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Abstract 

Background Antinuclear antibodies (ANA) are antibodies present in several autoimmune disorders. However, 
a large proportion of the general population (20%) also have a positive test; very few of these individuals will develop 
an autoimmune disease, and the clinical impact of a positive ANA in them is not known. Thus, we test the hypothesis 
that ANA + test reflects a state of immune dysregulation that alters risk for some clinical disorders in individuals with‑
out an autoimmune disease.

Methods We performed high throughput association analyses in a case–control study using real world data 
from the de‑identified electronic health record (EHR) system from Vanderbilt University Medical Center.

The study population included individuals with an ANA titer ≥ 1:80 at any time (ANA +) and those with negative results 
(ANA‑). The cohort was stratified into sub‑cohorts of individuals with and without an autoimmune disease. A phe‑
nome‑wide association study (PheWAS) adjusted by sex, year of birth, race, and length of follow‑up was performed 
in the study cohort and in the sub‑cohorts. As secondary analyses, only clinical diagnoses after ANA testing were 
included in the analyses.

Results The cohort included 70,043 individuals: 49,546 without and 20,497 with an autoimmune disease, 26,579 
were ANA + and 43,464 ANA‑. In the study cohort and the sub‑cohort with autoimmune disease, ANA + was associ‑
ated (P ≤ 5 ×  10–5) with 88 and 136 clinical diagnoses respectively, including lupus (OR ≥ 5.4, P ≤ 7.8 ×  10–202) and other 
autoimmune diseases and complications. In the sub‑cohort without autoimmune diseases, ANA + was associated 
with increased risk of Raynaud’s syndrome (OR ≥ 2.1) and alveolar/perialveolar‑related pneumopathies (OR ≥ 1.4) 
and decreased risk of hepatitis C, tobacco use disorders, mood disorders, convulsions, fever of unknown origin, 
and substance abuse disorders (OR ≤ 0.8). Analyses including only diagnoses after ANA testing yielded similar results.

Conclusion A positive ANA test, in addition to known associations with autoimmune diseases, Raynaud’s phenom‑
enon, and idiopathic fibrosing alveolitis related disorders, is associated with decreased prevalence of several non‑
autoimmune diseases.
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Background
Antinuclear antibodies (ANAs) are antibodies that react 
against primarily self-antigens in the nucleus [1]. A pos-
itive ANA test (ANA +) is virtually a sine qua non  for 
the diagnosis of systemic lupus erythematosus (SLE) 
since more than 95% of patients have a positive test, and 
the current classification criteria for SLE require a posi-
tive ANA test at a titer of ≥ 1:80 [2]. However, a posi-
tive ANA is also common in the general population and 
have been associated with different factors such as older 
age, female sex, ancestry [3], and environmental expo-
sures [4]; approximately 12–20% are ANA + , and 2% 
have high titers [3].

The significance of a positive ANA in people with-
out autoimmune disease is not known; and it is unclear 
whether they have altered risk of developing non-auto-
immune diseases. However, ANA + individuals exhibit 
a unique immunological landscape [5] characterized by 
elevated levels of pro-inflammatory mediators and anti-
body production [6], as well as upregulation of some 
type 1 interferon (IFN) genes [7], suggesting that even 
in the absence of autoimmune disease, a positive ANA 
might alter immune regulation and affect risk of other 
conditions [8].

Small clinical studies suggest that ANA + can reflect 
increased risk for cardiovascular events [9], cancer [10], 
infections [11], and all cause-mortality (particularly 
at higher titers) [9, 12, 13]. Moreover, In vitro and ani-
mal studies have reported autoantibodies to be associ-
ated with both increased and decreased susceptibility 
to inflammation and models of disease [8]. For example, 
some autoantibodies can activate apoptosis [14] and 
inflammation [15], but others protect against murine 
polyarthritis [16], lupus-like disease [17], and kidney 
damage [18].

While ANAs are important biomarkers used in the 
diagnosis of several autoimmune diseases, the Interna-
tional Consensus on Antinuclear Antibody (ANA) Pat-
terns (ICAP) has acknowledged that the term encompass 
antibodies directed at various cellular components and 
has proposed to a change in terminology to encompass 
15 nuclear, 9 cytoplasmic, and 5 mitotic Hep-2 IIFA pat-
terns [19]. However, in this study, representing samples 
sent for ANA testing to a hospital laboratory between 
2000 and 2019, the method used for ANA testing was 
restricted to detect the most common anti-nuclear pat-
terns in clinical use.

The clinical significance of ANA + , beyond its estab-
lished associations with autoimmune disease, remains 
poorly defined largely due to an inability to study clinical 
outcomes in large numbers of ANA + individuals without 
autoimmune diseases. With the transition to the use of 
electronic health records (EHRs) and the development 

of new bioinformatic tools such as phenome-wide asso-
ciation studies (PheWAS)—an agnostic approach to study 
association between an exposure and many clinical diag-
noses—it is possible to perform high-throughput phe-
notyping for an assessment of the associations between 
an exposure and a large set of phenotypes in thousands 
of individuals [20]. Thus, to test the hypothesis that 
ANA + alters the risk of some clinical disorders in the 
absence of an autoimmune disease, a PheWAS approach 
was applied to EHR data to identify the clinical associa-
tions of ANA + .

Methods
Study design and population
The study was approved by the Vanderbilt University 
Medical Center (VUMC) Institutional Review Board. 
We selected patients in the de-identified EHR system 
who had at least one ANA test ordered by clinicians as 
part their clinical care between October 2000 and Octo-
ber 2019. ANA was measured by indirect immunofluo-
rescence (IIF) of human epithelial type 2 (HEp-2) cells, 
as part of usual practice by the hospital clinical labora-
tory using an established protocol recommended by the 
American College of Rheumatology (ACR) Task Force 
[21]. During the study period the hospital clinical labora-
tory performed ANA testing using anti-human IgG con-
jugated in Hep- 2 cells from ImmunoConcepts and Inova 
Diagnostics laboratory. Testing was performed following 
manufacturer recommendations and while manual inter-
pretation was performed in both assays, Inova Diagnos-
tic assay also provided automated interpretation [22]. 
ANA + patients were defined as those who had an ANA 
test with a titer ≥ 1:80; ANA negative patients (ANA-) 
were those who had negative ANA tests. Individuals with 
a titer of 1:40 and those with a reported positive test but 
without a titer were excluded. If multiple ANA tests were 
performed in the same individual, the first qualifying 
result was selected.

For those individuals with a positive ANA test, lab 
results available with 90  days of a positive ANA were 
extracted for following auto antibodies: anti double 
strand DNA (anti-dsDNA), anti-Smith (anti-Sm), anti-
ribonucleoprotein (anti-RNP), anti-Ro/SSA, anti-La/
SSB, anti-topoisomerase, anti-centromere, and anti-Jo1. 
A positive result for any of these autoantibodies were 
defined as being reported as “POSITIVE” or exceeding 
the reference values reported by the clinical lab.

The Ninth Revision and Tenth International Classifica-
tion of Diseases (ICD9/ICD10) codes, which were trans-
formed into phecodes by aggregating one or more related 
ICD codes into distinct diseases or traits [23], were used 
to differentiate patients with classical ANA-associated 
autoimmune disorders such as SLE, cutaneous lupus, 
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Sjögren’s syndrome, scleroderma and others (Supple-
mentary Table S1). Patients with at least one occurrence 
of an ANA-associated autoimmune disease phecode con-
stituted the autoimmune disease cohort and those with 
none of these phecodes were considered to not have 
autoimmune diseases.

