBP (mmHg)
<110 110-119 120-129 130-139 140-159 =160
1.27 (1.06-1.52) 1.03 (0.88-1.21) 0.97 (0.84-1.11) 1.00 0.97 (0.86-1.08) 1.15 (1.02-1.30)
1.42 (1.17-1.72) 1.20 (1.02-1.42) 1.17 (1.02-1.35) 1.00 1.11 (0.99-1.25) 1.10 (0.98-1.25)
1.62 (1.30-2.02) 1.14 (0.94-1.38) 0.99 (0.83-1.17) 1.00 0.91 (0.80-1.05) 0.91 (0.79-1.05)
1.59 (1.17-2.16) 1.13 (0.95-1.34) 0.96 (0.85-1.09) 1.00 1.05 (0.95-1.16) 1.23 (1.08-1.40)
1.39 (1.01-1.92) 1.35 (1.13-1.60) 1.11(0.98-1.25) 1.00 1.03 (0.94-1.14) 0.89 (0.77-1.02)
2.03 (1.47-2.82) 1.83 (1.49-2.26) 1.18 (1.02-1.37) 1.00 0.95 (0.84-1.07) 1.01 (0.86-1.18)
DBP (mmHg)
<65 65-69 70-79 80-89 90-99 =100
1.24 (1.08-1.43) 1.10 (0.95-1.29) 0.97 (0.87-1.07) 1.00 0.99 (0.89-1.12) 1.19 (1.03-1.37)
1.51 (1.34-1.71) 1.24 (1.09-1.42) 1.06 (0.96-1.18) 1.00 0.99 (0.88-1.13) 1.02 (0.86-1.21)
1.30 (1.13-1.50) 1.26 (1.08-1.48) 1.01 (0.88-1.15) 1.00 1.04 (0.87-1.25) 1.21 (0.94-1.57)
1.52 (1.25-1.86) 1.20 (1.04-1.38) 1.01(0.92-1.11) 1.00 1.18 (1.03-1.36) 1.11 (0.86-1.43)
1.68 (1.45-1.94) 1.53 (1.36-1.74) 1.16(1.05-1.28) 1.00 0.98 (0.81-1.18) 0.94 (0.63-1.39)
1.62 (1.37-1.91) 1.31 (1.11-1.54) 1.13 (0.98-1.31) 1.00 1.02 (0.75-1.38) 1.15 (0.65-2.07)

0.002
<0.001
<0.001

<0.001
<0.001
<0.001

0.001

0.001

Age-groups (years)

SBP/DBP (mmHg)

<110/65

110-119/65-69

120-129/70-79

130-139/80-89

140-159/90-99

=160/100

P for trend

P for interaction
of age and
blood pressure

Baseline
<50
50-59
60-94

Follow-up
<50
50-59
60-94

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

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

1.13 (0.93-1.37)
1.39 (1.15-1.67)
1.18 (0.96-1.45)

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

1.03 (0.91-1.18)
1.13 (0.99-1.29)
1.00 (0.85-1.18)

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

1.00
1.00
1.00

1.00
1.00
1.00

1.01 (0.90-1.13)
1.08 (0.97-1.21)
0.93 (0.81-1.06)

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

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

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

<0.001
<0.001
<0.001

<0.001
<0.001
<0.001

<0.001

<0.001

Adjusted for age, sex, BMI, LDL cholesterol, HbA,, glomerular filtration rate, type of insurance, income, smoking, and use of antihypertensive drugs, glucose-lowering agents, and cholesterol-lowering agents.
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=160 mmHg. After further adjustment for
other confounding factors (smoking, in-
come, 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 pa-
tients. 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 di-
abetic 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 cu-
bic splines, a nadir of the U-shaped asso-
ciation 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 pres-
sure 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 di-
abetic patients with or without antihy-
pertensive 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 dif-
ferent 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 pres-
ent in diabetic patients aged 30-49 and
50-59 years; however, this U shape
changed to an inverse association in dia-
betic patients aged =60 years.

