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Roles of Clinician, Patient, and Community Character-
istics in the Management of Pediatric Upper Respiratory 
Tract Infections

ABSTRACT
PURPOSE Prior studies have evaluated factors predictive of inappropriate antibi-
otic prescription for upper respiratory tract infections (URIs). Community factors, 
however, have not been examined. The aim of this study was to evaluate the 
roles of patient, clinician, and community factors in predicting appropriate man-
agement of URIs in children.

METHODS We used a novel database exchange, linking electronic health record 
data with community statistics, to identify all patients aged 3 months to 18 years 
in whom URI was diagnosed in the period from 2007 to 2012. We followed the 
Healthcare Effectiveness Data and Information Set (HEDIS) quality measurement 
titled “Appropriate treatment for children with upper respiratory infection” to deter-
mine the rate of appropriate management of URIs. We then stratified data across 
individual and community characteristics and used multiple logistic regression 
modeling to identify variables that independently predicted antibiotic prescription.

RESULTS Of 20,581 patients, the overall rate for appropriate management for 
URI was 93.5%. Family medicine clinicians (AOR = 1.5; 95% CI 1.31, 1.71; refer-
ence = pediatric clinicians), urgent care clinicians (AOR = 2.23; 95% CI 1.93, 2.57; 
reference = pediatric clinicians), patients aged 12 to 18 years (AOR = 1.44; 95% 
CI 1.25, 1.67; reference = age 3 months to 4 years), and patients of white race/
ethnicity (AOR = 1.83; 95% CI 1.41, 2.37; reference = black non-Hispanic) were 
independently predictive of antibiotic prescription. No community factors were 
independently predictive of antibiotic prescription.

CONCLUSIONS Results correlate with prior studies in which non-pediatric clini-
cians and white race/ethnicity were predictive of antibiotic prescription, while 
association with older patient age has not been previously reported. Findings 
illustrate the promise of linking electronic health records with community data to 
evaluate health care disparities.

Ann Fam Med 2015;13:529-536. doi: 10.1370/afm.1856.

INTRODUCTION

Upper respiratory tract infections (URIs) are one of the most fre-
quent acute reasons for children to seek medical attention, with 
500 million cases each year accounting for more than 10% of 

all ambulatory and emergency department encounters.1 Because the vast 
majority of colds are attributed to viral processes, the use of antibiotics to 
treat URIs is not recommended. Although the frequency of antibiotic pre-
scription for URIs seems to have been decreasing since the early 1990s,2 
studies indicate that antibiotics are prescribed for colds up to 20% of the 
time.3 The problems associated with the misuse of antibiotics in treating 
URIs in children are well established4 and include the development of 
drug resistant organisms,5 potential side effects/toxicities with no clinical 
benefit, and contribution to rising health care costs.6

The National Committee on Quality Assurance (NCQA), through its 
Healthcare Effectiveness Data and Information Set (HEDIS), has devel-
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oped the “Appropriate treatment for children with 
upper respiratory infection” measure to estimate the 
annual percentage of US children who were diagnosed 
with a URI and were not prescribed an antibiotic.7 The 
HEDIS measure is helpful in giving a broad national 
snapshot of antibiotic overuse, but its utility is lim-
ited. Individual characteristics such as sex, age, race/
ethnicity, home location, and socioeconomic status 
are important factors that influence health but are not 
included in the HEDIS data.8

Prior studies have examined patient and clini-
cian factors associated with inappropriate prescrip-
tion of antibiotics for URIs in children. Independent 
predictors include age 5 to 11 years,9,10 being diag-
nosed with bronchitis,9-12 and being seen by a non-
pediatrician.9,10,13,14 When treated by the same clinician, 
black children were less likely to receive antibiotics.15 
Emergency medicine physicians were more likely to 
give antibiotics for URI than primary care physicians.13 
Clinicians were also more likely to give antibiotics 
inappropriately to all children of low socioeconomic 
status16 and to those with private insurance.17 Clinicians 
who are further removed from medical school give 
antibiotics more frequently.18,19 Antibiotics are pre-
scribed more often for URIs when they are perceived 
by the clinician as being expected by the parents.20,21 
Social concordance between clinician and patient/fam-
ily is an important factor in predicting inappropriate 
prescription of antibiotics.22 Some studies have relied 
on information collected through the National (Hos-
pital) Ambulatory Medical Care Survey,4,9,10,12 whereas 
others have used claims data,19,23 or surveys.24

