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Abstract
Background  Adults with back pain commonly consult chiropractors, but the impact of chiropractic use on medical 
utilization and costs within the Canadian health system is unclear. We assessed the association between chiropractic 
utilization and subsequent medical healthcare utilization and costs in a population-based cohort of Ontario adults 
with back pain.

Methods  We conducted a population-based cohort study that included Ontario adult respondents of the Canadian 
Community Health Survey (CCHS) with back pain from 2003 to 2010 (n = 29,475), followed up to 2018. The CCHS 
data were individually-linked to individual-level health administrative data up to 2018. Chiropractic utilization was 
self-reported consultation with a chiropractor in the past 12 months. We propensity score-matched adults with and 
without chiropractic utilization, accounting for confounders. We evaluated back pain-specific and all-cause medical 
utilization and costs at 1- and 5-year follow-up using negative binomial and linear (log-transformed) regression, 
respectively. We assessed whether sex and prior specialist consultation in the past 12 months were effect modifiers of 
the association.

Results  There were 6972 matched pairs of CCHS respondents with and without chiropractic utilization. Women 
with chiropractic utilization had 0.8 times lower rate of cause-specific medical visits at follow-up than those without 
chiropractic utilization (RR5years = 0.82, 95% CI 0.68-1.00); this association was not found in men (RR5years = 0.96, 95% 
CI 0.73–1.24). There were no associations between chiropractic utilization and all-cause physician visits, all-cause 
emergency department visits, all-cause hospitalizations, or costs. Effect modification of the association between 
chiropractic utilization and cause-specific utilization by prior specialist consultation was found at 1-year but not 
5-year follow-up; cause-specific utilization at 1 year was lower in adults without prior specialist consultation only 
(RR1year = 0.74, 95% CI 0.57–0.97).
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Introduction
Back pain is the leading cause of disability worldwide 
[1, 2], and a driver of healthcare utilization and costs 
across health systems [3–9]. One in seven consulta-
tions with general practitioners in the United Kingdom 
were for musculoskeletal conditions, with back pain as 
the most common reason for care [5]. In Ontario, adults 
with back pain have 2 times higher rates of back pain-
related healthcare visits and 1.2 times higher costs than 
those without back pain, representing an annual burden 
of $759 million in Canadian dollars (CAD) [10]. Overall, 
back pain is associated with high health and economic 
burden.

Adults commonly consult allied healthcare providers, 
including chiropractors, for the management of back pain 
[11, 12]. In Canada, prevalence of chiropractic utilization 
among adults with back pain was 24% in 2009–2010 [11]. 
A scoping review of the literature reported that back pain 
was the most common reason for seeking chiropractic 
care [12]. Preliminary evidence suggests that use of allied 
healthcare, including chiropractic care, may be associ-
ated with decreased medical visits and costs for spinal 
conditions [13–15]. Among members of one United 
States health plan with back pain, patients with chiro-
practic coverage had fewer surgeries and hospitalizations, 
and lower back pain-related costs than those without chi-
ropractic coverage [14]. Among adults aged ≥ 65 years 
enrolled in Medicare, access to chiropractic care was 
associated with fewer visits to primary care physicians 
and lower medical spending for spinal conditions [13, 
16]. These studies were conducted in the United States, 
which does not have a single nationwide universal pub-
lic healthcare system, and thus results may differ in other 
jurisdictions such as Canada. Moreover, previous studies 
are limited in generalizability (older adults or members of 
one United States health insurance plan only) [13, 14], or 
by a cross-sectional design [16]. To date, no population-
based studies have assessed the effects of chiropractic 
utilization on medical healthcare utilization and costs 
within the universal public healthcare system in Canada. 
Addressing this knowledge gap is important to support 
provincial decision-making on allied healthcare policies 
and health services delivery for back pain.

The objective was to assess the association between 
chiropractic utilization and subsequent medical health-
care utilization and costs in a population-based cohort of 

adults with back pain within the universal public health-
care system in Ontario.

Methods
Study design, setting, and study period
The study design is a population-based cohort study 
in Ontario, with a study period from 2003 to 2018. We 
included four cycles of the Canadian Community Health 
Survey (CCHS; 2003, 2005, 2007–2008, 2009–2010), and 
followed the CCHS respondents up to 2018 using linked 
administrative data. We reported this study according to 
the Strengthening the Reporting of Observational Stud-
ies in Epidemiology Statement [17]. The study was con-
ducted according to the guidelines of the Declaration of 
Helsinki and was approved by the Research Ethics Board 
at the University of Toronto (Reference #37424).

Ontario is the largest province by population 
(~ 14.3  million in 2018) in Canada [18]. Many medi-
cal healthcare services are publicly funded in Ontario 
through the government-run Ontario Health Insurance 
Plan, including physician visits and most basic and emer-
gency healthcare services [19]. Chiropractic services are 
not paid through the Ontario Health Insurance Plan, but 
may be paid out-of-pocket or paid through other payer 
systems (extended health insurance, workers’ compensa-
tion, automobile insurance).

Study sample and eligibility criteria
We included all Ontario respondents who self-reported 
back pain on at least one of four CCHS cycles (2003, 
2005, 2007–2008, 2009–2010) and aged ≥ 18 years at the 
time of interview. Back pain was defined as self-reporting 
back problems diagnosed by a health professional of 6 
months’ duration or greater. We excluded CCHS respon-
dents who could not be linked to administrative data 
(linkage rates were 83–85%). We excluded those with a 
death date before the CCHS survey. CCHS respondents 
of multiple cycles were excluded (i.e., kept first cycle 
only; <1% were excluded).

Data sources and sampling
Individual-level CCHS survey data from 2003 to 2010 
were deterministically-linked to follow-up medical uti-
lization data from health administrative databases, fol-
lowed up to March 31, 2018. Deterministic linkage is 
an all-or-nothing linkage approach where records are 
matched using an exact match of unique identifying 

Conclusions  Among adults with back pain, chiropractic use is associated with lower rates of back pain-specific 
utilization in women but not men over a 5-year follow-up period. Findings have implications for guiding allied 
healthcare delivery in the Ontario health system.

Keywords  Back pain, Chiropractic, Medical utilization, Costs, Healthcare utilization, Population-based cohort study, 
Canadian Community Health Survey



Page 3 of 11Wong et al. BMC Health Services Research          (2023) 23:793 

information [20]. These datasets were linked using unique 
encoded identifiers and analyzed at ICES (formerly 
known as the Institute for Clinical Evaluative Sciences). 
ICES is an independent, non-profit research institute 
whose legal status under Ontario’s health information 
privacy law allows it to collect and analyze healthcare and 
demographic data, without consent, for health system 
evaluation and improvement. CCHS is a cross-sectional 
survey administered by Statistics Canada that collects 
data on health determinants, outcomes, and healthcare 
use across Canada [21]. CCHS uses a multi-stage sam-
pling survey design to target Canadians aged ≥ 12 years 
living in private dwellings and excludes persons living in 
institutions (e.g., long-term care), full-time members of 
the Canadian Forces, and persons living on-reserve and 
other First Nations settlements [21]. CCHS collected data 
from a sample of respondents every two years between 
2001 and 2007. After 2007, the CCHS collected data 
from respondents annually. We restricted the sample to 
respondents aged ≥ 18 years to focus on adults with back 
pain. CCHS data are representative of 98% of the Cana-
dian population aged ≥ 12 years living in private dwellings 
with response rates greater than 75% [21]. Detailed sur-
vey methodology is described elsewhere [22].

