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This study compared the prevalence of high-risk
cardiovascular (CV) conditions, antihypertensive
medication treatment patterns, and demographic
and clinical characteristics associated with blood
pressure (BP) goal attainment between elderly
(65 years and older) and nonelderly (younger
than 65 years) adults with hypertension.
Retrospective cohort study was conducted using
an electronic medical record database among
patients receiving at least 1 antihypertensive
medication. CV risk profiles were assessed by
International Classification of Diseases, 9th
Revision diagnosis codes. Treatment patterns
were assessed by the number of antihypertensive
medications prescribed. BP goal attainment was

determined by the mean of the last 2 BP readings
during 1 year of follow-up. Logistic regression
estimated the odds of achieving BP goal. There
were 61,355 nonelderly (mean age, 51.8 years)
and 47,796 elderly (mean age, 73.2 years)
patients in the study. Elderly patients had
statistically significant higher levels of isolated
systolic hypertension and complicated
hypertension. Elderly patients had statistically
significant higher levels of prescribing patterns
characterized by multiple antihypertensive
medications but statistically significant lower
levels of BP goal attainment. Age 65 years and
older, African American race, body mass index
�30, and the presence of complicated
hypertension were found to be statistically
significant factors contributing to a lower
likelihood of BP goal attainment. Despite
aggressive antihypertensive treatment, elderly
patients are less likely to achieve BP goals. J Clin
Hypertens (Greenwich). 2010;12:935–944. ª 2010
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Hypertension, broadly defined as blood pres-
sure (BP) �140 ⁄ 90 mm Hg, affects approxi-

mately 73 million people in the United States, and
there is a 90% lifetime risk of developing hyperten-
sion for persons 55 years and older.1 Hypertension
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is the most common chronic condition for which
Americans visit a doctor and it is increasing in
prevalence as the population ages and body mass
indices (BMIs) increase.2 The World Health Orga-
nization states that hypertension is the most com-
mon attributable cause of preventable death in
developed countries.2 Among individuals with
hypertension, 61.4% are receiving antihyperten-
sive treatment and about 35% have controlled
hypertension; therefore, as many as 65% of hyper-
tensive patients do not attain adequate BP control.1

Many antihypertensive agents are available to
allow effective reduction of high BP and its associ-
ated complications for all ages. The Seventh Report
of the Joint National Committee on Prevention,
Detection, Evaluation and Treatment of High Blood
Pressure (JNC 7) and other literature recommends
that elevated BP be reduced to <140 ⁄90 mm Hg (or
<130 ⁄80 mm Hg for patients with diabetes and
chronic kidney disease) and that most patients with
hypertension require �2 antihypertensive medica-
tions to achieve target BP. It is now recognized that
multiple-mechanism therapy results in greater BP
reduction than is seen with single-mechanism com-
ponents.3–7 JNC 7 also acknowledges that hyperten-
sion commonly occurs in more than two thirds of
adults older than 65 years. Treatment recommenda-
tions in the elderly population should follow the
same principles as for the general population, with
the only caution that lower starting doses may be
necessary to avoid adverse events. As in the general
population, standard doses and multiple therapies
are needed to attain BP goals. Previous research has
found that elderly patients with hypertension are
treated less aggressively than their younger counter-
parts and have lower rates of BP control.8,9

This study was undertaken to assess whether
elderly patients with hypertension have different
underlying clinical characteristics than nonelderly
patients with hypertension that may explain varia-
tions in antihypertensive therapy and BP goal attain-
ment. Therefore, the objectives of this study are: (1)
to describe the prevalence of high-risk CV conditions
among adults with hypertension, comparing patients
65 years and older with those younger than
65 years; (2) to describe the antihypertensive medica-
tion use and BP goal attainment among those with
stage I and II hypertension, comparing patients
65 years and older with those younger than
65 years; and (3) to assess those factors associated
with BP goal attainment. The data source for this
study was an electronic medical record (EMR) data-
base of patients seeking care and treatment in the
outpatient setting.

