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Abstract

This 12-month, pragmatic, randomized controlled equivalency trial evaluated whether an online,
collaborative connected-health model results in equivalent improvements in quality of life
compared with in-person care for psoriasis. Overall, 296 adults with physician-diagnosed psoriasis
from ambulatory clinics were randomly assigned to either online or in-person care; all were
analyzed for outcomes. In the online group, patients and primary care providers sought
dermatologists’ care directly and asynchronously online. The in-person group sought care face to
face. Interventions did not allow blinding of participants; investigators were blinded during
analysis. Across 12 months, for the online group, the mean + standard deviation decline in
Skindex-16 from baseline across follow-up visits was 9.02 + 20.67 compared with 10.55 £ 23.50
for the in-person group. The difference in Skindex-16 between the two groups was —0.83 (95%
confidence interval =—5.18 to 3.51), and this was within the equivalence margin (x7.0). For the
online group, the mean * standard deviation decline in Dermatology Life Quality Index was 1.64
+ 4.34 compared with 1.18 + 4.77 for the in-person group. The difference in Dermatology Life
Quality Index between the two groups was —0.45 (95% confidence interval =—1.29 to 0.38) and
was within the equivalence margin (£2.5). In conclusion, the online model was as effective as in-
person care in improving quality of life among psoriasis patients. This study was funded by the
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Patient-Centered Outcomes Research Institute and is registered on clinicaltrials.gov
(NCT02358135).

INTRODUCTION

In the United States, access to dermatologists is limited in many regions, and this lack of
access is especially pronounced among patients in underserved and rural communities
(Craiglow et al., 2008; Glazer et al., 2017; Kimball and Resneck, 2008). Patients with
chronic skin diseases often have difficulties obtaining dermatologist consultations and
maintaining regular access to dermatologists for follow-up visits. As a result, these patients
suffer from the physical and psychosocial consequences of their skin diseases and
experience poor quality of life (Van Voorhees and Fried, 2009).

Teledermatology is a form of online care that leverages communication technology to enable
remote diagnosis and treatment of patients’ skin diseases; it has been used successfully to
increase access in certain communities (American Telemedicine Association, 2018). The
health care delivery models of teledermatology can be categorized into triage, consultation,
or direct care (Pathipati et al., 2011). In the triage model, the specialist evaluates a case and
determines its level of urgency for the next level of management. In the consultative model,
which is a commonly practiced teledermatology model, the primary care provider (PCP)
captures the skin images and clinical history and consults the dermatologist, without the
dermatologist taking over direct care of the patient. In the direct care model, the
dermatologist directly cares for the patient. Whether the online care is rendered
asynchronously or synchronously depends on the communication technology that is used.
That is, asynchronous teledermatology typically refers to store- and-forward
teledermatology, where the capture of clinical data occurs at a different time from the
specialist’s evaluation. In contrast, synchronous teledermatology is synonymous with live-
interactive teledermatology, where the provider-patient interactions are conducted in real
time via video or web-based interfaces.

With the currently available imaging technology, evidence supports diagnostic accuracy and
reliability of asynchronous teledermatology (Ekeland et al., 2010; Eminovic et al., 2007;
Whited, 2006). However, the dissemination of asynchronous teledermatology has been
limited, especially in its traditional, consultative form (Armstrong et al., 2012; Collins et al.,
2004; Krupinski et al., 2002). In the traditional, consultative, asynchronous form, patients
need to locate a primary care clinic that provides telemedicine service, where the clinic staff
takes the photos and history of the patient and sends those to the dermatologists. The
dermatologist then acts in a consultative role to the PCP and typically has no direct
interaction with the patient. Challenges for disseminating consultative asynchronous
teledermatology include the need for patients to locate a facility with telemedicine
capabilities and the lack of collaborative and informed communication among patients,
PCPs, and dermatologists. Thus, updated models of technology-enabled health care delivery
are necessary to meet the evolving health care and communication needs of our patients
(Armstrong et al., 2015; Chambers et al., 2012).
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Another area of critical gap is in assessing health-related quality of life in patients cared for
via teledermatology (Whited, 2015, Whited et al., 2013). Determining the impact of
technology-enabled health care delivery models on patients’ quality of life using validated
instruments is paramount for evaluating patient-centered models (Kornmehl et al., 2017).
Skindex-16 and the Dermatology Life Quality Index (DLQI) are two well-accepted
instruments that evaluate dermatology-specific quality of life and are responsive to change
over time. These two instruments have shown excellent content validity and reliability in the
psoriasis population (AlGhamdi and AlShammari, 2007; El Fakir et al., 2014; Essa et al.,
2018; Safikhani et al., 2013), and their use can comprehensively capture psoriasis patients’
perspectives regarding their quality of life.

