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Abstract: The Global Vascular Risk Management (GVRM) Study is a 5-year prospective observational study of 87,863 patients (61% females) with hypertension and associated cardiovascular
risk factors began January 1, 2010. Data are gathered electronically and cardiovascular risk is
evaluated using the Consortium for Southeastern Hypertension Control™ (COSEHC™)-11 risk
score. Here, we report the results obtained at the completion of 33 months since study initiation.
De-identified electronic medical records of enrolled patients were used to compare clinical indicators, antihypertensive medication usage, and COSEHC™ risk scores across sex and diabetic
status subgroups. The results from each subgroup, assessed at baseline and at regular follow-up
periods, are reported since the project initiation. Inference testing was performed to look for statistically significant differences between goal attainments rates between sexes. At-goal rates for
systolic blood pressure (SBP) were improved during the 33 months of the study, with females
achieving higher goal rates when compared to males. On the other hand, at-goal control rates
for total and low-density lipoprotein (LDL) cholesterol (chol) were better in males compared to
females. Diabetic patients had lower at-goal rates for SBP and triglycerides but higher rates for
LDL-chol. The LDL-chol at-goal rates were higher for males, while high-density lipoprotein
(HDL)-chol rates were higher for females. Utilization of antihypertensive medications was
similar during and after the baseline period for both men and women. Patients taking two or
more antihypertensive medications had higher mean COSEHC™-11 scores compared to those
on monotherapy. With treatment, hypertensive patients can reach SBP and cholesterol goals;
however, population-wide improvement in treatment goal adherence continues to be a challenge
for physicians. The COSEHC™ GVRM Study shows, however, that continuous monitoring
and feedback to physicians of accurate longitudinal data is an effective tool in achieving better
control rates of cardiovascular risk factors.
Keywords: cardiovascular risk, coronary heart disease, dyslipidemia, electronic medical records,
hypertension, metabolic syndrome
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The metabolic syndrome comprises a constellation of cardiovascular risk factors1,2
that include abdominal obesity; insulin resistance; glucose intolerance; elevated blood
pressure or antihypertensive drug treatment; low levels of high-density lipoprotein
(HDL) cholesterol (chol); and elevated triglyceride levels. Abundant evidence shows
that the metabolic syndrome predicts the development of cardiovascular disease
(CVD).3–5 In a previous article,6 we presented the baseline demographic profile and risk
factor prevalence among patients enrolled in an observational large scale assessment
of cardiometabolic risk factors in the southeastern United States, a region in which
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the Consortium for Southeastern Hypertension Control™
(COSEHC™) was among the first to raise awareness of an
excess in cardiovascular-related deaths.6–15
The Global Vascular Risk Management (GVRM) Study
is a large-scale project to prospectively determine the sensitivity of the COSEHC-cardiovascular risk assessment tool
(COSEHC–CRT) to provide benchmarking data on treatment
patterns and outcomes to participating COSEHC-designated
Cardiovascular Centers of Excellence™.6 De-identified electronic medical records were used to compare clinical indicators, antihypertensive medication usage, and COSEHC™ risk
scores across sex and diabetic status subgroups. In this article,
we examined the changes in cardiovascular risk factors
and rate of clinical events for those patients who continued
care with COSEHC™ health care providers during the first
33 months follow-up period from the reported baseline.6
The report documents the changes in systolic blood pressure
(SBP), cholesterol measures, and body mass index (BMI)
across sex and diabetic status subgroups. We also present
results on the utilization of antihypertensive medications for
treatment of hypertension, lipid management, and diabetes,
along with an evaluation of the COSEHC–CRT score as a
function of antihypertensive medication usage.13 The information, gathered throughout the first 33 months of the study,
provides new information as to how a cohort of subjects from
a population with a documented high rate of cardiovascular
events and the participating physicians respond to a structured
longitudinal surveillance process based on assessment of
clinical and therapeutic goals through the use of electronic
medical records (EMRs). The information attained in this
study may be used by physicians to understand the value of
EMRs and have increased awareness of expected results in
terms of sex, clustering of risk factors including diabetes,
and therapeutic effectiveness.

