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Abstract: 
Objective. To investigate the frequency and costs associated with ambulatory medical care utilization over an eight-year period in patients prior to the diagnosis of rheumatoid arthritis (RA).
Methods. We used the Taiwan’s National Health Insurance Research Database (NHIRD) to identified 691 newly-diagnosed RA cases between 2005 and 2010. We selected 1382 controls without RA, frequency matched by sex, age, and the catastrophic illness certificate application year of the cases. The frequency and costs of ambulatory medical care utilization between the RA patients and controls were compared using Kolmogorov-Smirnov two-sample test. 
Results. The median frequency of ambulatory medical care utilization was significantly higher in RA patients compared with controls (29 vs. 13, P < 0.001) in the year before diagnosis. The differences remained significant throughout all eight annual periods before diagnosis. Similarly, the inflation-adjusted costs of ambulatory medical care utilization in RA patients increased annually over the study period, from a median of US$212 eight years preceding diagnosis to US$798 one year preceding diagnosis. Frequency of ambulatory medical care utilization due to diseases of the musculoskeletal system and connective tissue (P < 0.001), acute respiratory infections (P < 0.001), diseases of upper respiratory tract (P = 0.01), and diseases of the upper gastrointestinal tract (P = 0.04) were higher among RA patients in the two-year period preceding diagnosis. 
Conclusions. We found increased frequency and costs of ambulatory care utilization among RA patients in Taiwan preceding diagnosis of RA. 
Innovation:

This was a retrospective comparison study using nationwide, population-based cohort data investigating ambulatory medical care utilization in RA patients prior to the diagnosis of RA. 

The frequency and costs of ambulatory medical care utilization in RA patients gradually increased as the time approaching diagnosis. 
Diseases of the musculoskeletal system and connective tissue, acute respiratory infections, upper respiratory tract, and diseases of the esophagus, stomach, and duodenum were the main causes of ambulatory medical care utilization among RA patients preceding the diagnosis of RA. 
Significance
This article showed a significant increase in ambulatory medical care utilization in Taiwanese patients with RA, compared with control subjects, at least eight years before their diagnosis of RA.
Rheumatoid arthritis (RA) is a chronic and disabling disease characterized by persistent synovitis, systemic inflammation, and the presence of autoantibodies such as the anti-citrullinated protein antibodies (ACPAs) and rheumatoid factor (RF) (1). The interaction of heritable genetic factors with environmental factors such as smoking is crucial to the pathogenesis of RA (2,3). 
Results of several early cohort studies on arthritis also revealed that 13 to 54% of patients with undifferentiated arthritis developed into RA within 2 years (4). Early diagnosis and treatment of RA patients could reduce joint damage, increase remission rate (5,6), and decrease excess mortality associated with RA (7). Treatment of undifferentiated arthritis by disease-modifying antirheumatic drugs (DMARDs) could also postpone the time to the diagnosis of RA (8). Since the early diagnosis of RA is of importance for its outcome, the classification criteria for diagnosing RA was changed in 2010 in order for RA to be diagnosed earlier (9). 
It is well-documented that immunological abnormalities in the sera many years before definitive diagnosis of RA, including the presence of ACPAs and RF (10,11). Thus, it was postulated that there might be a subclinical phase in RA patients before the onset of apparent clinical signs and symptoms (12). These findings suggest that there might be a long induction period for the development of RA. We hypothesized that there should be an increase in the frequency and costs of ambulatory medical care utilization in RA patients prior to the diagnosis of RA. Therefore, we used a nationwide population-based insurance dataset to compare the frequency and costs of ambulatory medical care utilization between RA patients and controls up to eight year prior to the diagnosis of RA.
Methods 
Study Design

