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abstractBACKGROUND AND OBJECTIVES: Use of commercial direct-to-consumer (DTC) telemedicine outside of
the pediatric medical home is increasing among children, and acute respiratory infections
(ARIs) are the most commonly diagnosed condition at DTC telemedicine visits. Our objective
was to compare the quality of antibiotic prescribing for ARIs among children across 3 settings:
DTC telemedicine, urgent care, and the primary care provider (PCP) office.

METHODS: In a retrospective cohort study using 2015–2016 claims data from a large national
commercial health plan, we identified ARI visits by children (0–17 years old), excluding visits
with comorbidities that could affect antibiotic decisions. Visits were matched on age, sex,
chronic medical complexity, state, rurality, health plan type, and ARI diagnosis category.
Within the matched sample, we compared the percentage of ARI visits with any antibiotic
prescribing and the percentage of ARI visits with guideline-concordant antibiotic
management.

RESULTS: There were 4604 DTC telemedicine, 38 408 urgent care, and 485 201 PCP visits for
ARIs in the matched sample. Antibiotic prescribing was higher for DTC telemedicine visits
than for other settings (52% of DTC telemedicine visits versus 42% urgent care and 31% PCP
visits; P , .001 for both comparisons). Guideline-concordant antibiotic management was
lower at DTC telemedicine visits than at other settings (59% of DTC telemedicine visits versus
67% urgent care and 78% PCP visits; P , .001 for both comparisons).

CONCLUSIONS: At DTC telemedicine visits, children with ARIs were more likely to receive
antibiotics and less likely to receive guideline-concordant antibiotic management compared to
children at PCP visits and urgent care visits.

WHAT’S KNOWN ON THIS SUBJECT: Authors of
previous studies identified concerns about antibiotic
prescribing for adults using direct-to-consumer (DTC)
telemedicine. No study has examined antibiotic
prescribing during pediatric DTC telemedicine visits.

WHAT THIS STUDY ADDS: Compared with urgent care
and primary care visits, children receiving care for
acute respiratory infections during DTC telemedicine
visits are more likely to receive antibiotics and less
likely to receive guideline-concordant antibiotic
management.
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Many commercial companies offer
direct-to-consumer (DTC)
telemedicine visits in which patients
are connected to physicians outside
of the medical home through audio-
only or audio-video conferencing on
their personal devices.1 DTC
telemedicine companies highlight the
convenience of this care and report
high patient satisfaction.2–4 Access to
telemedicine has expanded, with 96%
of large business insurance plans now
offering coverage for employees and
their families.5 As a result, millions of
children now have access to DTC
telemedicine, and use is rapidly
increasing.6

The American Academy of Pediatrics
discourages the use of DTC
telemedicine outside of the medical
home for acute pediatric care, citing
concerns such as limited physical
examination capabilities, lack of
ongoing patient-provider
relationships, and lack of access to
patient records, all of which may lead
to lower-quality care.7 The American
Academy of Pediatrics further notes
that these issues may be particularly
important with children who may
have difficulty verbalizing their
symptoms.7 The American
Telemedicine Association echoed
many of these concerns,8 adding that
the use of personal devices may also
impact technical quality and privacy
of care. The American Telemedicine
Association further suggests that DTC
telemedicine outside of the medical
home should not be used for children
,2 years old.8 Both organizations
emphasize the need for telemedicine
visits to adhere to the same standards
expected of in-person care, including
adherence to professional guidelines
for appropriate examination,
diagnostic testing, and treatment.7,8

To date, there is limited evidence
regarding the quality of care during
pediatric DTC telemedicine visits.
Early studies of adult patients using
DTC telemedicine compared with

physician office visits have identified
more inappropriate antibiotic
prescriptions for bronchitis9 and
more broad-spectrum antibiotic
use.10 The quality of DTC
telemedicine care for children may
differ for several reasons. First, there
is heightened reliance on the physical
examination among children who
cannot fully articulate symptoms.7

Second, care requires knowledge of
pediatric-specific guidelines.11–13

Third, rates of guideline-concordant
antibiotic management at physician
visits is higher for children than for
adults14; therefore, the relative
difference in quality of care at DTC
telemedicine visits may be different.

