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Population-Level Influence of Rheumatoid Arthritis
on Mortality and Recent Trends: A Multiple
Cause-of-Death Analysis in France, 1970-2002
NELLY ZIADÉ, ERIC JOUGLA, and JOEL COSTE

ABSTRACT. Objective.We studied the population-level influence of rheumatoid arthritis (RA) on the mortality of
the French population and the pattern of associated causes between 1970 and 2002, using death cer-
tificates.
Methods. All French death certificates (n = 17,806,923) between 1970 and 2002 were analyzed.
Mortality rates related to RA were studied using Poisson regression, and associated causes of death
were estimated using the method of observed/expected pairs. Modifications of the International
Classification of Diseases and coding methods were considered.
Results. RA was mentioned in 0.22% of death certificates. The age-adjusted mortality rates declined
during the initial period, but increased in the early 1990s, this trend being driven by the rise in mor-
tality in older groups. The mean age at death was lower for RA-associated deaths than for the gen-
eral population. Patterns of associated causes of death were identified: there was an increase of the
associations with injury, poisoning, external causes, and immunosuppressive toxicities; and a
decrease of the associations with endocrine diseases, decubitus ulcers, and glucocorticoid toxicities.
Conclusion. RA has a significant impact on mortality in the French population, with a trend toward
an increase of associated mortality rates in the older population groups starting in the 1990s.
(First Release Sept 15 2008; J Rheumatol 2008;35:1950–7)
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Rheumatoid arthritis (RA) is the most common form of
chronic inflammatory arthritis, affecting 0.3% to 1% of the
adult population, mainly women after the age of 50 years1,2.
RA is associated with severe disability and substantial mor-
bidity3,4, and there is a growing recognition of premature
RA-related mortality5-10.
Over the last 2 decades, the treatment of RA has changed

considerably, with early and intensive management being
favored11-18. In France, disease modifying antirheumatic
drugs (DMARD), namely antimalarials, gold salts, and D-
penicillamine, were used initially in severe cases of RA,
according to a national survey in 198619. Methotrexate was
introduced in the 1980s and anti-tumor necrosis factor-α

therapy was introduced in 1999. In the last decade, treatment
has been started earlier in the course of the disease20.
DMARD are being used in 82% of patients with RA,
according to a cross-sectional study conducted in 2000,
combination DMARD therapy in almost 20% of patients,
and corticosteroids in 72% of patients. Seventy-five percent
of these patients have already received methotrexate21.
However, the evolution of RA-related mortality remains

controversial7,22-24. Some studies suggest that these changes
in management have coincided with a lower incidence and
milder course of the disease, whereas others indicate that
improvements are due to changes in study designs including
inception cohorts23-25.
In countries with complete vital statistics registrations,

one of the possible ways of assessing mortality is to use
death certificates. The reliability of this approach has been
questioned, since it has several limitations, mainly underre-
porting, inaccuracies, and artificial trends due to modifica-
tions in coding rules26,27. Nevertheless, death certificates
represent the only source of data at the national level that is
consistently available, has a low cost, and satisfies the basic
criteria of coverage and continuity26,28,29. Moreover, using a
multiple-cause approach to death statistics portrays mortali-
ty of chronic diseases such as RA more accurately than con-
ventional analyses based on the single underlying cause of
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death30,31; this approach could therefore contribute to the
understanding of the evolution of the disease over time.
Death certificate analysis in France showed a significant

and constant population-level influence of RA on mortality
between 1970 and 199032. However, no French RA-related
mortality data have been available since the 1990s, when
important changes were made, namely the introduction of
early combination therapies and biologics. We report an
analysis of the population-level impact of RA on mortality
in the French population, between 1970 and 2002, using all
death certificates registered in the vital statistics system and
a multiple cause-of-death approach. We further examined
changes in the pattern of causes of death associated with RA
by analyzing medical conditions listed with RA on the death
certificate.

MATERIALS AND METHODS
Data source. Computerized mortality data were obtained from the Centre
of Epidemiology on Medical Causes of Death (CépiDc, INSERM), where
all French death certificates are collected, checked for quality, and coded.

