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Lifetime Risks, Life Expectancy, and Health Care 
Expenditures for Rheumatoid Arthritis: A Nationwide 
Cohort Followed Up From 2003 to 2016
Ying-­Ming Chiu,1  Yi-­Peng Lu,2 Joung-­Liang Lan,1 Der-­Yuan Chen,1  and Jung-­Der Wang3

Objective. This study was undertaken to estimate the cumulative incidence rate of rheumatoid arthritis (RA) in 
the Taiwanese population ages 16–84 years, and life expectancy, loss of life expectancy, and lifetime health care 
expenditures for incident RA in Taiwan after 2003, when biologics began to be prescribed.

Methods. We obtained all claims data for the period 1999 to 2016 from the National Health Insurance program of 
Taiwan, and validated the data against the Catastrophic Illness Registry to establish the study cohort. We estimated 
the survival function for RA and extrapolated to lifetime using a rolling-over algorithm. For every RA case, we 
simulated sex-, age-, and calendar year–matched referents from vital statistics and estimated their life expectancy. 
The difference between the life expectancy of the referent and the life expectancy of the RA patient was the loss of 
life expectancy for the RA patient. Average monthly health care expenditures were multiplied by the corresponding 
survival rates and summed up throughout the lifetime to calculate the lifetime health care expenditures.

Results. A total of 29,352 new RA cases were identified during 2003–2016. There was a decreasing trend in 
cumulative incidence rate in those ages 16–84 for both sexes. Mean life expectancy after diagnosis of RA was 26.3 
years, and mean lifetime cost was $72,953. RA patients had a mean loss of life expectancy of 4.97 years. Women 
with RA survived 1–2 years longer than men with RA of the same age, which resulted in higher lifetime expenditures 
for the former. Since the life expectancy for women in Taiwan was 6–7 years higher than that for men, the loss of life 
expectancy for women with RA was higher than that for men with RA. Annual health care expenditures were similar 
for both sexes.

Conclusion. Our findings indicate that since biologics became available, RA patients have lived longer and had 
higher lifetime expenditures, which should be monitored and evaluated for cost-effectiveness.

INTRODUCTION

Rheumatoid arthritis (RA) causes huge burdens of prema-
ture mortality and high medical expenditures (1). With advance-
ments in treatment in recent decades, mortality has decreased, 
while medical expenditures have increased (2,3). Although inves-
tigators have used the standardized mortality rate to estimate the 
disease impact on patients conventionally, the impact of RA would 
be more easily understood by lay people if we could inform them 
of the life years lost due to the disease (4). In fact, several studies 
have reported the life years lost attributable to RA, but those stud-
ies generally showed large variations, ranging between 1 and 10 

years (5–10). Possible reasons for this variation include cohorts 
collected before the launch of biologic agents (6–8), follow-up peri-
ods that covered the time both before and after important drugs 
(methotrexate or biologics) were launched (5,9,10), RA samples 
from a single hospital (5,6,8,9), and short follow-up periods (5,10). 
In addition, most studies were based on prevalent cases of RA 
(6,7,9,10). Alternatively, one may directly estimate the loss of life 
expectancy, which is the difference between the life expectancy 
of newly diagnosed RA patients (i.e., incident cases) and the life 
expectancy of their corresponding sex- and age-matched refer-
ents in the same calendar year, which could be estimated through 
life tables and real world data. Such a measure would provide 
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stakeholders with more direct information about disease impact 
to assist health policy decisions.

Moreover, previous studies of RA have usually used cross-
sectional or short-term data to calculate health care expenditures, 
and most of them presented the expenditure as annual costs (11). 
Estimating long-term or lifetime costs could provide an overall esti-
mate of the future impact on the health care system after disease 
occurrence, and would be useful for cost-effectiveness analysis. 
However, most previous studies that analyzed lifetime costs used 
Markov models (12,13). Markov models are useful for long-term 
predictions and policy decisions, but they are generally based on 
transitional probabilities and related costs extracted from short-
term studies, which should be validated by real-world data after a 
long-term follow-up.