To fill this gap in knowledge about the
quality of commercial DTC
telemedicine care for children, we used
data from a large national health plan
to compare the quality of antibiotic
prescribing for acute respiratory
infections (ARIs) at pediatric DTC
telemedicine, urgent care, and primary
care provider (PCP) visits. We focus on
ARIs because authors of previous
studies identified concerns about
antibiotic prescribing during pediatric
ARI visits in other settings,14–19 and
because ARIs account for the majority
of DTC telemedicine visits.6

METHODS

Study Population

We performed a retrospective cohort
study using 2015–2016 claims data
from a large national commercial
health plan, which provides coverage
for roughly 4 million children
annually from all 9 census divisions
and contracts with a single national
DTC telemedicine vendor. Children
age 0 to 17 years were included, with
no minimum enrollment duration
requirement. We excluded children
who lacked pharmaceutical coverage
during the month of their visit to
ensure record of pharmacy claims.

Identifying ARI Visits

ARI visits were identified by using
previously published methods on the
basis of International Classification
of Diseases, Ninth Revision, Clinical
Modification (ICD-9-CM) codes.15,20,21

Consistent with previous
work,14,15,20,21 ARI diagnoses
included diagnoses for which
antibiotics may be warranted
(sinusitis [461.x], pneumonia [481.
x–483.x, 485.x–486.x], streptococcal
pharyngitis [034.x], acute otitis media
[382.x]) and diagnoses for which
antibiotics are not warranted (eg, viral
upper respiratory infection [URI],
bronchiolitis, viral pharyngitis, serous
otitis media [381.x, 460.x, 462–466.x,
480.x, 490.x]). We excluded bacterial
pneumonia visits because of the small
number of DTC telemedicine visits
identified (n = 11). We converted
International Classification of Diseases,
10th Revision, Clinical Modification
(ICD-10-CM) codes to ICD-9-CM codes
using a modified crosswalk created by
the Centers for Medicare and Medicaid
Services (see Supplemental Table 5).22

To examine the first ARI visit within
an episode of illness, we identified
“index”ARI visits with no ARI visits at
any location in the previous 21 days,
which is consistent with previous
studies.10,23 Subsequent ARI visits
within 21 days of an index visit were
considered follow-up care. We
excluded episodes as detailed in
Supplemental Fig 2. Using
a previously published methodology,
we excluded episodes for which the
index visit included a diagnosis
indicating chronic conditions (eg,
history of transplant) or additional
codiagnoses (eg, urinary tract
infection) that could impact antibiotic
prescribing decisions (n = 60 947;
4.7%) (Supplemental Table 6).15,21

These exclusion criteria were
originally developed for adult
populations. Although not all of these
exclusion criteria are reasons to
deviate from pediatric ARI guidelines,
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we applied them to study a set of
visits consistent with other studies.

Identifying Setting of Care

ARI episodes were categorized as
DTC telemedicine, urgent care, or PCP
on the basis of the index visit setting.
We identified setting using place of
service codes, Current Procedural
Terminology codes, insurer provider
specialty codes, and organizational
national provider identifiers and tax
identification numbers for urgent care
and DTC telemedicine companies
through previously described methods
(additional details in Supplemental
Information).24 ARI episodes that
began with index visits to settings
other than DTC telemedicine, urgent
care, or PCP offices (eg, emergency
department, retail-based clinics) were
not included.

Outcomes

Our 2 primary outcomes, compared
across settings, were (1) the
proportion of visits that resulted in an
antibiotic prescription and (2) the
proportion of visits that resulted in
antibiotic management that was
concordant with guidelines for the
visit diagnosis.

We identified all filled prescriptions
on the day of the index visit and
subsequent 2 days and assigned these
to the index visit, consistent with
previous methods.1,10,25 We included
all systemic antibiotics (ie, oral,
intramuscular) and excluded topical,
ophthalmic, or otic antibiotics. We
determined guideline concordance of
antibiotics with visit diagnosis,
assigning each visit to 1 of 5 categories
(Supplemental Table 7).21,26

“Antibiotic prescribed” visits included
visits categorized as guideline-
concordant antibiotic use,
guideline–non-concordant antibiotic
use, and unnecessary antibiotic use.
“Guideline-concordant antibiotic
management” included visits
categorized as guideline-concordant
antibiotic use for sinusitis, otitis
media, or streptococcal pharyngitis (ie,

amoxicillin or amoxicillin-clavulanic
acid for sinusitis,12 amoxicillin or
amoxicillin-clavulanic acid for otitis
media,11 and penicillin or amoxicillin
for streptococcal pharyngitis27), no
antibiotic use for sinusitis or otitis
media (also guideline-concordant
management for these diagnoses11,12),
or guideline-concordant nonuse of
antibiotics for diagnoses that do not
warrant antibiotics (eg,
bronchiolitis13).

