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Abstract:

Purpose: Physician turnover, involving a physician leaving clinical practice in a specific area, may disrupt
continuity of care leading to poorer health outcomes and greater healthcare utilization. The purpose of
this study was to investigate the relationship between family physician retention and avoidable

hospitalization.

Methods: A population-based cross-sectional study was conducted involving provincial health
administrative data for residents of the province of Newfoundland and Labrador holding a provincial
health card between 2001 and 2009. Five-year family physician retention was calculated by regional
economic zone, and individuals within economic zones were divided into tertiles based on retention
level. Hospitalization for ambulatory-care-sensitive conditions was compared among tertiles while

adjusting for covariates.

Results: In 475,961 residents of the province, there was a negative relationship between retention and
ambulatory-care-sensitive hospitalization where individuals from areas with moderate and low physician
retention had 16.5% (95% confidence Interval (Cl) 1.126-1.204) and 19.9% (95% Cl 1.152-1.247) higher
hospitalization rates respectively, compared to areas with high retention. No relationship was found

when analysis was limited to seniors.

Conclusions: The current study suggests that high physician retention is associated with lower rates of
hospitalization for ambulatory-care-sensitive conditions even after controlling for other factors. This is
consistent with our hypothesis that physician turnover acts to disrupt continuity of care, resulting in

higher hospitalization rates.
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Introduction
Relational continuity of care with a primary care physician has been associated with better problem

recognition® and preventive care,”* improved patient satisfaction and treatment adherence,” as well as

18-20 21-23

reduced health care utilization,’®"” healthcare costs, and mortality. However, relatively little is

known about the effects of a specific aspect of continuity of care, primary care physician turnover.”
Physician turnover, which involves a physician leaving clinical practice in a specific area, may disrupt
continuity of care by diminishing opportunities for establishing trusting physician-patient relationships

227 patients forced to

and reducing the quality of communication and information needed for care.
change their family physician report low satisfaction with care and loss of trust,?® while higher physician
retention has been shown to be associated with better patient satisfaction and preventive care

25-27,29

outcomes and may be associated with reduced health care utilization.

Although several studies have shown that higher continuity with a primary care physician is associated

15-16, 19, 30 we were

with reduced preventable hospitalizations for ambulatory care sensitive conditions,
unable to find any studies examining the relationship between physician turnover/retention and
hospitalization. Studying the effects of retention is important because changes to health policy required
to address this issue are different from those for continuity. In addition, measuring physician turnover

or retention may offer a proxy measure for continuity of care when it is not possible to measure

continuity at the individual level.

Newfoundland and Labrador has a long history of physician shortages, exacerbated by the out-migration

of physicians. Between 2011 and 2015, NL had the second highest average annual net loss of physicians

of all Canadian provinces and territories.®* The goal of the present study was to investigate the
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association between physician retention and hospitalization for ambulatory-care-sensitive conditions

through linkage and analysis of health administrative data in Newfoundland and Labrador.

Methods

Setting

The study was set in the province of Newfoundland and Labrador with a population of 505,469 in the
2006 Statistics Canada Census. The study sample was distributed across 269 (91.5%) rural and 25 (8.5%)

urban centres (census subdivisions).

Participants and Design

This is a population-based cross-sectional study using a cohort of individuals used in a prior analysis of
effects of primary care reforms (unpublished) consisting of residents of the province who held a
provincial health card between 2001 and 2009. Individuals who changed postal code or permanently

left the province between 2001 and 2009 were excluded.

Data Sources and Procedure

Patient records including age, sex and postal code were obtained from the provincial health insurance
registry. Records were linked to provincial hospital abstracts, physician claims and death records for the
five-year period from 2005 to 2009 and information on family physician supply and retention was
obtained from the Physician and Medical Practice Database, a longitudinal research dataset of
physicians in Newfoundland and Labrador. Provincial databases containing hospital abstracts and death

records are used for research and policy and planning and undergo rigorous data quality procedures.***
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Data elements from abstracts are extracted and validated annually and have been found to be highly

33,34

accurate and complete. Physicians’ claims data are generally considered to be complete given that

the information collection is required for physicians to obtain payment for services.*

Postal code of residence was mapped to census dissemination areas (DA) (i.e. neighborhoods) using the
Postal Code Conversion File,*® and several co-variate variables were obtained from the 2006 Census,
Statistics Canada at the dissemination area level including median household income, and proportions
of individuals reporting high school completion, aboriginal identity and visible minority status.” In
addition, the Postal Code Conversion File was used to map postal code of residence for each patient to

one of 20 provincial economic zones®® (See Appendix A).

