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Abstract

Background—Clinical reports link specific medications with the development of antinuclear 

antibodies (ANA), but population-based evidence is limited.

Objective—The present study investigated associations between prescription medication use and 

ANA in a representative sample of the adult noninstitutionalized US population, first focusing on 

medications previously related to ANA and then considering all medications reported in the 

National Health and Nutrition Examination Survey (NHANES).

Methods—Based on NHANES data (1999–2004) for 3608 adults (ages ≥18 years), we estimated 

odds ratios (ORs) and 95% confidence intervals (CIs) to assess associations between recent 

medication use and ANA (overall and in sex and age subgroups), adjusted for potential 

confounders and the survey sampling design.

Results—We found no evidence that most medications previously associated with ANA in 

specific individuals were risk factors for ANA in the general population, although statistical power 

was limited for some medications. Overall, ANA were less prevalent in adults who recently used 
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any prescription medications compared with those who did not (OR=0.73; CI=0.57,0.93), and 

likewise several classes of medications were inversely associated with ANA, including hormones 

(OR=0.73; CI=0.55,0.98), thiazide diuretics (OR=0.43; CI=0.24,0.79), sulfonylureas (OR=0.41; 

CI=0.19,0.89), and selective serotonin reuptake inhibitor antidepressants (OR=0.65; 

CI=0.42,0.98). Positive associations with ANA were seen for loop diuretics (OR=1.72; 

CI=1.03,2.88) in all adults, and for benzodiazepines (OR=2.11; CI=1.09,4.10) and bronchodilators 

(OR=1.83; CI=1.00,3.38) in older (ages ≥60) adults. Estrogens were positively associated with 

ANA in older women (OR=1.80; CI=1.00,3.23) but inversely associated with ANA in younger 

(ages 18–59) women (OR=0.43; CI=0.20,0.93). Regarding individual medications, ANA were 

positively associated with ciprofloxacin (OR=4.23; CI=1.21,14.8), furosemide (OR=1.79; 

CI=1.09,2.93), and omeprazole (OR=2.05; CI=1.03,4.10) in all adults, and with salmeterol 

(OR=3.76; CI=1.66,8.52), tolterodine (OR=6.64; CI=1.45,30.5), and triamterene (OR=3.10; 

CI=1.08,8.88) in older adults. Also, in younger adults, hydrochlorothiazide was inversely 

associated with ANA (OR=0.44; CI=0.20,0.98).

Conclusions—Our findings in the general population do not confirm most clinically reported 

positive associations between specific medications and ANA in some individuals. However, novel 

positive ANA associations with other medications, as well as unexplained inverse associations 

with certain classes of medications and overall medication use, deserve further research to clarify 

the possible roles of medications as risk and protective factors in the development of 

autoantibodies and autoimmune disease.
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1. Introduction

Autoimmune diseases are a diverse group of disorders characterized by tissue and organ 

damage due to an immune response to self-antigens [1] and their causes remain 

incompletely understood [2]. Antinuclear antibodies (ANA) are observed in patients with 

many systemic autoimmune diseases. In the general US population, ANA are more common 

in women, older individuals, African Americans, and persons of normal weight [3]. They are 

also associated with childbearing [4]; certain genes [5]; and environmental agents, such as 

chemicals, occupational exposures, infections, and medications [6–10].

The present study focuses on prescription medications, some of which have been reported to 

induce ANA and symptoms of lupus or other autoimmune diseases in specific individuals. 

Drug challenge (ANA or disease occurrence after beginning the drug), dechallenge 

(resolution of ANA or disease after discontinuing the drug), and rechallenge (recurrence of 

ANA or disease after beginning the drug again) are often considered diagnostic for drug-

induced autoimmunity [11]. However, such studies are often small and describe only case 

reports or case series [8, 12–14]; limited data are available on a population basis to 

determine the extent of associations from a public health perspective. Also, few if any 

studies have assessed possible protective effects of medications on autoimmunity, as these 
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cannot be performed in clinical care settings or most drug trials because they require larger 

sample sizes and population-based approaches.

The purpose of the present study was to investigate associations, positive or negative, 

between prescription medication use and ANA in the general adult population. We analyzed 

data from a representative sample of the noninstitutionalized US population, obtained from 

the National Health and Nutrition Examination Survey (NHANES). First, we examined 

medications previously reported to induce ANA in specific individuals and sought to 

determine whether corresponding positive associations could be confirmed in our large, 

population-based study. Second, we evaluated all prescription medications used by 

NHANES participants in the month preceding their interview to identify any associations 

with ANA. The latter analysis was mainly descriptive and exploratory; it assessed individual 

medications, classes of medications, and overall medication use to generate hypotheses for 

future studies.

2. Subjects and methods

2.1. Study participants

We analyzed NHANES data from 1999 to 2004, currently the only years with data on ANA. 

All data are publicly available and no individual follow-up outside NHANES occurred. The 

NHANES used a multistage strategy to select a nationally representative probability sample 

of the noninstitutionalized US population. A subsample of 7106 participants at least 12 years 

old was selected to assess serum levels of organochlorines, and 4754 of these participants 

gave permission for sera storage and had samples available for ANA analysis. Sampling 

weights were revised (https://www.cdc.gov/nchs/tutorials/nhanes/SurveyDesign/Weighting/

intro.htm) to account for sampling into the organochlorine study and participation in the 

ANA substudy. The NHANES collected self-reported information on various 

sociodemographic and health-related factors. Constructed variables, such as body mass 

index (BMI), defined as weight (kg) divided by height (m) squared, were also included in 

the published dataset [15]. The NHANES protocol was approved by the human subjects 

Institutional Review Board of the U.S. Centers for Disease Control and Prevention, and 

written informed consent was obtained from all participants.

We excluded 236 women who were pregnant, as their physiology and use of medications are 

not representative of the general population [16, 17]. We also excluded 881 participants 

under 18 years of age, 20 with missing medication information, and 9 with missing BMI 

data, which left 3608 adult participants for our analyses. Except for age and pregnancy 

status, which were used to define our subsample, these exclusions did not lead to any 

statistically significant differences in other demographic factors compared with the original 

ANA sample (not shown).

2.2. ANA status

Standard indirect immunofluorescence was used to measure ANA in serum specimens, 

based on commercial HEp-2 ANA slides (Inova Diagnostics) with 1:80 dilutions of sera and 

staining with DyLight 488-conjugated donkey anti-human immunoglobulin G (IgG) 
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antibodies (Jackson ImmunoResearch), as previously reported [3]. Staining intensities were 

graded from 0 to 4 relative to a standard reference gallery, with values of 3 and 4 indicating 

ANA positivity. Two independent raters, blinded to the sociodemographic data on the 

subjects, agreed on >95% of the readings for overall intensity ratings, and differences were 

resolved by consensus or adjudicated by a third blinded rater.

Specific autoantibodies were identified in ANA-positive participants by using immuno-

precipitation of 35S-methionine-labeled K562 cell extracts, as previously described [3]. They 

were classified as autoantibodies against extractable nuclear antigens (ENA) and included 

Sjögren’s syndrome antigen A (Ro), Sjögren’s syndrome antigen B (La), Argonaute 2 (Su), 

U1 ribonucleoprotein (U1RNP), Smith antigen (Sm), topoisomerase I, ribosomal proteins or 

RNA, replication protein A (RPA), isoleucyl-transfer RNA synthetase (OJ), nucleolar 

organizer region 90kDa antigen or upstream binding protein (NOR90), histidyl-transfer 

RNA synthetase (Jo-1), threonyl-transfer RNA synthetase (PL-7), alanyl-transfer RNA 

synthetase (PL-12), glycyl-transfer RNA synthetase (EJ), signal recognition particle (SRP), 

p70/p80 antigen that is a DNA-binding protein (Ku), polymyositis-scleroderma antigen 

(PM-Scl), chromodomain helicase DNA binding protein 4 (Mi-2), RNA polymerase, and U3 

ribonucleoprotein (U3RNP). The data were too sparse to analyze these autoantibodies 

individually, but we performed sensitivity analyses that excluded the 483 participants with 

any of these anti-ENA autoantibodies or certain medical disorders (described later) to focus 

on those without prior evidence of autoimmune disease.