METHODS
Data Source
This study used data from GE Centricity (GE
Healthcare, GE Healthcare IT, Princeton, NJ) a
de-identified Health Insurance Portability and
Accountability Act of 1996 (HIPPA)–compliant
EMR database. At the time of the study (2007), the
EMR contained data on more than 8.9 million
patients. The GE EMR database is comprised of
data submitted by more than 70 consortium
member institutions located in more than 40 states.
Consortium members represent a variety of practice
types, ranging from solo practitioners to community
clinics, academic medical centers, and large inte-
grated delivery networks. Approximately, two thirds
of the participating clinicians identify themselves as
primary care physicians. The dataset is comprised of
submitted longitudinal patient data and includes but
is not limited to demographic information; payment
type (commercial, Medicare, Medicaid, self-pay,
and unrecognized payment type); enrollment dates;
vital signs; laboratory orders and results; medication
list entries and prescriptions; International Classifi-
cation of Diseases, 9th Revision, (ICD-9) Clinical
Modification (ICD-99-CM) diagnosis codes; and
Current Procedure Terminology Version 4 (CPT-4),
indicating the type of procedure if provided.

Study Design and Inclusion Criteria
We conducted a retrospective cohort study using
the EMR database. The study period ranged from
January 1, 2004, through December 31, 2007. All
adult patients with diagnosed primary ⁄essential
hypertension (ICD-9: 401.xx, 402.xx, 403.xx,
404.xx) who received at least 1 antihypertensive
prescription between December 1, 2005, and
November 30, 2006 (index period), and were longi-
tudinally enrolled in the EMR database for at least
13 months after (follow-up period) and 23 months
prior (screening period) to the index date were
selected. The index date was defined as the date of
hypertension diagnosis or the date of antihyperten-
sive prescription, whichever was earlier during the
index period. Presence of the high-risk clinical con-
ditions for coronary heart disease (CHD) according
to JNC 7 was assessed during the screening period
(23 months prior to the index date except for
myocardial infarction, which was assessed during
13 months prior to the index date) (Table 1).
Patients were followed 12 months after the
index date for treatment patterns and BP goal
attainment. Patients would have to be at goal for
both systolic BP (SBP) and diastolic BP (DBP)
measurements to be considered at goal during
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follow-up. Pharmacotherapy was evaluated accord-
ing to JNC 7 guideline (Table 2).

Variable Definition
Hypertension. Patients were categorized by their
index BP levels as normal (SBP <120 mm Hg and
DBP <80 mm Hg), prehypertension (120–139 mm
Hg SBP or 80–89 mm Hg DBP), stage 1 hyperten-
sion (140–159 mm Hg SBP or 90–99 mm Hg DBP)
and stage 2 hypertension (SBP �160 mm Hg or
DBP �100 mm Hg), isolated systolic hypertension
(SBP >140 mm Hg in the presence of normal DBP
[<80 mm Hg]), and the presence of comorbid con-
ditions as defined in Table 1.

Goal Attainment. The mean of the last 2 BP val-
ues obtained during evaluation period was used to
assess clinical goal attainment. Patients not at goal
at baseline (either BP >140 ⁄90 mm Hg or
>130 ⁄80 for patients with diabetes or chronic kid-
ney disease) were defined as attaining BP goal if
both their last BP readings during the evaluation
period were at goal.