As the ecologic health systems model describes, 
not only are individual biologic factors and behaviors 
important, but larger societal constructs, such as fam-
ily, environment, and community characteristics, are 
also major determinants of health.25 For example, the 
urbanization status of a patient’s home community,26 
the socioeconomic status of the community where 
the clinic is located,27 and the clinician’s perception of 
patient education level28 can influence the clinician’s 
management for several medical conditions. None of 
these community characteristics are captured by the 
national HEDIS measure.

To our knowledge, no previous studies have used 
electronic health record (EHR) data to evaluate antibi-
otic prescription for children with URIs. At the same 
time, the influence of community characteristics in pre-
dicting the management for pediatric URIs is unclear. 
Both of these issues represent gaps in our understand-
ing of the management of pediatric URIs.

Our goals for this study were twofold. First, we 
aimed to apply the HEDIS protocol to EHR data to 
estimate the frequency of appropriate management of 

children with URI and compare these findings with 
national data. Second, we sought to identify previously 
undescribed patient, clinician, and particularly 
community characteristics that could predict antibiotic 
prescription for URI.

METHODS
The University of Wisconsin Electronic Health 
Record - Public Health Information Exchange (UW 
eHealth - PHINEX) data set was used to identify eli-
gible pediatric patients. PHINEX is a large clinical data 
exchange established between UW Health (University 
of Wisconsin Departments of Family Medicine, Inter-
nal Medicine, and Pediatrics) and the Wisconsin State 
Division of Public Health. Patients seen through these 
primary care departments also have their data included 
from all other UW Health episodes of care, such as 
hospitalizations, emergency department visits, and 
urgent care visits. Specifically designed to statistically 
represent the ecologic health systems model, PHINEX 
examines health and disease within the patient’s bio-
logic, psychosocioeconomic, environmental, and com-
munity context.29 It merges EHR data with public data-
bases of geographic, environmental, socioeconomic, 
and demographic profiles to create a comprehensive 
source for investigation of infectious, acute, chronic, 
injury-related, occupational, and environmental health 
outcomes and risk factors. It then employs multivariate 
analysis and data mining tools to model variables that 
could predict disease and health quality at the census 
block group level.

Study Population
The extract comprises data from 2007 to 2012 from 
42 University of Wisconsin Clinics throughout the 
state, with over 180 faculty and 100 resident physicians 
(Figure 1). The demographic characteristics of the 
PHINEX sample population closely resembles that of 
the state of Wisconsin.29 Over 21 million encounters, 
including, among others, clinician, nurse, laboratory, 
and radiology visits, and approximately 500,000 indi-
viduals are included. PHINEX is able to extract all 
clinician orders without reliance upon pharmacy data, 
so information is available regarding all prescriptions 
ordered, not only those filled at the pharmacy. Approx-
imately 6,000 variables are available at the census 
block group level, including community demographics, 
street data, socioeconomic segmentation, and commu-
nity education.29

The data exchange and this study were both 
approved by the University of Wisconsin Institutional 
Review Board. All data are de-identified and comply 
with the HIPAA privacy rules.
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Measures
For phase 1 of this study, the protocol defined in the 
HEDIS 2011 measure, “Appropriate treatment for chil-
dren with upper respiratory infection” was duplicated 
using the PHINEX data.30 This yielded a population 
aged 3 months to 18 years of age who were seen in an 
ambulatory clinic and were diagnosed with only URI. 
Emergency department visits were excluded because 
information was not available. To comply with the 
HEDIS protocol, we identified children with visits 
where a diagnosis of nasopharyngitis or URI alone 
was documented; that is, International Classification of 
Diseases, 9th Revision, Clinical Modification (ICD-9 CM) 
code 460 or code 465, respectively. All encounters 
where an antibiotic was prescribed (as defined by 
HEDIS Table CWP-C)30 in the previous 30 days were 
excluded, as were encounters with more than 1 diag-
nosis and encounters in which any of a defined set of 
competing diagnoses was made on or within 3 days 
after the episode.30 Because the HEDIS protocol uses 
the terminology “Appropriate Treatment” when refer-
ring to those children who were not prescribed anti-
biotics, this terminology will be used throughout the 
text. The protocol does not give information about 
other management modalities such as cold medicine. 

