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Abstract

Background—Most patient chronic disease self-management interventions target single disease
outcomes. We evaluated the effect of a tailored hypertension self-management intervention on the
unintended targets of glycosylated hemoglobin (Hb Alc) and LDL cholesterol (LDL-C).

Methods—We examined 588 patients from the Veterans Study to Improve the Control of
Hypertension (V-STITCH), a two year randomized controlled trial. Patients received either a
hypertension self-management intervention delivered by a nurse over the telephone or usual care.
Although the study focused on hypertension self-management, we compared changes in Hb Alc
among a subgroup of 216 patients with diabetes and LDL-C among 528 patients with
measurements during the study period. Changes in these lab values over time were compared
between the two treatment groups using linear mixed-effects models.

Results—For the patients with diabetes, the hypertension self-management intervention resulted
in a 0.46% reduction in Hb Alc over two years compared to usual care (95% CI: 0.04% to 0.89%;
p=0.03). For LDL-C, the self-management intervention arm resulted in a reduction of 0.9mg/dl
over two years compared to usual care (95% CI: -7.3mg/dl to 5.6mg/dl; p=0.79).

Conclusions—There was no evidence of a hypertension self-management intervention effect on
LDL-C, but there was a modest effect of the intervention on the unintended target of Hb Alc. This
effect was similar to that seen in self-management interventions specifically targeting diabetes
management. Chronic disease self-management interventions may spill over into patients’ co-
morbid diagnoses.
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Introduction

Methods

Cardiovascular disease (CVD) remains the leading cause of death in the U.S., accounting for
over one third of deaths [1]. The modifiable risk factors of hypertension and
hypercholesterolemia among the general population, and glycemic control among patients
with diabetes synergistically contribute to a patient’s risk for cardiovascular events [2, 3].
These risk factors co-occur in the majority of affected individuals [4] and control of these
risk factors in combination substantially reduce a patient’s risk for clinical events greater
than any single risk factor alone [5]. In spite of the availability of effective therapy for
diabetes, hypertension, and hypercholesterolemia, a study using the Third National Health
and Nutrition Examination Survey (NHANES I11) found that only 7.3% of patients with
diabetes simultaneously achieve recommended goals of therapy for all three conditions [6].
Similarly, in the Veterans Affairs, only 4% of patients with diabetes achieve targets of
simultaneous control of all three risk factors[7] and only 13% of patients with known CVD
achieve target BP and cholesterol control [8].

The inability to achieve accepted targets of risk factor control likely arises from a complex
interaction of patient and provider behaviors. Interventions that target self-management
skills among patients with chronic diseases have been growing in popularity recently and
have been suggested as an integral part of improving the quality of chronic disease care [9,
10]. A systematic review of chronic disease self-management programs in older adults
reported modest, but clinically important reductions of Hb Alc (average reduction of 0.8%)
and SBP (average reduction of 5mmHg)[11]. Counseling and behavioral interventions to
improve LDL-C, however, have produced smaller benefits with mean reductions of less than
3mg/dl.[12] Most self-management interventions target a single chronic disease and focus
on disease specific outcomes.[11, 13-18] The principles and methods of self-management
support in chronic disease interventions are similar across disease states suggesting that the
benefits of a self-management intervention may extend beyond the intended targets.[9]
Therapeutic interventions that can improve multiple cardiovascular risk factors
simultaneously would be particularly valuable in light of the growing prevalence of diabetes
and hypertension and expanding indications for cholesterol lowering in high risk patients.

The Veterans’ Study to Improve the Control of Hypertension (V-STITCH) was a
randomized controlled trial that tested a patient level self-management intervention
delivered by a nurse over the phone and a provider level computer decision support system
to optimize medication management [19]. The purpose of the present study is to evaluate the
effect of the patient self-management intervention targeting patients’ blood pressure on the
unintended targets of diabetes and cholesterol control.

