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Laboratory testing is the highest-volume medical pro-
cedure,1 and volumes are increasing annually.2,3 It 
has been estimated that 20% of tests are ordered 

unnecessarily.4,5 Misuse of laboratory tests is a major chal-
lenge affecting the sustainability of health care.6,7 Improving 
the appropriateness of rheumatology laboratory testing is a 
priority of Choosing Wisely campaigns.8,9

Concerns have been raised about the inappropriate use of 
antinuclear antibody (ANA) testing. Testing for ANA is indi-
cated only if a patient’s clinical history and physical examina-
tion show symptoms or signs suggestive of systemic lupus ery-
thematosus, scleroderma, Sjögren syndrome, polymyositis or 
dermatomyositis.10,11 The test has high sensitivity, and, thus, a 
positive test result can contribute to a diagnosis of these condi-
tions.12 However, it has low specificity, and ANA and can be 
seen in other conditions and in more than 20% of healthy peo-
ple,13 which makes interpretation of test results challenging.12

Choosing Wisely Canada recommends that “ANA testing 
should not be used to screen subjects without specific symp-
toms or without a clinical evaluation that may lead to a diag-
nosis of systemic lupus or other connective tissue disease.”8 
International recommendations strongly advise that “ANA 
testing is primarily intended for diagnostic purposes, and not 
for monitoring disease progression” owing to its limited value 
in monitoring disease activity.14–17 Thus, it is not appropriate 
to repeat ANA following a positive test result.7–9,16,18
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Background: Repeat antinuclear antibody (ANA) testing may be unnecessary, potentially harmful and costly. Our aim was to assess 
the frequency and correlates of repeat ANA testing in Ontario.

Methods: We performed a retrospective descriptive study identifying ANA tests performed over 2008–2015 among adults within the 
Ontario Laboratories Information System. Our primary outcome was any ANA test performed within 1 year of a previous ANA test. 
Our secondary outcome was any repeat test after a previous positive result. Repeat testing overall (regardless of who performed the 
previous test) and repeat testing by the same provider who performed the previous test were determined separately. We assessed 
correlates of repeat testing (e.g., patient and physician characteristics) and of repeat testing after a positive result using separate 
logistic regression models by means of generalized estimating equations to account for clustering of repeat testing within patients 
and within physician practices.

Results: In total, 587 357 ANA tests were performed in 437 966 patients over the study period, of which 126 322 (21.5%) gave a 
positive result and 164 913 (28.1%) were repeat tests. Family physicians ordered 358 422  tests (61.0%), and rheumatologists 
ordered 65 071 tests (11.1%). Of the repeat tests, 82 332 (49.9%) were ordered within 12 months of the previous test. Among the 
73 961 repeat tests ordered by the same practitioner within 12 months, the previous test result was positive for 22 657 (30.6%). A 
higher proportion of rheumatologists than other physicians ordered repeat tests within 12 months (36.1% v. 11.3%). The most sig-
nificant correlate of potentially redundant testing was testing among patients with suspected or confirmed connective tissue 
disease.

Interpretation: Over a quarter of ANA tests in Ontario were repeat tests; rheumatologists were most likely to order repeat testing. 
Our findings may be useful to inform quality-improvement initiatives related to the appropriateness of ANA testing.
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Inappropriate testing may cause patients confusion and anxi-
ety, and lead to overdiagnosis, overtreatment, and unnecessary 
consultations and costs.19–23 Moreover, given the rare incidence 
of systemic autoimmune rheumatic diseases24–26 and previous 
research suggesting that ANA tests are often ordered serially or 
in settings of low pretest probability,19,27,28 understanding pat-
terns of ANA testing is useful to inform quality-improvement 
initiatives assessing the appropriateness of ANA testing.

Therefore, our aim in the present study was to assess the 
frequency and correlates of repeat ANA testing.

Methods

We performed a retrospective study over 2008–2015 using 
health administrative databases in Ontario.

