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Abstract

IMPORTANCE—Innovative, online models of specialty-care delivery are critical to improving
patient access and outcomes.

OBJECTIVE—To determine whether an online, collaborative connected-health model results in
equivalent clinical improvements in psoriasis compared with in-person care.

DESIGN, SETTING, AND PARTICIPANTS—The Patient-Centered Outcomes Research
Institute Psoriasis Teledermatology Trial is a 12-month, pragmatic, randomized clinical
equivalency trial to evaluate the effect of an online model for psoriasis compared with in-person
care. Participant recruitment and study visits took place at multicenter ambulatory clinics from
February 2, 2015, to August 18, 2017. Participants were adults with psoriasis in Northern
California, Southern California, and Colorado. The eligibility criteria were an age of 18 years or
older, having physician-diagnosed psoriasis, access to the internet and a digital camera or mobile
phone with a camera, and having a primary care physician. Analyses were on an intention-to-treat
basis.

INTERVENTIONS—Participants were randomized 1:1 to receive online or in-person care (148
randomized to online care and 148 randomized to in-person care). The online model enabled
patients and primary care physicians to access dermatologists online asynchronously. The
dermatologists provided assessments, recommendations, education, and prescriptions online. The
in-person group sought care in person. The frequency of online or in-person visits was determined
by medical necessity. All participants were exposed to their respective interventions for 12
months.

MAIN OUTCOMES AND MEASURES—The prespecified primary outcome was the difference
in improvement in the self-administered Psoriasis Area and Severity Index (PASI) score between
the online and in-person groups. Prespecified secondary outcomes included body surface area
(BSA) affected by psoriasis and the patient global assessment score.

RESULTS—Of the 296 randomized participants, 147 were women, 149 were men, 187 were
white, and the mean (SD) age was 49 (14) years. The adjusted difference between the online and
in-person groups in the mean change in the self-administered PASI score during the 12-month
study period was —0.27 (95% CI, —0.85 to 0.31). The difference in the mean change in BSA
affected by psoriasis between the 2 groups was —0.05% (95% ClI, —1.58% to 1.48%). Between-
group differences in the PASI score and BSA were within prespecified equivalence margins, which
demonstrated equivalence between the 2 interventions. The difference in the mean change in the
patient global assessment score between the 2 groups was —0.11 (95% ClI, —0.32 to 0.10), which
exceeded the equivalence margin, with the online group displaying greater improvement.
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CONCLUSIONS AND RELEVANCE—The online, collaborative connected-health model was
as effective as in-person management in improving clinical outcomes among patients with
psoriasis. Innovative telehealth delivery models that emphasize collaboration, quality, and
efficiency can be transformative to improving patient-centered outcomes in chronic diseases.

TRIAL REGISTRATION—ClinicalTrials.gov Identifier: NCT02358135

Introduction

Skin diseases account for 30% of all physician office visits.12 Chronic skin diseases are
associated with markedly decreased quality of life and financial consequences.3 In many
parts of the world, patients lack access to dermatologists, especially patients in rural and
underserved communities.*~” In the United States, even after initial evaluation by
dermatologists, patients in remote or underserved areas have difficulties maintaining regular
access to dermatologists for follow-up care.*” Consequently, many patients with chronic
skin diseases, such as psoriasis, lack regular specialty care and experience poorer clinical
outcomes and reduced quality of life.8

Psoriasis is a chronic, inflammatory skin disease that affects approximately 3% of the US
population.®19 Psoriasis manifests as thick, red, scaly plaques that can occur anywhere on
the body and are associated with itching, pain, and bleeding. The treatment of psoriasis is
complex and involves long-term monitoring.1! In addition, psoriasis is associated with a
number of serious comorbidities, including inflammatory arthritis, cardiovascular disease,
and severe depression.1213 Psoriasis is independently associated with approximately 11 500
annual events of myocardial infarction, stroke, and cardiovascular deaths.14:15 Thus, a team-
based approach in which dermatologists and primary care physicians (PCPs) comanage
psoriasis and its comorbidities is critical to improving the overall well-being of patients with
psoriasis.

Connected health is a model for health care delivery that uses technology to provide health
care remotely. Teledermatology is a type of connected health in which remote diagnosis and
treatment of patients’ skin diseases occur by means of telecommunications technology.16:17
The application of teledermatology has met with varied success.!® Although ample evidence
supports the diagnostic accuracy and reliability of asynchronous teledermatology,9:20
traditional consultative teledermatology has not been as widely adopted as previously
expected.21:22 Real-world challenges with traditional asynchronous teledermatology include
a lack of collaborative and informed communication among patients, PCPs, and specialists.

