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Introduction

Rheumatology laboratory tests are commonly ordered by pediatricians to screen for 

rheumatic diseases when children present with musculoskeletal (MSK) pain or non-specific 

symptoms such as fatigue. However, caution should be taken because in order for a 

screening laboratory test to be clinically useful, the positive predictive value (PPV) should 

be high. Childhood arthritis and other rheumatic diseases are rare with a prevalence of 

approximately 400 per 100,000 children in the United States.1 Conversely, the prevalence of 

MSK pain and other non-specific symptoms such as fatigue are quite common among 

children, with rates up to 40% for MSK pain and 30% for fatigue.2,3 Therefore the PPV of 

rheumatology laboratory tests among this group of pediatric patients is likely to be low. 

Particular caution should be taken with certain rheumatology tests such as the antinuclear 

antibody (ANA) and the human leukocyte antigen (HLA)-B27 genetic test which have been 

found to be positive in a relatively large percentage of healthy children.4–6

Moreover, the diagnostic criteria of most pediatric rheumatic diseases, including juvenile 

idiopathic arthritis (JIA), are based upon clinical findings rather than laboratory test results. 
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Such tests may be helpful in categorizing the disease or prognosticating its course, but they 

are not used to establish the diagnosis. For example, although the rheumatoid factor (RF) 

and anti-cyclic-citrullinated peptide (CCP) antibody tests are used to screen for adult 

rheumatoid arthritis, these tests are only positive in approximately 3% of children with JIA 

because only a small subset of JIA patients have a disease equivalent to adult rheumatoid 

arthritis. 7–9 It is for these reasons that current guidelines do not support the use of ANA, 

anti-double-stranded DNA (dsDNA) antibody, RF, anti-CCP antibody, or HLA-B27 as 

diagnostic tests for undiagnosed MSK pain.6,10–15 Furthermore, MSK pain without other 

signs such as joint swelling or gait abnormality is rarely caused by an inflammatory 

condition.16 Nonetheless, many referrals come to the pediatric rheumatology (PR) clinic for 

positive rheumatology laboratory tests of uncertain significance and non-specific complaints 

such as MSK pain without evidence of arthritis or other physical examination abnormalities.

The primary goal of this study was to survey primary pediatricians to determine the 

frequency of use of common rheumatology tests and to understand the reasons behind 

ordering them. The secondary goals were to quantify the frequency of referral to the PR 

clinic for positive test results of uncertain significance and to investigate factors associated 

with appropriate utilization of these tests.

Methods

Physician study population

All general pediatricians practicing in Minnesota (MN), North Dakota (ND) and South 

Dakota (SD) with a valid email address were eligible for the survey. The MN and ND 

pediatricians’ email addresses were obtained from the MN Board of Medical Practice and 

the ND Board of Medical Examiners. The SD pediatricians’ email addresses were obtained 

from the SD chapter of the American Academy of Pediatrics. The MN Board of Medical 

Practice database contained contact information for 1322 pediatricians. Of these, 690 were 

eliminated due to duplicate entries, missing email address, or because the physician was not 

a general pediatrician. This left 632 MN pediatrician email addresses. When a notification 

about the survey was sent one week prior to the survey, 26 email addresses were found to be 

invalid and 30 physicians asked to be removed from the survey list. An additional 125 

pediatricians were eliminated because they were determined to be pediatric subspecialists 

based upon a systematic review of each remaining physician in the database using 

Healthgrades.com. Thus, the survey was emailed to a total of 451 MN pediatricians (Figure 

1). The survey was also emailed to a total of 76 pediatricians practicing in SD and 82 

practicing in ND, however, the investigators did not have direct access to these databases; 

rather the link to the survey was forwarded to the pediatricians by the administrators of the 

databases. This survey was determined to be exempt from formal institutional review board 

(IRB) review at the University of Minnesota.

Instrument

The survey queried pediatricians to assess their experience in pediatric rheumatology, 

reasons for referring patients to PR and assessment of utilization of rheumatology laboratory 

tests. In order to evaluate the pediatricians’ experience in PR, survey questions included 
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assessments such as years since completion of residency training, whether or not the training 

institution had a section of PR, number of weeks spent with a pediatric rheumatologist 

during training, and whether continuing medical education (CME) credits were focused on 

PR. In order to gauge utilization of rheumatology laboratory tests, pediatricians were 

queried regarding their reasons for ordering ANA, anti-dsDNA antibody, RF, anti-CCP 

antibody, and HLA-B27 tests. For each of the tests queried, respondents were able to select 

all of their reasons for ever ordering the test. In order to avoid possibly leading the survey 

participant toward a particular answer, each laboratory test queried had an identical list of 

possible answers. The survey consisted of multiple choice answers and “select all that 

apply” answers with options to add free text. The survey can be seen in Appendix A.