Sources of data
We identified ANA tests (including dates, test results and 
ordering physician) using Logical Observation Identifiers 
Names and Codes from the Ontario Laboratories Informa-
tion System, a nearly population-wide database of laboratory 
test results in Ontario. The Ontario Laboratories Information 
System captures both community and hospital laboratory 
tests. At the time of analysis, the period of laboratory data 
spanned from Jan. 1, 2007, to Sept. 30, 2015, and the provin-
cial coverage increased from 41% in 2008 to 71% in 2009, 
86% in 2010 and 99% in 2014.

We linked patients with ANA tests performed between 
2008 and 2015 to the Ontario Health Insurance Plan Claims 
Database to identify diagnoses (according to a modification of 
the 8th revision of the International Classification of Diseases), and 
to the Canadian Institute for Health Information Discharge 
Abstract Database to identify hospital admissions. We identi-
fied patient demographic characteristics from the Registered 
Persons Database and ordering physician specialty by linking 
with the ICES Physician Database.

These data sets are linked by means of unique encoded 
patient and physician identifiers and are held securely and 
analyzed at ICES, a prescribed entity under section 45 of 
Ontario’s Personal Health Information Protection Act.

Participant eligibility
Patients were excluded if they were less than 18 years of age, 
had missing patient or physician identifiers, lived out of prov-
ince or died on the date of their first ANA test.

Outcome measures
Our primary outcome was any ANA test within 1 year of a 
previous ANA test. Our secondary outcome was any repeat 
ANA test after a previous positive test result.

Covariates
Patient-level covariates included age, sex, income quintile (as 
a proxy for socioeconomic status, based on patients’ postal 
code and census neighbourhood income quintile), rural versus 
urban residence (defined with the Rurality Index for Ontario29 
based on participants’ postal code), year of testing, hospital 

admission in the 6  months before testing and Charlson 
Comorbidity Index score (computed with a 2-yr look-back 
period from the index test). As a proxy for testing or confir-
mation of connective tissue disease, we determined whether 
patients had at least 1 Ontario Health Insurance Plan diagno-
sis code for connective tissue disease (710 or 695) within a 
1-year period before or 6 months after the test date.

Physician-level covariates included specialty (rheumatolo-
gist, internist, family medicine or other), age, sex, whether 
they were international medical graduates, and whether they 
practised in an academic or community setting (determined 
by physician primary practice location based on postal codes 
linked to an academic hospital location).

Statistical analysis
We assessed the frequency of ANA testing at the health system 
level, patient level and provider level, and repeat testing for 
individual patients within 12 months of a previous ANA test. 
The frequency of total ANA tests performed, positive test 
results and repeat tests performed within 12 months of a previ-
ous test was determined overall and by ordering physician 
type. Repeat testing overall (regardless of who performed the 
previous test) and repeat testing by the same provider who 
ordered the previous test were determined separately.

For results at the level of ANA testing, we expressed per-
centages using the denominator for the total number of ANA 
tests. For patient-level results, the denominator included the 
total number of patients with at least 1 ANA test. We assessed 
intervals between testing in relation to preceding negative or 
positive test results. We compared characteristics between 
patients with 2 or more ANA tests and those with 1 test.

To assess correlates of repeat testing within 12 months of a 
previous test, and any repeat test in which the previous test result 
was positive, we fit 2 separate logistic regression models by 
means of generalized estimating equations to account for cluster-
ing of testing within patients and within physician practices in 
order to assess the unique contribution of the variables to each 
outcome. Models accounted for both physician-level and patient-
level characteristics (the aforementioned covariates). The results 
of the regression analysis were expressed as odds ratios (ORs) and 
their 95% confidence intervals (CIs), representing the popula-
tion-averaged effects of covariates on each outcome of interest.

The primary analysis focused on all repeat testing (within 
12 mo) irrespective of the provider who ordered the previous 
test. Finally, we performed a sensitivity analysis to assess cor-
relates of repeat ANA testing confined to the same provider 
ordering the previous test.

Ethics approval
This study was authorized under section 45 of the Personal 
Health Information Protection Act, which does not require 
review by a research ethics board.