Methods
Study design
The GVRM Study is a voluntary, observational, prospective quality-improvement initiative conducted at
eight COSEHC™-designated Cardiovascular Centers of
Excellence™ from patients who were at least 18 years of age
and met one or more of the following criteria: (1) at least one
predefined International Classification of Disease, 9th Revision (ICD-9) CVD risk factor code; (2) treatment at a participating COSEHC™-designated Center of Excellence; and
(3) alternative treatment at a noncardiac-related outpatient
clinic for a cardiac-related Current Procedural Terminology
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code condition. All patients were treated per the standard of
care for their respective conditions, and no predefined visits,
medical, laboratory tests, procedures, or interventions were
required. Of the eleven variables in the modified COSEHC–
CRT score,6 age, sex, smoking status, and family history of
coronary heart disease (CHD) were collected only once, all
other data were updated on a quarterly basis.

Study duration and outcomes
The baseline measures for this 5-year prospective study are
published elsewhere.6 The follow-up time period analyzed in
this article is 33 months (January 1, 2010, to September 30,
2012).

Data flow and management
The GVRM Study was approved on a central level by
the Copernicus Group Institutional Review Board (IRB)
(Research Triangle Park, Durham, NC, USA) and by the IRBs
of each participating site. The selected numerical values from
individual patient EMRs were submitted to the COSEHC™
Coordinating Center at the Wake Forest University School
of Medicine on a quarterly basis. The following ICD-9 codes
were used for clinical events: anterior myocardial infarction
(AMI: 410); acute coronary syndrome (ACS: 411); stroke:
430–434; transient ischemic attack (TIA: 435); other cardiovascular disease (CVD: 436); and congestive heart failure
(CHF: 428). Only patients with no evidence of the specified
condition during the baseline period, and a subsequent diagnosis for that condition during follow-up are included in the
subanalysis. Antihypertensive medication usage was defined
as number of refills (see Statistical methods).

Statistical methods
The analysis focused on patients from the study baseline
period who continued care with COSEHC™ health care
providers during the follow-up period (at least one visit
throughout each of the following years). We evaluated clinical measures and treatment goal attainment across patient
subgroups defined by sex and diabetic status, as recorded in
Table 1. At-goal rates, defined as achieving current clinical
practice guidelines16,17 were: hypertension (SBP ,140 mmHg
for nondiabetic subjects and ,130 mmHg for those with an
associated diagnosis of chronic kidney disease or diabetes);
total cholesterol ,200 mg/dL, HDL-chol .40 mg/dL, lowdensity lipoprotein (LDL)-chol ,100 mg/dL; and plasma triglycerides ,150 mg/dL. These goal attainment rates were also
compared from the baseline period to the follow-up period.
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Variable and condition

All subjects
Systolic blood pressure, mmHg
Baseline values†
Follow-up values‡
Total cholesterol, mg/dL
Baseline values†
Follow-up values‡
LDL-cholesterol, mg/dL
Baseline values†
Follow-up values‡
HDL-cholesterol, mg/dL
Baseline values†
Follow-up values‡
Plasma triglycerides, mg/dL
Baseline values†
Follow-up values‡
Nondiabetic patients
Systolic blood pressure, mmHg
Baseline values†
Follow-up values‡
Total cholesterol, mg/dL
Baseline values†
Follow-up values‡
LDL-cholesterol, mg/dL
Baseline values†
Follow-up values‡
HDL-cholesterol, mg/dL
Baseline values†
Follow-up values‡
Plasma triglycerides, mg/dL
Baseline values†
Follow-up values‡
Diabetic subjects
Systolic blood pressure, mmHg
Baseline values†
Follow-up values‡
Total cholesterol, mg/dL
Baseline values†
Follow-up values‡
LDL-cholesterol, mg/dL
Baseline values†
Follow-up values‡
HDL-cholesterol, mg/dL
Baseline values†
Follow-up values‡
Plasma triglycerides, mg/dL
Baseline values†
Follow-up values‡

Females

Males

P-value††

M ± SD (N)

At-goal
rate

M ± SD (N)

At-goal
rate

128 ± 17 (53,025)
128 ± 17 (51,368)

68%
70%**

130 ± 17 (33,762)
129 ± 17 (32,770)

62%
65%**

,0.0001
,0.0001

190 ± 41 (53,589)
186 ± 41 (33,809)

62%
66%**

170 ± 40 (34,209)
164 ± 39 (24,039)

79%
83%**

,0.0001
,0.0001

111 ± 35 (53,308)
106 ± 35 (32,502)

40%
46%**

99 ± 34 (34,037)
93 ± 32 (23,294)

