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Abstract
Objective
The aim of our study was to investigate cause-specific mortality in rheumatoid arthritis (RA) subjects living in Italy.

Methods
We identified in the electronic archive of the Veneto Region patients aged 20-89 years who were exempt from co-payment
Sfor RA in January 2010, and linked them with the archive of causes of deaths of the period 2010-2015. Causes of death
were coded according to the International Classification of Diseases, 10th Edition. Standardised mortality ratios (SMRs)
with 95% confidence intervals were computed as the ratios between deaths observed in the cohort, and those expected
according to age- and gender-specific regional mortality rates.

Results

Overall, 16,098 residents diagnosed with RA and aged 20-89 years were enrolled in the cohort. The overall follow-up

amounted to 88,599 person-years, with 2,142 registered decedents. The most common causes of death were circulatory

diseases (36.6%), neoplasms (24.2%), and respiratory diseases (8.3%). Overall mortality was increased in RA subjects
(SMR=1.42, confidence interval 1.36—148). Mortality was significantly increased from circulatory (SMR=1.56, 1 45-1.67),
respiratory (SMR=1.83, 1.57-2.12), digestive (SMR=1.93, 1.60-2.32), infectious (SMR=2.34, 1.88-2.89), haematological

diseases (SMR=3.22, 2.04-4.83), and falls (SMR=1.95, 1.19-3.01). RA was the underlying cause of death in 6.1% of all

deaths in the cohort and was mentioned in 25.4% of death certificates.

Conclusion
In our study, a 42% excess risk of death was observed among subjects with RA compared with the general population.
Cardiovascular disease is the primary cause of premature death in RA. Adverse effects of therapy and comorbidities
should be adequately monitored in RA subjects.
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Introduction

Rheumatoid arthritis (RA) is a common
chronic inflammatory disease character-
ised by persistent synovitis, which leads
to joint disruption and eventually disabil-
ity. RA prevalence is estimated at 0.5%
to 1% of the adult population around the
world (1). Patients with RA are known
to have an increased mortality compared
to the general population, although such
increased risk is often underrecognised
in the medical community (2). The rea-
sons for increased mortality in RA are
multifactorial and include the effects of
chronic persistent inflammation, disabil-
ity, and comorbidity (3).

The introduction of new effective treat-
ments, namely biological drugs, and the
improvement in the management of the
disease seem to have reduced mortal-
ity rates in patients with RA (4). Treat-
ments for RA and the achievement of
a lower disease activity state proved
to be associated with lower mortality
(2, 4-6). However, studies on trends in
RA mortality over time have produced
inconsistent results. Some studies have
reported a decrease in mortality in the
last decades (6-9), while others have
not (2, 4, 10, 11). The improvement in
RA mortality might be partly explained
by the improvement of survival in the
general population, with mortality rates
still remaining higher in subjects with
RA than in the general population (4, 6,
7,9).

The distribution of the most common
causes of death in RA, similarly to that
in the overall population, includes car-
diovascular diseases, cancer, and res-
piratory diseases (2, 4). However, after
adjusting for sex and age, mortality
among RA patients has been reported to
be increased for circulatory, respiratory,
musculoskeletal, infectious and diges-
tive system diseases (2, 12). Notwith-
standing the fact that data on RA mor-
tality are valuable to physicians, most
of the rheumatology centres do not col-
lect data on mortality, and information
on the causes of death are sparse (2).
Furthermore, in the majority of studies
investigating cause-specific mortality,
only a limited number of causes were
studied, the number of subjects who
died during follow-up was small, and
most studies were carried out in the

past decades (4). There is thus a need to
investigate the cause-specific mortality
for a wide range of causes, in a large
cohort, using more recent data.

Studies on mortality in RA from Italy
are completely lacking. The Veneto
Region (northeastern Italy), has about
4.9 million inhabitants, with a life ex-
pectancy slightly higher than national
figures (80 and 85 years in males and
females, respectively). The main aim
of our study was to investigate cause-
specific mortality in RA subjects living
in the Veneto Region through the years
2010-2015.

