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Background: Using Donabedian’s structure-process-outcomes (SPO) framework, this descrip-
tive, exploratory study examined the structure of a telemonitoring program in a population of
patients with type 2 diabetes (T2D), the process of nurse—patient telephonic interactions, and
patients’ clinical outcomes.

Methods: Secondary data analysis was conducted using data from 581 patients who participated
in a home telemonitoring program for 12 months. Three point-biserial and six Pearson correla-
tions were estimated to determine how patient demographics related to clinical characteristics.
Mixed model regressions were conducted predicting hemoglobin A (HbA, ), systolic blood
pressure (SBP), and diastolic blood pressure (DBP) levels at 6, 9, and 12 months based on the
frequency of contact in the earlier 3 months. Analysis of variances were conducted to assess
if the frequency of contact was significantly different by change in HbA _levels from 3 to 6, 6
to 9, and 9 to 12 months.

Results: Significant negative correlations were found between age and HbA | _ (=-0.10, P=0.015)
and DBP (r=—0.16, P<<0.001), a significant positive correlation was found between age and
SBP (r=0.15, P=0.001). A significant correlation was found between sex and DBP (rpb:—O.l 1,
P=0.015); female participants had lower DBP levels than males. Frequency of contact was
not related to the change in clinical outcomes. However, the frequency of contact for the time
period 3 to 6 months was associated with change in HbA _for the 6- to 9- month period and
frequency of contact during the 6- to 9- month period was associated with change in HbA
from 9 to 12 months.

Conclusion: Examination of the SPO measures in the telemonitoring environment assisted
in understanding the effectiveness of this type of unique intervention and the need for further
in-depth exploration of self-management techniques among individuals with T2D.
Keywords: telemonitoring, type 2 diabetes, telephonic care, telehealth, telecare

Introduction

One of the most prevalent of all chronic disease states in the US, type 2 diabetes
(T2D) has been diagnosed in 21 million individuals, with an estimated 8.1 million
more unaware they have the disease.! Self-management has been identified as a crucial
aspect of controlling T2D, as the most important self-care choices affecting the health
and the well-being of the individual are made day-to-day and not in the physician’s
office.? Findings from large-scale clinical trials and systematic reviews of diabetes
self-management interventions have identified the need to focus more closely on
understanding the effectiveness of nursing interventions on sustained self-management
outcomes for individuals with T2D.>* Research has shown one-size-fits-all approaches

submit your manuscript
Dove

http:

Patient Related Outcome Measures 2016:7 19-28 19
© 2016 Nocella et al. This work is published by Dove Medical Press Limited, and licensed under Creative Commons Attribution — Non Commercial (unported, v3.0)

Al License. The full terms of the License are available at http://c [l /by-nc/3.0/. Non- ial uses of the work are permitted without any further
permission from Dove Medical Press Limited, provided the work is properly attributed. Permissions beyond the scope of the License are administered by Dove Medical Press Limited. Information on
how to request permission may be found at: http://www.dovepress.com/permissions.php



http://www.dovepress.com/permissions.php
http://creativecommons.org/licenses/by-nc/3.0/
http://www.dovepress.com/permissions.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/PROM.S93308
mailto:nocellaj1@wpunj.edu

Nocella et al

Dove

to diabetes self-management interventions may not always be
effective, especially when one considers emerging disparities
in diabetes morbidity and mortality.>* The need to understand
not only the clinical and utilization outcomes as a result of
self-management of T2D but also the processes of care that
may contribute to improved outcomes is essential to improv-
ing the quality of care provided.

To date, research examining the effectiveness of inter-
ventions to support patients’ self-management of T2D has
included a variety of health care settings across the health
care continuum. Within the larger context of diabetes self-
management, the use of telemonitoring technology that
strongly supports the shift in point of care service from
provider-centered to patient-centered and from hospital-based
to community-based is noteworthy.” Despite the speed at
which telemonitoring technology has advanced and the noted
positive clinical and utilization outcomes it has demonstrated
in patients with chronic conditions,!*' the research has not
focused on the processes of care, which may contribute to
improved clinical outcomes.'® Further, while telemonitoring
has been regarded as an innovative tool to help increase access
to care for patients, the focus has not consistently been on its
use to sustain clinical outcomes over time.'¢

In light of the current state of the science of diabetes self-
management, examining factors that contribute to clinical
outcomes in individuals with T2D is needed. Specifically,
this study examined the structure and processes of care in
a telemonitoring program for managed care recipients and
the role that health care providers play in relation to self-
management outcomes in patients with T2D.