This was a retrospective comparison study using nationwide, population-based cohort data.
Data sources
Data analyzed in this study were retrieved from the Longitudinal Health Insurance Database 2000 (LHID2000) of the Taiwan’s National Health Insurance Research Database (NHIRD). The NHIRD consists of de-identified secondary data of inpatient and ambulatory medical care services of all enrollees of the National Health Insurance (NHI) scheme. The NHI is a single-payer compulsory social health insurance program instituted in 1995 and covers more than 99% of the Taiwan’s population (13). 
The LHID2000 contains medical claims and enrollment information from 1996 to 2010 of a random sample of one million beneficiaries registered in 2000, which represents approximately 5% of Taiwan’s population. This study was approved by the local institutional review board and ethics committee of Buddhist Dalin Tzu Chi General Hospital, Taiwan (No.10004021).
Study subjects
  Patients, 18 years of age or older, with definitive diagnosis of RA patients who sought ambulatory health care services for RA [International Classification of Diseases-9-Clinical Modification (ICD-9-CM) code 714.0] between January 1, 2005 and December 31, 2010.  
The NHI specified 30 categories of catastrophic illness for enrollees who suffered from major injuries or illnesses (e.g., cancers, hemophilia, autoimmune diseases including RA, chronic renal failure, etc.). Eligible patients can apply for catastrophic illness certificates and if approved, holders of the certificates are exempted from co-payment of related medical cost. The issuance of certificates is validated with careful review of medical records, laboratory studies, and imaging studies by at least two specialists. Diagnosis of RA was made according to the 1987 American College of Rheumatology (ACR) revised criteria for the classification of RA (14). Several studies focusing on the epidemiology of systemic autoimmune diseases especially RA have been published using the NHIRD (15-18). In this study, the date of application of the catastrophic illness certificate was assigned as the index date for the RA patients. A total of 691 RA patients were included in our analysis. 
Controls in this study were selected from the LHID2000. First, individuals diagnosed with RA between 1996 and 2010 were excluded. Then, two controls for each RA patient were selected frequency-matched with RA patients with regard to sex, age, and year of index date. In the controls, the index date was defined as the date of a randomly selected ambulatory visit occurring during the matched index year.  

Study variables 
In Taiwan, the costs of medical services for ambulatory services and hospitalization were separately calculated by the NHI. In this study, we investigated the frequency and costs of ambulatory medical care utilization but not those associated with hospitalization. Costs of ambulatory medical care include physician consultation fees (Western medicine, dentistry, and traditional Chinese medicine), visits to emergency departments, medical procedures, pharmacy expenditure, laboratory diagnosis tests, imaging examination, and rehabilitation therapy. All costs in this study were converted to US dollars based on annual exchange rate and adjusted to 2010 dollars using Taiwan’s consumer price index.
All study subjects were retrospectively tracked up to eight years preceding the index date to examine the frequency and costs of ambulatory medical care utilization. The frequency and costs of the ambulatory medical care utilization on the index date itself was excluded from the analysis. The main causes of the ambulatory medical care utilization were defined by principal diagnosis of the ICD-9-CM coding system (19). 
Regarding economic status, we divided the subjects’ monthly income into low (( US$ 565), median (US$ 566-1390), and high (( US$ 1391) categories. We classified the geographic location in which the subjects resided into north, central, south, and east regions. We also applied Deyo adaptation of the Charlson Comorbidity Index (CCI) (20) to quantify the comorbidity pattern of the subjects based on the first medical records of our study period.
Statistical analysis 

We analyzed the data using SAS statistical software (version 9.2; SAS Institute, Cary, USA). Data were expressed as mean ± standard deviation or median with interquartile range, as appropriate. Chi-square test and Kolmogorov-Smirnov two-sample non-parametric test were used to examine the characteristics between RA patients and control subjects. The frequency and costs of ambulatory medical care utilization between the two groups was conducted using Kolmogorov-Smirnov two-sample non-parametric test. 
Trend in the frequency of ambulatory medical care utilization across the eight annual periods was evaluated using generalized estimating equations (GEE) with Poisson log-linear link function. GEE was used because it takes into account the statistical dependence of multiple observations over time for each subject. Incident rate ratio was estimated with GEE using the frequency of eight year preceding diagnosis as the reference category. Trend in the costs of ambulatory medical care utilization was evaluated using GEE with log link function with gamma distribution. Cost ratio was estimated using the cost data of eight years preceding diagnosis as the reference category. A P < 0.05 was considered statistically significant. 
Results
Demographic data of RA patients and control group
There were no significant differences in the distributions of sex, age, monthly income, geographical regions, and Charlson Comorbidity Index between RA patients and controls (Table 1).
Frequency and cost of ambulatory medical visits 

