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Abstract

Background: The World Trade Center (WTC) general responder cohort (GRC) was

exposed to environmental toxins possibly associated with increased risk of devel-

oping autoimmune conditions.

Objectives: Two study designs were used to assess incidence and risks of auto-

immune conditions in the GRC.

Methods: Three clinically trained professionals established the status of possible

GRC cases of autoimmune disorders adhering to diagnostic criteria, supplemented,

as needed, by specialists’ review of consenting responders’ medical records. Nested
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case‐control analyses using conditional logistic regression estimated the risk asso-

ciated with highWTC exposure (being in the 9/11/2001 dust cloud or ≥median days'

response worked) compared with lowWTC exposure (all other GRC members'). Four

controls were matched to each case on age at case diagnosis (±2 years), sex, race/

ethnicity, and year of program enrollment. Sex‐specific and sensitivity analyses were

performed. GRC age‐ and sex‐adjusted standardized incidence ratios (SIRs) were

compared with the Rochester Epidemiology Project (REP). Complete REP inpatient

and outpatient medical records were reviewed by specialists. Conditions meeting

standardized criteria on ≥2 visits were classified as REP confirmed cases.

Results: Six hundred and twenty‐eight responders were diagnosed with autoimmune

conditions between 2002 and 2017. In the nested case‐control analyses, high WTC

exposure was not associated with autoimmune domains and conditions (rheuma-

tologic domain odds ratio [OR] = 1.03, 95% confidence interval [CI] = 0.77, 1.37;

rheumatoid arthritis OR = 1.12, 95% CI = 0.70, 1.77). GRC members had lower SIR

than REP. Women's risks were generally greater than men's.

Conclusions: The study found no statistically significant increased risk of auto-

immune conditions with WTC exposures.

K E YWORD S

autoimmune conditions, environmental exposure, responder/recovery worker, World Trade
Center

1 | INTRODUCTION

On 9/11/2001 and during the following months, World Trade

Center (WTC) responders were exposed to environmental factors

and psychological and physical stress that have been implicated in

the development of autoimmune disease.1–6 The responders' ex-

posures to toxic inorganic and organic matter, body parts, injury,

trauma, and physical exertion and experiences have been asso-

ciated with increased risk of respiratory, gastrointestinal, cardio-

vascular, and mental health disorders.7–9 While the exact etiology

and pathogenesis of autoimmune disease remains elusive,

environmental and genetic factors are known to trigger auto-

immunity.10,11 About 40%–70% of autoimmune conditions may be

attributable to environmental factors, including particulate matter,

hydrocarbons, burnt fuel, and other substances found at the

attack site.12–15

Limited evidence supports associations between WTC re-

sponders' exposures and increased risk of autoimmune rheumatolo-

gic conditions. With 12 years of follow‐up, the Fire Department of

New York City (FDNY) found an increased odds ratio (OR) of auto-

immune rheumatologic conditions among their FDNY WTC

responders (FDNYR) who had worked at least 1 day per month for 2

or more months compared with those who had worked less time

(OR = 2.40, 95% confidence interval [CI] = 1.16, 5.23). However, ex-

posure to the 9/11 morning toxic dust cloud (OR = 1.85, 95% CI =

0.86, 3.89) or longer duration of WTC work, adjusted for 9/11 dust

cloud exposure (OR = 1.80, 95% CI = 0.84, 3.80), were not sig-

nificantly associated with the development of autoimmune condi-

tions among FDNYR.16 Similarly, compared with a racially similar

WTC‐unexposed population from Minnesota in data provided by the

Rochester Epidemiology Project (REP), FDNYR had no excess risk of

rheumatologic autoimmune conditions (OR = 0.97, 95% CI = 0.77,

1.21).17 With 11 years of follow‐up, the WTC Health Registry, which

represents WTC‐exposed community members and a subset of WTC

responders (19.1% of the General Responders Cohort [GRC] mem-

bers are also WTC Health Registry participants), found 9/11 dust

cloud exposure was associated (relative risk [RR] = 1.86, 95% CI =

1.02, 3.40) with the risk of systemic autoimmune rheumatologic

conditions.18,19 In addition, there was a borderline significant asso-

ciation was found with the duration of work for WTC responders

(RR = 1.10, 95% CI = 0.97, 1.24), and with a composite measure of

response time worked and dust cloud exposure (RR = 1.86, 95%

CI = 0.98, 3.53).18 The FDNY and WTC Health Registry studies in-

cluded limited numbers of autoimmune cases, mainly rheumatoid and

psoriatic arthritis (FDNY case‐control n = 59; FDNY external com-

parison n = 97; WTC Health Registry n = 118).16–18

According to the National Institutes of Health (NIH) Autoimmune

Diseases Coordinating Committee, autoimmune diseases affect

3%–5% of Americans.20 They are frequently debilitating, lack defi-

nitive cure, and might require lifelong medical care. Thus, they im-

pose a heavy emotional and financial burden on patients, their

families, and society and on health costs in the United States. They
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also disproportionately affect women and minorities.21,22 Addressing

the rising concern about the risks that WTC exposures pose to de-

veloping autoimmune conditions, we identified and verified self‐

reported autoimmune conditions among the WTC general responder

cohort (GRC; described elsewhere) to demonstrate the breadth and

incidence of autoimmune conditions they experienced and to assess

the risks WTC exposure posed to the GRC.19,23,24

2 | MATERIALS AND METHODS

2.1 | Study population

The first WTC medical screening program was established in 2002.

Today's successor is the CDC/NIOSHWTCHealth Program (WTCHP) of

which the GRC has five participating Clinical Centers of Excellence in the

New York City metropolitan area. GRC WTCHP members are invited to

attend comprehensive annual health monitoring visits. Standardized in-

struments are used to collect socio‐demographic status and WTC ex-

posure information at their first visit; self‐reported physical and mental

health status and use of medication are assessed at each visit. Targeted

physical examinations, pulmonary function testing, laboratory tests, and

an assessment for social service needs are also conducted at each visit.23

From July 16, 2002 through December 31, 2017, there were 41,168

GRC members consenting to data aggregation for research; about one‐

fifth are also members of the WTC Health Registry, while less than 1%

were also active firefighters on September 11, 2001.13

2.2 | GRC case identification and verification

The WTC GRC autoimmune surveillance project was conducted

between January 1, 2017 and December 31, 2019. The project

was conducted to identify all potential autoimmune conditions

among GRC members since the inception of the WTCHP and to

verify their case status. Lists of search terms were refined over

time, and multiple searches of conditions, medications, and com-

binations of both, were produced to identify all likely self‐reported

autoimmune conditions in the GRC database. The search terms

identified 9163 responders, and physician referrals identified an

additional 49 responders with possible autoimmune conditions. A

clinically trained team, consisting of an internist, a nurse practi-

tioner, and a research coordinator, followed up on the cases with a

higher level of evidence of possible autoimmune disease based on

self‐reported symptoms and disease‐specific medications and

treatments (n = 2303; Figure 1). Follow‐up was not conducted on

1174 responders for the following reasons: pre‐9/11 conditions

(n = 260); insufficient indication for further investigation (n = 790);

no signed medical release form (n = 6); members who did not

provide consent for data aggregation for research (n = 11); and

other reasons (n = 66). Reported sarcoidosis, which has been pre-

viously well investigated, and conditions of lesser physiologic

consequence were not included in follow‐up (n = 30).25 Table 1

presents the autoimmune domains and conditions encountered.