PHINEX measurements were then compared with 
national HEDIS data.

For phase 2, variables of interest included clinician 
specialty, patient age, patient sex, patient race/ethnic-
ity (as provided in the EHR), comorbidities, health 
insurance type, community-level economic hardship, 
urbanization level of home location, and community 
education level. Comorbid conditions included neo-
plasm and asthma, which affected 3.1% and 16% of 
the population, respectively. Other comorbid condi-
tions that were considered included chronic lung 
disease, congenital heart disease, immunodeficiency, 
cystic fibrosis, and diabetes; these were excluded 
because each disease occurred in less than 2% of the 
population. Six indicators, including crowded hous-
ing, poverty, unemployment, education, dependency, 
and income level, were used to describe the social 
and economic condition of an individual’s community 
condition at the census block group level; together, 
they are referred to as the economic hardship index.30-

32 Location of the patient’s home was categorized as 
rural, suburban, or urban, derived from segmentation 
methodology and information regarding population 
density, size of city, and location relative to a metro-
politan area.33,34

Statistical Analysis
For phase 1, cumulative data from 
all 6 years (2007 to 2012) were 
used. To compare PHINEX data 
with national HEDIS data, crude 
percentages of appropriate use 
of antibiotics were calculated 
for each year. For phase 2, we 
calculated crude odds ratios for 
each variable. Then an automated 
step-wise logistic regression selec-
tion was performed to develop 
a model capable of predicting 
independent factors involved in 
the prescription of antibiotics for 
URI.35 This model was used to 
calculate odds ratios, 95% confi-
dence intervals (CIs), and P values 
for these independently predictive 
variables. The level of significance 
was defined as P value less than 
.05 and CI that did not include 1.

RESULTS
In all, 20,581 patients met inclu-
sion criteria. About 60% were 
aged between 3 months and 4 

Figure 1. Geographic distribution of patients in the PHINEX database 
exchange.

PHINEX = Public Health Information Exchange.
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years old, almost one-half were seen in pediatric clinics, 
one-half were male, about 80% were white, the majority 
had no comorbidities, and most had commercial health 
insurance (Table 1). Most patients were from suburban 
neighborhoods with moderate levels of economic hard-
ship and high community education level (Table 1). 

From 2007 to 2012, the percentage of children treated 
for URI without prescription of an antibiotic in the 
PHINEX data ranged from 92.9% to 93.9% (Figure 2). 
PHINEX consistently had higher scores than national 
HEDIS data for each year and insurance type (Figure 2).

Univariate analysis demonstrated that antibiotic 
prescription rates for URI were highest for 
encounters in urgent care settings and for 
patients of white race/ethnicity (Table 2). 
Crude odds ratios demonstrate that patients 
were more than 1.5 times as likely to receive 
antibiotics when seen in a family medicine 
clinic and more than 2 times as likely when 
seen in urgent care as when seen in pediatric 
clinics (Table 2); the absolute differences were 
2.5% and 5.1%, respectively (Table 1). Older 
children were more likely to receive antibiot-
ics than children aged 3 months to 4 years 
(Table 2). Other factors that were associated 
with antibiotic prescription for URI in the 
univariate model included the presence of 
comorbidity, race/ethnicity, lack of health 
insurance, and rural or suburban home loca-
tion as well as lower community education 
levels (Table 2). Medicaid insurance status was 
associated with fewer antibiotic prescriptions 
for URI than commercial insurance (Table 2).