Results

We identified 456 726 patients with ANA tests between 2008 
and 2015, of whom 18 760 were excluded because they were 
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less than 18 years old (n = 18 170) or lived out of province (n = 
562). The remaining 28 patients were excluded owing to 
invalid health card numbers and death occurring on the date 
of the index test.

Testing-level results
In total, 587 357 ANA tests were performed over the study 
period, of which 164 913 (28.1%) were repeat tests during the 
study period and 82 332 (14.0%) were repeat tests within 
12  months of a previous test (Table 1). Of the 587 357, 
126 322 (21.5%) gave a positive result.

We identified 7084 physicians who ordered ANA testing, 
of whom 188 were rheumatologists and 4643 were family 
physicians (Table 1). Family physicians ordered 358 422 tests 
(61.0%), rheumatologists ordered 65 071 tests (11.1%), and 
internists ordered 26 409 tests (4.5%). The top specialties for 
the remaining physicians were gastroenterology (22 239 tests 
[3.8%]), neurology (20 120 [3.4%]), dermatology (16 331 
[2.8%]) and nephrology (14 484 [2.5%]). Rheumatologists 
had the highest frequency of positive results, and more rheu-
matologists ordered repeat tests within 12 months of a previ-
ous test than other practitioners (Table 1).

In our sensitivity analysis, of the 164 913 repeat tests, 94 392 
(57.2%) were ordered by the same practitioner: 16 373 (17.3%) 
were ordered within 3 months of the previous test, and 73 961 
(78.4%) were ordered within 12 months of the previous test 
(Figure 1). Among the repeat tests ordered within 12 months, 
the previous test result was positive for 22 657 (30.6%).

Patient-level results
The 587 357 ANA tests were performed for 437 966 patients 
(294 130 women [67.2%]; mean age 52.4 [standard deviation 
16.3] yr). Of the 437 966 patients, 346 282 (79.1%) had 1 test, 
and 91 684 (20.9%) had more than 1 test: 63 084 (14.4%) had 
2 tests, 17 000 (3.9%) had 3 tests, 5857 (1.3%) had 4 tests, and 
5743 (1.3%) had 5 or more tests.

Of the 437 966 patients, 74 849 (17.1%) had a positive 
result of their first test recorded in the data source. Of the 

91 684 patients who had more than 1 test, 61 684 (67.3%) had 
their first test result reported as negative; of the 61 684, 4641 
(7.5%) had a subsequent positive test result.

Compared to the patients with a single ANA test, there 
was a higher proportion of female patients (65.4% v. 73.9%) 
and presence of suspected or confirmed diagnosis of 
connective tissue disease (3.9% v. 11.4%) among patients with 
multiple tests (Table 2).

Among the 63 084  patients with 2  tests, we identified 
43 706  patients for whom a family physician ordered the 
initial test. Of the 43 706, 5461 (12.5%) had their repeat test 
ordered by a rheumatologist, and 30 168 (69.0%) had their 
repeat test ordered by a family physician.

Correlates of repeat testing
Family physicians, internists and all other care practitioners 
were significantly less likely than rheumatologists to order 
repeat testing within 1 year or repeat testing after a positive test 
result (Table 3). When we confined our analyses to repeat test-
ing ordered by the same physician, the ORs remained signifi-
cant. Physician demographic characteristics did not appear to 
be significantly associated with repeat testing, with the excep-
tion that internationally trained medical graduates were less 
likely than Canadian medical graduates to order repeat tests 
(adjusted OR 0.81, 95% CI 0.70–0.93) and to order repeat tests 
after a previous positive result (OR 0.75, 95% CI 0.63–0.88).

Female patients, those with a higher socioeconomic status 
and those with more comorbidities were more likely to 
undergo repeat testing within 12 months. Patients with sus-
pected or confirmed connective tissue disease were signifi-
cantly more likely than those without such a diagnosis to 
undergo repeat testing within 12 months (OR 2.20, 95% CI 
2.01–2.41 for any physician; OR 3.08, 95% CI 2.70–3.51 for 
the same physician). Patients with suspected or confirmed 
connective tissue disease were also 4–5 times (OR 4.18, 95% 
CI 3.70–4.73 for any physician, OR 5.37, 95% CI 4.69–6.14 
for the same physician) more likely to undergo repeat testing 
after a previous positive result (Table 3).