We used health administrative data from the Ontario 
Health Insurance Plan, Canadian Institute for Health 
Information Discharge Abstract Database and Same 
Day Surgeries (CIHI-DAD/SDS), and National Ambula-
tory Care Reporting System to capture physician bill-
ings, emergency department visits, and hospitalizations. 
Ontario Health Insurance Plan covers all Ontario resi-
dents, including all CCHS respondents, as a government-
run universal public healthcare system. These data cover 
all medical providers who can claim the Ontario Health 
Insurance Plan and include service codes, dates of ser-
vice, and associated diagnosis [23]. The CIHI-DAD/SDS 
collects demographic, administrative, and clinical data 
on hospital discharges and same-day surgeries, and the 
National Ambulatory Care Reporting System captures 
data on all hospital-based and community-based ambula-
tory care.

Variables
Exposure – chiropractic utilization
Chiropractic utilization was defined by respondents 
reporting “≥1” to the CCHS question: “In the past 12 
months, how many times have you seen, or talked on 
the telephone, about your physical, emotional or mental 
health with a chiropractor?” (“0” categorized as no chi-
ropractic utilization in a specific CCHS cycle). Previous 
studies used this CCHS question to describe chiropractic 
utilization in persons with back pain [11, 24, 25].

Outcomes – medical healthcare utilization and costs up to 
one- and five-year follow-up
Outcomes included cause-specific (back pain-specific) 
and all-cause medical utilization and healthcare costs. 
We assessed medical utilization and costs from the 
CCHS interview date up to one and five-year follow-up. 
Informed by literature [10, 25–28], we calculated back 
pain-specific visits based on billings and procedural 
codes, including back pain codes for physician billing, 
hospital visits, and spinal imaging (see Additional File 
– Appendix I). All-cause medical utilization included 
all physician visits, emergency department visits, and 
hospitalizations.

We calculated direct costs as total healthcare spend-
ing in Canadian dollars adjusted to 2018, using a per-
son-centred costing approach to linked administrative 
databases [29]. This methodology uses an algorithm to 
estimate direct costs accrued by each person based on 
healthcare visits covered by the Ministry of Health and 
Long Term Care following the CCHS interview, repre-
senting the healthcare payer perspective (see Additional 
File – Appendix II). Comprehensive healthcare costs 
were available for all major sectors of healthcare spend-
ing since 2003: inpatient hospitalizations, physician 
visits, complex continuing care, long-term care, home 
services, assistive devices and pharmaceuticals [29]. Pre-
vious studies applied these methods to estimate costs for 
back pain and other conditions [10, 29–32].

Potential confounders
The following variables were considered potential con-
founders based on literature [33–37]:

 	• Sociodemographic factors (from CCHS): age, 
rurality, household income, education, newcomer 
status, ethnicity, worked in the past 12 months.

 	• Health-related/behavioural factors (from CCHS): 
smoking status, alcohol consumption, physical 
activity, body mass index, self-rated general health, 
life stress, difficulty with activities.

 	• Comorbidities (taken from health administrative 
data 2 years prior to survey date): ACG® System 
Collapsed Aggregated Diagnosis Groups (ADGs) 
using The Johns Hopkins ACG® System, version 
10.0.1 (validated among adults in Ontario) [38]; 
health conditions using health administrative 
database algorithms (diabetes, hypertension, 
congestive heart failure, chronic obstructive 
pulmonary disease, dementia, stroke, coronary artery 
disease) [39–43].

Data analysis
We used a survey-weighted logistic regression model that 
includes the aforementioned confounders and CCHS 
cycle to estimate a propensity-score for the probability of 
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having chiropractic utilization compared to no chiroprac-
tic utilization. We created a propensity score-matched 
cohort using a nearest-neighbor 1:1-greedy matching 
algorithm to match participants in the exposed and unex-
posed groups based on logit of the propensity-score, with 
caliper width 0.2 times the standard deviation [44, 45]. 
We assessed balance of each baseline covariate between 
matched exposed and unexposed groups, with standard-
ized differences 0.1 (< 10%) indicating sufficient balance 
[46]. After propensity-score matching, we used negative 
binomial regression to model the association between 
chiropractic utilization and rate of medical visits to 
compute rate ratios (RR) and 95% confidence intervals 
(CI). We modelled differences in costs adjusted to 2018 
Canadian dollars using linear (log-transformed) mod-
els [47]. We stratified analyses by time periods to assess 
effects of chiropractic utilization up to one- and five-year 
follow-up.

All estimates incorporated CCHS survey weights 
and variance calculations were based on bootstrap 
weights with balanced repeated replication [48]. We 
used a pooled approach to combine CCHS cycles, which 
increases sample size and statistical power [49]. All costs 
were adjusted to 2018 Canadian dollars (CAD), and the 
annual exchange rate for 1 Canadian dollar was $0.77 
United States Dollar in 2018 [50]. Analyses were per-
formed using SAS version 9.4 (SAS Institute, Cary, NC) 
and Stata/MP 15.1 for Unix (StataCorp, College Station, 
TX).

Effect modification
We assessed for effect modification by sex and prior spe-
cialist consultation using stratified analyses. Based on 
CCHS data, respondents reporting “≥1” consultation 
to a specialist in the past 12 months were categorized 
as having prior specialist consultation (with “0” consul-
tations considered as no prior specialist consultation). 
Previous literature suggests that specialist consultation 
is associated with low back disability among patients in 
chiropractic and physiotherapy clinics [51]. Interactions 
with chiropractic utilization (exposure) and sex or prior 
specialist consultation were examined to determine if 
the association between chiropractic utilization and out-
comes varied by sex or prior specialist consultation. Sta-
tistical tests (Wald test) were two-sided; alpha < 0.05 was 
considered statistically significant.

Sensitivity analyses
We conducted sensitivity analyses to assess the potential 
impact of residual confounding: (1) restricting to adults 
aged < 65 years to address potential residual confound-
ing by age (or other health/behavioural factors related 
to age); (2) restricting to adults with ≥ 1 back pain visit 
within 2 years prior to CCHS interview date; prior back 

pain-related visit(s) served as a proxy for severity of 
back pain requiring healthcare (potential unmeasured 
confounder).

Secondary analyses
We conducted analyses with up to 15-years follow-up to 
assess whether observed effects were seen in the long-
term. We also conducted a secondary analysis using 
multivariable negative binomial regression to assess the 
association between number of consultations with a chi-
ropractor in the past 12 months (i.e., 0, 1–5, 6–10, > 10 
consultations) and medical healthcare utilization.

Results
There were 135,428 respondents from four CCHS cycles 
between 2003 and 2010 (see Additional File – Appendix 
III). A total of 92,175 respondents were excluded due to 
ineligibility (primarily age < 18 years, no self-reported 
back pain, or ineligible for the Ontario Health Insurance 
Plan), or missing exposure data (< 0.1%). Of the 29,475 
respondents with back pain used for analysis, 6974 
reported chiropractic utilization and 22,501 reported no 
chiropractic utilization. In the weighted sample, 76.1% 
had 0 chiropractic consultations, 7.7% had 1–5 con-
sultations, 5.1% had 6–10 consultations, and 11.2% had 
more than 10 consultations in the past 12 months. After 
matching, there were 6972 pairs of respondents with and 
without chiropractic utilization.

Before matching, a lower proportion of respondents 
with chiropractic utilization were aged ≥ 65 years (13.9% 
versus 23.2%), in the lowest income quintile (8.9% versus 
18.2%), and had less than secondary education (11.8% 
versus 21.5%), with standardized differences > 10% 
(Table 1). A higher proportion of respondents with chi-
ropractic utilization worked in the past 12 months (75.6% 
versus 59.9%) and had excellent/very good general health 
(50.4% versus 39.9%). After matching, all characteristics 
across groups achieved standardized differences < 10%.