54%
62%**

,0.0001
,0.0001

52 ± 15 (53,570)
53 ± 15 (33,705)

78%
80%**

42 ± 12 (34,204)
42 ± 12 (23,980)

47%
50%**

,0.0001
,0.0001

136 ± 82 (53,191)
137 ± 83 (33,719)

68%
67%**

147 ± 93 (33,614)
144 ± 94 (23,975)

63%
65%**

,0.0001
,0.0001

127 ± 17 (35,815)
127 ± 17 (34,593)

78%
79%**

130 ± 16 (18,510)
128 ± 16 (17,971)

73%
76%**

,0.0001
,0.0001

193 ± 39 (36,125)
190 ± 39 (21,219)

60%
63%**

174 ± 39 (18,744)
169 ± 37 (12,570)

76%
81%**

,0.0001
,0.0001

114 ± 34 (36,072)
110 ± 34 (20,193)

36%
41%**

104 ± 34 (18,709)
98 ± 32 (12,066)

48%
56%**

,0.0001
,0.0001

54 ± 16 (36,122)
55 ± 15 (21,158)

82%
85%**

43 ± 13 (18,738)
45 ± 12 (12,540)

53%
57%**

,0.0001
,0.0001

125 ± 71 (36,089)
125 ± 72 (21,142)

73%
73%**

135 ± 81 (18,692)
131 ± 81 (12,532)

69%
71%**

,0.0001
,0.0001

131 ± 18 (17,210)
130 ± 18 (16,775)

48%
51%**

130 ± 17 (15,252)
129 ± 17 (14,799)

49%
51%**

0.1926
0.5068

184 ± 43 (17,464)
180 ± 44 (12,590)

68%
72%**

165 ± 41 (15,465)
160 ± 40 (11,469)

82%
86%**

,0.0001
,0.0001

104 ± 36 (17,236)
100 ± 36 (12,309)

49%
55%**

94 ± 33 (15,328)
89 ± 33 (11,228)

62%
69%**

,0.0001
,0.0001

48 ± 14 (17,448)
49 ± 13 (12,547)

71%
72%**

40 ± 11 (15,466)
40 ± 11 (11,440)

40%
41%**

,0.0001
,0.0001

159 ± 95 (17,102)
157 ± 96 (12,577)

57%
58%**

162 ± 103 (14,922)
158 ± 104 (11,443)

57%
59%**

0.2126
0.3650

Notes: Values are means ± 1 standard deviation (M ± SD) of variables obtained before (baseline) and at the end of the 4th quarter in 2012 (follow-up values). †Includes
all patients with at least 8/11 COSEHC™ variables observed during the baseline time period, and at least one visit during the 2010-Q1–2012-Q4 time period; ‡includes all
patients with at least 8/11 COSEHC™ variables observed during the baseline time period, and observation for that measure during the 2010-Q1–2012-Q4 time period.
Because some patients had missing at-goal values, Row 3 and Row 4 do not necessarily add up to Row 2 numbers; **indicates a statistically significant difference (Chi-square
test) from baseline to follow-up with P-value , 0.0001; ††P-value for the difference between male and female at-goal rates for each measure.
Abbreviations: M, mean; N, number; SD, standard deviation; COSEHC, Consortium for Southeastern Hypertension Control; HDL, high-density lipoprotein;
LDL, low-density lipoprotein; Q, quarter.
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We used the Chi-square test to compare at-goal rates. In
addition to these clinical measures, antihypertensive medication usage, BMI, and the COSEHC™ score were also
compared across patient subgroups.
As this is an observational study not all patients received
every lab test during the follow-up period, and some patients
had more than one value for some risk factors. Thus, the
sample size differed across all measures. When patients
had more than one value, the most recent valid follow-up
value was used. When patients had only a subset of the
measures recorded during follow-up, the patient remained
in the study. There was no carry-forward of values from the
baseline period other than the patient’s height for computation of BMI.
A separate analysis for the diabetic subpopulation (by
sex) was also performed. The percentage of patients at-goal
for each measure was calculated. These percentages were
calculated for both the baseline and follow-up period, with
separate reporting for patients who were or were not at-goal
at baseline. The total number of antihypertensive medications
either prescribed during the follow-up period or continued
from the baseline period was counted for each patient. All
unique antihypertensive medication names were used as the
basis for these counts. Since this is a count of prescriptions
written, it does not distinguish between a patient switching medications during follow-up or concurrently adding a
second medication.
As documented by us previously,6,13 the COSEHC–CRT
score is an additive score calculated with separate algorithms
for men and women. The individual scoring elements are: age
(5-year ranges); smoking status (with differential scores for
each age range); SBP ranges; laboratory test score ranges;
and patient history variables. The final COSEHC™ score
is the sum of each of these individual scoring elements. We
also report treatment goal attainment rates for each CVD
factor by sex and diabetic status. These at-goal rates were
reported for baseline and follow-up (with separate reporting
for patients not at-goal during baseline and patients at-goal
during baseline). Inference testing was performed to look for
statistically significant differences between goal attainment
rates by sex. SBP at-goal status was modeled as a function
of sex, clinical history, and follow-up at-goal status for the
following measures (LDL-chol, HDL-chol, triglycerides,
and BMI). Logistic regression using SAS/STAT software,
(Version 9.2 of the SAS® System for Windows. Copyright
2002-2008 SAS Institute, Cary, NC, USA) was also performed, modeling the at-goal rate for SBP during follow-up.
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This model was developed to determine correlation between
baseline risk factors and SBP at-goal rates. Independent variables included sex, risk factors such as smoking and diabetic
status, and adherence to other treatment goals, including
HDL-chol, LDL-chol, triglycerides, and BMI.

