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ABSTRACT
Objective Asthma care is negatively impacted by
neighbourhood social and environmental factors, and
moving is associated with undesirable asthma outcomes.
However, little is known about how movement into and
living in areas of high deprivation relate to primary care
use. We examined associations between neighbourhood
characteristics, mobility and primary care utilisation of
children with asthma to explore the relevance of these
social factors in a primary care setting.
Design In this cohort study, we conducted negative
binomial regression to examine the rates of primary
care visits and annual influenza vaccination and logistic
regression to study receipt of pneumococcal vaccination.
All models were adjusted for patient-level covariates.
Setting We used data from community health centres in
15 OCHIN states.
Participants The sample included 23 773 children
with asthma aged 3–17 across neighbourhoods with
different levels of social deprivation from 2012 to 2017.
We conducted negative binomial regression to examine
the rates of primary care visits and annual influenza
vaccination and logistic regression to study receipt of
pneumococcal vaccination. All models were adjusted for
patient-level covariates.
Results Clinic visit rates were higher among children
living in or moving to areas with higher deprivation than
those living in areas with low deprivation (rate ratio (RR)
1.09, 95% CI 1.02 to 1.17; RR 1.05, 95% CI 1.00 to 1.11).
Children moving across neighbourhoods with similarly
high levels of deprivation had increased RRs of influenza
vaccination (RR 1.13, 95% CI 1.03 to 1.23) than those who
moved but stayed in neighbourhoods of low deprivation.
Conclusions Movement into and living within areas of
high deprivation is associated with more primary care use,
and presumably greater opportunity to reduce undesirable
asthma outcomes. These results highlight the need to
attend to patient movement in primary care visits, and
increase neighbourhood-targeted population management
to improve equity and care for children with asthma.

INTRODUCTION
There is consistent and compelling evidence
that neighbourhood characteristics affect
paediatric asthma outcomes. Asthma is influenced by factors related to the physical environment (air quality, built environment),

Key points
Question
►► Does the neighbourhood in which one lives, and

movement within it or among other neighbourhoods,
influence healthcare for children with asthma seen
in community health centres?

Finding
►► Using electronic health record data from this cohort

of children to model negative binomial and logistic
regression, we found that both residential mobility
and neighbourhood deprivation were associated
with primary care utilisation in children with asthma.
We observed that number of visits and vaccination
rates did differ by neighbourhood deprivation score.

Meaning
►► Patient movement and neighbourhood-
targeted

population management should be considered in
primary care to improve equity and care for children
with asthma. Follow-up studies should consider further stratification by race/ethnicity.

social position in the neighbourhood (race/
ethnicity, immigration status) and other
social environmental factors, such as those
relating to neighbourhood deprivation,
wealth and inequality.1–6 Research has shown
that living in or moving into an impoverished
neighbourhood is associated with higher risk
of asthma when compared with never having
lived in a poor neighbourhood.7
More frequent changes in neighbourhood
may also influence asthma outcomes or
asthma care utilisation. A Welsh team, using
data from more than 200 000 children, found
that moving within the first year of life was
associated with increased risk of future emergency hospitalisation for asthma.8 Other
studies from Europe and New Zealand have
also found residential mobility to be associated with negative health outcomes9 10
possibly because moves can be an indication
of financial insecurity or other underlying
family instability.
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METHODS
Data and inclusion criteria
Our analysis uses OCHIN (formerly Oregon Community
Health Information Network until other states joined)
data on children with asthma from 15 states, aged 3–17
who had ≥1 ambulatory visit in study clinics between 1
January 2012 and 31 December 2017 and had documented geocoded addresses. Guidelines encourage
regular clinical contact in children with asthma, and it
is especially important to vaccinate children with asthma
for other respiratory illnesses.11 Study participant flow
based on inclusion criteria is reported in online supplemental figure 1.
2