Study Design

The Veterans Study to Improve the Control of Hypertension (VSTITCH) was a two-year
cluster randomized control trial. The interventions occurred at two levels (provider and
patient). Primary care providers were first randomized to either receive the computer
decision support system focusing on hypertension medication management delivered at the
point of care during patient visits or usual care without the decision support interface.
Within each participating provider’s primary care panel, patients with hypertension were
then randomized to either receive a nurse telephone self-management intervention
(described in further detail below) or usual primary care. This two level randomization
(patient and provider) was designed to create balance in both patient and provider
characteristics for the two interventions being tested. The patients were the unit of analysis
and the primary study outcome was blood pressure control defined by JNC 6 criteria which
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was the current guideline at the time of the study [20]. The primary study results are
presented elsewhere [21]. There was no effect from the provider intervention on blood
pressure control, nor was there a significant effect interaction between the patient and
provider interventions. We therefore analyzed all patients receiving the telephone self-
management intervention compared to all patients who did not receive this intervention,
regardless of whether their provider received the computer decision support system.

The study was conducted in the Durham VA Medical Center primary care clinics (3 sites).
We enrolled patients from 32 primary care providers (23 general internists, 7 physician
assistants and 2 registered nurse practitioners). To be eligible for the patient intervention,
individuals had to be followed by one of the providers randomized to either the provider
intervention or control group, had a diagnosis of hypertension by an outpatient diagnostic
code (ICD 401.0, 401.1, or 401.9) on outpatient encounter forms, be enrolled in the Durham
VAMC primary care clinics during the previous year, and had a filled prescription for
hypertensive medication in the previous year. The research assistants sent letters and
contacted 816 eligible patients by telephone prior to upcoming primary care appointments.
Among these patients, 190 refused, and 38 were excluded for not meeting inclusion criteria
(see [19] for more details). We enrolled 588 individuals (76% recruitment rate). Primary
care providers were first randomized to receive or not receive the provider intervention.
Patient randomization to the behavioral intervention occurred within each provider so that
equal numbers of patients from each provider received the behavioral intervention or usual
care. Study statisticians generated random assignment of interventions in blocks of 16 which
were placed in sealed envelopes. At enrollment, the research assistants opened a sealed
envelope to reveal the patients’ randomly assigned study arm. Patients enrolled in the study
were followed for 24 months or until drop out. The study was approved by the Durham
VAMC IRB; all patients provided written informed consent

For the present study, starting with the randomized sample of patients in V-STITCH, we
created additional criteria to define appropriate cohorts of patients to evaluate the
intervention effects on the outcomes of glycosolated hemoglobin (HbAlc) and low density
lipoprotein cholesterol (LDL-C). First, to identify patients for inclusion in the analysis of
HbA1c, we identified all study participants with a diagnosis of diabetes based either on self-
report or based on an ICD-9 diagnosis code of 250.x at the time of enroliment. For the
patients with diabetes enrolled in V-STITCH, we included all patients with laboratory
measurements of HbAlc obtained from the Durham VAMC lab between 24 weeks prior to
enrollment and 24 weeks after study completion. We obtained Hb Alc values for 216
patients (99% of all patients with diabetes in the parent study). Similarly, to identify a cohort
of patients to include in analysis of LDL-C, we queried the Durham VAMC medical records
to identify patients enrolled in the V-STITCH study with LDL-C measurements obtained
within 24 weeks before enrollment and 24 weeks after study completion. Of the 588 patients
enrolled in V-STITCH, 528 patients had LDL-C measurements during this window through
the VAMC lab (90%).

The two outcomes of interest for the present study were glycemic control measured by Hb
Algc, and fasting LDL cholesterol. All labs were obtained through the Durham VA Medical
Center (DVAMC) clinical laboratory and abstracted from the electronic medical record.
While some patients receive dual care outside of the VA, we did not record any outside lab
measurements. All LDL-C measurements were calculated from a fasting lipid panel using
the Friedewald method [22]. To describe the patient samples at the time of enrollment in the
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study, we defined the baseline HbAlc and LDL-C as the reading closest to enrollment that
was within 24 weeks before or after this date.

Demographic information was collected by patient self-report at the time of enrollment: age,
gender, race, marital status, education level, and financial status. Race was dichotomized as
white or non-white. Highest level of education achieved was categorized as 0-9th grade,
10-12th grade, some college or vocational school, or college graduate. Patients who reported
they had enough money to pay their bills only by cutting back on things or difficulty paying
their bill no matter what was done were categorized as inadequate income [23]. Participants
were asked if they currently exercise or participate in an active physical sport. Similarly,
patients were asked to report their current smoking status. The Rapid Estimate of Adult
Literacy in Medicine (REALM) was used to measure literacy [24]. Literacy was evaluated
as a dichotomous variable with low literacy defined as REALM score, 0-60 (<9th grade
level) and adequate literacy defined as REALM score 61-66 (=9th grade level).