Clinical covariates
Clinical and demographic data including year of birth, 
sex, reported race, and length of follow-up in the EHR 
were extracted and used as covariates.

Statistical analysis
PheWAS analysis
For everyone with an eligible ANA test, we extracted all 
ICD9/ICD10 codes available in the EHR and transformed 
them into phecodes [23, 24] were used to compare the 
frequency of clinical disorders between ANA + and 
ANA- patients. For each phenotype, cases were defined 
as having two or more counts of a given phecode and 
controls as individuals without the phecode or any 
closely related phecode; individuals with only one phe-
code were excluded [23, 24]. Only phenotypes with ≥ 200 
cases were included in the analysis to improve power 
[25]. A multivariable logistic regression was performed 
adjusting for sex, year of birth, race, length of follow-up 
in the EHR in two analyses: a) to demonstrate proof-of-
concept, the entire cohort was analyzed and b) to isolate 
the associations in people with and without autoimmune 
disease, these sub-cohorts were analyzed separately. As 
secondary analyses, only clinical diagnoses recorded at or 
after ANA testing were studied to define the temporality 
of the associations. In addition, stratified analyses by sex 
and reported race (black or white race) were performed.

Associations were expressed as odds ratio (OR) and 
95% confidence interval (CI). PheWAS analyses were per-
formed in R PheWAS package with a P-value ≤ 5 ×  10–5 
considered significant [26]. Demographics and disease 

prevalence were compared using chi-square tests and 
continuous variables using Wilcoxon sum rank tests.

Testing for confounding by frequency of ANA testing
To test for a potential directional confounding effect 
whereby the clinical associations with ANA + in patients 
without autoimmune disease could be the result of more 
ANA testing in these conditions, a random sample of 
individuals who never had an ANA test performed and 
who had at least one ICD9/ICD10 code in the EHR, and 
no autoimmune disease was selected. These individuals 
were frequency matched to those in the ANA tested sub-
cohort without autoimmune disease for year of birth, sex, 
reported race, and length of follow-up in the EHR.

The log odds (or beta estimate) of being tested for each 
clinical diagnosis was estimated by comparing the fre-
quency of each clinical diagnosis in the group who had 
never been tested for ANA and the study sub-cohort 
without autoimmune disease who had been tested for 
ANA using a PheWAS approach. Spearman’s test was 
used to assess if there was a correlation between the log 
odds of being tested for ANA and of being ANA + for 
clinical diagnoses with ≥ 200 cases. A P-value ≤ 0.05 was 
considered significant.

Results
Characteristics of individuals with an ANA test: As of 
October 2019, there were 76,201 individuals with an 
ANA result in their EHR. After excluding individu-
als with an ANA titer of 1:40 or a positive ANA test 
result without titer information (n = 4,713), those with 
conflicting or missing information for sex (n = 978) 
and for length of follow-up (n = 61), and those with no 
ICD9/ICD10 codes in their EHR (n = 406), 70,043 indi-
viduals remained in the study cohort. Of these, 29% 
(20,497) had a diagnosis of an ANA-associated autoim-
mune disease. Table 1 shows the characteristics of the 
study cohort: 38% (26,579) were ANA + and were 62% 
(43,464) ANA-. Most demographic characteristics were 

Table 1 Characteristics of individuals with an antinuclear antibody test

ANA Antinuclear antibodies, FU Follow-up
a Race recorded as white in the electronic heath record (EHR). Data are shown as counts (percentage) for categorical variables and median [interquartile range] for 
continuous variables

Characteristics ANA tested cohort
(n = 70,043)

ANA positive
(n = 26,579)

ANA negative
(n = 43,464)

Female (%) 48,051 (68.6%) 20,755 (78.1%) 27,296 (62.8%)

White race (%)a 52,475 (74.9%) 19,857 (74.7%) 32,618 (75%)

Year of birth 1963 [1951, 1977] 1962 [1950, 1976] 1963 [1952, 1978]

Age at testing (years) 48.4 [34.5, 59.7] 49.9 [35.9, 61.3] 47.5 [33.7, 58.6]

Length of FU (years) 7.09 [1.88, 13.10] 7.23 [1.92, 13.04] 7.01 [1.85, 13.14]
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similar between both groups, but a higher proportion 
of the ANA + group were women (78.1% vs. 62.8%).

Characteristics of individuals with and without auto-
immune diseases: The demographic and clinical char-
acteristics of individuals in the study cohort with and 
without autoimmune disease differed (Table  2). In 
individuals with autoimmune disease (20,497), 53.3% 
(10,931) were ANA + with titers of 1:80 in 14.4%, 1:160 
in 66.3%, 1:320 in 8.6%, and ≥ 1:640 in 10.6%. ANA 
patterns were reported in 42.5% of those with a posi-
tive test and a homogeneous pattern (62.9%) was the 
most common pattern reported, followed by speck-
led (26.4%), centromere (4.2%), nucleolar (3.9%), and 
atypical (2.7%). Additional autoantibody results were 
reported in 72.6% (7,937) of patients with autoimmune 
disease and a positive ANA, and 20.4% (1622) a posi-
tive test for at least one of these autoantibodies: anti-
dsDNA 9.8% (641 of 6527 tested), anti-Sm 2.1% (146 
of 6843 tested), anti-RNP 5.1% (337 of 6667 tested), 
anti-Ro/SSA 8.7% (613 of 7021 tested), anti-La/SSB 
6.2% (422 of 6815 tested), anti-Scl70 2.1% (143 of 6678 
tested), and anti-Jo1 8.1% (13 of 160 tested).

In patients without autoimmune disease (49,952), 
31.7% (15,648) were ANA + with a titer of 1:80 in 22.5%, 
1:160 in 59.7%, 1:320 in 12.2% and ≥ 1:640 in 5.6%. 
An ANA pattern was reported in 43.7% (6,839) of the 
ANA + individuals, and 65.9% had a homogeneous pat-
tern, followed by speckled in 26.7%, nucleolar in 4.4%, 
centromere in 1.6%, and atypical in 1.4%. ANA + was 
more common in women in both groups.

Autoantibody results were available in 55.0% (8758) 
of individuals without an autoimmune disease and 
positive ANA; and in 5.3% (461) a positive for at least 
one of these autoantibodies: anti-dsDNA 1.1%, (77 of 
6809 tested), anti-Sm 0.4% (31 of 7440 tested), anti-
RNP 1.1% (84 of 7334 tested), anti-Ro/SSA 1.8% (139 
of 7940 tested), anti-La/SSB 1.8% (136 of 7769 tested), 
anti-Scl70 1.2% (85 of 7310 tested), and anti-Jo1 0.8% (1 
of 121 tested).

