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Continuity of Care in Infancy and 
Early Childhood Health Outcomes
Elizabeth Enlow, MD, MS,​a,​b Molly Passarella, MS,​a Scott A. Lorch, MD, MSa,​b

abstractBACKGROUND AND OBJECTIVES: Continuity of care is a key aspect of the patient-centered medical 
home and improves pediatric outcomes. Health care reform requires high-quality data to 
demonstrate its continued value. We hypothesized that increased provider continuity in 
infancy will reduce urgent health care use and increase receipt of preventive services in 
early childhood.
METHODS: Continuity, using the Usual Provider of Care measure, was calculated across 
all primary care encounters during the first year of life in a prospectively-constructed 
cohort of 17 773 infants receiving primary care from birth through 3 years at 30 clinics. 
Health care utilization and preventive care outcomes were measured from ages 1 to 3 
years. Confounders, including chronic conditions, number of sick visits in the first year, 
socioeconomic status, and site, were addressed by using multivariable regression models 
incorporating a propensity score.
RESULTS: Demographics associated with the lowest continuity quartile included white 
race (adjusted odds ratio [aOR] 1.43; 95% confidence interval [CI] 1.25–1.64), Medicaid 
insurance (aOR 1.41; 95% CI 1.23–1.61), and asthma (aOR 1.59; 95% CI 1.30–1.93). Lower 
continuity was associated with more ambulatory care-sensitive hospitalizations (adjusted 
incidence rate ratio 2.74; 95% CI 1.49–5.03), ambulatory sick visits (adjusted incidence rate 
ratio 1.08; 95% CI 1.05–1.11), and lower odds of lead screening (aOR 0.61; 95% CI 0.46–
0.79). These associations were stronger for children with chronic conditions. Continuity 
measured during well visits was not associated with outcomes.
CONCLUSIONS: Continuity may improve care quality and prevent high-cost health encounters, 
especially for children with chronic conditions. Novel solutions are needed to improve 
continuity in the medical home.
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What’s Known on This Subject: Continuity of 
care is a central aspect of the medical home and is 
associated with improved outcomes. The Affordable 
Care Act incentivizes the medical home, yet 
uncertainty about the future of health care reform 
emphasizes the need for high-quality data.

What This Study Adds: Higher continuity in 
infancy is associated with decreased urgent 
health care utilization and improved receipt of 
recommended preventive care from ages 1 to 3 
years. Strengthening the medical home may improve 
pediatric outcomes and result in cost savings.
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Continuity of care is a central 
component of the patient-centered 
medical home.‍1,​‍2 The American 
Academy of Pediatrics states that a 
medical home should be accessible, 
continuous, family-centered, 
coordinated, compassionate, and 
culturally effective.‍2 In adults,  
higher continuity is linked with  
fewer urgent health services and  
improved patient satisfaction and  
health outcomes.‍3‍‍–‍7 In pediatrics,  
studies have found an association 
with higher continuity and decreased 
emergency department (ED) visits,​‍8,​9  
ambulatory care-sensitive 
hospitalizations (ACSHs),​‍10 higher 
well visit adherence,​‍11 and improved 
receipt of preventive screening.‍12 The 
Patient Protection and Affordable 
Care Act (PPACA) incentivizes the 
medical home by expanding funding 
to providers who qualify.‍13‍–‍16 
Given the uncertain future of the 
PPACA, accurate and up-to-date 
data demonstrating the value of the 
medical home is needed.‍15

The association between continuity 
and outcomes is potentially 
confounded by various patient  
and provider factors, which can 
obscure the causal pathway.  
A variety of statistical techniques, 
such as construction of propensity 
scores and its incorporation into 
multivariable regression, can reduce 
measured bias and thus improve 
causal inference in observational 
data.‍17,​‍18 The propensity score can 
improve the balance of measured 
confounders between the continuity 
groups, improving the ability to draw 
causal inference in observational 
data. Our specific aim was to use 
these techniques to examine the 
association of provider continuity 
of care in the first year of life with 
health care use and receipt of 
recommended preventive care from 
ages 1 to 3 years. We hypothesized 
that improved continuity in infancy 
would be associated with decreased 
urgent health encounters and 

improved preventive care in early 
childhood.