Table 1: Frequency of total and repeat antinuclear antibody tests overall and by ordering physician type

Variable

No. (%) of tests

Total
n = 7136

Family 
physicians
n = 4643

Rheumatologists
n = 188

Internal medicine
n = 313

Other
n = 1992

No. of tests (% of total tests) 587 357 (100.0) 358 422 (61.0) 65 071 (11.1) 26 409 (4.5) 137 455 (23.4)

Positive result 126 322 (21.5) 64 262 (17.9) 28 393 (43.6) 5884 (22.3) 27 783 (20.2)

Repeat test within 12 mo of 
previous test (regardless of who 
ordered previous test)

82 332 (14.0) 32 994 (9.2) 23 507 (36.1) 4707 (17.8) 21 124 (15.4)

Repeat test within 12 mo of 
previous test ordered by same 
practitioner type who ordered 
previous test*

51 411 (8.8) 25 213 (7.0) 13 093 (20.1) 1656 (6.3) 11 071 (8.0)

*Individual categories do not total 51 411 as practitioner specialty was unknown for 378 tests.
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Figure 1: Number of repeat antinuclear antibody (ANA) tests ordered by the same practitioner, according to result and by time interval. A small 
proportion (0.005%–0.8%) of tests had unknown results, and, therefore, the number of positive and negative results within each time interval 
may not add up to the cumulative total.

Table 2: Characteristics of patients with antinuclear antibody tests, overall and by number 
of tests

Characteristic

No. (%) of patients*

Total
n = 437 966

1 test
n = 346 282

≥ 2 tests
n = 91 684

Age, yr, mean ± SD 52.4 ± 16.3 51.9 ± 16.5 54.5 ± 15.3

Female sex 294 130 (67.2) 226 363 (65.4) 67 767 (73.9)

Connective tissue disease 24 037 (5.5) 13 610 (3.9) 10 427 (11.4)

Hospital admission in 2 yr 
preceding index test

22 600 (5.2) 17 701 (5.1) 4899 (5.3)

Urban residence 378 822 (86.5) 299 480 (86.5) 79 342 (86.5)

Note: SD = standard deviation.
*Except where noted otherwise.
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Table 3: Provider and patient characteristics associated with repeat antinuclear antibody testing within 12 months of previous test 
and repeat testing after a positive test result

Characteristic

Any physician, adjusted OR (95% CI)* Same physician, adjusted OR (95% CI)*

Repeat testing within 
12 mo of previous 

test

Repeat testing after 
prior positive test 

result

Repeat testing within 
12 mo of previous 

test

Repeat testing after 
prior positive test 

result

Physicians

Family physicians (reference = 
rheumatologists)

0.26 (0.22– 0.31) 0.23 (0.20–0.28) 0.80 (0.64–1.00) 0.55 (0.44–0.69)

Internists (reference = 
rheumatologists)

0.59 (0.44– 0.79) 0.58 (0.44–0.76) 0.63 (0.47–0.85) 0.66 (0.50–0.87)

All other practitioners (reference = 
rheumatologists)

0.39 (0.32–0.48) 0.33 (0.26–0.42) 0.63 (0.47–0.84) 0.56 (0.42–0.73)

Physician age ≤ 50 year (reference = 
> 50 yr)

0.98 (0.88–1.10) 0.90 (0.79–1.03) 1.29 (1.15–1.46) 1.12 (0.97–1.29)

Female (reference = male) 0.93 (0.84–1.03) 1.05 (0.93–1.19) 0.95 (0.85–1.07) 1.10 (0.96–1.27)

Academic centre (reference = 
community practice)

1.53 (0.87–2.69) 1.32 (0.83–2.12) 1.53 (0.94–2.48) 1.33 (0.89–1.98)

International medical school graduate 
(reference = Canadian medical school 
graduate)