Outcomes
We chose the outcomes of office visits and immunisations
because they apply to all children with asthma regardless
of asthma severity or current symptoms. Specifically, the
outcome variables were (1) rate of primary care visits (the
National Asthma Education and Prevention Program
Expert Panel recommends that children with asthma
be seen twice/year at minimum11); (2) annual rate of
influenza immunisation, as children who have asthma
are also at an increased risk of complications from influenza, which may require hospitalisation,18–20 and (3) a
binary indicator of whether the child had received ≥1
pneumococcal vaccination, as the pneumococcal immunisation is recommended for children with asthma, who
may be more at risk for invasive pneumococcal disease.21
Asthma diagnosis was determined by having ≥1 International Classification of Disease (ICD)-9 codes of 493* or
ICD-10 codes of J45* documented at an visit during the
study period. We identified influenza and pneumococcal
immunisations using the Centers for Disease Control
and Prevention (CDC)’s National Center of Immunization and Respiratory Diseases vaccine administered
codes,22 which were reviewed and cleaned by analysts,
and reviewed again for final categorisation by a practicing
clinician.
Independent variables
The main independent variable was a categorical indicator of residential mobility during the study period
with five groups: (1) all moves within high deprivation
neighbourhoods (‘always high’); (2) all moves within
low deprivation neighbourhoods (‘always low’); (3) a
move from a highly deprived neighbourhood to one
with low deprivation (‘high to low’); (4) a move from a
neighbourhood with low deprivation to one with high
deprivation (‘low to-
high’) and (5) multiple moves
(>2 moves) across neighbourhoods with at least one
differing deprivation level (‘varied’). Children who did
not move at all either fell into the always high deprivation group or always low deprivation group. Addresses
were obtained from the electronic health record
(EHR); these are collected as a matter of routine care.
The current address recorded in the EHR is a reliable
measure of exposure to neighbourhood level deprivation.23 To measure social deprivation in an area, we
used the Social Deprivation Index (SDI) of the census
tract in which the patient resided at the time. The SDI
is a validated composite measure of neighbourhood-
level social determinants including income, employment, education, housing and transportation, and can
be used to represent the overall socioeconomic conditions in a geographical area.24 The index was created
by the Robert Graham Center for the year 2015, using
a subset of 2011–2015 American Community Survey
5-year estimates.24 25 The SDI score (a unitless range of
0–100) was split at the median (based on this sample,
median=83) to create the ‘low deprivation’ and ‘high
deprivation’ categories. Low deprivation included
Lucas JA, et al. Fam Med Com Health 2021;9:e001085. doi:10.1136/fmch-2021-001085
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According to the National Asthma Education and
Prevention Program’s Expert Panel, one of the main
goals in asthma care is asthma control, which includes
reducing impairment (symptoms) and reducing risk
(eg, preventing exacerbations and reducing emergency
care).11 Primary care clinics are essential in this endeavour,
because they are where many asthma management medications are prescribed and asthma action plans are developed. Primary care clinics are also increasingly screening
for a wide range of socioeconomic adversity indicators,
yet screening is labour intensive and therefore often not
feasible in busy clinical environments.12–14 An alternative
could be to use administrative data on address changes
and zip-
code linked neighbourhood-
level deprivation
data to identify clinical populations at risk for negative
outcomes. If this risk stratification is meaningful, it could
help prioritise care for populations with greater needs
without necessitating large-scale patient-facing screening.
Address data are readily accessible by many clinics, and
could be used to therefore better assess risk. However,
these associations between neighbourhood-
level deprivation, moving neighbourhoods and primary care utilisation in children with asthma has not been studied at a
national level in the USA, though some work has studied
neighbourhood-level deprivation on a smaller scale.15 16
Community health centres (CHCs) are clinics in the
USA that provide primary care to anyone regardless of
insurance status or the patient’s ability to pay for care in
a defined community. They serve disproportionately high
numbers of low-income patients, including residents of
public housing and those experiencing homelessness.17
These features make CHCs particularly appropriate
settings in which to examine how residential mobility
across neighbourhoods with varying levels of social deprivation affects routine primary care utilisation (regular
visits and immunisations) in children with asthma. We
hypothesised that children with asthma who receive care
in CHCs would have higher care needs and therefore
higher primary care utilisation if they (1) moved from
areas with little deprivation to areas with more deprivation and (2) had higher number of residential moves
within areas of high deprivation.