The clinical review team reached out to the remaining 1140

responders by telephone and/or letters to request their written

F IGURE 1 Flow diagram of autoimmune case determination among WTC general responders. *Two definite and six highly probable cases
diagnosed in 2001, 2018, or 2019 excluded from analyses
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permission for their treating physicians to share their pertinent medical

records. Multiple attempts were made to obtain the requested records.

To reach consensus regarding case status, the clinical review

team examined the medical records and, when needed, consulted

with appropriate specialists, all of whom were blind to the re-

sponders' extent of WTC exposure. Standardized criteria from gui-

dance published by specialty organizations and/or peer‐reviewed

journals were used to classify case status. Five categories of certainty

were assigned, ranging from definite to unlikely (Table 2), based on

the available supporting evidence (diagnosis by specialist, disease

presentation, physical exam, biopsy, diagnostic procedures, non‐

serologic laboratory tests, serologies, imaging, highly supportive

prescription/treatment, surgery/other major treatment procedure,

associated conditions and/or meeting the diagnostic criteria of the

specialty organization). Cases in one of the three top categories

(definite, highly probable, and probable) were considered confirmed.

Specialist judgment was necessary for conditions without standar-

dized guidance (e.g., mixed and/or unclassified connective tissue

disease), and the categories with few cases (e.g., other rheumatologic,

neurologic, and dermatologic conditions, autoimmune gastritis and/or

pernicious anemia, lichen planus; Table 1). When disagreement on

case certainty occurred, the more conservative (less certain) status

was assigned. While pre‐9/11 autoimmune conditions were excluded

from analysis, responders with a pre‐9/11 autoimmune condition in

one organ system who developed an unrelated post‐9/11 auto-

immune condition in another system were included. The earliest year

of diagnosis was specified for each confirmed case. Autoimmune

conditions were grouped into six domains: rheumatologic, en-

docrinologic, gastrointestinal, neurologic, dermatologic, and other

major conditions. Results are provided for conditions with ≥10 cases;

sex‐specific results are provided for conditions where both sexes

have ≥10 cases.

TABLE 1 Crude and standardized WTC Health Program General
Responder Cohort autoimmune incidence rates/100,000 person
years and diagnostic criteria references

Autoimmune Domains and
Conditions (Criteria Reference) Na

Crude
rate (per
100,000)

Standardized
rateb (95% CI)
(per 100,000)

Rheumatologicc 274 49.2 73.3 (56.6, 94.0)

Rheumatoid arthritis RA26,d 110 19.7 35.6 (22.6, 53.3)

Psoriatic arthritis PsA27,d 44 7.9 5.0 (3.2, 12.0)

Systemic lupus erythromatosis
SLE28,d

26 4.7 8.3 (5.0, 16.2)

Connective tissue
diseases29,30,e

25 4.5 12.4 (5.5, 24.6)

Spondylarthropathies31,32,d,f 22 3.9 2.7 (1.4, 9.8)

Vasculitis33–35,d,g 16 2.9 1.6 (0.8, 8.9)

Sjögren's36,d 12 2.1 4.9 (2.2, 13.0)

Polymyalgia rheumatica
PMR37,d

12 2.1 2.7 (0.8, 10.4)

Scleroderma38,d 10 1.8 1.6 (0.6, 9.1)

Antiphospholipid syndrome
APLS39,d

NPa NPa 0.9 (0.3, 8.4)

Other (Myositis polymyositis
relapsing
polychondritis)39,d,e,h

NPa NPa 0.4 (0.0, 8.2)

Endocrinologic Conditionsc 154 27.6 48.9 (35.1, 66.9)

Hashimoto's40,d 103 18.5 36.9 (23.9, 54.6)

Graves'41,d 52 9.3 12.0 (8.2, 19.9)

Gastrointestinal Conditionsc 74 13.3 13.9 (9.3, 22.6)

Crohn's42,43,d 36 6.4 7.8 (4.4, 16.0)

Ulcerative colitis UC42,44,d 30 5.4 3.7 (2.0, 10.9)

Autoimmune gastritis and/or

pernicious anemia45,e,h
NPa NPa 2.4 (0.7, 10.2)

Neurologic Conditionsc 65 11.6 13.1 (8.7, 21.6)

Multiple sclerosis46,47,d 47 8.4 9.1 (5.6, 17.1)

Chronic inflammatory
demyelinating
polyneuropathy48,h

12 2.1 3.5 (1.3, 11.3)

Myasthenia gravis49,d 4a 0.7a 0.4 (0.1, 8.1)

Othere,h 2a 0.4a 0.1 (0.0, 8.0)

Dermatologic Conditionsc 71 12.7 8.0 (5.5, 15.1)

Cutaneous psoriasisd,i 58 10.4 5.6 (3.6, 12.6)

Cutaneous lupus50,51,d NPa NPa 2.1 (0.8, 9.5)

Otherd,h NPa NPa 0.3 (0.1, 8.1)

Other Major Conditionsc,h 19 3.4 2.9 (1.1, 10.4)

Renald,h NPa NPa 1.2 (0.2, 8.9)

Hematologicd,h NPa NPa 0.4 (0.1, 8.1)

TABLE 1 (Continued)

Autoimmune Domains and
Conditions (Criteria Reference) Na

Crude
rate (per
100,000)

Standardized
rateb (95% CI)
(per 100,000)

Hepaticd,h NPa NPa 0.5 (0.1, 8.2)