In this study, we evaluated an innovative, collaborative connected-health model in which
patients and PCPs can access dermatologists online directly and asynchronously via a
pragmatic trial. The primary aim of this pragmatic trial was to determine whether this
online, collaborative connected-health model results in equivalent improvements in psoriasis
disease severity compared with in-person care.

JAMA Netw Open. Author manuscript; available in PMC 2019 January 17.
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Study Design

Participants

The Patient-Centered Outcomes Research Institute Psoriasis Teledermatology Trial is a 12-
month, pragmatic, randomized clinical equivalency trial with a parallel-group design that
evaluated the effect of an online, collaborative connected-health model for psoriasis
management compared with in-person care (Figure 1 and Figure 2) (the study protocol is
available in the Supplement). This multicenter study was conducted at community clinics
and outpatient clinics affiliated with the University of Southern California; the University of
California, Davis; and the University of Colorado. This study was approved by the
University of Southern California; University of California, Davis; and University of
Colorado institutional review boards. All patients provided written informed consent and
were compensated nominally for their participation. This study followed the Consolidated
Standards of Reporting Trials (CONSORT) reporting guideline for clinical trials as well as
the CONSORT extensions for pragmatic trials and equivalence trials.23

We recruited participants from the outpatient clinics and the general adult populations in
Northern California, Southern California, and Colorado. Specifically, we recruited patients
from practice-based research networks, federally qualified health centers, and university-
based clinics in Colorado and California. We also recruited from patients affiliated with the
National Psoriasis Foundation and the general public.

The eligibility criteria were an age of 18 years or older, having physician-diagnosed plaque
psoriasis (new or previous diagnosis), access to the internet and a digital camera or a mobile
phone with camera features, and having a PCP or the ability to establish primary care. No
changes were made to the eligibility criteria after trial commencement. We collected
demographic information from patients, including age, sex, race/ethnicity, marital status,
educational level, and working status (Table 1).

Randomization

We enrolled 300 adults with psoriasis. Stratified randomization was performed using
computer-generated random block sizes. Patients were randomized 1:1 to collaborative
connected health (online intervention) or usual in-person care, stratified by site and psoriasis
disease severity (1:1:2 stratification to groups with mild [<3% body surface area (BSA)],
moderate [3%—-10% BSA], and severe [>10% BSA or receiving phototherapy or systemic
therapies] psoriasis). This stratification promotes the recruitment of patients with psoriasis
across the disease spectrum and across therapeutic modalities. An independent statistician
generated and concealed the randomization sequence and assigned the participants to the
interventions.

Interventions

Online Model—The online, collaborative connected-health model was designed such that
any specialist services that usually occur in person could be delivered through asynchronous
online health care in a flexible and prompt manner. This model was intended to foster
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expeditious expert advice, multidirectional communication, and sharing of visit information
among patients, PCPs, and dermatologists. In this pragmatic trial, the PCPs could access the
dermatologists online asynchronously via consultation or requesting a dermatologist to
assume care of a patient’s psoriasis. In the consultation setting, similar to traditional
asynchronous telemedicine, PCPs or their office staff would send digital photographs and
clinical history data to the dermatologists online via a secure, Health Insurance Portability
and Accountability Act-compliant web-based connected-health platform.24 Within 2
business days, the dermatologist would provide treatment recommendations and patient
educational materials online to the PCP and, with the PCP’s permission, to the patients. In
settings in which the PCP requested the dermatologist to assume longitudinal care of a
patient’s psoriasis, the PCP’s office would send photographs and history data online to the
dermatologist, who would then evaluate the transmitted information. The dermatologist
would then communicate recommendations, prescribe medications, and provide educational
materials online asynchronously to the patient. The dermatologist would also share all visit
information with the PCP. Additional follow-up questions with dermatologists were handled
online or via telephone.

Patients randomized to the online group had the option of accessing dermatologists online
asynchronously. For example, if a patient desired to access a dermatologist, he or she could
connect with a dermatologist online with the understanding that the dermatologist would
share all visit information and communicate with the patient’s PCP. During an online visit,
the patient would upload clinical images and history data and transmit the information to the
dermatologist. Using the telehealth platform, the dermatologist would review the transmitted
information, make treatment recommendations, prescribe medications, and provide
educational materials to patients online asynchronously.

