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Abstract
The objective is to compare the time to fulfillment of 1987 and 2010 ACR/EULAR classification criteria between female and 
male patients with rheumatoid arthritis (RA) and to assess the potential impact of gender on the time to DMARD therapy. 
Time from first provider-documented joint swelling to fulfillment of 1987 and 2010 ACR/EULAR criteria was measured in 
a population-based cohort of adults with incident RA, who were stratified by male or female gender. Disease characteristics, 
time to start of DMARD therapy, and choice of initial DMARD were compared between groups. The study included 214 
patients with RA (148 females and 66 males). Median times from first joint swelling to fulfillment of 1987 (6.5 vs 2.5 days, 
p = 0.48) and 2010 (1 vs 0 days, p = 0.34) classification criteria were not different between female and male patients overall. 
There was no difference in time to first DMARD therapy in female vs male patients (15.5 vs 16 days, p = 0.90), and metho-
trexate was used most frequently as first DMARD in both genders (61% female vs 64% male, p = 0.76). Among the 49 female 
and 20 male RF/ACPA-negative patients, females experienced a higher median time from first joint swelling to fulfillment of 
the 1987 (65 vs 11 days, p = 0.063) and 2010 (65 vs 0 days, p = 0.035) classification criteria. Overall, there was no significant 
delay in meeting 1987 and 2010 ACR/EULAR classification criteria between female and male RA patients, though time 
to meeting both 1987 and 2010 criteria was slightly longer in males compared with females. Among seronegative patients, 
females experienced a significant delay to meeting 2010 criteria from first clinically detected synovitis.
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Introduction

Rheumatoid arthritis (RA) is characterized by inflamma-
tion and destruction of synovial joints that accumulates over 
time, leading to disability and mortality [1]. RA occurs more 
commonly in women than men, and disease characteristics 
differ between genders with regard to comorbidities, extra-
articular manifestations, core measures of disease activity, 
and treatment response [2–7].

Early diagnosis and initiation of therapy has been cor-
related with better outcomes, higher rates of remission, 
and reduced joint damage and disability for all RA patients 
[1, 8–10]. Early treatment with disease-modifying anti-
rheumatic drugs (DMARD) most effectively prevents joint 
damage and is associated with higher likelihood of achiev-
ing remission [10]. Prior studies have attributed delays in 
therapy initiation to delays in presentation to primary and 
subspecialty care. Delays in diagnosis have also been associ-
ated with anti-citrullinated protein antibody (ACPA) positiv-
ity and lower income in a Canadian early RA cohort, while 
severity of disease activity, higher inflammatory markers, 
and worse patient global scores were identified as factors 
associated with shorter time to diagnosis [11]. Gender has 
not previously been found to be predictive of time to diag-
nosis, and there is no known association between gender and 
time to meeting American College of Rheumatology (ACR)/
European League Against Rheumatism (EULAR) classifi-
cation criteria for RA. However, it has been suggested that 
female patients may experience a delay from primary care 
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visit to rheumatologist referral compared with males [12, 
13]. In additionally, delays to diagnosis have been demon-
strated for female patients with other rheumatologic condi-
tions, such as ankylosing spondylitis [14].

To date, the time from first symptoms to time of classifi-
cation by ACR/EULAR classification criteria has not been 
compared between male and female patients with early RA. 
The impact of RA classification on initiation and choice of 
DMARD therapy between male and female RA patients has 
also not been described. We aimed to compare the time from 
first provider-documented joint swelling to fulfillment of 
1987 and 2010 ACR/EULAR classification criteria between 
female and male patients who fulfill criteria for RA, and to 
assess the potential impact of gender on the time to DMARD 
therapy [1, 15].

Materials and methods

Study population

The Mayo Clinic and Olmsted Medical Center Institutional 
Review Boards (IRB) approved this retrospective cohort 
study (IRB# 17-002593 approved April 5, 2017 and 017-
OMC-17 approved May 2, 2017), and a waiver of informed 
consent was granted. The project was conducted in accord-
ance with the ethical principles outlined in the 1964 Declara-
tion of Helsinki and subsequent amendments.