Methods

Setting and Study Population

The sample population was a 
prospectively-constructed birth 
cohort of children born in 2007  
to 2008 establishing care by  
age 4 months at 1 of 30 clinics 
within The Children’s Hospital of 
Philadelphia’s (CHOP’s) greater 
Philadelphia primary care network 
(n = 22 900) in urban and suburban 
settings. Inclusion criteria included  
a minimum of 3 well visits and  
5 total primary care visits within 
the first year of life to improve 
the opportunity for meaningful 
continuity (n = 22 104). In addition, 
participants were required to have a 
minimum of 1 encounter during ages 
1 to 3 years as well as 1 encounter 
beyond age 3 to exclude complete 
loss of follow-up over the evaluation 
period (n = 17 773). Providers 
documented patient information in 
the electronic health record by using 
the EPIC Hyperspace system (EPIC 
manufacturing, Verona, WI).

Definition of Continuity

Continuity was measured during the 
first 12 months of life (see ‍Fig 1). 
Several indices have been developed 
to measure continuity, 2 of which 
were used. The Usual Provider of 
Care (UPC) score is a commonly-
used measure that is relatively easy 
to interpret.‍19 It is calculated by: # 
of primary care visits with the most 
commonly seen provider / total # 

of primary care visits (including 
well and sick visits). Another 
measure, the Bice and Boxerman 
index, accounts for continuity with 
a small core of providers rather 
than a single provider only, but 
the numerical value can be more 
difficult to calculate and interpret.‍20 
A recent study demonstrated strong 
correlation between 4 commonly 
used measures, including the UPC 
and Bice and Boxerman index.‍21 
For this reason, and for its ease of 
calculation and interpretation, we 
selected the UPC index (divided 
into quartiles), although we also 
calculated continuity by using the 
Bice and Boxerman index. A separate 
UPC index was calculated across well 
visits only. The attending physician 
or nurse practitioner was coded as 
the encounter provider. Residents 
see patients in 4 continuity clinics, 
but these encounters constitute the 
minority of visits at these sites.

Confounding Variable Definitions

Gestational age, sex, and race/
ethnicity were obtained from the 
electronic medical record. Zip code-
level neighborhood demographics 
(high school graduation rate, 
percentage below poverty, median 
income) were obtained. Insurance 
was categorized as: (1) self-pay: any 
visit with no insurance; (2) any use 
of Medicaid (including the Children’s 
Health Insurance Plan) with no self-
pay encounters; or (3) sole use of 
private insurance.

Chronic Disease Status

We dichotomized children into 
categories by the presence or 
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FIGURE 1
Timing of the measurements of continuity and outcomes.
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absence of chronic conditions 
using the comprehensive list of 
International Classification of 
Diseases, Ninth Revision (ICD-9) 
codes used in previous studies (see 
Supplemental Information).‍22‍‍‍‍–‍28 In 
accordance with previous studies, a 
minimum of two 493.XX codes  
were required to meet asthma 
criteria.‍8,​‍10,​29

Health Care Utilization and 
Preventive Care Variable Definitions

All outcomes were measured from 
ages 12 to 36 months to ensure 
the outcome occurred after the 
measurement of continuity. We 
analyzed the number of primary care 
as well as number of well visits and 
sick visits. Well visits were defined as 
any encounter with an ICD-9 code of 
V20.0, V20.1, or V70.0. ED visits and 
hospitalizations were analyzed in our 
Center City population only, a cohort 
that received care at 1 of 5 clinics and 
who reliably used CHOP for these 
encounters (n = 4200). A detailed 
description of this methodology has 
been described previously.‍11