The specific aims of this study were:

1. To determine how patient demographics is related to clini-
cal characteristics at baseline among patients with T2D
participating in the telemonitoring program (structure of
care).

2. To determine the association of frequency of contact with
anurse (process of care) and clinical outcomes over time
(outcome of care) in patients with T2D participating in
the telemonitoring program.

Methods

Due to the importance of understanding the associations
that exist between the structures of care, the processes of
care, and the outcomes of care in this home telemonitoring
program, the exploratory design was selected. Donabedian’s
structure-process-outcomes model'” defines structural, pro-
cess, and outcome measures of quality and further asserts
that the three are not independent but are related to one

another in an underlying framework whereby good structure
should yield good process, and good process should yield
good outcomes.'®

Structural measures are noted to be the professional and
organizational resources linked with the provision of care,
such as the operating capacities and staff credentials. For the
purposes of this study, the operational definition of structure
is noted to be the telehealth monitoring system, inclusive of
patients, nurses, and physicians, within the larger context of
the integrated health care delivery system. Structural measures
were operationalized to be the available individual patient
demographics of those enrolled in the home telemonitroing
program. Process measures of quality are defined as the actions
done to and for the patient by nurses and physicians in the course
of treatment.'® Frequency of contact, whether nurse-initiated or
patient-initiated was noted to be the process of care measure that
was examined within this study. Finally, Donabedian!” defined
outcome measures as the desired or intended states resulting
from care processes. The clinical outcomes of hemoglobin A,
(HbA, ), systolic blood pressure (SBP), and diastolic blood
pressure (DBP) from baseline through 12 months, as measured
in 3-month time periods, were the outcome measures.

The study was a secondary data analysis conducted using
data collected through a preexisting telemonitoring program
offered through a large integrated health care delivery system
with its own 420,000 member health plan. The health care
system provides medical, mental health, and substance abuse
services through its eleven acute care hospitals, four skilled
nursing facilities, six diagnostic treatment centers, and 70
community-based clinics throughout a large metropolitan
area in the Northeast US. The telemonitoring program began
enrolling patients in October 2006 with a focus on patients
with T2D, identified by individual physicians, who could
potentially benefit from the use of a home monitoring device.
Eligibility requirements included: written consent from the
patient to participate; 18 years of age or older; a permanent
address with a working land telephone line; a physician who
was willing to participate in the program and who agreed to
provide physician orders for program participation; a covered
member with medical insurance offered through the man-
aged care company that was contracted with the health care
system; an established diagnosis of diabetes with a history of
need for frequent health care intervention including increased
incidence of emergency room visits, readmission to hospital
or agency for skilled care, and/or frequent unscheduled visits
to the physician’s office or clinic.

With the patient’s consent, a telemonitoring device was
installed in the patient’s home that was capable of transmitting
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daily blood glucose and blood pressure values to a team of
six registered nurses via secure high bandwidth transmission.
The HbA  values were available to the registered nurses
through a central health care system database. The nurses
utilized an alert parameter system that indicated what clinical
values to act upon via a call to the patient and, when neces-
sary, consultation with the referring physician. Specifically,
each patient’s physician established clinical guidelines for
triage alerts and care goals, which were reviewed by the
nurse and discussed with the patient. Patients were advised
that the nurse would respond within 2 hours to any red alert
and within 8 hours to any yellow alert that is transmitted.
Red alerts were established as greater than 20% above or
below pre-established parameters for blood glucose and blood
pressure. Yellow alerts were established as readings outside
of the target range, but not within the red alert range. Default
settings were put in place for patients whose physicians did
not request specific ranges (Figure 1).

This study was submitted and approved by New York
University’s Committee on Activities Involving Human
Subjects (UCAIHS) as well as submitted and approved by
the Biomedical Research Alliance of New York (BRANY).
As this study was a secondary data analysis of an exist-
ing telemonitoring program (where the patients’ provided
written consent to be part of the program and to have their
de-identified data utilized for research purposes), a sepa-
rate consent was not required to be obtained for this study.
The target population was patients with T2D who were
enrolled in the telemonitoring program between the dates
of January 1, 2008 and December 31, 2010. The data file
of patients included 605 actively monitored patients within
this time frame, however, due to lack of complete baseline
clinical data only 581 patients were included in the study
sample. Baseline data collected and available for review
included the date of enrollment, date of disenrollment, sex,
date of birth, primary language, baseline HbA  , and base-
line SBP and DBP. The baseline HbA , baseline SBP and
baseline DBP readings were the first reading that existed on
the patient’s record in the telemonitoring system. The data

collected on an ongoing basis included HbA, , SBP and
DBP, months enrolled in the program, and contact history
including frequency of contact. At 3 months from the ini-
tial enrollment date, the 3 month blood pressure reading
that existed in the telemonitoring system was obtained in
systolic/diastolic format. These data were provided at the 6,
9, and 12 months time frame for each patient from the date
of his or her enrollment in the program through December
31, 2010. While the HbA | represented a measure of blood
glucose control over each 3-month time frame, the blood
pressure readings collected were point-in-time and did not
represent an average over time.