In-Person Model (Control Arm)—~Patients randomized to the in-person group sought
psoriasis care from PCPs or dermatologists in person. The frequency of visits for all the
patients in the online and in-person groups was based on medical necessity, as determined
by joint decisions between the clinicians (dermatologists or PCPs) and patients. Owing to
the nature of the interventions, blinding of patients and clinicians was not possible. Blinding
of the data analysts and statistician was preserved for analysis of outcomes.

All primary and secondary outcomes were defined and prespecified. To compare differences
in psoriasis disease severity between the online and in-person arms, the participants
completed the Psoriasis Area and Severity Index (PASI), assessed BSA affected by psoriasis,
and completed the patient global assessment (PtGA) at quarterly intervals. Studies have
shown that standardized training results in an accurate assessment of the PASI score by
patients.2> At the baseline visit, all participants received training and demonstrated
competency in completing these assessments.

The PASI is a validated instrument that combines the assessment of lesion severity
(erythema, induration, and scale) and the affected surface area into a single score ranging
from 0 (no disease) to 72 (maximal disease). Erythema, induration, and scale are weighted
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equally in the assessment of plaque morphologic characteristics in a single patient. The
prespecified primary outcome of the study was the mean improvement in the PASI score
averaged over 3, 6, 9, and 12 months. The improvement in the PASI score was defined as the
difference in PASI scores between the baseline visit and each of the follow-up visits. The
mean score improvement across the 4 follow-up assessments was selected because it is
clinically more meaningful than a single assessment, it would be sensitive to early
improvements as well as later benefits, and it is statistically more efficient than a single
assessment because the overall patient sample size is generally preserved. We used mixed
models for repeated measures as the primary analysis for handling missing data. A 50%
change in PASI scores has been suggested as a clinically significant end point in psoriasis.2®
However, this end point typically pertains to patients in therapeutic trials with moderate to
severe psoriasis who are either naive to systemic therapy or have completely discontinued
systemic therapies for a minimum washout period (which varies by medication) prior to
enrollment. In real-world practice, patients with psoriasis undergo ongoing therapy, and their
disease outcomes are currently inconsistently captured.

Prespecified secondary outcomes included BSA affected by psoriasis and the PtGA score.
Body surface area is a validated measure used to report the percentage of body surface
affected by psoriasis in many prior studies.2’ Body surface area ranges from 0% (no
involvement) to 100% (complete body surface affected). The PtGA is a validated instrument
that measures overall psoriasis severity from the patients’ perspective.?8 The PtGA is an
ordinal 6-point scale ranging from 0 (clear) to 5 (severe). Both BSA and the PtGA score
were assessed at baseline and at 3, 6, 9, and 12 months.

Statistical Analysis

For each group, baseline demographic and clinical characteristics were computed and
reported as mean values with 95% Cls for continuous outcomes and as numbers and
percentages for categorical outcomes. Patterns of adherence to the treatment protocol and
missing data were also assessed in both groups. The a priori anticipated attrition rate was
15% across 12 months. The mean unadjusted change from baseline at each time point was
computed for the 3 outcomes.

To test the null hypothesis Hp: & <&, or & = 6, against the 2-sided alternative hypothesis
Hgz 8, <& <8 at a = .05 for each outcome,2? we used an intention-to-treat approach to
analyze outcomes using mixed-model repeated-measures analysis (see the study protocol in
the Supplement).39-32 Analyses accounted for site clustering, and the stratifying factor of
disease severity was accounted for as an a priori covariate. Diagonal covariance matrices
were used, allowing for intrapatient variability to be assessed, while assuming independence
across patients. The mixed-effects modeling further enabled us to use all data and not
eliminate participants who missed a visit. Visits were coded with baseline as 0 and all
postrandomization visits as 1, so that the estimated marginal mean values for time by group
would estimate the difference in the mean change from baseline between groups. We
computed 95% Cls on the estimated marginal mean values to compare with the a priori
equivalence margins, which were derived from clinical trials evaluating systemic
medications for psoriasis33-3° and were considered clinically meaningful by clinicians and

JAMA Netw Open. Author manuscript; available in PMC 2019 January 17.
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patients with psoriasis during pilot work. The equivalence margins were determined a priori
to maintain a = .05. For the self-administered PASI score (primary outcome), the
equivalence margin was +6.5. For BSA affected by psoriasis (secondary outcome), the
equivalence margin was +£6.5%, and the equivalence margin for the PtGA score (secondary
outcome) was +0.25. These values allowed for us to achieve a power of 75% to 99%
depending on o and p, assuming attrition of 15%. All analyses were conducted using SPSS,
version 24, software (IBM Corp). All Pvalues were from 2-sided tests and results were
deemed statistically significant at A< .05.