As secondary outcomes, we compared
the occurrence of streptococcal
testing within 1 day for children
diagnosed with streptococcal
pharyngitis27 as well as return visits
within 2 and 21 days of an index visit
to any setting (eg, PCP, DTC
telemedicine, urgent care, retail clinic,
emergency department). We did not
have streptococcal testing results.

Patient and Visit Characteristics

Patient age, sex, and high-deductible
health plan (HDHP) status were
determined from insurance
enrollment files. Using the patients’
zip code, we determined census
region and rural-urban commuting
area codes.28 We determined patient
chronic medical complexity using the
Pediatric Medical Complexity
Algorithm Version 2 applied to
2014–2016 inpatient and outpatient
claims.29 This algorithm is used to
identify children with 3 levels of
chronic medical complexity: complex
chronic disease, noncomplex chronic
disease, and no chronic disease.29

Matching

To address differences in patients and
conditions managed in the 3 settings,
we used coarsened-exact matching,30

which prunes observations to achieve
covariate balance between groups.
Instead of matching to a fixed number
of visits, coarsened-exact matching
matches DTC telemedicine visits to
many matched urgent care visits and
PCP visits and then weights each
stratum or matched set.30 Specifically,
we matched DTC telemedicine visits

to urgent care visits and separately to
PCP visits on the basis of age (in
years), sex, chronic medical
complexity, state, rural or urban area,
HDHP status, and diagnosis category
(eg, otitis media, viral URI).

Statistical Analysis

Across ARI visits for the 3 settings of
care, we described patient
characteristics and diagnoses. In the
unmatched sample and the matched
weighted sample, we examined
antibiotic prescribing and guideline-
concordant antibiotic management
for DTC telemedicine visits compared
with urgent care and compared with
PCP offices using x2 tests. We include
both unmatched and matched results
because of potential subjectivity in
diagnoses, which may then drive
variability in antibiotic prescribing.16 In
the matched weighted sample, we also
compared streptococcal testing and
return visits by setting using x2 tests.
We adjusted for multiple comparisons
in our main results using the
Benjamini-Hochberg false discovery
rate,31 yielding a P value of .0342.

To examine whether differences in
antibiotic prescribing varied by
patient characteristics, we performed
further analysis that was focused on 2
variables that may impact guideline
adherence: child age and chronic
medical conditions. Within each
category of child age and medical
complexity, we examined antibiotic
testing and guideline concordance for
DTC telemedicine compared with
urgent care and PCP offices using x2

tests and then tested the significance
of an interaction term between age or
medical complexity and visit setting
using logistic regression.

We performed 2 sensitivity analyses
to examine the robustness of our
findings to specific assumptions.
First, we conducted a sensitivity
analysis in which we redefined
guideline-concordant antibiotic
management so that it no longer
included “no antibiotic use” for
sinusitis and otitis. Because
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guidelines allow for observation
without antibiotic use in specific
circumstances for sinusitis and otitis
media.11,12 we considered no
antibiotic use to be a guideline-
concordant management option for
these diagnoses in our main analysis
but not in this sensitivity analysis.
Second, we examined antibiotic
prescribing and guideline-concordant
management after excluding ARI
visits with a follow-up visit within
2 days because visits with such
early follow-up might result in
miscategorization of the site of
antibiotic prescribing.

Analyses were conducted in SAS
version 9.4 (SAS Institute, Inc, Cary,
NC). Deidentified data were used in
this analysis, which was determined
to be exempt by Harvard Medical
School’s Institutional Review Board.

RESULTS

In the unmatched sample, there were
5431 index ARI visits to DTC
telemedicine, 87 555 to urgent care,
and 1 132116 to PCPs in 2015–2016
that met inclusion criteria. Compared
with urgent care and PCP visits, DTC
telemedicine visits were more likely
to involve children who were older,
enrolled in HDHPs, and in the South
(Table 1). Among DTC telemedicine
visits, 5% were for children ,2 years
old. At DTC telemedicine visits,
children were more likely to receive
a diagnosis of viral ARI (68% vs 54%
urgent care; 59% PCP visits) or
sinusitis (18% vs 8% urgent care;
10% PCP visits) and less likely to
receive a diagnosis of otitis media
(8% vs 26% urgent care; 23% PCP).