Open access

Statistical analysis
We conducted descriptive analyses to examine patient
characteristics. For the analyses evaluating the rates
of visits and influenza immunisations, we used generalised estimating equations (GEE) negative binomial
regression models as a function of social deprivation
mobility groups, adjusted for all of the above-listed
covariates. Negative binomial modelling was used
instead of a GEE Poisson model due to its flexibility to
account for overdispersion of outcome data. Models
were fitted with a compound symmetry correlation
structure and empirical sandwich variance estimator
to obtain adjusted rate ratios (RRs) and their corresponding 95% CIs, accounting for clustering of
patients within CHCs. For the analyses evaluating the
odds of ever having had a pneumococcal vaccination
(past age 2), we used GEE logistic regression models to
estimate adjusted ORs, also while accounting for clustering of patients by CHC.
As a sensitivity analysis, we examined the above
outcomes in subsamples stratified by number of moves
(0, 1–2, or ≥3 moves), as we expected that those
with higher residential mobility might have differing
patterns of primary care utilisation. We also stratified
by race/ethnicity as children in different racial/ethnic
groups may use health services at different rates. R and
Lucas JA, et al. Fam Med Com Health 2021;9:e001085. doi:10.1136/fmch-2021-001085

Stata software were used to perform statistical analysis.
Two-sided statistical significance was set at p<0.05.

RESULTS
The sample was composed of 23 773 children with asthma
who received primary care in CHCs. Table 1 shows patient
characteristics. The sample included Latinx (46.5%),
non-
Hispanic white (27.7%), and non-
Hispanic black
(25.8%) children. Slightly more than half the population was male (55.5%) and many patients first visit in the
study period was at age 3–5 years (38.7%) or age 6–11
years (39.2%). Most patients had some public insurance
(84.5%) and 1–2 ambulatory visits per year (45.4%). In
this sample, 33.8% of patients were overweight/obese
at every visit and 36.9% were never overweight/obese.
The majority of children (62.1%) lived in a household
reporting income <138% FPL at every ambulatory visit.
The annual rate of influenza vaccination was 0.72 vaccines
per year, and 25.1% had received a pneumococcal vaccination within the study period. The majority of children
had 0 residential moves within the study period (65.6%),
while 31.3% had 1–2 residential moves within the study
period. The largest proportion of patients were in the
always high (50.2%) or always low (36.2%) deprivation
mobility groups. 6.2% of children were in the high-to-low
deprivation group, and 4.7% were in the low-
to-
high
group (table 1).
Children living in the always high deprivation group
and in the low-
to-
high deprivation group had higher
adjusted RRs of clinical visits than those in the always
low group (RR 1.09, 95% CI 1.02 to 1.17 and RR 1.05,
95% CI 1.00 to 1.11, respectively) (table 2). The annual
influenza immunisation rate was also higher in the always
high deprivation group (RR 1.13, 95% CI 1.03 to 1.23)
compared with the always low group (table 2). Similar
ORs of pneumococcal vaccination were seen between
all groups (table 3). Full model results are reported in
online supplemental tables 1 and 2.
Sensitivity analysis: stratified by number of residential moves
Children with no recorded residential moves who lived
in the always high SDI areas had increased RRs of visits
compared with children with no recorded moves living
in the always low areas (table 4). All other SDI mobility
groups had similar RRs of visits, regardless of whether
they had 1–2 residential moves or ≥3 residential moves
within the study period.
Influenza vaccine rates were higher in children with
no moves in the always high group compared with the
always low group. Influenza vaccine rates were also higher
in the always high group compared with the always low
group in those with 1–2 moves, and in the always high
and varied groups compared with the reference group for
children with ≥3 moves (table 4). Odds of pneumococcal
vaccination were increased among those with ≥3 moves in
the high-to-low, low-to-high, and varied groups compared
with those in the always low reference category (table 5).
3
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values between 0 and 83, high deprivation included
values between 83 and 100. The models also include
the number of moves experienced by each child (categorised as 0, 1–2, and ≥3 moves).26
Patient-
level characteristics added as covariates
included: age at first visit (categorised in years as 3–5,
6–11, 12–17), sex (female or male), categorical indicator of rate of visits per year in the models analysing
vaccination (<1, 1–2, 3–4, ≥5), primary insurance type
during the study period recorded at each visit (never
insured, some private insurance, some public insurance, some public and private insurance), income as
percent of US federal poverty level (FPL), and race/
ethnicity (Latinx, non-
Hispanic white, non-
Hispanic
black). While we generally use ‘Latino/a/x’ because
it can be preferred in populations similar to our study
population, the actual ethnicity information collected
by clinics is ‘Hispanic’ and ‘non-
Hispanic white’.
We also included body mass index (BMI) over time,
as asthma severity and control may be influenced by
obesity.27 28 BMI was calculated from EHR data from
clinic visits and categorised as never overweight/obese,
overweight/obese at some clinic visits, or overweight/
obese at every clinic visit during the study period. Overweight was defined as having a BMI ≥85th percentile to
<95th percentile for one’s respective age and sex, while
obesity was defined as a BMI ≥95th percentile, consistent with CDC standards.29 BMI and BMI percentile
were calculated at the visit level using the R package
childsds.30