0.96 (0.87–1.07) 0.91 (0.80–1.05) 0.81 (0.70–0.93) 0.75 (0.63–0.88)

Patients

Age 1.01 (1.00–1.01) 1.00 (1.00–1.01) 1.01 (1.01–1.01) 1.01 (1.00–1.01)

Female (reference = male) 1.29 (1.25–1.34) 1.82 (1.73–1.91) 1.29 (1.23–1.36) 1.83 (1.72–1.94)

Income quintile† (reference = 1 lowest)

    2 1.03 (0.99–1.07) 1.06 (1.00–1.12) 1.05 (1.00–1.10) 1.06 (0.99–1.15)

    3 1.05 (1.01–1.10) 1.12 (1.06–1.19) 1.04 (0.99–1.09) 1.10 (1.02–1.19)

    4 1.07 (1.03–1.12) 1.19 (1.12–1.26) 1.04 (0.99–1.10) 1.16 (1.07–1.25)

    5 (highest) 1.08 (1.03–1.12) 1.17 (1.10–1.25) 1.02 (0.97–1.07) 1.10 (1.01–1.19)

Urban residence (reference = rural) 0.93 (0.86–0.99) 0.96 (0.89–1.05) 1.01 (0.93–1.09) 1.03 (0.94–1.13)

Connective tissue disease 2.20 (2.01–2.41) 4.18 (3.70–4.73) 3.08 (2.70–3.51) 5.37 (4.69–6.14)

Hospital admission in previous 6 mo 0.95 (0.89–1.00) 0.92 (0.83–1.02) 0.92 (0.84–1.01) 0.94 (0.80–1.10)

Charlson Comorbidity Index score‡ 
(reference = 0)

    1 1.17 (1.10–1.25) 1.14 (1.03–1.26) 1.20 (1.10–1.30) 1.18 (1.04–1.34)

    ≥ 2 1.11 (1.02–1.21) 0.97 (0.86–1.09) 1.16 (1.05–1.29) 0.98 (0.85–1.13)

Year of index test (reference = 2010)

    2008 0.24 (0.21–0.28) 0.19 (0.16– 0.24) 0.27 (0.22–0.32) 0.23 (0.17–0.30)

    2009 0.75 (0.71–0.80) 0.74 (0.67–0.81) 0.76 (0.70–0.83) 0.74 (0.65–0.83)

    2011 1.09 (1.03–1.16) 1.16 (1.07–1.25) 1.06 (0.99–1.13) 1.08 (0.97–1.20)

    2012 1.17 (1.10–1.26) 1.31 (1.19–1.44) 1.12 (1.04–1.21) 1.20 (1.07–1.34)

    2013 1.30 (1.22–1.39) 1.32 (1.21–1.46) 1.26 (1.16–1.37) 1.33 (1.17–1.50)

    2014 1.45 (1.36–1.56) 1.44 (1.32–1.58) 1.39 (1.27–1.52) 1.36 (1.21–1.51)

    2015 1.70 (1.56–1.86) 1.68 (1.50–1.88) 1.79 (1.59–2.01) 1.80 (1.54–2.09)

Note: CI = confidence interval, OR = odds ratio.
*Adjusted for patient covariates (age, sex, income quintile, urban residence, year of testing, prior hospital admissions, Charlson Comorbidity Index score, testing or 
diagnosis for connective tissue disease) and physician covariates (specialty, age, sex, international medical graduate, academic setting).
†Based on patients’ postal code and census neighbourhood income quintile.
‡With a look-back period of 2 years before the index test.
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Interpretation

In our sample, over a quarter of all ANA tests were repeat 
tests, with a substantial number of potentially redundant tests. 
Half of repeat tests were performed within 12 months of the 
previous test. Among the tests repeated within 12  months, 
the result of the previous test was positive for 31%. Family 
physicians ordered the most ANA tests; however, rheumatol-
ogists were more likely to order repeat tests and repeat test-
ing after a positive result than other practitioners. The most 
significant correlate of potentially redundant testing involved 
testing in patients with suspected or confirmed connective 
tissue disease. Moreover, the volume of ANA testing far 
exceeded the number of expected new cases of connective tis-
sue disease,24–26 which raises concerns of potential overuse of 
ANA testing.