In this study, we evaluated an innovative collaborative connected-health model, where
patients and PCPs could access dermatologists online both directly and asynchronously, via
a pragmatic trial. We chose psoriasis as the disease model used to evaluate this telehealth
delivery because psoriasis is a common, chronic inflammatory disease for which change in
quality of life is a key measure of the effectiveness of the intervention (Chren et al., 1996).
In addition, patients with psoriasis have a number of comorbid conditions, including
inflammatory arthritis and cardiovascular diseases. Thus, successful management of
psoriasis often requires a team-based approach, where the PCP and the dermatologist
collaborate to evaluate and treat the patient.

Participant recruitment and study visits were conducted from February 2015 to August 2017.
Three hundred patients were enrolled (Figure 1) and, of these, 296 patients were randomly
assigned to either online (n = 148) or in-person interventions (n = 148), stratified by site and
disease severity. Each participant was followed up for 12 months. Detailed baseline
participant demographic and clinical characteristics are presented in Table 1. Briefly, the
participants were 50% women and 63% white, with mean age of 49 years (standard
deviation [SD] = 14). In this study, we examined the differences in the change in quality of
life between the two arms, as measured by Skindex-16 and DLQI over 12 months.

Over the 12-month study period, the in-person group had a total of 315 in-person visits; the
online group had 161 online visits. Given the pragmatic design of the study, the patients in
the online group were allowed to seek in-person care for psoriasis at the discretion of the
treating physician. During the study, the online group had eight in-person visits: three were
for in-office procedures; two were for management of a comorbid condition; two were for
in-person evaluation of psoriasis exacerbation; and one was for a drug-related adverse event
(Ford et al., 2018). The changes in disease severity measures (Psoriasis Area and Severity
Index, body surface area, and patient global assessment) (Armstrong et al., 2018) and
distances traveled are reported elsewhere (Ford et al., 2018).

The total Skindex-16 scores declined from the baseline in both groups over 12 months
(Figure 2a), showing improvement in quality of life. In the online group, the unadjusted
mean decline in the total Skindex-16 score from baseline across follow-up visits was 9.02
(SD =20.67). In the in-person group, the mean decline from baseline across follow-up visits
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was 10.55 (SD = 23.50). In the adjusted model using repeated measures analysis, the
average difference in the total Skindex-16 scores between the two groups wase —0.83 (95%
confidence interval [CI] = -5.18 to 3.51) (Figure 3), which was within the prespecified
equivalence margin of +7.0.

For Skindex-16, the responses were also categorized as Symptoms, Emotions, and
Functioning subscales over 12 months (Figure 2b—d). Compared with the baseline, the
Symptoms subscale score decreased by 1.79 (SD = 5.92) in the online group and by 2.63
(SD =7.32) in the in-person group. The between-group adjusted difference in change was
-0.32 (95% CI = -1.52 to 0.89), which shows equivalent impact on symptoms regardless of
intervention. The Emotions subscale score declined by 4.75 (SD = 10.18) and 5.04 (SD =
11.54) in the online and in-person groups, respectively. The between-group difference in the
change in Emotions subscale score was —0.64 (95% CI = -2.89 to 1.61), which shows
equivalent impact on emotions regardless of intervention. The Functioning subscale score
declined by 2.48 (SD = 7.02) and 3.04 (SD = 7.65) in the online and in-person groups,
respectively. The between-group difference in the change in Functioning subscale score was
-0.01 (95% CI =-1.34 to 1.32), which shows equivalent impact on functioning regardless of
intervention.