Hwang et al developed a novel semiparametric method to 
extrapolate the survival function at the end of follow-up, thereby 
improving the accuracy of estimates of life expectancy and loss of 
life expectancy from the date of diagnosis (14,15). The main principle 
of this method is to use data from age- and sex-matched referents 
simulated from vital statistics of the same calendar year for extrapo-
lation. Using this novel method in a nationwide longitudinal cohort of 
incident cases of RA with up to 14 years of follow-up, we estimated 
the life expectancy, loss of life expectancy, and associated lifetime 
health care costs attributable to RA, with a particular focus on the 
period after 2003, when biologics began to be prescribed in Taiwan.

PATIENTS AND METHODS

Study approval. This study was approved by the Institu-
tional Review Board of National Cheng Kung University Hospital 
(B-ER-105-386).

Data source. Taiwan launched the National Health Insur-
ance (NHI) program in 1995. Since then, the public has received 
comprehensive medical care. The coverage rate of the NHI has 
been >99% since 2004. In this study, we abstracted claims data 
from the NHI program after creating interlinkages with the National 
Mortality Registry and Catastrophic Illness Registry. Data were 
obtained from the Health and Welfare Data Science Center of the 
Ministry of Health and Welfare of Taiwan.

Study cohort. Nationwide population-based data for the 
period from 1999 to 2016 were retrieved from the claims data-
base of the NHI program. RA cases were defined according to the 
International Classification of Diseases, Ninth Revision (ICD-9) CM 
codes 714.0, 714.1, 714.2, and 714.81, and ICD-10 CM codes 
M05, M06.0, and M06.2–M06.9 (16,17). RA is included in the list of 
catastrophic illnesses and eligible for exemption from co-payments 
in Taiwan. According to NHI regulations, the approval of cata-
strophic illness status for RA requires clinical and laboratory find-
ings fulfilling the American College of Rheumatology criteria (18,19). 
To prevent abuse, all registered cases must first be validated by 2 

physicians for quality assurance. All RA cases detected in the NHI 
program were verified with the Catastrophic Illness Registry in this 
study. Since the cost of biologic agents has been reimbursed by the 
Taiwan NHI program since 2003, we included only RA cases newly 
diagnosed after 2003 in our study cohort. Patients <16 years old at 
the time of diagnosis were excluded (20). All patients were followed 
up to the end of 2016 or death. The patients’ survival status was 
verified by linkage with the National Mortality Registry. The estimate 
of health care expenditures included both outpatient and inpatient 
costs related to RA. The analyses of life expectancy and lifetime 
costs were further stratified by sex and age at diagnosis of RA.

Estimation of the cumulative incidence rate of RA. 
The cumulative incidence rate can be used to estimate the life-
time risk, or probability that an individual will develop a disease at 
some point during the life span (21). Although some investigators 
have proposed defining the lifetime risk as the risk up to age 100 
years (22,23), here we considered the risk from age 16 up to the life 
expectancy of women in Taiwan, or 84 years, to be the lifetime risk 
of RA in a general adult population for each calendar year from 2003 
to 2016. Using the age- and sex-specific number of new cases 
abstracted from the NHI database for every 5 consecutive calendar 
years as the numerator, and the corresponding mid-year population 
at risk from vital statistics as the denominator, we calculated the 
age- and sex-specific incidence rates and cumulative incidence rate 
for RA. The cumulative incidence rate for the population ages 16–84 
years was calculated to estimate the lifetime risk of RA, as follows:

where CIR16–84 is the cumulative incidence rate for the population 
ages 16–84 years, i = 16–19,20–24,…,80–84, IRi is the incidence 
rate of the i-th age group, and Δti is the 5-year age range.