Measures

Main predictor variable and outcome

Physician retention was the main predictor of interest and was defined as percentage of physicians
practicing in a given economic zone at the start of 2005 who were still practicing in the same EZ at the
end of 2009 (5-year retention).>® Economic zones rather than communities were chosen to calculate
retention because we felt this level of geography most accurately reflected accessibility to family
physician care. Many communities in NL have a very small number of physicians practicing in them, and
were in close proximity to other communities. When we calculated retention at the community level,
the departure of one physician from a small area resulted in large changes in retention score which
often did not reflect the real change in accessibility because of the close availability of physicians in
nearby communities. The larger geography of the economic zones allowed us to more-accurately

capture this accessibility.*® (Appendix A).
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Five-year physician retention values for each economic zone were then assigned to individuals based on
postal code of residence, and individuals were grouped into tertiles based on their retention score.
With patient as the unit of analysis, we examined the number of hospitalizations for an ambulatory-
care-sensitive condition (including chronic, acute and vaccine-preventable conditions™), for individuals
in each retention tertile. Conditions examined and codes used to define them were slight variations of

those used in a previous Canadian study*’ and are included in Appendix B.

Co-variates

Covariates found to be associated with health care utilization were included as control variables in the
analysis. Charlson Comorbidity Index values were calculated for each individual using diagnostic codes
contained in physician billing data ** and were categorized into four levels (0,1-2,3-4, or 5+). The index
was categorized into four categories because of a relatively small number of individuals with a higher
number of co-morbidities. Including more than four categories was associated with only minimal

improvement in predictive ability of the models (minimal reduction in the Akaike information criterion).

Income quintiles for each dissemination area were calculated as described in a previous study where
they were found to be good predictors of health services use. ** Percentages of individuals in DAs
reporting high school completion, aboriginal identity and visible minority status were also calculated and
rural-urban residence status by census subdivision (i.e. municipality) was determined from 2006 Census
data. Dissemination area-level co-variates were assigned to individuals using 6-digit residential postal
code. Census subdivisions were considered urban if they fell within a census metropolitan area or

census agglomeration, and rural otherwise. *’
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The mean number of acute care hospital beds per 1000 residents (hereafter “beds per capita”) was
determined by assigning each census subdivision to the nearest acute healthcare facility using ArcGIS
Version 10.3 geospatial software, Environmental Systems Research Institute, December 2014 and
obtaining the number of acute care beds in each facility from the Guide to Canadian Healthcare
Facilities, 2008-2009."" Distance to the nearest facility was calculated from the geographic center of
each census subdivision. The mean number of family physicians per 1000 residents (hereafter “GPs per
capita”) was determined by obtaining the number of family physicians/general practitioners practicing
in each economic zone by year in the study period from the Physician and Medical Practice Database
and taking the mean. The beds per capita and GPs per capita variables used 2006 census population as
denominators. Individuals were assigned census subdivision-level values for these two variables, as well

as distance to nearest acute care facility, using postal code of residence.

Analysis

Means and proportions were calculated for outcomes and co-variates by retention tertile. We did not
calculate inferential bi-variate comparison statistics (e.g. chi-squared or kruskal-wallis test) as the study
was population-based and differences were actual differences. Multi-variate regression models were
used to model the association of retention tertile with number of hospitalizations for ambulatory-care-
sensitive conditions, for all ages as well as those age 65 years and older, while adjusting for co-variates.
Factors were only included in the final analysis if p<0.2 in unadjusted analysis. The negative binomial
model was used as analysis revealed the variance of hospitalizations (0.207) was larger than its mean
(0.079) indicating presence of overdispersion, and the negative binomial model had better fit compared
to Poisson based on a likelihood ratio test. ** A sensitivity analysis excluding urban patients was also
conducted due to high co-linearity between retention and rural-urban place of residence. All analyses

were carried out using IBM SPSS Statistics Version 23, IBM Corporation, 2015.
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Ethics

The research protocol was approved by the Newfoundland and Labrador Health Research Ethics Board.