Treatment Pattern. Medication prescribing was
determined by first-line antihypertensive regimen
and number of prescribed antihypertensive drugs
during follow-up, as suggested by JNC 7 guidelines
on pharmacologic treatment in patients without

Table I. Clinical Conditions With High CHD Riska

Clinical Condition Description

Type II diabetes Considered as a CHD risk-equivalent condition (ICD-9: 250.xx)

Cerebrovascular disease ICD-9: 430.xx-434.xx, 435.9x, and 436.xx–438.xx
Heart disease ICD-9: 402.xx, 410.xx, 411.xx, 413.xx, 414.xx, and 428.xx
Kidney disease ICD-9: 403.xx and 585.xx

Peripheral vascular disease ICD-9: 440.2x, 443.xx, and444.2x

Abbreviations: CHD, coronary heart disease; ICD-9, International Classification of Diseases, Ninth Revision. aHigh CHD risk:
Patients with essential hypertension (ICD-9: 401.xx) and �2 risk factors (from the Seventh Report of the Joint National
Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure guidelines),6 including age and sex

(men >55 y and women >65 y); smoking; dyslipidemia (low-density lipoprotein �160 mm Hg; high-density lipoprotein
[HDL] <40 mm Hg for men, HDL <50 mm Hg for women; triglycerides [TGs] �150 mg ⁄ dL, total cholesterol
�240 mg ⁄ dL); metabolic syndrome (abdominal obesity: baseline waist circumference >40 in for men and >35 in for women;

fasting glucose �110 mg ⁄ dL, high TGs (�150 mg ⁄ dL); low HDL cholesterol (<40 mg ⁄ dL for men and <50 mg ⁄ dL for
women); obesity (�30 kg ⁄ m2).

Table II. Management of Blood Pressure for Adults 18 Years or Older With Compelling Indications according to JNC 7

Guidelines

Compelling Indication First-Line Antihypertensive Drugs

No. of Drugs

Recommended

Heart disease
Stable angina pectoris BBs or CCBs �2 drugs

Acute coronary syndromes
(unstable angina or
myocardial infarction)

BBs or ACEIs �2 drugs

Post–myocardial infarction ACEIs or BBs or aldosterone antagonists �2 drugs

Heart failure ACEIs or BBs or ARBs or aldosterone blockers in combination
with diuretics

�2 drugs

Diabetes Combinations of �2 drugs with thiazide-type diuretics, BBs, ACEIs,

ARBs, and CCBs to achieve the target goal of <130 ⁄ 80 mm Hg

�2 drugs

Kidney disease Often with �3 drugs to reach target BP values of <130 ⁄ 80 mm Hg
with ACEIs or ARBs in a combination with diuretics or BBs

�3 drugs

Cerebrovascular disease
(recurrent stroke prevention)

Combination of an ACEI and thiazide-type diuretic �2 drugs

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BB, b-blocker; CCB,
calcium channel blocker; JNC 7, the Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation,

and Treatment of High Blood Pressure.
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compelling indications (uncomplicated hyperten-
sion) and with compelling indications (complicated
hypertension).3 According to JNC 7, the following
are considered compelling indications: stable angina
pectoris, unstable angina, myocardial infarction,
heart failure, diabetes, kidney disease, and cerebro-
vascular disease.

Statistical Analysis
All analyses were stratified into two cohorts based
on age at index date: nonelderly age younger than
65 years, and elderly 65 years and older. Descrip-
tive analyses were conducted to assess the CV risk
profile, treatment pattern, and BP goal attainment
between elderly and nonelderly patients and were
compared using chi-square tests for proportions
and t test for means. Distribution of baseline CV
risk factors, BP, and follow-up BP were also com-
pared between groups. Factors associated with BP
goal attainment were assessed using multivariate
logistic regression analyses. The logistic regressions
estimated the odds of achieving BP goals by age,
sex, race, baseline BP, dyslipidemia, baseline BMI,
smoking status, number of antihypertensive medica-
tions, initial drugs prescribed, with or without com-
orbidities, and number of comorbidities. All
statistical analysis was performed at a significance
level of .05 using STATA v.10 (StataCorp, College
Station, TX).

This project was reviewed and approved by the
University of Utah institutional review board.