The researcher did not have access to individual patient
medical history, comorbid conditions, medication regime,
prescribed diet, or activity levels. The researcher did have
access to the individual patient’s inpatient and emergency
room visits that occurred during the 12 months for which
the patient was part of the home telemonitoring program.
Examination and analysis of patient utilization outcomes
were not within the scope of the current study.

Data analysis

The principal analysis phase involved testing each of the two
hypotheses related to this study. To assess the first study aim,
to determine how patient demographics related to baseline
clinical characteristics, three point-biserial and six Pearson
correlations were estimated. Prior to addressing the second
study aim, to determine if the frequency of contact with a
nurse was associated with a change in clinical outcomes
(HbA,, SBP, and DBP), nine multiple linear regressions were
conducted as a sensitivity test. This was done to assess if the
frequency of contact predicted the clinical outcomes after
controlling for age, days enrolled, and clinical outcomes
3 months earlier. Three mixed model regressions were then
conducted to predict HbA | , SBP, and DBP levels at 6, 9, and
12 months. Finally, to determine if the frequency of contact
with a nurse was associated with a change in HbA _level in
patients participating in the program, analysis of variances
(ANOVAs) were conducted.

Target range Red alert Yellow alert
Blood glucose (mg/dL) 76-120 <70 0r>300 | 71-75or 121-299
Systolic blood pressure (mmHg) 97-130 <90 or >180 | 91-96 or 131-179
Diastolic blood pressure (mmHg) 60-80 <50 or >100 51-59 or 81-99

Figure | Target ranges and alert limits for daily readings.
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The frequency of contact was measured as the number of
contacts from baseline to 3 months (time 1), from 3 to 6 months
(time 2), and from 6 to 9 months (time 3). HbA, , SBP, and
DBP were measured as the difference between 3 and 6 months
(time 1), the difference between 6 and 9 months (time 2), and
the difference between 9 and 12 months (time 3). Because the
frequency of contact variable was skewed heavily to the right,
a natural log transformation was taken on the frequency of
contact after adding the constant 1. It was hypothesized that
the frequency of contact would lead to better patient outcomes
of decreased HbA | _levels, SBP, and DBP values in the sub-
sequent 3-month period. This “look back™ at the frequency of
contact was utilized as a means to determine if the intervention
was effective in improving clinical outcomes.

Three mixed model regressions were conducted to assess
the relationship between the frequency of contact and HbA
SBP, and DBP levels. Because the frequency of contact
depended on the length of time the participant was enrolled,
the number of months enrolled was controlled for. Since
age was related to HbA | , DBP, and SBP levels at baseline,
age was also controlled for. The frequency of contact was
tested as a random factor. However, in all three models, the
frequency of contact was not a significant random effect
and thus the random effect was not included in the model.
A random intercept was included in the model. All the fixed
factors in the model were centered at their means.

Three ANOVAs were conducted to assess if the frequency
of contact was significantly different by a change in HbA
levels from 3 to 6, 6 to 9, and 9 to 12 months. The change
in HbA  levels over 3 month intervals were categorized as
an increase (those patients who had an increase in HbA
level from one time period to the next time period), decrease
(those patients who had a decrease in HbA _ level from one
time period to the next time period), no change-normal

Results

Five hundred and eighty-one participants comprised the
study sample. The majority of the participants was female,
spoke English, and was between 51 and 65 years old
(Table 1). Frequency of contact was calculated at 3-, 6-, 9-,
and 12-month intervals. The total number of months enrolled
in the program ranged from 1 to 49 with the average being
17 months (Table 2). HbA , DBP, and SBP values were
taken at baseline, 3-, 6-, 9-, and 12-month time periods.
The highest average HbA, , DBP, and SBP levels were at
baseline and the lowest average HbA |, DBP, and SBP levels
were at 12 months (Table 3).

Significant negative correlations were found between
age and HbA  (r=-0.10, P=0.015) and DBP (=-0.16,
P<0.001), and a significant positive correlation was
found between age and SBP (r=0.15, P=0.001). As age
increases, HbA level and DBP tended to decrease while
SBP tended to increase. There was also a significant cor-
relation with sex and DBP (rpb=—0.1 1, P=0.015) indicating
that female participants tended to have lower DBP levels
than males.