The nurse telephoned patients within one week of randomization and then every two months
over 24 months to deliver the intervention for a total of 12 nurse calls. At each call, the
nurse delivered scripted information drawn from the following nine educational and
behavioral modules: hypertension knowledge; memory; social support; patient/provider
communication; medication refill reminders; appointment compliance; health behaviors
(diet, exercise, smoking alcohol use); health literacy aids; and medication side effects. The
information has been described in further detail in a separate report [25]. To ensure that the
intervention information was standardized, the nurse used a database application, which
contained predetermined scripts and tailoring algorithms. There were no face-to-face
meetings between the nurse and the patient. The majority of the patients in the intervention
arm received all 12 phone calls (mean # of calls 11.0; median 12; range 3-12).

Patients enrolled in both the intervention arm and usual care received routine primary care
throughout the study from the Durham VA Medical Center. Patients randomized to usual
care did not receive any nurse calls and did not have access to the nurse. Patients enrolled in
usual care, like intervention patients, were contacted at six and 24 months to complete 30-
minute secondary outcome assessments.

2.6. Statistical Analyses

Two separate analyses were conducted: one for patients with diabetes using HbAlc as the
dependent variable, and one for all patients with LDL-C as the dependent variable. Because
these outcomes were collected during the course of routine primary care, each patient had a
varying number of HbAlc and LDL assessments at varying intervals of time. Thus, it is not
possible to examine specific lab values for all patients at set periods (e.g., 6, 12, and 24-
months) as is commonly done in longitudinal randomized controlled trials. We used a linear
mixed effects model because it is a method that accounts for this data structure, to analyze
changes in HbAlc and LDL over time [26]. Using this method, all patient HbAlc or LDL-C
measurements obtained during the study time interval contributed to the estimation of mean
laboratory values during the two year study period.

Exploratory data analysis of HbAlc values indicated a linear trend over time in both the
usual care and nurse telephone intervention groups, so time was defined as the number of
weeks from baseline and treated as a linear, continuous variable in the mixed-effects model.
The trend in the usual care arm was toward increasing HbAlc over time while the trend in
the intervention arm was toward decreasing HbA1c over time. The fixed effects in the
HbA1c model included intervention group (nurse behavior vs. usual care), time in weeks,
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and intervention group by time interaction. For analysis of the LDL-C outcome, exploratory
data analysis indicated a quadratic trend over time, with the average LDL-C initially
increasing in both groups and then declining. To appropriately model the shape of this
outcome distribution, we included the fixed effects of intervention group (nurse behavioral
vs. usual care), time in weeks, time?2, intervention group-by-time interaction, and
intervention group-by-time? interaction. In both the Alc and LDL models, to account for the
correlation between a patient’s repeated measurements over the 36 months, the model also
included patient-level random effects in the form of a patient-level random intercept and
slope. For both outcomes we report the estimated change in the lab value between study
enrollment (t=0 weeks) and study completion (t=104 weeks). Models for Alc and LDL were
estimated using PROC MIXED in SAS Version 9.1 (SAS Institute Inc, Cary NC).

Results for patients with diabetes: Hb Alc

Of the 588 veterans enrolled in VSTITCH, there were 219 patients with diabetes (117
patients in usual care arm and 102 patients in the intervention group). Of these, 216 patients
had HbAlc measurements available for analysis and were included in the analysis. The
Figure shows the patient flow from patient enroliment in the parent V-STITCH study, with
the two cohorts identified for analysis in the present study. Patient characteristics for the
patient sample with diabetes are shown in Table 1. The majority of patients were male,
obese, and currently married. There was a high prevalence of limited health literacy. There
were no significant differences in any of the baseline patient characteristics between the two
treatment arms (P >0.05 for all between group comparisons).

Changes in Hb Alc over the course of intervention period are presented in Table 3. The
mean Hb Alc decreased by 0.28% in the intervention arm (95% CI: -0.59 to + 0.04), but
increased by 0.18% in the usual care arm (95% ClI: -0.11 to +0.47). Based on the linear
mixed-effects model, the estimated mean reduction in HbAlc over 2 years in the
intervention compared to usual care group was 0.46% (95% CI: 0.04% to 0.89%; p=0.03).