Materials and methods

Hospital care is free of charge in Italy,
although patients must contribute to
out-of-hospital care and drug costs.
Upon certification from an hospitalist,
subjects with chronic diseases such as
RA receive disease-specific care with-
out any contribution to the costs. Al-
though the archive does not include all
patients (for example, patients can be
exempt also based on combinations of
age, income, and disability), it can be
used to identify a sub-set of subjects
with confirmed RA. We identified in the
electronic archive of the Veneto Region
a cohort of patients aged 20-89 years
who were exempt from co-payment for
RA in January 2010, and linked them
with the archive of causes of deaths
of the period 2010-2015. The record-
linkage was performed on previously
anonymised records, without any pos-
sibility of identification of individuals.
Each subject was followed from 1%
January 2010 either until death, or 90
years of age, or 31* December 2015,
whichever came first. No approval from
the ethical committee was required in
accordance with the policy of our in-
stitution. The study was carried out in
accordance with the ethical standards of
the Declaration of Helsinki (1983).

In the Veneto Region a copy of all death
certificates is transmitted to the Re-
gional Epidemiology Service for cod-
ing of causes of death according to the
International Classification of Diseases,
10th Edition (ICD-10). The certifying
physician is required to report those
conditions involved in the causal chain
of events leading to death in Part I of
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the death certificate, and other signifi-
cant conditions contributing to death
in Part II. Standard mortality statistics
are based on internationally adopted
algorithms which identify the underly-
ing cause of death (UCOD) from all the
conditions reported in the certificate.
The UCOD generally corresponds to
the underlying cause stated by the certi-
fier, but could also be another disease
reported in Part I or Part I, or a derived
condition (13). In the Veneto region, the
archive of causes of death includes all
diseases mentioned in the death certifi-
cate, and the selection of the UCOD is
performed by means of the Automated
Classification of Medical Entities,
which is a computer programme de-
veloped by the US National Center for
Health Statistics to standardise assign-
ment of the UCOD (14).

Standardised mortality ratios (SMRs)
with 95% confidence intervals, based
on the Poisson distribution, were com-
puted as the ratios between deaths ob-
served in the cohort, and those expected
according to age- and gender-specific
regional mortality rates. SMRs were
computed for both total mortality and
main nosologic categories on the ba-
sis of the UCOD. SMRs were assessed
both in the whole cohort, and separately
by gender and three age classes (adults,
<65 years; young-old, 65-74 years;
and elderly, =75 years). Lastly, among
all deaths in the cohort, the prevalence
of common chronic comorbidities and
acute complications was investigated
not only by analyses of the selected
UCOD, but also based on any mention
of the condition in the death certificate.

Results

Overall, 16,098 residents diagnosed
with RA and aged 20-89 years were en-
rolled in the cohort; few patients were
censored because of emigration out of
the region, and follow-up was complete
for above 99% of study subjects (Fig. 1).
The majority of patients was represent-
ed by females (76%), and by subjects
aged 50-79 years (Fig. 2). From Janu-
ary 2010 to December 2015, the overall
follow-up amounted to 88,599 person-
years, with 2,142 registered decedents.
The most common causes of death
among RA patients were circulatory dis-
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Fig. 1. Schematic design of enrolment and follow-up of patients with rheumatoid arthritis.
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Fig. 2. Demographics of the study population at the beginning of follow-up: 16,098 patients with
rheumatoid arthritis aged 20-89 years, Veneto Region (Italy), January 2010.

eases (36.6%), neoplasms (24.2%), and
respiratory diseases (8.3%).

Table I shows SMRs computed for
broad nosologic sectors and specific
causes with at least 20 observed deaths.
Overall, a 42% excess risk of death
could be observed among patients with
RA. Mortality from neoplasms overall
and for the most common sites of can-
cer was similar to that expected based
on rates from the general population; a

slight, non-significant excess was found
limited to lymphoma and leukaemia. By
contrast, mortality was significantly in-
creased from all other main nosological
sectors, including circulatory, respira-
tory, digestive, and infectious diseases.