Prevalence of chiropractic utilization in the past 12 
months among adults with back pain was 23.94% (95% CI 
23.08–24.80) overall (Table  2), and was similar between 
women (23.65%, 95% CI 22.50–24.80) and men (24.26%, 
95% CI 22.97–25.56).

Medical healthcare utilization
Among women with back pain, those with chiroprac-
tic utilization had 0.8 times lower rate of cause-specific 
medical visits up to 5-year follow-up than those without 
chiropractic utilization (RR1year = 0.78, 95% CI 0.60–0.99; 
RR5years = 0.82, 95% CI 0.68-1.00) (Table 3). There was no 
association between chiropractic utilization and cause-
specific medical utilization for men (RR1year = 1.16, 95% 
CI 0.76–1.78; RR5year = 0.96, 95% CI 0.73–1.24).



Page 5 of 11Wong et al. BMC Health Services Research          (2023) 23:793 

Entire cohort Propensity score-matched cohort
Variable Adults with 

chiropractic 
use n = 6974

Adults 
without chi-
ropractic use 
n = 22,501

Absolute 
standard-
ized 
difference

Vari-
ance 
ratio

Adults with 
chiropractic 
use n = 6972

Adults 
without 
chiropractic 
use n = 6972

Absolute 
standard-
ized 
difference

Vari-
ance 
ratio

Hard match variable
Female sex (%) 52.88 53.72 0.01 1.00 52.89 54.13 < 0.01 1.00

Propensity score variables
Age (%)
18–34 years 19.65 17.02 0.10 1.22 19.65 19.27 0.03 1.06

35–49 years 36.13 30.38 0.14 1.17 36.13 36.91 0.01 0.99

50–64 years 30.27 29.39 0.04 1.03 30.27 29.31 < 0.01 1.00

≥ 65 years 13.95 23.21 0.26 0.77 13.96 14.51 0.02 0.98

Location of residence
Rural (%) 18.85 15.63 0.09 1.11 18.85 19.23 < 0.01 1.00

Income quintile (%)
1 (lowest) 8.91 18.19 0.30 0.55 8.91 8.73 0.02 0.95

2 11.78 14.64 0.10 0.83 11.78 12.23 0.01 0.97

3 18.16 17.45 0.02 1.03 18.16 18.15 < 0.01 1.00

4 23.81 18.29 0.15 1.24 23.81 23.83 < 0.01 1.01

5 (highest) 26.39 18.83 0.21 1.36 26.38 26.52 0.03 1.03

Unknown 10.96 12.60 0.04 0.88 10.97 10.54 < 0.01 0.99

Education (%)
Less than secondary 11.82 21.52 0.25 0.69 11.82 11.28 0.04 1.09

Secondary graduate 17.85 18.40 < 0.01 1.00 17.85 18.47 0.02 0.96

More than secondary 69.92 59.14 0.22 0.91 69.92 69.99 0.02 1.01

Unknown 0.41 0.94 0.03 0.64 0.41 0.27 0.02 1.57

Worked in the past
12 months (%)
Yes 75.61 59.94 0.39 0.87 75.61 74.46 0.06 0.96

No 19.06 29.34 0.26 0.79 19.06 19.82 0.05 0.94

Unknown 5.33 10.72 0.08 0.53 5.34 5.62 0.01 0.90

Newcomer status (%)
Newcomer 21.27 30.88 0.17 0.74 21.27 21.10 0.01 1.02

Canadian-born 77.79 67.24 0.18 0.75 77.79 77.74 0.01 1.02

Unknown 0.94 1.88 0.04 0.62 0.94 1.16 < 0.01 0.98

Ethnicity
White 86.49 80.96 0.12 0.71 86.49 86.07 0.01 0.96

Visible minority 12.08 16.74 0.10 0.70 12.08 12.37 0.02 0.93

Unknown 1.43 2.31 0.05 0.70 1.43 1.56 0.01 1.08

Body mass index (%)
Obese, ≥ 30 kg/ m2 20.57 20.81 0.01 0.99 36.78 35.86 < 0.01 0.99

Overweight, 25-29.9 kg/ m2 36.79 34.47 0.04 1.02 20.57 20.09 0.01 1.00

Normal weight 18.5–24.9 kg/m2 38.22 38.23 < 0.01 1.00 38.22 38.76 0.01 1.01

Unknown 4.43 6.49 0.07 0.76 4.43 5.28 < 0.01 0.98

Physical activity (%)
Active 24.21 19.08 0.09 1.14 24.20 23.28 0.01 0.99

Moderately active 24.03 22.41 0.08 1.11 24.03 24.61 0.04 1.05

Inactive 50.55 55.80 0.13 1.01 50.56 50.73 0.03 1.00

Unknown 1.21 2.72 0.08 0.53 1.21 1.39 0.01 0.90

Alcohol consumption (%)
Heavy/moderate drinker 32.67 28.00 0.11 1.10 7.77 7.77 0.01 1.03

Light/never drinker 65.86 70.47 0.01 1.03 65.86 66.25 0.02 1.02

Unknown 1.47 1.53 0.11 1.16 26.36 25.98 0.02 1.02

Table 1  Baseline characteristics (weighted) of adults reporting back pain with and without chiropractic utilization, propensity-score-
matched cohort, CCHS 2003–2010, Ontario*
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Entire cohort Propensity score-matched cohort
Variable Adults with 

chiropractic 
use n = 6974

Adults 
without chi-
ropractic use 
n = 22,501

Absolute 
standard-
ized 
difference

Vari-
ance 
ratio

Adults with 
chiropractic 
use n = 6972

Adults 
without 
chiropractic 
use n = 6972

Absolute 
standard-
ized 
difference

Vari-
ance 
ratio

Smoking status (%)
Current smoker 21.39 26.68 0.17 0.82 21.39 21.81 0.04 0.95

Former smoker 27.68 26.93 0.02 0.98 27.68 26.49 0.17 1.06

Never smoker 47.62 42.51 0.17 1.06 47.61 48.51 0.04 1.01

Unknown 3.31 3.88 0.01 0.96 3.32 3.19 0.03 1.19

Activity limitations
Often 20.41 25.71 0.20 0.81 20.41 20.78 0.06 0.92

Sometimes 28.28 27.31 0.01 1.01 28.28 27.89 0.01 0.99

Never 51.20 46.93 0.17 1.04 51.20 51.22 0.07 1.01

Unknown 0.11 0.06 0.02 1.72 0.11 0.11 < 0.01 1.14

Life stress
Quite a bit/extreme stress 29.83 31.28 0.01 1.02 29.83 30.44 0.04 1.04

 A bit of stress 33.01 31.18 0.01 1.01 33.01 33.00 0.03 0.98

Not at all/not very stressed 36.90 37.19 0.02 0.99 36.90 36.41 0.01 1.00

Unknown 0.26 0.36 0.02 0.64 0.26 0.15 0.01 1.23

Self-rated general health (%)
Excellent/very good 50.38 39.88 0.26 1.08 50.37 51.01 0.04 1.00