RESULTS
Baseline Characteristics
There were 109,151 adult hypertensive patients in
the dataset that met the inclusion and exclusion cri-
teria. The nonelderly cohort consisted of 61,355
patients and the elderly cohort consisted of 47,796
patients (Figure). Characteristics of the study popu-
lation are shown in Table 3. The mean age of the
nonelderly cohort was 51.8 years. (standard devia-
tion [SD]: 9.01), while the elderly cohort was 73.2
years (SD: 4.57). The elderly cohort had a signifi-
cantly greater proportion of women compared with
the other group (60.5% vs 53.8%, P<.0001;
respectively).

Consistent with the characteristics of hyperten-
sion in the elderly, isolated systolic hypertension
(ISH) and the presence of comorbid conditions
were more prevalent in the elderly cohort, with the
exceptions of dyslipidemia (elderly 47.32% vs
nonelderly 51.81%; P<.001) and diabetes (elderly
11.66% vs nonelderly 12.80%; P<0.001). ISH was
significantly increased in the elderly population for
both uncomplicated hypertension (elderly 9.63% vs
nonelderly 7.34%; P<.001) and complicated hyper-
tension (elderly 27.78% vs nonelderly 11.83%;
P<.001). All other comorbid conditions (including
cerebrovascular disease [elderly 4.58% vs nonelder-
ly 1.40%; P<.001], kidney disease [elderly 2.85%
vs nonelderly 1.09; P<.001], heart disease [elderly
12.44% vs 5.27%; P<.001], peripheral vascular
disease [elderly 2.42% vs nonelderly 0.90%;

Patients age 18 to 64, N - 61,355; Patients age 65 or older, N = 47,796

Patients with at least one anti-HTN medication during 2006 and the follow up period; N - 109,151

Minimum of 1 BP reading at index and 2 BP readings >30 days post index; N = 121,355

12 months of post-index activity; N = 259,929

2 years of pre-index activity; N = 326,391

Unique patients with diagnosis of HTN or prescription for anti-HTN medication; N = 656,930

Age > 18 y.o.; N = 6,921,946

GE MQIC EMR Dataset (Dec.2007); N = 8,901,057

Figure. Identification of study population. EMR indicates electronic medical record; y.o., years old; HTN,
hypertension; BP, blood pressure.
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Table III. Baseline Characteristics by Age

Variable

Age <65 (n=61,355) Age �65(n=47,796)

P ValueMean ⁄ % SD Mean ⁄ % SD

Age 51.83 9.01 73.17 4.57 <.001
Sex

Female 53.83 60.51 <.001

Male 46.17 39.49
Race

Caucasian 35.39 35.40 <.001
African American 7.62 4.31

Hispanic 1.60 1.49
Other (Asian ⁄ Indian) 1.16 0.68
Unknown 54.23 58.12

Smoking
Never smoking 38.59 37.99 <.001
Former 25.55 34.47

Current 17.30 6.80
Unknown 18.56 20.75

Clinical parameters
Baseline BP

Systolic BP 136.48 8.83 138.70 20.03 <.001
Diastolic BP 82.91 11.85 75.38 11.05 <.001

Follow-up BP

Systolic BP 131.12 14.07 133.99 15.23 <.001
Diastolic BP 79.64 8.92 73.23 8.86 <.001

Body mass index

<30 36.54 59.72 <.001
�30 63.46 40.28

Uncomplicated hypertension 43.44 25.69 0.061
Normal 4.89 2.87

Prehypertension 16.34 9.96
Stage 1 14.01 8.25
Stage 2 8.21 4.60

Isolated systolic hypertension 7.34 9.63 <.001
Complicated hypertension 56.56 74.31 .791

Normal 6.86 9.12

Prehypertension 22.26 29.39
Stage 1 18.25 23.88
Stage 2 9.19 11.92
Isolated systolic hypertension 11.83 27.78 <.001

Comorbid conditions
Dyslipidemia 51.81 47.32 <.001
Diabetes 12.80 11.66 <.001

Cerebrovascular disease 1.40 4.58 <.001
Kidney disease 1.09 2.85 <.001
Heart disease 5.27 12.44 <.001