The DLQI scores declined from the baseline in both groups (Figure 4), showing
improvement in quality of life. In the online group, the unadjusted mean decline from
baseline across follow-up visits was 1.64 (SD = 4.34). In the in-person group,
themeandeclinefrombaselineacrossfollow-upvisitswas1.18 (SD = 4.77). In the adjusted
model using repeated measures analysis, the average difference between the two groups in
the DLQI was —0.45 (95% CI =-1.29 to 0.38) (Figure 3), which was within the prespecified
equivalence margin of +2.5.

DISCUSSION

Little is known about the effects of teledermatology on health-related quality of life (Whited
et al., 2013). This pragmatic, randomized controlled equivalency trial is clinically relevant
and innovative in two respects: (i) it evaluated a collaborative, asynchronous online model
through which patients and PCPs could obtain dermatologists’ expertise and (ii) it used
validated dermatology-specific quality-of-life instruments to evaluate the effect of this
telehealth intervention.

The dissemination and implementation of teledermatology have grown slowly over the past
few decades (Armstrong et al., 2012; McKaoy et al., 2016; Whited, 2015; Yim et al., 2018).
With improvement in imaging and communications technology, the diagnostic accuracy of
teledermatology has improved steadily. One key question facing clinicians, patients, and
payers is whether patients cared for via certain teledermatology models have equivalent
outcomes as those cared for in person. Determining whether equivalency exists via a real-
world pragmatic trial has major implications on reimbursement and regulatory policies.

This study showed that online versus in-person care affected patients’ symptoms, emotions,
and functioning related to their psoriasis equivalently, as measured by Skindex-16. These

J Invest Dermatol. Author manuscript; available in PMC 2019 June 30.
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findings present evidence that psoriasis patients” emotional and functional needs related to
their skin disease can be met to a similar degree by interacting with providers online as
seeing them in person. With the online, collaborative model, some patients are highly
engaged with the online clinical interaction because they need to image their skin lesions
and provide information regarding their disease history and progression. These engagements
may encourage patients to be more observant of their disease progression and more adherent
to their medications, which in turn may affect their health-related quality of life.

The online patients also experienced overall equivalent improvement in health-related
quality of life compared with the in-person group, as measured by the DLQI. This finding
pertains to quality-of-life domains such as symptoms and feelings, daily activities, leisure,
work and school, personal relationships, and treatment-associated quality of life. The patient
responses to DLQI further confirm that when teledermatology is practiced in a patient-
centered manner, improvements in quality of life occur to similar degrees in online and in-
person care.

The effect of traveling or lack thereof likely affected the patients’ overall experience with the
health care process. At baseline, the distances from the patients’ homes to their
dermatologists’ offices were comparable between the online and in-person arms. However,
the near elimination of traveling for the online patients to obtain specialist care likely
translated to time and cost savings, as well as high overall satisfaction with the health care
process.

The online model also appeared to be beneficial for PCPs, who learned about psoriasis
management. For example, PCPs who consulted dermatologists online experienced a
learning curve where they grew in knowledge, experience, and confidence in managing their
psoriasis patients; they typically did not ask the same questions over time. In addition, the
PCPs who had online consultation with dermatologists generally referred fewer patients to
dermatologists for direct management (median = 1 patient) as compared to PCPs who did
not seek online consultations (median = 2 patients).

In addition to the quality of life outcomes reported in this article, we ascertained patient
feedback on the online model through qualitative research methods with semistructured
interviews (Ford et al., 2018). In general, patients randomly assigned to the online group
found it to be safe, accessible, equitable, efficient, effective, and patient centered. Some
patients noted some discomfort with obtaining photos of sensitive areas with psoriasis. The
providers found the online model to be useful for providing psoriasis care and commented
that adequate reimbursement is key to sustainability (Ford et al., 2018).

For such a technology-enabled health care delivery mechanism to be sustainable, several
other considerations are critical. First, it is important that reimbursement mechanisms
adequately reflect providers’ effort. At the current time, teledermatology reimbursement is
variable among the different states in the United States. However, there is a general trend in
different regions and among large private payers toward reimbursing telehealth services that
show value. We keenly recognize that the field of economic evaluation for telehealth models
continues to evolve (Armstrong et al., 2007; Datta et al., 2015; de la Torre-Diez et al.,2015).