Subjects were identified using the resources of the Roch-
ester Epidemiology project, a geographically based collabo-
ration of healthcare facilities allowing access to complete 
medical records from all providers in Olmsted County, MN 
[16]. Subjects were adult residents of Olmsted County, MN 
who developed incident RA between 2009 and 2014. Eli-
gibility required age ≥ 18 and fulfillment of either the 1987 
or 2010 ACR/EULAR classification criteria (Supplemental 
Table) for RA. All subjects were followed longitudinally 
until their death, migration from Olmsted County or until 
December 31, 2017.

Data collection and study variables

Retrospective review of medical records and diagnoses was 
performed by a trained nurse abstractor. Additional record 
review was performed by study personnel (CMC, CSC).

Subjects were divided into groups based on male or 
female gender recorded in their electronic medical record 
at the time of RA diagnosis. First joint swelling was defined 
as the first clinically recognized synovitis as documented by 
a provider, including rheumatology, general, or other spe-
cialist providers. Times from first joint swelling to meet-
ing 1987 and 2010 ACR/EULAR classification criteria, 
receiving a clinical diagnosis of “rheumatoid arthritis” and/

or “inflammatory arthritis” as in clinical documentation, 
and to day of first prescribed DMARD therapy were cal-
culated in days. All available visits in the medical record 
were reviewed to determine fulfillment of classification cri-
teria. Baseline disease characteristics and initial DMARD 
therapy were compared between groups. Subjects were fur-
ther stratified by seropositive [rheumatoid factor (RF)- and/
or anti-citrullinated peptide antibody (ACPA)-positive] and 
seronegative (RF- and ACPA-negative) status for additional 
analysis.

Statistical methods

Descriptive statistics (percentages, medians, 25th and 75th 
percentiles, means and standard deviations) were used to 
summarize the data. Normality was assessed by visual 
inspection of histograms; medians and 25th/75th percen-
tiles were reported where appropriate. Comparisons between 
groups were made using Chi-square and rank sum tests as 
appropriate. Analyses were performed using SAS version 
9.4 (SAS Institute, Cary, North Carolina, U.S.) and R 3.4.2 
(R Foundation for Statistical Computing, Vienna, Austria).

Results

214 patients with RA were included; of these, 148 were 
female and 66 male. No patients were excluded due to lack 
of complete information in the medical records. The baseline 
characteristics of patients by gender are shown in Table 1. 
The mean age was 53.6 (SD ± 15.2) years for females and 
59.1 (SD ± 12.5) years for males at the time of fulfilling 
2010 criteria (p = 0.007). RF and ACPA status, obesity, 
joint involvement, and presence of erosive disease did not 
differ between groups at baseline. Male patients were more 
likely to be current (23% vs 16%) or former (39% vs 24%, 
p = 0.007) smokers at the time of meeting 2010 classification 
criteria, and more male than female patients had abnormal 
ESR and/or CRP (83% vs 66%, p = 0.010). Patients were 
followed for a median (range) of 4.1 (1.0–7.4) years, during 
which disease activity measures were available for a median 
(range) of 8 (2–19) visits per patient.

Median times from first joint swelling to fulfillment of 
the 1987 (6.5 vs 2.5 days, p = 0.48) and 2010 (1 vs 0 days, 
p = 0.34) classification criteria were not significantly dif-
ferent in female vs male patients (Table 2). There was no 
significant difference in days from fulfillment of 2010–1987 
criteria between genders. Overall 48% of females and 52% of 
males met 2010 criteria at baseline. Those who met criteria 
after baseline did so by developing additional joint involve-
ment or erosions. Median times from first joint swelling to 
receiving a clinical diagnosis of “rheumatoid arthritis” or 
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“inflammatory arthritis” (0 vs 9.5 days, p = 0.09) were not 
different between female and male patients (Table 2).