Survey administration

The survey was conducted between June and July, 2013 using the web-based program, 

Research Electronic Data Capture (REDCap™). One week prior to sending the survey, a 

notification email was sent. The survey was open for three weeks. A reminder email was 

sent one week prior to the closing of the survey. As an incentive to complete the survey, 

those who completed the survey were entered into a drawing to win a $400 gift card for an 

online retailer.

Analysis of responses

Responder and non-responder characteristics were compared using two-sample t-tests for 

continuous variables and Fisher’s exact test for categorical variables. General frequency 

distributions of responses were also performed. Subgroup analysis was performed to 

determine if increased experience in primary pediatrics and/or with PR increased the 

likelihood of correctly utilizing each of the ANA, anti-dsDNA antibody, RF, anti-CCP 

antibody, or HLA-B27 laboratory tests. Subgroups evaluated included years since 

completion of pediatrics residency (grouped as <5 y, 5–10 y, 11–20 y, and >20 y), whether 

or not the pediatrics residency had a division of PR (dichotomized as yes or no), amount of 

time spent in a PR clinic during medical school or pediatric residency (grouped as no time, 1 

day to <4 weeks, 4–8 weeks, and >8 weeks), whether or not any continued medical 

education (CME) credits were focused on PR in the last three years (dichotomized as yes or 

no), and geographic location of the clinic (categorized as urban, suburban, rural).

We calculated how often each respondent correctly ordered each lab test. For each 

respondent, the utilization of each laboratory test was defined as “correct” as long as one 

correct answer was selected (regardless of whether “incorrect” or “possibly correct” choices 

were also selected). A response was defined as “possibly correct” as long as one “possibly 

correct” answer was selected and no “correct” answer was selected (regardless of whether 

“incorrect” choices were also selected). A response was defined as “incorrect” if only 

incorrect answers were selected. Definitions of “correct”, “possibly correct”, and “incorrect” 

responses were determined by the investigators based upon published recommendations and 

guidelines (Table 1). 6,10,11,13,14 If a respondent added a free-text reason for ordering a 

laboratory the response was not included in calculations. P-values were calculated using 

analysis of variance (ANOVA) and Fisher’s exact test for continuous and categorical 

variables, respectively.
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Results

The overall response rate was 15% (93/609); the response rates from each state were 16% 

(70/451) for MN, 13% (10/76) for ND, and 13% (11/82) for SD. Comparisons between 

responders and non-responders were performed only for the MN pediatricians because the 

investigators did not have access to the ND or SD databases. Respondents and non-

respondents were compared by gender, age, years of practice and geographic setting of their 

clinic (urban, suburban, and rural). Respondents tended to be younger (mean age 48 yo 

versus 54 yo, p=0.0005), were more likely to be female (69% vs. 49%) and had been in 

practice for a shorter period of time (mean 22 y versus 27 y, p=0.0051) than non-

respondents. However further analysis determined that among both respondent and non-

respondent groups, women tended to be younger. Therefore the gender difference between 

the respondents and non-respondents is merely reflective of the age difference. There was no 

significant difference between respondents and non-respondents regarding geographical 

setting of the clinic. The demographics of the respondents are shown in Table 2.

Frequency of laboratory utilization

ANA—Ninety-one percent (83/91) of respondents had ordered an ANA. The most common 

reasons for doing so were for an abnormal joint exam described as swelling, warmth, pain 

with range of motion, and/or loss of range of motion (72%), pain in the small joints with a 

normal joint exam (52%), pain in the small and large joints with a normal joint exam (51%), 

pain in the large joints with a normal joint exam (49%), and because the patient met clinical 

criteria for JIA (48%). Forty percent of those who had ordered an ANA did so because the 

patient clinically met criteria for SLE (Figure 2).

RF and anti-CCP antibody—Seventy-three percent (67/92) of respondents had ordered a 

RF, and the most common reason for doing so was an abnormal joint exam described as 

swelling, warmth, pain with range of motion and/or loss of range of motion (67%). The next 

three most common reasons were for pain with a normal exam involving the small and large 

joints (60%), small joints (57%), and large joints (51%). Forty-two percent of those who 

ordered a RF did so because the patient met criteria for JIA (Figure 2). Only 8% (7/92) of 

respondents had ordered an anti-CCP antibody.