J Invest Dermatol. Author manuscript; available in PMC 2019 June 30.
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Future studies shall include cost analyses that evaluate the economic impact of telehealth
interventions from a societal perspective. This is important because the sustainability of any
health care model critically depends on aligning reimbursement with value and providing
appropriate incentives of the stakeholders. Second, it is important to consider potential
differences in patient outcomes depending on the type and expertise of providers
participating in online care. Therefore, educating our providers not only in medical expertise
but also in effective provision of care online and in person is important. Finally, it is critical
to uphold transparency, choice, and coordination of teledermatology care to safeguard the
quality of this health care delivery model (Resneck et al., 2016).

The limitations of this pragmatic trial include the slightly different retention rates between
the two intervention groups (in-person = 91% vs. online = 89%). However, we performed
intention-to-treat analyses and handled the missing data using mixed models for repeated
measures, thereby minimizing potential bias from differential retention rates. Second, the
baseline Psoriasis Area and Severity Index scores were lower than anticipated because many
patients were receiving systemic therapies at enrollment, which reflects the real-world US
ambulatory population. However, stratified analyses based on baseline severity showed no
significant differences in quality-of-life outcomes between the in-person versus online
groups.

In conclusion, the online, collaborative teledermatology model was equivalent to in-person
care for improving health-related quality of life. Specifically, compared with psoriasis
patients cared for in person, the psoriasis patients cared for online achieved similar
improvements in emotions, symptoms, functioning, daily activities, leisure, work and
school, and personal relationships. Thus, among psoriasis patients, a technology-enabled
method of delivering dermatological care that emphasizes patient centeredness and
coordination of care can achieve comparable improvements in health-related quality of life
compared with in-person care.

MATERIALS AND METHODS

Study design

The PCORI Psoriasis Teledermatology Trial is a 12-month, pragmatic, randomized
controlled equivalency trial with parallel group design that evaluated the impact of an online,
collaborative connected-health model for psoriasis management compared with in-person
care (Figure 5).

Participants and randomization

This study was approved by the University of Southern California Institutional Review
Board (#HS-15-00417). All participants gave their written informed consent. The trial was
registered with clinicaltrials.gov (NCT02358135).

We recruited from the general adult populations in northern California, southern California,
and Colorado, with an emphasis on patients living in rural and medically underserved
communities. To be eligible, participants needed to be age 18 years and older, have
physician-diagnosed plaque psoriasis, have access to the internet and a digital camera or a
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mobile phone with camera features, and have a PCP or the ability to establish primary care.
Some patients who were initially screened were not eligible because the study team could
not locate source documentation showing physician-diagnosed plaque psoriasis.

We enrolled 300 adults with psoriasis. Stratified randomization was performed using
computer-generated random block sizes. The patients were randomized 1:1 to collaborative
connected health (online intervention) or usual in-person care. Further stratified
randomization was based on 1:1:2 stratification to mild (<3% body surface area), moderate
(3%-10% body surface area), and severe (>10% body surface area or receiving phototherapy
or systemic therapies) psoriasis groups. 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 that fostered expedient multidirectional
communication among patients, PCPs, and dermatologists. The online model enabled
prompt receipt of dermatologist expertise and sharing of visit information among providers
and patients. Additional descriptions of the interventions can be found elsewhere
(Armstrong et al., 2018).

In this pragmatic trial, the PCPs could access the dermatologists online asynchronously via
one of two ways: (i) consultation or (ii) requesting a dermatologist to assume care of a
patient’s psoriasis. In the consultation setting, similar to traditional asynchronous
telemedicine, the PCP or office staff would take photos of the patient’s skin and send digital
photos and clinical history to the dermatologist online via a secure, web-based connected
health platform (DirectDerm, 2018) compliant with the Health Insurance Portability and
Accountability Act. 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 where the PCP wanted the dermatologist to assume longitudinal care of a
patient’s psoriasis, the PCP’s office would first take photos of the patient’s skin and then
send these photos and the clinical history online to the dermatologist, who would 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 randomly assigned 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 PCP. During an online visit, the
patient would upload clinical images and history 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

J Invest Dermatol. Author manuscript; available in PMC 2019 June 30.