Open access
Table 2 Rate ratios of visits and influenza vaccinations
Visits
(N=23 773)
RR (95% CI)

(N%)
Race/ethnicity
Non-Hispanic white
Latinx

6581 (27.7)
11 067 (46.5)

Non-Hispanic black

6125 (25.8)

Age at first visit

Influenza vaccination
(N=20 984)
RR (95% CI)

Social deprivation mobility group
Always low
Ref
Ref
Always high

1.09 (1.02 to 1.17)

1.13 (1.03 to 1.23)

High to low

1.00 (0.94 to 1.06)

1.03 (0.95 to 1.12)

3–5 years

9201 (38.7)

Low to high

1.05 (1.00 to 1.11)

1.04 (0.96 to 1.13)

6–11 years

9319 (39.2)

Varied

1.02 (0.95 to 1.11)

1.08 (0.96 to 1.21)

12–17 years

5253 (22.1)

No of residential moves

Sex
Female

10 578 (44.5)

Male

13 195 (55.5)

Insurance type
Never insured

429 (1.8)

Some public insurance

20 087 (84.5)

Some private insurance

1829 (7.7)

Some public and private

1428 (6.0)

Average visits per year
Less than 1

2626 (11.1)

1–2

10 799 (45.4)

3–4

5627 (23.7)

5 or more

4721 (19.9)

BMI category
Never overweight/obese

8772 (36.9)

Sometimes overweight/obese

6958 (29.3)

Always overweight/obese

8043 (33.8)

Per cent of US federal poverty level
Always ≥138
Above and below 138
Always <138
Never documented

1498 (6.3)
2628 (11.1)
14 764 (62.1)

Ref

Ref

1–2
3 or more

0.91 (0.87 to 0.95)
0.85 (0.78 to 0.93)

0.93 (0.89 to 0.98)
0.80 (0.73 to 0.89)

Models adjusted for race/ethnicity, age at first visit, sex, insurance
type, BMI, income. Vaccination model also adjusted for visits per
year.
Bold values indicate statistical significance.
BMI, body mass index.