In the unmatched cohort (Table 2),
DTC telemedicine visits were
associated with substantially
increased antibiotic prescribing (52%
vs 46% urgent care; 33% PCP; P ,
.001 for both) and decreased
guideline-concordant antibiotic
management compared with other
settings (60% vs 71% urgent care;
80% PCP; P , .001 for both).

Antibiotic Prescribing in Matched
Visits

After matching, the weighted sample
included 4604 DTC telemedicine,
38 408 urgent care, and 485201 PCP
visits with improved balance on
observed characteristics, including
child age, geographic region, and visit
diagnosis (Table 1, Supplemental
Table 8).

At DTC telemedicine visits, children
were more likely to receive an
antibiotic compared with matched
visits at other settings (52% vs 42%
urgent care; 31% PCP; P , .001 for
both comparisons; Table 2). At DTC
telemedicine visits, children were less
likely to receive guideline-concordant
antibiotic management (59% vs 67%
urgent care; 78% PCP; P , .001 for
both comparisons). The difference in
guideline-concordant antibiotic
management rates was primarily
driven by antibiotic prescribing for
visits with viral ARI diagnoses that do
not warrant antibiotics. For such
visits, antibiotics were appropriately
not prescribed in only 54% of DTC
telemedicine visits compared with
66% of urgent care visits (P , .001)
and 80% of PCP visits (P , .001;
Table 3).

Streptococcal Testing and Return
Visits

In the matched sample, among visits
with a diagnosis of streptococcal
pharyngitis, streptococcal testing was
performed for 4% of DTC
telemedicine visits compared with
75% of urgent care and 68% of PCP
visits (P , .001 for both; Table 4).
Subsequent visits within 2 days
occurred for a slightly higher
percentage of DTC telemedicine visits
(5% vs 2% urgent care; 1% PCP; P ,
.001 for both).

Stratified Analysis by Patient
Characteristics

Compared with urgent care and PCP
visits, DTC telemedicine visits had
significantly increased antibiotic
prescribing and decreased guideline-

concordant antibiotic management
within each category of age and
chronic medical complexity (Fig 1).
The 1 exception was that DTC
telemedicine and urgent care results
were not statistically different for the
youngest children (0–1 year old), for
which the sample size was small.
Interaction terms indicated that the
degree of difference between DTC
telemedicine and PCP visits varied
significantly with age for antibiotics
prescribed (interaction term P ,
.001) and guideline concordance
(interaction term P = .004); other
interaction terms were not
significant.

Sensitivity Analyses

When no longer classifying “no
antibiotic use” as guideline-
concordant for otitis media and
sinusitis, rates of guideline-
concordant antibiotic management
remained lower overall at DTC
telemedicine (51% vs 59% urgent
care; 69% PCP; P , .001 for both;
Supplemental Table 9). Analysis
excluding index visits with follow-up
visits within 2 days did not differ
meaningfully from main results.

DISCUSSION

Children treated for ARIs at
commercial DTC telemedicine visits
were substantially more likely to
receive an antibiotic and less likely to
receive guideline-concordant
antibiotic management than children
presenting to urgent care or primary
care. These quality differences were
observed in metrics agnostic to visit
diagnosis (antibiotic prescribing rate)
and conditional on diagnosis
(guideline-concordant antibiotic
management). These differences were
primarily driven by increased use of
antibiotics for visits receiving viral
diagnoses.

These differences in antibiotic
prescribing for children contrast with
previous studies of DTC telemedicine
quality among adult patients in which
quality differences have been smaller

4 RAY et al

http://pediatrics.aappublications.org/lookup/suppl/doi:10.1542/peds.2018-2491/-/DCSupplemental
http://pediatrics.aappublications.org/lookup/suppl/doi:10.1542/peds.2018-2491/-/DCSupplemental
http://pediatrics.aappublications.org/lookup/suppl/doi:10.1542/peds.2018-2491/-/DCSupplemental


TA
BL
E
1
Ch
ar
ac
te
ri
st
ic
s
of

AR
I
Vi
si
ts

Be
fo
re

an
d
Af
te
r
M
at
ch
in
g,
20
15
–
20
16

Pe
di
at
ri
c
Vi
si
ts

Be
fo
re

M
at
ch
in
g

Af
te
r
M
at
ch
in
ga

DT
C
Te
le
m
ed
ic
in
e,

No
.(
%
)

Ur
ge
nt

Ca
re
,

No
.(
%
)

St
an
da
rd
iz
ed

Di
ffe
re
nc
e,
b
%

PC
P,
No
.(
%
)

St
an
da
rd
iz
ed

Di
ffe
re
nc
e,
b
%

DT
C

Te
le
m
ed
ic
in
e,

No
.(
%
)

Ur
ge
nt

Ca
re
,

No
.(
%
)

St
an
da
rd
iz
ed

Di
ffe
re
nc
e,
b
%

PC
P,
No
.