We found that RA patients used ambulatory medical services more frequently than controls prior to the diagnosis of RA (Table 2). Even tracking back to eight years before the diagnosis of RA, patients with RA still had a small but significant increase in the median frequency of ambulatory visits than controls (14 vs. 12, P < 0.001) prior to the diagnosis of RA. The differences gradually increased as the time approached the diagnosis of RA. Indeed, the magnitude of the differences in the median frequency of ambulatory visits became largest (29 vs. 13, P < 0.001) in the year just prior to the diagnosis of RA. 
Similarly, the inflation-adjusted costs of ambulatory health care utilization were significantly higher in the RA patients compared with controls prior to the diagnosis of RA. The median costs of annual ambulatory visits was higher in RA patients compared with the controls (US$ 212 vs. US$ 181, P = 0.003) eight years prior to diagnosis. The differences between the two groups increased gradually as the time approached the diagnosis of RA and became largest in the year just before diagnosis (US$798 vs. US$245, P < 0.001) (Table 2). 
In addition, we analyzed the trend of the annual frequency of ambulatory visits in RA patients and controls across an eight-year period. Compared to the frequency eight years prior to the diagnosis of RA, there was a significant trend of increasing annual frequency of ambulatory care visits in RA patients (β = 0.08, P < 0.001). In contrast, there were no significant trend over the eight-year period in the controls (β = 0.01, P = 0.13) (Table 3). With regard to costs of ambulatory care visits, significant increasing trend was observed in both groups. The increasing trend was stronger in RA patient than controls (β = 0.05 vs. β = 0.01) (Table 4). Over the eight-year period, the annual costs of ambulatory care visits tripled in RA patients but increased only 59% in controls.  
The principal causes of ambulatory visits prior to the diagnosis of RA
Since RA patients had a significantly higher annual frequency of ambulatory medical care utilization than controls prior to diagnosis, especially two years preceding diagnosis, we further compared the top three principal diagnoses for the ambulatory visits during that time period. The top three principle diagnoses were diseases of the musculoskeletal system, respiratory system, and digestive systems (Table 5). The ambulatory medical care utilization of these diseases was all significantly greater in RA patients compared with controls. 
Among the disorders of the respiratory systems, frequency of ambulatory visits for acute respiratory infections (ICD-9-CM codes 460-466, including acute nasopharyngitis, acute sinusitis, acute pharyngitis, acute tonsillitis, acute laryngitis, acute bronchitis and acute upper respiratory tract infection of multiple sites) and other diseases of the upper respiratory tract (ICD-9-CM codes 470–478, including deviated nasal septum, nasal polyp, chronic pharyngitis and nasopharyngitis, chronic sinusitis, chronic disease of tonsils and adenoids, peritonsillar abscess, chronic laryngitis and laryngotracheitis, allergic rhinitis) were significantly higher in RA patients compared with controls. Among the disorders of the digestive systems, frequency of ambulatory visits for diseases of the esophagus, stomach, and duodenum (ICD-9-CM codes 520–529, including diseases of the esophagus, gastric ulcer, duodenal ulcer, peptic ulcer, gastrojejunal ulcer, gastritis, duodenitis, and dysfunction of stomach) were significantly higher in RA patients compared with controls.
Increased ambulatory medical care utilization due to diseases of the musculoskeletal system over an eight-year period prior to the diagnosis of RA
Since the main cause for an increase in the frequency of ambulatory visits among RA patients prior to diagnosis of RA was diseases of the musculoskeletal system, we analyzed the frequency of ambulatory visits due to diseases of the musculoskeletal system over an eight-year period prior to diagnosis to estimate the potential induction period of RA. To our surprise, even eight years prior to diagnosis, a significantly higher frequency of ambulatory visits for the musculoskeletal system disorders could still be observed in RA patients compared with controls (1.6 ± 4.1 vs. 1.1 ± 3.1, P = 0.001) and the difference became greater as the time approaching the diagnosis of RA (Table 6).
Discussion 
Few studies had addressed common medical disorders in the period prior to the diagnosis of RA. Maradit-Kremers et al. (21) and Kerola et al. (22) demonstrated an increased risk of coronary heart disease while Chen et al. (16) showed a slightly elevated risk for periodonititis. However, our study provided a more comprehensive view of the medical disorders in RA patients before diagnosis. Overall, we observed that the annual frequency and costs of ambulatory medical care utilization were higher in RA patients compared with controls and they showed a gradual increase over a period of eight years prior to the diagnosis of RA. 

