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Abstract

Background: Technological surrogate nursing (TSN) derives from the idea that nurse-caregiver substitutes can be created by
technology to support chronic disease self-care.

Objective: This paper begins by arguing that TSN is a useful and viable approach to chronic disease self-care. The analysis
then focuses on the empirical research question of testing and demonstrating the effectiveness and safety of prototype TSN
supplied to patients with the typical complex chronic disease of coexisting type 2 diabetes and hypertension. At the policy level,
it is shown that the data allow for a calibration of TSN technology augmentation, which can be readily applied to health care
management.

Methods: A 24-week, parallel-group, randomized controlled trial (RCT) was designed and implemented among diabetic and
hypertensive outpatients in two Hong Kong public hospitals. Participants were randomly assigned to an intervention group,
supplied with atablet-based TSN app prototype, or to aconventional self-managing control group. Primary indices—hemoglobin
A4 Systolic blood pressure, and diastolic blood pressure—and secondary indices were measured at baselineand at 8, 12, 16, and
24 weeks after initiation, after which the data were applied to test TSN effectiveness and safety.

Results: A total of 299 participating patients were randomized to the intervention group (n=151) or the control group (n=143).
Statistically significant outcomes that directly indicated TSN effectivenessin terms of hemoglobin ;. were found in both groups
but not with regard to systolic and diastolic blood pressure. These findings al so offered indirect empirical support for TSN safety.
Statistically significant comparative changes in these primary indices were not observed between the groups but were suggestive
of an operational calibration of TSN technology augmentation. Statistically significant changesin secondary indices were obtained
in one or both groups, but not between the groups.

Conclusions: The RCT’s strong behavioral basis, as well as the importance of safety and effectiveness when complex chronic
illness is proximately self-managed by layperson patients, prompted the formulation of the empirical joint hypothesis that TSN
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would improve patient self-care while satisfying the condition of patient self-safety. Statistical and decision analysis applied to
the experimental outcomes offered support for this hypothesis. Policy relevance of the research is demonstrated by the derivation
of adata-grounded operational calibration of TSN technology augmentation with ready application to health care management.

Trial Registration:

(J Med Internet Res 2020;22(3):€16769) doi: 10.2196/16769
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Introduction

The management of chronic disease requires dedicated and joint
efforts from health care professionals and patients. Current
literature has emphasized the importance of empowering the
latter in the direction of self-care [1-4]. Individuals with
long-term conditions, such as diabetes and hypertension, are
required to maintain proper levels of blood glucose (BG) and
blood pressure (BP), follow medication instructions, and lead
healthy lifestyles. However, continuing challenges over
compliance, motivation, and organization have been noted in
the literature [5-9]. Technology is increasingly being called
upon to assist in such endeavors. In particular, €l ectronic health
(eHealth)  protocols are suggested to facilitate
pati ent-doctor-nurse communication, mutually informed decision
making, access to health care resources, and the organization,
interpretation, and dissemination of health data [10-17]. The
ready availability of technology on the supply side prompts a
guestion on the demand side: Would such interventions be
accepted and used by chronicaly ill patients to the extent of
significantly improving self-care? Unless this question is
resolved endogenously and the success factors explicated,
chronic disease management could turn out to be a costly and
unrewarding task.

Earlier studies of technological support in chronic disease
self-management have focused on single health conditions and
have reported mixed results [18-21]. Following de Boer et &
[22], we recognize that chronic disease is generally complex,
with the coexistence of type 2 diabetes and hypertension being
the common case. Additionaly, it isrecognized that individual s
who areill inthisway would be best served by carethat isgiven
at just theright time, isavailable all the time, isup to date, and
given with a response that is friendly and immediate. As
resource limitations render this humanly impracticable, it can
be asked whether substitutes produced by technology would
encourage and empower chronically ill patientsto self-provide
the desired care. In answer, we submit that technology would
be ableto create substitute nurse-caregivers, under the umbrella
designation of technological surrogate nursing (TSN). TSN
would effectively and safely support self-care on the part of
chronicaly ill patients at the levels of attention, immediacy,
and timeliness determined by medical, engineering, and
economic considerations. Since TSN can be supplied to meet
a wide range of specifications, it can be deemed to be typical
among technol ogy-based interventions dedicated to self-care.

In this paper, research supporting our thesis is approached on
an empirical level. As noted above, where self-careis required
for chronicillnesses, the common caseis professionally regarded
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to be that of coexisting type 2 diabetes and hypertension. The
first efforts under our empirical research question are, therefore,
directed toward testing the effectiveness of TSN when applied
to self-care under the conditions of representative chronic
disease and representative technology. Safety is submitted to
be an equally important requirement in the self-management of
complex chronic diseases, where health care responsihility is
shared between health care professionals and patients, but
proximate action is undertaken by the patients with limited and
asymmetric layperson knowledge and medical expertise. Taking
the above considerationsinto account, arandomized controlled
trial (RCT) was designed and applied to parallel groups of
patients with both diabetes and hypertension to enable the
empirical analysis of the effectiveness along with the safety of
a prototype eHealth TSN. The two fundamental requirements,
together with the experiment’s strong behavioral basis, prompted
theformulation of thejoint hypothesisthat TSN would improve
patient self-care while satisfying the condition of patient
self-safety. In the following sections, our experiment and its
outcomes are presented and interpreted and empirical support
offered for this joint hypothesis. In addition, policy relevance
isdemonstrated by the derivation from the data of an operational
calibration of TSN technology augmentation with ready
application to health care management, such as cost-benefit
analysis.

The exposition is organized along the lines of the research
question of this paper, in particular with regard to experimental
methodology and outcomes interpretation and analysis.

Methods

Trial Design and Participants

We designed and implemented a 24-week, parallel-group RCT
to test TSN effectiveness and safety among patients with
coexisting type 2 diabetes and hypertension. Participantsin the
experiment were recruited from two diabetes outpatient clinics
of two public hospitals in Hong Kong. The individuals were
aged 18 years and over; had received a physician-confirmed
diagnosisof type 2 diabetes and hypertension at least one month
prior; were prescribed oral medication in consequence; were,
by declaration, able to self-manage chronic conditions; and were
able to read Chinese and speak Cantonese. Excluded from the
study were individuals with visual, cognitive, or physical
impairments or with unstable or life-threatening illnesses that
precluded self-management.