(%
)

St
an
da
rd
iz
ed

Di
ffe
re
nc
e,
b
%

Vi
si
ts
,N

54
31

87
55
5

—
1
13
2
11
6

—
46
04

38
40
8

—
48
5
20
1

—

Ch
ild

ag
e,
y

0–
1

24
5
(5
)

82
34

(9
)

59
.0

19
5
69
2
(1
7)

89
.6

22
4
(5
)

19
56

(5
)

4.
7

24
19
2
(5
)

2.
5

2–
5

13
05

(2
4)

24
84
5

(2
8)

21
.5

39
0
69
9
(3
5)

46
.4

11
32

(2
5)

95
28

(2
5)

1.
2

12
1
93
2

(2
5)

2.
9

6–
11

19
30

(3
6)

30
01
8

(3
4)

5.
6

33
1
71
6
(2
9)

30
.1

16
14

(3
5)

13
39
2

(3
5)

0.
8

16
8
03
6

(3
5)

1.
9

12
–
17

19
51

(3
6)

24
45
8

(2
8)

39
.3

21
4
00
9
(1
9)

11
0.
7

16
34

(3
5)

13
53
2

(3
5)

1.
1

17
1
04
1

(3
5)

1.
0

Se
x Fe
m
al
e

27
55

(5
1)

44
18
1

(5
0)

1.
1

55
5
27
7
(4
9)

6.
7

23
39

(5
1)

19
51
3

(5
1)

0
24
6
50
0

(5
1)

0

M
al
e

26
76

(4
9)

43
37
4

(5
0)

—
57
6
83
9
(5
1)

—
22
65

(4
9)

18
89
5

(4
9)

—
23
8
70
1

(4
9)

—

Ch
ro
ni
c
m
ed
ic
al

co
m
pl
ex
ity

c

No
ch
ro
ni
c
co
nd
iti
on
s

39
93

(7
4)

65
93
1

(7
5)

9.
5

83
5
89
7
(7
4)

1.
6

35
42

(7
7)

29
54
8

(7
7)

0
37
3
28
0

(7
7)

0

No
nc
om

pl
ex

ch
ro
ni
c

co
nd
iti
on

10
62

(2
0)

14
82
3

(1
7)

18
.5

19
7
93
4
(1
7)

14
.3

80
3
(1
7)

66
99

(1
7)

0
84

62
6

(1
7)

0

Co
m
pl
ex

ch
ro
ni
c

co
nd
iti
on

37
6
(7
)

68
01

(8
)

11
.9

98
28
5
(9
)

22
.2

25
9
(6
)

21
61

(6
)

0
27

29
5
(6
)

0

Ru
ra
l
or

ur
ba
nd

M
et
ro
po
lit
an

49
67

(9
1)

81
02
8

(9
3)

15
.7

1
05
2
23
3

(9
3)

22
.7

44
15

(9
6)

36
83
9

(9
6)

0.
5

46
5
26
6

(9
6)

0.
1

M
ic
ro
po
lit
an

28
4
(5
)

44
21

(5
)

3.
7

48
84
9
(4
)

22
.1

14
0
(3
)

11
61

(3
)

0.
6

14
77
1
(3
)

0.
1

Sm
al
l
to
w
n

10
9
(2
)

14
49

(2
)

21
.4

20
54
0
(2
)

10
.8

34
(1
)

28
4
(1
)

0
35
83

(1
)

0
Ru
ra
l

71
(1
)

65
7
(1
)

71
.7

10
49
4
(1
)

41
.3

15
(0
)

12
5
(0
)

0
15
81

(0
)

0
Re
gi
on

No
rt
he
as
t

62
7
(1
2)

56
91

(7
)

79
.7

34
6
79
2
(3
1)

90
.0

49
0
(1
1)

40
88

(1
1)

0
51

64
0

(1
1)

0

M
id
w
es
t

92
9
(1
7)

16
39
3

(1
9)

10
.7

16
1
87
8
(1
4)

22
.9

70
1
(1
5)

58
33

(1
5)

0.
3

73
87
6

(1
5)

0

So
ut
h

29
43

(5
4)

