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Abstract

Objective: Ultrasound is one of the most commonly used imaging modalities, though some populations face barriers in accessing
ultrasound services, potentially resulting in disparities in utilization. The objective of this study was to assess the association
between sociodemographic and geographic factors and non-obstetrical ultrasound utilization in the province of Saskatchewan,
Canada. Methods: All non-obstetrical ultrasound exams performed from 2014 to 2018 in Saskatchewan, Canada were retro-
spectively identified from province-wide databases. Univariate and multivariate Poisson regression analyses were performed to
assess the association between ultrasound utilization and sex, age, First Nations status, Charlson Comorbidity Index, urban vs. rural
residence, geographic remoteness, and neighborhood income. Results: A total of 1,324,846 individuals (5,857,044 person-years)
were included in the analysis. Female sex (adjusted incidence rate ratio [alRR], 2.20; 95% confidence interval [CI], 2.19-2.22), age
(alRR, 4.97; 95% Cl, 4.90-5.05 for >57 years vs. <I | years), comorbidities (alRR, 4.36 for Charlson Comorbidity Index >10 vs. 0;
95% Cl, 3.78-5.03), and higher neighborhood income (alRR, 1.04; 95% ClI, 1.02-1.05 for highest vs. lowest quintile) were asso-
ciated with higher rates of ultrasound utilization. Individuals who were status First Nations (alRR, 0.91; 95% Cl, 0.90-0.92) or
resided in geographically remote areas (alRR, 0.87 for most vs. least remote; 95% Cl, 0.83-0.91) had lower rates of ultrasound
utilization. Individuals who lived in a rural area also had lower rates of ultrasound utilization (alRR, 0.93; 95% ClI, 0.92-0.94).
Conclusion: Substantial disparities exist in non-obstetrical ultrasound utilization among individuals in low-income neighbor-
hoods, status First Nations individuals, and individuals in rural and remote communities.

Résumé

Objectif : L'échographie est 'une des modalités d’imagerie les plus couramment utilisées bien que certaines populations
rencontrent des obstacles pour I'accés aux services d’échographie, entrainant potentiellement des disparités dans son utilisation.
L'objectif de cette étude était d’évaluer I'association entre les facteurs sociodémographiques et géographiques et l'utilisation de
I’échographie non obstétricale dans la province canadienne de la Saskatchewan. Méthodes : Tous les examens échographiques
non obstétricaux effectués de 2014 a 2018 dans la Saskatchewan (Canada) ont été identifiés rétrospectivement a partir des bases
de données de toute la province. Des analyses de régression uni- et multi-factorielles de Poisson ont été réalisées pour évaluer
I'association entre I'utilisation d’échographies et les critéres suivants : sexe, age, appartenance aux Premiéres Nations, indice de
comorbidité de Charlson, résidence urbaine versus rurale, isolement géographique et revenu moyen du voisinage. Résultats : Un
total de | 324846 personnes (5857044 années-personnes) ont été incluses dans I'analyse. Le sexe féminin (ratio d’incidence
corrigée [alRR] : 2,20; intervalle de confiance [IC] a 95 % : 2,19 a 2,22), I'age (alRR : 4,97; IC 2 95 % : 4,90 a 5,05 pour les patients
agés > 57 ans contre < | | ans), les comorbidités (alRR : 4,36 pour I'indice de comorbidité de Charlson > 10 contre 0; ICa 95 % :
3,782 5,03) et revenu plus élevé dans le quartier (alRR : 1,04; 1Ca 95 %: 1,02-1,05 pour les quintiles les plus élevés par rapport aux
plus bas) ont été associés a des taux plus élevés d’utilisation de I'échographie. Les individus issus des Premiéres Nations (alRR :

! Department of Medical Imaging, University of Saskatchewan, Saskatoon, Saskatchewan, Canada

2 Saskatchewan Health Quality Council, Saskatoon, Saskatchewan, Canada

3 Department of Community Health and Epidemiology, University of Saskatchewan, Saskatoon, Saskatchewan, Canada
* Department of Surgery, University of Saskatchewan, Saskatoon, Saskatchewan, Canada

Corresponding Author:

Scott ). Adams, MD, Department of Medical Imaging, University of Saskatchewan, Royal University Hospital, 103 Hospital Drive, Saskatoon, Saskatchewan, Canada
S7N OW8.