1duasnuely Joyiny aduel|ly yoseasay yiesH

1duosnuey Joyiny aduel|ly yosessay yiesH

Armstrong et al.

Page 8

educational materials to patients online asynchronously. In addition, the patients in the
online group could also access their PCPs online for psoriasis management in the same
manner.

In-person model (control arm)—~Patients in the in-person group sought psoriasis care
from PCPs or dermatologists in person.

Visit frequency of all patients in the online and in-person groups was based on medical
necessity, as determined by joint decisions between the providers and patients. Because of
the nature of the interventions, blinding of patients and providers was not possible. Blinding
was preserved for analysis of outcomes.

Outcome measures

We aimed to determine whether the online model results in equivalent improvements in
quality of life compared with in-person care, as measured by the DLQI and Skindex-16.
Because the psychometric properties of the two instruments differ in some aspects, using
both instruments enables comparison of study findings with previous work in dermatology
(Finlay and Khan, 1994). Both the DLQI and Skindex-16 have been validated in psoriasis
patients with low through high disease severities (AlGhamdi and AlShammari, 2007; El
Fakir et al., 2014; Essa et al., 2018; Finlay and Khan, 1994; Mazzotti et al., 2003, 2005;
Safikhani et al., 2013). The outcomes were the differences in the mean improvement in the
DLQI and Skindex-16 averaged over 3, 6, 9, and 12 months between the two arms.

Skindex-16 is a validated and reliable instrument that comprehensively captures the effects
of skin disease on health-related quality of life (Chren et al., 1996). It discriminates among
patients with different effects and is responsive to clinical changes over time (Chren et al.,
2001). Skindex-16 scores range from 0 (no effect) to 100 (effect experienced all the time),
and the responses are aggregated in Symptoms, Emotions, and Functioning subscales. The
improvement in Skindex-16 is defined as the difference in Skindex-16 scores between the
baseline and each of the follow-up visits. The a priori determined equivalence margin for
Skindex-16 was +7.

The DLQI is a validated, dermatology-specific quality-of-life instrument that has been used
in many psoriasis trials. DLQI scores range from 0 to 30, with higher scores indicating more
negative impact on quality of life (Finlay and Khan, 1994). The DLQI assesses six domains
including symptoms and feelings, daily activities, leisure, work and school, personal
relationships, and treatment-associated quality of life. The improvement in DLQI is defined
as the difference in DLQI scores between the baseline and each of the follow-up visits. The
mean improvement across the four follow-up assessments was selected because (i) it would
be sensitive to early improvements as well as later benefits and (ii) it is statistically more
efficient than an end point based on a single assessment. The a priori determined
equivalence margin between the two arms for the DLQI was +2.5.

Statistical methods and sample size calculation

Intention-to-treat analyses were applied to test the equivalency hypotheses for this trial by
using longitudinal linear mixed effects modeling. We compared the changes from baseline to

J Invest Dermatol. Author manuscript; available in PMC 2019 June 30.
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average of follow-up (3, 6, 9, and 12 months) between the groups, which allowed for
intrasite variability to be accounted for in the estimates. Comparing the changes between the
groups over 12 months leverages all data points and minimizes any imbalances in baseline
severity between the two groups. The stratifying factor of disease severity was an a priori
covariate in these models. This equivalency trial tests the null hypothesis (Hg 6< 8, or §=
&) against the two-sided alternative hypothesis (Hy: 6; < 6< &) (Chambers et al., 2012).
The equivalence margins were based on clinically meaningful differences and were
determined a priori to maintain a = 0.05. The equivalence margins in change were set a
priori at £7.0 for Skindex-16 and +2.5 for the DLQI. These values allowed us to achieve
power of 75%-99% for the DLQI and 83%-94% for Skindex-16, depending on o and p,
assuming attrition of 15%. We used mixed models for repeated measures as the primary
analysis for handling missing data. All analyses were conducted using SPSS, version 24
(IBM, Armonk, NY).