The results of the sensitivity regressions predicting HbA |
levels showed that the frequency of contact at 6 months pre-
dicted HbA _levels at 9 months. As the frequency of contact
increased, HbA | _levels also tended to increase (Table 4). The
regressions predicting DBP did not show any significance for
the frequency of contact (Table 5). The results of the regres-
sions predicting SBP showed significance in the frequency
of contact at 3 months predicting SBP at 6 months. As the
frequency of contact increased, SBP levels also tended to
increase (Table 6).

Table | Structure of care: frequencies and percentages for
demographics of sex, language, and age

(those patients who had a HbA | _level in the normal range ~ Demographic N=581 %

of 7% or less and remained in that normal range for the sub- ~ Sex

sequent time period), no change-near normal (those patients EjTale Tg; ;’j

ale

who had a HbA _level in the near normal range of 7%-8% Unknown |

and remained in that near normal range for the subsequent  Language

time period), and no change-poor (those patients who had a English 362 62

. . Spanish 178 31
o

HbA]C level in the poor range of 8% or greater ?nd remained Unknown 24 il

in that poor range for the subsequent time period). Bengali 10 1.7
As with the mixed model regressions, the time points Creole 4 0.6

were lagged by 3 months, so the change in frequency of Arabic 3 0.5

. . . Age (years)

contact from baseline to 3 months was assessed in relation 18.35 28 c

to the change in HbA | from 3 to 6 months. The natural 36-50 169 29

log transformation was still used for the frequency of 51-65 342 59

contact 66-85 42 7
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Table 2 Process of care: mean and SD for frequency of contact and months enrolled

Variable M SD Median Minimum Maximum Interquartile range
Frequency of contact at 3 months 29.80 25.97 21 | 282 17.00
Frequency of contact at 6 months 49.07 38.18 37 | 309 30.00
Frequency of contact at 9 months 65.18 49.55 50 | 335 43.25
Frequency of contact at |2 months 79.00 61.38 64 | 411 53.25
Months enrolled 17.56 12.79 14.48 1.47 48.97 19.34

Abbreviations: M, mean; SD, standard deviation.

Mixed model regressions showed that the frequency of

contact was not related to the change in HbA , DBP, and

-
SBP levels. Results are presented in Table 7.

In ANOVA (Table 8), the frequency of contact from base-
line to 3 months was not related to changes in HbA _ levels
from 3 to 6 months, F(4, 565)=1.74, P=0.139. The frequency
of contact from 3 to 6 months was related to change in HbA |_
levels from 6 to 9 months, F(4, 448)=2.69, P=0.031. Tukey
post hoc testing showed those with a decrease in level had
significantly lower frequency of contact compared to those
who increased or no change-poor for their change in HbA
(Table 9). The frequency of contact from 6 to 9 months
was related to change in HbA | _levels from 9 to 12 months,
F(4,431)=3.49, P=0.008. Further testing showed that those
who had no change-poor had significantly higher frequency
of contact compared to those with no change-normal.

Discussion

The current study makes a number of important contribu-
tions to the current literature on telemonitoring programs for
patients with T2D. Within the structure of care measurable

variables of the telemonitoring program, patient demograph-
ics of age, and HbA | and DBP were found to be negatively
correlated, while age and SBP were found to be positively
correlated. Female participants tended to have lower DBP
levels than males.

Within the process of care and outcomes of care measur-
able variables, mixed model regressions revealed that the
frequency of contact was not related to changes in HbA ,
DBP, and SBP levels. ANOVA showed the frequency of con-
tact from 3 to 6 months was related to change in HbA | _from
6 to 9 months; notably, those patients who had a decrease
in HbA _had fewer contacts than those who had an increase
in HbA,  or who had consistent, poorly controlled HbA .
Similarly, the frequency of contact from 6 to 9 months was
related to change in HbA, from 9 to 12 months; notably,
those patients who had consistent, poorly controlled HbA
had more contacts than those who had consistent, well con-
trolled HbA .