Good 33.04 33.39 < 0.01 1.00 33.04 32.29 0.02 1.00

Fair/poor 16.43–16.58† 26.66 0.30 0.70 16.43–16.58† 16.55–16.70† 0.03 0.95

Unknown 0.00-0.15† 0.07 0.01 1.38 0.00-0.15† 0.00-0.15† 0.02 1.80

Chronic disease(s) (%) 37.60 44.98 0.21 0.98 37.60 37.10 0.05 0.99

Collapsed ADGs
1 78.51 77.61 0.03 0.97 78.51 78.53 < 0.01 1.00

2 71.98 73.06 0.04 1.05 71.98 74.32 0.03 1.03

3 68.66 66.08 0.03 0.98 68.65 68.91 0.03 1.02

4 7.62 7.71 0.01 0.96 7.61 7.85 < 0.01 0.98

5 25.28 30.96 0.18 0.88 25.28 26.25 0.03 0.97

6 47.91 54.12 0.14 1.04 47.92 46.88 0.01 1.00

7 6.58 6.36 0.01 0.96 6.58 6.72 0.04 0.87

8 8.23 11.81 0.12 0.74 8.23 8.36 < 0.01 1.01

9 12.03 11.90 0.07 0.85 12.02 12.73 0.08 0.84

10 32.96 36.26 0.07 0.96 32.96 33.24 < 0.01 1.00

11 45.13 41.37 0.08 1.03 45.12 46.57 0.01 1.00

12 3.23 3.23 0.02 1.11 3.23 3.82 < 0.01 1.01

CCHS cycle (%)
2003 24.16 23.62 0.02 1.02 24.15 24.35 < 0.01 1.00

2005 24.12 23.34 0.01 1.01 24.13 23.89 < 0.01 1.00

2007–2008 24.73 27.33 0.02 0.98 24.74 25.76 0.04 1.05

2009–2010 26.99 25.72 0.01 0.99 26.98 26.00 0.05 0.95
ADG – Aggregated Diagnosis Groups; CCHS – Canadian Community Health Survey

*Data were derived from the Ontario component of Canadian Community Health Survey (2003–2010) linked to health administrative databases. All estimates were 
weighted using Canadian Community Health Survey sampling weights to provide population estimates

†Ranges were used to address cell sizes < 6 to protect confidentiality

Table 1  (continued) 
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There were no associations between chiropractic utiliza-
tion and all-cause physician visits (RR5years(women) = 0.96, 95% 
CI 0.91–1.03; RR5years(men) = 0.99, 95% CI 0.91–1.08), all-
cause hospitalizations (RR5years(women) = 0.92, 95% CI 0.83–
1.02; RR5years(men) = 0.93, 95% CI 0.81–1.08), or all-cause 
emergency department visits (RR5years(women) = 1.03, 95% CI 
0.93–1.13; RR5years(men) = 0.99, 95% CI 0.88–1.11) (Table 3).

Costs
Healthcare costs did not differ between those with and 
without chiropractic utilization up to 5-year follow-up 
(RR5years(women) = 1.00, 95% CI 0.92–1.08; RR5years(men) = 0.99, 
95% CI 0.89–1.10) (Table 3).

Effect modification
Although associations between chiropractic utiliza-
tion and cause-specific medical utilization varied by sex 
(RR5years(women) = 0.82, 95% CI 0.68-1.00; RR5year(men) = 0.96, 
95% CI 0.73–1.24), there was no statistically signifi-
cant effect modification by age (p > 0.05). There was evi-
dence of effect modification of the association between 
chiropractic and cause-specific medical utilization by 
prior specialist consultation at 1-year (p = 0.047) but not 
5-year follow-up (p > 0.05) (Table  4). Specifically, chi-
ropractic utilization was associated with lower rates of 
cause-specific medical utilization at 1 year among adults 
without prior specialist consultation only (RR1year(no 

prior consultation) = 0.74, 95% CI 0.57–0.97; RR1year(prior 

consultation) = 1.17, 94% CI 0.83–1.66).

Sensitivity analyses
When restricting to adults aged < 65 years or with 
prior back pain-related visit(s), results were similar 
to the primary analysis overall (see Additional File – 
Appendix IV and V). Women with chiropractic utili-
zation had lower rates of cause-specific medical visits 
(RR5years(<65years) = 0.91, 95% CI 0.76–1.09; RR5years(prior 

back pain visit(s)) = 0.85, 95% CI 0.67–1.06) and there were 
no associations between chiropractic utilization and all-
cause utilization or costs.

When assessing up to 15-year follow-up, results were 
similar to the primary analysis; observed effects for 
cause-specific utilization among women were seen in the 
long-term (see Additional File – Appendix VI). When 
assessing the association between number of chiroprac-
tic consultations and medical healthcare utilization, 
slightly lower rates of cause-specific healthcare utiliza-
tion were observed for women with > 10 consultations 
(RR5years = 0.85, 95% CI 0.72–1.01) and 6–10 consultations 
(RR5years = 0.91, 95% CI 0.76–1.09) up to 5-year follow-up, 
but this was not statistically significant (see Additional 
File – Appendix VII). No associations were observed for 
men or all-cause medical healthcare utilization.

Table 2  Prevalence of chiropractic utilization in adults with back 
pain, pooled participants of CCHS 2003–2010, Ontario*
Survey Cycle Weighted 12-month 

period prevalence 
of chiropractic utili-
zation, % (95% CI)

Total Population N = 2,059,366

Overall 23.94% (23.08–24.80)

2003 24.35% (22.75–25.95)

2005 24.55% (22.93–26.17)

2007–2008 22.17% (20.59–23.74)

2009–2010 24.83% (22.82–26.84)
CCHS – Canadian Community Health Survey; CI - confidence interval

*Data were derived from the Ontario component of Canadian Community 
Health Survey (2003–2010), weighted using Canadian Community Health 
Survey sampling weights to provide population estimates

Table 3  Association between chiropractic utilization and 
outcomes in propensity-score-matched Ontario adults with back 
pain*

Up to 1-year 
follow-up
Effect estimate, 
95% CI

Up to 5-year 
follow-up
Effect esti-
mate, 95% CI

Back pain-specific medical 
visits (number of visits per 
person-year)
Women RR 0.78 (0.60, 

0.99)
RR 0.82 (0.68, 
1.00)

Men RR 1.16 (0.76, 
1.78)

RR 0.96 (0.73, 
1.24)

All-cause physician visits (num-
ber of visits per person-year)
Women RR 1.00 (0.99, 

1.02)
RR 0.96 (0.91, 
1.03)

Men RR 1.04 (1.01, 
1.07)

RR 0.99 (0.91, 
1.08)

All-cause emergency depart-
ment visits (number of visits per 
person-year)
Women RR 1.04 (0.91, 

1.19)
RR 1.03 (0.93, 
1.13)

Men RR 1.08 (0.89, 
1.32)

RR 0.99 (0.88, 
1.11)

All-cause hospitalizations (num-
ber of visits per person-year)
Women RR 0.91 (0.77, 

1.07)
RR 0.92 (0.83, 
1.02)

Men RR 0.93 (0.74, 
1.17)

RR 0.93 (0.81, 
1.08)

Healthcare costs, $CAD (ad-
justed to 2018)†
Women 1.02 (0.93, 1.13) 1.00 (0.92, 1.08)

Men 1.09 (0.96, 1.25) 0.99 (0.89, 1.10)
CAD – Canadian dollars; CI – confidence interval; RR – rate ratio

*All estimates were weighted using Canadian Community Health Survey 
sampling weights to provide population estimates; pooled participants with 
back pain from Canadian Community Health Survey cycles 2003–2010 (Ontario), 
followed up to 2018

†Estimates from linear (log-transformed) regression models for costs (adjusted 
to 2018 Canadian dollars)
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Discussion
We found that among women with back pain in Ontario, 
those with chiropractic utilization had 0.8 times lower 
rates of cause-specific medical visits that those with-
out chiropractic utilization. No associations were found 
between chiropractic utilization and all-cause medi-
cal healthcare utilization or costs. Chiropractic use was 
associated with lower rates of cause-specific medical 
utilization among those without previously consulting a 
specialist at 1-year but not 5-year follow-up, suggesting 
effect modification by prior specialist consultation in the 
short-term.