ACKNOWLEDGMENTS

We thank the following people and organizations for their contributions to this project: Jason Kao and Soneet
Dhillon from University of California Davis for patient recruitment (uncompensated), National Psoriasis
Foundation, State Network of Colorado Ambulatory Practices and Partners, High Plains Research Network,
California Association of RuralHealth Clinics, Los Angeles Network, California Primary Care Association,
Psoriasis Patient Advocacy Council, American Telemedicine Association, Group for Research and Assessment of
Psoriasis and Psoriatic Arthritis, and American Academy of Dermatology.

This work was supported through a Patient-Centered Outcomes Research Institute (PCORI) Award (IHS-071502-
IC).

The funder had no role in design and conduct of the study; collection, management, analysis, or interpretation of the
data; preparation, review, or approval of the manuscript; or decision to submit the manuscript for publication.

All statements in this report, including its findings and conclusions, are solely those of the authors and do not
necessarily represent the views of the Patient-Centered Outcomes Research Institute (PCORI), its Board of
Governors, or Methodology Committee.

Abbreviations

Cl confidence interval

DLQI Dermatology Life Quality Index

PCP primary care provider

SD standard deviation
REFERENCES

AlGhamdi KM, AlShammari SA. Arabic version of Skindex-16: translation and cultural adaptation,
with assessment of reliability and validity. Int J Dermatol 2007;46:247-52. [PubMed: 17343578]

American Telemedicine Association. What is telemedicine?. http://www.americantelemed.org/main/
about/about-telemedicine/telemedicine-fags; 2018 (accessed August 28, 2018).

Armstrong AW, Chambers CJ, Maverakis E, Cheng MY, Dunnick CA, Chren MM, et al. Effectiveness
of online vs in-person care for adults with psoriasis. JAMA Netw Open 2018;1(6):€183062.
[PubMed: 30646223]

Armstrong AW, Dorer DJ, Lugn NE, Kvedar JC. Economic evaluation of interactive teledermatology
compared with conventional care. Telemed J E Health 2007;13:91-9. [PubMed: 17489695]

J Invest Dermatol. Author manuscript; available in PMC 2019 June 30.


http://www.americantelemed.org/main/about/about-telemedicine/telemedicine-faqs
http://www.americantelemed.org/main/about/about-telemedicine/telemedicine-faqs

1duosnuey Joyiny asuel||y yaseasay yiesH

1duosnuey Joyiny aduel|ly yosessay yiesH

Armstrong et al.

Page 10

Armstrong AW, Johnson MA, Lin S, Maverakis E, Fazel N, Liu FT. Patient-centered, direct-access
online care for management of atopic dermatitis: a randomized clinical trial. JAMA Dermatol
2015;151:154-60. [PubMed: 25338198]

Armstrong AW, Wu J, Kovarik CL, Goldyne ME, Oh DH, McKoy KC, et al. State of teledermatology
programs in the United States. J Am Acad Dermatol 2012;67:939-44. [PubMed: 22459360]

Chambers CJ, Parsi KK, Schupp C, Armstrong AW. Patient-centered online management of psoriasis:
a randomized controlled equivalency trial. J Am Acad Dermatol 2012;66:948-53. [PubMed:
21890236]

Chren MM, Lasek RJ, Quinn LM, Mostow EN, Zyzanski SJ. Skindex, a qualityof-life measure for
patients with skin disease: reliability, validity, and responsiveness. J Invest Dermatol 1996;107:707-
13. [PubMed: 8875954]

Chren MM, Lasek RJ, Sahay AP, Sands LP. Measurement properties of Skindex-16: a brief quality-of-
life measure for patients with skin diseases. J Cutan Med Surg 2001;5:105-10. [PubMed:
11443481]

Collins K, Walters S, Bowns . Patient satisfaction with teledermatology: quantitative and qualitative
results from a randomized controlled trial. J Telemed Telecare 2004;10:29-33. [PubMed:
15006213]

Craiglow BG, Resneck JS Jr, Lucky AW, Sidbury R, Yan AC, Resnick SD, et al. Pediatric dermatology
workforce shortage: perspectives from academia. J Am Acad Dermatol 2008;59:986-9. [PubMed:
18835061]