An increase in the annual frequency and costs of ambulatory medical care utilization over the period of several years was expected. A definite diagnosis of RA depends on the diagnosis criteria used. In our study, the diagnosis of RA was based on the 1987 ACR revised criteria (14). It has been shown that there was a five-year time lag for patients to be diagnosed as RA when using the 1987 ACR revised criteria compared with the 2010 criteria (23). Therefore, we speculated that using the 1987 ACR revised criteria could lead to a longer pre-RA period. 
The high frequency of ambulatory medical care utilization in both RA patients and controls observed in this study was in line with previous reports conducted on Taiwanese patients (19). Under the Taiwan’s NHI scheme, the out-of-pocket expenses paid by patients for a single ambulatory visit ranges from just US$1.67 in local clinics to US$18.6 in medical centers. Therefore, costs are generally not a barrier for patients to seek medical services. In addition, patients in Taiwan can approach specialists directly without the requirements for a general practitioner referral. Despite the high frequency of ambulatory medical care utilization in the general population of Taiwan, our results still showed a significantly higher utilization in RA patients prior to diagnosis. Another point of note is the 59% increase in cost ratios in controls comparing the figure one year prior to diagnosis relative to that eight years prior to diagnosis. Since the costs were adjusted for inflation using Taiwan’s consumer price index, the possible reasons for the increment could be the effects of aging (24) and the appearance of new high-priced drugs in the market over time (25).
Compared with control subjects, we also found a significant higher frequency of ambulatory visits for acute respiratory infections (ICD-9-CM codes 460-466) and other diseases of the upper respiratory tract (ICD-9-CM codes 470-478) in our RA patients. Blumentals et al. (26) reported that RA patients tended to have an increased risk for influenza, which could be attributed to the immunosuppressive effect of steroids, DMARDs and other biologic agents. In Taiwan, patients suffering from influenza were frequently classified as having acute respiratory infections and might, therefore, explained our results. Our findings could also be explained by the potential immunosuppressive effects of non-steroidal anti-inflammatory drugs (NSAIDs), which was commonly prescribed to RA patients for arthritis or arthralgia. Moreover, the immunological dysfunction in RA patients prior to their diagnosis of RA might contribute to an increased risk of respiratory viral infections. Regarding the higher frequency of other diseases of the upper respiratory tract in RA patients, we speculated that it might be related to the increased complications associated with acute respiratory tract infections such as chronic pharyngitis, nasopharyngitis, chronic sinusitis, chronic disease of tonsils and adenoids, peritonsillar abscess, chronic laryngitis and laryngotracheitis. However, further studies will be required to clarify this finding. 
Furthermore, we found that RA patients had significant higher frequency of ambulatory visits for the diseases of the esophagus, stomach, and duodenum (ICD-9-CM codes 530-537) prior to the diagnosis of RA. This group of disorders includes diseases of the esophagus, gastric ulcers, duodenal ulcers, peptic ulcers, gastrojejunal ulcers, gastritis, duodenitis, and dysfunction of the stomach. Since these are common side effects of NSAIDs, it is possible that the high frequency of the diseases of the esophagus, stomach, and duodenum in RA patients were related to the increased use of these medications. 
Joint erosion as a consequence of inflammatory arthritis occurs early in the clinical course of RA. The Canadian Early Arthritis Cohort reported that 28% of patients with early arthritis already had radiographic evidence of erosions (27). Early treatment of RA and undifferentiated arthritis with DMARDs and steroids could lead to a higher percentage of remission (28) and less joint damage (29). Currently, there are no consensuses regarding the treatment of undifferentiated arthritis. The use of steroids seems not able to alter the disease course of undifferentiated arthritis (30,31) but the use of DMARDs (8) and biologic agents (32,33) appeared to postpone or even prevent the development of RA. Therefore, it is crucial to identify patients early through the use of tools such as questionnaire (34) in order to provide timely treatment for those at elevated risks of developing RA (35). 