Our findings greatly extend knowledge on the effects 
of chiropractic use in the Ontario health system. One 

study reported that members of one United States health 
plan with back pain and chiropractic coverage had fewer 
surgeries and hospitalizations than those without chiro-
practic coverage [14]. A notable addition to the literature 
is our finding that women with chiropractic utilization 
had lower rates of cause-specific medical utilization than 
those without chiropractic utilization, but this associa-
tion was not found in men, highlighting sex-based differ-
ences. Two studies reported that chiropractic coverage or 
utilization was associated with lower costs among Medi-
care beneficiaries or members of a United States health 
plan [13, 14]. In contrast, we found that chiropractic uti-
lization was not associated with differences in healthcare 
costs from the perspective of the Ontario Ministry of 
Health and Long Term Care. This may be owing to differ-
ent payer systems, with organizations such as health plan 
providers or Medicare as payers in the healthcare indus-
try in the US. In Ontario, the Ministry of Health and 
Long Term Care perspective represents a government-
run universal public health system whereby medical ser-
vices are covered under the provincial health insurance 
plan. Chiropractic services are not covered under the 
Ontario Health Insurance Plan, but may be paid out-
of-pocket or through other plans (e.g., extended health 
insurance). Our findings fill an important knowledge gap 
by providing new evidence on the association between 
chiropractic and follow-up healthcare utilization in a 
Canadian context, using strong approaches to account 
for a wide range of confounders not typically used in pre-
vious studies.

There are potential explanations for our findings. First, 
lower rates of cause-specific medical visits among women 
with chiropractic utilization may reflect differences in 
access to care or interprofessional referrals. In evidence-
based clinical practice guidelines for the management of 
back pain, most non-pharmacological treatments (e.g., 
education, exercises, manual therapies) listed in guideline 
recommendations can be provided by rehabilitation pro-
fessionals, including chiropractors, which may facilitate 
access to care [52, 53]. In contrast, there may be fewer 
interprofessionals referrals between medical doctors and 
chiropractors. A study reported that referrals between 
chiropractors and physicians occurred in < 10% of all 
encounters in chiropractic practices in Ontario [54]. Sec-
ond, differences in cause-specific medical visits following 
chiropractic utilization by sex may reflect healthcare-
seeking patterns, highlighting the importance of tailored 
strategies that consider gender influences. Healthcare-
seeking may have biological, psychosocial, and gender-
related differences, such as different pain experiences or 
support with activities or work [55–57].

Notably, our findings have important implications for 
knowledge users, including policy-makers, to support 
provincial decision-making on allied healthcare poli-
cies and back pain treatment strategies. Understanding 

Table 4  Association between chiropractic utilization and 
outcomes in propensity-score matched adults with back pain by 
specialist consultation*

Up to 1-year 
follow-up
Effect esti-
mate, 95% CI

Up to 5-year 
follow-up
Effect esti-
mate, 95% CI

Cause-specific medical visits (num-
ber of visits per person-year)
Prior consultation with a specialist RR 1.17 (0.83, 

1.66)
RR 1.05 (0.87, 
1.26)

No prior consultation with a specialist RR 0.74 (0.57, 
0.97)

RR 0.87 (0.72, 
1.05)

All-cause physician visits (number 
of visits per person-year)
Prior consultation with a specialist RR 1.01 (0.99, 

1.02)
RR 0.98 (0.91, 
1.06)

No prior consultation with a specialist RR 1.03 (1.01, 
1.06)

RR 0.98 (0.92, 
1.05)

All-cause emergency depart-
ment visits (number of visits per 
person-year)
Prior consultation with a specialist RR 0.99 (0.82, 

1.20)
RR 1.01 (0.88, 
1.15)

No prior consultation with a specialist RR 0.98 (0.85, 
1.14)

RR 0.98 (0.89, 
1.08)

All-cause hospitalizations (number 
of visits per person-year)
Prior consultation with a specialist RR 0.96 (0.80, 

1.16)
RR 0.84 (0.74, 
0.96)

No prior consultation with a specialist RR 0.95 (0.77, 
1.16)

RR 1.06 (0.96, 
1.18)

Healthcare costs, $CAD (adjusted 
to 2018)†
Prior consultation with a specialist 0.99 (0.87, 1.12) 0.97 (0.87, 

1.08)

No prior consultation with a specialist 1.08 (0.98, 1.20) 1.01 (0.93, 
1.10)

CAD – Canadian dollars; CI – confidence interval; RR – rate ratio

*All estimates were weighted using Canadian Community Health Survey 
sampling weights to provide population estimates; pooled participants with 
back pain from Canadian Community Health Survey cycles 2003–2010 (Ontario), 
followed up to 2018

†Estimates from linear (log-transformed) regression models for costs (adjusted 
to 2018 Canadian dollars)
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the effects of chiropractic care on healthcare utiliza-
tion at the health system level guides government (e.g., 
Ministry of Health) and health professional associations 
with allied healthcare delivery, resources planning, and 
interprofessional collaboration for the management of 
back pain. Our findings suggest that consultation with 
chiropractors among adults with back pain is not linked 
to additional healthcare burden or costs to the govern-
ment single-payer system. Health services delivery tai-
lored to improved access to rehabilitation providers, 
including chiropractors, may help address rehabilita-
tion needs associated with back pain in Canada [58]. 
The World Health Organization defines rehabilitation 
as a set of interventions to optimize functioning when a 
person is experiencing limitations while interacting with 
their environment [59]. Common treatments provided by 
chiropractors include education, manual therapies, and 
exercise [12, 54], and rehabilitation aims to help people 
become independent in daily activities and participate 
in meaningful life roles [59]. Research exploring strate-
gies for collaboration between chiropractors and other 
healthcare providers to facilitate access to evidence-based 
rehabilitation for adults with back pain is warranted.

Strengths and limitations
Our study has several strengths. The CCHS is a unique 
source of population data on self-reported back pain, 
which overcomes challenges of misclassification when 
using back pain codes in administrative databases to 
ascertain back pain in the general population [25]. It 
also provides population-based data on chiropractic 
utilization using self-report, a measure not captured in 
administrative data within the universal public health-
care system in Canada. CCHS is representative of 98% of 
the community-dwelling Canadian population aged ≥ 12 
years [21]. This linkage with administrative data allowed 
us to capture all medical encounters and direct person-
level costs from the perspective of the Ontario Ministry 
of Health and Long Term Care. Moreover, we used rig-
orous methods to develop a propensity score-matched 
cohort to closely match adults with and without chiro-
practic utilization on a wide range of potential confound-
ers, including sociodemographic, health-related, and 
behavioural factors.

Our study has a few limitations. First, CCHS and 
administrative data were only linked for those who 
agreed to linkage (83–85% linkage rate). However, linkage 
rate was high and previous analyses found adequate cov-
erage between CCHS and administrative data [60]. We 
accounted for any minor differences by applying survey 
weights provided by Statistics Canada, which adjust for 
non-participation in the survey and linkage to minimize 
risk of selection bias. Second, there may be measure-
ment error with self-reported chiropractic utilization. 
Although this CCHS question has not been assessed for 

validity or reliability, previous studies have used it to 
describe chiropractic utilization in Canada [11, 24, 25]. 
The wording of the CCHS question on chiropractic utili-
zation does not allow us to determine whether back pain 
was the reason for seeking care. It is possible that adults 
with back pain reported chiropractic utilization for other 
comorbid health conditions. Third, data sources do not 
capture costs outside of the universal public healthcare 
system; thus, results are specific to medical utilization 
and costs from the healthcare payer perspective (Ontario 
Ministry of Health and Long Term Care) only. Fourth, 
data sources only capture self-reported sex and not gen-
der, precluding any analyses to study gender-related 
effects. Finally, the CCHS sampling frame includes indi-
viduals living in private dwellings, and results may not 
be generalizable to other populations (e.g., persons liv-
ing in institutions, on reserve and other First Nations 
settlements).