This study provides support for the effective-
ness of utilizing a model such as Donabedian’s struc-
ture-process-outcomes model'” to guide the examination

Table 3 Outcomes of care: mean and SD for HbA, and systolic and diastolic blood pressures

Variable M SD Median Minimum Maximum Interquartile range
HbA, %
Baseline 9.76 2.17 9.30 5.40 18.20 2.73
3 months 9.59 2.01 9.20 5.40 18.20 2.40
6 months 8.44 1.74 8.00 5.40 16.80 1.90
9 months 8.22 1.57 7.90 5.00 14.00 2.18
12 months 8.11 1.41 7.83 5.60 16.20 1.88
DBP value
Baseline 80.43 10.47 80.00 44.00 129.00 12.00
3 months 78.58 10.38 78.00 49.00 115.00 13.00
6 months 78.53 10.61 78.00 50.00 117.00 13.25
9 months 77.63 10.04 77.00 48.00 121.00 12.75
12 months 77.57 9.96 77.00 53.00 133.00 11.00
SBP value
Baseline 133.98 16.31 133.00 92.00 183.00 20.00
3 months 132.49 16.15 132.00 84.00 183.00 23.50
6 months 132.09 15.72 130.00 96.00 179.00 19.25
9 months 131.67 15.42 130.00 82.00 184.00 21.00
12 months 130.99 15.54 129.00 101.00 192.00 19.00
Abbreviations: DBP, diastolic blood pressure; HbA, , hemoglobin A, ; M, mean; SBP, systolic blood pressure; SD, standard deviation.
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Table 4 Outcomes of care: sensitivity regressions with frequency of contact predicting HbA, levels controlling for age, months

enrolled, and HbAIc levels 3 months prior

Dependent variable Independent variable B SEB B t P
HbA, _at 6 months Constant 3.44 0.72 4.76 0.001
HbA, _at 3 months 0.51 0.04 0.59 13.28 0.001
Age (years) 0.00 0.0l —-0.02 —0.44 0.659
Months enrolled 0.00 0.00 -0.02 -0.42 0.672
Frequency of contact at 3 months* 0.13 0.11 0.05 1.15 0.252
HbA, _at 9 months Constant 2.12 0.79 2.68 0.008
HbA, _at 6 months 0.47 0.04 0.60 10.74 0.001
Age (years) 0.00 0.0l 0.03 0.51 0.612
Months enrolled 0.00 0.00 0.06 1.12 0.263
Frequency of contact at 6 months* 0.38 0.11 0.20 345 0.001
HbA, _at 12 months Constant 243 0.51 4.76 0.001
HbA, _at 9 months 0.69 0.03 0.77 20.24 0.001
Age (years) -0.01 0.0l -0.04 -0.95 0.345
Months enrolled 0.00 0.00 -0.02 -0.42 0.675
Frequency of contact at 9 months* 0.09 0.07 0.05 1.25 0.213

Note: *Natural log.

Abbreviations: B, b-coefficient; HbA , hemoglobin A, ; P, P-value; SE B, standard error of b-coefficient; t, t statistic.

of a home telemonitoring program for patients with T2D.
Within the telehealth literature, detail related to nurse—
patient interaction has not been collected in most studies,
nor have clinical or utilization outcomes been examined
over time, thereby decreasing the likelihood of further
understanding the role that this technology might play
in assisting in the self-management of individuals with
T2D. Implications for practice for health care providers
include training and familiarity with the use of technology
to remotely monitor and interact with patients with T2D.
Telemonitoring programs such as the one noted in the cur-
rent study have produced a wide variety of interventions

through a number of different modes of delivery. Variations
in telemonitoring programs may have implications for how
care is delivered and received as well as how processes
and outcomes of care are measured. Examples of varia-
tions in the programs might include differences between
the relationships that patients have with each of the nurses
working with them through the program and responding to
their questions, patients’ comfort with the home monitor-
ing process and feasibility of monitoring on a daily basis,
all of which may have individual effects on study results.
These variations, in addition to those patient-level variables
such as diet, exercise, medication regimen, and comorbid

Table 5 Outcomes of care: sensitivity regressions with frequency of contact predicting DBP levels controlling for age, months enrolled,

and DBP levels 3 months prior

Dependent variable Independent variable B SEB B t P
DBP at 6 months Constant 23.65 5.67 4.17 0.001
DBP at 3 months 0.71 0.05 0.67 15.32 0.001
Age (years) -0.10 0.06 -0.07 —-1.65 0.100
Months enrolled 0.00 0.00 0.02 0.48 0.631
Frequency of contact at 3 months* 1.19 0.71 0.07 1.67 0.095
DBP at 9 months Constant 34.69 6.33 5.49 0.001
DBP at 6 months 0.60 0.05 0.60 11.40 0.001
Age (years) -0.06 0.07 —-0.05 -0.99 0.326
Months enrolled 0.00 0.00 —0.04 -0.72 0.475
Frequency of contact at 6 months* 0.08 0.74 0.01 0.11 0914
DBP at 12 months Constant 28.74 7.50 3.83 0.001
DBP at 9 months 0.64 0.06 0.57 10.14 0.001
Age (years) -0.05 0.07 -0.04 -0.62 0.533
Months enrolled 0.00 0.00 —0.12 -2.20 0.029
Frequency of contact at 9 months* 1.28 0.75 0.10 1.71 0.088

Note: *Natural log.