Peripheral vascular disease 0.90 2.42 <.001
Coronary heart disease 48.22 64.24 <.001

No. of comorbidities
0 43.44 25.69 <.001

1 44.11 52.28
2 11.84 20.44
�3 0.61 1.58

Abbreviations: BP, blood pressure; SD, standard deviation.
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P<.001], and high CHD risk [elderly 64.24% vs
nonelderly 48.22%; P<.001]) were all present at a
statistically significant higher level in the elderly vs
nonelderly cohort. In addition, the number of com-
orbidities (either 1, 2, or �3) present in the two
groups was statistically significantly higher in the
elderly cohort. Overall, the elderly cohort had
higher prevalence of CV risk conditions than the
nonelderly cohort.

Prevalence of ISH
Tables 4 and 5 further illustrate the common
occurrence of ISH in the elderly population.
Table 4 compares the baseline mean SBP and DBP
for the elderly and nonelderly cohorts by hyperten-
sion stage and presence of comorbidities. Again,
consistent with the characteristic of ISH prevalence
in the elderly, the elderly cohort had a statistically
significant higher SBP at baseline across all catego-
ries with the exception of renal disease, which did
not achieve statistical significance. In addition, DBP
at baseline for the elderly cohort was statistically
significantly lower across all categories as compared
with the nonelderly cohort. Further, with the excep-
tion of stage 2 hypertension (in both the uncompli-
cated and complicated hypertension groups) and
high CHD risk, the elderly had a mean DBP at
baseline that was normal (<80 mm Hg) in all other
categories, while the nonelderly cohort had a mean
DBP at baseline that was indicative of prehyperten-
sion (>80 mm Hg).

At the end of the follow-up period, the pattern
of elevated SBP in the elderly as compared with the
nonelderly population and decreased DBP was still
present (Table 5). SBP levels at follow-up were sta-
tistically significantly higher in the elderly popula-
tion in all categories with the exception of renal
disease and peripheral vascular disease, which did
not achieve statistical significance. DBP levels were
statistically significantly lower in all categories for
the elderly as compared with the nonelderly cohort.

Treatment Pattern
At baseline, the most commonly prescribed medica-
tion class in both the nonelderly and elderly groups
were angiotensin-converting enzyme inhibitors
(ACEIs) (26.8% vs 22.9%, respectively). Diuretics
(14.1% nonelderly vs 10.6% elderly) were the next
most commonly prescribed medication in both
cohorts, followed by angiotensin receptor blockers
(ARBs) (7.2% nonelderly vs 8.3% elderly). Among
the combination therapies, ACEI ⁄diuretic (9.7%
nonelderly vs 7.2% elderly) was the most com-
monly seen combination, followed by the ARB ⁄ T
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diuretic combination (8.1% nonelderly vs 6.8%
elderly). Overall, the distribution of the medication
classes at baseline for the two populations appeared
similar.

Table 6 compares treatment pattern and BP goal
attainment rates between both cohorts among
patients categorized as having stage 1 or stage 2
hypertension at baseline. Treatment patterns in the
study population were assessed by the number of
prescribed medications for patients with or without
compelling indications. Across all categories, elderly
patients were more likely to be treated with a
greater number of medications than nonelderly
patients. The elderly population was more likely to
be prescribed additional antihypertensive therapies
and less likely to discontinue antihypertensive thera-
pies. The proportion of elderly patients with add-
on antihypertensive therapy was significantly higher
than the nonelderly patients (47.11% vs 36.84%,
respectively; P value <.001). In addition, a higher
proportion of nonelderly patients discontinued anti-
hypertensive therapies than the elderly (27.44% vs
25.91%, respectively; P value <.001).