The median time in days from first joint swelling to first 
DMARD (15.5 vs 16 days, p = 0.90) and first glucocorti-
coid therapy (5 vs 9.5 days, p = 0.70) did not differ between 
female and male patients (Table 2). Methotrexate was used 
as first DMARD in 91 of 148 female patients (61%) and 42 
of 66 male patients (64%, p = 0.76). There was no significant 
difference between groups in the choice of first DMARD 
started, use of methotrexate as first line DMARD, or starting 
dose of methotrexate (data not shown).

When the analyses were stratified by RF/ACPA status, 
gender comparisons between the 99 female and 46 male RF/
ACPA-positive patients were similar to the overall results 
(Table 2). However, among the 49 female and 20 male RF/
ACPA-negative patients, females experienced a higher 
median time from first joint swelling to fulfillment of the 
1987 (65 vs 11 days, p = 0.063) and 2010 (65 vs 0 days, 
p = 0.035) classification criteria. The proportions of sero-
positive patients who met 2010 criteria at baseline were 
similar (59% female and 50% male), but among seronega-
tive patients, females were significantly less likely to meet 
2010 criteria at baseline than males (24% vs 56%, p = 0.018). 
Among the seronegative patients, there was no difference in 

Table 1   Baseline characteristics of 214 patients at time of meeting 
2010 American college of rheumatology/European league against 
rheumatism classification criteria for rheumatoid arthritis

RF rheumatoid factor, ACPA anti-citrullinated peptide antibody, BMI 
body mass index, ESR erythrocyte sedimentation rate, CRP C-reac-
tive protein
a Elevated ESR and/or CRP were defined as higher than the upper 
limit of normal as defined by local laboratory standards

Baseline characteristic Female, N = 148 Male, N = 66 p value

Age, mean (± SD), years 53.6 (± 15.2) 59.1 (± 12.5) 0.007
RF/ACPA positive 97 (67%) 46 (70%) 0.68
Smoking status 0.010
Current smoker 23 (16%) 15 (23%)
Former smoker 36 (24%) 26 (39%)
Never smoker 89 (60%) 25 (38%)
Education level 0.20
 ≤ High school graduate 28 (20%) 19 (29%)
Some college or 2 years 

degree
59 (41%) 20 (30%)

 ≥ 4 years college degree 55 (39%) 27 (41%)
Obese (BMI ≥ 30 kg/m2) 60 (41%) 25 (38%) 0.71
 ≥ 10 joints involved 104 (70%) 46 (70%) 0.95
ESR and/or CRP elevateda 98 (66%) 55 (83%) 0.010
Presence of erosions 28 (19%) 19 (29%) 0.11

Table 2   Comparison of time in days from first joint swelling to ful-
fillment of the 1987 or 2010 American college of rheumatology/

European league against rheumatism criteria and to first treatments 
between male and female patients with incident rheumatoid arthritis 
between 2009 and 2014

Values in table are time in days from first documented joint swelling to each outcome, reported as median (25th percentile, 75th percentile)
a Diagnosis of RA or inflammatory arthritis was made in all but 5 patients (all female). All patients met both 1987 and 2010 criteria for RA

Group Outcomes Female N = 148 Male N = 66 p value

Overall 1987 ACR/EULAR criteria 6.5 (0, 122) 2.5 (0, 57) 0.48
2010 ACR/EULAR criteria 1 (0, 94) 0 (0, 29) 0.34
Diagnosis of RA or inflammatory 

arthritisa
0 (0, 71) 9.5 (0, 76) 0.44

First DMARD 15.5 (0, 100) 16 (4, 83) 0.90
First glucocorticoid 5 (0, 97) 9.5 (0, 81) 0.70

Female N = 99 Male N = 46

RF/ACPA-positive 1987 ACR/EULAR criteria 0 (0, 49) 25 (0, 44) 0.59
2010 ACR/EULAR criteria 0 (0, 23) 0.5 (0, 32) 0.47
Diagnosis of RA or inflammatory 

arthritisa
0 (0, 31) 9.5 (0, 76) 0.09

First DMARD 11 (0, 73) 16 (4, 83) 0.36
First glucocorticoid 7 (0, 97) 20 (0, 90) 0.32