Several limitations of this study merit attention. First, a time lag could exist between the diagnosis of RA and the application of catastrophic illness certificate. However, rheumatologists in Taiwan typically apply for the catastrophic illness certificate for their patients soon after a definite diagnosis of RA. Due to the limitation of the information available in the database, the date of a definite diagnosis of RA could only be estimated. We took the date of the last of three consecutive visits with diagnosis of RA issued by rheumatologists in a given patient as the date of his or her definite diagnosis of RA. Based on this estimation of the date of a definite diagnosis of RA, we observed an interval of only 8.1 ± 13.3 days between the diagnosis of RA and the application of catastrophic illness certificate. Therefore, this relatively short lag time should not affect our results. 
Second, due to the limitations of our data source, no radiographic reports, serological data (including the inflammatory markers, ACPAs and RF), or personal habits such as smoking is available. Smoking is an important risk factor for seropositive RA and is associated with disorders such as cancers, chronic obstructive pulmonary diseases, and cardiovascular diseases (36). Nevertheless, the effect of smoking in the development of RA is moderate (37). In addition, there were no significant differences in the frequency of ambulatory visits for chronic obstructive pulmonary disease between RA patients and controls in our study (Table 5). Since chronic obstructive pulmonary disease is a critical comorbidity for smoking, the smoking habits between the two groups should be similar and therefore, should not affect our conclusions. 
Third, the presence of other systemic connective tissue diseases is possible in patients prior to the diagnosis of RA, which could lead to a higher frequency of ambulatory medical care visits. However, all RA patients in our study did not have a diagnosis of primary Sjögren’s syndrome or systemic lupus erythematosus prior to the diagnosis of RA. Therefore, the increased frequency in ambulatory visits observed in RA patients was unlikely to be the results of pre-existing systemic connective tissue diseases other than RA.
Finally, the results of our study might not be generalizable to other countries. According to a report comparing 33 member countries of the Organisation for Economic Co-operation and Development (OECD), the number of doctors consultations per capita per year ranked highest in Japan (13.2), followed by Korean (13.0) in 2009 (38). These figures were similar to the reported figure of 13.4 consultations per capita in Taiwan (19). On the other hand, the figures were 3.9 for the United States, 5.0 for the United Kingdom, 5.5 for Canada, and 8.2 for Germany. Overall, the mean annual consultations for the 33 countries was 6.5 per capita (38).
In conclusion, in this national, population-based study, we found significant increased frequency and costs of annual ambulatory medical care utilization in RA patients over a period of at least eight years prior to their clinical diagnosis of RA. Over an eight-year period preceding the diagnosis of RA, the frequency of medical visits related to the diseases of the musculoskeletal system and connective tissue gradually increased over time. In addition, there were significant increase in the frequency of medical visits related to diseases of the respiratory tract, esophagus, stomach, and duodenum. Healthcare professionals should be aware of this comorbidity pattern at the time of initial diagnosis of RA and provide evaluation of the presence of these diseases in patients with RA. 
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Table 1. Characteristics of the patients with rheumatoid arthritis and controls* 