We further categorized an admission 
as an ACSH using a modified list of 
conditions created by the Agency for 
Healthcare Research and Quality, 
which excluded adult-specific 
conditions.‍30,​‍31 In accordance with 
a previous study, we included acute 
respiratory tract infections (ICD-9 
codes 464, 466), pneumococcal 
meningitis (ICD-9 code 320.1), 
streptococcal meningitis (ICD-9 code 
320.2), and Haemophilus influenzae 
sepsis (ICD-9 code 038.41), because 
they are pertinent to young children 
and/or are vaccine preventable.‍10

Subjects were considered up-to-date 
on immunizations if they received 
all recommended vaccines through 
18 months, excluding influenza. 
Influenza vaccination status was 
assessed in the second eligible winter 
because this outcome occurred after 
measurement of continuity. It was 
defined as (1) receiving 1 dose in 
their second eligible winter after 

receiving 2 doses in their first eligible 
winter, or (2) receiving 2 doses 
spaced 4 weeks apart during their 
second eligible winter if they did not 
receive 2 doses their first winter.‍32 
On the basis of current guidelines, we 
evaluated the receipt of anemia and 
lead screening by age 12 months in 
the Medicaid population only  
(n = 4480).‍33

Statistical Analysis

We used multiple methods to 
improve causal inference between 
continuity and outcomes: (1) 
establishing separate intervals 
for measuring continuity and 
assessing outcomes, (2) generating 
a propensity score to balance 
covariates between continuity 
quartiles, and (3) incorporating 
the propensity score and other 
confounders in multivariable 
regression models.

To construct the regression models, 
we identified patient factors (sex, 
gestational age, presence of chronic 
condition) and sociodemographics 
(race, insurance, neighborhood 
demographics) associated with 
continuity by using descriptive 
statistics and univariable analyses, 
including χ2 tests, t tests, and analysis 
of variance for parametric continuous 
data. Nonparametric tests such as 
the Wilcoxon rank sum test and 
the Kruskal-Wallace test were used 
where appropriate. Variables were 
included in regression models if they 
were associated with continuity at a P 
value of <.10. We included interaction 
terms when there was a priori 
suggestion of effect modification and 
the test of homogeneity produced 
a P value <.05. We analyzed the 
association between continuity 
and outcomes in unadjusted and 
adjusted logistic, linear, and Poisson 
regression models. Zero-inflated 
negative binomial regression models 
were used for outcome variables with 
excess zeroes and a nonparametric 
distribution (eg, hospitalizations).

We constructed a propensity score to 
achieve better balance of covariates 
between quartiles.‍17 Propensity 
scores predict who, on the basis of 
baseline characteristics, is most likely 
to receive treatment or be exposed, 
in this case the lowest continuity 
quartile compared with the highest. 
The score was generated by selecting 
variables known to be associated 
with continuity as well as those that 
reached statistical significance in 
our univariable analyses (P < .10), 
which included gestational age, 
chronic condition, race, insurance, 
neighborhood demographics, and 
clinic site.

Regression model 1 adjusts for 
patient factors and sociodemographic 
factors that were associated 
with continuity, including sex, 
gestational age, presence of any 
chronic condition, asthma diagnosis, 
race, insurance, neighborhood 
demographics, and the propensity 
score. Clustering at the site of 
the clinic was accounted for with 
clustered SEs. We then created 
model 2 by adding clinic site as 
a covariate to further address 
clustering. Sick visits in the first 12 
months of life were added to model 
3 because they may indicate illness 
severity not captured by chronic 
condition diagnoses, and may also 
reflect parental health utilization 
behaviors.‍34

We conducted several secondary 
analyses: (1) well visit only 
continuity versus total primary 
care continuity, (2) stratification 
by presence or absence of chronic 
conditions, and (3) continuity by 
using the Bice and Boxerman index. 
Data were analyzed by using Stata 
version 12 (StataCorp LP, College 
Station, TX). The CHOP Institutional 
Review Board approved this study.