Results
Demographic and clinical history
Out of the 87,863 patients with at least one follow-up visit, 61%
were female (mean age of 62 years). Of the 76,383 patients
with known race/ethnicity, 15.1% were African-Americans;
77.7% were Caucasian; less than 1% were Hispanic, and 6.6%
were listed as other. According to medical record review,
32.2% of the patients were current smokers, 38.4% were
diabetics, 2.4% reported a history of premature CHD in their
family, and 3.8% had left ventricular hypertrophy.
Table 1 shows the group averages of systolic blood pressures and lipids at 33 months of follow-up and the changes
in at-goal achievement rates for the entire patient cohort and
the subgroups of subjects who did or did not have a diabetic
diagnosis at the time of patient enrollment.

Systolic blood pressure
At the time of enrollment (baseline; Table 1), goal-attainment
rates for SBP in the entire population are above 60%. The
highest goal attainment rates at baseline are found in the
subgroup of subjects with a negative history of diabetes
(78%; Table 1), while the lowest at-goal rates are present
in diabetic subjects (48%; Table 1). Modest, albeit statistically significant, improvements in SBP at-goal rates were
observed in all subjects at the completion of the follow-up
period (Table 1). Improvement in the at-goal rates for diabetic
subjects (51%; Table 1) is significantly lower (P , 0.05)
than those measured for the entire population (70%) or the
subgroups of subjects with a negative diagnosis of diabetes
at baseline (79%). Table 1 also shows lower SBP values and
higher at-goal rates for males compared to females for the
whole patient population and nondiabetic subjects. In contrast, SBP at-goal rates in diabetic subjects are not different
in males and females (Table 1).

Lipid profile
Baseline at-goal rates for total-chol, HDL-chol, and triglycerides are greater than 50% at the time of patient enrollment
into the study (Table 1). Overall, LDL-cholesterol baseline
at-goal rates are below 50% (Table 1). Over the course of
the 33 months of follow-up, small improvements in lipid
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at-goal rates are present for both nondiabetic and diabetic
patients (Table 1). In addition, at-goal rates for total-chol
and LDL-chol are significantly higher in males compared
to females whether comparisons are made for all subjects
or those without diabetes. At-goal rates improved from
baseline to follow-up for males and females in both subgroups (P , 0.0001), with an overall improvement in the
total-chol rate from 62% to 66% for males and 79% to 83%
for females (Table 1). These findings contrast with the concurrent demonstration of lower at-goal rates for LDL-chol
when compared to total-chol for all subjects or the subgroup
without diabetes (Table 1). The conversion rate for baseline
not-at-goal patients and the retention rate for patients at-goal
during baseline rate were also lower for diabetic patients.
Total-chol at-goal rates for subjects that were at-goal at
baseline were higher for males than females (66% versus
83%; P , 0.0001) during the follow-up period (Table 1,
all subjects). Goal-retention rates for patients at-goal for
LDL-chol during baseline were higher for males compared
to females, and this sex difference persisted throughout the
follow-up period (Table 1). In terms of HDL measurements,
lower values of HDL-chol at-goal rates for both sexes showed
significantly lower at-goal rates in males, not at baseline goal.
This difference, albeit attenuated in magnitude, is still present in males who were at-goal for HDL-chol (Figure 1). For
plasma triglycerides, diabetic females and males had similar
goal rates for all cohorts. These rates were also similar when
compared to those for all patients with the exception of the
conversion rate among diabetic males that was higher than
that for all male patients (Figure 1). For the BMI measure,
we observed lower rates across all cohorts, including the
conversion rate for baseline at-goal patients and the retaining rate for patients at-goal during baseline, when compared
to all patients.