Email: scott.adams@usask.ca


http://crossmark.crossref.org/dialog/?doi=10.1177%2F08465371211041148&domain=pdf&date_stamp=2021-10-07

328

Canadian Association of Radiologists’ Journal 73(2)

0,91;1Ca 95 %:0,90-0,92) ou habitant des zones géographiquement éloignées (alRR : 0,87 pour les plus éloignés contre les moins
éloignés; IC a 95 %: 0,83 a2 0,91) avaient les plus faibles taux de recours a I’échographie. Les personnes vivant dans une zone rurale
avaient aussi des taux d’utilisation de I’échographie plus faibles (alRR : 0,93; IC a 95 % : 0,92 a 0,94). Conclusion : |l existe des
disparités substantielles dans I'utilisation de I’échographie non obstétricale entre les individus de zones a plus faible revenu, les
individus issus des Premiéres Nations et ceux vivant dans des communautés rurales et isolées.
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Introduction

Ultrasound imaging is one of the most commonly used medical
imaging modalities." Despite its importance in clinical care,
ultrasound is not available in many rural and remote commu-
nities in Canada and around the world, creating inequities in
access to this important imaging modality.”

While disparities in access to ultrasound imaging among
specific sociodemographic groups—including individuals in
rural and remote communities—have been reported,” it is less
clear how disparities in access to ultrasound imaging impact
utilization of non-obstetrical ultrasound imaging. One of the
most frequently cited theoretical models of healthcare utiliza-
tion, first described by Andersen in 1968, proposes that health-
care utilization can be predicted by an individuals’
predisposition to use services, factors which enable or impede

Table I. Description of Databases.

use, and individuals’ perceived and evaluated need for care.>*

Factors which enable or impede use reflect many dimensions of
accessibility to healthcare services, described by Levesque
et al. as approachability, acceptability, availability and accom-
modation, affordability, and appropriateness.”

A number of sociodemographic factors, such as age, race,
income, and education level, have been found to be predictors
of healthcare utilization in general.®' Less research has focused
on sociodemographic and geographic predictors of imaging uti-
lization, including utilization of ultrasound. Our previous
research found that status First Nations individuals, individuals
residing in rural and remote areas, and individuals in low-income
neighborhoods were less likely to have a second trimester obste-
trical ultrasound.'* However, it is unclear whether these factors
are also associated with non-obstetrical ultrasound, which is

Variables abstracted from Time period of data

Database Description of database database availability
Personal Health Includes all individuals registered for provincial medical services in Age Jan 2014 — Dec 2018
Registration Saskatchewan. This includes approximately 99% of the Sex Jan 2014 — Dec 2018

System

Discharge Abstract
Database

population of Saskatchewan, and excludes federal penitentiary
inmates, Royal Canadian Mounted Police, and veterans. '

Includes administrative, clinical, and demographic information
regarding hospital discharges, including deaths, transfers, and

First Nations status
Location of residence
(urban vs. rural)*
Index of remoteness* Jan 2014 — Dec 2018
Neighborhood income quintile* Jan 2014 — Oct 2017
Charlson Comorbidity Index’  Jan 2014 — Dec 2018

Jan 2014 — Dec 2018
Jan 2014 — Oct 2017

sign-outs, across all hospitals in Saskatchewan. Diagnoses,
conditions, and problems related to each patient’s hospital stay
are coded based on the International Statistical Classification of
Diseases and Related Health Problems, 10th revision, Canada

(ICD-10-CA).%°

Ministry of Health
MSB physician

billing database

Includes billing claims from physicians remunerated on a fee-for-
service basis, as well as shadow billing claims for non-fee-for-
service physicians. For ultrasound imaging, MSB billing data

Charlson Comorbidity Index!  Jan 2014 — Dec 2018
Number and type of ultrasound Jan 2014 — Dec 2018
exams

capture ultrasound exams billed in private facilities in
Saskatchewan based on fee codes as listed in the provincial
Payment Schedule for Insured Services Provided by a Physician.?' In
addition to fee codes, a 3-digit diagnosis code based on the
International Classification of Diseases, Ninth Revision (ICD-9)

is recorded with each billing claim.
Provincial RIS
Saskatchewan

Includes all ultrasound exams performed in public facilities in

Number and type of ultrasound Jan 2014 — Dec 2018
exams

* based on each individual’s address and postal code.