2.3. Prescription medication information

Medication use was self-reported, but verified with prescription bottles, and referred to use 

in the month preceding the NHANES interview. Initially, we targeted medications suspected 

of inducing ANA in specific individuals to assess whether they also were associated with 

ANA in our population-based sample. After extensive literature reviews of case reports, 

using PubMed with search terms such as “medications and ANA” and “medications and 

autoimmunity” and evaluating references in sentinel papers, we (JY and FWM) compiled a 

list of medications that met predefined criteria for possibly inducing ANA [11, 18]. We refer 

to this compilation as the medications-associated-with-ANA (MAWA) list. We also 

investigated associations with ANA for medications previously linked to lupus, an 

autoimmune disease associated with ANA. We created two lists of such medications: the 

Rubin list, which refers to medications in Table 2 of Rubin [12] or Table 1 of Rubin [13], 

and the Chang list, which refers to medications in Table 2 of Chang and Gershwin [8] or 

Table 1 of Xiao and Chang [14]. Prescription medications used by NHANES participants 

and included on any of these three lists are shown in our Table 1.

In addition to the targeted analysis of medications previously linked to ANA or lupus, we 

also performed a descriptive analysis to explore whether ANA were positively (or 

negatively) associated with (1) all prescription medications collectively, (2) prescription 

medications in established classes, and (3) individual prescription medications, possibly 

including some not previously reported as being associated with ANA. Overall (collective) 

use was defined as the use of any medication (yes/no). Medications were then categorized 

into three sets of classes that coincided with Level 1, Level 2, and Level 3 of the Multum 
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Lexicon Therapeutic Classification Scheme [https://wwwn.cdc.gov/Nchs/Nhanes/

1999-2000/RXQ_DRUG.htm]. We also analyzed single medications, used individually or in 

combinations with other medications.

2.4. Covariates

Previous analyses of these NHANES data documented greater ANA prevalence in women, 

older participants, non-Hispanic blacks, and participants who were neither overweight nor 

obese [3, 4]; these participant characteristics were also associated with overall medication 

use. As a result, we adjusted for them as potential confounders. Age was treated as 

continuous; race/ethnicity was categorized as non-Hispanic white, non-Hispanic black, or 

other; and BMI was categorized as obese (≥30 kg/m2), overweight (25 to <30 kg/m2), or 

neither (<25 kg/m2). The underweight category of BMI (<18.5 kg/m2) was uncommon and 

did not differ significantly from the healthy category (18.5 to <25 kg/m2) with respect to 

ANA prevalence; thus, we combined them to form the “neither overweight nor obese” 

category. We considered additional covariates, such as tobacco smoke exposure, alcohol 

intake, education, and family poverty income ratio, but none were statistically significantly 

associated with both ANA and overall medication use, so our analyses did not include them 

as potential confounders.

2.5. Statistical analyses

Characteristics of the sample are summarized in Table 2, which lists the number and 

percentage of participants in each category of sex, age, race/ethnicity, and BMI. For each 

level of these covariates, we also give the number and percentage of participants who were 

ANA positive or negative and who used or did not use at least one prescription medication. 

In addition, we give a pair of odds ratios (ORs) and 95% confidence intervals (CIs) for each 

covariate category to reflect its relationship with ANA status (positive/negative) and with the 

use of any prescription medications (yes/no). Each OR comes from a logistic regression 

analysis that adjusted for the complex NHANES sampling design. For these simple covariate 

summaries, the age analyses did not adjust for any covariates and the other analyses adjusted 

only for age, via a restricted cubic spline [19] with knots at the 20th, 40th, 60th, and 80th 

percentiles of the age distribution.

The remaining analyses were based on covariate-adjusted logistic regression models, with a 

dichotomous indicator of ANA positivity as the response variable and a dichotomous 

indicator of medication use as the predictor of interest. The one exception was our analysis 

of the number of medications used, which entered the model as either a linear or categorical 

predictor. We focused on the association between medication use and ANA positivity, as 

summarized by the corresponding OR. These analyses adjusted for the complex NHANES 

sampling design and for sex, age, race/ethnicity, and BMI. A simple linear term was used for 

age, as the results did not differ materially from those based on a restricted cubic spline. We 

performed overall analyses of all participants and stratified analyses of sex and age 

dichotomies.

For each definition of the medication variable, we calculated an OR (and the appropriate 

95% CI) to summarize its association with ANA. To avoid problems with interpretation and 

Dinse et al. Page 5

J Autoimmun. Author manuscript; available in PMC 2019 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://wwwn.cdc.gov/Nchs/Nhanes/1999-2000/RXQ_DRUG.htm
https://wwwn.cdc.gov/Nchs/Nhanes/1999-2000/RXQ_DRUG.htm


statistical instability due to limited data, we calculated an OR only if at least 5 medication 

users were ANA positive. Initial analyses compared ANA prevalence in a test group of 

participants who used the medication(s) of interest with a reference group who did not, 

although participants in either group may have also used medications other than the one(s) 

of interest. A second type of analysis excluded from the reference group all participants who 

used any medications. Finally, we performed a third type of analysis where, in addition to 

the reference group excluding those who used any medications, the test group excluded 

participants who used medications other than the one(s) of interest. These three types of 

comparisons and analyses are labeled A, B, and C, respectively, and are progressively more 

homogeneous at the cost of decreasing sample sizes.

Our primary analyses of individual medications aggregated their use alone and in 

combinations, although secondary analyses assessed single and combined use separately. 

Most individual medications corresponded to a single drug ID, but we also evaluated a few 

collections of related medications (e.g., estrogens and statins). We performed sensitivity 

analyses that excluded 483 participants with a possible autoimmune disease (i.e., those with 

anti-ENA autoantibodies or self-reported autoimmune disease – thyroid problems, 

rheumatoid arthritis, or Type 1 diabetes). For medications associated with ANA, we created 

a categorical variable for duration of use: none, short duration (< median length of use), and 

long duration (≥ median length of use); the data were too sparse to consider more than three 

duration-of-use categories.

Our analyses focused on prescription medications as defined by NHANES and did not 

include dietary supplements or drugs that were exclusively “over the counter.” We could not 

evaluate medications that were used infrequently in the general population nor those 

introduced after the 1999–2004 time frame of the ANA study. Extensive medication 

histories, dosages, and frequencies were not available, and duration of use was only 

available for medications used in the month preceding the NHANES interview. We could not 

know if participants stopped using medications prior to the study due to autoimmune 

complications and there was limited information to exclude autoimmune disease-associated 

ANA that developed before medication use. Our analysis did not adjust for health behaviors 

and how they might impact the likelihood of receiving prescription medications. We 

elaborate on these limitations in our Discussion.

We used the SURVEYLOGISTIC procedure in SAS (version 9.4, SAS Institute, Cary, NC) 

to perform the logistic regression analyses, which adjusted for the weights, clusters, and 

strata involved in the complex NHANES sampling design and properly modified the weights 

in the subgroup analyses. We called a result statistically significant if the 95% CI did not 

contain 1. We made no corrections for multiple testing because, except for assessing 

medications on the MAWA list, our analyses were mainly descriptive, exploratory, and 

hypothesis generating.
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3. Results

3.1. Participant characteristics

Of the 3608 participants in our study, 531 (15%) were ANA positive and 1963 (54%) 

reported using prescription medications in the preceding month (Table 2). Men and women 

were represented equally; two thirds of the participants were in the younger age group (18–

59 years); half were non-Hispanic whites and 18% were non-Hispanic blacks; and one third 

were overweight and one third were obese. Counts and percentages of participants who were 

ANA positive or negative and who recently used or did not use prescription medications are 

listed in Table 2 for each covariate category, along with ORs and 95% CIs for the 

prevalences of ANA and of overall medication use. Covariate associations with ANA have 

been reported elsewhere [3]. Prescription medication use was more common in women, non-

Hispanic white participants, and obese participants; and, as expected, the prevalence of 

medication use increased with age.