The study was approved by the Hong Kong East Cluster
Research Ethics Committee (reference: HKEC-2015-058). Al
participants provided written informed consent.
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Recruitment and Follow-Up

Outpatientsin the diabetes clinicswereinvited to an information
session, where the trial was introduced and eligibility
determined. Selected individuals were then visited a home,
where the research protocols were explained, digibility
confirmed, and written informed consent obtained. Baseline BP
and BG were measured under seated conditions after 5 minutes
of sitting rest. BP measurements were made twice, 1 minute
apart, by automated 2-in-1 BG and BP monitors; averages of
the two readings were computed as examination values. BG
levelsin terms of hemoglobin A, (HbA,.) were measured by
applying point-of-care HbA ;. analyzers. These datawere applied
to subsequent stratification and analysis. A questionnaire was
administered to collect demographic and other health-related
information. Participants were randomized to an intervention
group (1G) or acontrol group (CG) asdescribedinthefollowing
subsection. Follow-up home visits were made at 8, 12, 16, and
24 weeks postrandomization. HbA ;. was measured at 12 and
24 weeks, while BP and other health-related data were recorded
at 8, 16, and 24 weeks.

Randomization and Masking

Participants were stratified into four groups according to
baseline HbA . and systolic BP (SBP): (1) HbA . <8.0% and
SBP <159 mmHg, (2) HbA ;; <8.0% and SBP 2160 mmHg, (3)
HbA ;. >8.0% and SBP <159 mmHg, and (4) HbA . >8.0% and
SBP >160 mmHg. Parameter values were based on previous
research [23,24]. Individualsin each subgroup were randomi zed
by means of randomly permuted blocks of four and six with
sequentially numbered, sealed opaque envelopes, al of which
were implemented centrally by a research team member over
the telephone. Participants and researchers were al blinded to
the randomization; however, given the nature of theintervention,
blinding was not possible postrandomization.

Prototype Technological Surrogate Nursing and Other
Experimental Equipment

Participants randomized to the | G were supplied with prototype
eHealth TSN developed by the research team with reference to
clinician inputs, needs, and expectations in chronic disease
self-care identified in usability evaluations [25,26] and other
literature [27,28], as well as funding constraints. Running on a
tablet computer, this protocol offered, within limitsof itsdesign
and with due attention to safety, timely and interactive access
to procedures and resources dedicated to the self-management
of type 2 diabetes and hypertension. In particul ar, measurement
and recording of BG and BP were enabled through
Bluetooth-connected BG and BP monitors. These data, presented
in structured tables and charts, were readily retrievable and
reviewable. Authorized outside individuals (eg, caregivers and
family members) were allowed access to the TSN platform
through a secure Web portal. A module was availableto provide
text- and video-based | earning resources pertaining to the causes
and prevention of type 2 diabetes and hypertension, self-care,
exercise, diet, health plans, and stress management. An audio
function was programmable to emit action reminders at
predetermined times. CG participants were supplied with BG
and BP monitors of the same type, with logbooks as specified
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under conventional self-management protocols. Individualsin
both groups were trained and encouraged to apply the toolsin
guestion to self-monitor and self-record BG and BP, and to
adhere to other self-care activities recommended by primary
care providers.

Outcome M easures

TSN effectivenesswas measured, firstly, by indicesrepresenting
thefundamental clinical manifestations under complex diabetes
and hypertension: BG, as indicated by HbA,, and BP, as
indicated by SBP and diastolic BP (DBP) [23,24]. TSN
effectiveness, at a level once-removed from the clinical level,
was measured in terms of the following secondary indices:

1. Medication adherence, defined by the frequency of failure
to follow medi cation during the past 2 months and evaluated
by five items adapted from the Morisky Medication
Adherence Scale [29]: 1 (never), 2 (rarely), 3 (sometimes),
4 (always), and 5 (all the time). Item scores were reversed
during data analysis to allow higher scores to correspond
to greater adherence.

2. General adherence to trestment, defined by whether the
individual followed prescribed treatments during the past
2 monthsand eval uated by thefive-item Medical Outcomes
Study General Adherence Scale[30]: 1 (none of the time),
2 (alittle of the time), 3 (some of the time), 4 (a good bit
of thetime), 5 (most of the time), and 6 (all of the time).

3. Adherence to disease-specific activities, defined by the
frequency of performance of disease-specific activities
during the past 2 months and evaluated using the 15-item
Medica Outcomes Study Disease-Specific Adherence Scale
[30]: 1 (none of thetime), 2 (alittle of the time), 3 (some
of thetime), 4 (agood bit of thetime), 5 (most of thetime),
and 6 (all of thetime).

4. Diabetes knowledge and hypertension knowledge assessed
in terms of responsesto 11 and 25 true or false questions,
respectively [31].

5. Self-efficacy for coping with chronic disease, defined as
confidence in performing self-management and assessed
using five items adapted from a validated scale [32], with
scores ranging from 1 (not at all confident) to 10 (totally
confident).

Frequencies of self-monitoring of BG and BP wererecorded as
the number of times per week. As shown in the Discussion
section, a method is suggested under which the primary and
secondary indices would indirectly indicate the presence or
absence of patient self-safety.

Statistical Analysis

According to a priori power calculations based on an assumed
10% loss to follow-up, a sample of 147 individuals per group
would provide over 80% power (two-sided al pha=.05) to detect
a between-group mean difference of 5 mmHg for SBP (SD
14.5), 4 mmHg for DBP (SD 10), and 0.5% for HbA . (SD
1.25). Independent t tests and chi-square tests were applied to
compare differences in baseline characteristics between the IG
and the CG members. We applied both intention-to-treat
(without imputation) analysis and per-protocol analysis, under
linear mixed-modelling of mean changesin indices within and
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between groups. Effects were classified according to time (ie,
follow-ups versus baseline), treatment group (ie, 1G versus CG),
and group-by-time interaction. Self-monitoring frequency was
compared between the two groups using the Mann-Whitney U
test. Sensitivity analysis was introduced after adjusting for

Results

Study Characteristics
Between March and October 2016, 151 patients were

baseline variables.

Figure 1. Trid flowchart. CG: control group; IG: intervention group.

randomized to the |G and 148 patients were randomized to the
CG (see Figure 1 for thetrial flowchart). Asshownin Table 1,
there were no statistically significant differences between the
groups with regard to baseline characteristics, except for
experienceinthe use of computer-based self-monitoring systems
(P=.02).