To compare the characteristics of incident RA populations 
diagnosed in different calendar years, prevalence rates of major 
comorbidities in the RA population were collected.

CIR16−84 = 1 − exp( − Σi
(

IRi

)

(Δti ) ) ,

Table 1.  Cumulative incidence rate of rheumatoid arthritis in the 
Taiwanese population ages 16–84 years, stratified by sex and 
calendar year of diagnosis*

Year All Women Men
2003 1.24 1.90 0.59
2004 1.18 1.79 0.57
2005 1.12 1.68 0.55
2006 1.06 1.60 0.51
2007 1.00 1.44 0.55
2008 0.96 1.37 0.53
2009 0.94 1.34 0.52
2010 0.87 1.27 0.46
2011 0.83 1.16 0.49
2012 0.84 1.17 0.49
2013 0.73 1.04 0.41
2014 0.68 0.91 0.45
2015 0.64 0.89 0.38
2016 0.50 0.68 0.31
* Values are the percentage of subjects. 
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Estimation of life expectancy after diagnosis of 
RA. Estimates of life expectancy after the diagnosis of RA were 
obtained using the semiparametric survival extrapolation method 
proposed by Hwang and Wang (14,15) and verified mathemati-
cally by Fang et al (24). First, we created a reference population of 
subjects matched to the RA cohort with regard to age, sex, and 
calendar year according to the hazard function of the life table 
from Taiwan National Vital Statistics using Monte Carlo methods. 
Second, we took the logit transformation of the survival ratio of the 
RA cohort to the matched referents at each time point t and fitted 
a restricted cubic spline model, which was used to extrapolate  

the survival curve of the RA cohort for 1 month. Third, assuming 
the extrapolated 1 month to be the true observation, and omitting 
the data from the first month used for the previous extrapolation, 
we refitted the model again and extrapolated it to the next month. 
By performing the above procedure repeatedly, i.e., using a rolling-
over algorithm (15), and extending the survival curve for the index 
cohort month-by-month, we reached a point where the survival 
rate was close to 0. For example, if the survival rate were extrap-
olated for 50 years, or 600 months, the software would repeat-
edly construct the restricted cubic spline model 600 times until all 
cases in the index cohort were deceased. Detailed methods and 
empirical examples have been published previously (4,15,25–30).

The area under the estimated lifetime survival curve is the life 
expectancy after the diagnosis of RA. The loss of life expectancy 
was thus the difference between the area of the mean survival 
curve for the RA cohort and the area of the mean survival curve 
for the matched referents. This parameter provided us with a mea
sure of the loss of a patient’s lifespan, which is also the burden of 
RA on the society.

Estimation of lifetime health care expenditures for 
patients with RA. Methods of estimating lifetime medical costs 
have been described previously (15,27). The total lifetime health 
care cost for RA patients refers to all direct health care expenditures 
paid by the NHI program from diagnosis of RA to death. We col-
lected reimbursement data (inpatient and outpatient files) from the 
NHI database to estimate the average health care expenditure for 

Table 2.  Prevalence of major comorbidities in patients with rheumatoid 
arthritis, stratified by calendar period of disease diagnosis*

2003–2007  
(n = 12,190)

2008–2012  
(n = 10,565)

2013–2016  
(n = 6,597)

Age, mean ± SD years 52.48 ± 13.94 53.60 ± 14.16 54.37 ± 14.22
Sex

No. (%) male 2,751 (22.57) 2,635 (24.94) 1,805 (27.36)
No. (%) female 9,439 (77.43) 7,930 (75.06) 4,792 (72.64)

Comorbidity, no. (%)
Cancer 412 (3.4) 401 (3.8) 256 (3.9)
Cirrhosis of the liver 1,411 (11.6) 975 (9.2) 516 (7.8)
COPD 1,910 (15.7) 1,362 (12.9) 819 (12.4)
Diabetes 984 (8.1) 973 (9.2) 707 (10.7)
Cardiovascular 

disease
1,906 (15.6) 1,585 (15.0) 885 (13.4)

Hyperlipidemia 1,610 (13.2) 1,902 (18.0) 1,317 (20.0)
Stroke 506 (4.2) 431 (4.1) 253 (3.8)

* COPD = chronic obstructive pulmonary disease. 