PheWAS for ANA + versus ANA- in the study cohort: 
In the PheWAS that included all study individuals 
(ANA + and ANA-, n = 70,043), 88 clinical diagno-
ses were significantly (P ≤ 5 ×  10–5) associated with 
ANA + (Fig.  1A). Known clinical associations with 
ANA + (SLE, sicca syndrome, UCTD, systemic sclerosis, 
RA-related disorders, etc.) were among the top asso-
ciations (all P ≤ 1 ×  10–20, Table  3, Supplementary Table 
S2). ANA + was also associated with decreased preva-
lence of several non- autoimmune disorders including 
viral hepatitis C (OR = 0.66, P = 6.1 ×  10–22), hyperten-
sion (OR = 0.9, P = 1.7 ×  10–5), abdominal pain (OR = 0.9, 
P = 1.6 ×  10–13), convulsions (OR = 0.8, P = 9.1 ×  10–10), 
acute renal failure (OR = 0.9, P = 3.5 ×  10–9), type 2 dia-
betes (OR = 0.8, P = 1.5 ×  10–14) and several of its compli-
cations (OR < 0.9, P ≤ 5.1 ×  10–6), and several psychiatric 
disorders (mood disorders, bipolar, post-traumatic stress 
disorder, altered mental status, among others), and sub-
stance abuse disorders (e.g., tobacco disorder, substance 
abuse, alcoholism; Supplementary Table S2). Excluding 
diagnoses that were recorded before ANA testing, yield 
similar results (Supplementary Table S3).

PheWAS for ANA + versus ANA- in the sub-cohort 
with autoimmune diseases: When individuals with 
autoimmune diseases were analyzed separately, 136 
clinical diagnoses were significantly associated with 
ANA + (P ≤ 5 ×  10–5, Supplementary Table S4). The top 
associations included autoimmune disorders (Table  3). 
Most of the significant associations in the autoimmune 
disease sub-cohort have the same direction observed in 
the entire cohort (Table  3), including the those diagno-
ses with inverse associations (e.g., hepatitis C, diabetes, 
mood disorders, Type 2 diabetes, hypertension, etc.) 
(Supplementary Table S4, Table 3).

PheWAS for ANA + versus ANA- in the sub-
cohort without autoimmune disease: In the sub-
cohort without autoimmune disease (n = 49,952) 
there were 13 clinical diagnoses significantly associ-
ated with ANA + (P ≤ 5 ×  10–5, Table  3, Fig.  1B), with 

Table 2 Characteristics of individuals with and without an ANA‑related autoimmune disease

ANA Antinuclear antibodies, ANA + ANA positive, ANA- ANA negative, AD Autoimmune disease, FU Follow-up
a Race recorded as white in the electronic heath record (EHR). Data is shows as counts (percentage) for categorical variables and median [interquartile range] for 
continuous variables

Characteristics With AD
(n = 20,497)

ANA + 
(n = 10, 931)

ANA-
(n = 9,566)

Without AD
(n = 49,546)

ANA + 
(n = 15,648)

ANA-
(n = 33,898)

Female (%) 15,733 (76.8%) 9,167 (83.9%) 6566 (68.6%) 32,612 (65.3%) 11,588 (74.1%) 20,730 (61.2%)

White race (%)a 15,957 (77.9%) 8,305 (76.0%) 7652 (80.0%) 36,518 (73.7%) 11,552 (73.8%) 24,966 (73.7%)

Year of birth 1962 [1951, 1975] 1962 [1950, 1976] 1961 [1951, 1975] 1963 [1951, 1978] 1962 [1950, 1976] 1964 [1952, 1978]

Age at testing (years) 49.4 [36.2, 60.2] 49.5 [35.7, 60.7] 49.2 [36.7, 59.5] 47.9 [33.8, 59.5] 50.2 [35.9, 61.8] 46.9 [32.9, 58.3]

Length of FU (years) 8.7 [3.4, 14.1] 8.6 [3.2, 13.9] 8.9 [3.6, 14.4] 6.4 [1.3, 12.6] 6.2 [1.1, 12.4] 6.4 [1.4, 12.7]
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Raynaud’s syndrome as the top association (OR = 2.1, 
P = 3.2 ×  10–15), followed by viral hepatitis C (OR = 0.7, 
P = 6.5 ×  10–10), tobacco use disorder (OR = 0.8, 
P = 1.9 ×  10–8), fever (OR = 0.8, P = 3.4 ×  10–7), con-
vulsions (OR = 0.8, P = 2.2 ×  10–6), osteoarthrosis 
(OR = 1.3, P = 4.0 ×  10–6), substance addiction and dis-
orders (OR = 0.8, P = 6.0 ×  10–6), idiopathic fibrosing 
alveolitis (OR = 1.5, P = 6.3 ×  10–6), join pain (OR = 1.1, 
P = 6.3 ×  10–6), alveolar pneumopathies (OR 1.4, 
P = 7.7 ×  10–6), and depression (OR 0.8, P = 1.5 ×  10–5) 
(Supplementary Table S5). For these phenotypes, results 
were similar in direction and statistical significance in the 
other two cohorts (Table 3); as well as in the analysis that 
include only clinical diagnoses after ANA testing (Sup-
plementary Table S6).

When females and males in the sub-cohort without 
autoimmune disease were analyzed separately, eight-
een clinical diagnoses were significantly associated with 
ANA + in females (n = 32,318, Supplementary Table S7) 
and 2 in males (n = 17,228, Supplementary Table S8). In 
the analysis stratified by race, seven clinical diagnoses 
were significantly associated with ANA + in white indi-
viduals (n = 36,518, Supplementary Table S9) while only 
one (osteoarthrosis) in black individuals (n = 5,493, 
Supplementary Table S10). Most of the significant 

associations in the stratified analyses (by sex and race) 
were also seen in the previous cohorts and had the 
same direction of effect.

When cases of osteoarthrosis (OA) were separated 
by location based on ICD codes, ANA+ was associ-
ated with OA in hands (OR = 1.2, P = 1.9 ×  10–6), wrist 
(OR = 1.3, P = 0.03), knees (OR = 1.1, P = 0.002), and 
hips (OR = 1.1 P = 0.004). The associations were no 
longer significant when we adjusted for clinical covari-
ates (sex, year of birth, race, length of follow-up in the 
EHR, all P-values > 0.2). Positive ANA was associated 
with increased risk of OA in multiple sites in the uni-
variate (OR = 1.5, P = 2 ×  10–6) and fully adjusted model 
(OR = 1.3, P = 8 ×  10–14).

Confounding by frequency of ANA testing: We com-
pared the sub-cohort of individuals without any auto-
immune disorder with a random sample frequency 
matched of 45,473 individuals from the EHR using 
PheWAS and correlated the regression coefficients of 
being tested for ANA with the coefficients of a having 
a positive ANA test for phecodes with ≥ 200 cases (704 
clinical diagnoses). There was no significant correla-
tion between the coefficients of being tested and being 
ANA + (Spearman correlation = 0.001, P = 0.796, Sup-
plementary Figure S1).