Conclusions
We did not observe any associations between chiroprac-
tic utilization and all-cause medical healthcare utilization 
and costs among adults with back pain. Findings sug-
gest sex-specific distinct patterns of back pain-specific 
medical healthcare utilization following chiropractic use. 
Specifically, sex-based differences were observed for the 
association between chiropractic utilization and back 
pain-specific healthcare visits. These findings greatly 
extend our knowledge to the Canadian context to guide 
allied health services delivery and resources planning. 
Given the high burden of back pain in Canada, our find-
ings inform tailored strategies and decision-making for 
allied healthcare and interprofessional collaboration to 
strengthen effective delivery of care for back pain.

Abbreviations
CCHS	� Canadian Community Health Survey
CI	� confidence interval
CIHI-DAD/SDS	� Canadian Institute for Health Information Discharge 

Abstract Database and Same Day Surgeries

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12913-023-09690-3.

Additional file 1: Appendix I-VII

Acknowledgements
This study was supported by ICES, which is funded by an annual grant from 
the Ontario Ministry of Health (MOH) and the Ministry of Long-Term Care 
(MLTC). This study also received funding from the Canadian Chiropractic 
Research Foundation. This document used data adapted from the Statistics 
Canada Postal CodeOM Conversion File, which is based on data licensed from 
Canada Post Corporation, and/or data adapted from the Ontario Ministry 
of Health Postal Code Conversion File, which contains data copied under 
license from ©Canada Post Corporation and Statistics Canada. Adapted from 
Statistics Canada, Canadian Community Health Survey, 2003–2010. This does 
not constitute an endorsement by Statistics Canada of this product. Parts 
of this material are based on data and information compiled and provided 

http://dx.doi.org/10.1186/s12913-023-09690-3
http://dx.doi.org/10.1186/s12913-023-09690-3


Page 10 of 11Wong et al. BMC Health Services Research          (2023) 23:793 

by the Ontario Ministry of Health. The analyses, conclusions, opinions and 
statements expressed herein are solely those of the authors and do not reflect 
those of the funding or data sources; no endorsement is intended or should 
be inferred. Parts of this material are based on data and information compiled 
and provided by MOH and the Canadian Institute for Health Information 
(CIHI). The analyses, conclusions, opinions, and statements expressed herein 
are solely those of the authors and do not reflect those of the funding or 
data sources; no endorsement is intended or should be inferred. Parts of this 
material are based on data and/or information compiled and provided by 
CIHI. However, the analyses, conclusions, opinions and statements expressed 
in the material are those of the authors, and not necessarily those of CIHI.

Authors’ contributions
J.J. Wong: conceptualization, methodology, formal analysis, and writing - 
original draft, review, and editing; M. Lu: methodology, writing - review and 
editing; P. Côté: conceptualization, methodology, and writing - review and 
editing; T. Watson: data curation and writing - review and editing; L. C. Rosella: 
conceptualization, methodology, and writing - review and editing. All authors 
reviewed the manuscript.

Funding
This work was funded by a research grant from the Canadian Chiropractic 
Research Foundation. The funder had no role in the design and conduct of 
the study; collection, management, analysis, and interpretation of the data; 
preparation, review, or approval of the manuscript; and decision to submit the 
manuscript for publication.
Dr. Jessica Wong is supported by the Canadian Institutes of Health Research 
(CIHR) Frederick Banting and Charles Best Canada Graduate Scholarships 
Doctoral Award and tuition assistance program at the Canadian Memorial 
Chiropractic College. Dr. Laura Rosella is funded by a Tier 2 Canada Research 
Chair in Population Health Analytics. Dr. Pierre Côté is funded by a Tier 2 
Canada Research Chair in Disability Prevention and Rehabilitation.

Data Availability
The datasets generated and analyzed during the current study are not publicly 
available due to data sharing agreements and privacy policies that prohibit 
ICES from sharing the dataset publicly. The dataset from this study is held 
securely in coded form at ICES. While legal data sharing agreements between 
ICES and data providers (e.g., healthcare organizations and government) 
prohibit ICES from making the dataset publicly available, access may be 
granted to those who meet pre-specified criteria for confidential access, 
available at www.ices.on.ca/DAS (email: das@ices.on.ca). The full dataset 
creation plan and underlying analytic code are available from the authors 
upon request, understanding that the computer programs may rely upon 
coding templates or macros that are unique to ICES and are therefore either 
inaccessible or may require modification.

Declarations

Ethics approval and consent to participate
This project was approved by the Health Sciences Research Ethics Board at 
the University of Toronto (Reference #37424) and adhered to all privacy and 
confidentiality regulations of ICES. Access to ICES data included coded and 
de-identified data with variables specific to the objectives of this project. 
Individual patient consent was not required for ICES data. ICES is a prescribed 
entity under Ontario’s Personal Health Information Protection Act (PHIPA). 
Section 45 of PHIPA authorizes ICES to collect personal health information, 
without consent, for the purpose of analysis or compiling statistical 
information with respect to the management of, evaluation or monitoring of, 
the allocation of resources to or planning for all or part of the health system. 
The use of the data in this project is authorized under Sect. 45 and approved 
by ICES’ Privacy and Legal Office.

Consent for publication
Not applicable.

Competing interests
Conflict of interest disclosures: Jessica Wong reports grant from Canadian 
Chiropractic Research Foundation (paid to institution); grants from the 
Canadian Institutes of Health Research and Canadian Chiropractic Research 
Foundation outside the submitted work (paid to institution); and travel 
reimbursement for meetings from the Chiropractic Academy of Research 

Leadership outside the submitted work. Pierre Côté reports funding from 
Canada Research Chair - Canadian Institutes of Health Research (paid to 
institution); grants from the Canadian Chiropractic Research Foundation, 
Canadian Institutes of Health Research, College of Chiropractors of British 
Columbia, and World Health Organization (paid to institution) outside 
the submitted work; payment for expert testimony from the Canadian 
Chiropractic Protective Association outside the submitted work; travel 
reimbursement paid to institution from Eurospine and European Chiropractic 
Union outside the submitted work. All remaining authors declare no conflicts 
of interest.

Author details
1Epidemiology Division, Dalla Lana School of Public Health, University of 
Toronto, 155 College Street, 6th floor, Toronto, ON M5T 3M7, Canada
2Institute for Disability and Rehabilitation Research, Ontario Tech 
University, 2000 Simcoe Street North, Oshawa, ON L1H 7K4, Canada
3Faculty of Health Sciences, Ontario Tech University, 2000 Simcoe Street 
North, Oshawa, ON L1H 7K4, Canada
4Institute of Health Policy, Management and Evaluation, University of 
Toronto, 155 College Street, 4th floor, Toronto, ON M5T 3M7, Canada
5ICES, 155 College Street, Toronto, ON M5B 1T8, Canada
6Stephen Family Chair in Community Health, Institute for Better Health, 
Trillium Health Partners, 100 Queensway West, Mississauga, ON  
L5B 1B8, Canada
7Department of Laboratory Medicine and Pathobiology, Temerty Faculty 
of Medicine, University of Toronto, Medical Sciences Building, 1 King’s 
College Circle, Toronto, ON M5S 1A8, Canada

Received: 7 November 2022 / Accepted: 13 June 2023

References
1.	 Hoy D, March L, Brooks P, Blyth F, Woolf A, Bain C, et al. The global burden of 

low back pain: estimates from the global burden of Disease 2010 study. Ann 
Rheum Dis. 2014;73:6.