Table 3.  Life expectancy, loss of life expectancy, lifetime health care expenditures, and cost per life year of RA, stratified by sex and age at 
diagnosis*

Sex and age at RA 
diagnosis

No. of 
deaths

Life 
expectancy, 

years

Loss of life 
expectancy, 

years

Loss of life expectancy/
life expectancy of matched 

referents, %†

Lifetime health 
care expenditures, 

dollars‡

Mean cost 
per life year, 

dollars‡
Both sexes

Ages 16–49 years 
(n = 11,766)

297 29.37 ± 4.81 14.38 ± 4.81 33 77,917 ± 7,294 2,653

Ages 50–64 years 
(n = 11,477)

907 21.59 ± 1.50 6.01 ± 1.50 22 70,037 ± 3,429 3,244

Ages >65 years  
(n = 6,109)

2,011 11.82 ± 0.30 2.42 ± 0.31 17 43,649 ± 1,303 3,693

Men
Ages 16–49 years 

(n = 2,324)
115 29.98 ± 6.28 8.50 ± 6.30 22 74,047 ± 7,969 2,470

Ages 50–64 years 
(n = 2,956)

364 22.26 ± 1.32 1.93 ± 1.33 8 68,068 ± 3,895 3,058

Ages >65 years  
(n = 1,911)

734 10.41 ± 0.43 2.16 ± 0.44 17 39,052 ± 1,895 3,751

Women
Ages 16–49 years 

(n = 9,442)
182 31.92 ± 6.38 13.11 ± 6.38 29 81,832 ± 9,179 2,564

Ages 50–64 years 
(n = 8,521)

543 19.44 ± 1.82 9.36 ± 1.82 33 67,314 ± 4,144 3,463

Ages >65 years  
(n = 4,198)

1,277 12.35 ± 0.34 2.61 ± 0.34 17 45,269 ± 1,510 3,666

* Except where indicated otherwise, values are the mean ± SEM. 
† The life expectancy of age-­, sex-­, and calendar year–­matched referents was defined as the life expectancy after diagnosis of rheumatoid arthritis 
(RA) plus the loss of life expectancy for RA. 
‡ $1 dollar (US) = $32.37 dollars (New Taiwan). 
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RA patients. We calculated total health care costs, including RA-
related treatments, tests, and procedures, added up the monthly 
cost for all RA cases, and divided this by the total number of sur-
viving cases in each month to estimate the average monthly health 
care cost. By multiplying the average monthly health care cost with 
the corresponding monthly mean probability of survival, we then 
obtained the lifetime health care cost. To accommodate for the 
possible increase in health care costs near the end of life, we esti-
mated the monthly mean costs beyond the maximum follow-up 
using the mean expenditures of the patients in a specific num-
ber of months prior to their death with a weighted average. The 
number was determined according to the observed costs in the 
last several months of life of deceased patients with RA, where 
the weights were dependent on the extrapolated hazard rate of 
death. Monetary value was expressed in 2019 dollars (US) ($1 
[US] = $32.37 [New Taiwan]). The estimates of lifetime costs were 
calculated using the iSQoL2 package.

Validation of the extrapolation method. We vali-
dated the accuracy of the extrapolation method by including 
only patients enrolled between 2003 and 2009 in the cohort 
to be extrapolated for 7 years, and compared the results 
with the 14 years of actual follow-up data estimated by the 

Kaplan-Meier method. Namely, we tested the validity of the 
extrapolation method by comparing the predicted estimation of 
7 years of data with the actual observed data. Using the Kaplan-
Meier estimates as the gold standard, we calculated the relative 
bias as follows: (estimate from extrapolation – Kaplan-Meier esti-
mate at the end of 14 years)/Kaplan-Meier estimate.