Results

Figure 1 shows the flow of study exclusions. Individuals in economic zones 1 and 4, remote northern
coastal areas in the Labrador region, were excluded from the analysis (n = 5266). The former had no
family physicians while the latter had one family physician for only a portion of the observation period.
Individuals dying before 2005 were also excluded as the current analysis was over a 5-year period from
2005-2009. Thus, the final study sample consisted of 475,691 individuals (Figure 1). The proportion of
individuals with one or more hospitalizations for an ambulatory-care-sensitive condition was 5.3% with a
total of 38,189 hospitalizations yielding an average ambulatory-care-sensitive hospitalization rate of
78.8 per 1,000 individuals. Mean retention percentage was 53.5 (SD 13.1) with range from 13.8% to

72.7%.

Table 1 presents exact proportions of patients falling into retention tertile groups as well as descriptive
statistics for co-variates by tertiles. While there were some differences in these covariates across
tertiles, the difference in the proportion of rural patients was particularly notable. Table 2 presents
ambulatory-care-sensitive hospitalization rate per 1,000 by retention tertile showing a decrease in rate

with higher retention scores.

Table 3 presents results of three multivariate negative binomial regression models showing factors

associated with ambulatory-care-sensitive hospitalization for the entire sample (i.e. all ages), for those
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65 years of age and older, as well for individual with rural place of residence only (i.e. with urban area
excluded). Sex was excluded from the model because it was not a significant predictor in unadjusted
analysis. After adjusting for co-variates, there was a negative relationship between retention and
ambulatory-care-sensitive hospitalization where individuals in an economic zone with moderate
physician retention had a 16.5% increase in ambulatory-care-sensitive hospitalization rate relative to
high retention, and those with low retention had an even greater increase (19.9%) (Table 3). We see a
similar, but slightly more-pronounced pattern in the analysis including only rural residents, however, no
relationship was seen in the age-65+ analysis. In the multivariate analysis, all other co-variates were
significant predictors of hospitalization for ambulatory-care-sensitive conditions except for beds per

capita.

Interpretation

We examined the relationship between family physician retention and hospitalization rate for
ambulatory-care-sensitive conditions from 2005 to 2009 in a population-based cohort from the
Canadian Province of Newfoundland and Labrador. A negative relationship was found between family
physician retention and hospitalization for ambulatory-care-sensitive conditions when controlling for
other factors thought to affect hospitalization. While the association between continuity of care and

13-14,17

ACSC hospitalization rate has been established in several studies, this is the first demonstration

that physician retention is associated in a similar pattern.

Hospitalization rates for ACSCs were found to be similar to another Canadian study utilizing the same
ACSCs.* We also found hospitalization rates for ACSCs to be higher in rural areas as well as in individuals

with higher co-morbidity rates and lower household income, all of which have been reported in the
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literature.3* %9

The association between rurality and poor health has also been well documented ***3
and likely explains at least part of the association we observed between this factor and hospitalization.
Hospital bed availability is commonly higher in rural areas, >* but the effect of rurality remained
significant after including an adjustment for beds per capita. In addition to greater rates of morbidity in

rural areas, services that help keep patients out of hospital such as home care may be more readily

available in urban areas, contributing to lower hospitalization rates.

If the association is causal, the exact mechanism by which physician retention exert its effects on
hospitalization is not fully understood, although quality of communication, comprehensiveness of
physician knowledge about the patient as well as certain characteristics of the patient-provider
relationship are thought to play a major role. Even if medical records and communication between
providers are excellent, there are likely factors that are not typically recorded in patient charts that
affect clinician and patient decision-making. These factors may only become apparent when a clinician
and patient develop a lasting and trusting relationship. Other studies have shown a relationship
between physician retention/turnover and improved patient satisfaction and higher rates of preventive