2.	 Wu A, March L, Zheng X, Huang J, Wang X, Zhao J, et al. Global low back pain 
prevalence and years lived with disability from 1990 to 2017: estimates from 
the global burden of Disease Study 2017. Ann Transl Med. 2020;8:6.

3.	 Côté P, Cassidy JD, Carroll L. The treatment of neck and low back pain: who 
seeks care? Who goes where? Med Care. 2001;39:9.

4.	 Cypress BK. Characteristics of physician visits for back symptoms: a national 
perspective. Am J Public Health. 1983;73:4.

5.	 Jordan KP, Kadam UT, Hayward R, Porcheret M, Young C, Croft P. Annual con-
sultation prevalence of regional musculoskeletal problems in primary care: 
an observational study. BMC Musculoskelet Disord. 2010; 11.

6.	 Mash B, Fairall L, Adejayan O, Ikpefan O, Kumari J, Mathee S, et al. A morbidity 
survey of south african primary care. PLoS ONE. 2012;7:3.

7.	 Deyo RA, Mirza SK, Turner JA, Martin BI. Overtreating chronic back pain: time 
to back off? J Am Board Fam Med. 2009;22:1.

8.	 Hansson TH, Hansson EK. The effects of common medical interventions on 
pain, back function, and work resumption in patients with chronic low back 
pain: a prospective 2-year cohort study in six countries. Spine (Phila Pa 1976). 
2000;25:23.

9.	 Dieleman JL, Baral R, Birger M, Bui AL, Bulchis A, Chapin A, et al. US spending 
on Personal Health Care and Public Health, 1996–2013. JAMA. 2016;316:24.

10.	 Wong JJ, Côté P, Tricco AC, Watson T, Rosella LC. The effect of back problems 
on health care utilization and costs in Ontario, Canada: a population-based 
matched cohort study. PAIN; 162:10.

11.	 Bath B, Lawson J, Ma D, Trask C. Self-reported use of family physician, chiro-
practor and physiotherapy services among adult Canadians with chronic 
back disorders: an observational study. BMC Health Serv Res. 2018;18:1.

12.	 Beliveau PJH, Wong JJ, Sutton DA, Simon NB, Bussieres AE, Mior SA et al. The 
chiropractic profession: a scoping review of utilization rates, reasons for seek-
ing care, patient profiles, and care provided. Chiropr Man Therap. 2017; 25.

13.	 Davis MA, Yakusheva O, Liu H, Tootoo J, Titler MG, Bynum JPW. Access to 
chiropractic care and the cost of spine conditions among older adults. Am J 
Manag Care. 2019;25:8.

14.	 Legorreta AP, Metz RD, Nelson CF, Ray S, Chernicoff HO, DiNubile NA. 
Comparative analysis of individuals with and without Chiropractic Coverage: 
patient characteristics, utilization, and costs. Arch Intern Med. 2004;164:18.

http://www.ices.on.ca/DAS


Page 11 of 11Wong et al. BMC Health Services Research          (2023) 23:793 

15.	 Gellhorn AC, Chan L, Martin B, Friedly J. Management patterns in acute low 
back pain: the role of physical therapy. Spine (Phila Pa 1976). 2012;37:9.

16.	 Davis MA, Yakusheva O, Gottlieb DJ, Bynum JP. Regional Supply of Chiroprac-
tic Care and visits to Primary Care Physicians for Back and Neck Pain. J Am 
Board Fam Med. 2015;28:4.

17.	 STROBE Statement. Strengthening the reporting of observational studies in 
epidemiology: STROBE checklists., 2009. Available at: https://www.strobe-
statement.org/?id=available-checklists (accessed Apr 1, 2019).

18.	 Statistics Canada. Canada at a Glance 2018: Population., 2018. Available 
at: https://www150.statcan.gc.ca/n1/pub/12-581-x/2018000/pop-eng.
htm?HPA=1 (accessed Apr 1, 2019).

19.	 Ontario Ministry of Health and Long-term Care. Understanding health care in 
Ontario., 2012. Available at: http://www.health.gov.on.ca/en/ministry/hc_sys-
tem/ (accessed Apr 1, 2019).

20.	 Roos LL, Wajda A. Record linkage strategies. Part I: estimating information and 
evaluating approaches. Methods Inf Med. 1991;30:2.

21.	 Statistics Canada. Canadian Community Health Survey (CCHS) – Annual 
component. Available at: http://www23.statcan.gc.ca/imdb-bmdi/docu-
ment/3226_D7_T9_V8-eng.htm (accessed Oct 20, 2018).

22.	 Statistics Canada. Canadian Community Health Survey 2003: user guide for 
the Public Use Microdata file. Ottawa, ON, Canada: Statistics Canada; 2005. 
(Catalogue no. 82M0013GPE).

23.	 ICES, Data Dictionary OHIP, Library. 2019. Available at: https://datadictionary.
ices.on.ca/Applications/DataDictionary/Library.aspx?Library=OHIP (accessed 
Apr 1 2019).

24.	 Lim KL, Jacobs P, Klarenbach S. A population-based analysis of healthcare 
utilization of persons with back disorders: results from the Canadian Com-
munity Health Survey 2000–2001. Spine (Phila Pa 1976). 2006; 31:2.

25.	 Wong JJ, Côté P, Tricco AC, Watson T, Rosella LC. Assessing the validity of 
health administrative data compared to population health survey data for 
the measurement of low back pain. Pain. 2021;162:1.

26.	 Bouck Z, Pendrith C, Chen XK, Frood J, Reason B, Khan T, et al. Measuring the 
frequency and variation of unnecessary care across Canada. BMC Health Serv 
Res. 2019;19:1.

27.	 Gunz AC, Canizares M, Mackay C, Badley EM. Magnitude of impact and 
healthcare use for musculoskeletal disorders in the paediatric: a population-
based study. BMC Musculoskelet Disord. 2012; 13.

28.	 Wong JJ, Côté P, Tricco AC, Watson T, Rosella LC. Joint effects of back pain 
and mental health conditions on healthcare utilization and costs in Ontario, 
Canada: a population-based cohort study. Pain. 2022;163:10.

29.	 Wodchis W, Bushmeneva K, Nikitovic M, McKillop I. Guidelines on person 
level costing using administrative databases in Ontario. Toronto: Health 
System Performance Research Network; 2013.

30.	 Rosella LC, Fitzpatrick T, Wodchis WP, Calzavara A, Manson H, Goel V. High-
cost health care users in Ontario, Canada: demographic, socio-economic, and 
health status characteristics. BMC Health Serv Res. 2014; 14.

31.	 Bilandzic A, Rosella L. The cost of diabetes in Canada over 10 years: applying 
attributable health care costs to a diabetes incidence prediction model. 
Health Promot Chronic Dis Prev Can. 2017;37:2.

32.	 Rosella LC, Lebenbaum M, Fitzpatrick T, O’Reilly D, Wang J, Booth GL, et al. 
Impact of diabetes on healthcare costs in a population-based cohort: a cost 
analysis. Diabet Med. 2016;33:3.

33.	 Hartvigsen J, Hancock MJ, Kongsted A, Louw Q, Ferreira ML, Genevay S, 
et al. What low back pain is and why we need to pay attention. Lancet. 
2018;391:10137.

34.	 Hirsch O, Strauch K, Held H, Redaelli M, Chenot JF, Leonhardt C, et al. Low 
back pain patient subgroups in primary care: pain characteristics, psychoso-
cial determinants, and health care utilization. Clin J Pain. 2014;30:12.