RESULTS

Patient characteristics. A total of 29,352 RA cases 
newly diagnosed since 2003 were included. Three-fourths of the 
patients were women.

Cumulative incidence rate. The lifetime risk of RA,  
expressed as the cumulative incidence ratio in the general Tai-
wanese population ages 16–84 years, is shown in Table 1. There 
was a consistent declining trend from 2003 to 2016, with the 
incidence rate declining from 1.90% to 0.68% in women and 
from 0.59% to 0.31% in men. Prevalence rates of major comor-
bidities in RA patients are summarized in Table 2. There was no 
difference in the prevalence of comorbidities between different 
calendar periods of diagnosis, except for a mild increase in the 
prevalence of hyperlipidemia in more recent periods.

Figure 1.  Life expectancy (LE) and loss of life expectancy after diagnosis of rheumatoid arthritis (RA), stratified by sex and age (in years) at 
diagnosis. Black lines represent sex- and age-matched referents simulated from Taiwanese national life tables; red lines represent data from the 
RA cohort; blue lines represent extrapolation from the RA cohort. The area between the curve for matched referents and that for the RA cohort 
is the loss of life expectancy.
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Estimation of life expectancy and loss of life expec-
tancy. The estimated overall mean life expectancy after diagnosis of 
RA was 26.3 years, and the estimated mean loss of life expectancy 
was 4.97 years. The mean life expectancy and loss of life expec-
tancy were 23.4 years and 9.68 years, respectively, for women, and 
21.6 years and 4.11 years, respectively, for men. Table 3 summa-
rizes the life expectancy and loss of life expectancy for RA patients 
stratified by sex and age at diagnosis, and Figure 1 shows the 
association between life expectancy and loss of life expectancy in 
these groups. Figure 2 shows changes in the estimated loss of life 
expectancy according to sex, age at diagnosis, and calendar year.

Lifetime health care expenditures and cost per life 
year. After biologic agents became available, the mean expected 
lifetime cost for RA patients was $72,953, which was higher for 
women than for men ($73,112 versus $63,557), and the mean cost 
per year was similar for women and men ($3,123 versus $2,942). 
Regardless of sex, the older the age at diagnosis of RA, the higher 
the average annual cost of treating RA (Table 3).

Validation of the extrapolation method. Table 4 indi-
cates the differences between the month-by-month rolling-over 
extrapolation of 7 years based on the first 7 years of data and the 
observed 14-year real world estimates calculated by the Kaplan-
Meier method. The relative biases were generally <5%.

DISCUSSION

This study estimated the lifetime risk, life expectancy, 
loss of life expectancy, and lifetime health care costs for RA. 
Before making more inferences, however, we must first demon-
strate that these estimates are accurate. Our study had the follow-
ing strengths. First, after excluding prevalent RA cases diagnosed 
before or during 1999–2002, we included only incident cases to 
establish a nationwide cohort and followed up the patients for 14 
years. Therefore, we can be assured of the representativeness of 
our cases, and that the actual survival and health care costs were 
not confounded by different disease stages. Second, all RA cases 
included were validated through the Catastrophic Illness Registry. 
Thus, the cohort did not include patients with other types of inflam-
matory arthritis, and inpatient and outpatient costs were generally 
comprehensive and accurate. Moreover, since all RA patients can 
be waived from co-payment under our NHI system, they usually 
adhere to Taiwan NHI to minimize financial impact. Third, we val-
idated our extrapolation method, using a cohort collected for the 
first 7 years, through comparison with an actual Kaplan-Meier esti-
mate, by extrapolating to the 14th year. Given that censoring rates 
for all of the different age groups were >90% (except for those 
>65 years old), all relative biases were generally <5% (Table 4). We 
anticipate that our estimate of lifetime survival based on 14 years 
of follow-up is relatively accurate. Fourth, since our estimates of 