Abbreviations: B, b-coefficient; DBP, diastolic blood pressure; P, P-value; SE B, standard error of b-coefficient; t, t statistic.
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Table 6 Outcomes of care: sensitivity regressions with frequency of contact predicting SBP levels controlling for age, months enrolled,

and SBP levels 3 months prior

Dependent variable Independent variable B SEB B t P
SBP at 6 months Constant 24.78 7.68 323 0.001
SBP at 3 months 0.76 0.05 0.72 16.97 0.001
Age (years) -0.05 0.08 -0.03 —-0.61 0.540
Months enrolled 0.00 0.00 0.04 1.00 0.320
Frequency of contact at 3 months* 2.57 1.02 0.11 2.52 0.012
SBP at 9 months Constant 45.16 855 5.28 0.001
SBP at 6 months 0.59 0.05 0.62 12.20 0.001
Age (years) 0.18 0.09 0.10 1.91 0.058
Months enrolled 0.00 0.00 —0.06 —1.21 0.227
Frequency of contact at 6 months* 0.16 1.06 0.01 0.15 0.880
SBP at 12 months Constant 23.88 8.88 2.69 0.008
SBP at 9 months 0.8l 0.05 0.74 15.77 0.001
Age (years) 0.01 0.10 0.0l 0.14 0.890
Months enrolled 0.00 0.00 -0.05 —-1.08 0.283
Frequency of contact at 9 months* 0.71 0.97 0.03 0.74 0.462

Note: *Natural log.

Abbreviations: B, b-coefficient; P, P-value; SBP, systolic blood pressure; SE B, standard error of b-coefficient; t, t statistic.

conditions that were previously noted, further compound
how care is delivered, measured, and interpreted.

Within the current telemonitoring interventions for
patients with T2D, a great variation exists in how HbA , SBP,
and DBP are measured as program outcomes.?**! In this study,
to determine if the frequency of contact would predict HbA
levels in the subsequent 3-month period, frequency of contact
was lagged by 3 months. This approach to the examination

Table 7 Outcomes of care: results for mixed model regressions
between frequency of contact and HbA , DBP, and SBP levels
after controlling for months enrolled

Dependent Independent Estimate SE t P

variable variable

Change in HbA _ Intercept -0.75 0.07 —11.27 0.001
Baseline HbA =~ 0.86 0.03 2799 0.001
Age 0.00 0.0l 042 0.673
Months enrolled -0.03 0.08 -037 0.713
Time 0.45 0.06 7.30 0.001
Frequency 0.07 0.05 1.29 0.199

Change in SBP Intercept -3.21 087 -3.70 0.001
Baseline SBP 0.65 0.03 21.80 0.001
Age -0.03 005 -059 0554
Months enrolled —0.13 089 -—0.14 0.885
Time 0.13 0.51 026 0.794
Frequency 0.90 061 1.49 0.136

Change in DBP  Intercept -2.01 062 -322 0.0l
Baseline DBP 0.63 0.03 1868 0.001
Age —-0.01 004 -022 0825
Months enrolled —0.98 064 —1.53 0.128
Time 0.19 0.36 053 0.595
Frequency 0.41 0.44 0.95 0.344

of existing data allowed the researcher to examine the effects
that telephonic outreach by a nurse would have on clinical
outcomes of care in the subsequent 3 months. This unique
approach to examination of the telemonitoring process of care
and clinical outcomes of care measures for patients with T2D
has not been implemented in previous research studies.
Further, the approach of categorization of change in
HbA,  between time periods, in relation to the frequency of
contact in prior months, is novel and contributes to the limited
literature on the relationship between the process of care and
the outcomes of care. The consideration of whether contacts
preceded or followed the change in HbA | was necessary in
light of the secondary data that was utilized within this study.
Essentially, being able to quantify outreach efforts between
the nurse and the patient, and controlling for earlier HbA ,
allowed the researcher to consider that increased outreach
effort was associated with those patients with poorer control
or elevated HbA, , while fewer outreach effort was associ-
ated with patients with better control or lower HbA _levels.
While it was ultimately found that the frequency of contact
had no predictive value of the improvement in HbA _levels,
SBP, or DBP values, it remains important to examine the

Table 8 Outcomes of care: results for ANOVAs for frequency
of contact by change in HbA, _levels

F df P
HbA, _ level 3-6 months 1.74 4,565 0.139
HbA, _ level 6-9 months 2,69 4,448 0.031
HbA,, level 9-12 months 349 4,431 0.008

Abbreviations: DBP, diastolic blood pressure; HbAw hemoglobin Alc; P, P-value;
SBP, systolic blood pressure; t, t statistic; SE, standard error.