Ocularh NPa NPa 0.8 (0.0, 8.6)

aNumbers not presented (NP) due to small numbers.
bAge‐ and sex‐adjusted to the U.S. Census 2000, ages 18‐79
(N = 199,943,140).
cCases are not mutually exclusive; 14 responders had multiple conditions

within a domain, and 26 had multiple conditions across distinct domains.
dDiagnosis by specialist.
eSubset of mixed connective tissue disease included in REP comparison.
fSubset of mixed ankylosing spondylitis included in REP comparison.
gSubset of mixed ANCA associated vasculitis and giant cell arteritis
included in REP comparison.
hNot included in GRC‐Rochester Epidemiology Project (REP) comparison
as no parallel REP data for the condition.
iDiagnosis by monitoring program clinical review team.
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2.3 | Study design and objectives

Two study designs were used to assess how GRC WTC exposure is

associated with the incidence of autoimmune conditions. Nested

case‐control analyses were used to estimate the risks associated with

high compared with low WTC exposures. Additionally, GRC age‐ and

sex‐adjusted incidence rates between 2002 and 2017 were calcu-

lated. The GRC standardized incidence rates were compared with

similar rates for identical conditions observed in an external popu-

lation, residents of Olmstead County, MN, identified by the REP to

calculate standardized incidence ratios (SIRs). Only one GRC member

was diagnosed with an autoimmune condition in the remainder (after

9/11) of 2001. Atypically few GRC cases of autoimmune conditions

were diagnosed after 2017 (n = 7). Therefore, GRC data were limited

to 2002 through 2017, when an annual median of 42.5 cases (in-

terquartile range: 34.8, 49.0) was observed. All analyses were con-

ducted using SAS statistical software version 9.4 (SAS Institute Inc.).

Point estimates and 95% CIs are presented.

2.4 | Nested case‐control comparison of high and
low WTC exposures

Nested case‐control analyses were performed using all confirmed cases.

Incident density sampling was utilized to match randomly four controls

to each case on age (for controls, attained age of the matched cases'

year) of diagnosis (±2 years), sex, race/ethnicity and, to account for

potential selection biases and disease latency, year of enrollment in the

GRC (±2 years). Controls could match to more than one case, and cases

could serve as controls before their date of first autoimmune condition

diagnosis. Multivariable regression was performed using a semipara-

metric Cox procedure to produce conditional likelihoods to estimate the

odds of five of the six autoimmune domains (as too few, e.g., <20 cases

were identified to analyze the domain of other major autoimmune

conditions). The models were adjusted for the following known risk

factors for autoimmune conditions: visit 1 body mass index (BMI) ca-

tegory (<25 referent group, 25 to <30 overweight, ≥30 obese), probable

posttraumatic stress disorder (PTSD) diagnosis (for cases, before con-

dition diagnosis), and visit 1 smoking status (never smoker referent

group, former smoker, current smoker).10,52–54 The models were also

adjusted for occupation on 9/11/2001 as a surrogate measure of past

occupational and occupationally associated environmental exposures.55

All missing values for BMI (n = 23) and smoking status (n= 20) were

replaced with non‐missing information from the most recent visit before

the date of diagnosis of the case or matching case. As with the FDNY

nested case‐control analyses, to avoid over‐control, our analyses do not

adjust for co‐morbidities that could be associated with both WTC ex-

posure and autoimmune disease.

GRC members reported whether they were exposed to the dust

cloud on the morning of September 11, 2001 and how many days

they worked on theWTC rescue and recovery effort from September

11, 2001 to July 30, 2002. The total days of WTC work were di-

chotomized at the median. Of the 41,168 GRC responders, 1390 had

missing dust cloud exposure data and 3786 had incomplete data for

response time worked. Those with missing dust cloud exposure data

were excluded from the analyses that involved dust cloud exposure

(in the matched sample n = 17). Those with incomplete duration data,

whose minimum and maximum possible values were both above or

both below the median (43 days), were respectively classified as

>median and ≤median. The 2549 GRC members who still could not

TABLE 2 Clinical criteria used to classify autoimmune conditions

Definite Guidance documents explicitly describe the presence of specific elements, often summarized in a checklist, binary or
numerical format, that can yield a definite determination. A condition confirmed by biopsy is also considered a
gold‐standard, definite determination.

Highly probable Guidance documents have a range of possible presentations with fewer explicitly described diagnostic criteria, for which a
highly probable determination is most appropriate.

Probable Medical records do not include all required elements of the classification criteria but have sufficient data to presume

diagnosis. Elements of information that must be present include: specialist physician confirms diagnosis; member is on
appropriate, specific medication; history of appropriate testing has been given, although results may not be available, and
member articulates a cogent history.

Possible Medical record evidence suggests an autoimmune condition; however, confirmatory data are insufficient to qualify according
to classification criteria, i.e., a key laboratory result not available, treatment information unknown, symptom burden

inconclusive. This may be because the definition of the clinical condition is evolving, and determination may change in
the future.

Unlikely or negative Insufficient evidence to support an autoimmune condition diagnosis; the diagnosis is considered ruled‐out.

Pre 9/11 Determination was made that symptoms or conditions predate 9/11, even if diagnosis is reported as post‐9/11.

Unable to determine Insufficient information is available to either support or rule out the diagnosis. This includes instances of a credible history

given by the member, but corroborating medical records are not available. These instances are not considered ruled‐out,
and their determination status may change if more information becomes available.

Note: Confirmation of diagnoses was based on standard classification criteria of the relevant professional organizations and published consensus
guidelines or, as necessary, on expert review (Table 1). The standard diagnostic criteria are reproducible and peer‐reviewed.
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be classified were assigned missing values and (in the matched

sample n = 37) excluded from analyses that utilized time worked on

theWTC response efforts. High WTC exposure was defined as being

in the >median number of days in work duration or being in the dust

cloud on the morning of 9/11, regardless of work duration. LowWTC

exposure was defined as being ≤median number of days in work

duration and with no 9/11 dust cloud exposure. Responders missing

both dust cloud and duration exposure information were excluded

from the analyses comparing high with low WTC exposure (matched

sample n = 32). As sex differences are observed in autoimmune

conditions, sex‐specific analyses were also performed.56,57 A sensi-

tivity analysis was conducted, limiting cases to diagnoses after 2004,

to further account for potential disease latency. Two additional

sensitivity analyses were conducted to assess the associations with

the separate components of high and low WTC exposure, work

duration, and 9/11 dust cloud exposure.

2.5 | GRC incidence and GRC‐to‐REP comparisons

Incidence rates adjusted to the US Census 2000 distribution for age

and sex were calculated for all GRC autoimmune conditions.58

Person‐years were calculated by counting the time each member of

the GRC was at risk within each age group from January 1, 2002

through December 31, 2017. Autoimmune case person‐years were

calculated through their earliest date of (domain‐specific) diagnosis.