Multiple logistic regression identified 3 
independent predictors for prescription of 
antibiotics for an URI—clinician specialty, 
patient age, and race/ethnicity—with 4 
effects of these variables reaching statisti-
cal significance (Figure 3). Patients seen in 
family medicine and urgent care clinics were 
1.5 and 2.23 times as likely to be prescribed 
antibiotics as those seen in pediatric clinics, 
respectively. After controlling for other fac-
tors, adolescents and white (non-Hispanic) 
patients are 1.4 and 1.8 times as likely to be 
prescribed antibiotics, respectively.

DISCUSSION
The overall rates of appropriate management 
of URI in children in the PHINEX data set 
ranged from 92.9% (2011) to 93.9% (2010). 
These rates are higher than in the national 
HEDIS rate, which ranged from 83.5% in 
2007 to 87.2% in 2010.2 Considering that we 
did not directly observe coding behavior, it 
is difficult to determine the reason for this 
discrepancy. Contributing factors, however, 
may include the facts that most patients were 
seen in pediatric clinics and that the study 

Table 1. Demographic Characteristics of Study Population 

Characteristic

Patients  
With URI 

N = 20,581

Patients  
Who Received  

Antibiotics  
n = 1,343

Year of encounter, No. (%)

2007 3,071 (15) 193 (6.3)

2008 3,244 (16) 223 (6.9)

2009 4,336 (21) 279 (6.4)

2010 3,367 (16) 204 (6.1)

2011 3,369 (16) 238 (7.1)

2012 3,194 (16) 206 (6.4)

Age, No. (%)

3 mo to 4 y 12,314 (60) 707 (5.7)

5-11 y 5,036 (24) 347 (6.9)

12-18 y 3,231 (16) 289 (8.9)

Sex, No. (%)

Female 10,217 (50) 681 (6.7)

Male 10,364 (50) 662 (6.4)

Race, ethnicity, No. (%)

White (non-Hispanic) 16,007 (80) 1,112 (6.9)

Other (non-Hispanic) 1,094 (5) 52 (4.8)

Hispanic 1,385 (7) 76 (5.5)

Black (non-Hispanic) 1,506 (8) 66 (4.4)

Department, No. (%)

Family medicine 6,803 (33) 491 (7.2)

Urgent care 3,987 (19) 390 (9.8)

Pediatrics 9,791 (48) 462 (4.7)

Comorbidities, No. (%)

Yes 4,730 (23) 344 (6.5)

No 15,851 (77) 999 (6.3)

Health insurance, No. (%)

Medicaid 3,506 (17) 187 (5.3)

None 2,901 (14) 270 (9.3)

Commercial 14,174 (69) 886 (6.3)

Urbanization, No. (%)

Suburban 10,723 (55) 748 (7.0)

Rural 3,072 (16) 213 (6.9)

Urban 5,714 (29) 324 (5.7)

Community economic hardship index, 
No. (%)
<20 1,724 (9) 115 (6.7)

20 to <30 16,379 (84) 1,088 (6.6)

≥30 1,408 (7) 82 (5.8)

Community education level (percentage 
with some college education), No. (%)
<50% 1,842 (9) 143 (7.8)

50% to <70% 7,382 (38) 482 (6.5)

≥70% 10,285 (53) 660 (6.4)

URI = upper respiratory tract infection.
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occurred shortly after an extensive initiative to educate 
clinicians about antibiotic stewardship.36

This study did not identify any community factors 
that were independently predictive of inappropriate 
antibiotic prescription for URI. There may be several 
explanations for this. First, community factors may not 
be independently associated with antibiotic prescription 
for URIs. Second, the community factors evaluated in 
this study may be integrally linked with other character-
istics, such as race/ethnicity or insurance status, diluting 
their overall effect. Third, although demographically 
representative of Wisconsin, the sample consisted of a 
population of limited racial, ethnic and economic diver-
sity. Fourth, all patients were treated at clinics belonging 
to a large university network, thus reducing the level 
of variance in clinic-level and possibly patient-level 
variables. This highlights the need to continue study-
ing disparities so that community factors on health care 
quality and equity can be understood more thoroughly.