Anti-dsDNA antibody—Fifty-nine percent of respondents (54/92) had ordered an anti-

dsDNA antibody, and the most common reasons for doing so were abnormal joint exam 

described as swelling, warmth, pain with range of motion and/or loss of range of motion 

(46%), pain in the small and large joints with a normal exam (35%), and fever (35%). Thirty 

percent of those who ordered an anti-dsDNA did so because the patient met criteria for SLE 

(Figure 2).

HLA-B27—Forty-two percent (39/92) of respondents had ordered an HLA-B27 test, and 

the most common reason for doing so was back pain (59%), followed by abnormal joint 

exam (36%), and pain in the small and large joints with a normal joint exam (23%).

Association between experience level and correctly ordering rheumatology 
laboratory tests—Based upon the definitions of correct utilization as described above and 
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as seen in Table 1, among those who had ordered an ANA, 86% (71/83) ordered it for 

correct or possibly correct reasons. Among those who ordered an anti-dsDNA antibody, 34% 

(16/47) did so for correct reasons. Eighty percent (53/66) of those who ordered a RF did so 

for correct or possibly correct reasons, 60% (3/5) of those who ordered an anti-CCP 

antibody did so for correct or possibly correct reasons and 59% (23/39) of those who 

ordered an HLA-B27 did so for possibly correct reasons.

Subgroup analysis demonstrated a statistically significant association between correct 

utilization of the ANA test and increased years since completion of residency training (<5 y 

since completion of residency: 17% correct, 5–10 y: 33%, 11–20 y: 46%, >20 y: 82%, p−= 

0.0012). Those who spent no time in the PR clinic during residency were found to be more 

likely to correctly utilize the anti-dsDNA antibody test compared to those who had spent one 

day to eight weeks in the PR clinic (no time in the PR clinic: 58% correct, 1 d to <4 weeks: 

15%, ≥4 weeks 17%). Only one respondent had spent more than eight weeks in the PR clinic 

and thus the groups 4–8 weeks and >8 weeks were merged (Table 3). No other significant 

associations between training experience and patterns of laboratory test ordering were 

observed.

Referral patterns to the PR clinic—Ninety-two percent (85/92) of surveyed 

pediatricians had referred a patient to a PR clinic. The most commonly selected reasons for 

referral were for high suspicion for a rheumatic disease (88%), chronic arthritis of unclear 

etiology (65%), MSK pain with an otherwise normal exam (44%) and positive ANA of 

unclear significance (44%). Fourteen percent had referred a patient for fatigue, 14% for 

positive RF of unclear significance, 9% for positive anti-dsDNA of unclear significance, and 

7% for positive HLA-B27 of unclear significance (Figure 3).

Interest in continued medical education (CME) focusing on PR—Eighty-eight 

percent (81/92) of respondents were interested in CME focused on PR. Among these, 75% 

were interested in local presentations and 66% were interested in self-directed learning.

Discussion

Although there are published recommendations regarding proper use of rheumatologic 

laboratory tests in primary care, these tests are commonly ordered for incorrect reasons, as 

seen in this survey.10,11,13,14,17 This is an important issue because the laboratory tests are 

expensive (the price per test at the investigators’ institution ranged from $48.00 to 

$267.00).18 Furthermore, false positive laboratory results often result in unnecessary 

referrals to PR clinics and emotional stress to patients and their families. Referrals to 

subspecialty clinics may result in significant time and financial burden to patients and their 

families, especially when distance to care is great, and therefore unnecessary referrals 

should be minimized.

The single recommended reason to order an ANA in general pediatric practice is to address 

the question of whether a child has SLE.13 A positive ANA test in and of itself is not 

diagnostic of SLE but can contribute to the diagnosis of SLE in the context other signs and 

symptoms suggestive of SLE.19 Although the vast majority of respondents had ordered an 
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ANA, less than half had ordered it because the patient had met significant criteria suggestive 

of SLE. A large percentage of respondents reported that they ordered the ANA because the 

patient met criteria for JIA or had arthritis on exam. However the ANA test has not been 

found to be diagnostic for JIA and thus it is not recommended to be used as a diagnostic test 

in this setting.13 Rather, the ANA test is used in patients with an established diagnosis of JIA 

in order to assess risk for uveitis and to guide frequency of ophthalmologic examinations.20 