42
86
0

(4
9)

21
.0

44
5
16
0
(3
9)

62
.3

25
87

(5
6)

21
75
7

(5
7)

1.
9

27
5
65
7

(5
7)

2.
5

W
es
t

93
2
(1
7)

22
61
1

(2
6)

45
.8

17
8
28
6
(1
6)

10
.6

82
6
(1
8)

67
30

(1
8)

2.
9

84
02
9

(1
7)

4.
3

HD
HP No

45
75

(8
4)

81
72
0

(9
3)

13
6.
2

1
06
2
21
4

(9
4)

16
4.
3

41
19

(8
9)

34
36
2

(8
9)

0
43
4
08
8

(8
9)

0

Ye
s

85
6
(1
6)

58
35

(7
)

—
69

90
2
(6
)

—
48
5
(1
1)

40
46

(1
1)

—
—

PEDIATRICS Volume 143, number 5, April 2019 5



or nonexistent.9,10 For example, using
data from the same health plan, we
observed similar antibiotic
management for adults seeking care
for ARIs in these 3 settings.32

Professional groups such as the
American Academy of Pediatrics and
the American Telemedicine
Association have previously raised
concerns about DTC telemedicine
care outside of the medical home for
pediatric patients.7,8 Our results
support these concerns and
underscore the importance of
pediatric-specific evaluation and
guidelines. Targeted improvement
initiatives have the potential to
substantially improve the quality of
care delivered via DTC
telemedicine.33 Pediatric-specific
guidelines and metrics should be
incorporated into such efforts.

Several mechanisms could contribute
to increased antibiotic prescribing
and decreased guideline concordance
in pediatric DTC telemedicine visits.
First, the potentially rich information
that telemedicine can provide in
other models of telemedicine, such as
when the patient is at a facility
designed for telemedicine
consultation, is relatively limited in
DTC telemedicine. Specifically, the
information transmitted in DTC
telemedicine is limited in that
personal devices used by parents for
DTC telemedicine visits rarely
incorporate peripheral attachments
designed to enhance remote visits
(eg, tele-otoscopy) and also do not
incorporate trained telepresenters
(ie, nurses or medical assistants with
the patient). The limited availability
of otoscopy and streptococcal testing
in DTC telemedicine may contribute
to the different diagnosis mix at DTC
telemedicine (increased viral ARIs
and sinusitis and decreased otitis
media and streptococcal pharyngitis)
compared with in-person settings.
Additionally, personal devices may
vary in the quality of microphones,
cameras, and Wi-Fi, and some DTC
telemedicine visits are completed byTA
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using only telephone. These issues
reduce the data available to the
treating DTC telemedicine provider,
which may be of greater concern in
pediatric care because of the more
limited ability of children to
communicate symptoms. Second,
there may be differential expectations
for antibiotics among children and
parents who use DTC telemedicine
versus in-person care. Although we
matched on a number of observed
variables, parental expectations may
still differ across settings in ways that
we were unable to address. Third,
DTC telemedicine visits outside of the
medical home lack 3 types of
continuity: informational (lack of
medical records), relationship (lack of
ongoing relationship between the
provider and patient), and clinical
management (lack of opportunity to
manage the patient’s care over
time),34 which has the potential to
impact quality of care. However, this
is unlikely to be the only explanation
given that authors of previous
evaluations of retail-based clinics,
which are also a model of in-person
care with limited continuity, have
found comparable quality to
physician office visits.15,19 Fourth, the
majority of commercial DTC
telemedicine visits are for adults,
such that DTC telemedicine providers
may have variable pediatric training
or experience, which could impact
providers’ knowledge of and
adherence to guideline-based
pediatric care.35 Prior studies
indicate that only 9.6% of urgent care
centers employ any pediatricians,36

and pediatricians may also be
underrepresented in DTC
telemedicine. Together, these issues
may increase clinical uncertainty
during pediatric DTC telemedicine
visits, prompting physicians to
prescribe antibiotics “just to be
safe.”37,38

We note additional quality concerns
raised by our analysis beyond
antibiotic use. First, the American
Telemedicine Association hasTA
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recommended that commercial DTC
telemedicine should not be used for
children ,2 years old.8 We note that
5% of studied DTC telemedicine visits
for ARIs were within this age group
but that gaps in quality existed for
children of all ages. Second, accurate
diagnosis of otitis media in children
requires visualization of the tympanic
membranes,11 and accurate diagnosis
of streptococcal pharyngitis requires
streptococcal testing.27 Making these

diagnoses via telemedicine in the
absence of reliable visualization and
testing could in itself be considered
a quality concern. Third, increased
rates of follow-up visits after DTC
telemedicine raise questions about
the effectiveness and system-level
efficiency of these visits.