T determined based on ICD-10-CA diagnosis codes from the Discharge Abstract Database and ICD-9 diagnosis codes from the MSB physician billing database.'®

MSB, Medical Services Branch; RIS, Radiology Information System.
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commonly used as a diagnostic tool for specific clinical symp-
toms, in contrast to second trimester obstetrical ultrasound which
is recommended for all pregnant patients.'>

Multiple studies have demonstrated benefits of medical ima-
ging such as reduced rates of unnecessary surgeries and
reduced length of hospital stays, underscoring the importance
of equitable access to and utilization of imaging.'®'” Addition-
ally, lack of imaging could result in delays in diagnosis and
treatment, potentially leading to increased utilization of other
healthcare services.'® As such, it is critical to consider dispa-
rities in imaging utilization which may reflect barriers patients
face in accessing imaging services. Thus, the objective of this
study was to assess the association between sociodemographic
and geographic factors and non-obstetrical diagnostic ultra-
sound utilization.

Methods

This study was determined to be exempt from research ethics
approval by the University of Saskatchewan Research Ethics
Board. Access to data used in this study was facilitated through
a data sharing agreement between the Saskatchewan Health
Quality Council, eHealth Saskatchewan, Saskatchewan Health
Authority, Ministry of Health, and University of Saskatchewan.

Study Cohort

All individuals registered for medical services in Saskatche-
wan, Canada between January 1, 2014 and December 31, 2018
(the “study period”) were eligible for inclusion. Individuals
who were registered for medical services in Saskatchewan for
less than 180 days during the study period (as a result of birth,
death, or relocation to or from Saskatchewan) were excluded.
Individuals were identified from the Saskatchewan Personal
Health Registration System and individual-level records were
linked across province-wide administrative health databases
(Table 1).

Explanatory and Outcome Variables

Explanatory variables. Demographic information, including age,
sex, and First Nations status, was abstracted from the Personal
Health Registration System for each individual in the study
cohort. Age was defined as of January 1, 2014 or, if not regis-
tered for health services as of January 1, 2014, the date on
which the individual became registered for health services.
First Nations status was indicated if a First Nations individual
self-identified as a status Indian as defined by the Indian Act.

The Charlson Comorbidity Index (CCI) was used a proxy
for health status.?” This index was initially developed to predict
risk of death within 1 year of hospitalization based on diagnosis
codes for 17 diseases and has been validated to predict indi-
viduals who will incur high healthcare costs.'®**** The CCI
was determined for each individual based on ICD-10-CA diag-
nosis codes from the Discharge Abstract Database and ICD-9

diagnosis codes from the Medical Services Branch (MSB) phy-
sician billing database."’

Location of residence (urban vs. rural) was determined
based on each individual’s physical residence listed in the Per-
sonal Health Registration System. Urban was defined to
include all population centers (communities with a population
of at least 1,000 and a population density of 400 persons or
more per square kilometer) and rural was defined as all territory
excluding population centers.”> Based on limitations in the
Saskatchewan Health Quality Council’s administrative dataset
as a result of a change in licensing of the Postal Code Conver-
sion File, these data were only available from January 2014 to
October 2017. For the period from October 2017 to December
2018, location of residence was based on each individual’s
residence as of October 2017.

An index of remoteness as a proxy for geographic remote-
ness was determined based on the census subdivision (CSD) of
each individual’s physical address listed in the Personal Health
Registration System as maintained by eHealth Saskatchewan.
This index of remoteness was developed by Statistics Canada
to reflect proximity to general services such as health services,
businesses, and education. Initial values for the index of remo-
teness were rescaled to the range of 0 (least remote) to 1 (most
remote) based on Canada-wide data.>® In contrast to other
measures of proximity such as travel distance, this index mini-
mizes biases for remote communities in which the dominant
transportation method is air transportation. In statistical analy-
ses, <0.23 was chosen as the reference category as the 2 largest
cities in the province both had index of remoteness values
slightly less than 0.23.