Female N = 49 Male N = 20

RF/ACPA-negative 1987 ACR/EULAR criteria 65 (0, 398) 11 (0, 153) 0.063
2010 ACR/EULAR criteria 165 (0, 254) 0 (0, 13) 0.035
Diagnosis of RA or inflammatory 

arthritisa
13 (0, 125) 6 (0, 84) 0.37

First DMARD 60 (5, 210) 15 (1, 155) 0.25
First glucocorticoid 4 (0, 102) 0 (0, 12) 0.035
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age (mean 55.5 vs 56.7 years; p = 0.72) between females and 
males. The delay in time from first joint swelling to initiation 
of first DMARD (median 60 vs 15 days; p = 0.25) was not 
significantly different, but the delay in glucocorticoid initia-
tion (median 4 vs 0; p = 0.035) was significantly longer in 
females than in males. Similar proportions of females and 
males had > 10 joints involved at the time they met 2010 
criteria (82% vs 85%, p = 0.74), but the time from first joint 
swelling to > 10 joints involved was significantly longer for 
females than males (median 65 vs 0, p = 0.038). Seronega-
tive females were also more likely to be anti-nuclear anti-
body (ANA) positive than their male counterparts (30% vs 
11%), but this difference did not reach statistical significance 
(p = 0.11).

Discussion

Early diagnosis and treatment initiation are established and 
modifiable contributors to better patient outcomes in RA. To 
our knowledge, this is the first study to compare the time to 
meeting ACR/EULAR classification criteria between male 
and female patients diagnosed with RA. In our population, 
there was no difference in time to meeting 1987 or 2010 
ACR/EULAR criteria between male and female patients 
overall. However, among seronegative patients, there was 
a delay in meeting 2010 criteria for females compared with 
males. No difference was observed in time to or choice of 
first DMARD therapy between male and female patients. 
A longer time to initiating corticosteroid therapy was seen 
for female compared with male patients in the seronegative 
group.

RA is more prevalent in females than males, a phenom-
enon that is thought to result from effects of differing sex 
hormones, epigenetics, and immune system function [2]. 
In addition to biological sex differences in RA, including 
reported differences in comorbidities and extra-articular 
disease manifestations [17, 18], female gender has been 
associated with lower quality of life [19], worse disease 
activity and functional scores [4, 5, 20], and lower response 
to therapy and achievement of remission [3, 5, 6]. Somatic 
symptom reporting differs between genders [21], which may 
confound the comparison in core measures of disease activ-
ity between the two groups. Notably, these gender differ-
ences have also been reported in other rheumatologic disease 
processes, such as ankylosing spondylitis [22]. However, 
mortality has historically been reported as higher in men 
than women with RA, as in the general population [23].

Prior work has shown evidence for a window of opportu-
nity, a time period including the first 12–20 weeks of symp-
toms during which initiation of treatment is most beneficial 
for long-term outcomes [9, 10]. A delay in referral to sub-
specialty care, as has been observed in female compared 

with male patients [12, 13], could impact the time to initiat-
ing DMARD therapy; therefore, putting women with RA 
at risk for delayed treatment and thus, potentially worse 
outcomes. However, subsequent work has demonstrated no 
known delay in clinical diagnosis for females with RA [11]. 
The results of the current study, showing that there was no 
delay in meeting RA classification criteria for either gender 
in the overall RA population and in seropositive individuals, 
are in agreement with existing research. In the CATCH early 
arthritis cohort, factors that contribute to delay in diagnosis 
by a rheumatologist from first self-reported symptom were 
analyzed, and sex was not associated with diagnosis occur-
ring within the first 6 months of disease, though time in days 
and time to meeting classification criteria were not compared 
between groups [11].

When patients were stratified by seropositive and seron-
egative status, gender was not associated with a delay in 
meeting ACR/EULAR classification criteria in seropositive 
individuals. However, in the seronegative group, there was 
a significant delay into meeting 2010 criteria and in initiat-
ing corticosteroids for female patients. Possible explanations 
include differing disease assessment between genders, or 
later presentation of male patients to a healthcare provider. 
In patients with early seronegative disease, symptoms in 
female patients could be more often attributed to fibromy-
algia, other non-inflammatory conditions, or other rheuma-
tologic diseases; a hypothesis that is supported by a trend 
toward more female than male seronegative patients hav-
ing a positive ANA. Prior studies have suggested a subspe-
cialty referral delay in female RA patients [12, 13], which 
could also impact time to classification particularly in the 
seronegative group for whom clinical suspicion for RA by 
the general practitioner may be lower than for seropositive 
individuals.