Abbreviations: ANOVAs, analysis of variances; F, F statistic; df, degrees of
freedom; HbA , hemoglobin A ; P, P-value.

Patient Related Outcome Measures 2016:7

submit your manuscript 25

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Nocella et al

Dove

Table 9 Outcomes of care: mean and SD for frequency of contact by change in HbA _levels

Source Change in HbA M SD N Minimum  Maximum Interquartile range
Frequency of contact at 3 months/change Increase 295 099 16 0.00 4.80 0.80
in HbA _from 3 to 6 months Decrease 245 .10 347 0.00 4.38 0.85
No change-normal 296 083 9 1.39 3.95 1.36
No change-near normal 253 117 30 0.00 4.29 1.01
No change-poor 290 083 168 0.00 4.84 0.78
Frequency of contact from 3 to 6 months/  Increase®* 295 099 128 0.00 4.80 0.80
change in HbA, from 6 to 9 months Decrease* 245 1.10 204 0.00 4.38 0.85
Change in HbA, _from 6 to 9 months
No change-normal 296 083 24 1.39 3.95 1.36
No change-near normal 253 117 24 0.00 4.29 1.0l
No change-poor** 290 083 73 0.00 4.84 0.78
Frequency of contact from 6 to 9 months/  Increase 263 1.09 168 0.00 4.50 0.82
change in HbA _from 9 to 12 months Decrease 1.78 154 63 0.00 4.20 3.04
No change-normal*** 2,14  1.21 54 0.00 3.74 1.01
No change-near normal 254 123 41 0.00 4.63 1.23
No change-poor**#* 251 122 110 0.00 4.85 0.94

Notes: *Significantly lower mean score compared to no change-poor and increase; **significantly higher mean compared to decrease; ***significantly lower frequency of
contact compared to no change-poor; ***significantly higher frequency of contact compared to no change-normal.

Abbreviations: HbAI:’ hemoglobin Alc; M, mean; SD, standard deviation.

relationship between the variables to consider what, other
than the frequency of contact, might have led to improved
clinical outcomes.

Participants with a decrease in HbA | over the 3-month
time period had significantly lower frequency of contact
compared with those who had no change-poor control or
increase in HbA . This may be interpreted to mean that
those patients with consistently poor control, as evidenced
by an HbA  of greater than 8%, required and received
additional outreach from, or to, a nurse to manage their
condition. Those patients who had HbA  in the normal
range of 7%—8% would perhaps have required less frequent
contact with a nurse and so did not receive or make contact
regarding their condition. This finding is consistent with
literature regarding those patients who struggle to control
their diabetes require more education and assistance to
improve their HbA _levels.>*

Another noteworthy finding was that within the sample,
as age increased, HbA  tended to decrease. Although
prevalence of T2D increase with age, it is not clear from the
literature if age positively predicts HbA | levels.” It may
be that management of this chronic, progressive disease, as
reflected in HbA _ levels, is more strongly linked to years
living with the disease, than with age of the individual with
the disease. Since the sample data did not include years liv-
ing with diabetes, it is not possible to conclude that this is
the case in the present study.

Similarly important was the finding that as age increases,
SBP tended to increase while DBP decreased. Findings

from the National Health and Nutrition Examination Survey
(NHANES) IV 1999-2000 (n=5,448) indicated that uncon-
trolled hypertension prevalence increased with advancing
age, tended to be higher in women, and highest among non-
Hispanic Blacks.”® However, NHANES IV did not specify
a relationship between age and systolic or diastolic hyper-
tension. The American Heart Association, based on results
from the Framingham Study, suggests that SBP is a better
marker for cardiovascular disease (CVD) than DBP because
DBP typically increases until age 50, then levels off until
age 60 and remains stable or decreases thereafter.¢ SBP has
been shown to rise steadily with age as a result of increased
incidence of cardiac and vascular disease.

In the current study, females tended to have lower
DBP levels than males. The Centers for Disease Control
and Prevention indicates that reducing DBP from 90 to
80 mmHg in both men and women with diabetes reduces
the risk of major cardiovascular events by 50%.' SBP is a
better marker than DBP for increased risk of CVD, but in
the present study, elevated DBP was an indicator of poor
blood pressure control. This may contribute to the sample’s
overall tendency toward hypertension, which is consistent
with having T2D.