Our findings are consistent with previous studies showing 
that ANA testing is pervasive in rheumatology prac-
tice.22,23,27,28,30–32 We observed similar frequencies of ANA pos-
itivity in our sample and similarly identified that family phys
icians order the majority of ANA tests.27,31 Although there are 
far more family physicians than other specialists, it has been 
suggested that family physicians have limited expertise in 
interpreting ANA tests and may ignore results.27

Our findings show that rheumatologists were most likely 
to order repeat testing, which is consistent with a recent 
Canadian study.27 However, the proportion of potentially 
redundant repeat tests in our sample is higher than in previ-
ous studies.27,31,33 Potential explanations for this may be our 
ability to capture most tests performed across settings in 
Ontario and the publicly funded health care system in which 
this study was performed (i.e., patients not required to pay out 
of pocket for testing).

There are several potential reasons why rheumatologists 
order repeat tests, including issues surrounding access to and 
perceived accuracy of previous results, testing for research 
participants and the introduction of biologic therapy for 
immune-mediated diseases, which may drive ANA testing for 
drug-induced systemic lupus. Yet a recent Canadian survey 
showed that many rheumatologists feel they are ordering 
ANA tests correctly and that Choosing Wisely recommenda-
tions do not apply to them since only family physicians order 
ANA tests inappropriately.34 In one Canadian city, rheumatol-
ogists were found to be the third-highest laboratory spenders 
per physician by specialty,35 which raises concerns over the 
volume of laboratory testing in their patients.

Unnecessary test repetition is readily modifiable both 
through increasing education and awareness of overuse, and 
by enhancing access to outside health records and sharing 
results.5 Targeted strategies are effective in improving the 
appropriateness of testing.33 Multiple linked interventions 
coupled with computerized order set modifications can effect 
lasting change in ordering behaviours.36

It is difficult to extrapolate costs associated with repeat 
testing. In Ontario, an ANA test costs $6.85,37 which equates 
to about $1.1 million for the 164 913 repeat tests performed 
during the study period. In addition to the direct costs related 

to the test itself, there are direct labour costs (e.g., phleboto-
mists), indirect labour costs (e.g., administrative), direct mate-
rial costs (e.g., collection needles, tubes) and indirect material 
costs (e.g., facilities, analyzer). Potential downstream costs, 
such as unnecessary specialist consultations, may also be 
incurred.

Limitations
We did not have clinical data to inform reasons for repeat 
testing. As it is difficult to standardize ANA tests between lab-
oratories, we used each laboratory’s reported interpretation 
(positive or negative) and thus were unable to assess ANA 
titres, which could potentially influence physicians’ ordering 
of repeat testing. We did not assess ANA subserology.

We were also unable to assess testing that was ordered but 
not carried out by the patient. We did not study underscreen-
ing in targeted populations, which is another form of poor 
quality of care. A limitation of the laboratory data used in this 
study is the incompleteness of data coverage in the earliest 
years of our study period. Thus, we may have underestimated 
the frequency of repeat testing if patients had tests conducted 
at laboratories not captured in our source databases. More-
over, our primary outcome was a repeat test within 12 months 
of the previous test, and the first ANA test appearing in our 
data source may not have been a patient’s first test.

Conclusion
We identified a substantial number of potentially redundant 
ANA tests. Our findings have implications for quality-
improvement initiatives related to the appropriateness of 
ANA testing. These may include developing strategies to sup-
port both primary care physicians (to ensure that appropriate 
patients undergo testing) and rheumatologists (to limit repeat 
testing). Health policy changes could eliminate duplicate 
orders for tests within specified time frames. In Canada, cer-
tain rheumatologic tests can be ordered only by specialists, to 
reduce unnecessary testing. Further research is also required 
to understand why physicians order ANA tests and repeat 
tests, and to explore ANA subserology testing patterns.
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