It is possible that in some circumstances the ANA had been ordered to prognosticate uveitis 

in a patient who had been determined to have JIA. This study did not assess for this specific 

reasoning. Most striking was that the ANA was very commonly ordered when a patient had 

joint pain without arthritis which is an incorrect reason for doing so.10,13

The majority of respondents had ordered the anti-dsDNA antibody, however it was ordered 

for the correct or possibly reasons by fewer than half of the respondents. The anti-dsDNA 

antibody test is one antibody test among the group of antinuclear antibodies that is highly 

specific for SLE and helpful for patients with signs and symptoms suggestive of SLE and a 

positive ANA screen.15

The RF test was commonly ordered for an abnormal joint exam and for MSK pain with a 

normal exam. Less than half of the respondents had ordered it because a patient met criteria 

for JIA. The RF test is not a diagnostic test for JIA; rather it is used to predict prognosis and 

guide treatment among children with an established diagnosis of JIA. There may have been 

some circumstances in which the use of the RF was ordered by pediatricians for prognostic 

reasons among children with JIA. However there is no indication to order a RF test for 

children with joint pain without arthritis, which, collectively, was the most common reason 

selected for ordering this test.10

While the ordering of the HLA-B27 test is justifiable in the setting of inflammatory back 

pain concerning for ankylosing spondylitis, it is not recommended as a diagnostic test in the 

setting of non-specific back pain.6 Therefore, its use in pediatric primary care is very 

limited, especially given the fact that true ankylosing spondylitis is extremely rare in 

children with an estimated prevalence rate between 0.01–0.09%.21 In this survey the HLA-

B27 was ordered by 42% of respondents, most commonly for back pain. The survey did not 

differentiate between inflammatory and non-inflammatory back pain, so it remains possible 

that this test was used correctly if the child had inflammatory back pain.

The anti-CCP test was rarely ordered among the pediatricians surveyed. This is likely 

because this is a newer clinical test used to screen for adult rheumatoid arthritis and RF-

positive polyarticular JIA and thus general pediatricians are less familiar with it.8,22 In 

regards to the above mentioned laboratory tests, it is also important to note that a negative 

result does not rule out JIA, SLE, or ankylosing spondylitis and should not be used in this 

capacity.

Although there was a positive relationship between increased years in practice and correct 

use of ANA, this positive relationship did not hold for other measures of experience and 

correct use of ANA or other rheumatology laboratory tests. Moreover, it was discouraging 

that respondents who spent no time in the PR clinic during residency were more likely to 
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correctly order the anti-dsDNA test compared to those who spent any time in the PR clinic. 

This unexpected finding might be explainable by those pediatricians who spent some time in 

the PR clinic had become aware enough of the anti-dsDNA antibody test that they felt 

comfortable ordering the test, but not gaining a full understanding of the correct reasons to 

order it.

MSK pain in the setting of a normal exam was among the most common reasons for 

ordering any of the laboratory tests queried in this survey despite the fact that this is an 

incorrect reason to order any of these tests. It was also a common reason that respondents 

reported referring to a PR clinic. This is consistent with a previous study which reported that 

MSK pain was the primary reason for referral to a PR clinic, despite the fact that non-

specific MSK pain is rarely due to inflammatory conditions.16 However, another study 

demonstrated that primary pediatricians report lack of confidence in their MSK exams.23 

Therefore, it is possible that the respondents of this survey thought the patient most likely 

had a normal exam, but did not feel confident in their findings and thus referred to PR for 

further evaluation.

Two important limitations to this study are the low response rate and the inclusion of 

participants only from three states of the Upper Midwest. Due to the low response rate, the 

results of the survey may not be generalizable to all pediatricians and this makes 

interpretation of results difficult. The response rate was low despite attempts to improve 

responses by sending an introductory email, sending a reminder email, and providing a gift 

incentive. However, low response rates are common for physician surveys.24 The only 

statistically significant differences between respondents and non-respondents were age, 

years in practice, and gender. Age and years in practice would be expected to be linked. 

Further analysis determined that the gender difference was likely reflective of age, with 

women physicians tending to be younger in this survey. The higher response rate from 

younger individuals presumably reflects their tendency to attend more routinely to their 

email accounts compared to older individuals. Despite this difference in age, the 

characteristics of the respondents were representative of the primary pediatric workforce in 

MN.25

The survey was limited to MN, ND, and SD which are a part of the catchment area for the 

investigators’ PR clinic. It is possible that the majority of respondents trained in the same 

pediatric residency program, thus their responses may be more homogenous due to similar 

training than the responses from a more geographically extensive pediatrician population 

would be. Therefore the findings from this survey may not be representative of all primary 

pediatricians, particularly those practicing in other geographic areas in the United States.