services, although evidence is conflicting.2*?" %

Although we expected the relationship between
physician retention and hospitalization to be more pronounced for seniors, no relationship was found
for those 65 years and older. We felt GPs with improved retention would have a better understanding
of the higher levels of social complexity and multi-morbidity in this population and, thus, have better
ability to mitigate their effect on hospitalization. The lack of relationship in those ages 65 and older may
be related to a higher likelihood of specialist and/or non-physician provider involvement in the care of
individuals in this age group. Another unexpected result was the positive relationship observed

between ACSC hospitalization and number of GPs in the region. A review of the literature, however,

revealed that the small number of studies in this area have had mixed results, with studies reporting
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results similar to ours, no relationship, or the expected inverse (i.e. negative) relationship.”>° |

n
addition, a randomized controlled trial of Veterans Affairs Medical Centers in the United States found

that patients receiving a greater amount of primary care after hospital discharge had higher rather than

lower hospital re-admission rates.®

The main strengths of this study are its use of large administrative databases representing the provincial
population allowing for comprehensive analysis as well as controlling for many factors affecting
hospitalization for ambulatory-care-sensitive conditions. The study is limited by its cross-sectional
design involving measurement of physician retention and hospitalization over the same time period,
which allows for determination of an association between these two variables, but prevents us from
making conclusions about causality. The observational study design may also be associated with
possible residual confounding due to between-group differences in unknown or unmeasured variables,
or the level of measurement of variables. An example of the latter is physician retention, which was
calculated at the level of the provincial economic zone and can represent a fairly large geographic area.
Although retention values in the current study provide an aggregate measure of retention within the
economic zone, actual retention levels experienced by patients within different communities or
neighborhoods within a given economic zone may be different depending on local physician migration
patterns and access to physicians outside the economic zone of residence. Also, we were not able to
measure other factors which may have affected outcomes such as disease severity or co-morbidities not
captured within the Charlson Comorbidity Index index, lifestyle choices, motivation to seek care,
treatment compliance, extent of care from specialist or non-physician providers, other access barriers,
variation in physician practice patterns/hospital admission thresholds, or differences between regions in

55,59,61-62

environmental factors such as pollution, poor housing or unhealthy working conditions. In

addition, although there were exclusions from the study sample such as individuals migrating outside
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the province, they amounted to less than ten percent of the study population, and thus, were arguably
associated with very little bias. Finally, although rention data was available on all family physicians in
the province through the Physician and Medical Practice Database, physician utilization data (i.e.
physician claims) in the province only included fee-for-service (FFS) physicians. Utilization data was
unavailable for visits to the approximately 35% of physicians in the province who are non-FFS, most of
whom were located in rural areas. Thus, determination of continuity of care patterns across the
province was not possible and the Charlson co-morbidity score, which used diagnostic codes from

physician claims, may have been underestimated for patients in rural areas.

In summary, the current study demonstrates that physician retention in a region is highly associated
with hospitalization for ambulatory-care-sensitive conditions, a finding which will be of interest to
clinicians and decision-makers. While this finding is likely explained at least in part by a reduction in
continuity of care, it is also important because the policy response to this finding may be different. We
argue that efforts should be made not only to improve continuity of care but also to minimize physician
turnover in a region. Physician retention may also be an appropriate proxy for continuity of care when it
is not possible to measure continuity at the individual level. Future research should examine additional
factors affecting ambulatory-care-sensitive hospitalization rates not accounted for in this study, such as
primary care use, other patient and physician characteristics, as well as environmental factors, in
addition to involving different measures of retention/turnover and testing effects of retention on other
important outcomes such as emergency department visits, health care costs and mortality. We also
plan to investigate measuring retention at the emergency department catchment area level, thus more
accurately capturing retention at a local level. In addition, more powerful longitudinal study designs
where physician retention is shown to precede hospitalization would more effectively demonstrate a

causal effect of physician retention on avoidable hospitalization.
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Number of individuals with active provincial health card with fixed place of residence
(N =519, 269)

Individuals migrating out-of-province during 2001-2009
(n=24,198)

Residents of economic zones (EZs) 1 and 4
EXCl USiOﬂS (Remote costal EZs with 0 GPs or 1 GP for portion of study period)
(n=5,266)

Individuals dying during 2001-2004
(n=14,114)

v

Final study sample (N = 475,691)