Person‐years for GRC members who did not develop an autoimmune

condition were censored at their death, last monitoring visit, or study

end date (December 31, 2017), whichever was the earliest date. Age

was grouped into 18–29, 30–39, 40–49, 50–59, 60–69, and 70–79.

The 95% CIs were calculated using a modified gamma distribution.59

Recognized for their high‐quality systematic review and validation

of a broad array of autoimmune conditions in a large United States

population between 1966 and 2017, the Olmsted County, Minnesota,

REP population was selected as an external comparison group.60–63 The

population‐based data resources of the REP medical record linkage

system provide essentially complete ascertainment of all individuals in

the community regardless of age, sex, race/ethnicity, insurance status,

or care delivery setting (inpatient and outpatient). Using the resources of

the REP, for each potential case of autoimmune disease, the complete

inpatient and outpatient medical records were systematically reviewed

by qualified experts they engaged for each condition. Records were

obtained across all care providers, including the Mayo Clinic, the

Olmsted Medical Center and their affiliated hospitals, local nursing

homes, and private practitioners. Records documenting diagnoses of the

same autoimmune condition on at least two occasions that met estab-

lished diagnostic criteria were classified as confirmed cases, with the

earliest date of confirmed diagnosis for each condition used as the date

of diagnosis. Data from special studies of some conditions (multiple

sclerosis, dermatomyositis/polymyositis, Hashimoto's thyroiditis,

Graves' disease, myasthenia gravis, and psoriasis) were reviewed and

validated in the same manner. None of the GRC members were re-

sidents of Olmstead County or the six contiguous counties between

2002 and 2017, therefore they would not have been included in the

REP comparison population. Comparison with the REP population also

allowed determination of whether the risk ratios were consistent with

those observed by the FDNY.17

The REP provided age‐ and sex‐specific counts of cases and time at

risk for conditions (identified in Table 2) identical to those observed in

the GRC for which the REP had reasonably stable population rates. The

date ranges of the REP cases are generally similar to the GRC, mostly

between 2001 and 2018. The date range varied, mostly by starting in

1995, for the following conditions: antineutrophil cytoplasmic antibody

(ANCA)‐associated vasculitis, ankylosing spondylitis, mixed connective

tissue disease, pemphigoid, ulcerative colitis, and by ending in 2009 for

ankylosing spondylitis and pemphigoid. However, as some cases have

more than one domain‐specific condition and as some conditions have

distinct observation periods within a domain, REP domain‐specific re-

sults are limited to the smallest uniform observation periods across

conditions, whereas GRC domain‐specific results are 2002–2017 across

all individual and aggregate outcome.

Person‐years for the GRC were calculated as for the incidence

rates. Age‐specific and sex‐specific incidence rates from the REP

were calculated using the number of incident cases as the numerator

and population counts from the REP census as the denominator.58

GRC and REP age‐ and sex‐adjusted rates were compared, and 95%

rate ratio CIs were calculated using a lognormal distribution for all

autoimmune conditions, 5 autoimmune domains (excluding other

major), and 21 individual conditions. As diagnostic date was reported

only as a year, age and date of diagnosis were estimated from July 1.

2.6 | Ethics and approval

This investigation follows the principles outlined in the 1975 De-

claration of Helsinki revised in 2013 and complies with national and

institutional committees’ ethical standards on human experimenta-

tion. The WTC GRC research is approved by the following Institu-

tional Review Boards (IRBs): the Icahn School of Medicine at Mount

Sinai (formerly Mount Sinai School of Medicine), New York, New

York, and its program's other clinical sites: New York University

Langone Medical Center, New York University School of Medicine,

New York, New York; Department of Medicine, Stony Brook Uni-

versity Medical Center, Stony Brook, New York; Department of Oc-

cupational Medicine, Epidemiology and Prevention, Donald and

Barbara Zucker School of Medicine at Hofstra/Northwell, Hemp-

stead, New York; and Environmental and Occupational Health Sci-

ences Institute, Rutgers University, Piscataway, New Jersey.

Deidentified SIRs, exempt from IRB approval, were provided by REP.

3 | RESULTS

Of the 1140 GRC members investigated, 406 (35.6%) were excluded

from study (Figure 1: Flow Diagram); 82 (7.2%) of these were later

determined to have had pre‐9/11 disease onset, an alternative
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diagnosis or etiology, an autoimmune condition not included as part

of the surveillance project, or insufficient information to make a

determination. We were unable to obtain records for an additional

324 (28.4%) of these responders. Of the remaining 734 for whom

medical records were received, 25 responders were classified as

possible but not confirmed cases and excluded from analysis, and 73

were classified as having unlikely or no autoimmune disease. Of the

remaining 636 confirmed autoimmune cases, 628 were included for

the incidence rates and analyses because all analyses excluded eight

cases with confirmed autoimmune diagnoses before 2002 or

after 2017.

3.1 | General responder cohort characteristics

Most of the GRC total cohort were male (86%), white (65%), non‐

smokers (61%), and had above “normal” BMI (86%; Table 3). Over

one‐half were engaged in protective (New York Police Department

[NYPD], non‐NYPD law enforcement, firefighters) or military services

on September 11, 2001, and 72% were married at the time of their

first monitoring visit. The mean age on September 11, 2001 was

39 years (±9 s.d., standard deviations), ranging from 18 to 79 years

old. The average age at diagnosis was 47 years (±9 s.d.), ranging from

23 to 74 years old. Twenty‐one percent of the entire GRC were

exposed to the 9/11 dust cloud. The median days worked among

those with complete data was 43 (range: 1–293), with slightly over

one‐half the GRC autoimmune cases working more than the median.

Sixty‐two percent of the GRC were considered high exposure: either

exposed to the 9/11 toxic dust cloud or had >median WTC work

duration (Table 3). The number of monitoring visits for cases (25th,

50th, and 75% percentiles were 5, 8, and 11) was significantly higher

than for non‐cases (25th, 50th, and 75% percentiles were 3, 5, and 9),

indicating more case than non‐case program participation.

3.2 | Incidence of autoimmune conditions in the
general responder cohort

The study identified 27 autoimmune conditions across six domains:

rheumatologic (n = 11), endocrinologic (n = 2), gastrointestinal (n = 3),

neurologic (n = 4), dermatologic (n = 3) and other major autoimmune

conditions (n = 4; Table 2). Rheumatologic conditions had the highest

domain‐specific standardized incidence (73.3/100,000 person‐years,

95% CI = 56.6, 94.0) and accounted for 44% of the confirmed auto-

immune cases, followed by endocrinologic (24%), gastrointestinal

(12%), dermatologic (11%), neurologic (10%), and other major auto-

immune conditions (3%). Four percent of cases experienced more

than one condition.