Figure 2.  Comparison of loss of life expectancy (LE) estimates, adjusted for age, sex, and calendar year, in multiple cohorts. If a female 
patient with rheumatoid arthritis (RA) was diagnosed between 50 and 64 years of age, her life expectancy after diagnosis would be 19.4 years, 
or 7.0 years longer than that of a patient diagnosed at age >65 years (who had a life expectancy after diagnosis of 12.4 years). The loss of life 
expectancy was the difference between the life expectancy in the index cohort and that in the age-, sex-, and calendar year–matched referents 
simulated from life tables. Thus, the comparison of 2 loss of life expectancies, or Δloss of life expectancy (9.4−2.6 = 6.8), would be a difference-
in-differences adjusted for the potential confounders. The apparent advantage of diagnosis at a younger age would be much less apparent after 
such an adjustment. Values are the mean ± SEM.
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loss of life expectancy were based on referents matched to the RA 
patients for age, sex, and calendar year of diagnosis, the results 
were not confounded by these factors, including different medi-
cal technologies in use in different calendar years. Therefore, we 
tentatively conclude that our findings are generally accurate, and 
the possible pathophysiologic mechanisms should be explored 
further.

Because the cumulative incidence rate can be directly 
compared across different calendar years in populations in the 
same age range (31), we calculated the cumulative incidence 
rate instead of prevalence to explore the time trend of dis-
ease occurrence and its possible pathophysiology. Since the 
life expectancy in Taiwan has been approaching 80–84 years 
among women, we calculated the cumulative incidence rate in 
the population ages 16–84 years as an estimate of lifetime risk. 
Our results were much lower than those reported in the US, 
which were 3.6% and 1.7% for women and men, respectively 
(23). The major reason for such a difference is still unknown, but 
there are several possible explanations. First, there is temporal 
and geographic variability in the occurrence of RA (32). A pre-
vious study found that the incidence in Asia is lower than that 
in North America (33). Second, the RA incidence rates in high-
income Asia have been on the decline, and our estimates were 
for the period from 2003 to 2016, which would be expected to 
be lower than the lifetime risk estimated in 2000 for the US pop-
ulation (23). Third, since our estimate of the cumulative incidence 
rate in the population ages 16–84 simply uses the mid-year pop-
ulation as the denominator for the calculation of the age-specific 
incidence rate, the age-specific incidence rates and lifetime risk 
would be slightly underestimated because of old age and com-
peting risks of mortality due to other diseases. Thus, we only 
performed estimation up to the age of 84, or life expectancy in 
Taiwan, to minimize the aforementioned confounding. Since the 

estimate of the cumulative incidence rate in the population ages 
16–84 years assumes that subjects do not die of other diseases 
before reaching the age of 85 years (21), caution must be used 
in counseling people, and the estimate is not useful for people 
>85 years old.

Our study also found that the occurrence of RA in Taiwan is 
declining, which deserves some exploration. The occurrence of 
RA may be affected by genetic and environmental factors (33), 
including smoking, periodontitis, hormone replacement ther-
apy, and dietary patterns. From 2008 to 2017, the population of 
smokers in Taiwan decreased by 40% (34), which might partially 
explain the decline in RA incidence. However, since RA predomi-
nantly affects women, and cigarette consumption among women 
in Taiwan has remained at ~5% during the last 2 decades, we 
believe that changes in smoking habits cannot explain the declin-
ing trend in RA incidence in women. A study of periodontitis in 
Taiwan found that the disease prevalence increased from 1997 
to 2013 (35). Because there are consistent decreasing trends in 
RA incidence rates among women >50 years of age (Supplemen-
tary Figure 1, available on the Arthritis & Rheumatology website 
at http://​onlin​elibr​ary.wiley.com/doi/10.1002/art.41597/​abstract), 
increased rates of prescription for hormone replacement therapy 
cannot explain this tendency. In addition, healthy dietary pat-
terns may reduce the incidence of RA, but the prevalence of met-
abolic syndrome in Taiwan has increased in the last 2 decades 
(36), implying that the decreasing occurrence of RA in Taiwan is 
unrelated to healthy dietary patterns.