From February 2, 2015, to August 18, 2017, we conducted participant recruitment and study
visits. A total of 300 patients were enrolled (Figure 1), and 296 patients were randomized to
either the online (n = 148) or in-person (n = 148) group. All randomized participants
received the intended intervention, and all were analyzed for the primary outcome and
secondary outcomes. Each participant was followed up for 12 months. The completion rates
for the quarterly assessments were excellent among participants, at 274 participants (92.6%)
at month 3, 265 participants (89.5%) at month 6, 264 participants (89.2%) at month 9, and
255 participants (86.1%) at month 12. The mean (SD) number of completed assessments
was 4.7 (1.0) for the in-person group and 4.5 (1.2) for the online group.

Baseline participant demographic and clinical characteristics for the 2 intervention groups
are shown in Table 1. Balance was achieved across these variables between groups; hence,
none of these variables were included in post hoc sensitivity analyses of the outcomes. The
sample was balanced between men (149 [50.3%]) and women (147 [49.7%]), and the mean
(SD) age was 49 (14) years. With regard to race/ethnicity, 187 patients (63.2%) were white,
19 patients (6.4%) were Asian, 8 patients (2.7%) were African American, and 100 patients
(33.8%) were Hispanic. A total of 77 patients (26.0%) had arthritis. Stratification based on
disease severity was balanced between the2 groups.

The baseline psoriasis severity scores as measured by the PASI, BSA affected by psoriasis,
and the PtGA are summarized in Table 1. Consistent with the pragmatic design, severity of
psoriasis was defined based on either BSA involvement or the use of phototherapy or
systemic therapy. For example, psoriasis was classified as severe at baseline if the patient
had a BSA of more than 10% affected by psoriasis or if the patient was receiving
phototherapy or systemic therapy regardless of BSA affected by psoriasis. The therapy-
based definition is consistent with most real-world studies of psoriasis; furthermore, patients
receiving systemic therapies likely had intrinsic, severe psoriasis. Because many patients had
been receiving systemic therapy for some time at enrollment, these patients had low PASI
scores. In addition, owing to the pragmatic design, patients were at different stages of their
treatment at enrollment. Some patients who had recently started systemic therapies at
enrollment had thinner plaques (low morphologic scores on the PASI) but high BSA affected
by psoriasis, which elevated the mean BSA affected by psoriasis. Baseline PASI and PtGA
scores were consistent with one another. Overall, there were no differences in any psoriasis
severity measures between the 2 groups at baseline.

JAMA Netw Open. Author manuscript; available in PMC 2019 January 17.
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For the primary outcome in the online group, the mean PASI score changed from 4.68 (95%
Cl, 3.96-5.41) at baseline to 3.71 (95% ClI, 3.05-4.36) at month 3, 3.50 (95% ClI, 2.89-4.11)
at month 6, 3.62 (95% Cl, 2.95-4.29) at month 9, and 3.04 (95% Cl, 2.45-3.63) at month
12. In the online group, the mean (SD) change in PASI score from baseline across the
follow-up visits was —1.37 (3.33) (Figure 3A). In the in-person group, the mean PASI score
changed from 4.40 (95% CI, 3.80-5.00) at baseline to 3.70 (95% Cl, 3.08-4.32) at month 3,
3.27 (95% ClI, 2.78-3.76) at month 6, 3.58 (95% CI, 3.01-4.14) at month 9, and 3.48 (95%
Cl, 2.81-4.15) at month 12. In the in-person group, the mean (SD) change in PASI score
from baseline across the follow-up visits was —0.82 (3.43). The difference in mean follow-up
change in PASI score between the online and in-person groups was —0.27 (95% Cl, —-0.85 to
0.31), which is within the prespecified equivalence margin (£6.5) (Figure 3A and D). Thus,
the online group achieved improvement in psoriasis disease severity equivalent to the in-
person group, as measured by the PASI score.