454 patients were assessed for eligibility ]

Y

155 were not included
70 were ineligible
64 refused to participate
8 were not available
13 could not be contacted

L299 were randomized ‘
[

v

Y

151 were assigned to the IG at baseline |

‘ 148 were assigned to the CG at baseline

Y

13 lost to follow-up
2 withdrew
8 did not have time
2 could not be contacted
1 was hospitalized

10 lost to follow-up
2 withdrew
> 4 did not have time
1 could not be contacted
3 were hospitalized

| 138 (91.4%) completed 8-week follow-up |

! 138 (93.2%) completed 8-week follow-up

7 lost to follow-up
3 withdrew
3 did not have time
1 was hospitalized

5 lost to follow-up
1 withdrew
4 did not have time

Y

| 142 (94.0%) completed 12-week follow-up |

] 141 (95.3%) completed 12-week follow-up

Y

3 lost to follow-up
2 did not have time
1 could not be contacted

5 lost to follow-up
4 did not have time
1 was hospitalized

| 143 (94.7%) completed 16-week follow-up |

| 140 (94.6%) completed 16-week follow-up |

—»{ 0 lost to follow-up

1 lost to follow-up
1 could not be contacted

| 146 (96.7%) completed 24-week follow-up |

| 144 (97.3%) completed 24-week follow-up |
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Table 1. Baseline characteristics by study group.

Oreta

Characteristic Intervention group (n=151) Control group (n=148) P vaue
Age (years), mean (SD) 63.9 (10.2) 63.7 (9.6) .90
Sex, N (%) .09
Male 104 (68.9) 88 (59.5)
Female 47 (31.2) 60 (40.5)
Education, n (%) .09
No schooling completed 0(0) 4(2.7)
Some primary school 10 (6.6) 14 (9.4)
Completed primary school 25 (16.6) 21(14.2)
Some secondary school 23(15.2) 23(15.5)
Completed secondary school 66 (43.7) 47 (31.8)
Diploma, advanced diploma, associate degree, or the equivalent 10 (6.6) 21 (14.2)
Bachelor’s degree 14 (9.3) 12(8.1)
Master’s degree 3(2.0) 5(3.4)
Doctoral degree 0(0) 1(0.7)
Habitation status, n (%) .61
Living alone 21 (13.9) 15(10.1)
Living with family 129 (85.4) 132 (89.2)
Other 1(0.7) 1(0.7)
Duration of diabetes (years), mean (SD) 15.6 (10.0) 16.6 (11.3) 42
Duration of hypertension (years), mean (SD) 12.9(8.7) 12.9(9.9) >.99
Experience using computers, tablets, or mobile phones, n (%) .85
Yes 117 (77.5) 116 (78.4)
No 34 (22.5) 32(21.6)
Time spent using a compulter, tablet, or mobile phone (hours per day), mean (SD) 2.4 (3.1) 3241 .06
Experience using computer-based self-management systems, n (%) .02
Yes 3(2.0) 12 (8.1)
No 148 (98.0) 136 (91.9)
Experience with self-management support programsand training, n (%) .23
Yes 100 (66.2) 88 (59.5)
No 51(33.8) 60 (40.5)
Hemoglobin 1 (%), mean (SD) 8.02 (1.54) 7.99 (1.23) .88
Systolic blood pressure (mmHg), mean (SD) 137.6 (17.7) 137.4 (15.4) .92
Diastolic blood pressure (mmHg), mean (SD) 76.2 (9.8) 74.7 (10.3) .20

Intention-to-Treat Analysis

Primary Outcomes

Outcomes with direct reference to TSN effectiveness are
displayed in Table 2. Mean changesin HbA ;. were found to be

statistically significant at all assessment times in both the 1G
and the CG (see Figure 2). Comparing HbA ;. mean changes

http://www.jmir.org/2020/3/e16769/

between the two groups, statistically significant outcomeswere
not observed. With regard to SBP and DBP, mean changes in
each group were mixed in statistical significance (see Figure
3). Differencesin SBP and DBP mean changes between the |G
and the CG were not statistically significant. With regard to
TSN patient safety, indirect implications of the above findings
will be pursued below in the Discussion section.
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Table 2. Results of intention-to-treat analysis.

Oreta

Outcomes Intervention group Control group Between—group difference with r_egard P value
(n=151), mean (95%Cl) ~ (n=148), mean (95% Cl) 8 500232?;3 in outcome from haseline
Primary outcomes
Hemoglobin A4 (%)
Baseline 8.02 (7.80-8.23) 7.99 (7.77-8.21) N/A2
12 weeks 7.72 (7.50-7.94)° 7.65 (7.43-7.87)° 0.05 (-0.23 t0 0.33) 74
24 weeks 7,57 (7.35-7.79)° 7.64 (7.42-7.86)° -0.09 (-0.37 0 0.19) 52
Systolic blood pressure (mmHg)
Baseline 137.6 (134.8-140.3) 137.4 (134.6-140.2) N/A
8 weeks 135.2 (132.3-138.0) 132.7 (129.9-135.6)° 2.25(-1.87106.37) 28
16 weeks 135.9 (133.0-138.7) 134.8 (132.0-137.7) 0.84 (-3.26 10 4.93) .69
24 weeks 138.1 (135.3-140.9) 134.6 (131.7-137.4) 3.38 (-0.68 t0 7.44) .10
Diastolic blood pressure (mmHg)
Baseline 76.2 (74.6-77.7) 74.7 (73.1-76.2) N/A
8 weeks 74.6 (73.0-76.2)° 73.4(71.8-75.0) -0.31 (-2.26 t0 1.64) 76
16 weeks 74.8 (73.3-76.4) 74.1 (72.5-75.7) -0.80 (-2.74 to 1.14) 42
24 weeks 76.1 (74.5-77.6) 74.2 (72.6-75.8) 0.33 (-1.59 t0 2.25) 73
Secondary outcomes
Medication adherence (score)
Baseline 4,52 (4.45-4.59) 4,53 (4.46-4.60) N/A
8 weeks 4,64 (457-4.71)° 4.57 (4.50-4.64) 0.08 (-0.01 to 0.16) .07
16 weeks 4,58 (4.51-4.65)° 4.53 (4.46-4.60) 0.06 (-0.02 to 0.14) 14
24 weeks 4,58 (4.51-4.65)° 4.56 (4.49-4.63) 0.03 (-0.05t0 0.12) 40
General adherenceto treatment (score)
Baseline 4.17 (4.03-4.32) 4.00 (3.86-4.15) N/A
8 weeks 4.15 (4.00-4.30) 3.95 (3.80-4.10) 0.03 (-0.16 t0 0.22) 78
16 weeks 4.17 (4.02-4.32) 4.03 (3.88-4.18) -0.03 (-0.22 10 0.16) 75
24 weeks 4.27 (4.12-4.42) 3.98(3.83-4.13) 0.12 (-0.07 to 0.31) 21
Adherence to disease-specific activities (score)
Baseline 3.51(3.42-3.61) 3.51(3.41-3.61) N/A
8 weeks 3.55 (3.45-3.65) 3,65 (3.55-3.75)° -0.10 (-0.22 t0 0.03) 12
16 weeks 373 (3.63-3.83)° 3,66 (3.56-3.76)° 0.06 (-0.06 t0 0.18) 35
24 weeks 3.72 (3.62-3.82)° 3.63(353-3.73)° 0.08 (-0.04 10 0.20) 19
Diabetes knowledge (%)
Baseline 785 (76.7-80.3) 79.1(77.2-80.9) N/A
8 weeks 815 (79.7-83.4)° 82.6 (80.7-84.5)° —053(-321102.19) 70
16 weeks 84.2 (82.4-86.1)" 84.1(82.2-86.0)" 0.65 (-2.01t0 3.31) 63
24 weeks 84.4 (82.6-86.3)° 85.4 (83.5-87.2)° —0.40(-3.04102.24) 7