Results for patients with available cholesterol measurements: LDL-C

Of the 588 patients enrolled in VSTITCH, 528 patients had LDL-C measurements within the
defined time period and were included in the analysis (269 patients in the behavioral
intervention and 259 in usual care). Patient characteristics are shown in table 2 and are
similar to the cohort examined for analysis of HbAlc outcome. There was no significant
difference between the intervention and usual care for any baseline characteristics (p>0.05
for all between group comparisons).

Changes in LDL-C over the course of intervention period are presented in Table 3. While
LDL-C decreased over the 2 year study period in both groups, there was no significant
between group difference in this outcome with an estimated mean difference of 0.9mg/dl
LDL-C lowering in the usual care group compared to the behavioral intervention (95% ClI:
-7.31t05.6; p=0.79).

Discussion

In a randomized controlled trial of a nurse administered tailored behavioral intervention to
improve blood pressure control, we evaluated the effect of the intervention on the
unintended targets of diabetes and cholesterol control over two years. There was a modest
difference in glycemic control between intervention and usual care patients that was
statistically significant. LDL-C improved in both the intervention and usual care groups over
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the two year study period and there was no evidence of an intervention effect on this
outcome.

Although hypertension, diabetes, and dyslipidemia are pathophysiologically distinct, from
the patient perspective they are similar in the self-management requirements for successful
disease control. All three are usually asymptomatic which has been reported as a barrier to
effective self-management [27]. The benefits of treatment are based on avoiding long-term
future vascular events and patients often lack accurate risk perception [28, 29]. Patients can
significantly improve disease control of all three through diet and lifestyle changes, however
such changes are often difficult to maintain [30]. In addition, approximately 20-50% of
patients are non-adherent to chronic medications and suffer worse health outcomes as a
result [31]. In spite of these similar self-management challenges, self-management
interventions for hypertension, diabetes, or cholesterol typically focus on single disease-
specific outcomes. Indeed, the present study is taken from a trial focused on changing
patient behavior specifically within the context of hypertension without focus on related
cardiovascular risk factors. Because the patient behaviors required for effective hypertension
care overlap with other cardiovascular risk factors, there is reason to believe that an
intervention’s effect may ‘spill over’ to other related conditions.

The findings of this study should be considered in light of prior self-management
interventions directly targeting glycemic control or cholesterol. One useful way to compare
the magnitude of intervention effects across studies is through standardized effect sizes. This
measure divides the intervention effect by the standard deviation of the outcome variable.
For the outcome of Hb Alc, the effects of self-management interventions are typically
modest. Among older adults, Chodosh and colleagues reported that self-management
interventions produced a mean effect size of -0.36 on the outcome of Hb Alc (approx 0.81%
reduction) [11]. This is comparable to the estimated effect size of the present intervention
which is approximately -0.38 (-0.46 divided by the baseline standard deviation of 1.2).
Among behavioral interventions targeting cholesterol in addition to other risk factors, the
mean reduction in cholesterol is often much smaller with effect sizes of <0.1 (or <3mg/dl)
[12]. This suggests that the effects of self-management interventions on cholesterol may be
small even when this is the targeted outcome. Although the interpretation of these effect
sizes may be limited by significant heterogeneity in the definitions for self-management
interventions [17], it is interesting to note that our findings of indirect intervention effects on
Hb Alc and LDL-C are similar to that of studies targeting these outcomes.

There are a few limitations of this study that should be considered when interpreting the
results. First, our patient sample was almost entirely male and these findings may not
generalize to female populations. Second, all patients were willing to participate in a
hypertension improvement randomized controlled trial and may be more motivated than
other patients with hypertension. Finally, Hb Alc and LDL-C were not collected as part of
the study protocol and we relied on the measurement of these outcomes in the course of
routine clinical care. Because of the variable measurement of the outcome over time a linear
mixed effects model was used to estimate average change in lab parameters over time.

It is also important to note that we evaluated the intervention’s effect on Hb Alc and LDL-C
over a two year period. Most self-management interventions for chronic disease last 6
months or less and there appears to be a deterioration of intervention effects over longer
time periods [17, 32]. Norris and colleagues reported that the effect of diabetes self-
management intervention often diminishes over time [32]. By choosing the longer
timeframe we were able to evaluate lasting changes in disease control, although we were not
able to determine if these changes persisted after completion of the intervention. The
difficulty in maintaining behavioral change is one of the greatest challenges in chronic
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disease management and further research is needed to determine if lasting changes in disease
control can be sustained.