Socioeconomic status was represented in analyses by neigh-
borhood income quintile. As previously described, quintiles for
each dissemination area were defined based on average income
per single person equivalent from 2011 Census data.*” The
income quintile of the dissemination area in which each indi-
vidual resided was assigned to that individual. As for urban vs.
rural residence, data were only available from January 2014 to
October 2017. For the period from October 2017 to December
2018, neighborhood income quintile was based on each indi-
vidual’s residence as of October 2017.

All geographically based variables, including location of
residence (urban vs. rural), index of remoteness, and neighbor-
hood income quintile, were specific to a time period defined by
start and end dates, taking into account that individuals may
move within the study period. For example, 2 separate time
periods were defined if an individual moved from address A to
address B, with each time period having different values for all
geographically based variables.

Outcome variable. The primary outcome variable was the num-
ber of non-obstetrical ultrasound exams performed per person-
year. Ultrasound exams were identified from the provincial
Radiology Information System (RIS), which includes all exams
performed in public facilities, and MSB physician billing
database, which includes all exams performed in private
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Table 2. Ultrasound Exams by Exam Type Over the 5-Year Study
Period.

Table 3. Number of Ultrasound Exams per Individual Over the 5-Year
Study Period.

Total exams Ultrasound

over study exams per 1000

Type of exam period person-years
Pelvis 233,566 39.88
Abdomen (complete) 217,937 37.21
Superficial soft tissues 102,484 17.50
Renal 96,047 16.40
Peripheral venous Doppler 48,332 825
Thyroid, parotid glands, or similar 43,639 7.45
Abdomen (limited) 26,138 4.46
Scrotum and testes 23,267 3.97
Carotid Doppler 13,849 2.36
Transvaginal ultrasound follicle 12,762 2.18

tracking and intrauterine device

localization
Other vascular Doppler 8,737 1.49

(intraabdominal and pelvic)
Chest 6,884 1.18
Prostate 2,755 0.47
Other 682 0.12

facilities. Together, these 2 databases include all publicly-
funded diagnostic ultrasound exams billed in Saskatchewan.

Ultrasound exams performed on the same day which cov-
ered different anatomic regions (e.g. abdomen and pelvis) were
counted as 2 separate exams. Exams which covered the same
anatomic region but which were coded as 2 separate exams
despite being part of the standard protocol of one of the exams
performed at the same time (e.g. abdomen and renal) were
counted as a single exam. Ophthalmic, cranial, joint (muscu-
loskeletal), and breast ultrasound exams, echocardiography,
and ultrasound-guided procedures were excluded from the
study as these are specialized ultrasound exams not performed
at all ultrasound centers. Obstetrical ultrasound exams were
also excluded from this study and have been reported
separately.'*

Statistical Analysis

Frequencies of each ultrasound exam type performed over the
5-year period and frequencies and proportions of the number of
ultrasound exams performed per person-year were determined.

Univariate Poisson regression modeling was used to esti-
mate incidence rate ratios (IRRs) and 95% confidence intervals
(CIs) for each stratum of each predictor variable. Variables
with p < 0.20 based on univariate analyses were included in
a multivariate model with a Poisson distribution to identify
factors associated with non-obstetrical ultrasound utilization.
The logarithm of follow-up time within the 5-year study period
was used as an offset variable. Missing values were considered
as a special “missing” category in analyses, and no records
were excluded due to missing data. Adjusted incidence rate
ratios (aIRRs) and 95% CIs were determined for each stratum
of each variable.

Number of ultrasound exams

n (%)

944,380 (71.3)
190,599 (14.4)

89,384 (6.7)

43,977 (3.3)

23271 (1.8)

12,974 (1.0)

7,318 (0.6)

4,455 (0.3)

2,736 (0.2)

1,724 (0.1)

10 4,028 (0.3)

WVO®ONOUAWN—O

Correlation coefficients and variance inflation factors to
assess for multicollinearity were determined. As correlation
of 0.43 was found between location of residence (urban vs.
rural) and index of remoteness, 2 multivariate models were
fitted: a multivariate model with all variables except urban
vs. rural location of residence (Model 1) and a multivariate
model with all variables except index of remoteness
(Model 2).

Adjusted incidence rate ratios were estimated for each cen-
sus division and medium and large population center in Sas-
katchewan and were plotted on a choropleth map to visualize
geographic differences in rates of non-obstetrical ultrasound
utilization. Choropleth maps were created using MapInfo Pro
2019 (Precisely, Pearl River, New York).