One secondary outcome was the mean change in BSA affected by psoriasis from baseline
across 12 months. In the online group, the mean BSA affected by psoriasis changed from
9.71% (95% CI,7.35%-12.07%) at baseline to 7.61% (95% CI, 5.69%-9.53%) at month 3,
7.23% (95% ClI, 5.33%-9.13%) at month 6, 6.88% (95% ClI, 5.13%-8.62%) at month 9, and
5.68% (95% CI, 3.88%—7.48%) at month 12. In the online group, the mean (SD) change in
BSA affected by psoriasis from baseline across the follow-up visits was —3.38% (11.08%)
(Figure 3B). In the in-person group, the mean BSA affected by psoriasis changed from
7.67% (95% ClI, 6.14%-9.21%) at baseline to 6.37% (95% ClI, 4.90%—7.84%) at month 3,
5.02% (95% ClI, 4.10%-5.93%) at month 6, 6.14% (95% CI,4.80%—7.49%) at month 9, and
6.51% (95% CI, 4.83%—8.20%) at month 12. In the in-person group, the mean (SD) change
in BSA affected by psoriasis from baseline across the follow-up visits was —1.55% (8.87%).
The difference in mean follow-up change in BSA affected by psoriasis between the online
and in-person groups was —0.05% (95% CI, —1.58% to 1.48%), which is within the
prespecified equivalence margin (x£6.5%) (Figure 3B and D). The online group achieved
improvement in psoriasis disease severity equivalent to the in-person group, as measured by
BSA affected by psoriasis.

Another secondary outcome was the mean change in PtGA score from baseline across 12
months. In the online group, the mean PtGA score changed from 2.18 (95% CI, 2.00-2.35)
at baseline to 1.90 (95% ClI, 1.72-2.09) at month 3, 1.91 (95% Cl, 1.72-2.11) at month 6,
1.77 (95% Cl, 1.57-1.96) at month 9, and 1.72 (95% CI, 1.52-1.92) at month 12. In the
online group, the mean (SD) change in PtGA score from baseline across the follow-up visits
was —0.37 (1.00) (Figure 3C). In the in-person group, the mean PtGA score changed from
2.15 (95% Cl, 1.98-2.32) at baseline to 1.98 (95% CI, 1.80-2.16) at month 3, 1.91 (95% Cl,
1.72-2.09) at month 6, 1.94 (95% Cl, 1.75-2.12) at month 9, and 1.78 (95% Cl, 1.58-1.98)
at month 12. In the in-person group, the mean (SD) change in PtGA score from baseline
across the follow-up visits was -0.22 (1.26).

The difference in the mean change in PtGA score across 12 months between the online and
in-person groups was —0.11 (95% CI, —0.32 to 0.10), which exceeded the prespecified
equivalence margin (£0.25) (Figure 3D). Specifically, the online group had greater
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improvement in psoriasis severity as measured by the PtGA score compared with the in-
person group.

During the 12-month study period, the in-person group had a total of 315 in-person visits,
while the online group had 161 online visits. Owing to the pragmatic design, the patients in
the online group were also permitted to seek in-person care for psoriasis if deemed
necessary by the clinician. The online group also had 8 additional in-person visits.
Specifically, 3 visits were for in-office procedures, 2 visits were for evaluation of a comorbid
condition, 2 visits were for psoriasis exacerbation deemed best managed in person, and 1
visit was for evaluation of a drug-related adverse event.

During the 12-month trial, the types of treatments that the patients received were similar
between the 2 groups. The following distribution reflects the most recent treatments that the
patients received by the end of the study. Specifically, 64 patients in the online group
(43.2%) and 67 patients in the in-person group (45.3%) received topical treatments alone, 7
patients in the online group (4.7%) and 9 patients in the in-person group (6.1%) received
phototherapy, 18 patients in the online group (12.2%) and 15 patients in the in-person group
(10.1%) received oral therapies, 56 patients in the online group (37.8%) and 53 patients in
the in-person group (35.8%) received biologic therapies, and 3 patients in the online group
(2.0%) and 4 patients in the in-person group (2.7%) received combination systemic
therapies. Treatment changes refers to dose changes in an existing medication, the addition
of a new medication, or the discontinuation of an existing medication. Online and in-person
visits resulted in similar frequencies of treatment changes. In the online group,78.9% of the
online visits (127 of 161) resulted in treatment changes, with dose changes in the same
medication being the most frequent; in the in-person group, 81.9% of the visits (258 of 315)
resulted in treatment changes, with dose changes in the same medication also being the most
frequent. Adverse events and serious adverse events are shown in Table 2. Overall, the rates
of adverse events were similar between the online (42 [28.4%]) and in-person (51 [34.5%])
groups.

Additional analyses were conducted to evaluate whether there was effect modification by
baseline disease severity. When groups with mild, moderate, or severe psoriasis were
examined separately for PASI score and BSA outcomes, all 3 severity groups showed a
similar mean magnitude of improvement over time, although there were larger variances for
patients with the most severe psoriasis. For PtGA score, the magnitude of improvement and
variances were similar across the different severity groups. When further stratification was
performed by intervention type, there was no effect modification by disease severity.