Results

The mean UPC score was 0.28 in the 
lowest quartile compared with 0.78 
in the highest quartile (see ‍Table 1).  
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Mean UPC score varied widely across 
the 30 clinic sites with a range of 
0.29 to 0.66 (see ‍Fig 2). Children 
with chronic conditions comprised 
a larger portion of the lowest 
continuity quartile (30.2% vs 28.2% 
of highest quartile; P = .03); this was 
driven by clustering of asthmatic 

patients in the lowest quartile (8.8% 
vs 5.9%; P < .001). After adjustment 
for patient and neighborhood factors, 
white race (adjusted odds ratio [aOR] 
1.43; 95% confidence interval [CI] 
1.25–1.64), Medicaid insurance (aOR 
1.41; 95% CI 1.23–1.61), male sex 
(aOR 1.10; 95% CI 1.00–1.21), higher 

gestational age (aOR 1.03 for each 
week older; 95% CI 1.00–1.05), and a 
diagnosis of asthma (aOR 1.59; 95% 
CI 1.30–1.93) were associated with 
increased odds of being in the lowest 
continuity quartile (data not shown). 
In unadjusted analyses, those in the 
lowest quartile had more sick visits, 
ED visits, hospitalizations, and ACSHs 
(see ‍Table 2). Children in the lowest 
continuity quartile were also less 
likely to be up-to-date on routine 
immunizations (61% vs 65%;  
P < .001) and to have received 
anemia (68.0% vs 89.0%; P < .001) 
and lead screenings (43.2% vs 
78.3%; P < .001).

After adjustment for patient 
characteristics (model 1), clinic  
site (model 2), and sick visits in  
the first 12 months (model 3),  
many of our findings remained 
significant (see ‍Table 3). Although  
ED visits were no longer significant  
in model 3, those in the lowest 
quartile had nearly a threefold 
increased risk of an ACSH (adjusted 
incidence rate ratio [aIRR] 2.74; 95% 
CI 1.49–5.03). The lowest quartile 
also had a slight but statistically 
significant decrease in well visits 
(aIRR 0.97; 95% CI 0.95–0.99) and 
increase in sick visits (aIRR 1.08; 
95% CI 1.05–1.11). The lowest 
quartile had 39% lower odds of 
receiving lead screening (95% CI 
0.46–0.79).

Continuity measured across 
well visits only did not yield any 
statistically significant differences 
in outcomes (data not shown). 
Stratification by presence of a chronic 
condition showed different effect 
sizes for ACHSs and lead screening 
outcomes (data not shown). For 
those with chronic conditions, the 
odds of having any ACSH was 2.81 
times higher in the lowest versus 
highest quartile (95% CI 1.21–6.53), 
whereas it did not meet statistical 
significance in healthy children 
(aOR 1.94; 95% CI 0.99–3.78). The 
odds of receiving lead screening 
was 50% lower in the chronic 
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TABLE 1 �Patient Demographics, a Comparison of the Lowest and Highest Continuity Quartiles

Lowest Quartile  
(n = 4781)

Highest Quartile  
(n = 4366)

P

UPC score, mean (SD) 0.28 (0.05) 0.78 (0.10) —
Infant demographics
  Sex, % male 51.9 49.4 .02
  Gestational age, wk, mean (SD) 38.8 (2.0) 38.7 (2.2) <.001
  Gestational age, % .09
    <28 wk 0.4 0.6
    28–31 and 6/7 wk 1.1 1.0
    32–36 and 6/7 wk 8.0 9.2
    37 wk and greater 90.5 89.2
  Race, % <.001
    White 67.7 55.2
    Black 28.6 40.5
    Other 3.7 4.0
  Insurance status, % <.001
    Private 57.9 54.3
    Medicaid 24.9 28.7
    Self-pay 18.2 17.0
Chronic medical conditions
  Presence of a chronic condition, % 30.2 28.2 .03
    Chronic illness not including 

asthma
24.5 24.6 .89

    Asthma 8.8 5.9 <.001

—, not applicable.