Fig. 1 Clinical diagnoses associated with positive antinuclear antibodies (titer ≥ 1:80) in (A) all individuals tested and (B) in individuals 
without and autoimmune diseases. ▲ and ▼represent increased (OR > 1) and decreased (OR < 1) risk, respectively. Red horizontal line represents 
P ≤ 5 ×  10–5. Twenty‑two diagnoses with the most significant P‑value association of the 88 significant associations are labeled in the whole cohort 
(A) and all 13 significant associations are labeled in those without an autoimmune disease (B)
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Table 3 Significant clinical associations with positive antinuclear antibodies (titer ≥ 1:80) in all patients tested and the findings for 
those diagnoses in those with and without autoimmune disease

Phecode Clinical diagnosis All ANA testedb With ADb Without ADb

OR P-value OR P-value OR P-value

695.42 Systemic lupus  erythematosusa 9.1 0.0E + 00 5.4 7.8E‑202 ‑ ‑

709.6 Other specified diffuse diseases of connective  tissuea 7.4 7.5E‑128 5.4 8.9E‑86 ‑ ‑

709.2 Sicca  syndromea 4.8 9.7E‑127 3.6 8.6E‑77 ‑ ‑

709.7 Unspecified diffuse connective tissue  diseasea 8.0 5.9E‑122 5.6 4.2E‑80 ‑ ‑

443.1 Raynaud’s  syndromea 3.4 2.2E‑89 3.4 4.5E‑42 2.1 3.2E‑15c

709.3 Systemic  sclerosisa 11.9 5.7E‑85 8.8 1.9E‑64 ‑ ‑

709 Diffuse diseases of connective  tissuea 19.5 2.3E‑79 13.4 2.1E‑59 ‑ ‑

695.41 Cutaneous lupus  erythematosusa 5.3 6.1E‑78 3.2 4.5E‑37 ‑ ‑

709.5 Dermatomyositisa 5.1 1.5E‑40 3.6 1.0E‑25 ‑ ‑

279.7 Other immunological  findingsa 5.4 1.7E‑39 3.6 9.7E‑14 ‑ ‑

580.31 Nephritis & nephropathy in diseases classified elsewhere 2.6 7.3E‑37 2.7 2.7E‑19 1.34 0.76

362.5 Toxic maculopathy of retina 5.2 7.6E‑27 3.2 2.7E‑12 ‑ ‑

740.2 Osteoarthrosis, generalized 1.4 1.9E‑26 1.1 0.32 1.4 4.0E‑06c

745 Pain in joint 1.2 2.4E‑22 1.4 0.29 1.1 6.3E‑06c

70.3 Viral hepatitis C 0.7 6.1E‑22 0.5 4.8E‑23 0.7 6.5E‑10c

504 Other alveolar and parietoalveolar pneumonopathy 1.7 4.4E‑19 1.6 5.4E‑07 1.4 7.7E‑06c

296.2 Depression 0.8 1.0E‑14 0.7 1.9E‑14 0.8 1.5E‑05c

250.2 Type 2 diabetes 0.8 1.5E‑14 0.7 4.0E‑23 0.9 3.5E‑03

286.81 Primary hypercoagulable state 1.8 6.8E‑14 1.8 1.4E‑06 1.7 0.02

785 Abdominal pain 0.9 1.6E‑13 0.7 7.0E‑26 0.91 1.8E‑04

318 Tobacco use disorder 0.8 4.2E‑12 0.8 1.0E‑07 0.8 1.9E‑08c

504.1 Idiopathic fibrosing alveolitis 1.6 4.1E‑12 1.6 1.75E‑04 1.5 6.3E‑06c

316 Substance addiction and disorders 0.7 6.7E‑12 0.6 3.6E‑09 0.8 6.0E‑06c

300.1 Anxiety disorder 0.8 1.4E‑11 0.7 2.5E‑14 0.9 1.4E‑03

296.22 Major depressive disorder 0.8 2.7E‑11 0.7 6.3E‑13 0.9 1.0E‑04

296.1 Bipolar 0.7 2.8E‑11 0.6 1.9E‑07 0.8 1.0E‑04

709.4 Polymyositisa 2.6 3.1E‑11 1.9 1.0E‑05 ‑ ‑

300.9 Posttraumatic stress disorder 0.7 1.5E‑10 0.6 1.6E‑06 0.7 2.1E‑05c

345.3 Convulsions 0.8 9.1E‑10 0.7 9.8E‑06 0.8 2.2E‑06c

585.1 Acute renal failure 0.9 3.5E‑09 0.7 4.5E‑18 0.9 1.5E‑04

250.22 Type 2 diabetes with renal manifestations 0.8 3.6E‑09 0.6 6.2E‑15 0.9 0.09

292.4 Altered mental status 0.8 5.2E‑09 0.6 3.1E‑13 0.9 1.1E‑03

250.1 Type 1 diabetes 0.7 1.5E‑08 0.5 3.5E‑14 0.9 0.06

296 Mood disorders 0.8 9.3E‑08 0.6 1.4E‑10 0.8 9.3E‑03

348.8 Encephalopathy, not elsewhere classified 0.8 1.9E‑07 0.6 6.2E‑11 0.8 5.9E‑03

300.11 Generalized anxiety disorder 0.7 2.1E‑07 0.7 3.3E‑05 0.8 1.3E‑03

571.8 Liver abscess and sequelae of chronic liver disease 0.8 3.0E‑07 0.5 4.6E‑22 0.9 0.02

291.8 Alteration of consciousness 0.8 8.6E‑07 0.7 1.0E‑05 0.8 1.1E‑04

783 Fever of unknown origin 0.9 1.3E‑06 0.7 7.1E‑14 0.8 3.3E‑07c

250.6 Polyneuropathy in diabetes 0.8 1.9E‑06 0.6 2.5E‑08 0.9 0.04

555.2 Ulcerative  colitisa 1.4 2.7E‑06 0.7 2.2E‑06 ‑ ‑

495 Asthma 0.9 2.9E‑06 0.7 1.2E‑09 0.9 0.03

585.2 Renal failure NOS 0.8 3.3E‑06 0.6 3.7E‑08 0.8 1.5E‑03

760 Back pain 0.9 4.5E‑06 0.8 5.8E‑08 0.9 5.8E‑05

250.24 Type 2 diabetes with neurological manifestations 0.8 5.0E‑06 0.6 5.5E‑16 1.0 0.66

250.23 Type 2 diabetes with ophthalmic manifestations 0.7 5.1E‑06 0.5 2.0E‑09 0.9 0.21

789 Nausea and vomiting 0.9 6.6E‑06 0.8 2.2E‑12 0.9 2.2E‑05c
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Discussion
A positive ANA test was strongly associated with several 
autoimmune diseases or their complications in the entire 
cohort and the sub-cohort with autoimmune diseases, 
an expected finding and one that supports the approach 
used. Additionally, ANA + in individuals without autoim-
mune diseases was associated with increased risk of five 
clinical diagnoses and decreased risk of eight.

In the entire cohort, as well as in the sub-cohort of indi-
viduals with autoimmune disorders, ANA + was strongly 
associated with increased risk of autoimmune disorders 
for which a positive test is characteristic (e.g. SLE [8], 
systemic sclerosis [27], and UCTD [28]) and those for 
which it is a common feature (e.g. Sjogren’s, myositis) 
[29]. ANA + was also associated with increased risk for 
symptoms/complications related to these autoimmune 
diseases or their treatment (e.g., nephritis, myalgia, toxic 
maculopathy of retina-related to hydroxychloroquine 
use). In addition, ANA + showed a significant inverse 
association with several clinical diagnoses (48 in the 
entire cohort and 121 in the sub-cohort with autoim-
mune disorders), most of which were non- autoimmune 
disorders. Similar results were observed when only clini-
cal diagnoses that were recorded after ANA testing were 
analyzed.

Some (but not all) previous epidemiologic studies have 
found that ANA + was associated with increased risk of 
various cardiovascular events [9, 12, 13], cancers [10], 
and all-cause mortality [12]. We did not find an associa-
tion between ANA + and any cardiovascular phenotype 
or cancer and were unable to test the relationship with 
overall mortality.