Finally, while elevated SBP baseline levels were not
significantly related to sex, it is important to consider how
elevated baseline DBP levels may have contributed toward
hypertension in the current sample of patients with T2D.
The majority of the study sample (66%) comprised women,
all of whom have T2D, placing them at greater risk of CVD
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and coronary heart disease (CHD) than males with T2D and
women without T2D.?” This finding is significant in light
of more recent studies that have suggested that there is a
relative risk increase for acute myocardial infarction with
diabetes that is higher in women than in men.?** Ultimately,
the current sample of patients with confirmed T2D, the
majority of whom were females and who exhibited elevated
baseline blood pressure levels, were those most in need of
appropriate preventative strategies such as outreach by the
telemonitoring nurse.

Limitations

A limitation of the secondary data analysis design is the lack
of full control inherent in true experimental designs. Since
there were no randomization or comparison groups, and no
option of controlling independent variables, rival hypotheses
may arise that compete with the manipulation of the treat-
ment as an explanation for observed or desired results.*
The difficulty of examining the impact of nurse—patient
contacts with an observational design is that there is uncer-
tainty surrounding the conclusions reached. Essentially, the
design did not allow for true in-depth examination of what,
other than the volume of contacts occurring, was actually
being exchanged during those contacts. It would be helpful
to understand whether contacts were nurse-initiated versus
patient-initiated and the types of questions or concerns,
other than the nurse responding to alerts, may have prompted
the contact. Having access to the detail of the contacts that
occurred may have allowed for more robust answers to the
research questions and further exploration of why changes
in clinical outcomes were occurring. While this data was
collected by the nurse when responding to a patient alert,
the analysis of this large volume of information was outside
the scope of this study.

A unique approach was undertaken to evaluate the
effects of frequency of contact on the clinical outcomes, in
the absence of more robust data to evaluate the relationship
between contact and HbA , SBP, and DBP. These results
address an area of opportunity that has been frequently
cited in terms of telehealth initiatives for patients with T2D,
which is the need for more detailed evaluation of differ-
ent frequencies and durations of interventions.?'3!32 In a
systematic review of telehealth intervention on glycemic
control and adherence, the authors examined 14 studies
in which patients received phone calls from nurses to
assist in the management of blood glucose, diet, physical
activity, and medication adherence. Due to considerable
differences between study processes and study outcomes,

the authors were unable to make strong conclusions about
the effectiveness of the interventions. However, the authors
noted that to optimize the effect of telehealth for T2D,
careful examination of various dosages and durations of
interventions is required.’! Similarly, a systematic review
of home telehealth interventions for diabetes manage-
ment was conducted and, after review of 26 studies, the
authors found it was not clear what clinical services, in
what quantities were delivered by the interventions. The
authors ultimately concluded that due to wide variations
in the design and quality of the telehealth interventions,
more studies were required to give more accurate insights
into the clinical effectiveness.?!

Another significant limitation was the lack of patient-
level data that may have contributed to the individual’s status.
Patients were on medications throughout enrollment in the
program, however, this information was not accessible to
the researcher. Patients may have had adjustments made to
their medications while being monitored but this information
was noted in the Notes section of the data collection system
of the telemonitoring program, which was not accessible to
the researcher. Similarly, physician office visits were not
provided to the researcher, making it impossible to deter-
mine if changes in treatment regimen were made, resulting
in an increase or decrease in nurse contacts. When patients
had episodic illnesses as well as existing comorbid condi-
tions, it was documented in the Notes section of the data
collection system that was not available to the researcher
due to the inability to de-identify the data. Similarly, diet,
activity levels, and body mass index, commonly examined
in relation to management of T2D, was not easily accessible
within the telemonitoring program data collection system.
All the noted patient-level data inputs that were not available
to the researcher may have, individually or collectively, had
significant impacts on the clinical outcomes noted within
the study.

The findings from the current study necessitate
enhancements to the research design in future studies of
telemonitoring programs for patients with T2D. To extend
the generalizability of the findings beyond the patients
from this specific telemonitoring program, the structure,
process, and outcomes of care in the telemonitoring envi-
ronment should be examined in a larger sample of patients
that includes adequate representation of ethnic minority
populations. Despite the variations that exist in the design
of telemonitoring programs, detailed documentation of the
structural aspects, the process measures of care delivered,
as well as the outcome measures attained need to be further
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examined to draw more consistent conclusions about

the effectiveness of care delivery within this alternative

environment.
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