Statistical analyses were performed using SAS, version 9.4
(SAS Institute, Cary, NC). P-values less than 0.05 were con-
sidered statistically significant.

Results

A total of 1,358,113 individuals were identified in the Personal
Health Registration System over the study period. Of these
individuals, 33,267 individuals were registered for medical
services for less than 180 days and were excluded. The remain-
ing 1,324,846 individuals were registered for medical services
for a total of 5,857,044 person-years over the 5-year study
period and were included in the study.

The most common exams performed over the study period
were pelvic, abdominal, superficial soft tissues, and renal ultra-
sound exams (Table 2). Seventy-one percent of individuals had
no ultrasound exams over the 5-year study period, 14% had
one, 7% had 2, and 8% had 3 or more ultrasound exams
(Table 3). 279,186 (34%) ultrasound exams were abstracted
from RIS (representing exams performed in public facilities)
and 548,624 (66%) exams were abstracted from the MSB phy-
sician billing database (representing exams performed in pri-
vate clinics).

The overall rate of non-obstetrical ultrasound utilization was
0.141 ultrasound exams per person-year. Rates of ultrasound
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Table 4. Population Characteristics and Rate of Ultrasound Exams per Person-Year by Sociodemographic and Geographic Factors.

Total number of

Total number of Ultrasound exams

Variable n person-years ultrasound exams per person-year
Sex
Male (reference) 669,076 2,944,447 269,835 0.0916
Female 655,770 2,912,596 557,975 0.1916
Age (years)
<I | years (reference) 253,857 1,027,879 40,453 0.0394
I1-25 years 258,944 1,157,597 114,168 0.0986
26-40 years 283,214 1,236,097 205,628 0.1664
41-56 years 256,927 1,198,574 204,331 0.1705
>57 years 271,904 1,236,896 263,230 0.2128
First Nations status
No (reference) 1,209,203 5,309,494 762,240 0.1436
Yes 115,643 547,549 65,570 0.1198
Charlson Comorbidity Index
0 (reference) 1,035,934 4,510,221 534,006 0.1184
1-2 247,599 1,174,856 229,741 0.1955
3-4 27,440 117,976 40,430 0.3427
5-6 7,253 28,658 11,866 04141
7-8 4,141 16,393 7,578 0.4623
9-10 1,882 6,969 3,122 0.4480
>10 597 1,968 1,067 0.5422
Location of residence
Urban (reference) 824,380 3,459,194 516,264 0.1492
Rural 140,942 542,736 74,126 0.1366
Missing 537,569 1,855,114 237,420 0.1280
Index of remoteness
<0.23 (reference) 599,467 2,599,710 398,592 0.1533
0.23-0.30 282,610 1,265,389 178,529 0.1411
0.31-0.40 286,103 1,285,118 171,573 0.1335
0.41-0.50 110,625 497,791 56,777 0.1141
0.51-0.60 26,704 121,482 12,493 0.1028
>0.60 12,912 59,938 6,505 0.1085
Missing 6,425 27614 3341 0.1210
Neighborhood income quintile
| (reference) 237,525 774,102 113,817 0.1470
2 211,764 707,521 101,118 0.1429
3 205,883 720,780 106,827 0.1482
4 216,933 787,366 117,048 0.1487
5 191,484 731,504 108,420 0.1482
Missing 602,794 2,135,768 280,580 0.1314

exams per person-year by sociodemographic and geographic
factors are presented in Table 4.

Based on univariate Poisson regression analysis, female sex,
higher age, higher CCI, and higher neighborhood income were
significantly associated with higher rates of ultrasound utiliza-
tion. First Nations status, rural residence, and geographic remo-
teness were significantly associated with lower rates of
ultrasound utilization (Table 5).