Novel findings were that in the cohort of individuals 
without autoimmune diseases, ANA + increased the risk 
for five phenotypes and decreased risk for eight. How-
ever, there was little evidence of immune dysregulation 
as evidenced by no increase in infections, cancer, or renal 
failure, which is consistent with previous findings where 

ANA + individuals exhibited a unique immune suppres-
sive signature compared to ANA- individuals [5]. This 
unique signature was characterized by reduced number 
of T-cells, reduced levels of proinflammatory soluble 
mediators in plasma, dysregulated T-cell signaling, and 
decreased expression of interferon-inducible and HLA 
class I genes, which may prevent the onset of clinical 
autoimmunity [5].

Concordant with previous studies, ANA + was associ-
ated with increased the risk of Raynaud’s syndrome [30] 
and disorders related to idiopathic fibrosing alveolitis 
[31]. The risk of osteoarthritis and related symptoms 
(joint pain) was increased in ANA + patients, a consistent 
finding across the cohorts. Interestingly, a previous small 
clinical study found that ANA + was associated with 
more severe OA [32].

While OA is thought to be a seronegative disease; 
there are several possible explanations for our findings. 
It is possible that some of the patients diagnosed with 
OA might have an undiagnosed autoimmune condition. 
Another possibility is that OA may increase autoantibod-
ies production. Synovitis, which is a characteristic of OA, 
has been associated with post translational modifica-
tions of proteins [33], by citrullination, oxidation, glyca-
tion or carbamylation. These protein modifications are an 
important source of antigenicity for antibody production 
and also play an important role in disease [34, 35]. Cir-
culating autoantibodies to native collagen proteins and 
to carbamylated proteins have been reported to be more 
common in patients with OA compared to healthy con-
trols [36]. but their clinical significance of these autoanti-
bodies remain unknown.

In all cohorts there was an inverse association between 
ANA + and hepatitis C, mood disorders, tobacco use 
disorders, substance use disorders, and convulsions. 
Although the reported prevalence of ANA + among 
patient with hepatitis C infection ranges from 3 to 
63% [37], the inverse association observed between 

Data are shown for the 50 of the 83 significant (P < 5.0E-05) associations in the whole cohort. All significant associations for the cohorts are shown in Supplement 
Tables (S2, S3 and S4)

ANA Antinuclear antibody, AD ANA-related autoimmune disease, OR Odds ratio. Data is not shown for those diagnoses with < 200 cases
a Autoimmune disorders excluded from the cohort without autoimmune disease
b Adjusting for sex, year of birth, race, length of follow-up in the HER
c Significant associations in patients without autoimmune diseases

Table 3 (continued)

Phecode Clinical diagnosis All ANA testedb With ADb Without ADb

OR P-value OR P-value OR P-value

401.1 Essential hypertension 0.9 1.7E‑05 0.8 1.7E‑06 0.9 2.0E‑03

250 Diabetes mellitus 0.8 2.5E‑05 0.6 3.1E‑09 0.9 0.08

496 Chronic airway obstruction 0.8 2.7E‑05 0.7 1.2E‑08 0.9 0.06
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ANA + and hepatitis C was unexpected. The inverse asso-
ciations between ANA + and mood disorders are also 
novel. Previous small clinical studies have shown mixed 
results [38], but a recent study of 368 patients with mood 
disorders and 283 controls found no differences in preva-
lence of ANA + [39]. However, in a representative sam-
ple from the National Health and Nutrition Examination 
Survey (NHANES) ANA + was inversely associated with 
recent use of some psychotherapeutic drugs (OR = 0.64, 
95%CI = 0.43, 0.95), including antidepressants (OR = 0.64, 
95%CI = 0.42, 0.97), particularly serotonin reuptake 
inhibitors (OR = 0.65; 95%CI = 0.42, 0.98) [40].

The inverse association between tobacco use disorder 
and ANA + was consistent among all cohorts. Although 
smoking is associated with increased risk of several 
inflammatory diseases [41] and has been associated with 
high levels of anticitrullinated cyclic peptide/protein 
antibody (ACPA) in patients with RA [42] with similar 
trend in the general population [43]; an epidemiological 
study previously reported that active smoking was weakly 
associated with lower ANA levels [44]. In keeping with 
this observation, several studies suggest that smoking has 
a suppressive effect on autoimmunity [45] (with impair-
ment of the antibody-forming cell response and lower 
levels of several immunoglobulins) [46], which recovers 
after smoking cessation [47]. In animal models, nicotine 
dampens the inflammatory response [48], and adminis-
tration of nicotine reduced inflammation [49] in patients 
with ulcerative colitis [50], and lupus [48].

The inverse association between ANA + and substance 
use has not been reported previously. However, clinical 
and experimental animal studies have shown that expo-
sure to drugs can lead to immune dysregulation and 
impair antibody production [51, 52]. Whether the inverse 
association found with ANA + with substance use reflects 
the direct effect of the used drugs or related factors [53] 
on the immune system is not known.

Likewise, the inverse association observed between 
ANA + and seizures is novel. Small clinical studies have 
reported conflicting results about the prevalence of 
ANA + in individuals with epilepsy compared to healthy 
controls [54] as well as the effect of antiepileptic drug on 
ANA positivity [54, 55].

The inverse association between ANA + and hyperten-
sion and type 2 diabetes-related phenotypes was con-
sistent in all cohorts. The mechanism for these inverse 
associations is unclear, but the study in NHANES 
reported an inverse association between ANA + and thi-
azide diuretics and sulfonylurea antidiabetic drugs [40].

As expected, ANA + was associated with nephritis 
[56] in the entire cohort and in the sub-cohort of auto-
immune disorders; however, there was an unexpected 
inverse association between ANA + and renal failure 

(acute and chronic) in all cohorts (with nominal asso-
ciations in the sub-cohort without autoimmune disease, 
P< 0.05). The concept that some autoantibodies need 
not be harmful but can be protective has been sug-
gested and is supported by several lines of evidence [8], 
including the immune suppressive profile described in 
ANA + individuals [5].

Certain ANAs, like antibodies against a nuclear DNA-
binding protein (HMGB1), decreased albuminuria, com-
plement deposition, and neutrophil recruitment in a 
murine lupus model [18]. Other “natural autoantibodies” 
that are largely of the IgM class and bind many self- and 
non-self-antigens prevented proteinuria and reduced 
kidney immune complex deposition in a murine lupus 
model [57]. The specificity of ANAs occurring in healthy 
people is poorly characterized [1] and, as suggested by 
Silverman [58], a positive ANA test in some settings 
could represent the tip of the iceberg of circulating natu-
ral autoantibodies.

Additionally, ANAs may alter disease manifestations. 
The phenotype of seropositive patients with RA who 
were also ANA + differed from those who were ANA- 
in that it took longer for them to fulfill RA criteria and 
require treatment with disease-modifying antirheumatic 
drugs [59]. We were unable to examine the course of dis-
eases such as RA within the design of our study.