We acknowledge the large confidence intervals due to
small sample size in table 5, and interpret these results
with caution.
DISCUSSION
This study used EHR data from a multistate network of clinics
linked with administrative and location data to examine
the effects of social deprivation and residential mobility on
three indicators of routine primary care utilisation in a CHC
cohort of children with asthma, preschool age and older.
In an era of increasing attention to and collection of place-
based social determinants of health data, it is crucial to know
how neighbourhood features and residential mobility are
associated with healthcare utilisation.

4883 (20.5)

Influenza immunisation
Annual rate (95% CI)

0

0.72 (0.71 to 0.73)

Table 3 ORs of pneumococcal vaccination ever (within
study period) (N=20 984)
OR (95% CI)

Pneumococcal vaccine (ever)

Social deprivation mobility group
Always low

Ref

Always high

1.03 (0.93 to 1.15)

8607 (36.2)

High to low

1.03 (0.88 to 1.21)

Always high

11 937 (50.2)

Low to high

1.15 (0.96 to 1.37)

High to low

1466 (6.2)

Varied

1.25 (0.98 to 1.60)

Low to high

1117 (4.7)

No of residential moves

No

15 716 (74.9)

Yes

5268 (25.1)

Social deprivation mobility group
Always low

Varied

646 (2.7)

No of residential moves
0
1–2
3 or more
BMI, body mass index.

4

15 597 (65.6)
7436 (31.3)
740 (3.1)

0

Ref

1–2
3 or more

1.27 (1.15 to 1.41)
0.92 (0.70 to 1.21)

Model adjusted for race/ethnicity, age at first visit, sex, insurance
type, BMI, income, and visits per year.
Bold values indicate statistical significance.
BMI, body mass index.
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Table 1 Patient characteristics overall and in children with
asthma (N=23 773)
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Visits
0 moves (n=15 597)
RR (95% CI)

1–2 Moves (n=7436)
RR (95% CI)

≥3 Moves (n=740)
RR (95% CI)

Mobility group
Always low

Ref

Ref

Ref

Always high

1.10 (1.03 to 1.18)

1.04 (0.95 to 1.14)

1.12 (0.91 to 1.39)

High to low

N/A

0.97 (0.91 to 1.04)

1.03 (0.83 to 1.27)

Low to high
Varied

N/A
N/A

1.02 (0.95 to 1.09)
0.96 (0.88 to 1.06)

1.15 (0.92 to 1.44)
1.10 (0.94 to 1.30)

Influenza vaccinations
 

0 moves (n=13 544)
RR (95% CI)

1–2 moves (n=6747)
RR (95% CI)

≥3 moves (n=693)
RR (95% CI)

Mobility group
Always low

Ref

Ref

Ref

Always high

1.12 (1.02 to 1.22)

1.15 (1.03 to 1.29)

1.28 (1.02 to 1.60)

High to low

N/A

1.05 (0.96 to 1.14)

1.06 (0.81 to 1.38)

Low to high
Varied

N/A
N/A

1.06 (0.97 to 1.15)
1.05 (0.91 to 1.20)

1.14 (0.84 to 1.54)
1.23 (1.01 to 1.49)

Models adjusted for race/ethnicity, age at first visit, sex, insurance type, BMI, income. Vaccination model also adjusted for visits per year.
Bold values indicate statistical significance.
BMI, body mass index; N/A, not available.