Hypertension knowledge (%)

Baseline

72.4(70.7-74.2)

70.9 (69.1-72.6)

N/A
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Outcomes Intervention group Control group Between-group difference with regard P value
(n=151), mean (95% Cl)  (n=148), mean (95% Cl) to change in outcome from baseline
(95% CI)
8 weeks 73.2 (71.4—75.0) 73.6 (71'7_75'4)13 -1.95 (—4.38 to 0.47) A1
16 weeks 75.6 (73.8-77.4)° 74.9 (73.1-76.7)° ~0.82(-3.22101.59) 50
24 weeks 76.7 (74.9-78.5)° 76.2 (74.4-78.0)° ~101(-3.40t01.38) 41
Self-efficacy for coping with chronic disease (score)
Baseline 7.31(7.09-7.53) 6.98 (6.75-7.21) N/A
8 weeks 7.38 (7.15-7.61) 7.17 (6.94-7.40) -0.12 (-0.39t0 0.15) .38
16 weeks 7.45 (7.22-7.68) 7.24 (7.02_7_47)11 -0.12 (-0.39t0 0.14) .36
24 weeks 7.49 (7.26-7.72) 7.24 (7.02_7_47)13 -0.08 (—0.35 to 0.18) .55
3N/A: not applicable.
bsj gnificant difference from baseline.
Figure 2. Mean hemoglobin A1 (HbA 1) levels during the 24-week study period.
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Figure 3. Mean systolic blood pressure (SBP) and diastolic blood pressure (DBP) during the 24-week study period.
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Secondary Outcomes

As shown in Table 2, datisticaly significant direct
improvementsin TSN effectiveness as measured by adherence
to disease-specific activities, diabetes knowledge, and
hypertension knowledge were observed in both the |G and the
CG at 16 and 24 weeks. Mixed results were obtained for the
shorter times. Improvements in medication adherence were
significant inthe |G at all follow-up points, and improvements
in self-efficacy for coping with chronic diseases were significant
for the CG at 16 and 24 weeks. Outcomesfor general adherence
to treatment were all statistically nonsignificant. Significant
differencesin the secondary indiceswere not observed between
the groups at any follow-up points. Indirect implications of the
above findings for TSN patient safety will be pursued in the
Discussion section.

Per-Protocol and Sensitivity Analyses

Per-protocol analysis showed that in the 1G, the statistically
nonsignificant intention-to-treat outcomesfor DBP (at 16 weeks)
and for self-efficacy in coping with chronic disease (at 24
weeks) became significant, with the opposite change applying
to medication adherence at 16 weeks and 24 weeks (see
Multimedia Appendix 1). Sensitivity analysis showed that the
results were unchanged after adjusting for baseline variables,
with the exception that in the CG, the statistically nonsignificant
changein self-efficacy in coping with chronic disease at 8 weeks
became significant (see Multimedia Appendix 2).

Self-Monitoring Frequency

Over the 24-week study period, participants in both groups
displayed similar mean frequencies (times per week) with regard
to self-monitoring of BG (IG mean 4.67, SD 4.45, median 3.65;
CG mean 4.47, SD 3.67, median 3.62; P=.94) and with regard

to self-monitoring of BP (1G mean 5.26, SD 6.03, median 3.46;
CG mean 4.07, SD 3.54, median 3.17; P=.16).

http://www.jmir.org/2020/3/e16769/

16 weeks 24 weeks

Discussion

Principal Findings

Statistically significant outcomes that directly indicate TSN
effectivenessin terms of HbA . were found for both the |G and
the CG, but not with regard to SBP and DBP. Significant
comparative changes in the three primary indices were not
observed between the groups. Significant changesin secondary
indices were obtained in one or both groups, but not between
the groups.

I nterpretation of Individual Outcomes

In line with its empirical orientation, this study is focused on
measurement, outcome interpretation, and hypothesis testing.
On the analytical level, it is sufficient for such purposes that
the data were derived from the impact of TSN-supported or
conventional self-management on diabetic and hypertensive
patient behavior, which in turn was structured under the
experimental design and manifested empirically by way of the
primary and secondary indices. With regard to the interpretation
of outcomes, the RCT’s strong behavioral basis prompts a
reference to the axiom of rationality in economics and decision
science. Under this axiom, individual behavior and changes
therein are required to not consistently inflict self-harm [33].
In health care, the idea of no harm is embedded in a sine qua
non, which requires that any treatment or situations must be
safe for the individuals concerned. A similar sine qua non in
the aviation industry isthat of passenger safety.