	Characteristic
	Patients with rheumatoid arthritis (n = 691)
	Controls
(n = 1382)
	P

	Age, years 
Mean ( standard deviation

Median (minimum - maximum)
	53.8 ± 14.7
54 (18 - 93)
	53.7 ± 14.8
54 (19 - 93)
	0.98

	Sex

Male

Female
	230 (33.3)

461 (66.7)
	460 (33.3)

922 (66.7)
	1.00

	Monthly income 
	
	
	0.80

	≤ $565
	81 (11.7)
	170 (12.3)
	

	$566-1390
	315 (46.7)
	658 (47.6)
	

	≥ $1391
	295 (41.5)
	554 (40.1)
	

	Geographical region
	
	
	0.98

	North
	241 (34.9)
	505 (36.5)
	

	Central
	198 (28.7)
	397 (28.7)
	

	South
	202 (29.2)
	392 (28.4)
	

	East
	50 (7.2)
	88 (6.4)
	

	Charlson Comorbidity Index 
Mean ( standard deviation

Median (minimum - maximum)
	0.07 ( 0.28
0 (0 - 2)
	0.09 ( 0.23
0 (0 - 3)
	0.99


* Values are the number (percentage) of cases/controls unless otherwise indicated.

Monthly income amount was converted to US dollars based on annual exchange rates and adjusted for Taiwan’s consumer price index.  
Table 2. Annual frequency and costs of ambulatory medical care utilization over an eight-year period preceding the diagnosis of rheumatoid arthritis* 

	Years preceding RA diagnosis 
	Annual frequency of ambulatory medical care utilization 
	P
	Annual costs of        ambulatory medical care
 utilization
	P

	
	Patients with RA
(n = 691)
	Controls
(n = 1382)
	
	Patients with RA

(n = 691)
	Controls
(n = 1382)
	

	8
	19.12 ± 17.71
(14, 7 - 26)
	16.09 ± 15.45
(12, 5 - 23)
	< 0.001
	387 ± 797

(212, 88 - 484)
	346 ± 793
(181, 66 - 410)
	0.003

	7
	19.74 ± 17.70
(15, 6 - 27)
	16.49 ± 15.67
(12, 5 - 23)
	< 0.001
	430 ± 847
(239, 92 - 527)
	382 ± 999
(195, 74 - 416)
	< 0.001

	6
	20.96 ± 18.29
(16, 7 - 29)
	16.38 ± 15.40
(12, 5 - 23)
	< 0.001
	458 ± 840
(274, 113 - 579)
	383 ± 989
(198, 72 - 453)
	< 0.001

	5
	21.17 ± 19.03
(16, 8 - 30)
	16.41 ± 15.68
(12, 5 - 22)
	< 0.001
	505 ± 1330
(280, 109 - 591)
	411 ± 997
(214, 81 - 441)
	< 0.001

	4
	22.07 ± 19.45
(17, 8 - 30)
	16.82 ± 16.35
(13, 5 - 23)
	< 0.001
	570 ± 1697
(321, 126 - 646)
	456 ± 1187
(218, 77 - 495)
	< 0.001

	3
	23.24 ± 20.02
(18, 8 - 33)
	17.28 ± 17.11
(13, 5 - 24)
	< 0.001
	572 ± 1032
(352, 134 - 722)
	505 ± 1446
(230, 76 - 525)
	< 0.001

	2
	25.94 ± 21.83
(20, 10 - 35)
	17.50 ± 17.09
(13, 5 - 25)
	< 0.001
	666 ± 994
(434, 180 - 869)
	504 ± 1223
(238, 76 - 558)
	< 0.001

	1
	33.24 ± 21.80
(29, 17 - 44)
	17.23 ± 17.41
(13, 5 - 24)
	< 0.001
	1070±1440
(798, 465-1297)
	502 ± 1051
(245, 77 - 556)
	< 0.001


*Values are mean ( standard deviation and (median, 25th - 75th percentile)
P values were obtained using two-sample Kolmogorov-Smirnov non-parametric test.  