3.2. Medications previously associated with development of ANA or lupus

Initially, we focused on the aggregate of all medications on the MAWA list and found no 

statistically significant association with ANA, either overall or in subgroups of men, women, 

younger (ages 18–59) participants, and older (ages ≥60) participants (Figure 1, Comparison 

A). After excluding from the reference group any participants who used medications, the 

suspected ANA-inducing medications appeared inversely associated with ANA (Figure 1, 

Comparison B), both overall (OR=0.73; CI=0.55,0.96) and in younger participants 

(OR=0.68; CI=0.48,0.96). In addition, if the test group excluded participants who used 

medications not on the MAWA list, none of the associations with ANA were statistically 

significant (Figure 1, Comparison C), although the CI widths increased because the sample 

sizes decreased. Across all three types of comparisons and five groups of participants, nearly 

every OR point estimate was less than 1.

We also investigated associations between individual medications on the MAWA list and 

ANA. Half of these medications were used by fewer than 5 ANA-positive participants, and 

of the medications used by a sufficient number of participants, only one was individually 

associated with ANA. Hydrochlorothiazide was inversely associated with ANA if used alone 

(OR=0.49; CI=0.27,0.91) or, at least in younger participants, if used in combination with 

other medications (OR=0.44; CI=0.20,0.98) (Supplemental Table S4).

Next, we examined the Rubin and Chang lists of medications previously linked to lupus. 

Considered collectively, neither list was associated with ANA, for all types of comparisons 

and groups of participants (Figure 1). The only statistically significant associations with 

ANA were negative – one for Comparison C in men, after aggregating the Rubin and Chang 

lists (OR=0.33; CI=0.11,0.96), and one for hydrochlorothiazide, as mentioned above. For 

completeness, we also merged the MAWA, Rubin, and Chang lists; this collection of 

suspected ANA or lupus inducers was not associated with ANA, regardless of comparison 

type or participant group.
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3.3. All medications aggregated

To assess the overall association between recent medication use and ANA, we defined a 

dichotomous variable that indicated the use of any prescription medication. Of the 1963 

participants who used at least one medication, 290 (15%) were ANA positive (Table 3). 

After adjusting for possible confounders, overall medication use was inversely associated 

with ANA (OR=0.73; CI=0.57,0.93), implying that participants who used medications 

during the preceding month had a lower prevalence of ANA than those who reported no 

medication use. The inverse association between overall medication use and ANA was more 

pronounced in certain groups, such as participants who were younger, white, or neither 

overweight nor obese. Men and women did not differ with respect to the inverse association 

between overall medication use and ANA.

We also explored associations between the number of medications used and ANA. One 

analysis treated the number of medications as a quantitative predictor to assess a trend, while 

other analyses created categorical predictors to examine nonlinear relationships 

(Supplemental Table S5). The trend analysis suggested that ANA prevalence decreased as 

the number of medications increased. Categorical analyses assessed 3, 4, 5, and 6 groups for 

the number of medications used, with the reference category always being no medications 

used; no obvious patterns emerged. The main message remained that ANA prevalence was 

lower in participants who recently used medications (one or more) compared with those who 

did not, as seen in Table 3.

3.4. Classes of medications

To explore the types of medications driving the inverse association between general 

medication use and ANA, we examined the Level 1 (broadest), Level 2, and Level 3 

(narrowest) medication classes in the Multum Lexicon Therapeutic Classification Scheme. 

The medication variable referred to the use of any medication in the class of interest. 

Detailed results for all levels (1, 2, 3) and comparisons types (A, B, C) are given in 

Supplemental Tables S1A–S3C, while statistically significant results for Type A 

comparisons are summarized in Figure 2. To provide context, if a result was statistically 

significant for a given class level, results at broader class levels in the hierarchy are also 

displayed in Figure 2, regardless of statistical significance.

The only Level 1 class associated with ANA in all participants was hormones or hormone 

modifiers (OR=0.73; CI=0.55,0.98). In sex and age subgroups, inverse associations with 

ANA were also noted for hormones or hormone modifiers in women (OR=0.70; 

CI=0.52,0.95) and in younger participants (OR=0.66; CI=0.45,0.96), as well as for 

psychotherapeutic agents in younger participants (OR=0.57; CI=0.35,0.95). In addition to 

the ten Level 1 classes analyzed (see the full list in Supplemental Table S1A), six other 

Level 1 classes were used by participants but not analyzed and reported due to small counts 

(alternative medicines, anti-neoplastics, biologicals, immunologic agents, miscellaneous 

agents, and nutriproducts).

Among the Level 2 classes within the Level 1 classes mentioned above, sex hormones were 

inversely associated with ANA in younger participants (OR=0.67; CI=0.47,0.97), as were 
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antidepressants in all participants (OR=0.64; CI=0.42,0.97), in women (OR=0.64; 

CI=0.42,0.98), and especially in younger participants (OR=0.47; CI=0.29,0.78). Among the 

remaining Level 2 classes, bronchodilators (a subclass of respiratory agents) were positively 

associated with ANA in older participants (OR=1.83; CI=1.00,3.38).

Among the Level 3 classes within the Level 1 and 2 classes mentioned above, estrogens 

were inversely associated with ANA in younger women (OR=0.43; CI=0.20,0.93) but 

positively associated with ANA in older women (OR=1.80; CI=1.00,3.23), and selective 

serotonin reuptake inhibitor (SSRI) antidepressants were inversely associated with ANA in 

all participants (OR=0.65; CI=0.42,0.98), in women (OR=0.65; CI=0.42,1.00), and in 

younger participants (OR=0.52; CI=0.30,0.88). Among the remaining Level 3 classes, as 

subclasses of diuretics (within the class of cardiovascular agents), loop diuretics were 

positively associated with ANA in all participants (OR=1.72; CI=1.03,2.88) and especially 

in men (OR=2.86; CI=1.29,6.33), whereas thiazide diuretics were inversely associated with 

ANA in all participants (OR=0.43; CI=0.24,0.79). In addition, benzodiazepines (a subclass 

of anxiolytics, sedatives, and hypnotics within the class of central nervous system agents) 

were positively associated with ANA in older participants (OR=2.11; CI=1.09,4.10). Finally, 

sulfonylureas (a subclass of antidiabetic agents within the class of metabolic agents) were 

inversely associated with ANA in all participants (OR=0.41; CI=0.19,0.89) and especially in 

older participants (OR=0.34; CI=0.16,0.73).

We also performed Type B analyses, which reduced the reference group by excluding 

participants who used any medications. Despite fewer participants and fluctuations in 

statistical significance, most Type B results did not differ materially from the Type A results 

(see Supplemental Tables S1B, S2B, and S3B for details). With respect to Level 1 classes, 

previously nonsignificant inverse associations with ANA became significant for 

psychotherapeutic agents in all participants (OR=0.64; CI=0.43,0.95) and in women 

(OR=0.58; CI=0.37,0.91), as well as for cardiovascular agents in women (OR=0.64; 

CI=0.44,0.92). With respect to Level 2 classes, previously nonsignificant inverse 

associations with ANA became significant for sex hormones in all participants (OR=0.67; 

CI=0.47,0.94) and in women (OR=0.61; CI=0.43,0.89), whereas the previously significant 

positive association with ANA became nonsignificant for bronchodilators in older 

participants. With respect to Level 3 classes, previously nonsignificant inverse associations 

with ANA in women became significant for estrogens (OR=0.58; CI=0.39,0.87), SSRI 

antidepressants (OR=0.53; CI=0.33,0.85), and thiazide diuretics (OR=0.39; CI=0.15,0.98), 

whereas previously significant positive associations with ANA became nonsignificant for 

loop diuretics in all participants, benzodiazepines in older participants, and estrogens in 

older females.