Discussion

In many regions of the world, the inability to consistently access specialty care is among the
key reasons that patients experience poor outcomes from their chronic skin diseases,36-38
Although traditional consultative teledermatology has increased access for some patients, its
adoption has been limited. In traditional, consultative, asynchronous teledermatology,
patients must locate health care facilities with telemedicine capabilities. There, the medical
staff would photograph patients’ skin lesions and send the images and clinical history data to
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a dermatologist online. The dermatologist would serve as a consultant who provides
recommendations to the patients’ PCPs online but generally with no direct patient contact.
The PCPs would relay the dermatologists’ recommendations to the patients and implement
the treatment plans.

Studies show that key limitations exist with traditional, consultative, asynchronous
teledermatology that restrict its scalability.3° First, PCPs desire greater support from
specialists in the form of having specialists address patients’ concerns directly and promptly.
Second, patients are dissatisfied with the lack of direct contact with specialists. Third, the
extent and timeliness with which the specialist’s recommendations are relayed to the
patients are unknown.

To maximize patient-centeredness and provide robust specialist support, we evaluated an
innovative, online, collaborative connected-health model for patients with psoriasis via a
pragmatic trial. Psoriasis was selected as a disease model because it is a prevalent, chronic
skin disease with substantial morbidity and requires regular care from a specialist.

This trial compared patient-centered outcomes between the online and in-person models
using validated disease severity measures. We found that the online and in-person groups
achieved equivalent improvement in psoriasis disease severity as measured by the primary
outcome of PASI score and a key secondary outcome of BSA affected by psoriasis across 12
months.

The clinical significance of these findings is that the patients in the online group consistently
experienced a reduction in psoriasis severity throughout 1 year that is equivalent to that of
the in-person group. These findings demonstrated that the collaborative connected-health
model is as effective as in-person care in improving patient outcomes. Furthermore, this
online model brought specialist care to patients and PCPs in a location-independent, time-
independent, and efficient manner.? Because the study population reflects real-world
patients who are receiving ongoing therapies, the study findings are particularly applicable
to the maintenance of therapy for patients with psoriasis.

The study also found that, compared with the patients in the in-person group, the patients in
the online group experienced greater improvement in severity of psoriasis as measured by
the PtGA, which comprehensively reflects the patients’ perspective of their disease severity
and therefore may account for factors beyond disease signs. Thus, the online model was
effective in affecting outcomes important to patients.4

There are several considerations in the implementation of this collaborative connected-health
model. First, the efficiency of such an online model will depend, at least in part, on the
quality of the communication technology. That is, a teledermatology platform that is user
friendly and intuitive will enable expeditious online communication. Second, to apply the
study findings to other disease areas, implementation and adaptation of the collaborative
connected-health model will need to account for cost as well as medicolegal considerations.
For example, it is important to adequately account for the clinician’s effort in online care
with sound reimbursement policies and safeguard online care with quality checks and
medicolegal protection. Third, owing to the dermatology workforce shortage and the
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variability in individual specialists’ preferences, some dermatologists may not be available
or willing to provide direct online care to patients. Fourth, having local telehealth
“champions” at clinicians’ offices will help enhance implementation and sustainability of
such an online model.

Limitations

The study findings are to be interpreted in the context of the study design. First, while the
overall retention rate for this pragmatic trial is high, the in-person group had a slightly
higher retention rate (135 [91.2%]) compared with the online group (131 [88.5%]).
However, the analyses were based on intention to treat, and missing data were handled via a
priori specified methods for both groups. Second, the baseline PASI scores were lower than
anticipated because, owing to the pragmatic design, many patients had been receiving
systemic therapies at enrollment, which reflects the real-world cohort of patients with
psoriasis seen in US ambulatory clinics. Studies in psoriasis populations with milder disease
severity and using available SD data would have yielded PASI score equivalence margins
around +3 or +4.4243 Even if the equivalence margin for PASI scores had been set at +1, the
improvement in psoriasis severity between the 2 groups seen in this study would still be
considered equivalent.