We found three significant associations worthy of
further discussion. First, living or moving within/to a high
social deprivation area was associated with increased utilisation of primary care and rates of influenza vaccination.
This overarching pattern was supported by significant
associations in the whole study population (living within
or moving to a high deprivation area), as well as positive
findings in the stratified analysis (higher likelihood of
visits in the children with no moves in a high deprivation
neighbourhood and a higher influenza vaccine rate across
all move strata in high deprivation neighbourhoods.)
That children with asthma in deprived neighbourhoods
appear to use more primary care has several important
implications. It may imply worse control of this chronic
disease (though we did not limit these visits to asthma

visits), or that they have increased healthcare needs in
general. But while neighbourhood deprivation may signal
providers and clinics that children may use more care
(and require more proactive disease or health management), it also implies that CHCs may be an important
point of contact for these children. Rather than less interaction with these centres, children from deprived neighbourhoods have more interaction with primary care than
their less deprived peers, and CHCs could be viewed as
valuable platforms for social and health interventions in
these communities.
Second, moving was associated with less visits and influenza vaccination than those children who did not move.
Residential mobility, in a low-
income population like
that which is served by CHCs, has been shown to cause

Table 5 ORs of pneumococcal vaccination ever (within the study period) stratified by number of residential moves
0 moves (n=13 544)
OR (95% CI)

1–2 moves* (n=6747)
OR (95% CI)

≥3 moves* (n=693)
OR (95% CI)

Mobility group
Always low

Ref

Ref

Ref

Always high

0.95 (0.83 to 1.10)

0.89 (0.72 to 1.11)

2.71 (0.91 to 8.11)

High to low

N/A

0.90 (0.75 to 1.09)

5.84 (1.76 to 19.43)

Low to high
Varied

N/A
N/A

1.01 (0.80 to 1.28)
1.12 (0.80 to 1.58)

6.01 (1.82 to 19.89)
3.24 (1.14 to 9.19)

Model adjusted for race/ethnicity, age at first visit, sex, insurance type, BMI, income, and visits per year.
Bold values indicate statistical significance.
*Due to small sample size the insurance covariate was collapsed to ‘never insured/public insurance’ and ‘all else’.
BMI, body mass index; N/A, not available.
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Table 4 Rate ratios (RRs) of visits and influenza vaccinations, stratified by number of residential moves
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CONCLUSIONS
This analysis of the neighbourhood deprivation and residential mobility of children with asthma seeking care
at CHCs demonstrated increased utilisation of primary
care visits and influenza vaccinations in children in or
who moved to high social deprivation neighbourhoods,
and reduced utilisation of these services in children who
changed addresses. Researchers and healthcare organisations should consider the opportunity for health and
social interventions and care that this utilisation may
provide. They should also consider further study of the
incorporation of assessing residential mobility into clinical risk prediction in this cohort of children.
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disruptions in health and healthcare.8–10 In this analysis,
we also find evidence that such mobility is also associated
with reduced routine care utilisation in children with a
chronic disease. From these findings we are unable to
determine if these children received sufficient or quality
care, but the fact that they use less than their counterparts raises concern that this is possible, and clinical
organisations and future research could consider further
evaluating risk screening strategies that employ number
of address changes from administrative data in order to
stratify clinical risk.
Thirdly, more moves were associated with higher rates
of receiving pneumococcal vaccination, as evidenced by
an increased frequency of this immunisation in the whole
sample with 1–2 moves, and in the stratified sample with
3+ moves across multiple neighbourhood types. While
pneumococcal vaccination in our age strata of children
with asthma may be routine, it may be more common in
children who did not complete the entire pneumococcal
series earlier than age three, or if they have had particularly severe symptoms requiring oral steroids.31 32 While
we could not determine these specific factors from our
data, the elevated odds of this immunisation in children
with more moves does suggest disruptions to the completion of routine preventive measures. This lends further
support to the idea that number of moves may be considered for future study as a risk stratification method.
This study had several limitations. All children received
care at CHCs, therefore our findings may not be generalisable outside of this setting. While our data did include
many clinical factors, we did not have any data on patient
beliefs and perceptions regarding vaccination, important
factors to consider when examining vaccination rates. It
is also possible that children could have moved out of
the CHC network, thus our rates may be underestimated.
However, research in CHCs suggests that patients often
do not leave their networks.33 Our data also did not have
information on the reason for the move.
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