The limitations of this study include:

(a) ANA tests are not performed randomly in clinical 
practice but rather are requested based on clini-
cal suspicions. However, the indication for ANA 
testing can usually only be inferred from EHRs 
and would require manual review of thousands 
of records for hundreds of diagnoses, something 
clearly not feasible. Nevertheless, we considered the 
possibility that increased ANA testing for patients 
with a particular non-autoimmune diagnosis might 
confound the associations between a positive test 
and that diagnosis. However, there was no signifi-
cant correlation between the frequency of ANA 
testing and the prevalence of ANA + across a range 
of diseases. Ideally, for each phenotype, positive 
and negative ANA test frequencies should be com-
pared in a random sample of patients affected with 
the disease and a random sample of age, race, and 
sex matched controls without the phenotype. It is 
methodologically not feasible to perform such stud-
ies on a large scale and match groups across a wide 
range of phenotype-specific covariates. Instead, 
we used a broad approach and sought to minimize 
confounding by excluding individuals with autoim-
mune disorders and adjust for key covariates.
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(b) While ANA testing followed the position statement 
of the American College of Rheumatology, changes 
in personnel or laboratory practices could have 
affected assays, factors inherent to real-world data. 
However, the expected steady and strong associa-
tions between ANA and autoimmune disease sug-
gest the ANA assay was robust. Nevertheless, the 
ICAP committee has being working on the nomen-
clature and definitions of HEp-2 IIFA patterns since 
2014, and in 2019 the executive ICAP members 
published a consensus paper regarding the clini-
cal relevance of 29 distinct Hep-2 IFFA patterns to 
support clinical decisions. The use of such recom-
mended nomenclature in future prospective studies 
would harmonize ANA testing and reporting allow-
ing future systematic reviews to further fine-tune 
current consensus based on expert opinions [19].

(c) Anti-DFS70 antibody is an autoantibody that reacts 
against a nuclear chromatin-associated protein that 
can be detected in standard IIF ANA testing [60]. 
While it is possible that some of positive ANA 
results are due to this antibody, we would have 
expected to find significant associations with some 
of the conditions associated with the presence of 
anti-DFS70 antibodies—atopic dermatitis, eye con-
ditions, and prostate cancer [60] in the sub cohort 
of individuals without autoimmune disorders. 
Instead, we found positive association with diseases 
known to have an autoimmune basis like Raynaud’s 
disease and idiopathic fibrotic alveolitis.

(d) Study findings cannot be generalized to the general 
population since the study population derived from 
a tertiary-care hospital.

(e) Billing codes were used to assemble phenotypes, 
and the quality of the case–control definition could 
vary across phenotypes and lead to some misclas-
sification [61]. While validation of hundreds of 
clinical diagnoses in thousands of individuals is 
not possible in studies using extensive real-world 
clinical data, the strong and consistent associations 
observed between ANA and autoimmune disorders 
for which a positive ANA is characteristic (e.g. SLE) 
in different analyses supports the robustness of 
phenotype assignments.

(f ) It is possible that some ANA + individuals develop 
an autoimmune disease later in life [62], which 
could have biased our results. Our approach of 
using all diagnoses in the EHR (i.e., diagnoses 
occurring both before and after the positive ANA 
test) mitigated this problem since autoimmune con-
ditions that developed later in follow up would have 
categorized the patient correctly.

(g) The production of ANA can be induced by some 
medications, and we could not specifically define 
such drug-induced positive ANAs. However, 
we did not find significant positive associations 
between disorders that are commonly treated with 
such drugs (e.g., arrythmias, tuberculosis, acne, 
etc.) and ANA + in individuals without autoim-
mune diseases.

(h) The study design only detected associations and 
not mechanisms or causality; also, confounding or 
reverse causation cannot be ruled out.

Although our approach has limitations due to the 
nature of the data, traditional epidemiologic studies 
to define the clinical impact of a positive ANA test are 
not feasible. The major strength of the study is that we 
leveraged real-world clinical data from EHRs to per-
form high-throughput screening for clinical associa-
tions with a positive ANA in a population of more than 
70,000 individuals from a specialized medical center, 
which yielded consistent results in all analyses.

In conclusion, this large EHR study of patients tested 
for ANA confirmed the association of ANA + with sev-
eral autoimmune disorders, and in patients without 
autoimmune disease, ANA + was associated with an 
increased risk of Raynaud’s and idiopathic fibrosing 
alveolitis related disorders and decreased prevalence of 
several non- autoimmune diseases.

Abbreviations
ANA  Antinuclear antibodies
EHR  Electronic health record
VUMC  Vanderbilt University Medical Center
SLE  Systemic lupus erythematosus
IFN  Interferon
PheWAS  Phenome‑wide assocation study
IIF  Indirect immunofluorescence
HEp‑2  Human epithelial type 2
ACR   American College of Rheumatology
ICD  International classification of Diseases
OR  Odds ratio
CI  Confidence interval
UCTD  Undifferentiated connective tissue disease
RA  Rheumatodi arthritis
NHANES  National Health and Nutrition Examiniation Survey
HMGB1  High mobility group box 1
Ig  Immunoglobulin
DFS70  Dense fine speckled, 70 kDa molecular weight

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s41927‑ 023‑ 00349‑4.

Additional file 1. 

Additional file 2. 

https://doi.org/10.1186/s41927-023-00349-4
https://doi.org/10.1186/s41927-023-00349-4


Page 10 of 11Zanussi et al. BMC Rheumatology            (2023) 7:24 

Acknowledgements
The dataset(s) used for the analyses described were obtained from Vanderbilt 
University Medical Center’s BioVU which is supported by numerous sources: 
institutional funding, private agencies, and federal grants. These include the 
NIH funded Shared Instrumentation Grant S10RR025141, S10OD017985, 
and S10OD025092; and CTSA grants UL1TR002243, UL1TR000445, and 
UL1RR024975.

Authors’ contributions
VKK had full access to the data and assumes responsibility for the integrity of 
the data, and accuracy of the analysis. MCS, NJO, and VKK were involved in the 
concept and design of the study. JTZ, JZ, WQ, GK, and QF were involved in the 
extraction and cleaning of the data. JTZ, and VKK were responsible on the data 
analysis. JTZ, CPC, CMS, NJO, and VKK were involved in the data interpretation. 
JTZ, CMS, and VKK drafted the manuscript. All authors reviewed and approved 
the final version of the manuscript.

Funding
The study was supported by NIH/NIAMS grant R01AR076516, the Arthritis 
National Research Foundation – All Arthritis Grant Program Award, and 
the Lupus Research Alliance – BMS Accelerator Award. CPC is funded by 
R01AR073764 and R01GM126535.

Availability of data and materials
The datasets generated and/or analysed during the current study are available 
from the correspondig author on reasonable request. Phecode maps and R 
code for the Phewas analysis are openly available at https:// phewa scata log. org/.

Declarations

Competing interests
The authors declare no competing interests.

Ethics approval and consent to participate
The study was approved by the Vanderbilt University Medical Center (VUMC) 
Institutional Review Board; the study met Exemption 4 criteria and is not 
considered human subject research under 2018 Revised Common Rule 
requirement of the Office for Human Research Protections (OHRP). Thus, con‑
sent form was not required. Data used for the study comes from de‑identified 
electronic health record (EHR) system at VUMC. No experiments in humans 
were performed as part of the study, de‑identified data that was already 
collected was used for in silico analysis, and all methods were carried out in 
accordance with relevant guidelines and regulations. The authors did not have 
direct contact or knowledge of the individuals’ identity.

Consent for publication
Not applicable.

Competing interest
The authors declare no competing interests.

Author details
1 Division of Clinical Pharmacology, Department of Medicine, Vanderbilt 
University Medical Center, Nashville, TN, USA. 2 Department of Biomedical 
Informatics, Vanderbilt University School of Medicine, Nashville, TN, USA. 3 Van‑
derbilt Genetics Institute, Vanderbilt University School of Medicine, Nashville, 
TN, USA. 4 Division of Rheumatology, Department of Medicine, Vanderbilt 
University Medical Center, Nashville, TN, USA. 5 Tennessee Valley Healthcare 
System ‑ Nashville Campus, Nashville, TN, USA. 6 Department of Medicine, Penn 
State Milton S. Hershey Medical Center, Hershey, PA, USA. 