Figure 1: Study Exclusions
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Table 1: Descriptive Statistics of Patients by Retention Tertile, Province of Newfoundland and

Labrador (2005-2009)

Physician Retention Tertile

Variable Low Moderate High Total
N (% of total) 152,758 (31.8) 147, 399 (30.6) 175, 534 (36.5) 475,691
Sex [n (%)]
Male 76,520 (50.1) 74,095 (50.3) 87,193 (49.7) 237,808 (50.0)
Female 76,231 (49.9) 73,299 (49.7) 88,326 (50.3) 237,856 (50.0)

Age [mean (SD)]
(median)

Income quintile
QI (Lowest)

Q5 (Highest)

Rural-urban
Rural
Urban

CCI Score
0 conditions
1-2 conditions
3-4 conditions
5+ conditions

High School Diploma
[mean (SD)]

Visible Minority
[mean (SD)]

Aboriginal Identity
[mean (SD)]

Distance to nearest
acute care facility (km)
[mean (SD)]

Beds per capita
[mean (SD)]

GPs per capita
[mean (SD)]

37.8 (22.6)
39.0

30,072 (20.1)
26,797 (18.0)
28,805 (19.3)
28,272 (18.9)
35,309 (23.7)

152,758 (100.0)

0(0.0)

108,662 (71.1)
24,821 (16.2)
10,981 (7.2)

8,294 (5.4)

57.7(13.8)

1.0 (2.0)

6.0 (14.3)

28.6 (30.4)

2.2(1.2)

1.7 (0.56)

38.5(23.3)
40.0

28,787 (19.8)
36,615 (25.1)
31,032 (21.3)
27,741 (19.0)
21,547 (14.8)

95,094 (64.5)
52,305 (35.5)

96,419 (65.4)
27,605 (18.7)
12,200 (8.3)
11,175 (7.6)

61.4 (12.2)

0.48 (1.5)

2.5(4.2)

26.4 (27.9)

2.8 (1.1)

1.6 (0.23)

34.9 (23.6)
36.0

48,714 (27.9)
32,342 (18.5)
28,996 (16.6)
32,104 (18.4)
32,362 (18.5)

35,986 (20.5)
139,548 (79.5)

115,160 (65.6)
33,506 (19.1)
14255 (8.1)
12,613 (7.2)

74.8 (13.5)

1.9 (3.4)

3.7 (8.2)

9.0 (13.5)

3.1(1.0)

1.4(0.16)

36.9 (23.3)
38.0

107,573 (22.9)
95,754 (20.4)
88,833 (18.9)
88,117 (18.8)
89,218 (19.0)

283,838 (59.7)
191,853 (40.3)

320,241 (67.3)
85,932 (18.1)
37436  (7.9)
32,082 (6.7)

65.2 (15.2)

1.2 (2.6)

4.1(9.9)

20.7 (26.2)

2.7(1.2)

1.6 (0.37)

Notes: 1) Variables may not equal total N due to small number of individuals with missing data for some variable

21

2) For High School Diploma, Visible Minority and Aboriginal Identity data represent ‘Mean percentage within dissemination area’ for

that retention tertile.
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Table 2: Adjusted Hospitalization Rates for Ambulatory-care-sensitive Conditions by Physician
Retention Tertile over a Five-year period, Province of Newfoundland and Labrador (2005-2009)

Physician Retention Tertile

Variable Tow Moderate High All Patients
Number of

hospitalizations 89.7 88.5 61.0 78.8
per 1,000
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Table 3: Factors Associated with Hospitalizations for Ambulatory-care-sensitive Conditions,

Province of Newfoundland and Labrador (2005-2009)

23

Rate Ratio (95% confidence interval)

All ages

Age 65+

Rural Residence Only

Physician Retention
Q1 (Lowest)
Q2
Q3 (Highest) (Ref.)

*

Age

Income quintile
Q1 (Lowest)
Q2
Q3
Q4
QS5 (Highest) (Ref.)

Residence status
Rural
Urban (Ref.)
CCI Score
0 conditions
1-2 conditions
3-4 conditions
5+ conditions (Ref.)