BP Goal Attainment
Among patients with uncomplicated hypertension,
nonelderly patients achieved greater proportions of
BP goal attainment than elderly patients (58.3% vs
53.0%, respectively; P<.0001) (Table 6). This result
of greater BP goal attainment in the younger popula-
tion with uncomplicated hypertension was consistent
in both the stage 1 and stage 2 hypertensive popula-
tions. Complicated hypertension also displayed simi-
lar results (nonelderly 56.9% vs elderly 51.9%;
P<.0001). Interestingly, nonelderly patients with
diabetes achieved lower rates of BP control than the
elderly cohort (13.2% vs 15.1%; P=.007). The
results for goal attainment in the heart disease, renal
disease, and peripheral vascular disease groups did
not achieve statistical significance.

Resistant hypertension was defined as BP that
remained above BP goal despite patients being
treated with �3 antihypertensive drugs, of which
1 drug was a diuretic.10 Among all populations in
the study dataset (n=109,151), 8.04% exhibited
resistant hypertension. Among elderly patients
(n=47,796), 8.5% exhibited resistant hypertension,
while 7.7% of nonelderly (n=61,355) exhibited
resistant hypertension (P value <.001).

Multivariate Analysis of BP Goal Attainment
by Age
To study factors associated with BP goal attain-
ment in hypertensive patients, logistic regressionT
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models were used (Table 7). Of the total popula-
tion (N=109,151), there were 53,717 patients with
stages 1 and 2 hypertension (55,434 were excluded
with normal BP or prehypertension). Patients with
‘‘race’’ and ‘‘smoking status’’ reported as unknown
were excluded from the regression analysis
(n=34,660), because the result of ‘‘unknown race’’
or ‘‘unknown smoking status’’ being a factor asso-
ciated with BP goal attainment was not interpret-
able. Finally, there were 363 patients excluded with
missing BP or BMI values. Therefore, the sample
for logistic regression models was 18,694 patients,
of which 7477 were elderly and 11,217 were
nonelderly.

Among demographic factors, increasing age and
African American race were found to negatively
impact BP goal attainment. Using the nonelderly
population as the reference group, the elderly popu-
lation was 17% more likely to not achieve (95%
confidence interval [CI], 0.77–0.90) BP goal. Using
Caucasian race as the reference group, African
Americans had an odds ratio [OR] of 0.67 (95%
CI, 0.62–0.73) for BP goal achievement. Patients
with elevated SBP at baseline were less likely to
achieve goal (OR, 0.98; 95% CI, 0.98–0.98), while
patients with elevated DBP at baseline were more
likely to achieve goal (OR, 1.04; 95% CI, 1.04–
1.04). Obese patients, defined as those with a BMI
�30 kg ⁄m2 at baseline (reference group nonobese
patients <30 kg ⁄m2), were less likely to achieve BP
goal (OR, 0.84; 95% CI, 0.78–0.90). Patients cate-
gorized as having complicated hypertension (hyper-

tension with �1 compelling indications including
stable angina pectoris, unstable angina, myocardial
infarction, heart failure, diabetes, kidney disease,
and cerebrovascular disease) were also less likely to
achieve BP goals (OR, 0.79; 95% CI, 0.72–0.94).
Among the initially prescribed medications for
hypertension, the use of diuretics (reference group:
any fixed-dose combination) was associated with
an increased likelihood of achieving BP goal (OR,
1.25; 95% CI, 1.13–1.39).

DISCUSSION
This study examined the CV risk profile and the
status of hypertension management among both
elderly and nonelderly patients in primary care
practices in the United States using the GE Medical
Quality Improvement Consortium (MQIC) EMR
database. In addition, the study also investigated
the factors associated with BP goal attainment in
the entire study population.