In the univariate analysis, clinician specialty, patient 
age, patient race/ethnicity, presence of comorbidi-

ties, health insurance status, rural home location, and 
low community education level were all found to be 
statistically predictive of prescription of antibiotics. 
Only clinician specialty, patient age, and patient race/
ethnicity, however, independently predicted antibiotic 
prescription in the multivariate model. This may be 
because these different predictors were highly colinear 
or because the association was confounded by other 
significant predictors in the model or both. Still, 2 
community-level factors—urbanization and commu-
nity education level—were at least initially predictive 
of prescription of antibiotics. Perhaps in other popula-
tions, these variables will show a stronger association.

As illustrated by the multivariate analysis, prescrip-
tion of antibiotics varies widely depending on the 
population demographics. Clinician specialty, patient 
age, and patient race/ethnicity were the 3 independent 
predictors of antibiotic prescription for URI, confirm-
ing previous studies.9,10,13,14,16,37 Considering that this 
appears to be the first time EHR data were used to 
evaluate URI management in children, confirmation of 

Figure 2. Percentages of patients receiving appropriate treatment of URI, 2007-2012. 

HEDIS = Healthcare Effectiveness Data and Information Set; NCQA = National Committee on Quality Assurance; PHINEX = Public Health Information Exchange; 
URI = upper respiratory tract infection.

NCQA data from National Committee for Quality Assurance. Improving Quality and Patient Experience: The State of Health Care Quality 2013. Washington, DC: National 
Committee for Quality Assurance; 2013.
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prior findings strongly supports the validity of using 
EHRs to evaluate pediatric URIs.

Clinician specialty showed the strongest associa-
tion, with non-pediatric clinicians prescribing antibiot-
ics more frequently. It may seem that this is simply a 
clinician issue, as the clinician ultimately decides to 
give antibiotics. However, this may oversimplify the 
complex nature of these encounters. There is more to 

the patient/family-physician interaction than merely 
the clinician examining the patient and providing a 
treatment.20-22,28 Findings suggest that broader issues of 
patient/family self-efficacy and effective interactions 
persist in the health care system.

Adolescent age group was an independent predic-
tor of antibiotic prescription. From our review of the 
literature, this has not been previously demonstrated. 
Perhaps older adolescents can verbalize their symp-
toms and preferences more effectively than younger 
children, conveying an expectation of antibiotics. 
Alternatively, clinicians may perceive adolescents as 
less likely to follow up if symptoms worsen and may 
over-treat individuals in this age group. The associa-
tion may also suggest perception of cost opportunities 
(eg, school days lost) that may be more important for 
an adolescent population than for younger children.

These findings contrast with the disparities found 
for other outcomes. Typically, health care disparities 
are associated with suboptimal care for racial/ethnic 
minorities and those with public insurance. In this 
instance, however, white children are treated inap-
propriately for URI almost twice as often as black 
children. These data indicate that black children and 
children seen in non-pediatric clinics, while treated 
appropriately, may be receiving disparate care. 

Clinicians may give antibiotics for URIs for a 
multitude of reasons. First, despite extensive educa-
tional initiatives, some clinicians may not know better. 
Second, they may perceive that it is more important 
to accommodate the patient’s or family’s immediate 
requests for antibiotics in the hopes of building longer 
term continuity than to risk appearing uncompassion-
ate and disenfranchising the family from further medi-
cal care. Third, clinicians may be unwilling or unable 
to adequately counsel families on the problems with 
giving antibiotics for URIs. Lastly, as demonstrated in 
studies of acute otitis media, this disparity may stem 
from race-based differences in practice patterns.38,39

Linking EHRs with community and public health 
data may offer new insights into these issues. Provi-
sion of broader clinician education regarding judicious 
antibiotic use should continue. Other actions could 
include linking reimbursement rates more closely with 
stratified HEDIS measures and continuing to develop a 
diverse pool of clinicians who can effectively serve the 
needs of a diverse population. But first, to identify and 
minimize health care disparities, epidemiologic data 
and HEDIS measures need to be stratified by demo-
graphic characteristics.