The current findings are also consistent with existing 
literature regarding treatment initiation between genders. 
In the multinational QUEST-RA study, time to initiation 
of DMARD therapy and choice of therapy were similar 
between female and male patients [5]. Jamal et al. have also 
reported that gender did not impact likelihood of treatment 
initiation within the first 3 months of symptoms in RA in 
an urban, Canadian population [24]. However, these studies 
also reported longer mean delays from time of first reported 
symptoms to first DMARD therapy, with delay of 10 months 
observed in the former [5] and of over 13 months in the lat-
ter [24] populations. These differences again may be due to 
underlying differences in patient populations and regional 
access to healthcare. Our study’s use of first provider-
detected synovitis as the baseline timepoint, rather than 
self-reported symptoms, as in the QUEST-RA and CATCH 
cohorts, may result in shorter reported delays particularly 
in cases, where symptoms emerge long before medical care 
is sought.
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Strengths of this study include a median of over 4 years 
of follow-up and a geographically based population with 
ready access to both primary and specialty care, making 
long delays to provider assessment unusual. The retro-
spective nature of this work allowed for analysis of time to 
assessment and treatment within routine clinical care rather 
than a specialty care model for early RA. Use of the Roches-
ter Epidemiology Project made access to records across all 
healthcare facilities in the geographic area possible, mini-
mizing loss of data from follow-up encounters. This study 
also has several limitations, including a small sample size 
and retrospective design. The documentation of first syno-
vitis as noted by a provider may underestimate duration of 
symptoms in those patients for whom there was a long delay 
in seeking medical care. Treatment and disease-monitoring 
outcomes, which have been reported to differ between male 
and female RA patients, were outside the scope of this study. 
The study also included a primarily Caucasian, US popu-
lation, which may limit generalizability to more ethnically 
diverse groups in the United States and to international 
populations.

The results of this study may be subject to bias, due to 
its retrospective study design. Subjects were included based 
upon fulfillment of ACR/EULAR classification criteria for 
RA, and the possibility of selection bias arises as those who 
have RA, but have not fulfilled criteria, such as those who 
experience a substantial delay in time to diagnosis, would 
not be included as they may not fulfill criteria until after the 
study interval has ended. The chance of this contributing in 
the present study was minimized by a length follow-up inter-
val of median 4.1 (range 1.0–7.4) years. The retrospective 
design necessarily means that only information documented 
in medical records was considered and that only those symp-
toms and criteria that came to medical attention were avail-
able for analysis. The comprehensive nature of the medical 
records from all healthcare providers in the area is likely to 
minimize information bias, though a difference in healthcare 
seeking behavior between male and female patients would 
contribute to bias.

More information is needed regarding factors that impact 
early RA classification, diagnosis and treatment, as well as 
about gender differences in the presentation, diagnosis, 
and longitudinal course of disease. Here, we demonstrate 
that there was no delay in meeting ACR/EULAR 1987 and 
2010 RA classification criteria between male and female 
patients in seropositive RA and that time to treatment ini-
tiation with DMARDs was not different between genders 
in a geographically based population with readily available 
access to both primary and specialty rheumatologic care. 
However, a delay to 2010 ACR/EULAR classification cri-
teria was noted for female patients with seronegative RA, a 
novel finding warranting additional investigation. The ACR/
EULAR classification criteria have previously demonstrated 

better performance in early RA for seropositive vs seronega-
tive patients [25], and our results suggest that gender did 
not appear to impact early classification in the seropositive 
group, but may in individuals with seronegative RA. The 
results of this study also suggest that previously described 
differences in the RA disease course between male and 
female patients are likely due to factors other than treatment 
delay, and further study is needed to improve gender-specific 
outcomes in RA.
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