Table 2 also shows that there were no major changes in the 
prevalence rates of comorbidities, including diabetes, in the newly 
diagnosed RA cases, except for a mild increase in the rate of 
hyperlipidemia in recent periods. A plausible reason may be the 
recently enhanced accessibility of rheumatology care. In fact, the 
number of board-certified rheumatologists in practice in Taiwan 

Table 4.  Validation of the extrapolated estimates of life expectancy after diagnosis of RA based on 7 years of follow-up of the RA cohort 
compared with 14 years of actual follow-up, calculated by the Kaplan-Meier method*

Sex and age at diagnosis

Age at 
diagnosis, 

mean ± SD 
years

Censoring rate 
at end of 7th 

year, %

Estimate using the 
extrapolation based on the 

first 7 years to the 14th year,  
months

Actual follow-up of 14 
years by Kaplan-Meier 

estimate, months
Relative 
bias, %†

All
Men (n = 3,824) 55.33 ± 14.14 92.5 143.40 ± 2.96 140.32 ± 0.80 2.2
Women (n = 12,718) 51.97 ± 13.86 96.8 155.97 ± 7.79 154.06 ± 0.37 1.2

Ages 16–49 years
Men (n = 1,350) 40.27 ± 7.62 98.3 155.19 ± 14.29 159.83 ± 0.65 –2.9
Women (n = 5,599) 39.59 ± 7.94 99.2 164.02 ± 5.54 164.20 ± 0.24 –0.1

Ages 50–65 years
Men (n = 1,459) 57.02 ± 4.27 95.1 150.76 ± 5.86 146.32 ± 1.19 3.0
Women (n = 4,800) 56.53 ± 4.24 98.1 152.33 ± 9.41 157.69 ± 0.46 –3.4

Ages >65 years
Men (n = 1,015) 72.94 ± 5.75 81.2 104.42 ± 6.95 104.94 ± 1.89 –0.5
Women (n = 2,319) 72.43 ± 5.67 88.3 127.33 ± 8.13 121.62 ± 1.30 4.7

* Only data for rheumatoid arthritis (RA) cases diagnosed between 2003 and 2009 were included in the extrapolation. Except where indicated 
otherwise, values are the mean ± SEM. 
† Relative bias = (extrapolated estimate –­ Kaplan-­Meier estimate)/Kaplan-­Meier estimate. 

http://onlinelibrary.wiley.com/doi/10.1002/art.41597/abstract
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increased from 151 in 2003 to 254 in 2016. The high accessibility 
of Taiwan’s NHI, as well as the waived co-payments for patients 
with RA, make it easier for people with rheumatic symptoms to 
seek medical attention from a rheumatologist at a medical center 
without a referral (37). Thus, patients with early undifferentiated 
arthritis are usually more likely to receive disease-modifying anti-
rheumatic drug treatment, which may stop the progression from 
preclinical RA to true RA. However, further studies are warranted 
to corroborate this hypothesis.

Previous studies used different methods of estimation of 
loss of life expectancy and showed that the life expectancy of 
RA patients decreased by 4–11 years for women and 1–10 years 
for men compared with the general population (5–8,10). How-
ever, many of those studies were conducted with small sam-
ple sizes. In addition, as follow-up periods increase, age- and 
sex-related factors, associated complications, and comorbidi-
ties may influence survival rates. So direct comparison may not 
be appropriate between different cohorts comprising patients 
of different ages and sex and between studies examining dif-
ferent calendar periods. Alternatively, we used national life 
tables to simulate referents matched for age, sex, and calendar 
year of diagnosis to estimate loss of life expectancy (Table 3), 
which would adjust for potential confounding by these factors 
(Figure 2) and could be used for the evaluation of outcomes of 
different medical technologies, including biosimilars. Our nation-
wide cohort followed up for 14 years showed loss of life expec-
tancy ranging from 2 to 13 years for women with RA and from 
~2 to 8 years for men with RA after adjustment for age, sex, and 
calendar year of diagnosis, which seems to corroborate previ-
ous results (10).