Based on multivariate Poisson regression analysis, female
sex (Model 1—alIRR, 2.20; 95% CI, 2.19-2.22; p < 0.0001;
Model 2—alRR, 2.21; 95% CI, 2.19-2.22; p < 0.0001), higher
age (Models 1 and 2—alRR, 4.97 for age >57 years vs.
<11 years; 95% CI, 4.90-5.05; p < 0.0001), higher CCI (Model
1—alRR, 4.36 for CCI >10 vs. 0; 95% CI, 3.78-5.03;
p < 0.0001; Model 2— alIRR, 4.39; 95% CI, 3.80-5.06;
p < 0.0001), and higher neighborhood income (Model 1—

alRR, 1.04 for highest vs. lowest quintile; 95% CI, 1.02
-1.05; p < 0.0001; Model 2—alRR, 1.03; 95% CI, 1.02 -1.04;
p < 0.0001) were associated with higher rates of ultrasound
utilization. Status First Nations individuals (Model 1—alRR,
0.91; 95% CI, 0.90-0.92; p < 0.0001; Model 2—alRR, 0.90;
95% CI, 0.88-0.91; p < 0.0001) and individuals living in a rural
area (alRR, 0.93; 95% CI, 0.92-0.94; p < 0.0001) had lower
rates of ultrasound utilization. Lower rates of ultrasound utili-
zation were also observed for all levels of increased geographic
remoteness relative to the reference category corresponding to
Saskatoon and Regina, the largest urban centers in the province
(aIRRs all <1.00; p < 0.0001; Table 5).

Figure 1 presents alRRs for each census division in Sas-
katchewan, as well as all medium and large population centers
in Saskatchewan, adjusted for sex, age, First Nations status,
Charlson Comorbidity Index, and neighborhood income
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Table 5. Results of Univariate and Multivariate Poisson Regression Analysis by Sociodemographic and Geographic Factors.

Adjusted IRR — Adjusted IRR —
Model | Model 2
Variable Unadjusted IRR (95% CI) p-value* (95% CI)f (95% CI)! p-value®
Sex <0.0001 <0.0001
Male (reference) - - -
Female 2.11 (2.10-2.13) 2.20 (2.19-2.22) 2.21 (2.19-2.22)
Age (years) <0.0001 <0.0001
<I | years (reference) - - -
11-25 years 2.56 (2.53-2.60) 2.29 (2.25-2.33) 2.31 (2.27-2.34)
26-40 years 421 (4.16-4.27) 3.90 (3.84-3.95) 3.92 (3.86-3.98)
41-56 years 4.30 (4.24-4.36) 4.27 (4.20-4.33) 4.28 (4.22-4.35)
>57 years 5.52 (5.45-5.60) 4.97 (4.90-5.05) 4.97 (4.90-5.05)
First Nations status <0.0001 <0.0001
No (reference) - - -
Yes 0.87 (0.86-0.88) 0.91 (0.90-0.92) 0.90 (0.88-0.91)
Charlson Comorbidity Index <0.0001 <0.0001
0 (reference) - - -
1-2 1.66 (1.65-1.68) 1.55 (1.53-1.56) 1.55 (1.53-1.56)
3-4 3.05 (2.98-3.12) 2.52 (2.47-2.58) 2.51 (2.45-2.57)
5-6 3.65 (3.50-3.80) 3.26 (3.13-3.40) 3.25 (3.11-3.39)
7-8 4.31 (4.08-4.54) 3.53 (3.35-3.73) 3.52 (3.34-3.72)
9-10 4.33 (3.98-4.71) 3.34 (3.08-3.62) 3.34 (3.08-3.62)
>10 5.12 (4.43-5.92) 4.36 (3.78-5.03) 4.39 (3.80-5.06)
Location of residence <0.0001 <0.0001
Urban (reference) - - -
Rural 0.91 (0.90-0.92) - 0.93 (0.92-0.94)
Missing 0.86 (0.85-0.86) - 0.82 (0.81-0.84)
Index of remoteness <0.0001 <0.0001
<0.23 (reference) - - -
0.23-0.30 0.92 (0.91-0.93) 0.94 (0.93-0.95) -
0.31-0.40 0.87 (0.86-0.88) 0.86 (0.85-0.87) -
0.41-0.50 0.74 (0.73-0.75) 0.73 (0.72-0.75) -
0.51-0.60 0.68 (0.66-0.70) 0.78 (0.76-0.80) -
>0.60 0.71 (0.68-0.74) 0.87 (0.83-0.91) -
Missing 0.80 (0.76-0.85) 0.94 (0.89-1.00) -
Neighborhood income quintile <0.0001 <0.0001
| (reference) - - -
2 0.97 (0.96-0.98) 0.98 (0.97-1.00) 0.98 (0.97-1.00)
3 1.01 (0.99-1.02) 1.02 (1.00-1.03) 1.01 (1.00-1.03)
4 1.01 (1.00-1.02) 1.04 (1.02-1.05) 1.03 (1.02-1.05)
5 1.00 (0.99-1.02) 1.04 (1.02-1.05) 1.03 (1.02-1.04)
Missing 0.89 (0.88-0.90) 0.99 (0.98-1.01) 1.09 (1.07-1.11)

* p-values from univariate models.