Conclusions

The online, collaborative connected-health model was equivalent to the in-person model in
improving psoriasis clinical outcomes. The online, collaborative connected-health model
emphasized patient-centeredness by fostering increased patient engagement and providing
comprehensive specialist support. The robust and responsive specialist support for patients
and PCPs online was a substantial improvement from some of the existing modalities of
specialty health care delivery. Innovative telehealth delivery models that emphasize
collaboration, quality, and efficiency can be transformative to improving patient-centered
outcomes among those with chronic diseases.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key Points
Question

Does an online, collaborative connected-health delivery model result in equivalent
improvements in disease severity compared with in-person care among patients with
psoriasis?

Findings

In a 12-month randomized clinical equivalency trial, adults with psoriasis randomized to
the online model experienced improvement in disease severity equivalent to those
randomized to in-person management. Differences between the 2 arms were within
prespecified equivalence margins.

Meaning

Innovative telehealth models can play a critical role in the effective management of
chronic skin diseases.
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11176 Assessed for eligibility

10876 Excluded
8163 Not meeting inclusion criteria
141 Declined to participate
—> 44 Time constraints
39 Unable to comply with study requirements
58 Not interested
2572 Other reasons

300 Enrolled

4 Excluded
2 Did not complete baseline questionnaire
1 Withdrew before randomization
1 Moved prior to randomization

C 96 Randomized

148 Included in collaborative 148 Included in in-person arm (control)
connected-health arm (intervention) 10 Lost to follow-up
8 Lost to follow-up 3 Withdrew

9 Withdrew l

l

‘ 148 Analyzed

148 Analyzed

Figure 1.
CONSORT Flow Diagram
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Baseline: Confirmation of eligibility and informed consent
Baseline demographic and clinical characteristics and assessments
of psoriasis severity, quality of life, and mental health

In-person care (control) Online, collaborative
T connected-health care (intervention)

Y

Patients undergo training on taking
digital images of skin lesions and
accessing online platform

Month 3: Assessments of psoriasis
> severity, quality of life, mental health, and <
access to care

Y

Month 6: Assessments of psoriasis
In-person visit severity, quality of life, mental health, and Online visit
frequency access to care frequency
determined by T determined by
patient and A4 ) patient and
clinician Month 9: Assessments of psoriasis clinician
severity, quality of life, mental health, and

access to care

Y

Month 12: Assessments of psoriasis

severity, quality of life, mental health, and |
access to care; qualitative assessment of
online intervention (online group only)

Figure2.
Overview of Pragmatic Randomized Clinical Trial Comparing Online vs In-Person Care in

Patients With Psoriasis
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Figure 3.

Changes in Psoriasis Disease Severity and Summary Data on Equivalency Evaluation

A, Change in psoriasis disease severity as measured by Psoriasis Area and Severity Index
(PASI) score by group over 12 months. B, Change in psoriasis disease severity as measured
by body surface area by group over 12 months. C, Change in psoriasis disease severity as
measured by Patient Global Assessment (PtGA) score by group over 12 months. D,
Summary data on equivalency evaluation. Error bars indicate 95% CI.
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Table 1.

Baseline Patient Demographic and Clinical Characteristics

Characteristics Patients, No. (%)

OnlineGroup (N =148) In-Person Group (n =148) Total (N = 296)

Sex
Male 75 (50.7) 74 (50.0) 149 (50.3)
Female 73 (49.3) 74 (50.0) 147 (49.7)
Racea’b
American Indian or Alaska Native 3 (2.0) 2(1.4) 5(1.7)
Asian 13 (8.8) 6 (4.1) 19 (6.4)
Black or African American 5(3.4) 3(2.0) 8 (2.7)
Pacific Islander 3(2.0) 2(1.4) 5(1.7)
White 90 (60.8) 97 (65.5) 187 (63.2)
Other 36 (24.3) 36 (24.3) 72 (24.3)
Ethnicity
Hispanic or Latino 46 (31.1) 54 (36.5) 100 (33.8)

Prior psoriasis '(reatmentl7

Topical therapy 98 (66.2) 102 (68.9) 200 (67.6)
Light and laser therapy 52 (35.1) 53 (35.8) 105 (35.5)
Nonbiologic systemic therapy 54 (36.5) 60 (40.5) 114 (38.5)
Biologic therapy 32 (21.6) 27 (18.2) 59 (19.9)

Baseline psoriasis severity, mean (95% CI)

PASI score 4.68 (3.96-5.41) 4.40 (3.80-5.00) NA
BSA, % affected by psoriasis 9.71 (7.35-12.07) 7.67 (6.14-9.21) NA
PtGA score 2.18 (2.00-2.35) 2.15(1.98-2.32) NA

a
Insurance type

Private 77 (52.0) 78 (52.7) 155 (52.4)
Medicaid 28 (18.9) 34 (23.0) 62 (20.9)
Medicare 27 (18.2) 26 (17.6) 53 (17.9)
No insurance 8 (5.4) 5(3.4) 13 (4.4)

Marital status?