The requirement of no harm is especially important in the
self-management of complex chronicillnesses, such asdiabetes
and hypertension, where health care professionals and patients
share the health care responsibility but proximate action is
undertaken by patients with asymmetric and limited layperson
knowledge of the interdependent medical manifestations and
effects. In view of this action and knowledge asymmetry, no
harm can be operationally interpreted to represent the minimum
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level of safety perceived to be acceptable by therational patient
with regard to their own health care-related activities. As this
would be the case with every individua involved in every
self-managed health care situation, no harm can be formalized
linguistically to mean the lower bound of self-safety.
Mathematically, no harm can, therefore, be understood to be
the denoting description of the minimal element in a set of
self-managed health situations ordered by the perception-based
asymmetric binary relation *<*, read from right to left as
“(perceived to be) more than or equally safe”

Tofacilitate the interpretation of outcomesin termsof the health
care sine qua non, a short mathematical discussion is presented
[34]. The concepts introduced above can be operationalized in
terms of a numerical mapping to represent the total or partial
ordering *<*. A number of technical problems then arise, as
follows: the existence of many levels of self-safety leadsto the
questions of defining its maximum commensurability between
factors entering such a definition; the possibility that an upper
limit cannot be meaningfully delineated so that, in defiance of
practical experience, the set of health situations must be left
open ended (ie, specified to be of countably infinite cardinality);
differentiation between maximum safety and neighboring very
safe situations; and the order-intransitivity that emerges when
thisdistinctionisnot clearly established. Until problems of this
nature are resolved, the domain of self-managed health situations
would beincompletely defined and partially ordered. Numerical
representation of the self-safety relation *<* would require
continuous real mapping over such adomain, which additionally
must be monotonic and unique under linear transformation in
any completely defined and ordered subdomain. The
specification of a probability function and a random variable
to represent patient self-safety under such circumstanceswould
involve additional applications of measure theory.

Under the study’s empirical approach, these analytical
difficulties can be mitigated by careful experimental designand
data analysis. Reference to the formal description presented
above suggests that the sine qua non of safety can be satisfied
in the strong form, which involves the condition of at least no
harm, or in the weak form, which involves the condition of no
harm. To operationalize and test the empirical existence of the
sine qua non in the case of chronic disease self-management,
where the outcomes have an important dependence on layperson
knowledge and action, it would be sufficient to demonstrate
that its weak form requiring the singleton instance of no harm,
or patient-perceived minimum safety, is supported by the data.
The measurement problem would then be considerably less
demanding than if the strong form of the sine qua non is
involved; witness the case of health care quality assurance,
where accommodation of the strong form would lead to
incompletely resolved problems of cardinal measurement and
numerical comparability of incremental safety over many
situations [35].

An additional dimension to the measurement problem arisesin
the case of complex chronic diseases, such as diabetes and
hypertension (ie, that illness is generally manifested in more
than one form). Numerical representation of patient self-safety
would, therefore, require reference to different heath
manifestations under a given complex chronic disease (eg, BG
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and BP in the case of diabetes and hypertension). As shown in
the Methods section, BG and BP manifestations can properly
be measured in terms of HbA ;;, SBP, and DBP indices. Instead
of adding complexity to the numerical representation of
self-safety, availability of these index numbers suggests a
method to reduce the difficulties by carefully interpreting the
experimental design and experimental data.

To ease the exposition, we first present three supporting
observations. First, because an index number is a mapping
function from aset of datato aset of real numbers, the suggested
method exploitsthe mathematical property that under afunction,
each element in its range—an index value in this case—is the
image of adistinct element in the domain—adata point in this
case. Second, since index functions are operational and, hence,
mathematically constructible, it is possible to focus attention
on one computed point in its range—an index value—and one
point in its domain—a data point—so that a 1:1 relationship
would follow ipso facto. Third, it was pointed out earlier that
difficult analytical problems must be resolved before arandom
variable can be constructed to characterize self-safety under
sampling. Though statistical tests applicable to such conditions
are not yet available, a second-best approach can properly be
sought to extract from the data the wherewithal to indicate
whether the health care sine qua non is present in weak form.

A second-best method to exploit index number statistical results
to indicate minimum patient self-safety can be conveniently
explained by example. Asreported in Table 2, resultsinvolving
the HbA ;. index were statistically significant in the 1G at al
assessment dates. TSN can then be concluded to have impacted
positively on patient self-care. Positive impact on patient
well-being followsimmediately, especially asit has been shown
that lowering HbA ;. by 1% can translate to as much as a 40%
reduction in therisk of microvascular complications and a20%
reductionintherisk of diabetes-related deaths[36]. Individuals
reaping health benefits of this nature can properly be deemed
to be at least unharmed; therefore, with regard to TSN, minimum
patient self-safety would be assured upon indirect interpretation
of the HbA . index results. Similar reasoning would apply to
the other statistically significant index number outcomesin the
IG (see Table 2) (ie, DBP for 8 weeks; medication adherence
for 8, 16, and 24 weeks; adherence to disease-specific activities
for 16 and 24 weeks; diabetes knowledge for 8, 16, and 24
weeks; and hypertension knowledge for 16 and 24 weeks).
Referring to the |G outcomefor SBP at 24 weeks, it is suggested
that since the incremental average in question was measured to
be numericaly positive and, hence, clinicaly negative,
nonsignificance would instead become the statistical property
of concern. Given that this was indeed found to be the case so
that statistically significant evidence of self-harm was not
forthcoming, it is proper to indirectly infer that TSN was
accompanied by minimum patient self-safety in this instance.

The remaining index number outcomes in the IG, though
statistically nonsignificant (see Table 2), are amenable to
empirically necessary reasoning under the second-best method.
To explain by example, wefirst refer to the CG datato draw an
inference regarding patient self-safety on the following
methodological grounds. Given that self-care was practiced
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among the CG members following established health care
procedures, it can be assumed ipso facto that, independent of
effectiveness, the resulting outcomes would be at least not
harmful and, hence, at least minimally safe. Averageindex data
from the group can, therefore, be properly assumed to have been
produced under the auspices of patient self-management
characterized by at least no harm; hence, they can be sifted for
necessary indications of minimum self-safety even in the
absence of formal statistical analysis. Notice that the consistent
condition of the underlying rationality axiom referred to above
is accommodated by averaging in the index measurements.