Type C analyses, which further excluded those in the test group who used a medication not 

in the class of interest, had such small numbers of participants that few assessments seemed 

sensible (Supplemental Tables S1C, S2C, S3C). Only the Level 1 classes of cardiovascular 

agents, central nervous system agents, and hormones or hormone modifiers had reasonable 

numbers. Nevertheless, the inverse association between hormones or hormone modifiers and 

ANA in women remained statistically significant (OR=0.57; CI=0.33,0.96), while 
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cardiovascular agents and central nervous system agents continued to show no association 

with ANA.

Finally, to assess which medication class(es) best explained the inverse association between 

overall medication use and ANA, we excluded participants who used medications in a given 

class and recalculated the OR for the aggregate of all remaining medications; the closer the 

revised OR was to 1.0, the greater the role played by the excluded class. Relative to the 

original OR of 0.73, all revised ORs attenuated toward the null, ranging from 0.75 to 0.80 

(Supplemental Table S6), but no class appeared to explain a majority of the overall 

association. However, after excluding users of either hormones or antidepressants, the OR 

attenuated to 0.89 overall and 0.97 in females, suggesting a sizeable contribution from those 

two classes, especially in women.

3.5. Individual medications

We also investigated associations with ANA for individual medications, whether used alone 

or in combination with other medications. Of the 455 medications that participants in our 

study reported using, we analyzed the 64 that were used by at least 5 ANA-positive 

participants (Table 4). Of those, 7 were statistically significantly associated with ANA, 

either overall or in sex or age strata. We did not consider Type B (and Type C) analyses, 

which shrunk the reference group (and also the test group), because the numbers of 

participants were already small.

Based on aggregating a given medication’s use alone or in combination, all but one of the 

statistically significant associations with ANA were positive (Figure 3). Overall, 

ciprofloxacin (OR=4.23; CI=1.21,14.8), furosemide (OR=1.79; CI=1.09,2.93), and 

omeprazole (OR=2.05; CI=1.03,4.10) were positively associated with ANA. Stratifying by 

sex or age, we found positive associations with ANA for furosemide (OR=2.71; 

CI=1.10,6.69) in men; omeprazole (OR=2.10; CI=1.05,4.21) in women; ciprofloxacin 

(OR=4.41; CI=1.20,16.2) in younger participants; and salmeterol (OR=3.76; CI=1.66,8.52), 

tolterodine (OR=6.64; CI=1.45,30.5), and triamterene (OR=3.10; CI=1.08,8.88) in older 

participants. In contrast, hydrochlorothiazide was inversely associated with ANA in younger 

participants (OR=0.44; CI=0.20,0.98).

In addition, we performed separate analyses of single medications used alone and specific 

combinations of medications used together. Among all participants, hydrochlorothiazide was 

inversely associated with ANA when used by itself (OR=0.49; CI=0.27,0.91) (see 

Supplemental Table S4). In contrast, among older participants, we found positive 

associations with ANA for benazepril alone (OR=5.56; CI=1.31,23.7) and for the 

combination of hydrochlorothiazide and triamterene (OR=3.93; CI=1.25,12.4).

Finally, we investigated duration of use for the seven medications individually associated 

with ANA (i.e., those in Figure 3). The data were too sparse to evaluate short-term and long-

term use (less than and greater than the median duration, respectively) of ciprofloxacin, 

salmeterol, and tolterodine. Among all participants, the duration of hydrochlorothiazide and 

omeprazole use did not significantly alter their associations with ANA, but long-term use of 
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either furosemide or triamterene was associated (positively) with ANA while their short-

term use was not associated with ANA (data not shown).

3.6. Other analyses

We examined the nuclear, nucleolar, and cytoplasmic staining patterns for the ANA-positive 

participants who used any of the seven medications that were individually associated with 

ANA (Supplemental Table S7). None of those medications was exclusively associated with 

only one ANA pattern, although the most common pattern was nuclear for all seven 

medications.

We also performed a sensitivity analysis to assess whether some associations between 

specific medications and ANA were due to prior autoimmune disease. We excluded 

participants with anti-ENA autoantibodies or a possible autoimmune disease (of those for 

which information was available – thyroid problems, rheumatoid arthritis, or Type 1 

diabetes). The results of our sensitivity analysis were qualitatively similar to those of our 

primary analysis; associations were in the same direction and some ORs were even further 

from the null value of 1 (data not shown).

4. Discussion

Case reports and case series, including some challenge/dechallenge/rechallenge studies, 

clearly demonstrated that select medications can induce ANA or a lupus-like disease 

associated with ANA in certain individuals [13]. To shed additional light on those 

relationships in the general population, and to evaluate a broad range of medications as 

possible risk or protective factors for autoimmunity, we analyzed data from a large, US 

population-representative study to assess associations between ANA and various 

prescription medications, ranging from those previously linked to ANA or lupus to those not 

having any known relationship with ANA or lupus. To increase participant counts and 

statistical power, our primary analyses of individual medications aggregated their use alone 

and in combination with other medications, while secondary analyses also assessed single 

and combined use separately.

Our targeted analysis of suspected ANA-inducing medications in the general population did 

not confirm most of the positive ANA associations in clinical reports, whether medications 

were assessed individually or collectively; one exception was a borderline positive 

association with ANA for estrogen use in older women. One possible explanation for the 

dearth of positive associations is that most of the medications studied are not causes of ANA 

in the general population. Another possibility is that our analysis was not adequately 

powered to detect many associations. Several medications were not used by enough 

participants in this general population sample to allow for an adequately powered analysis, 

especially because some previously reported to induce ANA were no longer prescribed 

frequently. However, even if statistical significance is ignored, most associations were 

negative rather than positive. The explanation for this is not clear, and although not well 

studied, there is little evidence that these medications have general immunosuppressive 

effects. Thus, our study does not support the hypothesis that medications previously linked 

to ANA in case reports actually induce ANA in the general population.
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The lack of positive associations between previously reported medications and ANA in our 

study parallels the finding from a population-based, matched, nested case-control study in 

the UK of medications and lupus [20]. That study found that lupus was positively associated 

with carbamazepine, minocycline, and possibly hydralazine (none of which we analyzed 

because fewer than 5 ANA-positive participants in our study sample used them). However, 

the authors concluded overall that not all medications suggested by case reports and series as 

causing lupus show a positive association with lupus in a larger, population-based sample.

Given the female predominance for many autoimmune diseases and autoimmunity, our 

findings for estrogens and ANA are notable. We observed a positive association with ANA 

for estrogen use in older women (OR=1.80; CI=1.00,3.23), which is consistent with previous 

findings by Parks et al [4], who investigated reproductive factors in the same NHANES data 

and reported a positive association with ANA for current use (versus never) of estrogen pills 

or patches (OR=1.34; CI=0.75,2.37) in postmenopausal women. Also, their estimate of 

ANA prevalence was lower for premenopausal women who were currently using estrogens 

or birth control pills (versus never), which agrees with our observation that estrogen use was 

inversely associated with ANA in younger women (OR=0.43; CI=0.20,0.93). Oral 

contraceptives and postmenopausal estrogens have both been positively associated with 

lupus [21, 22], so our findings of an inverse association with ANA in younger/

premenopausal women warrants further consideration. Estrogen’s effects on immunity and 

autoimmunity are complex and vary by age and other hormonal exposures [23, 24]. 

Moreover, associations of exogenous hormones with ANA may depend on the timing of 

exposure relative to the onset of autoimmunity, which cannot be determined in a cross-

sectional study.