Received: 6 November 2022   Accepted: 27 July 2023

References
 1. Pisetsky DS. Antinuclear antibody testing ‑ misunderstood or misbegot‑

ten? Nat Rev Rheumatol. 2017;13:495–502.

 2. Aringer M, Costenbader K, Daikh D, et al. 2019 European League Against 
Rheumatism/American College of Rheumatology Classification Criteria 
for Systemic Lupus Erythematosus. Arthritis Rheumatol. 2019;71:1400–12.

 3. Satoh M, Chan EK, Ho LA, et al. Prevalence and sociodemographic cor‑
relates of antinuclear antibodies in the United States. Arthritis Rheum. 
2012;64:2319–27.

 4. Miller FW, Alfredsson L, Costenbader KH, et al. Epidemiology of environ‑
mental exposures and human autoimmune diseases: findings from a 
National Institute of Environmental Health Sciences Expert Panel Work‑
shop. J Autoimmun. 2012;39:259–71.

 5. Slight‑Webb S, Smith M, Bylinska A, et al. Autoantibody‑positive healthy 
individuals with lower lupus risk display a unique immune endotype. J 
Allergy Clin Immunol. 2020;146:1419–33.

 6. Slight‑Webb S, Lu R, Ritterhouse LL, et al. Autoantibody‑positive healthy 
individuals display unique immune profiles that may regulate autoim‑
munity. Arthritis Rheumatol. 2016;68:2492–502.

 7. Li QZ, Karp DR, Quan J, et al. Risk factors for ANA positivity in healthy 
persons. Arthritis Res Ther. 2011;13:R38.

 8. Pisetsky DS. Antinuclear antibodies in rheumatic disease: a proposal for a 
function‑based classification. Scand J Immunol. 2012;76:223–8.

 9. Liang KP, Kremers HM, Crowson CS, et al. Autoantibodies and the risk of 
cardiovascular events. J Rheumatol. 2009;36:2462–9.

 10. Vlagea A, Falagan S, Gutierrez‑Gutierrez G, et al. Antinuclear antibodies 
and cancer: a literature review. Crit Rev Oncol Hematol. 2018;127:42–9.

 11. Cainelli F, Betterle C, Vento S. Antinuclear antibodies are common in an 
infectious environment but do not predict systemic lupus erythemato‑
sus. Ann Rheum Dis. 2004;63:1707–8.

 12. Solow EB, Vongpatanasin W, Skaug B, Karp DR, Ayers C, de Lemos JA. 
Antinuclear antibodies are associated with all‑cause mortality and 
cardiovascular outcomes in the general population. J Am Coll Cardiol. 
2015;65:2669–70.

 13. Dinse GE, Parks CG, Weinberg CR, et al. Antinuclear antibodies and 
mortality in the national health and nutrition examination survey 
(1999–2004). PLoS ONE. 2017;12:e0185977.

 14. Rivadeneyra‑Espinoza L, Ruiz‑Arguelles A. Cell‑penetrating anti‑native 
DNA antibodies trigger apoptosis through both the neglect and pro‑
grammed pathways. J Autoimmun. 2006;26:52–6.

 15. Sun KH, Yu CL, Tang SJ, Sun GH. Monoclonal anti‑double‑stranded DNA 
autoantibody stimulates the expression and release of IL‑1beta, IL‑6, IL‑8, 
IL‑10 and TNF‑alpha from normal human mononuclear cells involving in 
the lupus pathogenesis. Immunology. 2000;99:352–60.

 16. Kokkola R, Li J, Sundberg E, et al. Successful treatment of collagen‑
induced arthritis in mice and rats by targeting extracellular high 
mobility group box chromosomal protein 1 activity. Arthritis Rheum. 
2003;48:2052–8.

 17. Zhang BF, Wang PF, Cong YX, et al. Anti‑high mobility group box‑1 
(HMGB1) antibody attenuates kidney damage following experimental 
crush injury and the possible role of the tumor necrosis factor‑alpha and 
c‑Jun N‑terminal kinase pathway. J Orthop Surg Res. 2017;12:110.

 18. Watanabe H, Watanabe KS, Liu K, et al. Anti‑high mobility group box 1 
antibody ameliorates albuminuria in MRL/lpr lupus‑prone mice. Mol Ther 
Methods Clin Dev. 2017;6:31–9.

 19. Damoiseaux J, Andrade LEC, Carballo OG, et al. Clinical relevance of 
HEp‑2 indirect immunofluorescent patterns: the International Consensus 
on ANA patterns (ICAP) perspective. Ann Rheum Dis. 2019;78:879–89.

 20. Denny JC, Ritchie MD, Basford MA, et al. PheWAS: demonstrating the 
feasibility of a phenome‑wide scan to discover gene‑disease associations. 
Bioinformatics. 2010;26:1205–10.

 21. Meroni PL, Schur PH. ANA screening: an old test with new recommenda‑
tions. Ann Rheum Dis. 2010;69:1420–2.

 22. Buchner C, Bryant C, Eslami A, Lakos G. Anti‑nuclear antibody screening 
using HEp‑2 cells. J Vis Exp. 2014:e51211.

 23. Wei WQ, Bastarache LA, Carroll RJ, et al. Evaluating phecodes, clinical clas‑
sification software, and ICD‑9‑CM codes for phenome‑wide association 
studies in the electronic health record. PLoS ONE. 2017;12:e0175508.

 24. Wu P, Gifford A, Meng X, et al. Mapping ICD‑10 and ICD‑10‑CM codes 
to phecodes: workflow development and initial evaluation. JMIR Med 
Inform. 2019;7:e14325.

 25. Verma A, Bradford Y, Dudek S, et al. A simulation study investigating 
power estimates in phenome‑wide association studies. BMC Bioinformat‑
ics. 2018;19:120.

https://phewascatalog.org/


Page 11 of 11Zanussi et al. BMC Rheumatology            (2023) 7:24  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 26. Carroll RJ, Bastarache L, Denny JC. R PheWAS: data analysis and plotting 
tools for phenome‑wide association studies in the R environment. Bioin‑
formatics. 2014;30:2375–6.

 27. Didier K, Bolko L, Giusti D, et al. Autoantibodies associated with con‑
nective tissue diseases: what meaning for clinicians? Front Immunol. 
2018;9:541.

 28. Mosca M, Tani C, Neri C, Baldini C, Bombardieri S. Undifferentiated con‑
nective tissue diseases (UCTD). Autoimmun Rev. 2006;6:1–4.

 29 Solomon DH, Kavanaugh AJ, Schur PH, American College of Rheumatol‑
ogy Ad Hoc Committee on Immunologic Testing G. Evidence‑based 
guidelines for the use of immunologic tests: antinuclear antibody testing. 
Arthritis Rheum. 2002;47:434–44.

 30. Spencer‑Green G. Outcomes in primary Raynaud phenomenon: a meta‑
analysis of the frequency, rates, and predictors of transition to secondary 
diseases. Arch Intern Med. 1998;158:595–600.

 31. Feghali‑Bostwick CA, Wilkes DS. Autoimmunity in idiopathic pulmonary 
fibrosis: are circulating autoantibodies pathogenic or epiphenomena? 
Am J Respir Crit Care Med. 2011;183:692–3.