T Model | includes the following variables: sex, age, First Nations status, Charlson Comorbidity Index, index of remoteness, and neighborhood income quintile (the
variable location of residence is not included due to correlation between location of residence and index of remoteness).

¥ Model 2 includes the following variables: sex, age, First Nations status, Charlson Comorbidity Index, location of residence, and neighborhood income quintile
(the variable index of remoteness is not included due to correlation between location of residence and index of remoteness).

§ p-values from both multivariate models.
Cl, confidence interval; IRR, incidence rate ratio.

quintile. Census divisions with low alRRs approximate geo-
graphic areas with high index of remoteness values (Figure 2)
and greater distance to and lower density of ultrasound facili-
ties (Figure S1; Supplementary Material). Variation in alRRs
was observed across the 4 medium and large population cen-
ters, with alRRs of 0.81 (95% CI, 0.80-0.82), 0.86 (95% CI,
0.84-0.88), and 0.86 (95% CI, 0.84-0.88) for Regina, Prince
Albert, and Moose Jaw, respectively, relative to Saskatoon, the
largest city in the province.

Discussion

An understanding of sociodemographic and geographic factors
which are associated with ultrasound imaging utilization is
critical in informing the provision of imaging services to more
equitably serve the entire population. Variation in ultrasound
utilization among sociodemographic groups and geographic
regions may represent underutilization (secondary to barriers
in accessing ultrasound services, for example) or
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Figure |. Choropleth map indicating adjusted incidence rate ratios of
non-obstetrical ultrasound imaging utilization by census division in
Saskatchewan. All 18 census divisions are outlined in gray, and all
medium and large population centers (Saskatoon, Regina, Prince Albert,
and Moose Jaw) are labeled. The reference category is Saskatoon, the
largest population center in the province. Incidence rate ratios were
adjusted for sex, age, first nations status, Charlson Comorbidity Index,
and neighborhood income quintile. Adjusted incidence rate ratios
greater than | indicate higher rates of non-obstetrical ultrasound utili-
zation relative to Saskatoon, and adjusted incidence rate ratios less than
| indicate lower rates of utilization. Comparing Figures | and 2, areas
which are more geographically remote generally have lower rates of
non-obstetrical ultrasound utilization, and areas which are less geo-
graphically remote (surrounding medium and large population centers)
generally have higher rates of non-obstetrical ultrasound utilization.

overutilization (due to physician ordering practices, for exam-
ple). Using a lens toward health equity, the root causes of
variation should be carefully explored.

Lower rates of non-obstetrical ultrasound utilization in
many remote areas of the province may reflect barriers which
patients face in accessing ultrasound, such as the need to travel
far distances—sometimes by plane—to reach an ultrasound
facility.” However, it is interesting that utilization rates did not
continue to decrease with higher levels of geographic remote-
ness, but were lowest in mid-geographically remote areas.'*
This may be explained by ultrasound and radiography being
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Figure 2. Choropleth map indicating index of remoteness values by
census subdivision in Saskatchewan. Each census subdivision is outlined
in black. Medium and large population centers (Saskatoon, Regina,
Prince Albert, and Moose Jaw) are labeled. Index of remoteness values
range from O (least geographically remote) to | (most geographically
remote).

the most accessible imaging modalities in many rural and
remote areas, leading physicians to order ultrasound imaging
even in cases where another imaging modality may be more
appropriate. This explanation is supported by lower utilization
rates of advanced imaging modalities across rural and remote
regions in a Norwegian study.?®

Similar to prior studies,?*** we found that higher neighbor-
hood income was associated with higher rates of ultrasound
utilization. A previous study based in a single Canadian city
found higher rates of diagnostic imaging (including non-
obstetrical ultrasound, radiography, CT, and MRI) among
patients in higher income neighborhoods, though the effect size
was larger than seen in our study, with relative risks ranging
from 1.25 to 2.26 for highest vs. lowest neighborhood income
quintiles.*' While the study did control for comorbidities and
age, other variables, such as First Nations status, were not
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controlled for, potentially explaining the difference in effect
size in our study.