Mortality was increased from all circu-
latory diseases, and from the main sub-
categories including ischaemic heart
and cerebrovascular diseases. Among
respiratory diseases, increased mortality
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Table I. Number of deaths and standardised mortality ratio (SMR) with 95% Confidence Inter-
val (CI) in a cohort of 16,098 patients with rheumatoid arthritis. Reference = expected deaths
based on gender- and age-specific mortality rates in the Veneto Region (Italy), 2010-2015.

n. deaths SMR (CI)
Certain infectious and parasitic diseases (A00-B99) 88 2.34 (1.88-2.89)
Septicaemia (A40-A41) 66 3.07 (2.37-3.90)
Neoplasms (C00-D48) 519 0.98 (0.90-1.07)
Malignant neoplasm of stomach (C16) 25 1.04 (0.67-1.54)
Malignant neoplasms of colon, rectum and anus (C18-C21) 51 0.96 (0.71-1.26)
Malignant neoplasm of pancreas (C25) 45 1.04 (0.76-1.39)
Malignant neoplasms of trachea, bronchus and lung (C33-C34) 102 1.10 (0.89-1.33)
Malignant neoplasm of breast (C50) 44 0.87 (0.63-1.16)
Non-Hodgkin’s lymphoma (C82-C85) 21 1.36 (0.84-2.08)
Leukaemia (C91-C95) 22 1.31 (0.82-1.99)
Diseases of the blood and blood-forming organs (D50-D89) 23 3.22 (2.04-4.83)
Endocrine, nutritional and metabolic diseases (E00-E90) 57 0.96 (0.73-1.25)
Diabetes mellitus (E10-E14) 43 0.93 (0.67-1.26)
Mental and behavioural disorders (FO0-F99) 50 0.90 (0.67-1.18)
Dementia (FOO-F03) 44 0.86 (0.62-1.15)
Diseases of the nervous system (G00-G99) 61 0.89 (0.68-1.14)
Alzheimer’s disease (G30) 27 0.90 (0.59-1.31)
Diseases of the circulatory system (I00-199) 783 1.56 (1.45-1.67)
Hypertensive diseases (110-115) 101 1.51(1.23-1.83)
Ischaemic heart diseases (120-125) 247 1.51 (1.33-1.71)
Other heart diseases (I00-109, 126-151) 201 1.64 (1.42-1.88)
Cerebrovascular diseases (160-169) 182 1.43 (1.23-1.65)
Diseases of the respiratory system (JO0-J99) 177 1.83 (1.57-2.12)
Pneumonia (J12-J18) 61 2.22(1.70-2.86)
Chronic lower respiratory diseases (J40-J47) 54 1.47 (1.10-1.92)
Interstitial pulmonary diseases (J84) 20 347 (2.12-5.36)
Diseases of the digestive system (K00-K93) 117 1.93 (1.60-2.32)
Vascular disorders of intestine (K55) 21 2.40 (1.48-3.66)
Diseases of liver (K70-K76) 20 0.95 (0.58-1.47)
Diseases of the musculoskeletal system (M00-M99) 149 17.3 (14.7-20.4)
Rheumatoid arthritis (M05-MO06) 130 63.3 (52.9-75.2)
Diseases of the genitourinary system (NOO-N95) 27 1.29 (0.85-1.88)
External causes of mortality (VO1-Y84) 70 1.65 (1.28-2.08)
Falls (W00-W19) 20 1.95 (1.19-3.01)
All causes 2142 142 (1.36-1.48)

rates were observed for chronic obstruc-
tive pulmonary disease (COPD), pneu-
monia, and, with a three-fold excess,
interstitial pulmonary disease. Mortality
from digestive diseases was two-times
higher than in the general population;
such finding was not accounted by liver
diseases (with a SMR close to unity),
but by an heterogeneous group of intes-
tinal diseases, the most common being
ischemic and other vascular disorders
of the intestine. The excess risk in mor-
tality from infectious diseases was ex-
plained by the very high rate of sepsis.
An increased mortality was observed
from haematological diseases; among
23 registered deaths, 8 were from aplas-
tic anaemia, 5 from other anaemia, 4
from coagulation or platelet disorders,
and 6 from agranulocytosis or immuno-
deficiency. Lastly, it is worth noting that
also the risk of death from accidental
falls was significantly increased.
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All-causes mortality and mortality
from circulatory diseases were signifi-
cantly increased in both genders and
all analysed age classes (Table II). For
circulatory diseases, observed rela-
tive risks were higher among younger
patients. Due to few observed deaths
among younger age classes, respiratory
diseases mortality was significantly in-
creased among males and females aged
=75 years and =65 years, respectively.
Overall, RA was selected as the UCOD
in 6.1% of all deaths in the cohort (Ta-
ble III), mainly registered as unspeci-
fied RA (ICD-10 M06.9), or as RA
with involvement of other organs and
systems (M05.3). However, overall the
disease was mentioned in about one out
four death certificates. Other diseases
often reported in the certificate without
being selected as the UCOD where sep-
sis, pneumonia, diabetes mellitus, and
hypertensive diseases.