Death certification and coding. In France, death certification is mandatory
and necessarily performed by a medical doctor, because burial requires a
medical signature. Death certificates are exhaustive and the data since 1968
are available33. The certificate is established according to the World Health
Organization recommendations, and the medical cause-of-death section
consists of 2 parts: the first part is used for reporting the sequence of events
leading to death, proceeding backwards from the final disease resulting in
death, with the underlying cause stated last. This cause constitutes the basis
of national statistics. The second part reports the contributing/contributory
causes of death defined by “other significant conditions that contributed to
death but did not lead to the underlying cause.” These causes are not con-
sidered to be part of the process directly leading to death, and are com-
monly listed as “associated causes of death.” The medical information pro-
vided by the French death records is detailed; indeed, an analysis in 2003
indicated that a mean of 3.1 causes is reported by the certifying doctor33.

The coding step consists of attributing a digital code to each cause of
death, according to the latest revision of the International Classification of
Diseases (ICD), and then selecting the underlying cause according to spe-
cific rules. During the study period, 3 changes were made to the French
coding system. First, the ICD was revised twice: the 8th revision was used
from 1970 to 1978 (ICD-8), the 9th revision from 1979 to 1999 (ICD-9),
and the 10th revision starting from year 2000 (ICD-10). Second, the coding
system has been automatic since year 2000, with 80% of death certificates
coded using software that allows automatic coding and attribution of the
underlying cause. For reasons of international comparability, the knowl-
edge base included in the French software uses the Mortality Medical Data
System (MMDS) decision tables developed by the US Centers for Disease
Control, National Center for Health Statistics. Third, the number of coded
contributing causes was increased from one in ICD-8 to two in ICD-9 and
is now exhaustive in ICD-10.

Identification of RA death cases. RA was identified by the following codes:
712.3 in ICD-8, 714.0 in ICD-9, and M05.4 to M06.9 in ICD-10, using the
ICD official tables and the “bridge coding” studies. According to previous
analyses, RA classification was not influenced by changes to the ICD34,35.
We used a multiple cause-of-death approach: we included death certificates
with any mention of RA and analyzed all coded associated comorbidities
on these certificates. This approach is suitable for chronic diseases that
often cause death in association with other comorbidities; it also minimizes
artificial modifications due to changes in ICD selection rules concerning
the underlying cause of death.

Death rates. Crude death rates were calculated by sex and age, using the

corresponding demographic data provided by the National Institute for
Statistics and Economic Studies (INSEE) as a source for estimating the
denominator. Age was classified in 5 categories: 0–44, 45–64, 65–74,
75–84, and older than 84 years.

Age-adjusted mortality rates were calculated for each year, using a
direct method of standardization to account for differences in age composi-
tion and the French reference population of 1990 (a census year and situat-
ed near the middle of the study period).

For the study of comorbidities, we gathered data by 3-year periods to
overcome small numbers in certain categories of associated diseases: 1970-
1972, 1980-1982, 1990-1992, and 2000-2002.

Statistical analysis. The trends of age-specific death rates were estimated
by Poisson regression analysis36, with the “75–84 years” age category con-
sidered as the reference because it included the largest number of RA-relat-
ed death certificates.

The mean age at death was calculated yearly using death certificates
with any mention of RA, and compared to the mean age at death derived
from the entire population. The analysis was limited to subjects older than
64 years — the population most affected by the disease — so as to mini-
mize the bias due to excess trauma death at younger ages. This approach
has been used in previous studies on chronic diseases affecting the elder-
ly37,38. Trends in the age at death were determined by linear regression.

Statistical analyses were performed using the 8.2 version of SAS soft-
ware (1999; SAS, Cary, NC, USA).

Measurements of the association between RA and other causes of death
used the ratio method proposed by Israel and Rosenberg39. This method
consists of calculating the ratio of the number of observed pairs (O) of
causes of death to the number of expected pairs (E) of causes, based on the
assumption of independence. An O/E ratio greater (less) than 1 indicates
that more (fewer) deaths with paired causes were reported than would be
expected by chance if the paired causes were independent. Chi-square sta-
tistics were used to test the null hypothesis H0: O/E = 1. For each O/E ratio,
95% confidence intervals were defined and, in the absence of a specific sta-
tistical test, overlap of these intervals was the main criterion used to assess
statistical significance of changes.