Influence of diabetic status
Figure 1 shows the follow-up results for subjects who were or
were not at-goal at baseline in diabetic and nondiabetic subjects. It is evident that being not at-goal at the initiation of the
study is associated with similar, lesser attainments of goal rates
during the follow-up period. Within the diabetic subgroup,
both females and males had lower at-goal rates for SBP during
the follow-up period, as well as lower conversion rates when
compared to the entire cohort of patients (Figure 1 and Table 1).
This is primarily due to the stricter goal criteria for diabetic
patients (,130 mmHg for diabetics versus ,140 mmHg for
nondiabetics without chronic kidney disease).
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At-goal rates
nondiabetic subjects
Males
at-goal

Females
at-goal

Males
not at-goal

Females
not at-goal

0

20

40

60

80

100

Percent
SBP

T-cholesterol

LDL-cholesterol

HDL-cholesterol

Triglycerides

At-goal rates
diabetic subjects
Males
at-goal

Females
at-goal

Males
not at-goal

Females
not at-goal

0

20

40

60

80

100

Percent
SBP

T-cholesterol

LDL-cholesterol

HDL-cholesterol

Triglycerides

Figure 1 Attainment of at-goal rates at the completion of the 33 months for subjects
who were at-goal versus not at-goal for the measured cardiovascular risk factors.
Abbreviations: SBP, systolic blood pressure; LDL, low-density lipoprotein; HDL,
high-density lipoprotein; T, total.

COSEHC–CRT score
Figure 2 shows higher COSEHC–CRT scores in males at
the initiation of the study, at follow-up, and even in the
subset of subjects who were not at-goal during the baseline
period and whether they are being treated with one or more
antihypertensive drugs. Higher COSEHC–CRT score values
in males, in part, reflects the fact that the COSEHC™ score
itself automatically assigns higher scores for males than
females.6,13
Utilization of antihypertensive medications was similar
in the at-goal patient population for both men and women
(P . 0.05); however, the not-at-goal female subgroup had
slightly higher average prescription counts compared to the
male subgroup (2.2 versus 2.1; P , 0.0001). As illustrated
in Figure 2, patients taking two or more antihypertensive
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Sex differences in COSEHC™ risk scores
for hypertensive subjects on one medication
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Figure 2 Sex differences in COSEHC™ risk scores.
Notes: Although sex has a direct influence on the Consortium for Southeastern Hypertension Control™ (COSEHC) risk factor scoring, the data show a significant increase
in the risk for females who are not at-goal at the end of the examined period. Values are means ± standard deviation of the risk score for males and females with one (A) or
two or more (B) medications. Statistical differences are denoted in the graph. All other comparisons were not statistically significant (P . 0.05).

medications had higher mean COSEHC–CRT scores for
both females and males, compared to those taking a single
antihypertensive medication.
A logistic regression analysis was performed to model the
probability of SBP at-goal status during follow-up as a function
of sex, diabetic status, and other measures. Diabetes, smoking
status, and BMI were significant at P , 0.05. Diabetes status
had the smallest odds ratio (OR = 0.36) and was significant
at P , 0.0001, showing that diabetics were at least three
times more likely to not be at-goal for SBP. In other words,
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the logistic regression analysis indicates that being at-goal
for SBP is more likely if the subject is a nonsmoker who is
at-goal for both BMI and LDL-cholesterol and is nondiabetic.
The Hosmer–Lemeshow Goodness of Fit Test had a P-value
of 0.2578. This high P-value indicates a good model fit.
Figure 3 shows the number of clinical events occurring
throughout the follow-up period (2010–2012). There were
a total of 832 clinical events among 811 patients (0.92% of
the total patient population). Strokes and CHF represented
the highest event categories.
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0.079% myocardial
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0.074% TIA
0.042% other CVD
0.361% CHF

Figure 3 Clinical events documented during the 33 months for the overall patient
population.
Notes: Data are from events recorded by physicians using International Classification
of Disease, 9th Revision (ICD-9) codes starting with 410 (see Methods). Stroke
includes both hemorrhagic and ischemic stroke.
Abbreviation: ACS, acute coronary syndrome; TIA, transient ischemic attack;
CHF, congestive heart failure; CVD, other cardiovascular events.