Women's standardized incidence of the most common auto-

immune domain (rheumatologic 116/100,000 person‐years, 95%

CI = 84.5, 160) and the most common rheumatologic condition

(rheumatoid arthritis 60.5/100,000 person‐years, 95% CI = 35.7,

98.8), were greater than men's (rheumatologic domain 28.4/100,000

person‐years, 95% CI = 23.6, 34.6; and rheumatoid arthritis 9.6/

100,000 person‐years, 95% CI = 7.4, 13.4). The women's‐to‐men's

SIR was 4.1 for the rheumatologic domain (including 6.3 for rheu-

matoid arthritis), 6.8 for the endocrinologic domain, 1.4 for the gas-

trointestinal domain, 0.77 for the dermatologic domain, and 0.97 for

the neurologic domain. Too few cases were observed in the major

other domain to estimate the sex ratio.

3.3 | Nested case‐control comparison of high and
low WTC exposures

None of the domain‐ or disease‐specific odds ratios were significantly

increased or decreased, comparing high with low WTC exposure

(Table 4). The odds ratio associated with high compared to low WTC

exposure for the rheumatologic domain was 1.03 (95% CI = 0.77,

1.37) and was 1.12 (95% CI = 0.70, 1.77) for rheumatoid arthritis, the

autoimmune condition with the highest incidence in the GRC and

worldwide. The elevated multiple sclerosis odds ratio was borderline

significant (OR = 2.43, 95% CI = 0.99, 5.99).

High WTC exposure was not associated with men's or women's

odds of rheumatologic conditions (men's OR = 0.98, 95% CI = 0.70,

1.39; women's OR = 1.24, 95% CI = 0.74, 2.09). With limited numbers

of cases, women's domain‐specific 95% confidence limits were

relatively broad.

Three sensitivity analyses were conducted: defining WTC ex-

posure level using only WTC work duration; WTC exposure level

using only 9/11 dust cloud exposure; and limiting cases to those

diagnosed after 2004. All produced similar results to the total sample

results, with all 95% confidence limits including 1.0 (Table 5).

3.4 | GRC‐to‐REP comparisons

The GRC had significantly lower rheumatologic relative risks than

REP (RR = 0.63, 95% CI = 0.48, 0.83) adjusting by age and sex to the

US Census 2000, as did the other four autoimmune condition do-

mains (Table 6). For rheumatoid arthritis, the estimate for both sexes

combined was not statistically different from the REP comparison

groups (RR = 0.91, 95% CI = 0.60, 1.38). This is true for the other

most common rheumatologic conditions outcomes (psoriatic arthritis

RR = 0.73, 95% CI = 0.47, 1.14; ANCA‐associated vasculitis RR = 0.54,

95% CI = 0.27, 1.12; Sjögren's RR = 0.87, 95% CI = 0.42, 1.79; poly-

myalgia rheumatica RR = 0.14, 95% CI = 0.06, 0.35; scleroderma

RR = 0.64, 95% CI = 0.27, 1.52). Only systemic lupus erythematosus

showed a possible elevation in risk (RR = 1.38; 95% CI = 0.85, 2.24).

The relative risks for Hashimoto's, Graves’, ulcerative colitis, multiple

sclerosis, and cutaneous psoriasis were all significantly decreased.

For the most common domain, rheumatologic, GRC‐to‐REP

men's (RR = 0.53, 95% CI = 0.46, 0.62) and women's (RR = 0.77,

95% CI = 0.62, 0.95) relative risks also fell below 1.0.
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TABLE 3 WTC general responder cohort (GRC) and Rochester Epidemiology Project (REP) sample characteristics for all autoimmune
conditions

GRC total cohort GRC autoimmune cases REP autoimmune cases
n (%) n (%) n (%)

Age (years)a,b 41,168 628 3862

18–29 6071 (14.8) 11 (1.8) 531 (13.7)

30–39 17,965 (43.6) 128 (20.4) 646 (16.7)

40–49 12,297 (29.9) 238 (37.9) 771 (20.0)

50–59 4170 (10.1) 190 (30.3) 687 (17.8)

60–79 665 (1.6) 61 (9.7) 950 (24.6)

Sex 41,168 628 3862

Female 5631 (13.7) 191 (30.4) 2627 (68.0)

Male 35,537 (86.3) 437 (69.6) 1235 (32.0)

Race/ethnicity 41,168 628 3862

White not Hispanic 26,880 (65.3) 452 (72.0) 3372 (87.3)

Black, not Hispanic 4527 (11.0) 44 (7.0) 98 (2.5)

Hispanic 8036 (19.5) 108 (17.2) 83 (2.1)

Other, not reported or not Hispanic 1725 (4.2) 24 (3.9) 309 (8.0)

Cigarette smoking at first visitc 40,963 627 3761

Never 24,926 (60.9) 349 (55.7) 1664 (44.2)

Former 10,477 (25.6) 205 (32.7) 2097 (55.8)

Current 5560 (13.6) 73 (11.6)

Body mass index kg/m² at first visitc 40,943 628 3664

<25 normal 5708 (13.9) 104 (16.5) 1270 (34.7)

25 to <30 overweight 17,070 (41.7) 250 (39.8) 1218 (33.2)

≥30 obese 18,165 (44.4) 274 (43.6) 1176 (32.1)

Occupation on 9/11/2001 40,425 618

Protective services/military 20,862 (51.6) 353 (57.1)

Construction occupations 7436 (18.4) 79 (12.8)

Electric, telecom, and other installation/repair 2715 (6.7) 53 (8.6)

Transportation and material moving 2148 (5.3) 20 (3.2)

Other jobs 5304 (13.1) 87 (14.1)

Unknown/unemployed/retired 1960 (4.8) 26 (4.2)

Marital status at first visitc 39,029 605

Single 5766 (14.8) 87 (14.4)

Married or partnered 27,905 (71.5) 448 (74.1)

Separated or divorced/widowed 5358 (13.8) 70 (11.6)

WTC dust cloud exposure 39,778 611

On 9/11 in dust cloud 8289 (20.8) 135 (22.1)

Not in 9/11 dust cloud 31,489 (79.2) 476 (77.9)

WTC work duration exposure 38,619 591

≥Median days worked (>43 days) 20,139 (52.2) 308 (52.1)

<Median days worked (<43 days) 18,480 (47.9) 283 (47.9)
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4 | DISCUSSION

With 16 years of GRC follow‐up, our investigation identified a broad

array and a large number of confirmed autoimmune cases. We did

not find that high WTC exposure (being in the dust cloud or ≥median

days of WTC work) was significantly associated with increased risk of

rheumatologic or other autoimmune conditions.