RESULTS
A total of 17,806,923 death certificates were registered in
metropolitan France between 1970 and 2002. Of these,
38,941 mentioned RA (0.22% of all death certificates).
These observations were as the underlying cause of death in
41% of cases, the immediate cause of death in less than
0.5% of cases, and the contributing cause of death in 59% of
cases.
More women than men died with RA, with a sex ratio

around 3 (age-adjusted mortality ratios for women relative
to those for men), remaining stable over the study period.
Age-adjusted mortality rates in the 2000-2002 period

were 0.97 RA deaths/100,000 persons for men and 3.12 RA
deaths/100,000 persons for women (Table 1). This was an
18% decrease overall from the 1970-1974 rates: the age-
adjusted mortality rates decreased in the first 2 decades of
the study period, but this was followed by a trend toward a
small rise starting in the mid-1990s.
Age-specific mortality rates are presented in Figure 1.

Statistical analysis shows a general fall in mortality fol-
lowed by a significant rise starting in the early 1990s:
Poisson regression models displayed a significant second-
order polynomial time trend, with a minimum occurring in
1993 (in both men and women; Table 2). Due to significant
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interactions between age groups and time variables, we fur-
ther analyzed age groups separately. There was a significant
decline in mortality between 1970 and 2002 for subjects
younger than 74 years; for the older than 84 years group,
there was a significant rise in death rates starting in the early
1990s (in both men and women). This increase started many
years before the modifications of the ICD coding system and
number of coded causes in 2000.
Men with RA died at a younger age than women (Figure

2). Considering individuals dying after the age of 64 years,
the mean age at RA-associated death was significantly lower
for both sexes than mean age of death from all causes: the
age difference was 2.06 years for men, decreasing slightly
over the study period, and 3.94 years for women, remaining
stable.
Diseases of the circulatory system were the causes most

frequently associated with RA at time of death (25% of all
reported causes included in this ICD diagnosis in 2000-
2002), followed by diseases of the respiratory system (13%),
infectious and parasitic diseases (7%), endocrine, nutrition-
al and metabolic diseases (7%), and diseases of the nervous
system and mental health disorders (7%). Neoplasms repre-
sented only 5% of the diseases reported with RA (data not
shown).
O/E ratios are reported in Table 3. An O/E ratio greater

than 1, indicating that the specific cause is associated with
RA, was found for infectious, endocrine, circulatory, respi-
ratory, some gastrointestinal and urogenital diseases, decu-
bitus ulcers, and drug toxicities.

An O/E ratio less than 1, indicating that the specific cause
is associated less frequently with RA, was found for neo-
plasms, mental and nervous system diseases, and external
causes categories.
Between 1970-1972 and 2000-2002 there was an

increased frequency of the association with RA for injury,
poisoning and external causes, mental disorders, diseases of
the nervous system and diabetes mellitus, and a new associ-
ation with immunosuppressive drug toxicities.
An increase in the association with infectious diseases,

tuberculosis, and diseases of the respiratory system was
observed only for those who died at an age younger than 75
years. An increase in the association with diseases of the cir-
culatory system and heart failure was observed only for
those who died at an age older than 75 years (data not
shown).
A decrease of the association was observed for endocrine

diseases, Cushing’s syndrome and adrenocortical insuffi-
ciency, decubitus ulcers, and glucocorticoid toxicities. A
decrease in the association with amyloidosis was observed
for those dying at an age older than 75 years.

DISCUSSION
Our study provides estimates of deaths for which RA was
considered contributory in the French population dying
between 1970 and 2002. RA-related deaths represented
0.22% of all deaths.
Our findings are consistent with the decline in RA-relat-

ed death rates between 1970 and the 1990s described in pre-

Table 1. Mortality rates (per 100,000) for patients with RA, standardized using the French 1990 reference pop-
ulation.

Men 1970–74 1975–79 1980–84 1985–89 1990–94 1995–99 2000–02 % Change*
(p)

RA, underlying 0.55 0.42 0.46 0.36 0.29 0.25 0.26 –53
cause (< 0.001)

RA, contributing 0.74 0.66 0.7 0.63 0.67 0.71 0.71 –4
cause (0.420)

RA, any mention 1.29 1.08 1.16 0.99 0.96 0.95 0.97 –14
(< 0.001)

General mortality 1308.79 1224.88 1164.46 1078.38 982.56 901.79 859.11 –34
(< 0.001)

Women 1970–74 1975–79 1980–84 1985–89 1990–94 1995–99 2000–02 % Change*
(p)