Discussion
Multiple theories have been suggested to address the factors
contributing to poor medication compliance, quality of care,
and patient outcomes. The results obtained during a 33 month
follow-up of a large practice-based southeastern high cardiovascular risk patient population observational study show improvements in blood pressure control, as well as modest increases in
the at-goal rates for total cholesterol, LDL-chol, and HDL-chol
that are most evident in males compared to females. Presence
of diabetes mellitus worsens the ability of subjects to reach or
maintain cardiovascular risk factors’ at-goal control rates while
the data also confirm the higher risk that males are exposed
to compared to females in terms of cardiovascular events, as
reflected in the higher COSEHC–CRT score rates.
The GVRM Study seeks to provide prospective benchmarking of recognized cardiovascular risk factors on treatment
patterns and patient outcomes from eight of 33 COSEHC™designated Cardiovascular Centers of Excellence™. The population served by the physicians enrolled in the study includes
a large number of patients at high risk for cardiovascular

events due to their location in the southeastern USA, a region
with a recognized higher cardiovascular morbidity and mortality.8,10,12,14,15,18–20 Data, appropriately de-identified, were
collected electronically from each participating center, and
the subjects included in the study met the inclusion criterions
defined in our previous publication.6 Importantly, the current
report provides a glimpse of the study’s predefined main outcome measures of cardiovascular morbidity and mortality,
including the development of CHD, CHF, stroke, transient
ischemic attack, abdominal aortic aneurysm, myocardial
infarction, renal failure, and diabetic retinopathy.
The overall number of clinical events, approximately
0.92% of the total monitored population over the 33 month
observational period, is relatively low as the at-goal rates
were generally higher than 50%, except in diabetic subjects.
Since the COSEHC–CRT score estimates the 5-year absolute cardiovascular mortality risk, and individuals can be
identified as high relative risk (.60th percentile) compared
to the reference population, or identified as high absolute
risk (5-year mortality risk exceeding 2.5%), the average
32%–36% score measured in our population indicates a
higher than 0.85% risk of 5-year cardiovascular mortality.13
This finding suggests a lower occurrence of events compared
with other studies having similar commonalities in terms of
patient characteristics and follow-up.21–24 In assessing the
benefits of a healthy diet on the composite of cardiovascular
events (cardiovascular death (CV); myocardial infarction
(MI); stroke; or CHF) in the combined patient population
enrolled in the Ongoing Telmisartan Alone in Combination
with Ramipril Global End Point Trial (ONTARGET; 4,221
patients) and in the Telmisartan Randomized Assessment
Study in ACEI Intolerant Subjects with Cardiovascular
Disease (TRANSCEND; 969 patients) trials,25–30 Dehghan
et al23 showed that the rates of clinical events for myocardial
infarction, stroke, and congestive heart failure in their population are higher than those found in our study. These data

Table 2 Logistic regression results
Effect

Odds ratio

95% Wald confidence limits

P-value

Dependent variable: follow-up SBP at-goal
Sex: female
Presence of diabetes
LDL-cholesterol at-goal
HDL-cholesterol at-goal
Plasma triglycerides at-goal
Smoking status: nonsmoker
Body mass index at-goal