Discussion

This is the first report on mortality in an
Italian RA population, and it provides
data on causes of death in a large co-
hort in recent years. We reported a 42%
increased risk of death in subjects with
RA compared to the general popula-
tion. The most common causes of death
were circulatory diseases, neoplasms
and respiratory diseases. With respect
to the general population, subjects with
RA were affected by an increased mor-
tality from these causes -except for neo-
plasms- and also from digestive, infec-
tious, hematological diseases and falls.
RA was mentioned in only one fourth of
the death certificates. Only a few stud-
ies investigating cause-specific mortal-
ity took into account a broad number of
diseases (12, 15-20), most being limited
to cardiovascular death and cancer (2).
Furthermore, only a few of them were
carried out on a large population-based
cohort.

Our data confirm the increased SMR
in RA subjects compared to the general
population. Median SMRs in previous
studies were in the range of 1.5 to 1.6
overall, with lower SMRs in inception
cohorts (limited to incident RA cases),
and higher in non-inception cohorts (in-
cluding also prevalent RA cases) (2, 4).
Possible explanation for this differenc-
es is that mortality rates increase with
the length of follow-up due to chronic
inflammation and comorbidities (4).
Our study population included preva-
lent RA cases, and an increased risk of
overall mortality could be confirmed
irrespective of gender and age class. It
must be remarked that the absolute risk
of death in almost all series of patients
with RA is greater in older people and
in males, but the relative risk of death
tends to be higher in younger people
and females (who have a lower abso-
lute risk of death in the general popula-
tion) (2). Age-specific relative risks in
this study are also slightly higher in the
female gender (Table II).

In studies on causes of mortality in
RA, the source of information may be a
death certificate or a medical record. A
death certificate is often completed by
a non-rheumatologist and may omit to
mention RA. Nonetheless, the advan-
tages of considering death certificates
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Table II. Number of deaths and standardised mortality ratio (SMR) with 95% Confidence
Interval (CI) in patients with rheumatoid arthritis, by gender and age class. Reference =
expected deaths based on gender- and age-specific mortality rates in the Veneto Region

(Italy), 2010-2015.

Males

Females

SMR (CI)

n

SMR (CI)

All causes

20-64 yrs 62
65-74 yrs 141
75-89 yrs 452
Neoplasms (C00-D48)

20-64 yrs 21
65-74 yrs 50
75-89 yrs 117
Circulatory system (100-199)

20-64 yrs 16
65-74 yrs 43
75-89 yrs 179
Respiratory system (JO0-J99)

20-64 yrs 3
65-74 yrs 6
75-89 yrs 54

1.50 (1.15-1.93)
130 (1.10-1.54)
132 (1.20-1.45)

1.03 (0.64-1.58)
091 (0.67-1.20)
1.03 (0.85-1.23)

1.86 (1.06-3.02)
1.62 (1.17-2.18)
148 (127-1.71)

2.94 (0.59-8.59)
131 (0.48-2.85)
1.76 (1.33-2.30)

106
235
1146

52
79

200

18
62

465

4
14
96

1.54 (1.26-1.86)
141 (1.23-1.60)
1.47 (1.39-1.56)

1.17 (0.87-1.53)
0.87 (0.69-1.09)
0.98 (0.85-1.12)

2.07 (1.23-3.28)
1.80 (1.38-2.30)
1.53 (1.40-1.68)

2.62 (0.71-6.71)
2.23 (1.22-3.74)
1.82 (1.47-2.30)

Table III. Contribution of specific diseases selected as the underlying cause of death, or
mentioned anywhere in the death certificate, among 2,142 decedents from a cohort of

16,098 patients with rheumatoid arthritis.