Quality of care for ARIs may be better
in other models of acute telemedicine
care. For example, acute telemedicine

visits in which peripheral devices
such as tele-stethoscopes or tele-
otoscopes (such as offered at
telemedicine kiosks39) are integrated
may allow for enhanced examination
compared with DTC telemedicine. Using
telemedicine technology to connect
patients to their PCP’s office would
allow telemedicine use within the
context of continuity of information,
relationships, and care management.7

School-based or day care–based models
of acute telemedicine can be used to
integrate peripherals and
telepresenters.40,41 Finally, pediatric-
specific improvement initiatives may
also result in improved quality.33

Examining the variation in quality
across different models of acute
telemedicine care may inform optimal
use of technology for acute pediatric
concerns.

Although our focus was DTC
telemedicine, the quality of antibiotic
prescribing was also lower at urgent

TABLE 3 Antibiotic Prescribing Outcomes by Diagnosis

Pediatric Visits

DTC Telemedicine Urgent Care Pa PCP Pb

Total ARI Visits, N 4604 38 408 — 485 201 —

Summative categories
Visits for which antibiotics may be indicated, n 1265 10 553 — 133 314 —

Any antibiotic use, n (%) 832 (66) 6766 (64) .25 83 914 (63) .038
Guideline-concordant antibiotic management,c n (%) 922 (73) 7364 (70) .023 93 145 (70) .020
Sinusitis visits, n 646 5389 — 68 080 —

Any antibiotic use, n (%) 410 (63) 3415 (63) .96 43 219 (63) .99
Guideline-concordant antibiotic management, n (%) 471 (73) 3837 (71) .36 49 611 (73) .98

Streptococcal pharyngitis visits, n 250 2086 — 26 347 —

Any antibiotic use, n (%) 178 (71) 1403 (67) .21 17 315 (66) .069
Guideline-concordant antibiotic management, n (%) 136 (54) 974 (47) .021 11 424 (43) ,.001

Otitis media visits, n 369 3078 — 38 888 —

Any antibiotic use, n (%) 244 (66) 1948 (63) .28 23 380 (60) .019
Guideline-concordant antibiotic management, n (%) 315 (85) 2553 (83) .24 32 109 (83) .16

Visits where antibiotics not indicated, n 3339 27 855 — 351 887 —

Guideline-concordant antibiotic management, n (%) 1790 (54) 18 424 (66) ,.001 283 114 (80) ,.001
Bronchiolitis visits, n 51 263 — 4037 —

Guideline-concordant antibiotic management, n (%) 31 (61) 182 (69) .25 3197 (79) .001
Bronchitis visits, n 363 2686 — 27 308 —

Guideline-concordant antibiotic management, n (%) 160 (44) 1114 (41) .344 11 270 (41) .28
Visits for other viral URIs, n 2925 24 906 — 320 542 —

Guideline-concordant antibiotic management, n (%) 1599 (55) 17 128 (69) ,.001 268 647 (84) ,.001
Visits where antibiotics prescribed, n 2381 16 198 — 152 687 —

Guideline-concordant antibiotic management, n (%) 561 (24) 4260 (26) .005 52 776 (35) ,.001

—, not applicable.
a P value determined from x2 test for DTC telemedicine versus urgent care visits.
b P value determined from x2 test for DTC telemedicine versus PCP visits.
c Visits with guideline-concordant antibiotic management include those categorized as guideline-concordant antibiotic use, no antibiotic use (for acute otitis media and sinusitis visits),
and guideline-concordant nonuse of antibiotics.