The matched, covariate‐adjusted nested case‐control method

was a robust approach that equalized the observation time of the

cases and controls, thus minimizing potential selection (including non‐

ascertainment) and recall/reporting biases. The case review team and

diagnosing physicians were all blinded to GRC WTC exposure levels,

which were linked after autoimmune diagnosis status had been de-

termined, thus limiting potential diagnostic bias. The study conclusion

that our WTC exposure measure/surrogate was not associated with

any increase in GRC autoimmune diseases is anchored in our nested

case‐control analyses, because they have greater internal validity

than our comparisons with the external REP cohort.

The FDNY and WTC Health Registry found significantly higher

rates of autoimmune conditions in three but not in the remaining four

of their seven exposure group comparisons.16,18 Thus, our nested

case‐control findings are consistent with some but not all of the

FDNY and WTC Health Registry results comparing high to low WTC

exposure. Differences in exposure metrics may explain the incon-

sistencies between our results.

One of the current study's strengths was conducting analyses that

matched or standardized on age and sex, bolstered in the case‐control

analysis by further matching and adjustment of confounders. Our

analyses included multiple domain‐ and condition‐specific comparisons

using two study designs, including sensitivity analyses. Although ours is

the largest study of the effects of WTC exposures on autoimmune

conditions, the conditions are relatively rare and almost all of the re-

sults had broad confidence limits.21,22,64 Analyzing the data by domain

increased the numbers of responders in each category, but may have

obscured the differences observed for individual conditions, which

might have distinct etiology. For example, the overall rheumatologic

domain‐relative risks and odds ratios were lower than that observed

for the most common condition, rheumatoid arthritis, and for systemic

lupus erythematosus.

The main study limitation was the inability to fully follow up

the GRC members identified as possible cases, and this limitation

might have led to under‐estimation of the GRC autoimmune dis-

ease incidence and risk. The FDNY was able to confirm 97 of 217

possible cases (45%) Although some medical records were avail-

able, they contained inadequate information for one‐half (n = 59)

of the 120 for whom case status could not be confirmed.16,17 The

WTC Health Registry was able to ascertain case status for 752 of

1041 (72%) possible cases among members who provided medical

record request consent, but were unable to obtain this consent

from 1001 (49%) of their 2042 participants reporting an auto-

immune condition who completed their autoimmune assessment

survey forms (for an overall case ascertainment of 752/2042,

e.g., 37%).18

Over 9000 possible cases (~22%) of the GRC were identified by

our search terms and reviewed by a team of clinically trained pro-

fessionals. Medical records in our study were obtained for 734 of the

TABLE 3 (Continued)

GRC total cohort GRC autoimmune cases REP autoimmune cases
n (%) n (%) n (%)

Composite WTC exposure 38,617 596

High exposure (in dust cloud or ≥median days worked

in response)

23,792 (61.6) 378 (63.4)

Low exposure (not in 9/11 dust cloud & <median days
worked in response)

14,825 (38.4) 218 (36.6)

Year of WTCHP/GRC enrollment 41,161 628

≤2007 21,948 (53.3) 324 (51.6)

2008–2013 10,362 (25.2) 172 (27.4)

≥2014 8851 (21.5) 132 (21.0)

Minimum, maximum number of GRC monitoring visits 1, 16 1, 16

25th percentile number of GRC monitoring visits 3 5

50th percentile number of GRC monitoring visits 5 8

75th percentile number of GRC monitoring visits 9 11

Note: GRC data observation period 2002–2017.
aAge on 9/11 for total cohort.
bAge at diagnosis for autoimmune cases.
cFirst visit may be after diagnosis with an autoimmune condition.

SACKS ET AL. | 125



T
A
B
L
E

4
N
es
te
d
ca
se
‐c
o
nt
ro
l
an

al
ys
is

o
f
W

T
C
ex

p
o
su
re

an
d
o
d
d
s
ra
ti
o
o
f
au

to
im

m
un

e
co

nd
it
io
n
d
ia
gn

o
se
d
2
0
0
2
–
2
0
1
7
am

o
ng

th
e
W

T
C

ge
ne

ra
l
re
sp
o
nd

er
co

ho
rt
a

In
9
/1

1
d
us

t
cl
o
ud

o
r
>
m
ed

ia
n
nu

m
b
er

o
f
d
ay

s
o
f
W

T
C
w
o
rk

ve
rs
us

no
t
in

9
/1

1
d
us

t
cl
o
ud

an
d
≤
m
ed

ia
n
nu

m
b
er

o
f
d
ay

s
o
f
W

T
C
w
o
rk

A
ut
o
im

m
un

e
d
o
m
ai
ns

B
o
th

se
xe

s
M
en

W
o
m
en

O
d
d
s
ra
ti
o
(9
5
%

C
Is
)

nc
as
es

nc
o
nt
ro
ls

O
d
d
s
ra
ti
o
(9
5
%

C
Is
)

nc
as
es

nc
o
nt
ro
ls

O
d
d
s
ra
ti
o
(9
5
%

C
Is
)

nc
as
es

nc
o
nt
ro
ls

R
he

um
at
ol
og

ic
1
.0
3
(0
.7
7
,
1
.3
7
)

2
6
3

1
0
4
8

0
.9
8
(0
.7
0
,
1
.3
9
)

1
7
2

6
8
8

1
.2
4
(0
.7
4
,2

.0
9
)

9
1

3
6
0

R
he

um
at
o
id

ar
th
ri
ti
s

1
.1
2
(0
.7
0
,
1
.7
7
)

1
0
5

4
2
0

0
.9
6
(0
.5
4
,
1
.6
9
)

6
5

2
6
0

1
.2
8
(0
.5
3
,3

.1
0
)

4
0

1
6
0

P
so
ri
at
ic

ar
th
ri
ti
s

0
.5
2
(0
.2
3
,
1
.1
5
)

4
1

1
6
2

N
P
b

N
P
b

N
P
b

N
P
b

N
P
b

N
P
b

Sy
st
em

ic
lu
p
us

er
yt
he

m
at
o
su
s

1
.1
2
(0
.4
4
,
2
.8
7
)

2
6

1
0
4

N
P
b

N
P
b

N
P
b

N
P
b

N
P
b

N
P
b

C
o
nn

ec
ti
ve

ti
ss
ue

d
is
ea

se
s

1
.7
8
(0
.5
9
,
5
.3
5
)