Similar to our prior research which found that status First
Nations individuals had a 20% lower rate of obstetrical ultra-
sound utilization,'* in this study we found that adjusted rates of
non-obstetrical ultrasound utilization were 9-10% lower among
status First Nations individuals. Differential rates of non-
obstetrical ultrasound utilization among First Nations and
non-First Nations individuals may be secondary to overutiliza-
tion or underutilization of this imaging modality among popu-
lation subgroups. However, Indigenous peoples face multiple
barriers in accessing healthcare services, including racism, dis-
crimination, and stereotyping in the healthcare system, some-
times leading to a reluctance to access healthcare services.>*~*
In this context, these findings provide a call to action to address
the barriers which Indigenous peoples face in accessing ima-
ging to ensure equitable imaging utilization.

The magnitude of variation of ultrasound utilization across
sociodemographic and geographic factors is substantial, and
results can be used to inform ultrasound service planning. Based
on Table 5, if the rate of ultrasound exams across the province
were equal to the average rate of ultrasound exams in the 2
largest cities, an additional 13,023 exams would need to be
performed over one year to compensate for areas with currently
lower utilization rates. Similarly, if the rate of ultrasound exams
across the province were equal to that of the index of remoteness
level with the lowest adjusted rate of ultrasound exams, it could
be considered that an “excess” of 35,234 exams are currently
performed over one year across the province.

The use of innovative technologies such as telerobotic ultra-
sound should be explored to improve access to ultrasound ser-
vices for underserved and marginalized populations and help
minimize the degree of variation in ultrasound utilization in
some rural and remote areas.>>>® Other solutions, such as hav-
ing an itinerant sonographer regularly travel to rural and remote
communities, may also improve access to ultrasound services
for these communities. Cultural safety training and ensuring
culturally safe healthcare environments may increase the
approachability, acceptability, and appropriateness of ultra-
sound services for Indigenous peoples, potentially reducing
disparities in ultrasound utilization.

There are some limitations to this study. The CCI was used
to control for comorbidities; however, as the index was initially
designed to predict 1-year mortality risk, it may not directly
relate to indications of a medically necessary ultrasound exam.
However, it is reassuring that the CCI has been validated to
predict individuals who will incur high healthcare costs,*~*
suggesting that is an effective measure to capture comorbidities
that drive healthcare utilization. There are also a number of
limitations inherent to the use of administrative data, including
the potential for coding errors, incomplete data, and limitations
in the variables available within administrative datasets. For
example, First Nations status is based on self-reported data and
accuracy is not verified by eHealth Saskatchewan. Addition-
ally, data for location of residence (urban vs. rural) and neigh-
borhood income quintile were missing for a substantial

proportion of individuals and were only available from January
2014 to October 2017. We used each individual’s residence as
of October 2017 to determine location of residence (urban vs.
rural) and neighborhood income quintile for the remainder of
the study period; however, this may have resulted in non-
differential misclassification for the small proportion of the
population which moved between October 2017 and December
2018, potentially biasing toward the null for these variables.
Finally, ultrasound exams performed at an imaging clinic in
another province to which a Saskatchewan patient travels are
generally covered by the home province through a reciprocal
billing arrangement and are generally captured in Saskatche-
wan MSB physician billing data. However, exams performed at
out-of-province hospitals are not captured in the provincial RIS
and are not included in this study. This may result in slightly
decreased ultrasound exam counts for patients living in com-
munities near the provincial borders, such as for individuals in
northeast Saskatchewan traveling to Flin Flon, Manitoba for an
ultrasound exam.

In conclusion, this study highlights disparities in ultrasound
utilization among specific sociodemographic and geographic
groups, including individuals in low-income neighborhoods,
status First Nations individuals, and individuals in some rural
and remote communities. Further work should explore solu-
tions to minimize variation in ultrasound utilization between
sociodemographic and geographic groups, particularly among
those who have known barriers in accessing ultrasound ima-
ging, through the use of innovative technologies and programs.
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