Datta SK, Warshaw EM, Edison KE, Kapur K, Thottapurathu L, Moritz TE, et al. Cost and utility
analysis of a store-and-forward teledermatology referral system: a randomized clinical trial. JAMA
Dermatol 2015;151:1323-9. [PubMed: 26375589]

de la Torre-Diez I, Lopez-Coronado M, Vaca C, Aguado JS, de Castro C. Cost-utility and cost-
effectiveness studies of telemedicine, electronic, and mobile health systems in the literature: a
systematic review. Telemed J E Health 2015;21:81-5. [PubMed: 25474190]

DirectDerm DirectDerm. https://www.directderm.com/; 2018 (accessed 15, January 2018).

Ekeland AG, Bowes A, Flottorp S. Effectiveness of telemedicine: a systematic review of reviews. Int J
Med Inform 2010;79:736-71. [PubMed: 20884286]

El Fakir S, Baybay H, Bendahhou K, Obtel M, Benchat L, Mernissi FZ, et al. Validation of the
Skindex-16 questionnaire in patients with skin diseases in Morocco. J Dermatolog Treat
2014;25:106-9. [PubMed: 22455447]

Eminovic N, de Keizer NF, Bindels PJ, Hasman A. Maturity of teledermatology evaluation research: a
systematic literature review. Br J Dermatol 2007;156:412-9. [PubMed: 17300227]

Essa N, Awad S, Nashaat M. Validation of an Egyptian Arabic version of Skindex-16 and quality of
life measurement in Egyptian patients with skin disease. Int J Behav Med 2018;25:243-51.
[PubMed: 28748378]

Finlay AY, Khan GK. Dermatology Life Quality Index (DLQI)—a simple practical measure for routine
clinical use. Clin Exp Dermatol 1994;19: 210-6. [PubMed: 8033378]

Ford AR, Gibbons CC, Torres J, Kornmehl HA, Singh S, Young PM, et al. Access to dermatological
care with an innovative online model for psoriasis management: results from a randomized
controlled trial [e-pub ahead of print]. Telemed J E Health 2018 10.1089/tmj.2018.0160 (accessed
December 11, 2018).

Glazer AM, Farberg AS, Winkelmann RR, Rigel DS. Analysis of trends in geographic distribution and
density of US dermatologists. JAMA Dermatol 2017;153:322-5. [PubMed: 28146246]

Kimball AB, Resneck JS Jr. The US dermatology workforce: a specialty remains in shortage. J Am
Acad Dermatol 2008;59:741-5. [PubMed: 18723242]

Kornmehl H, Singh S, Johnson MA, Armstrong AW. Direct-access online care for the management of
atopic dermatitis: a randomized clinical trial examining patient quality of life. Telemed J E Health
2017;23:726-32. [PubMed: 28570163]

Krupinski E, Barker G, Rodriguez G, Engstrom M, Levine N, Lopez AM, et al. Telemedicine versus
in-person dermatology referrals: an analysis of case complexity. Telemed J E Health 2002;8:143—
7. [PubMed: 12079603]

J Invest Dermatol. Author manuscript; available in PMC 2019 June 30.


https://www.directderm.com/

1duosnuey Joyiny asuel||y yaseasay yiesH

1duosnuey Joyiny aduel|ly yosessay yiesH

Armstrong et al.

Page 11

Mazzotti E, Barbaranelli C, Picardi A, Abeni D, Pasquini P. Psychometric properties of the
Dermatology Life Quality Index (DLQI) in 900 Italian patients with psoriasis. Acta Derm
Venereol 2005;85:409-13. [PubMed: 16159732]

Mazzotti E, Picardi A, Sampogna F, Sera F, Pasquini P, Abeni D, et al. Sensitivity of the Dermatology
Life Quality Index to clinical change in patients with psoriasis. Br J Dermatol 2003;149:318-22.
[PubMed: 12932238]

McKoy K, Antoniotti NM, Armstrong A, Bashshur R, Bernard J, Bernstein D, et al. Practice
guidelines for teledermatology. Telemed J E Health 2016;22: 981-90. [PubMed: 27690203]