Single 48 (32.4) 56 (37.8) 104 (35.1)
Married 79 (53.4) 69 (46.6) 148 (50.0)
Divorced 10 (6.8) 7(4.7) 17 (5.7)
Separated 5(3.4) 5(3.4) 10 (3.4)
Widowed 0 8 (5.4) 8(2.7)

a
Tobacco use

Never 81 (54.7) 84 (56.8) 165 (55.7)
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Characteristics

Patients, No. (%)

Online Group (n = 148)

In-Person Group (n = 148)

Total (N = 296)

Former 36 (24.3) 42 (29.1) 78 (26.4)
Current 24 (16.2) 18 (12.2) 42 (14.2)
Chewing tobacco 2(1.4) 1(0.7) 3(1.0)
Educational level?
Grade school 16 (10.8) 13 (8.8) 29(9.8)
Some high school 3(2.0) 10 (6.8) 13 (4.4)
High school graduate 23(15.5) 21 (14.2) 44 (14.9)
College 65 (43.9) 73 (49.3) 138 (46.6)
Graduate school 36 (24.3) 26 (17.6) 62 (20.9)
Working status?
Fulltime 73 (49.3) 67 (45.3) 140 (47.3)
Part time 26 (17.6) 17 (11.5) 43 (14.5)
Retired 13 (8.8) 18 (12.2) 31 (10.5)
Disabled 10 (6.8) 20 (13.5) 30 (10.1)
Homemaker 8(5.4) 6(4.1) 14 (4.7)
Other 8 (5.4) 74.7) 15 (5.1)
Looking for employment 5(3.4) 10 (6.8) 15(5.1)
Alcohol use?
Never 36 (24.3) 33(22.3) 69 (23.3)
Former 38 (25.7) 29 (19.6) 67 (22.6)
Current 69 (46.6) 83 (56.1) 152 (51.4)
Comorbiditiesb
Heart disease 5(3.4) 7(4.7) 12 (4.1)
Arthritis 32 (21.6) 45 (30.4) 77 (26.0)
Internal malignancies 4(2.7) 8(5.4) 12(4.1)
Liver disease 4(2.7) 8 (5.4) 12 (4.1)
Celiac disease 1(0.7) 1(0.7) 2(0.7)
Stroke 2(1.4) 3(2.0) 5(1.7)
Thyroid problems 12 (9.5) 12 (8.1) 24 (8.1)
Vision problems 22 (14.9) 24 (16.2) 46 (15.5)
Tuberculosis 6(4.1) 7(4.7) 13 (4.4)
Inflammatory bowel disease 4(2.7) 3(2.0) 7(2.4)
Basal cell carcinoma 4(2.7) 5(3.4) 9 (3.0)
Squamouscell carcinoma 1(0.7) 2(1.4) 3(1.0)
Melanoma 0 2(1.4) 2(0.7)

Abbreviations: BSA, body surface area; NA, not applicable; PASI, Psoriasis Area and Severity Index; PtGA, Patient Global Assessment.
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aSome participants declined to answer the questions regarding race (1 in the online group; 4 in the in-person group), insurance type (8 in the online
group; 5 in the in-person group), marital status (6 in the online group; 3 in the in-person group), tobacco use (3 in the online group; 3 in the in-
person group), educational level (5 in the online group; 5 in the in-person group), working status (5 in the online group; 3 in the in-person group),
and alcohol use (5 in the online group; 3 in the in-person group).

b .
Responses are not mutually exclusive.
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Table 2.

Adverse Event and Serious Adverse Event Rates

Adver se Event

Patients, No. (%)

Online Group (n = 148)

In-Person Group (n = 148)

Total (N = 296)

Any adverse event 42 (28.4) 51 (34.5) 93 (31.4)
Serious adverse event 13(8.8) 22 (14.9) 35(11.8)
Internal malignant neoplasm (excluding skin cancer) 2 (1.4) 2(1.4) 4 (1.4)
Nonmelanoma skin cancer 1(0.7) 4(2.7) 5(1.7)
Exacerbation of arthritis 5(3.4) 3(2.0) 8 (2.7)
Surgery 4(2.7) 6(4.1) 10 (3.4)
Death 1(0.7) 1(0.7) 2(0.7)
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