Although severe disease activity in RA can be well controlled 
by biologics, thus reducing mortality from severe RA (38), we still 
found some loss of life expectancy for patients with RA com-
pared with the general population. Because of the limited financial 
resources in different insurance systems, there is still no consen-
sus about how early or what amount of biologics can be pre-
scribed and how long should they be continually prescribed after 
remission of RA. There may be adverse effects associated with 
the use of biologics. Thus, future studies are warranted to eval-
uate the cost-effectiveness of different reimbursement policies. 
Moreover, our study showed that women and those who had 
disease onset at a younger age had a higher loss of life expec-
tancy when compared with matched referents (Table 3). Since 
cardiovascular disease probably accounts for premature mortality 
in these groups of RA patients (39,40), health care professionals 
should pay attention to patients’ risk factors from the beginning 
of treatment.

Previous studies of the lifetime costs of RA have generally 
been based on the Markov model (41) and used short-term data, 
which might be confounded by different RA stages when mak-
ing long-term predictions (11). Moreover, most of those studies 
were performed before biologic agents were launched, so their 

findings do not reflect the current real-world situation. There-
fore, our method provides a viable alternative to estimate dis-
ease burden over the lifetime. We found that the average annual 
costs in different age groups of both sexes were similar, and the 
older the age at diagnosis, the higher the average annual costs 
(Table 3) (42). Thus, the longer life expectancy for women may be 
the major reason why their lifetime costs were higher than those 
for men.

The following limitations of this study must be acknowledged. 
First, the disease burden of RA, especially in the biologic era, should 
include effects on quality of life and functional disability. These data 
were not included in the present study and warrant further investiga-
tion. Second, although our cases came from the Catastrophic Illness 
Registry and may be accurate in diagnosis, there might be some 
delay from RA onset to diagnosis because of the caution taken to 
prevent abuse of co-payment waivers. Thus, the life expectancy may 
be a conservative estimate. However, such an effect would be can-
celled out by comparison of loss of life expectancy between RA 
patients and the general population. Third, because the censoring 
rates of the youngest age group were all >98%, our estimation 
with 14 years of follow-up has limited accuracy, with high SEMs. 
Since biologic agents may further improve survival, longer periods 
of follow-up are warranted in the future to obtain a more accurate 
estimate. Fourth, this study only included direct medical costs and 
did not cover out-of-pocket expenditures and costs from loss of 
productivity and social services related to functional disability. Thus, 
the lifetime costs would be underestimated from a societal perspec-
tive, and future studies are warranted to quantify these issues. Fifth, 
since the mortality rate was low in men ages 16–49 years, the esti-
mate of the confidence limits of loss of life expectancy may be highly 
inaccurate, and inferences regarding this group must be made with 
care. Finally, because the occurrence of RA has great geographic 
and ethnic variation, any generalization of our results for lifetime risk 
should be made with caution.

In conclusion, the mean life expectancy after diagnosis of RA was 
26.3 years, and the lifetime cost was estimated to be $72,953 after 
biologics became available. However, there was still a mean loss of life 
expectancy of 4.97 years, indicating a health disparity that must be 
resolved. Future studies are needed to evaluate the effects of biologic 
agents on functional disability, quality of life, and cost-effectiveness 
from a societal perspective that includes productivity loss and/or social 
services (long-term care, etc.) and to provide evidence for reaching a 
consensus in the policy decision for RA treatment.
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