2
4

9
6

N
P
b

N
P
b

N
P
b

N
P
b

N
P
b

N
P
b

Sp
o
nd

yl
ar
th
ro
p
at
hi
es

0
.6
5
(0
.1
8
,
2
.3
1
)

2
1

8
4

N
P
b

N
P
b

N
P
b

N
P
b

N
P
b

N
P
b

V
as
cu

lit
is

0
.4
0
(0
.0
9
,
1
.7
2
)

1
6

6
4

N
P
b

N
P
b

N
P
b

N
P
b

N
P
b

N
P
b

Sj
ö
gr
en

's
5
.3
3
(0
.7
1
,
4
0
.2
3
)

1
2

4
8

N
P
b

N
P
b

N
P
b

N
P
b

N
P
b

N
P
b

P
o
ly
m
ya

lg
ia

rh
eu

m
at
ic
a

1
.7
9
(0
.3
8
,
8
.4
2
)

1
1

4
2

N
P
b

N
P
b

N
P
b

N
P
b

N
P
b

N
P
b

Sc
le
ro
d
er
m
a

3
.7
8
(0
.4
7
,
3
0
.1
6
)

1
0

4
0

N
P
b

N
P
b

N
P
b

N
P
b

N
P
b

N
P
b

En
do

cr
in
ol
og

ic
0
.8
8
(0
.6
0
,
1
.2
9
)

1
4
9

5
9
3

0
.9
9
(0
.5
8
,
1
.7
1
)

8
0

3
2
0

0
.7
6
(0
.4
4
,1

.3
2
)

6
9

2
7
3

H
as
hi
m
o
to
's

1
.0
3
(0
.6
5
,
1
.6
6
)

1
0
1

4
0
1

1
.5
9
(0
.8
0
,
3
.1
9
)

5
5

2
2
0

0
.6
9
(0
.3
4
,1

.4
2
)

4
6

1
8
1

G
ra
ve

s'
1
.4
4
(0
.7
2
,
2
.8
7
)

4
9

1
9
6

1
.3
9
(0
.5
4
,
3
.5
9
)

2
6

1
0
4

2
.1
2
(0
.5
6
,7

.9
5
)

2
3

9
2

G
as
tr
oi
nt
es
ti
na

l
1
.6
0
(0
.8
7
,
2
.9
5
)

7
2

2
8
5

1
.2
4
(0
.6
2
,
2
.4
7
)

5
8

2
3
2

2
.6
9
(0
.3
6
,9

.9
6
)

1
4

5
3

C
ro
hn

's
1
.0
4
(0
.4
4
,
2
.4
2
)

3
4

1
3
6

N
P
b

N
P
b

N
P
b

N
P
b

N
P
b

N
P
b

U
lc
er
at
iv
e
co

lit
is

2
.1
3
(0
.6
8
,
6
.6
6
)

3
0

1
2
0

N
P
b

N
P
b

N
P
b

N
P
b

N
P
b

N
P
b

N
eu

ro
lo
gi
c

1
.6
4
(0
.8
7
,
3
.1
2
)

5
9

2
3
6

1
.3
3
(0
.6
4
,
2
.7
7
)

4
5

1
8
0

2
.7
8
(0
.3
5
,2

2
.1
3
)

1
4

5
6

M
ul
ti
p
le

sc
le
ro
si
s

2
.4
3
(0
.9
9
,
5
.9
9
)

4
3

1
7
2

2
.1
2
(0
.7
7
,
5
.8
7
)

3
3

1
3
2

N
P
b

1
0

4
0

C
hr
o
ni
c
in
fl
am

m
at
o
ry

d
em

ye
lin

at
in
g

p
o
ly
ne

ur
o
p
at
hy

1
.1
6
(0
.1
4
,
9
.5
1
)

1
2

4
8

N
P
b

N
P
b

N
P
b

N
P
b

N
P
b

N
P
b

D
er
m
at
ol
og

ic
1
.1

(0
.6
2
,
1
.9
6
)

6
5

2
6
0

N
P
b

N
P
b

N
P
b

N
P
b

N
P
b

N
P
b

C
ut
an

eo
us

p
so
ri
as
is

0
.9
9
(0
.5
1
,
1
.9
3
)

5
3

2
1
2

N
P
b

N
P
b

N
P
b

N
P
b

N
P
b

N
P
b

a
A
d
ju
st
ed

fo
r
B
M
I,
o
cc
up

at
io
n
o
n
Se

p
te
m
b
er

1
1
,
2
0
0
1
,
ra
ce

,
ci
ga

re
tt
e
sm

o
ki
ng

st
at
us
,
an

d
p
ri
o
r
P
T
SD

.
b
N
o
t
p
re
se
nt
ed

(N
P
)
d
ue

to
sm

al
l
nu

m
b
er
s
(n
≤
1
0
)
in

b
o
th

se
xe

s
o
r
in

ei
th
er

m
al
e
o
r
fe
m
al
e
se
x
o
r
m
o
d
el

d
id

no
t
co

nv
er
ge

.

126 | SACKS ET AL.



1140 (64%) responders selected for medical records follow‐up

(Figure 1). How non‐ascertainment affected the GRC‐to‐REP com-

parisons is unknown.

Compared with the case‐control design, the internal validity of

the GRC‐to‐REP comparisons faced a number of challenges. The GRC

had significantly lower autoimmune rheumatologic risk compared

with the REP (RR = 0.63, 95% CI = 0.48, 0.83), unlike the FDNY

finding of no difference (RR = 0.97; 95% CI = 0.77, 1.21).17 Dissim-

ilarities in sample characteristics, diagnostic criteria, or clinical judg-

ment may explain the difference in results.21 The GRC comparison

with REP were age‐ and sex‐ standardized, and the REP data are

considered the most generalizable to a majority white population in

the United States.65 The incidence of autoimmune conditions is

higher in African‐Americans and Hispanics than Whites, in the obese

than nonobese, and in some occupations.6,22,55,66,67 If the GRC‐to‐

REP comparison had been standardized for race/ethnicity or BMI the

observed relative risks might be expected to decrease. Standardiza-

tion for occupational exposure and stress might be expected to in-

crease the relative risks.