FIGURE 2
Mean continuity in first year of life by clinic site.
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condition cohort (aOR 0.50; 95% CI 
0.39–0.66), but not in the healthy 
cohort (aOR 0.70; 95% CI 0.48–1.02). 
Calculating continuity with the Bice 
and Boxerman index had a slightly 
different impact on outcomes (data 
not shown). As opposed to the UPC, 
ED visits were slightly increased in 
the lowest quartile (aIRR 1.13; 95% 
CI 1.05–1.21). There was a similar 
impact on ACSHs (aIRR 2.82; 95% CI 
1.42–5.60) and lead screening in the 
lowest quartile (aOR 0.58; 95% CI 
0.46–0.72).

Discussion

Higher continuity in infancy is 
linked to decreased ACSHs and 
improved receipt of preventive 
care, particularly for children with 
chronic conditions. This is the first 
study to demonstrate both decreased 
utilization and improved receipt of 
preventive care in a single cohort. 
We also found that continuity across 
all primary care visits was linked to 
outcomes, whereas continuity across 
well visits was not.

The link between continuity and 
ASCHs is important because ACSHs 
are potentially preventable and 
related to ambulatory quality, with 
billed charges exceeding $4 billion in 
a single year.‍35 Tom et al‍10 was the 
first to demonstrate a link between 
continuity and pediatric ACSHs. The 
impact of continuity for children 
with chronic conditions in their 
study was similar to our results. 
Contrary to other studies, we did not 
find an association with ED visits, 
except a small increase in the lowest 
quartile as measured by the Bice 
and Boxerman index. ED visits were 
only measured in our Center City 
population, which may have limited 
our ability to detect an association 
between continuity and ED use. One 
additional possibility is our inclusion 
of sick visits in the first year.‍8,​‍9 
Increased ambulatory visits have 
been linked to ED utilization and may 
reflect illness severity.36 Increased 
visits may also be caused by variation 
in parental health behaviors such 
as differing thresholds to bring 
children to care.‍37 Although we did 
not capture ambulatory-sensitive 
ED visits in our data set, the authors 
of a recent article demonstrated 

5

TABLE 2 �Health Care Utilization and Receipt of Preventive Care From Ages 1–3 y, a Comparison of the 
Lowest and Highest Continuity Quartiles

Lowest Quartile Highest Quartile P

Health care utilization, mean (SD)
  Acute care visitsa

    ED visits 3.2 (4.0) 2.2 (3.1) <.001
    Hospitalizations 0.7 (2.2) 0.5 (1.9) .01
    ACSHs 0.2 (0.7) 0.1 (0.6) <.001
  Primary care visits
    All visits 11.0 (6.1) 8.7 (4.7) <.001
    Well visits 3.6 (0.9) 3.7 (0.9) .03
    Sick visits 6.9 (5.6) 4.5 (4.1) <.001
Receipt of preventative services, %
  Immunization up-to-date
    Routine, through 18 mo 60.6 65.0 <.001
    Influenza, second eligible winter 40.2 39.9 .74
  Anemia screening, by 12 mob 68.0 89.0 <.001
  Lead screening, by 12 mob 43.2 78.3 <.001

a Center City practices only.
b Medicaid only.