Costs were converted to US dollars based on annual exchange rates and adjusted to 2010 figures based on Taiwan’s consumer price index.  
RA, rheumatoid arthritis
Table 3. Trend of annual frequency of ambulatory medical care utilization over an eight-year period preceding the diagnosis of rheumatoid arthritis
	Years preceding RA diagnosis 
	Patients with RA
	Controls
	

	
	β
	IRR
	95% CI
	P
	β
	IRR
	95% CI
	P

	8
	Reference group
	Reference group

	7
	0.03
	1.03
	0.99 - 1.07
	0.14
	0.02
	1.02
	0.99 - 1.06
	0.16

	6
	0.09
	1.09
	1.05 - 1.16
	0.001
	0.02
	1.02
	0.98 - 1.06
	0.39

	5
	0.10
	1.11
	1.04 - 1.16
	0.001
	0.02
	1.02
	0.97 - 1.06
	0.46

	4
	0.14
	1.15
	1.09 - 1.22
	< 0.001
	0.04
	1.04
	0.99 - 1.07
	0.08

	3
	0.19
	1.21
	1.15 - 1.29
	< 0.001
	0.07
	1.07
	1.01 - 1.13
	0.02

	2
	0.30
	1.36
	1.27 - 1.44
	< 0.001
	0.08
	1.08
	1.03 - 1.15
	0.01

	1
	0.55
	1.74
	1.63 - 1.84
	< 0.001
	0.07
	1.07
	1.01 - 1.13
	0.01

	β = 0.08; P for trend test < 0.001
	β = 0.01; P for trend test = 0.13


Estimates were adjusted for age, sex, and Charlson Comorbidity Index using generalized estimating equation with a Poisson log-linear function.

RA = rheumatoid arthritis; IRR = incident rate ratio; 95% CI = 95% confidence interval.
Table 4. Trend for annual costs of ambulatory medical care utilization over an eight-year period preceding the diagnosis of rheumatoid arthritis 

	
	Patients with RA
	Controls
	

	Years preceding RA diagnosis
	β
	Cost ratio
	95% CI
	P
	β
	Cost ratio
	95% CI
	P

	8
	Reference group
	Reference group

	7
	0.13
	1.14
	1.07 - 1.22
	0.001
	0.08
	1.09
	1.02 - 1.16
	0.01

	6
	0.19
	1.22
	1.14 - 1.31
	0.001
	0.12
	1.13
	1.06 - 1.21
	0.001

	5
	0.31
	1.37
	1.13 - 1.65
	< 0.001
	0.19
	1.21
	1.12 - 1.30
	< 0.001

	4
	0.45
	1.56
	1.24 - 1.96
	< 0.001
	0.29
	1.33
	1.22 - 1.46
	< 0.001

	3
	0.46
	1.58
	1.41 - 1.78
	< 0.001
	0.39
	1.48
	1.31 - 1.68
	< 0.001

	2
	0.61
	1.84
	1.67 - 2.03
	< 0.001
	0.42
	1.53
	1.38 - 1.70
	< 0.001

	1
	1.11
	3.04
	2.71 - 3.41
	< 0.001
	0.45
	1.59
	1.43 - 1.77
	< 0.001

	β = 0.05; P for trend test < 0.001
	β = 0.01; P for trend test = 0.001


Costs were converted to US dollars based on annual exchange rates and adjusted to 2010 figures based on Taiwan’s consumer price index.  
Estimates were adjusted for age, sex, and Charlson Comorbidity Index using generalized estimating equation with log link function and gamma distribution.