0.97
0.36
1.12
0.92
1.07
0.82
1.33

0.89
0.31
1.03
0.83
0.98
0.75
1.18

NS
,0.0001
0.0087
NS
NS
,0.0001
,0.0001

1.06
0.42
1.23
1.01
1.17
0.89
1.51

Notes: N = 9,377; 5,180 at SBP goal; 4,197 not at SBP goal.
Abbreviations: SBP, systolic blood pressure; NS, not significant; HDL, high-density lipoprotein; LDL, low-density lipoprotein.
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might suggest that physicians participating as COSEHC’s
members have higher skills and motivational capabilities
to address the greater risk for cardiovascular events than
their patient population is exposed to. Whether these lower
rates are related to a more aggressive treatment approach in
terms of use of specific medications, greater physician time
spent with the subjects, or more frequent follow-up were
not assessed in this study. Nevertheless, the programmatic
structured educational system that COSEHC™ members are
exposed to might be a factor.7,10,31
The changes in goal attainment in terms of SBP and
lipids were the primary outcome metric used in our study.
Sex differences in at-goal rates were also included in the
analysis since accumulating data suggest important differences in response rates, medication use, and clinical outcomes
between men and women.32–34 Several studies showed that
the reduction of arterial pressure, particularly SBP, to the
goals recommended by current and past guidelines leads
to robust reductions in the occurrence of cardiovascular
events.35–37 The focus of our study on SBP was determined
by the nature of the factors that enter in the calculation of
the COSEHC™ risk score,6,13 which derives further strength
from studies showing a higher association of cardiovascular
risk with systolic rather than diastolic blood pressure in
subjects older than 50 years.31,38–41 A detailed analysis by
Basile42 documented the limitations of using response rates to
a particular treatment rather than attainment of a predefined
or recommended at-goal value. Our 33-month observational
follow-up study in this large population demonstrates important sex differences in at-goal rates that become relatively
less marked in diabetic subjects. Gueyffier et al32 reported
that while antihypertensive treatment in men prevented as
many coronary events as stroke events, a similar benefit of
therapy in women was primarily reflected in a reduction in
stroke rates. In our study, we showed that nondiabetic men
evidenced higher at-goal rates for total and LDL-chol while
lower at-goal rates occurred for SBP, HDL-chol, and plasma
triglycerides. Furthermore, the logistic regression results
demonstrated that goal rates for BMI had a much larger
effect than sex. These findings do not negate the role of sex
in the progression of CVD since a recent report showed a
higher risk for large myocardial infarction and heart failure
in females with the cardiometabolic syndrome.43
There were a number of limitations present in this study
design. Since this was an observational study based on EMR
data, patients have variable intervals between their baseline
and follow-up visits. In some cases, data elements from multiple visits had to be combined to create a complete record.
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The pharmaceutical records did not include stop dates, making it difficult to discern between patients adding additional
therapies and patients switching therapies. Limitations of
the COSEHC™ risk score are detailed elsewhere.6,13 The
COSEHC™ risk score provides a more accurate estimate
of the absolute risk of cardiovascular events compared to
the Framingham risk score, since the latter is based on a
homogeneously white healthy individual population. Known
limitations of the Framingham risk score include under (over)
estimation of risk for non-Caucasian individuals (AfricanAmericans, Hispanic-Americans, and Native Americans).44,45
The wider generalizability and discriminatory sensitivity of
the COSEHC™ risk score is based on the model published
by the INdividual Data ANalysis of Antihypertensive intervention trials (INDANA) project, which is based on a much
larger patient population of multiple ethnic origin.13,32,46–51
The interim analysis, 33 months after completion of
baseline measures, provides new evidence about the difficulties that physicians face in improving treatment outcomes,
particularly in terms of lipid management in women. There
is clear evidence that diabetes worsens the ability of physicians to treat to goal, particularly in those subjects whose
SBP and lipids were not at-goal rates at the completion
of the baseline observational period. On the other hand,
the data show improved control rates for SBP and even
lipids in diabetic subjects who were or were not at-goal
levels at the time of enrollment in the program. Our data
further confirm previous studies showing that higher use
of medications is required to control arterial pressure and
that higher use of medications is associated with worse
COSEHC™-risk scores.
In summary, the GVRM Study documents the characteristics of risk factors’ prevalence and response to treatment
in a population at higher risk of cardiovascular events.
At the time when the Centers for Medicare and Medicaid
Services (CMS), as well as both small and large health
care plans, strive to develop approaches to improve the
quality and patient-centeredness of care for its enrollees,
the studies and methods embedded in the GVRM Study
allow for a quantitative assessment of absolute risk, based
on a longitudinal monitoring of cardiovascular variables.
While the practices participating in this project exercised
their own independent best-practice approaches to the care
of their patients, the regular reporting of cardiometabolic
data captured from their electronic medical record systems
with regular feedback to the providers make it plausible that
these tools can contribute significantly to improved patient
care and outcomes.
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