 32. Sakthiswary R, Rajalingam S, Norazman MR, Hussein H. Antinuclear anti‑
bodies in primary osteoarthritis of the knee: a case‑control study. EXCLI J. 
2012;11:624–31.

 33. Catterall JB, Barr D, Bolognesi M, Zura RD, Kraus VB. Post‑translational 
aging of proteins in osteoarthritic cartilage and synovial fluid as meas‑
ured by isomerized aspartate. Arthritis Res Ther. 2009;11:R55.

 34. Doyle HA, Mamula MJ. Autoantigenesis: the evolution of protein modifi‑
cations in autoimmune disease. Curr Opin Immunol. 2012;24:112–8.

 35 Haro I, Sanmarti R, Gomara MJ. Implications of post‑translational modi‑
fications in autoimmunity with emphasis on citrullination, homocitrul‑
lination and acetylation for the pathogenesis, diagnosis and prognosis of 
rheumatoid arthritis. Int J Mol Sci. 2022;23(24):15803.

 36. Xie X, van Delft MAM, Shuweihdi F, et al. Auto‑antibodies to post‑
translationally modified proteins in osteoarthritis. Osteoarthritis Cartilage. 
2021;29:924–33.

 37. Litwin CM, Rourk AR. Anti‑ENA antibody profiles in patients with hepatitis 
C virus infection. J Clin Lab Anal. 2018;32(3):e22279.

 38. Appleby B. Are anti‑nuclear antibodies common in affective disorders? A 
review of the past 35 years. Psychosomatics. 2007;48:286–9.

 39. Saether SG, Ro ADB, Larsen JB, Vaaler A, Kondziella D, Reitan SK. Biomark‑
ers of autoimmunity in acute psychiatric disorders. J Neuropsychiatry Clin 
Neurosci. 2019;31:246–53.

 40. Dinse GE, Parks CG, Meier HCS, et al. Prescription medication use and 
antinuclear antibodies in the United States, 1999–2004. J Autoimmun. 
2018;92:93–103.

 41. Piao WH, Campagnolo D, Dayao C, Lukas RJ, Wu J, Shi FD. Nico‑
tine and inflammatory neurological disorders. Acta Pharmacol Sin. 
2009;30:715–22.

 42. Ishikawa Y, Ikari K, Hashimoto M, et al. Shared epitope defines distinct 
associations of cigarette smoking with levels of anticitrullinated protein 
antibody and rheumatoid factor. Ann Rheum Dis. 2019;78:1480–7.

 43. van Wesemael TJ, Ajeganova S, Humphreys J, et al. Smoking is associated 
with the concurrent presence of multiple autoantibodies in rheumatoid 
arthritis rather than with anti‑citrullinated protein antibodies per se: a 
multicenter cohort study. Arthritis Res Ther. 2016;18:285.

 44. Dinse GE, Parks CG, Weinberg CR, et al. Increasing prevalence of 
antinuclear antibodies in the United States. Arthritis Rheumatol. 
2020;72:1026–35.

 45. Ferson M, Edwards A, Lind A, Milton GW, Hersey P. Low natural killer‑cell 
activity and immunoglobulin levels associated with smoking in human 
subjects. Int J Cancer. 1979;23:603–9.

 46. Tarbiah N, Todd I, Tighe PJ, Fairclough LC. Cigarette smoking differentially 
affects immunoglobulin class levels in serum and saliva: An investigation 
and review. Basic Clin Pharmacol Toxicol. 2019;125:474–83.

 47 Tollerud DJ, Brown LM, Blattner WA, Mann DL, Pankiw‑Trost L, Hoover 
RN. T cell subsets in healthy black smokers and nonsmokers. Evidence 
for ethnic group as an important response modifier. Am Rev Respir Dis. 
1991;144:612–6.

 48. Rubin RL, Hermanson TM, Bedrick EJ, et al. Effect of cigarette smoke on 
autoimmunity in murine and human systemic lupus erythematosus. 
Toxicol Sci. 2005;87:86–96.

 49. Mills CM, Hill SA, Marks R. Transdermal nicotine suppresses cutaneous 
inflammation. Arch Dermatol. 1997;133:823–5.

 50. Pullan RD, Rhodes J, Ganesh S, et al. Transdermal nicotine for active 
ulcerative colitis. N Engl J Med. 1994;330:811–5.

 51. Giorgi V, Marotto D, Batticciotto A, Atzeni F, Bongiovanni S, Sarzi‑Puttini P. 
Cannabis and autoimmunity: possible mechanisms of action. Immuno‑
targets Ther. 2021;10:261–71.

 52. Liang X, Liu R, Chen C, Ji F, Li T. Opioid system modulates the immune 
function: a review. Transl Perioper Pain Med. 2016;1:5–13.

 53. Richter KP, Ahluwalia HK, Mosier MC, Nazir N, Ahluwalia JS. A population‑
based study of cigarette smoking among illicit drug users in the United 
States. Addiction. 2002;97:861–9.

 54. Debourdeau P, Gerome P, Zammit C, et al. Frequency of anticardiolipin, 
antinuclear and anti beta2GP1 antibodies is not increased in unselected 
epileptic patients: a case‑control study. Seizure. 2004;13:205–7.

 55. Sapkota S, Kobau R, Croft JB, King BA, Thomas C, Zack MM. Prevalence 
and trends in cigarette smoking among adults with epilepsy ‑ United 
States, 2010–2017. MMWR Morb Mortal Wkly Rep. 2020;69:1792–6.

 56. Mastroianni‑Kirsztajn G, Hornig N, Schlumberger W. Autoantibodies in 
renal diseases ‑ clinical significance and recent developments in serologi‑
cal detection. Front Immunol. 2015;6:221.

 57. Mannoor K, Matejuk A, Xu Y, Beardall M, Chen C. Expression of natural 
autoantibodies in MRL‑lpr mice protects from lupus nephritis and 
improves survival. J Immunol. 2012;188:3628–38.

 58. Silverman GJ. Could compensatory autoantibody production affect rheu‑
matoid arthritis etiopathogenesis? Arthritis Rheumatol. 2021;73:728–30.

 59. Paknikar SS, Crowson CS, Davis JM, Thanarajasingam U. Exploring the role 
of antinuclear antibody positivity in the diagnosis, treatment, and health 
outcomes of patients with rheumatoid arthritis. ACR Open Rheumatol. 
2021;3:422–6.

 60. Ortiz‑Hernandez GL, Sanchez‑Hernandez ES, Casiano CA. Twenty years 
of research on the DFS70/LEDGF autoantibody‑autoantigen system: 
many lessons learned but still many questions. Auto Immun Highlights. 
2020;11:3.

 61. Wang L, Damrauer SM, Zhang H, et al. Phenotype validation in electronic 
health records based genetic association studies. Genet Epidemiol. 
2017;41:790–800.

 62. Arbuckle MR, McClain MT, Rubertone MV, et al. Development of autoanti‑
bodies before the clinical onset of systemic lupus erythematosus. N Engl 
J Med. 2003;349:1526–33.

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


	Clinical diagnoses associated with a positive antinuclear antibody test in patients with and without autoimmune disease
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Methods
	Study design and population
	Clinical covariates
	Statistical analysis
	PheWAS analysis
	Testing for confounding by frequency of ANA testing


	Results
	Discussion
	Anchor 16
	Acknowledgements
	References