As has been reported in the literature, elderly
patients with hypertension tend to have greater
numbers of comorbid conditions, higher levels of
ISH, and lower levels of BP goal attainment. This
study found that relative to patients older than
65 years, elderly patients (those 65 years and
older) have statistically significant higher levels of
comorbid conditions, particularly those diagnoses
considered compelling indications as per JNC 7
guidelines that are indicative of high coronary heart
disease risk. As shown in Table 3, this was consis-
tent for all diagnoses in the elderly except for

Table VI. Antihypertensive Treatment Utilizationa and BP Goal Attainment Rate During Follow-Up by Age Among Patients

With Stage 1 or Stage 2 Hypertension

Treatment Utilization BP Goal Attainment

Age <65

(n=30,464), %

Age �65

(n=23,253), % P Value

Age <65

(n=30,464), %

Age �65

(n=23,253), % P Value

Uncomplicated hypertension 89.20 91.51 .000 58.29 52.97 .000

Stage 1 hypertension 100 100 1.000 64.88 59.52 .000
Stage 2 hypertension 70.76 76.27 .000 47.04 41.23 .000

Complicated hypertension 69.38 76.06 .000 56.90 51.89 .000

Stage 1 67.33 75.05 .000 63.43 57.73 .000
Stage 2 77.63 81.00 .000 43.93 40.19 .000

Complication conditions
Diabetes 65.51 75.27 0.000 13.20 15.14 0.007

Cerebrovascular disease 73.81 78.21 0.068 58.10 50.85 0.011
Heart disease 73.87 75.28 0.339 54.90 51.61 0.053
Renal disease 63.92 72.97 0.000 17.26 18.09 0.691

Peripheral vascular disease 74.44 77.60 0.315 59.63 53.23 0.082
High CHD risk 70.69 77.82 0.000 51.44 47.34 0.000

Abbreviations: BP, blood pressure; CHD, coronary heart disease. aProportion of patients treated with �2 antihypertensive

medications over 13 months of follow-up.
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dyslipidemia and diabetes. All other diagnoses were
found to be more prevalent in the elderly popula-
tion. These findings are consistent with an elderly
population having a higher CV risk profile than
nonelderly patients. This study also examined the
presence of ISH in both the elderly and nonelderly
patients. As shown in Table 3, both the uncompli-
cated hypertension and complicated hypertension

patient populations exhibited statistically significant
higher levels of ISH in the elderly compared with
the nonelderly. Further, Table 4, shows that this
characteristic of the elderly, ie, the presence of ISH,
was consistently present across all high-risk CV
conditions. All of these results, taken together, are
consistent with a higher CV risk profile in the
elderly and are indicative of the increased difficulty
in treating elderly patients to BP goals.

This study also examined hypertension manage-
ment as evidenced by physician-prescribing patterns
and comparison to recommendations from JNC 7
for management of BP in adult patients. This study
found that elderly patients were more likely to be
treated with multiple antihypertensive medications
than younger patients (Table 6). For those diagno-
ses that are considered to be compelling indications,
the elderly population was found to have consis-
tently higher levels of treatment with multiple med-
ications than the nonelderly, although not all were
found to be statistically significant. These results
suggest that there may be subtle differences in the
management of elderly and nonelderly hypertension
patients. Table 6 also illustrates the levels of BP
goal attainment across the various elderly and
nonelderly populations. Although older patients
were more likely to receive multiple antihyperten-
sive medications, the rate of BP goal attainment
was consistently lower than their younger counter-
parts in various hypertension categories and high-
risk CV comorbidities, except for diabetes. Patients
with diabetes (13.2% nonelderly vs 15.14% in the
elderly; P=.007) and renal disease (17.3% nonelder-
ly vs 18.1% elderly; P=.691) had the lowest levels
of BP goal attainment among all patients with com-
pelling indications.