High School Diploma*
Visible Minority*
Aboriginal Identity*

Distance to nearest
aqe *
acute care facility

Beds per capita*

GPs per capita*

1.199 (1.152-1.247)
1.165 (1.126-1.204)
1.000

0.999 (0.998-0.999)

1.212 (1.162-1.264)
1.166 (1.121-1.214)
1.133 (1.088-1.179)
1.145 (1.101-1.190)
1.000

1.198 (1.157-1.365)
1.000

0.086 (0.083-0.089)
0.267 (0.258-2.276)
0.396 (0.382-0.411)
1.000

0.991 (0.990-0.992)

0.993 (0.987-0.998)

1.006 (1.005-1.007)

0.998 (0.997-0.998)

1.000 (0.990-1.010)

1.363 (1.318-1.409)

1.047 (0.968-1.133)
1.001 (0.943-1.075)
1.000

1.008 (1.004-1.011)

1.177 (1.084-1.277)
1.135 (1.049-1.228)
1.070 (0.989-1.159)
1.165 (1.077-1.261)
1.000

1.302 (1.217-1.393)
1.000

0.113 (0.104-0.123)
0.430 (0.405-0.457)
0.580 (0.549-0.614)
1.000

0.990 (0.987-0.991)

0.992 (0.982-1.002)

1.006 (1.003-1.009)

0.998 (0.997-0.999)

0.998 (0.980-1.016)

1.261 (1.175-1.352)

1.232 (1.168-1.299)
1.198 (1.135-1.265)
1.000

1.002 (1.001-1.003)

1.178 (1.118-1.241)
1.131 (1.076-1.188)
1.116 (1.062-1.172)
1.165 (1.110-1.221)

0.093 (0.090-0.098)
0.290 (0.279-1.303)
0.423 (0.404-0.441)
1.000

0.990 (0.989-0.991)

0.981 (0.972-0.990)

1.007 (1.006-1.008)

0.997 (0.997-0.998)

1.003 (0.992-1.014)

1.346 (1.300-1.394)

Notes: 1) Analysis excludes n = 7989 individuals with missing data for one or more co-variates (less than 1% of individuals)
2) The rate ratios are equal to the exponent of the regression co-efficient and are adjusted for all other variables in the table.

3) * indicates variable was include in continuous form in the final models.
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Appendix A: Information on Provincial Economic Zones

Provincial economic zones (EZs) were created through a government initiative in the mid-1990s and
were managed by Regional Economic Development Boards providing institutional structure for regional
economic development in the province. Table Al below presents population by EZ.

Table Al: Population by Provincial Economic Zone, Newfoundland and Labrador, 2006

Economic Zone Population

1 3,120
2 9,660
3 9,176
4 2,591
5 1,817
6 8,833
7 9,251
8 40,805
9 21,807
10 9,120
11 14,264
12 26,431
13 7,927
14 47,243
15 28,060
16 21,585
17 39,982
18 7,869
19 187,508
20 8,420
Province 505,469