35.	 Iles RA, Davidson M, Taylor NF. Psychosocial predictors of failure to return to 
work in non-chronic non-specific low back pain: a systematic review. Occup 
Environ Med. 2008;65:8.

36.	 Pinheiro MB, Ferreira ML, Refshauge K, Maher CG, Ordonana JR, Andrade TB, 
et al. Symptoms of depression as a prognostic factor for low back pain: a 
systematic review. Spine J. 2016;16:1.

37.	 Steenstra IA, Munhall C, Irvin E, Oranye N, Passmore S, Van Eerd D, et al. Sys-
tematic review of prognostic factors for return to work in workers with sub 
Acute and Chronic Low Back Pain. J Occup Rehabil. 2017;27:3.

38.	 Austin PC, Walraven C. The mortality risk score and the ADG score: two 
points-based scoring systems for the Johns Hopkins aggregated diagnosis 
groups to predict mortality in a general adult population cohort in Ontario, 
Canada. Med Care. 2011;49:10.

39.	 Chen H, Kwong JC, Copes R, Villeneuve PJ, Goldberg MS, Ally SL, et al. Cohort 
Profile: the ONtario Population Health and Environment Cohort (ONPHEC). 
Int J Epidemiol. 2017;46:2.

40.	 Tu K, Chen Z, Lipscombe LL. Prevalence and incidence of hypertension from 
1995 to 2005: a population-based study. CMAJ. 2008;178:11.

41.	 Gershon AS, Wang C, Guan J, Vasilevska-Ristovska J, Cicutto L, To T. Identifying 
individuals with physician diagnosed COPD in health administrative data-
bases. COPD. 2009;6:5.

42.	 Hux JE, Ivis F, Flintoft V, Bica A. Diabetes in Ontario: determination of 
prevalence and incidence using a validated administrative data algorithm. 
Diabetes Care. 2002;25:3.

43.	 Schultz SE, Rothwell DM, Chen Z, Tu K. Identifying cases of congestive heart 
failure from administrative data: a validation study using primary care patient 
records. Chronic Dis Inj Can. 2013;33:3.

44.	 Austin PC. Optimal caliper widths for propensity-score matching when esti-
mating differences in means and differences in proportions in observational 
studies. Pharm Stat. 2011;10:2.

45.	 Austin PC, Small DS. The use of bootstrapping when using propensity-score 
matching without replacement: a simulation study. Stat Med. 2014;33:24.

46.	 Austin PC. Balance diagnostics for comparing the distribution of baseline 
covariates between treatment groups in propensity-score matched samples. 
Stat Med. 2009;28:25.

47.	 Khan NA, Quan H, Bugar JM, Lemaire JB, Brant R, Ghali WA. Association of 
postoperative complications with hospital costs and length of stay in a 
tertiary care center. J Gen Intern Med. 2006;21:2.

48.	 Austin PC, Jembere N, Chiu M. Propensity score matching and complex 
surveys. Stat Methods Med Res. 2018;27:4.

49.	 Thomas S, Wannell B. Combining cycles of the Canadian Community Health 
Survey. Health Rep. 2009;20:1.

50.	 Bank of Canada, Annual Exchange, Rates. 2018. Available at: https://www.
bankofcanada.ca/rates/exchange/annual-average-exchange-rates/ (accessed 
Sept 28, 2020).

51.	 Petrozzi MJ, Rubinstein SM, Ferreira PH, Leaver A, Mackey MG. Predictors of 
low back disability in chiropractic and physical therapy settings. Chiropr Man 
Therap. 2020;28:1.

52.	 Foster NE, Anema JR, Cherkin D, Chou R, Cohen SP, Gross DP, et al. Prevention 
and treatment of low back pain: evidence, challenges, and promising direc-
tions. Lancet. 2018;391:10137.

53.	 Wong JJ, Côté P, Sutton DA, Randhawa K, Yu H, Varatharajan S, et al. Clinical 
practice guidelines for the noninvasive management of low back pain: a 
systematic review by the Ontario Protocol for Traffic Injury Management 
(OPTIMa) collaboration. Eur J Pain. 2017;21:2.

54.	 Mior S, Wong J, Sutton D, Beliveau PJH, Bussières A, Hogg-Johnson S, et al. 
Understanding patient profiles and characteristics of current chiropractic 
practice: a cross-sectional Ontario Chiropractic Observation and Analysis 
STudy (O-COAST). BMJ Open. 2019;9:8.

55.	 Bartley EJ, Fillingim RB. Sex differences in pain: a brief review of clinical and 
experimental findings. Br J Anaesth. 2013;111:1.

56.	 Stenberg G, Fjellman-Wiklund A, Ahlgren C. I am afraid to make the damage 
worse’--fear of engaging in physical activity among patients with neck or 
back pain–a gender perspective. Scand J Caring Sci. 2014;28:1.

57.	 Stenberg G, Lundquist A, Fjellman-Wiklund A, Ahlgren C. Patterns of reported 
problems in women and men with back and neck pain: similarities and differ-
ences. J Rehabil Med. 2014;46:7.

58.	 Cieza A, Causey K, Kamenov K, Hanson SW, Chatterji S, Vos T. Global estimates 
of the need for rehabilitation based on the Global Burden of Disease study 
2019: a systematic analysis for the global burden of Disease Study 2019. 
Lancet. 2020;396:10267.

59.	 World Health Organization. Rehabilitation: Key Facts. 2023. Available at: 
https://www.who.int/news-room/fact-sheets/detail/rehabilitation (accessed 
Jan 20, 2023).

60.	 Rotermann M. Evaluation of the coverage of linked Canadian Community 
Health Survey and hospital inpatient records. Health Rep. 2009;20:1.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 

https://www.strobe-statement.org/?id=available-checklists
https://www.strobe-statement.org/?id=available-checklists
https://www150.statcan.gc.ca/n1/pub/12-581-x/2018000/pop-eng.htm?HPA=1
https://www150.statcan.gc.ca/n1/pub/12-581-x/2018000/pop-eng.htm?HPA=1
http://www.health.gov.on.ca/en/ministry/hc_system/
http://www.health.gov.on.ca/en/ministry/hc_system/
http://www23.statcan.gc.ca/imdb-bmdi/document/3226_D7_T9_V8-eng.htm
http://www23.statcan.gc.ca/imdb-bmdi/document/3226_D7_T9_V8-eng.htm
https://datadictionary.ices.on.ca/Applications/DataDictionary/Library.aspx?Library=OHIP
https://datadictionary.ices.on.ca/Applications/DataDictionary/Library.aspx?Library=OHIP
https://www.bankofcanada.ca/rates/exchange/annual-average-exchange-rates/
https://www.bankofcanada.ca/rates/exchange/annual-average-exchange-rates/
https://www.who.int/news-room/fact-sheets/detail/rehabilitation

	﻿Effects of chiropractic use on medical healthcare utilization and costs in adults with back pain in Ontario, Canada from 2003 to 2018: a population-based cohort study
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study design, setting, and study period
	﻿Study sample and eligibility criteria
	﻿Data sources and sampling
	﻿Variables
	﻿Exposure – chiropractic utilization


	﻿Outcomes – medical healthcare utilization and costs up to one- and five-year follow-up
	﻿Potential confounders

	﻿Data analysis
	﻿Effect modification
	﻿Sensitivity analyses
	﻿Secondary analyses
	﻿Results
	﻿Medical healthcare utilization
	﻿Costs

	﻿Discussion
	﻿Strengths and limitations

	﻿Conclusions
	﻿References