Previous research has suggested that elderly
hypertension patients are treated less aggressively
than their younger counterparts. This study found
that elderly patients were more likely to be treated
with multiple medications than nonelderly patients.
Treatment with multiple antihypertensive medica-
tions is important but it is probably not the only
measure of treatment intensity. If aggressive treat-
ment is defined not solely by number of medica-
tions but also by the dosage strengths of the
medications prescribed, we were unable to discern
any differences. One limitation of the EMR data-
base is the lack of dosing information. The starting
dose of a medication is typically given; however,
dose titrations are rarely reported in the database,
making it difficult to determine whether elderly
and nonelderly patients receive comparable doses.
Similarly, since medications are recorded in the

Table VII. Multivariate Analysis of BP Goal Attainment

Among Hypertensive Patients During Follow-Up
Adjusting for Confounding Factors (n=18,694)

Variable Odds Ratio

95%

Confidence

Interval

Nonelderly patients Reference
Elderly patients (�65 y) 0.83a 0.77 0.90
Sex

Male Reference

Female 1.05 0.98 1.11
Race

Caucasian Reference

African American 0.67a 0.62 0.73
Hispanic 1.09 0.93 1.28
Others 1.04 0.84 1.30

Baseline BP
Systolic BP 0.98a 0.98 0.98
Diastolic BP 1.04a 1.04 1.04

Dyslipidemia 1.03 0.96 1.11

BMI at baseline
Nonobese (<30 kg ⁄ m2) Reference
Obese (�30 kg ⁄ m2) 0.84a 0.78 0.90

Smoking status at
baseline
Never smoked Reference

Former smoker 1.06 0.99 1.14
Current smoker 0.95 0.87 1.04
Complicated
hypertension

0.79a 0.72 0.94

Treated with multiple
antihypertensive
medications

1.00 0.93 1.08

Initial prescription
medication
Fixed-dose

Combination

Reference

ACEI 0.93 0.86 1.01
ARB 0.92 0.83 1.02
BB 1.04 0.91 1.19

CCB 1.06 0.87 1.29
Diuretics 1.25a 1.13 1.39

Abbreviations: ACEI, angiotensin-converting enzyme

inhibitor; ARB, angiotensin receptor blocker; BB,
b-blocker; BMI, body mass index, BP, blood pressure;
CCB, calcium channel blocker. aP<.001
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database by physician orders and patient medica-
tion history, actual utilization of medications
(including patient compliance) is not known.

Multivariate analyses of BP goal attainment
(Table 7) confirm that elderly patients have a statis-
tically significant lower likelihood of achieving goal
than nonelderly patients. In addition, the analysis
found that the presence of complicated hyperten-
sion was a statistically significant factor that con-
tributes to lower goal attainment levels. Given the
higher levels of comorbid conditions in the elderly,
these results are consistent with previous research
demonstrating higher CV risk profile in the elderly
and lower levels of goal attainment. Obesity was
also found to be a statistically significant factor
contributing to lower goal attainment levels. A
large number of patients (34,660 of 53,717 patients
with stages 1 and 2 hypertension) were excluded
from the regression analysis because race and
smoking status were reported as unknown. When
the regression analyses were run with those patients
included, the results were similar to those reported
in Table 7, with the only difference being that
patients with unknown race or unknown smoking
status were more likely to achieve goal.

CONCLUSIONS
This study examined the treatment of patients with
hypertension in the primary care setting by retro-
spective analysis of an EMR database. Our results
were consistent with previously published findings
that elderly patients with hypertension have a
higher prevalence of ISH, a greater number of com-
orbidities, and lower levels of BP goal attainment
than nonelderly patients with hypertension. Obes-
ity, a modifiable lifestyle factor, was associated
with lower levels of BP goal attainment. Both
elderly and nonelderly diabetic and renal disease
patients were found to have very low levels of BP
goal attainment. In contrast to other published liter-
ature, our study did not find evidence for less

aggressive management of elderly patients relative
to nonelderly patients. Our results suggest that
elderly patients are actually treated more aggres-
sively than nonelderly patients based on the number
of antihypertensive medications prescribed. Despite
this, providers would be well advised to treat
elderly patients even more aggressively, since the
levels of BP goal attainment for the elderly are con-
sistently lower than that for the nonelderly.
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