Source: Statistics Canada Census, 2006
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1
2
2 Appendix B: ICD Codes for Ambulatory-care-sensitive Conditions
5
6
7 Classification of Condition ICD-9 AND 1CD-10-Codes
8 Conditions
9 Asthma ICD-9 493
. ICD-10-CA 45
12 Angina ICD-9 411, 413
13 ICD-10-CA 120, 123.82, 124.0, 124.8, 124.9
14 Excluding cases with the following surgical procedures**:
15 CCP 01.01-01.39, 07.24, 14.01-14.83,14.88-16.82,16.89-21.82,
16 21.89-29.7, 29.82-34.81, 34.89-41.81, 41.83-43.82, 43.84-
g 45.84, 45.88-46.88,46.90-48.91, 48.99-50.79, 50.91-50.93,
19 50.96-52.81, 52.89-63.95, 63.97-64.96, 64.98-66.83, 66.89-
20 67.84,67.89-69.82, 69.89-71.96, 71.98-72.95, 72.97-75.81,
21 75.89-80.83, 80.89-88.81, 88.89-92.69, 92.80-97.82, or 97.89-
22 98.99 CCl 1.4,2.7,5.A (i.e. any procedure from CCl section 1, 2,
23 5)
gg Heart Failure and | ICD-0 428, 518.4
26 pulmonary ICD-10-CA 150, J81, 111.0
27 edema Excluding cases with the following surgical procedures**:
28 CCP 48.1,49.5, 48.02,48.03, 49.71, 49.72,49.73,49.82, 49.86
29 CCI 1.1J.50, 1.1).57.GQ, 1.HZ.85, 1.1J.76, 1.HB.53,
30 1.HD.53, 1.HZ.53, 1.HB.55, 1.HD.55, 1.HZ.55, 1.HB.54, 1.HD.54
g; Convulsion & ICD-9 345, 780.3, 642.6
. . Epilepsy ICD-10-CA G40, G41, R56, 015
> Chronic Conditions = betes with ICD-9 250.0, 250.1, 250.2, 250.3, 250.4, 250.5, 250.6, 250.7,
35 complications 250.8, 250.9
36 ICD-10-CA E10.1, E10.6, E10.7, E10.9, E11.0, E11.1, E11.6,
37 E11.7,E11.9,E13.0,E13.1,E13.6, E13.7, E13.9, E14.0, E14.1,
38 E14.6, E14.7, E14.9
zg Hypertension ICD-9 401.0, 401.9, 402.0, 402.1, 402.9
41 ICD-10-CA 110.0, 110.1, 111
42 Excluding cases with the following surgical procedures**:
43 CCP 48.1, 49.5, 48.02, 48.03, 49.71,49.72, 49.73, 49.82, 49.86
44 CCl 1.1.50, 1.1).57.GQ, 1.HZ.85, 1.1.76, 1HB.53
45 1.HD.53, 1.HZ.53, 1.HB.55, 1.HD.55, 1.HZ.55,
j? COPD ICD-9 491, 492, 494, 496
48 ICD-10-CA J41, 142, 43, 144, 147
49 Pneumonia Pneumonia (only when a secondary diagnosis of COPD is
50 present)
51 ICD-9 480, 481, 482, 483, 484, 485, 486
52 ICD-10-CA J12, J13, J14, J15, J16, J18
gj Bronchitis Acute Bronchitis (only when a secondary diagnosis of COPD
55 is present)
56 ICD-9 466.0
57 ICD-10-CA J20
58
59
60
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Vaccine-
preventable
conditions

Anemia Iron Deficiency Anemia ICD-9 280.0, 280.1, 280.8, 280.9
Other deficiency anemia ICD-9 281.0, 281.1, 281.2, 281.3,
281.4,281.8,281.9
ICD-10-CA D50.0, D50.1, D50.8, D50.9

Diptheria ICD-9 032
CD-10-CA A36.0, A36.1, A36.2, A36.3 A36.8, A36.9

Hemophilus ICD-9 320.0

Influenza type B ICD-10-CA G00.0

Hepatitis A ICD-9 070.0, 070.1
ICD-10-CA B15.0, B15.9

Hepatitis B ICD-9 070.2,070.3
ICD-10-CA B16.0, B16.1, B16.2, B16.9

Influenza ICD-9 487
ICD-10-CA J10.0, J10.1, J10.8, J11.0, J11.1,J11.8

Measles ICD-9 055

ICD-10-CA B05.0, B05.1, BO5.2, B0S.3, B05.4, BO5.8, B05.9

Meningococcal

ICD-9 036

al disease ICD-10-CA A39.0, A39.1, A39.2, A39.3, A39.4, A39.5,A39.8,
(meningitis) A39.9
Mumps ICD-9 072

ICD-10-CA B26.0, B26.1, B26.2, B26.3, B26.8,B26.9
Pertussis ICD-9 033

ICD-10-CA A37.0, A37.1, A37.8, A37.9
Pneumococcal ICD-9 038.2,041.2, 320.1, 481, 567.1, 711.0

ICD-10-CA A40.3, G00.1, J13
Only counted 481 (ICD-9) and J13 (ICD-10) if
COPD was not a secondary condition.