Recall theidea, which was broached above, that index numbers
measuring health manifestations such as BP can be exploited
to reduce difficulties when measuring patient safety. Consider
then how the SBP and DBP primary indices would perform
under the suggested data gleaning—as shown earlier, HbA .
has been pre-empted into the group of indices appropriate for
indirect interpretation. From Table 2, it is seen that in the CG,
DBPat 8, 16, and 24 weeks showed hypertension improvements
before statistical testing, so that the incremental index averages
(ie, 1.26, 0.53, and 0.44, respectively) expressed clinically
positive effects at these dates. By virtue of the fact that only
CG dataentered into these computations, at least no harm—and
a fortiorino harm—can be properly assumed to have
accompanied the self-care that produced the effectsin question.
Combining these observations and the mathematical properties
of functions noted earlier, it is argued that numerical
representation of minimum patient self-safety can be attributed
to the DBPindex when applied to CG average incremental data.
Thisistruein the sense that such acomputation would provide
the basisfor aclinically meaningful index valueto be assigned
in order to functionally image a data point known to have been
produced from a no harm situation. By implication, under the
1:1 linguistic relationship, this index value would also
numerically represent the denoting minimum self-safety itself.
It is thus possible, under this kind of empirically necessary
reasoning, to interpret the DBP reading of 1.26 mmHg to be
the numerical representation at 8 weeks of the minimum
self-safety denoting a no harm situation embedded in the CG
data at the sametime. Similar reasoning suggests that the other
DBPindex values of 0.53 and 0.44 in the CG can beinterpreted
to numerically represent minimum self-safety at 16 weeks and
24 weeks, respectively. Repeating the argument, the SBP
incremental index values of 4.65, 2.54, and 2.81 in Table 2 can
be understood to functionally image no harm data points for
the CG and, hence, to numerically represent the denoting
minimum self-safety at 8, 16, and 24 weeks, respectively.

Empirically necessary indications of minimum patient self-safety
obtained on the basis of CG data can be carried over to the IG
by reference to the between-group comparative findingsin Table
2; they can also be carried over by exploiting the fact that the
individuals involved were originally part of a single cohort
satisfying the same basic health criteria (see the Methods
section). Given this shared origin and the random nature of
patient assignment to the IG and the CG, behavior in the two
groups can properly be assumed to derive from similar
perceptions regarding saf ety when self-managing diabetes and
hypertension. Returning to the result that differences in SBP
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and DBP outcomes between the groups were statistically
nonsignificant and focusing on the clinically positive cases, we
can now interpret the index averages in question to be
empirically equivalent, pairwise. It isfurther noted that between
the two groups, individual indices can be matched 1:1 with
assessment date asthe parameter. In Table 2, it istherefore seen
that clinically positive incremental index averages for DBP at
8, 16, and 24 weeksin the CG can be matched with empirically
equivalent, clinically positive incremental index averages for
DBP at 8, 16, and 24 weeks in the IG. Understanding this
exerciseinterms of empirically necessary reasoning, indications
of minimum patient self-safety obtained in the CG are
thus carried over to the | G. Repeating the argument would show
that clinically positive incremental index averages for SBP at
8 and 16 weeks in the CG can be matched with empirically
equivalent clinically positive incremental index averages for
SBP at 8 and 16 weeks in the |G, so a carryover can again be
made. The 24-week |G reading for SBP was found to be
clinically negative, so it cannot be matched with the clinically
positive 24-week SBPreading in CG. Instead, as already shown,
it wasinterpreted indirectly.

Therefore, it is observed that a second-best method, based on
index numbers and applying indirect statistical interpretation
or empirically necessary reasoning, can be found to extract
support for the presence of minimum self-safety from the
experimental data, even when formal statistical tests are not
available. To the extent that the secondary index outcomes
satisfy the method's conditions, it would again apply. Similar
to the previous argument, findings of statistically nonsignificant
differencesin secondary outcomes between the |G and the CG
(see Table 2) would alow clinically positive incremental index
averagesto be identified and matched using assessment date as
the parameter. It is seen from Table 2 that minimum self-safety
would then be indicated in the cases of medication adherence,
adherence to disease-specific activities, diabetes knowledge,
hypertension knowledge, and self-efficacy for coping with
chronic disease. Application to the remaining secondary
outcome of general adherenceto treatment is methodologically
excluded.

General adherence to treatment covers a wider scope than the
other secondary indices, which are all focused on diabetes and
hypertension. The activitiesin question—dieting, exercise, and
weight control—are important to self-management under other
chronic conditions that may afflict the participants under study
(eg, smoking, obesity, and chronic obstructive pulmonary
disease) and that may be differently supported by technology
or not at al. Asynchronous progress in these directions would
impact the patient’'s diabetic and hypertensive status in a
distributed lag, which cannot be meaningfully compared with
the single-dated effects measured under the other secondary
indices. Therefore, it is proposed that until the research is
properly extended, general adherence to treatment should be
excluded from outcomes interpretation involving the other
secondary indices, on methodological grounds of differences
in scope, behavioral basis, and ceteris paribus specifications.

Further interpretation of the BP-based outcomes is suggested
if amaintained hypothesisimplicit in the experimental design
isrecalled, that additional knowledge is a necessary condition

JMed Internet Res 2020 | vol. 22 | iss. 3 | 16769 | p. 10
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

for consistent changesin behavior. Referring to the statistically
nonsignificant SBP and DBP outcomes and the statistically
significant knowledge-related outcomesin Table 2, an anomaly
would seem to emerge, which is that individuals learned more
about hypertension and yet significant impact on BP control
did not follow. A resolution is suggested by noting that because
of diminishing returns on hypertension treatment [37], small
changes in BP such as the ones observed are likely in the case
of long-term patients. We also note the view that it is not
difficult for the layperson to understand the rudimentary aspects
of hypertension [38]. It is then additionally likely that the
long-term patients entering each group aready possessed
working knowledge of hypertension. It follows that with little
addition to hypertension knowledge, the behavior of long-term
patients would be little affected, to the extent of producing
statistically insignificant changesin already-low SBP and DBP
measurements.