Limitations
This study has several limitations. First, all encounters 
were in academic clinics, and emergency department 

Table 2. Results of Univariate Analysis 

Characteristic
Crude OR  
(95% CI) P Value

Year

2007 0.98 (0.81-1.18) .79

2008 1.07 (0.9-1.29) .45

2009 1.00 (Reference) --

2010 0.94 (0.78-1.13) .5

2011 1.11 (0.92-1.32) .27

2012 1.00 (0.83-1.21) .98

Department

Family medicine 1.57 (1.38-1.79) <.001

Urgent care 2.19 (1.9-2.52) <.001

Pediatrics 1.00 (Reference) --

Age

5-11 y 1.22 (1.1-1.39) .004

12-18 y 1.61 (1.4-1.86) <.001

3 mo to 4 y 1.00 (Reference) --

Sex

Female 1.05 (0.94-1.17) .42

Male 1.00 (Reference) --

Race/ethnicity

White (Non-Hispanic) 1.63 (1.26-2.1) <.001

Other (Non-Hispanic) 1.09 (0.75-1.58) .65

Hispanic 1.27 (0.9-1.78) .17

Black (Non-Hispanic) 1.00 (Reference) --

Comorbidities

Yes 1.17 (1.03-1.32) .02

No 1.00 (Reference) --

Health insurance

Medicaid 0.84 (0.72-0.99) .04

None 1.54 (1.34-1.78) <.001

Commercial 1.00 (Reference) --

Urbanization

Suburban 1.25 (1.09-1.43) .001

Rural 1.24 (1.04-1.48) .02

Urban 1.00 (Reference) --

Community economic  
hardship index
20 to <30 1.00 (0.82-1.22) .96

≥30 0.87 (0.65-1.16) .33

<20 1.00 (Reference) --

Community education level 
(percentage with some col-
lege education)
<50% 1.23 (1.02-1.48) .03

50 to <70% 1.02 (0.9-1.15) .76

≥70% 1.00 (Reference) --
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visits were excluded. Because PHINEX represents 
only 1 health system, it is possible that individuals 
may receive care at outside facilities that would not 
be captured in this data set. The study population is 
of limited racial/ethnic diversity, so it is unclear how 
findings may relate to other settings. More than 80% 
of patients were classified with moderate levels of eco-
nomic hardship, possibly making it more difficult to 
detect economic hardship index as a predictor. Also, 
because we replicated the HEDIS protocol, only diag-
nostic codes for URI were used, and we did so without 
directly observing coding behavior. The rates of other 
infectious and respiratory processes such as acute otitis 
media and acute sinusitis in this population are unclear. 
Clinicians may have shifted their diagnoses to justify 
the provision of antibiotics, differentially affecting 
results. Future studies should explore this issue.

CONCLUSIONS
This is the first study to use EHR and community 
data to simultaneously evaluate the patient, clinician, 
and community factors affecting the management 
of pediatric URIs. White children, adolescents, and 
children seen in non-pediatric clinics are at increased 
risk of receiving antibiotics for URI, highlighting the 
importance of stratifying data across demographic 
characteristics. Replication of previous findings sup-
ports the use and validity of EHR data linked to public 
health information to evaluate antibiotic prescription 
in children. Adolescent age should be studied in other 
populations to confirm our findings. While community 
characteristics were not independently predictive in 
our study, they may be important in other populations 
or conditions.

In the future, PHINEX data could be used to evalu-
ate other characteristics that may be associated with 
antibiotic administration for URIs in children, includ-
ing time elapsed since residency training graduation, 
social concordance between clinician and patient, 
and time of day of encounter. Linking EHR data with 
public health information may have implications in 
addressing health care disparities for other outcomes as 
EHRs become more widely available. Further research 
should expand this data exchange to a more diverse 
population and compare individual neighborhoods 
through geospatial technology to identify local differ-
ences in health care provision and outcomes.

To read or post commentaries in response to this article, see it 
online at http://www.annfammed.org/content/13/6/529.
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Figure 3. Results of multivariate analysis.
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