Our exploratory analysis revealed positive associations with ANA for some medications not 

commonly reported to induce autoimmunity. There are published case reports, however, 

associating several of these medications with autoimmunity or other autoimmune diseases, 

even though they are not considered high risk for development of ANA or lupus. For 

example, ciprofloxacin has been associated with bullous pemphigoid [25] and hemolytic 

anemia [26]; furosemide with bullous pemphigoid [27] and linear IgA bullous dermatosis 

[28]; omeprazole with hemolytic anemia [29], interstitial nephritis [30], lymphocytic colitis 

[31], and ANA with an autoimmune-like syndrome [32]; and triamterene with immune 

thrombocytopenia [33]. As is the case with medications associated with ANA or lupus, there 

is no clear explanation for these associations, as these medications do not share any common 

structures or mechanisms of action.

Our analyses suggested that some of the individual medications associated with ANA (i.e., 

those in Figure 3) may account for the associations between certain medication classes and 

ANA (i.e., those in Figure 2). For example, salmeterol is a respiratory agent (Level 1) 

sometimes used with other agents as a bronchodilator (Level 2), so the positive association 

with ANA in older participants for this individual medication may partially explain that for 

bronchodilators as a class. Likewise, furosemide is a cardiovascular agent (Level 1) 

classified as a loop diuretic (Level 3), so the positive associations with ANA in all 

participants and in men for this medication may partially explain those for loop diuretics as a 

class. On the other hand, hydrochlorothiazide used by itself was inversely associated with 
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ANA; this medication is a cardiovascular agent (Level 1) sometimes prescribed as a thiazide 

diuretic (Level 3), and thus it may partially explain the inverse association observed between 

thiazide diuretics and ANA.

Interestingly, our analyses revealed that ANA prevalence was lower in participants who 

recently used medications in general than in those not using any medications. This pattern 

was similar for men and women, but was more apparent in younger adults, non-Hispanic 

whites, and persons of normal body weight. We also saw inverse ANA associations with 

certain common classes of medications. For example, psychotherapeutic medications were 

inversely associated with ANA, especially in younger adults, and specifically for SSRIs. The 

observed association of ANA with serotonin reuptake inhibitors was unexpected. However, a 

growing literature supports a plausible mechanistic role for the neurotransmitter, serotonin, 

in regulation and modification of immune response [34] and clearance of apoptotic cells 

[35]. In addition to anti-inflammatory effects, SSRIs may suppress antigen presentation to 

effector T-cells [36]. Because of their common use in the general population, these novel 

findings warrant further examination.

The juxtaposition of positive associations for some individual medications with inverse 

associations for medications in general and in many classes suggests that these 

inconsistencies deserve additional attention. A few positive ANA associations for certain 

individual medications may be overwhelmed by many inverse associations for other 

medications, such that an inverse association is observed when considering all medications 

together or focusing on a sizable class of medications. Even if the few positive associations 

are statistically significant and the many inverse associations are not, aggregating all 

medications (or a large class of medications) could still yield an inverse and statistically 

significant association with ANA. Our ability to interpret the findings in this cross-sectional 

analysis is limited by temporal ambiguity, as we do not know if ANA developed before or 

after medication use. In addition, a number of human leukocyte antigen and other genetic 

polymorphisms have been reported as either risk or protective factors for drug-induced 

autoimmunity [13, 37]. Therefore, it is possible that individual genetic risk factors account 

for medication-associated case reports and small series of ANA and lupus in the literature, 

but that these genes are not common enough in the general population to allow for 

significant positive associations in larger cohorts. In contrast, possible medication-associated 

protective genetic factors may be more common, which may explain the inverse associations 

seen. The observed inconsistencies warrant additional inquiry with appropriately powered 

prospective studies to establish the temporal relationship between medication use and ANA, 

as well as possible genetic risk and protective factors for medication-associated 

autoimmunity.

Our study had the following strengths: it analyzed a large and population-representative 

sample; it adjusted for multiple covariates to minimize confounding; and medication use was 

confirmed by participants, who brought their prescription bottles to the evaluation sites. 

Further, our study examined potential protective relationships between medications and 

ANA, which is not possible in individual case reports, series, or pharmaceutical studies.
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Nonetheless, our study also had limitations, such as exclusion of institutionalized adults by 

NHANES; examination of only one titer to define ANA positivity; low power to assess 

medications infrequently used in the general population; assessment of medication usage 

only in the month preceding the NHANES interview; lack of information on medication 

dosage or frequency; inability to investigate recently approved medications and biologic 

agents given the time frame of the NHANES data; incomplete knowledge of other factors 

possibly associated with ANA, such as dietary supplements and strictly over-the-counter 

agents; inability to assess certain health behaviors and how they might impact the likelihood 

of receiving prescription medications; no knowledge of whether participants stopped using 

medications prior to the study due to autoimmune complications; and limited clinical 

information to exclude autoimmune disease-associated ANA that developed before 

medication use.

Regarding the last limitation, it can be difficult to assess whether ANA were associated with 

a particular medication, the disease the medication was treating, or a risk factor for the 

disease the medication was treating (i.e., confounding by indication). The two medications 

for which we saw stronger positive associations with longer duration of use, furosemide and 

triamterene, are diuretics that increase urine production through different mechanisms. 

Another diuretic, hydrochlorothiazide, was inversely associated with ANA. All are used to 

treat a diversity of conditions, and the small numbers of individuals with ANA in this 

population sample and limited clinical data preclude further analyses of the medications 

stratified by specific underlying conditions such as heart failure or kidney disease. However, 

the fact that some individual medications in our study were associated with ANA while the 

broader classes containing them were not suggests that the diseases for which a class of 

medications may be prescribed are themselves not necessarily related to ANA, which 

increases the likelihood that the specific medications in the class are truly associated with 

ANA. In other cases, a class of medications was associated with ANA, but not all members 

of that class were associated with ANA. Our sensitivity analysis excluded participants with a 

possible autoimmune disease (i.e., those with anti-ENA autoantibodies or self-reported 

autoimmune disease – thyroid problems, rheumatoid arthritis, or Type 1 diabetes) and 

obtained results similar to those of our primary analysis. These observations suggest that 

sometimes ANA were indeed associated with a specific medication rather than the disease 

being treated by the corresponding class of medications.

5. Conclusions

For the first time, associations between prescription medications and ANA were assessed in 

a large, US population-representative sample. Most medications reportedly associated with 

autoimmunity in individuals do not appear to be major causes of ANA in the general US 

population. However, we discovered that several other medications were positively 

associated with ANA, whereas medication use in general and many classes of medications 

were inversely associated with ANA. Further investigation is needed to fully understand the 

magnitude and significance of these interesting relationships and their impact as risk and 

protective factors for the development of autoimmunity.
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Highlights

• Most case reports of medications inducing ANA were not confirmed in the 

population.

• Several novel positive associations between medications and ANA were 

identified.

• Some classes of medications and overall use were inversely associated with 

ANA.

• Clarifying which medications are risk and protective factors requires more 

research.
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Fig. 1. 
Associations between antinuclear antibodies (ANA) and medications previously linked to 

ANA or lupus. Each solid circle represents a covariate-adjusted estimate of an odds ratio for 

medication use in a logistic regression model for ANA prevalence, and each horizontal line 

represents its 95% confidence interval (CI). An arrowhead signifies that a CI extends beyond 

the plot limits. Black circles and lines indicate that the number of ANA-positive medication 

users (D+) was at least 10; gray indicates that D+ was at least 5 but less than 10; and 

analyses with D+ less than 5 are labeled as having insufficient data. The medication-use 

variable indicates whether a participant reported using at least one medication on the list of 

interest (MAWA, Rubin, or Chang) during the month before the NHANES interview. All 

analyses were adjusted for the sampling design; a linear covariate for age; and categorical 

covariates for sex (if not stratified on sex), race/ethnicity, and body mass index. Participants 

who were pregnant, under age 18 years, or had missing data were excluded. Type A analyses 

compared the use of at least one medication on the list of interest (and possibly other 

medications) with the use of no medications on that list (but possibly other medications). 

Type B analyses compared the use of at least one medication on the list of interest (and 

possibly other medications) with the use of no medications. Type C analyses compared the 

use of at least one medication on the list of interest (but no medications not on that list) with 

the use of no medications. Separate analyses were performed for all participants and for sex 

and age subgroups.
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Fig. 2. 
Associations between antinuclear antibodies (ANA) and selected classes of medications. 