Poliomyelitis

ICD-9 045
ICD-10-CA A80.0, A80.1, A80.2, A80.3, A80.4, A80.9

Pulmonary/other
tuberculosis

ICD-9 011-018
ICD-10-CA A15, A16, A17, A18, A19

Rubella ICD-9 056

ICD-10-CA B06.0, B06.8, B06.9
Tetanus ICD-9 037

ICD-10-CA A35

Acute Conditions

Dental Conditions

ICD-9 521, 522, 523,525, 528
ICD-10-CA K02, K03, K04, K05, K06, KO8, K09.8, K09.9, K12,
K13

Cellulitis ICD-9 681, 682, 683, 686
ICD-10-CA L03, L04, L08, L44.4, 188, L92.2, 198.0, L98.3
Excluding cases with the following surgical procedures **
CCl codes 1 1.RM.87, 1.RM.89, 1.RM.91, 5.CA.89.CK,
5.CA.89.DA, 5.CA.89.GB, 5.CA.89.WJ, 5.CA.89.WK

Pelvic ICD-9 614,

Inflammatory ICD-10-CA N70, N73, N99.4

Disease Exclude males and cases with a hysterectomy procedures**:

CCl codes: 1 1.RM.87, 1.RM.89, 1.RM.91,
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5.CA.89.CK, 5.CA.89.DA, 5.CA.89.GB, 5.CA.89.W/J,
5.CA.89.WK

Gastroenteritis & | ICD-9 558.9, 276.5
Dehydration ICD-10-CA K52.2, K52.8, K52.9, E86.0, E86.8

Severe Ear, Nose ICD-9 382, 462, 463, 465, 472.1

and Thoat (ENT) ICD-10-CA H66, H67, J02, 103, J06, J31.2

infections Exclude otitis media cases with a myringotomy procedure**:
CCl codes: 1.DF.53.JA-TS

©CoO~NOUTA,WNPE

13 * “Secondary diagnosis” refers to a diagnosis other than most responsible
14 ** Code may be recorded in any position. Interventions coded as cancelled, previous and “abandoned
15 after onset” are excluded
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STROBE Statement—Checklist of items that should be included in reports of cross-sectional studies

Item
No Recommendation

Title and abstract 1 () Indicate the study’s design with a commonly used term in the title or the abstract
(b) Provide in the abstract an informative and balanced summary of what was done
and what was found

Introduction

Background/rationale 2 Explain the scientific background and rationale for the investigation being reported

Objectives 3 State specific objectives, including any prespecified hypotheses \/

Methods

Study design 4 Present key elements of study design early in the paper \/

Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment,
exposure, follow-up, and data collection

Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of
participants

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect
modifiers. Give diagnostic criteria, if applicable

Data sources/ 8* For each variable of interest, give sources of data and details of methods of

measurement assessment (measurement). Describe comparability of assessment methods if there is
more than one group

Bias 9 Describe any efforts to address potential sources of bias \/

Study size 10 Explain how the study size was arrived at \/

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable,
describe which groupings were chosen and why

Statistical methods 12 ({7) Describe all statistical methods, including those used to control for confounding
(b) Describe any methods used to examine subgroups and interactions \/
(c) Explain how missing data were addressed \/
(d) If applicable, describe analytical methods taking account of sampling strategy
(e) Describe any sensitivity analyses \/

Results

Participants 13 (a) Report numbers of individuals at each stage of study—eg numbers potentially
eligible, examined for eligibility, confirmed eligible, included in the study,
completing follow-up, and analysed
(b) Give reasons for non-participation at each stage \/
(c) Consider use of a flow diagram

Descriptive data 14 (a) Give characteristics of study participants (eg demographic, clinical, social) and
information on exposures and potential confounders
(b) Indicate number of participants with missing data for each variable of interest

Outcome data 15  Report numbers of outcome events or summary measures \/

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and

their precision (eg, 95% confidence interval). Make clear which confounders were
adjusted for and why they were included

(b) Report category boundaries when continuous variables were categorized \/

(c) If relevant, consider translating estimates of relative risk into absolute risk for a
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meaningful time period N/A

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and
sensitivity analyses

Discussion

Key results 18 Summarise key results with reference to study objectives \/

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or
imprecision. Discuss both direction and magnitude of any potential bias

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations,
multiplicity of analyses, results from similar studies, and other relevant evidence

Generalisability 21 Discuss the generalisability (external validity) of the study results \/

Other information

Funding 22 Give the source of funding and the role of the funders for the present study and, if

applicable, for the original study on which the present article is based
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