Effectiveness Along With Patient Safety Under
Technological Surrogate Nursing

It was noted in the previous section that empirical analysis of
TSN effectivenessand TSN sdlf-safety should properly proceed
in parallel. Under the health care sine qua non, thefirst question
asked in practiceiswhether no harmwould hold in an absolute
sense inside the case with minimum reference to outside
situations. This suggests that the real-world evaluation of TSN
effectiveness should also be approached from an absolute
perspective, under which the RCT outcomes are interpreted in
the capacity of empiricad analysis subject to strong
other-things-being-equal conditions. This procedure isin line
with common scientific practice, under which research is
generally evaluated along two headings depending on ceteris
paribus conditions: absolutely or relatively. Safety is similarly
important as effectiveness in chronic disease self-management
due to layperson-patient involvement. In addition, the
experimental data were measured in terms of independent
indices under clinically delineated conditions; hence, they are,
mensuration-wise, consistent with the absol uteness required by
the hedth care sine qua non. Consequently, it is
methodologically permissible for TSN self-safety to formally
appear together with TSN effectivenessto be empirically tested
under ajoint hypothesis. We, therefore, propose the following:
other things being equal, TSN would improve self-care among
chronically ill diabetic and hypertensive patientswhile satisfying
the sine qua non of patient self-safety.

It has been shown that 13 statistically significant primary and
secondary outcomes supported the empirical existence of direct
positive incremental impact of TSN on patient self-care and
indirect positive incremental impact on patient self-safety. In
addition, 10 primary and secondary outcomes offered
empirically necessary indications of accompanying minimum
patient self-safety. It was shown that minimum patient
self-safety yielded sufficient empirical support for the health
care sine qua non. It was also shown that the first (ie, absolute
outcomes eval uation) heading noted above covered the primary
indices HbA,. (2 cases) and DBP (1 case), as well as the
secondary indices medication adherence (3 cases), adherence
to disease-specific activities (2 cases), diabetes knowledge (3
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cases), and hypertension knowledge (2 cases). In addition, it
was shown that the outcomes under the second (ie, relative
outcomes eval uation) heading covered the primary indices SBP
(3 cases) and DBP (2 cases), as well as the secondary indices
adherence to disease-specific activities (1 case), hypertension
knowledge (1 case), and self-efficacy for coping with chronic
disease (3 cases). This listing is seen to be exhaustive, given
that the number of possible outcomes forthcoming in the IG
sum to the same total of 23 (see Table 2), with one secondary
index being excluded on methodological grounds. Therefore,
it issubmitted that the | G data offer statistically significant and
empirically necessary support to the joint hypothesis presented
above.

Compar ative Findings and Calibration of
Technological Surrogate Nursing Technology
Augmentation

Under the second scientific approach of relative evaluation, the
key statistical finding is that, as compared between the |G and
the CG, there was no difference in effectiveness of self-care
(see Table 2). Self-safety was demonstrated to be empirically
equivalent between the groups and so would play aneutral role
in the present argument. As a matter of research methodol ogy,
a null result of this nature can properly claim a place in the
literature [39]. As discussed in the Methods section, since
dedicated technological support was absent in the RCT’'s CG,
it is further suggested that the result’s empirical implications
are not exhausted but can be usefully pursued under the
guaesitum of adding technology to self-care. If the RCT is
interpreted as a thought experiment, we can understand the
comparative datato reflect the as-if effects of adding technology
to diabetes and hypertension self-management, which, up to
then, did not make use of it. Thought experiments and as-if
reasoning, which were famously exploited by Einstein, would
be familiar to physicists [40]. Hedth care is generally
asymmetrical, as witnessed by the near-impossibility of
recreating the patient’s initial state by reversing treatment. In
this case, however, individuals receiving prototype TSN
improved in self-care and, yet, individuals without it were not
worse off. The apparent anomaly is resolved under the thought
experiment by suggesting that the technology in question is so
elementary that adding it to standard (ie, control) practice did
not produce empirically significant effects. The following
guestion then emerges. Would further addition of technology
to the TSN prototype (ie, technology augmentation) increase
effectiveness?

Analysis under this question can proceed operationally with
support from the comparative data. First, it issuggested that the
prototype technology represents the lowest meaningful level in
TSN design. The |G data were, therefore, obtained under such
a technological condition. Second, we recall the seminal
Michelson-Morley experiment and its consequences for
calibration in physics [40]. An experimentally grounded base
level is, therefore, proposed by analogy, with referenceto which
technology augmentationin TSN can be operationally calibrated
intwo dimensions: its degreein any given case being measured
by engineering index comparison with the base technol ogy, and
its effectiveness being measured against base-outcomesindices.
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For example, aflexibleinternet-based, tethered or mobile, TSN
platform with artificial intelligence (Al) capabilities can be
determined to be m-times more advanced than the base (ie,
prototype) version; thisisin terms of an index of information
technology and computational requirements and its effectiveness
measured incrementally under an index covering the base
outcomes. Applying the calibration over aproperly chosen range
of cases would yield a numerical representation of TSN
technology augmentation in terms of a ranking of technology
and aranking of effectiveness. Since expert knowledge can be
relied on to supply engineering indices for incremental
comparison, the first ranking is cardinal and monotonic with
origin determined by base technology. Given that the second
ranking is constructed from incremental magnitudes, it is
naturally cardinal with origin determined by base effectiveness.
However, since patient acceptanceisinvolved, thisranking may
or may not be monotonic; it is possible for individuals to feel
overloaded with technology, in which case incrementally
negative effects|eading to local nonmonatonicity would emerge.

The suggested calibration is operational, simple (ie, only two
constructs), and empirically grounded. It can readily be
introduced into health care management, such as TSN
cost-benefit analysis. Following the principle of bounded
rationality [33], decision complexity would be reduced by
eliminating nonmeaningful alternatives through the extraction
of a monotonic subordering from the effectiveness ranking;
decision complexity would be further reduced by delineation
of benefits with reference to this subordering and of costs with
reference to the parallel-technology ranking. The solution to
the cost-benefit analysis would then determine optimal TSN
and optimal choice of technology; since the latter may or may
not be determined to be at the most advanced level, the question
of whether introducing more technology into health care would
be rational in an already technology-loaded society can be
resolved under clearly specified conditions.