Another limitation of the study was that it focused solely on general pediatricians and did 

not include family physicians. It would be important to capture responses from family 

physicians as they represent 50% of the primary care workforce in MN.25 Moreover national 

data show that approximately 20% of child health care is provided by family practitioners, 

and family physicians in rural areas are more likely to provide health care to children.26–28 

An important future study would include family practitioners and compare their responses to 

general pediatricians’ responses.
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Another limitation of this study is that there is not a gold standard to define the correct 

utilization of rheumatology laboratory tests in the pediatric primary care setting, and correct 

utilization of laboratory tests was defined by the investigators based upon published 

recommendations, guidelines and personal experience. Moreover, by survey design, 

pediatricians were asked to select all the reasons for which they had ever ordered each test. 

The investigators then determined that a pediatrician “correctly” or “possibly correctly” 

utilized the laboratory test if they ever ordered it correctly or possibly correctly, even if they 

also ordered the same test for incorrect reasons. Therefore the results overestimate correct 

use of these laboratory tests. For example, although it was determined that 86% of 

respondents correctly or possibly correctly ordered the ANA test, by this definition, the same 

respondents may have also incorrectly ordered the ANA. Therefore, 14% of all the 

respondents who ever ordered an ANA ordered it for incorrect reasons only. Likewise, 66% 

of those who ever ordered an anti-dsDNA antibody ordered it for incorrect reasons only, 

20% who ever ordered a RF ordered it for incorrect reasons only, and 41% of those who ever 

ordered HLA-B27 ordered it for incorrect reasons only. Because it is not known how often 

each pediatrician ordered each test, a true correct usage rate could not be calculated.

Another commonly encountered issue is the use of so-called “rheumatology panels”, which 

are a single laboratory order that consists of a series of rheumatology laboratory tests which 

may or may not be related to one another. The tests included in the panels vary depending on 

the individual laboratories. Use of these panels may result in a pediatrician obtaining 

multiple unnecessary tests when he or she was only interested in obtaining one particular 

test. This survey did not assess for use of “rheumatology panels” among pediatricians.

According to this study, most parameters indicating increased exposure to PR during 

residency training did not equate to improved utilization of rheumatology laboratory tests. 

Therefore, alternative approaches may be needed to reduce unnecessary use of these tests. 

Systems-based approaches may be useful such as flagging rheumatology tests on the 

electronic medical record to provide guidance on correct use of these tests, or eliminating 

the “rheumatology panel” tests. Additionally, most of the respondents indicated interest in 

learning more about pediatric rheumatic disease, and most were interested in local 

presentations and self-directed learning. Therefore it would be important to increase 

resources into providing these learning opportunities for general pediatricians.

Conclusion

This study was the first to survey pediatricians in order to understand their reasons for 

ordering rheumatology laboratory tests. It demonstrates the fact that the majority of 

pediatricians have ordered several of the common rheumatology laboratory tests; however 

their reasons for ordering these tests are often incorrect despite published recommendations 

for their use. It is likely that pediatricians are unaware of these recommendations. Moreover, 

a substantial percentage of referrals from primary pediatricians to PR clinics are due to 

laboratory tests results of uncertain significance and for MSK pain without arthritis, and 

patients referred for these reasons rarely have a rheumatic disease. Having an understanding 

of why these tests are being utilized will provide strategies to increase their appropriate use 

and decrease unnecessary referrals.
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Figure 1. 
Primary pediatrician study population
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Figure 2. 
Self-reported reasons for ordering a rheumatology lab test
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Figure 3. 
Reasons indicated for referring to PR.*
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Table 2

Demographic comparison among respondents and non-respondents

Respondent Demographics Responders Non-Responders P-value

N (%) 93 (15) 516 (85)

Mean age in years (range) 48 (33–70) 54 (31–84) 0.0005

Mean years in practice (range) 22 (6–45) 27 (2–58) 0.0051

Self-reported geographic location of clinic 0.2390

 Urban: N (%) 37 (40) 254 (49)

 Suburban: N (%) 37 (40) 209 (41)

 Rural: N (%) 18 (20) 53 (10)

Male 29 (31) 262 (51) 0.0042

*
Data calculated using MN Data only
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