RA = rheumatoid arthritis; 95% CI = 95% confidence interval.
Table 5. Causes of ambulatory medical care utilization in patients with rheumatoid arthritis in a two-year period preceding the diagnosis of rheumatoid arthritis* 

	Diagnosis (ICD-9-CM code)
	Patients with RA
(n = 691)
	Controls
(n = 1382)
	P

	Diseases of the musculoskeletal system and connective tissue (710-739)
	17.30 ± 15.48
	3.79 ± 8.12
	< 0.001

	Diseases of the respiratory system (460-519)
	8.28 ± 10.82
	6.33 ± 9.53
	< 0.001

	Acute respiratory infections (460–466) 
	6.95 ± 8.93
	5.45 ± 8.13
	< 0.001

	Other diseases of the upper respiratory tract (470–478) 
	0.65 ± 1.79
	0.56 ± 2.53
	0.01

	Pneumonia and influenza (480–488) 
	0.04 ± 1.03
	0.00 ± 0.00
	0.71

	Chronic obstructive pulmonary disease and allied conditions (490–496) 
	0.65 ± 3.51
	0.44 ± 2.25
	0.53

	Pneumoconioses and other lung diseases due to external agents (500–508) 
	0.04 ± 1.03
	0.00 ± 0.00
	0.98

	Other diseases of respiratory system (510–519) 
	0.09 ± 1.40
	0.03 ± 0.39
	0.99

	Diseases of the digestive system (520-579)
	6.20 ± 7.99
	4.89 ± 6.95
	< 0.001

	Diseases of the oral cavity, salivary glands, and jaws (520–529) 
	3.25 ± 4.55
	2.88 ± 4.29
	0.23

	Diseases of the esophagus, stomach, and duodenum (530–537) 
	1.78 ± 4.28
	1.30 ± 3.91
	0.04

	Appendicitis (540–543)
	0.00 ± 0.08
	0.00 ± 0.11
	0.99

	Hernia of abdominal cavity (550–553) 
	0.01 ± 0.12
	0.01 ± 1.42
	0.99

	Noninfectious enteritis and colitis(555–558) 
	0.53 ± 2.66
	0.33 ± 1.14
	0.41

	Other diseases of the intestines and peritoneum (560–569) 
	0.44 ± 2.20
	0.36 ± 1.87
	0.98

	Diseases of the liver (570–573)
	0.33 ± 1.63
	0.20 ± 1.32
	0.51

	Diseases of the gallbladder and biliary tract  (574–576)
	0.02 ± 1.36
	0.05 ± 0.84
	0.99

	Other (577–579)
	0.09 ± 1.41
	0.03 ± 0.39
	0.99


* Values are mean ( standard deviation.

RA = rheumatoid arthritis; ICD-9-CM =International Classification of Diseases-9-Clinical Modification.
P values were obtained using two-sample Kolmogorov-Smirnov non-parametric test.
Table 6. Frequency of ambulatory medical care utilization for diseases of musculoskeletal system over an eight-year period preceding the diagnosis of rheumatoid arthritis*
	Years preceding

 RA diagnosis
	Frequency of ambulatory medical care utilization
	P

	
	Patients with RA
	Controls
	

	8
	1.61 ± 4.12
	1.05 ± 3.05
	< 0.001

	7
	2.25 ± 5.21
	1.30 ± 3.37
	0.002

	6
	3.00 ± 5.70
	1.51 ± 3.63
	< 0.001

	5
	2.93 ± 5.61
	1.66 ± 4.12
	< 0.001

	4
	3.38 ± 5.91
	1.69 ± 4.14
	< 0.001

	3
	4.08 ± 6.60
	1.97 ± 4.52
	< 0.001

	2
	5.40 ± 7.74
	1.96 ± 4.44
	< 0.001

	1
	11.90 ± 9.65
	1.82 ± 4.43
	< 0.001


*Values are mean ( standard deviation 
RA = rheumatoid arthritis.
P values were obtained using two-sample Kolmogorov-Smirnov non-parametric test.
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