TABLE 3 �Adjusted Model of Health Care Utilization and Primary Care Outcomes, a Comparison of the Lowest and Highest Continuity Quartiles

Lowest Versus Highest (ref) Quartile

Model 1a Model 2b Model 3c

Health care utilization
  Acute care encounters, aIRR (95% CI)d

    ED visits 1.15 (1.05–1.25)e 1.10 (1.00–1.21)e 1.07 (0.97–1.19)
    Hospitalizations 0.99 (0.84–1.17) 0.98 (0.85–1.14) 0.97 (0.84–1.13)
    ACSHs 2.66 (1.46–4.86)e 2.89 (1.61–5.19)e 2.74 (1.49–5.03)e

  Primary care visits, aIRR (95% CI)
    Total 1.06 (1.03–1.10)e 1.06 (1.03–1.09)e 1.01 (0.99–1.03)
    Well 0.98 (0.96–0.99)e 0.97 (0.95–0.99)e 0.97 (0.95–0.99)e

    Sick 1.15 (1.09–1.21)e 1.16 (1.12–1.21)e 1.08 (1.05–1.11)e

Receipt of preventative services
  Immunizations up-to-date, aOR (95% CI)
    Routine, through 18 mo 1.06 (0.89–1.26) 0.93 (0.77–1.11) 0.92 (0.77–1.10)
    Influenza, second eligible winter 1.07 (0.95–1.20) 1.05 (0.93–1.17) 1.02 (0.91–1.14)
  Anemia screening, by 12 mo, aOR (95% CI)f 0.73 (0.54–0.99)e 0.88 (0.68–1.16) 0.85 (0.64–1.13)
  Lead screening, by 12 mo, aOR (95% CI)f 0.61 (0.51–0.72)e 0.62 (0.47–0.81)e 0.61 (0.46–0.79)e

a Adjusted for sex, gestational age, presence of any chronic condition, asthma diagnosis, race, insurance type, neighborhood census data, and propensity score.
b Model 1 covariates plus clinic site.
c Model 1 covariates plus clinic site and # of sick visits in first year of life.
d Center City practice only.
e P value < .05
f Medicaid only.
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that nearly 1 in 7 ED visits may be 
preventable, and thus associated with 
continuity.‍38

In addition to reducing costly 
health encounters, our data on 
lead screening demonstrate the 
positive association of continuity and 
improved preventive care, which 
mirrors findings of previous work.‍12 
Providers who are more familiar 
with their patients may have more 
time to address routine screening 
topics. Parents who received higher 
continuity demonstrate higher 
knowledge of anticipatory guidance 
topics, such as dentition and 
nutrition.‍39

Several patient- and provider-level 
factors may influence the  
link between continuity and 
outcomes. Parent satisfaction 
correlates with continuity and may 
mediate this association.‍40,​‍41  
Continuity influences parental trust 
and perceptions of care quality 
and coordination.‍40‍–42 One study 
demonstrated that comprehensive 
access to ambulatory-based 
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primary provider, is associated with 
higher continuity and better care 
coordination.‍41

Potential solutions exist at multiple 
levels. Availability of sick visits with 
ambulatory providers decreases ED 
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costs overall by reducing high-
cost encounters.‍43,​‍44 The creation 

of accountable care organizations 
under the PPACA can link the 
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with savings from fewer high-cost 
urgent encounters. Furthermore, 
scheduling protocols with protected 
sick appointments can improve 
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reveal that continuity with a small 
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This study has limitations. Data were 
observational and obtained from an 
electronic health record designed 
for clinical purposes. Unmeasured 
confounders or mediators may 
exist that we could not account 
for. Furthermore, it is possible that 
patients seen in clinics with high 
continuity have different health 
behaviors and differential use. We 
used multiple methods, however, 
to account for clustering. Also, data 
on ED visits, hospitalizations, and 
ACSHs were limited to our Center 
City population, which has a higher 
proportion of black and Medicaid 
patients. Thus, some of the outcomes 
may be limited by insufficient power 
or may be less generalizable.

The results of our data reveal the 
value of the medical home, which 
is particularly important given 
uncertainty in health care reform. 
Cost savings and improved patient 
outcomes may be realized if health 
systems and insurance companies 
strengthen the medical home 
and improve continuity across 
all ambulatory visits. Provider 
continuity is key to high-quality 
pediatric primary care.
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