RA, underlying 1.97 1.61 1.63 1.43 1.16 1.01 1.15 –42
cause (< 0.001)

RA, contributing 1.92 1.81 1.86 1.69 1.9 1.93 1.97 3
cause (0.407)

RA, any mention 3.89 3.43 3.5 3.12 3.06 2.94 3.12 –18
(< 0.001)

General mortality 1230.85 1123.93 1050.29 956.05 868.28 815.23 789.73 –36
(< 0.001)

General mortality: total number of death certificates times 100,000/general population. * Comparison between
mortality rates in 2000–2002 and those in 1970–1974 (reference).
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vious population-based studies7,23,24. Nevertheless, age-
adjusted mortality showed stabilization followed by a small
rise in this rate starting the mid-1990s. Moreover, analysis
of age groups showed a rise in mortality among the oldest
(> 85 yrs) after this date. Shorter life expectancy was also
indirectly confirmed in our study, with the observation of the
mean age of RA-related death being 2 years younger for
men and 4 years for women dying after the age of 64 years;
this difference was steady over the 33 years of the study.
The decrease in mortality during the first part of the study

period may be related to the decline in the incidence and the
severity of the disease described in many studies conducted
in the USA and the UK since the 1960s40-44. However, a
French study based on insurance claims showed little varia-
tion of RA incidence between 1989 and 199645.

The increase in mortality observed in the oldest group
has many possible causes. A shift in RA incidence toward
older-age groups has been suggested, older-onset RA being
associated with more rapid functional decline46 and more
aggressive radiographic disease progression47 than younger-
onset RA. Another possibility is the change in the age com-
position of the population. This is particularly applicable in
countries like France, in which both fertility and mortality
have been declining. We calculated age-adjusted mortality
rates, and the data indicate a general slowing of mortality
decline followed by an increase since the 1990s. Note that
when studying mortality over a long period of time, epi-
demiologic transition in patterns of diseases should be con-
sidered to avoid artificial modifications in trends. In France,
deaths from causes including chronic diseases like RA have

Figure 1B. Age-specific mortality rates (per 100,000) for women with RA (death certificates with any
mention of RA).

Figure 1A.Age-specific mortality rates (per 100,000) for men with RA (death certificates with any men-
tion of RA).
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been progressively replacing the classic pattern of deaths
from neoplasms and respiratory and cardiovascular diseases
in the elderly over the last 30 years48. Also, possible nega-
tive effects of the increasing use of aggressive RA treatment
during the past decades cannot be ruled out, particularly for
the older, more fragile, age groups. Indeed, this possibility is
supported by the decline in RA-associated deaths, in the
prevalence of endocrine diseases such as Cushing disease

and glucocorticoid toxicities, and in the emergence of
immunosuppressive drug toxicities, reflecting changes in
the treatments used. The decline of decubitus ulcers and the
rise of accident-related mortality may reflect a less seden-
tary lifestyle among patients with RA. The increased preva-
lence of nervous system disorders may be explained by the
aging population and the epidemiologic transition in France
described above. Two categories of disease classically relat-
ed to RA were not found to be significantly associated in our
study: ischemic heart diseases and cancer, particularly lym-
phoid neoplasms. This may be due to a known bias: serious
underreporting of some causes of death (including RA)
when the main cause of death is a “very serious condition”
like neoplasms or cardiovascular diseases27; indeed there is
“competition” between diseases when certifying death.
Moreover, no association with ischemic heart disease was
found in a recent population-based RA inception cohort,
although an association of RA with heart failure was
established49.
An interesting approach toward a better understanding of

the increasing trends in elderly death would be the analysis
of trends according to different birth cohorts, especially
because the age-specific mortality curves were divergent,
reflecting the interaction between age and time50.
Unfortunately such an approach could not be performed
based on our data, the exact age of the general population
being unavailable for specific mortality rates.
The main strengths of our study are the exhaustive cov-

erage of all French death certificates and the analysis of data
over 3 decades, allowing the exploration of longterm trends
and sex and age differences in RA-related mortality. In addi-
tion, the multiple-cause analysis allowed inclusion of a large
number of RA-associated deaths, almost 3-fold more than
the traditional approach using only the underlying cause of
death. It also allowed the identification of a changing pattern
of associated causes of death, which may give better predic-

Table 2. Summary Poisson regression estimates for RA-related mortality
rates, 1970–2002. Fourth age category (75–84 years) was used as refer-
ence. Nonsignificant interaction effects were removed from the final
models.