Suggestions for Paradigm Development

The data suggest a potentially important implication for the
treatment of complex chronic disease and, hence, for TSN
paradigm development: the emergence of differentia effects.
It isnoted that in each experimental group, the sameindividuals
receiving the same medication and the same self-care were
involved when measuring HbA ,., SBP, and DBP. Changes in
these indices can, therefore, be validly compared within the
group. Note, theinfluence of baseline valuesis excluded under
incremental measurement. If the patterns revealed by pairwise
comparisonsin each group (see Table 2)—falling HbA ;. against
little change in SBP and falling HbA ;. against little change in
DBP—are interpreted in terms of health manifestations under
complex chronic diabetes and hypertension, it is suggested that
patients relatively more afflicted with diabetes would be more
responsive to self-management than patients suffering relatively
more from hypertension. Though the observation is chartigt, it
suggests the empirical existence of differential effects. If formal
statistical evidence is forthcoming, empirical grounds follow
to justify paradigm development to extend TSN to selectable
multitasking under an umbrellaof complex chronic disease (eg,
obesity, heart failure, chronic obstructive pulmonary diseases,
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and chronic skeletal-joint problems, in addition to diabetes and
hypertension), so asto encourage technol ogy-induced behaviora
change along the lines of greater patient response.

The increasing and increasingly successful applications of Al
to health care point to a potentially fruitful direction for TSN
paradigm development [41-44]. Referring to the classic
cybernetic observation that theindividual represents a spatially
and temporally local pocket of decreasing entropy (ie, increasing
organization), and that disease impacts negatively on this status
[45], the human-machine team [46] of diabetic and hypertensive
patients and prototype TSN presented in this paper can be
interpreted to be an eHealth system constructed to slow down
the latter process. Formally, this system can be imagined to
contain a second-order, cybernetic, human subsystem in
communication and interaction with a first-order, cybernetic,
machine subsystem. The eHealth systems dedicated to different
patients would be embedded in alarger system constructed to
manage complex chronic diabetes and hypertension.

A suggestion for paradigm development follows immediately,
under which the prototype TSN would be upgraded to a
second-order, cybernetic subsystem by theintroduction of more
advanced monitoring and feedback mechanisms, more
importantly, the TSN would be upgraded by the introduction
of the Al necessary to converse, as well as interact, with its
chronically ill human partner, to remember and analyze the
results, to learn, and to persuade in an intelligent and friendly
manner. The incremental information and knowledge acquired
thereby can then be applied to enhance TSN user experience
and safety, increase compliance, and induce behavioral change
toward more ordered (ie, lower entropy) and healthier living on
the part of the patient [47,48]. In particular, deep-learning Al
can first be exploited to search the available health and social
dataand help construct a TSN protocol to mimic the perceptions
and behaviors of atypical individual with chronic diabetes and
hypertension. This protocol would be integrated with the TSN
platform’s caregiving and patient-safety functions and would
be connected to the relevant cloud-based databases to ensure
continuous updating and enrichment. With the addition of
Al-supported speech capabilities, the enhanced TSN would be
readily able to converse with chronically ill individuals and
establish empathy while supporting self-management. A
feedback channel can then be created and maintained to assist
in the provision of immediate self-care guidance and initiate
learning on the part of the TSN to enable future guidance and
to change the patient’s behavior and goals toward healthier
living. In comparison with the prototype technology’s
third-party audio reminder function, which is described in the
Prototype Technological Surrogate Nursing and Other
Experimental Equipment subsection, anindividual with irregular
insulin administration habits would be more inclined to accept
admonishment, persuasion, and corrective guidance from a
“fellow diabetic” Al-enhanced TSN.

The above endeavors in paradigm development would fall, in
part, under the ambit of technology augmentation. Given the
absence of Al elementsin the prototype technology and, hence,
consistent applicability of base-level measurementsto Al-based
technology augmentation, the calibration presented in the
previous section can beintroduced to assist cost-benefit analysis
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in order to determine the best TSN in such cases. In addition to
evaluating Al-enhanced TSN human-machine teams in the
standard directions, the decision maker can seek to apply the
cybernetic condition of team optimality [49] to guard against
failure of value alignment between the subsystems [46].

Of interest to the business side is an approach to paradigm
development suggested by consumer and especially patient
acceptance of internet technology [50-54]. Paradigm
development based on technology augmentation and its
commercidization involve costly and difficult-to-reverse
investment; therefore, it can be asked whether—Dby free-riding
on this kind of consumer acceptance and with only nominal
and, hence, readily reversble commitment to new
technology—TSN can quickly and cheaply gain demand-side
impact among chronically ill individuals. Such aquestion would
be of interest to the health care business manager, such as
suggesting informal paradigm development focused on
marketing, benefits from free-riding on user experience with
“old” but still-extant technology, and the capturing of economic
rent implicit in knowledge-based external effects. Consider the
following example: since shopping and banking are as much a
part of everyday life as health care, consumer acceptance of
internet e-shopping and e-banking [50,55] can be exploited in
a marketing exercise of this type. By freeriding on
well-established experience and familiarity with Technology
Acceptance Model characteristics, such as usefulness, ease of
use, and reliability, TSN can be advertised in these directions
under health-oriented descriptions at lower cost-benefit ratios
as compared to a de novo effort. Advertisements can suggest
that TSN is easily programmable to unfailingly remind the
chronically ill patient to take medication on time and in correct
dosages. Additional free-riding would be possible by coupling
TSN at behaviorally aware juncturesto e-shopping or e-banking.
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For example, Al-generated friendly reminders to “watch the
diet” can appear on monitors of the devices used by chronically
ill individuals to access e-shops or e-banks. In this way,
familiarity of use in one direction would breed familiarity of
use and, hence, more patient compliance in the other.

Study Limitations

This study has severa limitations. First, individuals recruited
to the RCT were long-term patients with stably controlled
conditions, on average. Therefore, our results may not be
generalizable to higher-risk cases. Second, for reasons due to
funding, the follow-up period wasrel atively short for the impact
of TSN on chronic disease self-management to be more fully
revealed. Finally, due to confidentiality concerns on the part of
some patients, data regarding drug usage before and after the
study were not collected.

Conclusions

Our research offers empirical support to the joint hypothesis
that TSN would improve patient self-care while satisfying the
sine qua non of patient self-safety. Practical utility is
demonstrated by the derivation of an operational calibration of
technology augmentation with applicability to health care
management such as cost-benefit analysis. On a broader level,
our findings suggest increased and wider use of technological
surrogates in chronic disease management and help clarify the
important question of whether introducing more technology in
health care would be rational in an already technol ogy-loaded
society. Paradigm development in TSN is especially proposed
with regard to multitasked technology augmentation aimed at
inducing behavioral change aong the lines of greater patient
response in increasingly complex disease environments, Al
enhancement, and synergy with internet technology and
innovation.
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