Underlying cause Any mention

Septicaemia (A40-A41)

All neoplasms (C00-D48)

Diabetes mellitus (E10-E14)
Dementia, Alzheimer (FO1-F03, G30)
Hypertensive diseases (I110-115)
Ischaemic heart diseases (120-125)
Cerebrovascular diseases (160-169)
Pneumonia (J12-J18)

Chronic lower respiratory diseases (J40-J47)
Interstitial pulmonary diseases (J84)
Rheumatoid arthritis (M05-M06)

3.1% 13.6%
24.2% 29.8%
2.0% 11.8%
33% 7.0%
4.7% 17.4%
11.5% 20.7%
8.5% 14.7%
2.8% 11.6%
2.4% 8.4%
0.9% 1.9%
6.1% 25.4%

are coverage, continuity, uniform clas-
sification of diseases according to the
ICD-10 (21), and proper comparisons
with mortality figures from the general
population. The size of the cohort and
the use of the regional population as a
reference provided the study enough
statistical power to demonstrate an in-
creased risk of death for several specific
causes.

The patterns of causes of death in the
general population and in the RA co-
hort were similar to that reported in
other studies (2, 4, 9, 12, 20, 22-25).
As expected, circulatory diseases were
the most common causes of death and
the risk was higher in RA subjects.
Hypertensive disease, ischaemic heart
disease and cerebrovascular disease
accounted for one fourth of the UCOD
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in RA, similarly to previous reports
(2,9, 12, 23, 24). SMR for circulatory
disease was higher in younger patients
in whom death from this cause is less
frequent (2, 26, 27). These data support
the evidence that RA is a risk factor for
premature cardiovascular death. Per-
sistent inflammation contributes to the
atherosclerotic process together with
traditional cardiovascular risk factors,
which also appear to be more frequent
in RA patients (28).

Vascular disorders of the intestine con-
tributed to the increased mortality from
digestive system diseases. A similar
two-fold increased risk was observed
in a few studies considering digestive
diseases, but no report on vascular dis-
orders is available (12, 18). An early
investigation with follow-up spanning

from 1964 to 1995 reported an highly
increased risk from gastrointestinal
disorders mainly explained by peptic
ulcer disease (15). However, the epide-
miology of peptic ulcer has completely
changed in the general population and
among RA patients, and now ischemic
intestinal diseases might be regarded
as a complication of RA, particularly
in patients with other vasculitic mani-
festations (29).

Respiratory diseases presented a higher
mortality risk compared with the gen-
eral population. Similarly to other re-
ports, the most frequent among them
was pneumonia, which is related to
the immunosuppressive treatment (30).
Mortality from COPD was the sec-
ond more common respiratory cause
of death in the RA cohort and was
increased by 50% as in other studies
(23, 25, 31). We observed a three-fold
increased risk of death because of in-
terstitial lung disease. Interstitial lung
disease is an extraarticular manifesta-
tion of RA and has been associated to
increased mortality, but it is often un-
derrecognised in RA patients (16, 17,
20, 23, 26, 31-33). Immunosuppres-
sive treatments, especially biologics,
are implicated in the development and
the exacerbation of interstitial lung dis-
ease and the larger use of biologics in
the last decades might also explain the
higher mortality from this complica-
tion (34).

The increase in mortality from infec-
tions was expected (2, 4, 9, 12, 23).
Sepsis was mentioned in 13.6% of
death certificates of RA patients. Severe
and opportunistic infections are strong-
ly related to treatment especially with
chronic corticosteroid use and biologics
(30). Furthermore, we observed an in-
creased mortality risk from hematologi-
cal diseases, which has been reported in
few previous studies (9, 15, 22). Im-
munosuppression and blood dyscrasias
might be manifestations of the auto-
immune disease, but more likely, they
represent a severe complication of the
treatment. Lastly, we found an almost
two-fold increased risk of mortality
from accidental falls. Falls are general-
ly associated to fractures which are in-
dependently related to mortality in the
general population (35). Osteoporosis

Clinical and Experimental Rheumatology 2018



is common in RA patients and, together
with disability, increases the likelihood
of mortality due to frailty fractures (5,
36,37).