Pathipati AS, Lee L, Armstrong AW. Health-care delivery methods in teledermatology: consultative,
triage and direct-care models. J Telemed Telecare 2011;17:214-6. [PubMed: 21508078]

Resneck JS, Abrouk M, Steuer M, Tam A, Yen A, Lee I, et al. Choice, transparency, coordination, and
quality among direct-to-consumer telemedicine websites and apps treating skin disease. JAMA
Dermatol 2016;152: 768-75. [PubMed: 27180232]

Safikhani S, Sundaram M, Bao Y, Mulani P, Revicki DA. Qualitative assessment of the content validity
of the Dermatology Life Quality Index in patients with moderate to severe psoriasis. J Dermatolog
Treat 2013;24:50-9. [PubMed: 22007701]

Van Voorhees AS, Fried R. Depression and quality of life in psoriasis. Postgrad Med 2009;121:154—
61. [PubMed: 19641281]

Whited JD. Quality of life: a research gap in teledermatology. Int J Dermatol 2015;54:1124-8.
[PubMed: 26228868]

Whited JD. Teledermatology research review. Int J Dermatol 2006;45:220-9. [PubMed: 16533219]

Whited JD, Warshaw EM, Edison KE, Kapur K, Thottapurathu L, Raju S, et al. Effect of store and
forward teledermatology on quality of life: a randomized controlled trial. JAMA Dermatol
2013;149:584-91. [PubMed: 23426111]

Yim KM, Florek AG, Oh DH, McKoy K, Armstrong AW. Teledermatology in the United States: an
update in a dynamic era. Telemed J E Health 2018;24: 691-7. [PubMed: 29356616]

J Invest Dermatol. Author manuscript; available in PMC 2019 June 30.



1duosnuepy Joyiny aauel|ly yosessay yiesH

1duosnuey Joyiny aduel|ly yosessay yiesH

Armstrong et al. Page 12

Assessed for eligibility (n=11,176)

Excluded (n=10,876)

»| » Not meeting inclusion criteria (n= 8,163)
* Declined to participate (n= 141)
* Time constraints (n= 44)
* Unable to comply with study requirements (n= 39)
Enrolled (n= 300) * Not interested (n= 58)
* Other reasons (n= 2,572)

 Did not complete baseline questionnaire (n= 2)
* Withdrew before randomization (n= 1) <
* Moved prior to randomization (n= 1)

Randomized (n= 296)

Allocation

A Y

Collaborative Connected Health arm
(intervention) (n= 148)

In-person arm (control) (n= 148)

Follow-Up

II

Y

* Lost to follow-up (n=8

e Lost to follow-up (n= 10)

» Withdrew (n=9) * Withdrew (n= 3)
(
Analysed (n= 148) Analysed (n= 148) '
* Excluded from analysis (n= 0) * Excluded from analysis (n= 0)

Figure 1. CONSORT participant flow diagram.
Participant flow through enrollment, allocation, follow-up, and analysis. CONSORT,

Consolidated Standards of Reporting Trials.
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Figure 2. Skindex-16 outcome data.
(a) Changes in quality of life as measured by Skindex-16 total scores by group over 12

months. (b) Changes in quality of life as measured by Skindex-16 Functioning subscale
scores by group over 12 months. (c) Changes in quality of life as measured by Skindex-16

Emotions subscale scores by group over 12 months. (d) Changes in quality of life as
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measured by Skindex-16 Symptoms subscale scores by group over 12 months. Cl,

confidence interval; M, mean.
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Figure 3. Summary data on equivalency evaluation.
Group differences and equivalence margins for Skindex-16 and DLQI. CI, confidence

interval; DLQI, Dermatology Life Quality Index.
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Figure 4. DLQI outcome data.
Changes in quality of life as measured by DLQI by group over 12 months. ClI, confidence

interval; DLQI, Dermatology Life Quality Index; M, mean.
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Baseline Visit

Week 12
In-person visit Online visit
Week 24 frequency frequency
determined by determined by
patient and patient and
provider. provider.
Week 36
Week 48
Week 52

Figure5. Study overview.
Overview of pragmatic randomized controlled trial comparing online versus inperson care in

psoriasis.
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