Each solid circle represents a covariate-adjusted estimate of an odds ratio for medication use 

in a logistic regression model for ANA prevalence, and each horizontal line represents its 

95% confidence interval (CI). An arrowhead signifies that a CI extends beyond the plot 

limits. Black circles and lines indicate that the number of ANA-positive medication users (D

+) was at least 10; gray indicates that D+ was at least 5 but less than 10; and analyses with D

+ less than 5 are labeled as having insufficient data. The medication-use variable indicates 

whether a participant reported using at least one medication in the class of interest during the 

month before the NHANES interview. Level 1, Level 2, and Level 3 classes are identified by 

bold, plain, and italicized text, respectively, plus the appropriate numeral appended before 

the class name. All analyses were adjusted for the sampling design; a linear covariate for 

age; and categorical covariates for sex (if not stratified on sex), race/ethnicity, and body 

mass index. Participants who were pregnant, under age 18 years, or had missing data were 

excluded. All results were derived from Type A analyses, which compared the use of at least 

one medication in the class of interest (and possibly medications in other classes) with the 

use of no medications in that class (but possibly medications in other classes). Separate 

analyses were performed for all participants and for sex and age subgroups, except when not 

applicable (N/A).
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Fig. 3. 
Associations between antinuclear antibodies (ANA) and selected individual medications. 

Each solid circle represents a covariate-adjusted estimate of an odds ratio for medication use 

in a logistic regression model for ANA prevalence, and each horizontal line represents its 

95% confidence interval (CI). An arrowhead signifies that a CI extends beyond the plot 

limits. Black circles and lines indicate that the number of ANA-positive medication users (D

+) was at least 10; gray indicates that D+ was at least 5 but less than 10; and analyses with D

+ less than 5 are labeled as having insufficient data. The medication-use variable indicates 

whether a participant reported using the medication of interest, either alone or in 

combination with other medications, during the month before the NHANES interview. All 

analyses were adjusted for the sampling design; a linear covariate for age; and categorical 

covariates for sex (if not stratified on sex), race/ethnicity, and body mass index. Participants 

who were pregnant, under age 18 years, or had missing data were excluded. All results were 

derived from Type A analyses, which compared using the medication of interest (and 

possibly other medications) with not using that medication (but possibly using other 

medications). Separate analyses were performed for all participants and for sex and age 

subgroups.

Dinse et al. Page 21

J Autoimmun. Author manuscript; available in PMC 2019 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Dinse et al. Page 22

Ta
b

le
 1

Pr
es

cr
ip

tio
n 

m
ed

ic
at

io
ns

 u
se

d 
by

 s
tu

dy
 p

ar
tic

ip
an

ts
 a

nd
 in

cl
ud

ed
 o

n 
th

e 
M

A
W

A
, R

ub
in

 [
12

, 1
3]

, o
r 

C
ha

ng
 [

8,
 1

4]
 li

st
s 

(1
99

9–
20

04
 N

H
A

N
E

S)
 a

M
ed

ic
at

io
n

In
cl

ud
ed

 o
n 

th
e 

L
is

t 
of

:

M
ed

ic
at

io
n

In
cl

ud
ed

 o
n 

th
e 

L
is

t 
of

:

M
A

W
A

R
ub

in
C

ha
ng

M
A

W
A

R
ub

in
C

ha
ng

A
ce

bu
to

lo
l

--
--

Y
es

Y
es

M
es

al
am

in
e/

M
es

al
az

in
e

--
--

Y
es

Y
es

A
llo

pu
ri

no
l

Y
es

--
--

Y
es

M
et

hi
m

az
ol

e
--

--
--

--
Y

es

A
m

io
da

ro
ne

Y
es

Y
es

--
--

M
et

hy
ld

op
a

--
--

Y
es

Y
es

A
te

no
lo

l b
Y

es
Y

es
Y

es
M

et
op

ro
lo

l b
--

--
--

--
Y

es

A
to

rv
as

ta
tin

 b
,c

Y
es

Y
es

Y
es

M
in

oc
yc

lin
e

Y
es

Y
es

Y
es

B
up

ro
pi

on
Y

es
--

--
--

--
M

in
ox

id
il

--
--

Y
es

Y
es

C
ap

to
pr

il
Y

es
Y

es
Y

es
N

if
ed

ip
in

e 
b

Y
es

--
--

--
--

C
ar

ba
m

az
ep

in
e

Y
es

Y
es

Y
es

N
itr

of
ur

an
to

in
Y

es
Y

es
Y

es

C
ef

ur
ox

im
e 

ax
et

il
--

--
--

--
Y

es
Pe

ni
ci

lli
n

--
--

--
--

Y
es

C
el

ec
ox

ib
 b

Y
es

--
--

--
--

Pe
rp

he
na

zi
ne

--
--

Y
es

Y
es

C
er

iv
as

ta
tin

 c
--

--
Y

es
--

--
Ph

en
yt

oi
n 

b
Y

es
Y

es
Y

es

C
hl

or
pr

om
az

in
e

--
--

Y
es

Y
es

Pi
nd

ol
ol

--
--

Y
es

Y
es

C
hl

or
th

al
id

on
e

--
--

Y
es

Y
es

Pr
av

as
ta

tin
 b

,c
--

--
Y

es
Y

es

C
im

et
id

in
e

--
--

--
--

Y
es

Pr
az

os
in

--
--

Y
es

Y
es

C
lo

ni
di

ne
--

--
Y

es
Y

es
Pr

im
id

on
e

--
--

Y
es

Y
es

D
an

az
ol

--
--

--
--

Y
es

Pr
oc

ai
na

m
id

e
--

--
Y

es
Y

es

D
ic

lo
fe

na
c

--
--

--
--

Y
es

Pr
om

et
ha

zi
ne

--
--

--
--

Y
es

D
ilt

ia
ze

m
 b

Y
es

--
--

--
--

Pr
op

ra
no

lo
l b

--
--

--
--

Y
es

E
na

la
pr

il 
b

--
--

Y
es

Y
es

Pr
op

yl
th

io
ur

ac
il

--
--

Y
es

Y
es

E
st

ro
ge

ni
c 

co
m

po
un

ds
b

Y
es

--
--

--
--

Q
ui

ni
di

ne
--

--
Y

es
Y

es

E
ta

ne
rc

ep
t

--
--

--
--

Y
es

Q
ui

ni
ne

--
--

Y
es

Y
es

E
th

os
ux

im
id

e
--

--
Y

es
Y

es
R

es
er

pi
ne

--
--

--
--

Y
es

Fl
uv

as
ta

tin
 c

--
--

Y
es

Y
es

Si
m

va
st

at
in

 b
,c

Y
es

Y
es

Y
es

G
ri

se
of

ul
vi

n
--

--
--

--
Y

es
Sp

ir
on

ol
ac

to
ne

--
--

--
--

Y
es

H
yd

ra
la

zi
ne

--
--

Y
es

Y
es

Su
lf

as
al

az
in

e
--

--
Y

es
Y

es

J Autoimmun. Author manuscript; available in PMC 2019 August 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Dinse et al. Page 23

M
ed

ic
at

io
n

In
cl

ud
ed

 o
n 

th
e 

L
is

t 
of

:

M
ed

ic
at

io
n

In
cl

ud
ed

 o
n 

th
e 

L
is

t 
of

:

M
A

W
A

R
ub

in
C

ha
ng

M
A

W
A

R
ub

in
C

ha
ng

H
yd

ro
ch

lo
ro

th
ia

zi
de

 b
Y

es
Y

es
--

--
Su

lin
da

c
--

--
--

--
Y

es

Ib
up

ro
fe

n 
b

Y
es

--
--

Y
es

Te
tr

ac
yc

lin
e

--
--

--
--

Y
es

In
te

rf
er

on
--

--
Y

es
Y

es
T

hi
or

id
az

in
e

--
--

--
--

Y
es

Is
on

ia
zi

d
--

--
Y

es
Y

es
T

ic
lo

pi
di

ne
--

--
Y

es
--

--

L
ab

et
al

ol
Y

es
Y

es
Y

es
T

im
ol

ol
Y

es
Y

es
Y

es

L
ev

od
op

a
--

--
Y

es
Y

es
To

la
za

m
id

e
--

--
--

--
Y

es

L
is

in
op

ri
l b

--
--

Y
es

--
--

To
lm

et
in

--
--

--
--

Y
es

L
ith

iu
m

--
--

Y
es

Y
es

V
er

ap
am

il 
b

Y
es

--
--

--
--

L
ov

as
ta

tin
Y

es
Y

es
Y

es
Z

af
ir

lu
ka

st
--

--
Y

es
--

--

A
bb

re
vi

at
io

ns
: A

N
A

 =
 a

nt
in

uc
le

ar
 a

nt
ib

od
ie

s;
 M

A
W

A
 =

 m
ed

ic
at

io
ns

 a
ss

oc
ia

te
d 

w
ith

 A
N

A
.

a T
he

re
 a

re
 a

dd
iti

on
al

 m
ed

ic
at

io
ns

 o
n 

th
e 

R
ub

in
 a

nd
 C

ha
ng

 li
st

s 
th

at
 w

er
e 

no
t u

se
d 

by
 a

ny
 o

f 
th

e 
pa

rt
ic

ip
an

ts
 a

nd
 th

us
 a

re
 n

ot
 in

cl
ud

ed
 in

 th
is

 ta
bl

e.

b In
cl

ud
ed

 in
 o

ur
 c

ov
ar

ia
te

-a
dj

us
te

d 
an

al
ys

is
 o

f 
in

di
vi

du
al

 m
ed

ic
at

io
ns

 (
i.e

., 
us

ed
 b

y 
at

 le
as

t 5
 A

N
A

-p
os

iti
ve

 p
ar

tic
ip

an
ts

).

c In
cl

ud
ed

 o
n 

th
e 

R
ub

in
 li

st
 b

ec
au

se
 R

ub
in

 [
12

] 
m

en
tio

ne
d 

“l
ov

as
ta

tin
 a

nd
 o

th
er

 s
ta

tin
s.

”

J Autoimmun. Author manuscript; available in PMC 2019 August 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Dinse et al. Page 24

Ta
b

le
 2

Sa
m

pl
e 

ch
ar

ac
te

ri
st

ic
s,

 th
ei

r 
di

st
ri

bu
tio

ns
, a

nd
 o

dd
s 

ra
tio

 e
st

im
at

es
 o

f 
th

ei
r 

as
so

ci
at

io
ns

 w
ith

 A
N

A
 p

os
iti

vi
ty

 a
nd

 p
re

sc
ri

pt
io

n 
m

ed
ic

at
io

n 
us

e 
(1

99
9–

20
04

 

N
H

A
N

E
S)

 a

C
ha

ra
ct

er
is

ti
c

N
 (

%
)

A
N

A
 P

os
it

iv
it

y
P

re
sc

ri
pt

io
n 

M
ed

ic
at

io
n 

U
se

N
+ 

(%
)

N
− 

(%
)

O
R

 (
95

%
 C

I)
D

 (
%

)
N

D
 (

%
)

O
R

 (
95

%
 C

I)

O
ve

ra
ll

36
08

 (
10

0%
)

53
1 

(1
5%

)
30

77
 (

85
%

)
--

--
-

19
63

 (
54

%
)

16
45

 (
46

%
)

--
--

-

Se
x

 
M

al
e

17
93

 (
50

%
)

19
6 

(1
1%

)
15

97
 (

89
%

)
1.

00
 (

re
fe

re
nc

e)
86

3 
(4

8%
)

93
0 

(5
2%

)
1.

00
 (

re
fe

re
nc

e)

 
Fe

m
al

e
18

15
 (

50
%

)
33

5 
(1

8%
)

14
80

 (
82

%
)

2.
12

 (
1.

62
, 2

.8
0)

11
00

 (
61

%
)

71
5 

(3
9%

)
1.

97
 (

1.
62

, 2
.3

8)

A
ge

 (
ye

ar
s)

 
18

–5
9

24
42

 (
68

%
)

34
5 

(1
4%

)
20

97
 (

86
%

)
1.

00
 (

re
fe

re
nc

e)
10

07
 (

41
%

)
14

35
 (

59
%

)
1.

00
 (

re
fe

re
nc

e)

 
≥6

0
11

66
 (

32
%

)
18

6 
(1

6%
)

98
0 

(8
4%

)
1.

27
 (

0.
92

, 1
.7

4)
95

6 
(8

2%
)

21
0 

(1
8%

)
5.

94
 (

4.
73

, 7
.4

7)

 
18

–3
9

13
93

 (
39

%
)

19
4 

(1
4%

)
11

99
 (

86
%

)
1.

00
 (

re
fe

re
nc

e)
42

3 
(3

0%
)

97
0 

(7
0%

)
1.

00
 (

re
fe

re
nc

e)

 
40

–5
9

10
49

 (
29

%
)

15
1 

(1
4%

)
89

8 
(8

6%
)

1.
06

 (
0.

79
, 1

.4
2)

58
4 

(5
6%

)
46

5 
(4

4%
)

2.
50

 (
2.

00
, 3

.1
2)

 
≥6

0
11

66
 (

32
%

)
18

6 
(1

6%
)

98
0 

(8
4%

)
1.

30
 (

0.
93

, 1
.8

2)
95

6 
(8

2%
)

21
0 

(1
8%

)
9.

22
 (

7.
30

, 1
1.

66
)

 
18

–2
9

82
5 

(2
3%

)
11

4 
(1

4%
)

71
1 

(8
6%

)
1.

00
 (

re
fe

re
nc

e)
19

6 
(2

4%
)

62
9 

(7
6%

)
1.

00
 (

re
fe

re
nc

e)

 
30

–3
9

56
8 

(1
6%

)
80

 (
14

%
)

48
8 

(8
6%

)
0.

98
 (

0.
64

, 1
.5

0)
22

7 
(4

0%
)

34
1 

(6
0%

)
1.

85
 (

1.
38

, 2
.4

8)

 
40

–4
9

57
6 

(1
6%

)
66

 (
11

%
)

51
0 

(8
9%

)
0.

84
 (

0.
60

, 1
.2

0)
27

9 
(4

8%
)

29
7 

(5
2%

)
2.

59
 (

1.
97

, 3
.4

0)

 
50

–5
9

47
3 

(1
3%

)
85

 (
18

%
)

38
8 

(8
2%

)
1.

34
 (

0.
91

, 1
.9

7)
30

5 
(6

4%
)

16
8 

(3
6%

)
5.

04
 (

3.
63

, 7
.0

0)

 
60

–6
9

52
3 

(1
4%

)
68

 (
13

%
)

45
5 

(8
7%

)
1.

03
 (

0.
64

, 1
.6

6)
40

6 
(7

8%
)

11
7 

(2
2%

)
10

.8
9 

(7
.7

5,
 1

5.
29

)

 
≥7

0
64

3 
(1

8%
)

11
8 

(1
8%

)
52

5 
(8

2%
)

1.
55

 (
1.

02
, 2

.3
4)

55
0 

(8
6%

)
93

 (
14

%
)

14
.5

8 
(1

0.
51

, 2
0.

24
)

R
ac

e/
E

th
ni

ci
ty

 
W

hi
te

17
98

 (
50

%
)

26
3 

(1
5%

)
15

35
 (

85
%

)
1.

00
 (

re
fe

re
nc

e)
11

66
 (

65
%

)
63

2 
(3

5%
)

1.
00

 (
re

fe
re

nc
e)

 
B

la
ck

65
8 

(1
8%

)
11

0 
(1

7%
)

54
8 

(8
3%

)
1.