Variable Beta Standard Error p

Men
Age 1 (0–44) 53.722 20.340 0.0083
Age 2 (45–64) 21.583 3.189 < 0.0001
Age 3 (65–74) 29.843 5.175 < 0.0001
Age 5 (> 84) –17.803 4.092 < 0.0001
Year* –1.288 0.517 0.0128
Year2 0.00032 0.00013 0.0129
Age 1 × year –0.030 0.010 0.0032
Age 3 × year –0.015 0.0026 < 0.0001
Age 2 × year2 –0.000006 0.0000008 < 0.0001
Age 5 × year2 0.000004 0.000001 < 0.0001

Women
Age 1 (0–44) 37.091 14.034 0.0082
Age 2 (45–64) –2058.9 917.3 0.0248
Age 3 (65–74) 33.223 2.964 < 0.0001
Age 5 (> 84) –16.946 1.707 < 0.0001
Year* –1.594 0.303 < 0.0001
Year2 0.0004 0.00008 < 0.0001
Age 1 × year –0.022 0.007 0.0020
Age 2 × year 2.100 0.924 0.0231
Age 3 × year –0.017 0.001 < 0.0001
Age 2 × year2 –0.0005 0.0002 0.0213
Age 5 × year2 0.000004 0.0000004 < 0.0001

* Single calendar year.

Figure 2. Mean ages at death of men and women aged over 64 years.
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Table 3. Age- and sex-adjusted ratios of actual to expected number of pairs (O/E) of causes of death containing
rheumatoid arthritis, for specified other causes in 1970–1972 and 2000–2002 (95% confidence intervals of O/E
are given in parentheses, and number of pairs, O, in brackets). O/E > 1 indicates a positive association with RA.

1970–1972 2000–2002

Number of death certificates mentioning RA 3684 3958
O/E > 1

Infectious and parasitic diseases 1.59 (1.28–1.92) 1.97 (1.78–2.16)
[95] [621]

Tuberculosis 1.38 (1.01–1.85) 2.53 (1.44–3.91)
[42] [19]

Septicemia 2.58 (1.74–3.59) 2.07 (1.83–2.32)
[30] [421]

Diseases of blood and blood-forming agents 1.83 (1.16–2.75) 2.26 (1.92–2.63)
[21] [219]

Endocrine, nutritional, and metabolic diseases 1.96 (1.77–2.17) 1.35 (1.27–1.53)
[380] [668]

Cushing’s syndrome and adrenocortical insufficiency* 32.61 (21.7–46.9) 9.92 (6.3–14.9)
[12] [24]

Amyloidosis* 25.77 (12.55–47.2) 10.18 (6.3–15.6)
[9] [31]

Diseases of the circulatory system 1.12 (1.06–1.18) 1.08 (1.02–1.13)
[1400] [2230]

Pulmonary embolism 1.66 (1.22–2.16) 1.53 (1.27–1.81)
[48] [178]

Heart failure 0.93 (0.75–1.13) 1.19 (1.09–1.3)
[93] [688]

Diseases of the respiratory system 1.37 (1.24–1.51) 1.36 (1.26–1.45)
[403] [1159]

Pneumonia 1.79 (1.44–2.18) 1.46 (1.3–1.64)
[90] [429]

Gastrojejunal ulcer and gastrointestinal hemorrhage 3.50 (2.59–4.54) 2.81 (2.41–3.3)
[45] [50]

Diseases of the urogenital system 1.99 (1.65–2.36) 1.56 (1.38–1.75)
[122] [402]

Renal failure 1.65 (1.03–2.5) 1.57 (1.37–1.79)
[20] [321]

Decubitus ulcer 5.75 (4.5–7.15) 2.27 (1.89–2.68)
[72] [183]

Nonopioid analgesics and antirheumatic toxicities* 9.76 (0.5–49.3) 14.62 (5.93–30.4)
[1] [8]

Glucocorticoid and synthetic analog toxicities* 124.62 (78.5–186) 28.13 (7.43–63.4)
[21] [4]

Antineoplastic and immunosuppressive drug toxicities* 0.00 6.11 (0.31–30.8)
[0] [7]