Other differences in the GRC comparisons with REP may have

also influenced those results. While the GRC and REP cases were

both identified using stringent standard criteria agreed upon by ≥2

reviewers, differences in the GRC and REP case‐ascertainment and

confirmation processes might have influenced the observed in-

cidence in unknown ways. The REP domain‐specific data were limited

to the smallest uniform observation time periods across conditions,

while the GRC domain‐specific observation periods were not limited

to avoid estimate instability. The incidence and prevalence of auto-

immune conditions have increased over time, varying by geographic

location, race/ethnicity, and sex, although the absolute change is

limited as the conditions are relatively rare.21,22,64 Therefore, com-

paring dissimilar, but overlapping time periods should not sub-

stantially influence the domain‐specific estimates.61,68 Supporting

the validity of our findings, the relative risk for rheumatoid arthritis

was not significantly different between the GRC and REP cohorts

(RR = 0.91, 95% CI = 0.60, 1.38) and was similar to the FDNY‐to‐REP

rheumatoid arthritis relative risk (RR = 0.91, 95% CI = 0.65, 1.24).

Although not statistically significant, the GRC‐to‐REP systemic lupus

erythematosus comparison was in the same direction as that ob-

served by the FDNY.17

Similar to the WTC Health Registry observation that women had

three to five times the risk of rheumatologic conditions as men, GRC

women had 4.1 times the incidence of men's rheumatologic condi-

tions.18 In a review of autoimmune condition prevalence, strong

sexual dimorphism was only observed in about half of the 47 female‐

predominant autoimmune conditions, with the strongest female

predominance among the most prevalent autoimmune conditions.64

Consistent with this observation, the GRC women's incidence was

substantially greater than men's in the most common autoimmune

domains and similar or less than men's in the less common domains.

Between 2002 and 2017, the crude GRC rheumatoid arthritis in-

cidence of 19.7/100,000 person‐years, the most common autoimmune

condition and thus likely to have been the most reliably measured, wasT
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fairly comparable to the 2003 North American annual incidence for both

sexes (23.7/100,000 person‐years), as only 15% of GRC were female

whereas approximately half of adults in the United States are women.10

Given gender dimorphism, as expected, men's GRC incidence of rheu-

matoid arthritis (9.6, 95% CI = 7.4, 13.4) was lower than women's (60.5,

95% CI = 35.7, 98.8). In contrast, FDNY men's rheumatoid arthritis in-

cidence (19.1/100,000 person‐years), was similar to the national average

for men and women combined. The FDNY men's incidence of rheuma-

toid arthritis was twice as high as then men's GRC incidence possibly due

to differences in study methods or due to different exposures (e.g., fire-

fighter's lifetime smoke and fire‐associated exposures).10,17,57

Common to many environmental research studies, surrogate

exposure measures were used in the current study. Environmental

exposures found in the settled dust and smoke emanating from the

attack on the WTC that have been potentially associated with au-

toimmune conditions4,13,16–18 were represented by dichotomous

variables based on having been in the September 11, 2001 dust

cloud, as well as being above or at/below the median duration of

WTC work. These surrogate indices of WTC exposure have identified

increased incidence rates of respiratory, gastrointestinal, cardiovas-

cular, and mental health disorders.7–9 Nevertheless, the indirect

nature of these variables could obscure responders' individual ex-

posures to the toxic elements contained in WTC dust and smoke,

challenging the ability to identify significant associations with auto-

immune morbidity.

Pooling the FDNY, non‐GRC WTC Health Registry and GRC

rheumatologic data would provide larger and more stable estimates of

the effects of WTC exposure. Although the age at autoimmune condi-

tion diagnosis was generally similar or greater than that observed

internationally, given the evolving nature of autoimmune conditions, a

reassessment of the influence of WTC exposure in the future might be

merited to better account for disease latency.27,39,40,42–44,50,69

TABLE 6 WTC general responder cohort and Rochester Epidemiology Project Relative Risksa

GRCb REP
REP data periodDomain RR (95% CI)b Person‐yearsb n casesb Person‐years n cases

Rheumatologicc 0.63 (0.48, 0.83) 557,218 235 902,872 816c 2001–2009

Rheumatoid arthritis 0.91 (0.60, 1.38) 558,127 110 1,445,791 561 2001–2014

Psoriatic arthritis 0.73 (0.47, 1.14) 558,524 44 1,787,029 120 2001–2014

Systemic lupus erythematosus 1.38 (0.85, 2.24) 558,685 26 1,903,698 115 2001–2018

Mixed connective tissue disease NPd NPd NPd NPd NPd 1995–2014

Ankylosing spondylitis NPd NPd NPd NPd NPd 1995–2009

ANCA‐associated vasculitis 0.54 (0.27, 1.12) 558,762 16 1,997,007 49 1996–2015

Giant cell arteritis NPd NPd NPd NPd NPd 2001–2018

Sjögren's 0.87 (0.42, 1.79 558,773 12 1,649,760 93 2000–2015

Polymyalgia rheumatica 0.14 (0.06, 0.35) 558,792 12 1,445,791 257 2001–2014

Scleroderma 0.64 (0.27, 1.52) 558,739 10 2,425,941 62 1995–2018

Endocrinologicc 0.29 (0.21, 0.40) 557,783 154 1,879,359 3171c 2000–2017

Hashimoto's 0.52 (0.35, 0.77) 558,143 103 1,879,359 1342 2000–2017

Graves' 0.12 (0.08, 0.16) 558,489 52 1,879,359 1946 2000‐2017

Gastrointestinalc 0.42 (0.28, 0.62) 558,329 66 1,116,402 308c 2001–2011

Crohn's 0.64 (0.38, 1.10) 558,559 36 1,116,402 137 2001–2011

Ulcerative colitis 0.24 (0.14, 0.42) 558,620 30 1,116,402 171 2001–2011

Neurologicc 0.46 (0.30, 0.70) 558,454 51 1,879,359 392c 2000–2017

Multiple sclerosis 0.50 (0.32, 0.77) 558,471 47 1,879,359 345 2000–2017

Dermatologicc 0.07 (0.05, 0.10) 558,337 67 1,879,359 2034c 2000–2017

Cutaneous psoriasis 0.05 (0.04, 0.08) 558,374 58 1,879,359 1933 2000–2017

aAge‐ and sex‐adjusted to the US Census 2000, ages 18–79.
bGRC data observation period 2002–2017.
cCondition‐specific case and person‐year numbers are not additive across conditions as some cases have >1 domain‐specific condition and as REP data
observation periods vary by condition, with REP domain‐specific results limited to the smallest uniform observation periods across conditions in each
domain. Domain case numbers are different from those presented in Table 1 for conditions for which REP did not have parallel data.
dNot presented as case n < 10. Conditions with total case count <10 (antiphospholipid syndrome REP observation period 2000–2015 and other
rheumatologic conditions REP observation period 2000–2017) not presented.
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