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).

CONCLUSIONS —Our study found a
U-shaped association between blood
pressure at baseline and during follow-
up with the risk of CHD among both
African American and white diabetic pa-
tients. In addition, we found that this
U-shaped association was present in dif-
ferent age-groups, especially among di-
abetic patients aged <50 years. For the
oldest group (age =60 years), the U-shaped
association changed to an inverse associa-
tion.

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 Cardiovascu-
lar Risk in Diabetes (ACCORD) study did
not confirm the beneficial effect of inten-
sive blood pressure treatment (SBP <120
mmHg) among diabetic patients com-
pared with standard therapy (SBP <140
mmHg) (11). The International Verapa-
mil 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 lim-
itations of these RCTs include the low in-
cident CHD events, short follow-up time,
high loss to follow-up rates, and strict in-
clusion 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 obser-
vational studies, especially from hospital-
based 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 in-
verse association between blood pressure
levels and all-cause mortality among el-
derly diabetic patients (14,25). Several
reasons or limitations for the inconsis-
tency of these studies can be considered.
First, small sample sizes, short follow-up,

and few CVD cases in some studies may
limit the statistical power. Second, most
epidemiological studies only assess a sin-
gle baseline measurement of blood pres-
sure with the CVD risk, which may
produce potential bias. In the current
study, our data showed that a signifi-
cantly increased risk of CHD was ob-
served 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 deter-
mination was sufficient where addition of
subsequent values did not change the re-
sult very much. In addition, this U-shaped
association was present in different age-
groups, but in the oldest group (age =60
years) the U-shaped association changed
to an inverse association.

Potential explanations of this associ-
ation 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 pres-
sure has been shown to be more common
with comorbidities at older ages and is
often reflective of poor health. Elderly pa-
tients 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 asso-
ciation between blood pressure and CHD
risk in the old diabetic patients. We car-
ried out sensitivity analyses excluding
participants who were diagnosed with
CHD during the first 2 years of follow-
up (n = 589), which can reduce the pos-
sibility 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

3294

DiaBETES CARE, VOLUME 36, OcTOBER 2013

care.diabetesjournals.org


http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc13-0189/-/DC1
http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc13-0189/-/DC1

harmful than uncontrolled blood pres-
sure and that an inverse association exists
in elderly patients. The possible explana-
tions why the inverse relationship was
only found for elderly patients are un-
clear, but a recent analysis of 13 cohort
studies including 180,000 Japanese par-
ticipants showed that the effect of hyper-
tension 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 adminis-
trative databases to avoid differential re-
call 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 acces-
sibility of health care, particularly in
comparing African Americans and whites.
One limitation of our study is that our
analysis was not performed on a repre-
sentative sample of the population, which
limits the generalizability of this study;
however, LSUHCSD hospitals are public
hospitals and cover >1.6 million pa-
tients, most of whom are middle- or
low-income persons in Louisiana. The re-
sults 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 myocar-
dial infarction diagnoses in our study has
not been confirmed by specialists. But the
method we used is hospital discharge reg-
ister 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 Com-
munities (ARIC) study (32), the Framing-
ham Study (33,34), the National FINRISK
Survey (35), and the Whitehall II study
(36). The validity of the diagnoses of myo-
cardial infarction by using hospital dis-
charge register in these cohort studies is
available (agreement 83-98%) (31,37).
Third, even though our analyses adjusted
for an extensive set of confounding fac-
tors, residual confounding due to the mea-
surement error in the assessment of
confounding factors and unmeasured fac-
tors such as heart rate, physical activity,
education, dietary factors, cognitive func-
tion for all patients cannot be excluded.
Based on the limitation above, our find-
ings may need to be further confirmed

by RCTs or meta-analysis concerning
this specific issue.

In summary, in this large hospital-
based cohort study, we found that ag-
gressive blood pressure control (i.e., SBP
<120 mmHg or DBP <70 mmHg) is as-
sociated 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 cur-
rently 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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