In conclusion, there was some evidence that a telephone administered nurse behavioral
intervention targeting blood pressure control may have a modest “spill over’ effect on
diabetes control at two years; however the intervention had no significant effect on LDL-
cholesterol. While self-management interventions often have modest effects on their
intended target of disease control, the self-management requirements for disease control are
similar for many chronic diseases. Given the growing prevalence of multimorbidity and the
synergistic relationship between cardiovascular risk factors, interventions that can
simultaneously target multiple determinants of risk may be particularly valuable in
optimizing patient outcomes.
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Patients Assigned to
Nurse Behavioral
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- 6 Lost to follow up
- 16 Deaths

- 31 Excluded

- 8 Withdrew
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Patients Assigned to
Usual Care
(n=294)

- 15 Lost to follow up
- 19 Deaths

- 16 Excluded

- 4 Withdrew

102 Patients included in
analysis of HbAlc
outcome
Exclude:
- 192 patients
without diabetes
- 0 patients
without HbAlc
measurements

269 Patients included in
analysis of LDL-C
outcome
Exclude:
- 25 patients
without LDL-C
measurements

\

114 Patients included in
analysis of Hb Alc
outcome
Exclude:
- 177 patients
without diabetes
- 3 patients
without HbAlc
measurments

259 Patients included in
analysis of LDL-C
outcome
Exclude:
- 35 patients
without LDL-C
measurements

Figure. Patient Flow for Hb Alcand LDL Cholesterol analysis
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Table 1

Patient Characteristics for Diabetic Outcomes

Characteristics

Behavioral Intervention (n=102)

Usual Care (n=114)

Age - Mean (SD) 63.8 (10.8) 64.3 (10.8)
Mean BMI (SD) 31 (5) 32 (6)
Male 98% 99%
Married 66% 71%
High school or less 53% 56%
Literacy <9t grade 42% 41%
Currently Employed 14% 24%
Inadequate income 23% 18%
Self-reported Race

White 55% 56%

African-American 42% 43%

Other 3% 1%
Health Behaviors

No Exercise 44% 43%

Currently smoke 25% 16%
Baseline Clinical Variables

Mean HbAlc, % (SD) 75(1.2) 71(1.2)

Mean Systolic BP, mmHg (SD) 138.5 (17.9) 139.1 (20.0)

Mean Diastolic BP, mmHg (SD) 73.2 (12.3) 74.1 (12.1)

No significant between group differences for all variables (P>0.05)
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Table 2
Patient Characteristics for LDL Outcomes

Characteristics Behavioral Intervention (n=269)  Usual Care (n=259)
Age - Mean (SD) 63.0 (11.1) 63.6 (10.9)
BMI (SD) 30.4 (5.5) 30.3(5.7)
Male gender 98% 98%
Married (%) 69% 70%
High school or less (%) 49% 52%
Literacy <9 grade (%) 38% 41%
Employed (%) 26% 32%
Inadequate income (%) 23% 19%
Self-reported Race

White 56% 60%

African American 42% 37%

Other 2% 3%
Health Behaviors

No Exercise 48% 41%

Currently smoke 29% 21%
Baseline Disease Control

LDL-cholesterol, mg/dl (SD) 112 (32) 107 (33)

Mean Systolic BP, mmHg (SD) 138.7 (16.9) 139.1(17.9)

Mean Diastolic BP, mmHg (SD) 75.8 (11.7) 76.2 (11.2)

No significant differences between groups: P>0.05 for all comparisons.
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Table 3

Two year changes in glycemic and lipid control.

Mean Change over 24 month @ Mean Differencein Behavioral Arm compared to Usual Care (95%

Cl)
Behavioral Intervention Usual Care Behavioral Intervention-Usual Care p-value
Hb Alc, % -0.28 (-0.59 to -0.04) +0.18 (-0.11 to -0.46 (-0.03 to -0.89) 0.03
+0.47)
LDL-C, mg/dl -4.3 (-8.9t0 +0.3) -5.2(-9.7t0 -0.6) +0.9 (-5.6 to +7.3) 0.79

negative values represent overall reduction in lab value; positive values represent mean increase

a. . . .
Predicted values based on linear mixed effects model
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