O/E < 1
Neoplasms 0.31 (0.27–0.36) 0.38 (0.34–0.42)

[188] [506]
Malignant neoplasms 0.30 (0.26–0.35) 0.33 (0.29–0.37)

[167] [386]
Lymphoid and hematopoietic malignant neoplasms 0.39 (0.21–0.62) 0.63 (0.47–0.82)

[14] [75]
Mental disorders, diseases of nervous system, 0.49 (0.4–0.6) 0.68 (0.61–0.76)
diseases of eye and ear [91] [534]
Injury, poisoning, and consequences of external causes 0.39 (0.32–0.47) 0.79 (0.7–0.9)

[102] [383]
O/E = 1
Diabetes mellitus 0.64 (0.47–0.82) 1.00 (0.84–1.16)

[51] [247]
Ischemic heart disease 0.92 (0.81–1.04) 1.07 (0.97–1.18)

[234] [543]
Diseases of digestive system 0.83 (0.71–0.95) 0.95 (0.85–1.07)

[184] [395]
Others† 1.16 (0.95–1.37) 1.18 (1.01–1.37)

[79] [254]

ICD chapters are indicated in bold type. * Insufficient expected numbers for some years. † Diseases of skin and
subcutaneous tissue, diseases of musculoskeletal system and connective tissue, pregnancy, childbirth and the
puerperium, certain conditions originating during the perinatal period, congenital malformations, deformations,
and chromosomal abnormalities.

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2008. All rights reserved.

 www.jrheum.orgDownloaded on May 24, 2023 from 

http://www.jrheum.org/


1956 The Journal of Rheumatology 2008; 35:10

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2008. All rights reserved.

tions about this fatal disease and the needs of the population
in the future. This approach has been strongly advocated for
chronic diseases such as RA39, especially for periods during
which ICD coding has been modified.
The study also has limitations, arising particularly from

being based on death certificates. Various reasons for inac-
curacies in death certificates occurring at different stages of
data generation and processing have been reported28,31,51.
Errors during death certification include ante-mortem diag-
nosis errors, medical records being unavailable at the time of
certification, lack of knowledge about the pathophysiology
of the disease itself and about its link to mortality, and final-
ly, misunderstanding of the certification process due to the
inadequate training of doctors. Some studies have demon-
strated large proportions of inaccuracies and under-report-
ing when evaluating chronic diseases including RA27,52,53.
(A decrease in the under-reporting of RA on death certifi-
cates is also possible as a consequence of RA-related litera-
ture in the 1990s, although this factor should have affected
all age-related mortality and not only the older-age catego-
ry.) However, our study did not aim to assess mortality in the
entire French population with RA, but attempted to identify
cases where the certifying physician estimated that RA
played a significant role in death. Errors and inaccuracies
can also occur at the stage of coding causes of death using
the ICD. One important limitation is a consequence of the
ICD and coding changes in France in 2000 (when ICD-10
was implemented and an automatic coding system, Styx,
was applied). However, French bridge-coding studies have
shown a good comparability ratio (1.09) for all muscu-
loskeletal diseases between ICD-9 and ICD-1034. Moreover,
our analysis showed no discontinuity in the mortality trends
around either transition between ICD versions, all modifica-
tions occurring several years before the 2000 coding
changes, so these variations are considered mutually inde-
pendent.
Other data sources, such as health surveys, inpatient sta-

tistics, and problem-specific medical registers, may provide
data better suited for particular causes. However, mortality
statistics are more broadly attainable at the national level.
They remain the most comprehensive source of mortality
statistics for the whole population, covering long periods,
thus facilitating analysis of mortality trends over time. Our
study describes a national picture of RA-related death over
time; it is not a study of mortality in all patients previously
diagnosed as having RA, nor does it establish how often
people dying with RA had this diagnosis reported in their
death certificate.
Our multiple-cause analysis of French death certificates

over a period of 3 decades demonstrates a significant popu-
lation-level influence of RA on mortality. The decline in
RA-related mortality until the 1990s was followed by a sig-
nificant rise in the elderly. These trends were independent of
the modification of coding rules; however, the increase in

RA-related deaths appears to coincide with the implementa-
tion of new treatment strategies. Our study was not designed
to determine such causal relationships, and further dedicat-
ed studies are required.
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