TABLE 4 Streptococcal Testing and Return Visits in Matched Sample, 2015–2016

Pediatric Visits

DTC
Telemedicine

Urgent
Care

Pa PCP Pb

Visits with diagnosis of streptococcal
pharyngitis, N

250 2086 — 26 347 —

Streptococcal testing performed, n (%) 9 (4) 1557 (75) ,.001 17 818
(68)

,.001

Total ARI visits, N 4604 38 408 — 485 201 —

Return ARI visit within 2 d, n (%) 226 (5) 869 (2) ,.001 5875 (1) ,.001
Return ARI visit within 21 d, n (%) 525 (11) 3719 (10) ,.001 45 629 (9) ,.001

—, not applicable.
a P value determined from x2 test for DTC telemedicine versus urgent care visits.
b P value determined from x2 test for DTC telemedicine versus PCP visits.
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care visits compared with PCP visits
(59% vs 67% guideline concordant).
Urgent care clinics have grown rapidly
in the United States,42 and urgent care
and DTC telemedicine share some
characteristics that might impede
quality, such as limited continuity.
Across all 3 settings, our findings
emphasize the need for improvement in
guideline-concordant antibiotic use and
ongoing antibiotic stewardship efforts in
outpatient settings.43–48

Our analysis had several limitations.
As an analysis of insurance claims, we
did not have additional

sociodemographic or clinical data and
thus could not account for variables
such as patient race, severity of
illness, time constraints, or family
expectations, which might drive
differences in prescribing.38,49 Given
the data available, we could not
independently confirm the diagnosis
made. The differences in diagnosis
mix in the unmatched data could be
due to true differences in case mix
(perhaps due to self-selection to
specific settings on the part of
parents) or biases in diagnosis
(perhaps due to differences in
information available to clinicians or

differences in desire to select
a diagnosis that justifies prescription
of antibiotics). Insurance claims also
do not have information on patient
allergies. Although we would not
expect substantial differences in rates
of allergies across settings, we may be
underestimating overall guideline
concordance in the absence of allergy
data. Also, because some children
were enrolled for brief periods, we
may not be capturing all children
with higher medical complexity.
However, we confirmed that
identified rates of chronic complex
disease in the full population of

FIGURE 1
Antibiotic prescribing and guideline-concordant antibiotic management for DTC telemedicine compared with urgent care (UC) and PCP visits, stratified by
child age and chronic medical complexity. A, Antibiotic prescribing associated with DTC telemedicine visits compared with UC and PCP visits, stratified by
4 levels of child age (left) and 3 levels of chronic medical complexity (right). B, Guideline-concordant antibiotic management associated with DTC
telemedicine visits compared with UC and PCP visits, stratified by 4 levels of child age (left) and 3 levels of chronic medical complexity (right). Within each
age or medical complexity category, the values for UC and PCP visits differed significantly from DTC telemedicine with 1 exception: DTC telemedicine and
UC results were not statistically different for the youngest children (0–1 year old). Interaction terms indicated that the degree of difference between DTC
telemedicine and PCP visits varied significantly with age for antibiotics prescribed (interaction term P , .001) and guideline concordance (interaction
term P = .004); other interaction terms were not significant.
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pediatric health plan beneficiaries
(6.4%) were relatively similar to rates
identified in other population studies
(6% in previous claims analysis29).
We used claims data rather than
electronic health record or provider-
reported data. Although this means
we examined antibiotics filled rather
than prescribed, in-person visit
antibiotic use appeared consistent
with previous studies of antibiotic
use. Specifically, our rates of
antibiotic use among unmatched PCP
visits were comparable to previous
studies for diagnoses for which
antibiotics may be indicated (59% vs
50%–80% in previous literature) and
diagnoses for which antibiotics are
not indicated (16% vs 20%–21% in
previous literature).14,20,50 We did
not include retail-based clinics in our
analyses. Authors of other studies
have found that among adults, retail-
based clinics have higher rates of

guideline-concordant care relative to
PCPs.15,19 Physician specialty was not
available for DTC telemedicine visits,
so we could not examine whether
pediatric-specific physician training
explained any quality differences. We
note also that our analysis is limited
to a specific health plan and visits by
its members to their contracted DTC
telemedicine vendor, and our analysis
also did not include Medicaid
beneficiaries. Antibiotic prescribing
among other DTC telemedicine
companies, models, and populations
may differ. Understanding the impact
of physician training and
telemedicine models on quality of
care during DTC telemedicine should
be a priority in future work.

CONCLUSIONS

Children who receive care via DTC
telemedicine visits were significantly

more likely to receive antibiotics and
less likely to receive guideline-
concordant antibiotic management
than children who visit either urgent
care or PCPs.

ABBREVIATIONS

ARI: acute respiratory infection
DTC: direct-to-consumer
HDHP: high-deductible health plan
ICD-9-CM: International

Classification of
Diseases, Ninth Revision,
Clinical Modification

ICD-10-CM: International
Classification of
Diseases, 10th
Revision, Clinical
Modification

PCP: primary care provider
URI: upper respiratory infection
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