25
 (

0.
93

, 1
.6

8)
31

9 
(4

8%
)

33
9 

(5
2%

)
0.

74
 (

0.
59

, 0
.9

3)

 
O

th
er

11
52

 (
32

%
)

15
8 

(1
4%

)
99

4 
(8

6%
)

0.
90

 (
0.

63
, 1

.2
7)

47
8 

(4
1%

)
67

4 
(5

9%
)

0.
59

 (
0.

46
, 0

.7
5)

B
M

I 
(k

g/
m

2 )

 
O

be
se

11
05

 (
31

%
)

16
0 

(1
4%

)
94

5 
(8

6%
)

0.
78

 (
0.

61
, 0

.9
9)

66
9 

(6
1%

)
43

6 
(3

9%
)

1.
47

 (
1.

21
, 1

.7
9)

 
O

ve
rw

ei
gh

t
12

26
 (

34
%

)
15

8 
(1

3%
)

10
68

 (
87

%
)

0.
73

 (
0.

55
, 0

.9
8)

68
8 

(5
6%

)
53

8 
(4

4%
)

0.
95

 (
0.

73
, 1

.2
3)

 
N

ei
th

er
12

77
 (

35
%

)
21

3 
(1

7%
)

10
64

 (
83

%
)

1.
00

 (
re

fe
re

nc
e)

60
6 

(4
7%

)
67

1 
(5

3%
)

1.
00

 (
re

fe
re

nc
e)

A
bb

re
vi

at
io

ns
: A

N
A

 =
 a

nt
in

uc
le

ar
 a

nt
ib

od
ie

s;
 N

 (
%

) 
=

 to
ta

l n
um

be
r 

(p
er

ce
nt

) 
of

 p
ar

tic
ip

an
ts

; N
+

 (
%

) 
=

 n
um

be
r 

(p
er

ce
nt

) 
w

ho
 w

er
e 

A
N

A
 p

os
iti

ve
; N

−
 (

%
) 

=
 n

um
be

r 
(p

er
ce

nt
) 

w
ho

 w
er

e 
A

N
A

 n
eg

at
iv

e;
 D

 
(%

) 
=

 n
um

be
r 

(p
er

ce
nt

) 
w

ho
 u

se
d 

at
 le

as
t o

ne
 p

re
sc

ri
pt

io
n 

m
ed

ic
at

io
n;

 N
D

 (
%

) 
=

 n
um

be
r 

(p
er

ce
nt

) 
w

ho
 d

id
 n

ot
 u

se
 a

ny
 p

re
sc

ri
pt

io
n 

m
ed

ic
at

io
ns

; O
R

 =
 o

dd
s 

ra
tio

; C
I 

=
 c

on
fi

de
nc

e 
in

te
rv

al
; W

hi
te

 =
 n

on
-

J Autoimmun. Author manuscript; available in PMC 2019 August 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Dinse et al. Page 25
H

is
pa

ni
c 

w
hi

te
; B

la
ck

 =
 n

on
-H

is
pa

ni
c 

bl
ac

k;
 O

th
er

 =
 n

ei
th

er
 n

on
-H

is
pa

ni
c 

w
hi

te
 n

or
 n

on
-H

is
pa

ni
c 

bl
ac

k;
 B

M
I 

=
 b

od
y 

m
as

s 
in

de
x;

 O
be

se
 r

ef
er

s 
to

 B
M

I 
≥ 

30
 k

g/
m

2 ;
 O

ve
rw

ei
gh

t r
ef

er
s 

to
 2

5 
kg

/m
2  

≤ 
B

M
I 

<
 3

0 
kg

/m
2 ;

 N
ei

th
er

 r
ef

er
s 

to
 B

M
I 

<
 2

5 
kg

/m
2 .

a E
ac

h 
O

R
 w

as
 e

st
im

at
ed

 u
si

ng
 a

 lo
gi

st
ic

 r
eg

re
ss

io
n 

m
od

el
 f

or
 th

e 
pr

ev
al

en
ce

 o
f 

A
N

A
 o

r 
th

e 
pr

ev
al

en
ce

 o
f 

pr
es

cr
ip

tio
n 

m
ed

ic
at

io
n 

us
e.

 A
ll 

es
tim

at
es

 a
dj

us
te

d 
fo

r 
th

e 
sa

m
pl

in
g 

de
si

gn
; t

he
 O

R
 e

st
im

at
e 

fo
r 

ag
e 

di
d 

no
t a

dj
us

t f
or

 a
ny

 c
ov

ar
ia

te
s;

 a
nd

 th
e 

ot
he

r 
O

R
 e

st
im

at
es

 a
dj

us
te

d 
on

ly
 f

or
 c

on
tin

uo
us

 a
ge

, u
si

ng
 a

 r
es

tr
ic

te
d 

cu
bi

c 
sp

lin
e 

w
ith

 k
no

ts
 a

t t
he

 2
0t

h ,
 4

0t
h ,

 6
0t

h ,
 a

nd
 8

0t
h  

pe
rc

en
til

es
 o

f 
th

e 
ag

e 
di

st
ri

bu
tio

n.
 P

ar
tic

ip
an

ts
 w

ho
 w

er
e 

pr
eg

na
nt

, u
nd

er
 1

8 
ye

ar
s 

of
 a

ge
, o

r 
ha

d 
m

is
si

ng
 d

at
a 

w
er

e 
ex

cl
ud

ed
. B

ol
d 

ty
pe

fa
ce

 in
di

ca
te

s 
a 

C
I 

th
at

 d
oe

s 
no

t i
nc

lu
de

 1
 (

i.e
., 

is
 s

ta
tis

tic
al

ly
 s

ig
ni

fi
ca

nt
 a

t t
he

 0
.0

5 
le

ve
l)

.

J Autoimmun. Author manuscript; available in PMC 2019 August 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Dinse et al. Page 26

Table 3

Covariate-adjusted odds ratio estimates of associations between overall prescription medication use and ANA 

positivity within groups (1999–2004 NHANES) a

Group Analyzed N D D+ OR (95% CI)

All Participants 3608 1963 290 0.73 (0.57, 0.93)

Males 1793 863 93 0.72 (0.46, 1.13)

Females 1815 1100 197 0.73 (0.53, 1.00)

Ages 18–59 years 2442 1007 139 0.72 (0.53, 0.97)

Ages ≥60 years 1166 956 151 0.82 (0.48, 1.41)

Ages 18–39 years 1393 423 52 0.57 (0.35, 0.94)

Ages 40–59 years 1049 584 87 0.86 (0.55, 1.35)

Ages ≥60 years 1166 956 151 0.82 (0.48, 1.41)

Non-Hispanic Whites 1798 1166 165 0.67 (0.51, 0.89)

Non-Hispanic Blacks 658 319 57 1.13 (0.59, 2.16)

Others 1152 478 68 0.73 (0.41, 1.28)

Obese (BMI ≥30 kg/m2) 1105 669 98 0.72 (0.50, 1.04)

Overweight (BMI 25 to <30 kg/m2) 1226 688 100 1.15 (0.74, 1.81)

Neither (BMI <25 kg/m2) 1277 606 92 0.52 (0.34, 0.78)

Abbreviations: ANA = antinuclear antibodies; N = number of participants in the group of interest; D = number of participants in the group of 
interest who used at least one medication; D+ = number of ANA-positive participants in the group of interest who used at least one medication; OR 
= odds ratio; CI = confidence interval; BMI = body mass index.

a
Each OR is for overall prescription medication use and was estimated using a logistic regression model for ANA prevalence. The medication use 

variable indicates whether a participant used at least one prescription medication during the month before the NHANES interview. All estimates 
adjusted for the sampling design; a linear covariate for age; and categorical covariates for sex, race/ethnicity, and body mass index. Participants 
who were pregnant, under 18 years of age, or had missing data were excluded. Bold typeface indicates a CI that does not include 1 (i.e., is 
statistically significant at the 0.05 level).
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