By contrast, mortality from neoplasms
in RA was not increased and lym-
phoproliferative neoplasms, which are
classically related to RA, showed a
non-significant increased risk of death.
These findings are also consistent with
other studies (2,9, 12, 16-18, 23).
Analyses of the UCOD provide im-
portant insights in understanding the
impact of RA on mortality; nonethe-
less, particularly with the aging of the
population, several comorbidities are
involved in the causal pathway to death
(13). Comorbidities might be associ-
ated with the rheumatic condition or
might be a consequence of disease pro-
gression or of treatment (2, 38). Thus,
deaths in these patients are the conse-
quence of a number of coexisting con-
ditions, and the study of all the diseases
reported in the death certificate allows a
more comprehensive understanding of
the pathological burden contributing to
death (13). In the present study, chronic
diseases such as diabetes, COPD, and
hypertensive diseases were frequently
mentioned in death certificates without
being selected as the UCOD. Specifical-
ly, diabetes was often reported in death
certificates in association to circulatory
diseases, which are frequently selected
as the UCOD in patients with both co-
morbidities. Furthermore, the burden
of acute infectious complications such
as pneumonia and sepsis, already evi-
dent by computing SMRs based on the
UCOD, could be more fully appreci-
ated by analysis of any mention of
such diseases in death certificates. It is
worth noting that RA was reported in
only 25% of deaths. Certifying physi-
cians might not mention RA because
unaware of the disease in the patient,
or may not consider that it substantially
contributed to the patient’s death, or
may not have listed it because of space
constraints. Based on early small stud-
ies, Sokka and colleagues reported that
RA was included in fewer than 25% of
death certificates (2), and such under-
reporting has been confirmed by more
recent investigation from Australia
(16%) and the US (18%) (19, 39). All
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the above reinforce the evidence of an
overall underestimation by the medical
community about the role of RA in in-
creasing the risk of death.

The study presents some limits. Firstly,
identification of RA patients was based
on the exemption from co-payment of
health-care costs in January 2010. The
number of patients with exemption for
RA in the Veneto Region suggests that
the prevalence of RA might be slightly
lower to that reported in other studies
(1, 40). Actually, the cohort included
in this study does not allow an estima-
tion of RA prevalence, because subjects
with exemption for RA do not include
all subjects affected by the disease. The
exemption for RA is based on the judg-
ment of a physician, with no adopted
standardised diagnostic criteria. Nev-
ertheless, an Italian study proved that
using an administrative healthcare
database — including exemptions for
chronic diseases — was effective in es-
timating RA prevalence (41). All series
of patients with RA include a propor-
tion of patients who do not have pro-
gressive inflammatory arthritis (42).
Nevertheless, using data on prevalent
RA might have reduced the number of
patients with early self-limited disease
who do not progress to RA. The inclu-
sion of these patients in inception co-
horts might also explain the lower SMR
compared to that observed in non-in-
ception cohorts (2). Second, the use of
age- and sex-standardisation alone does
not take into account other potential
confounders for mortality. SMR could
not be adjusted by determinants of mor-
tality such as socio-economic level, co-
morbidities, disease characteristics and
treatment. The study included patients
from all clinical settings, not limited to
tertiary care centres, and patients might
have been treated according to any ther-
apeutic approach before or during the
study period. A considerable difference
in RA severity and duration, which
might affect mortality, was also possi-
ble. Notwithstanding the lack of these
data, analysis of the impact of disease
severity on overall mortality was not an
objective of the present study.

In conclusion, this study provides infor-
mation on mortality in a large cohort of
RA subjects in Italy and the study size

allowed to investigate the risk from
several specific causes of death. Mor-
tality is still increased compared with
the general population and the awaited
benefit of innovative treatments will
be evident in the future years. Cardio-
vascular disease is the primary cause
of premature death in RA patients. The
agreement with studies conducted in
different geographic areas suggests that
the increased mortality from cardio-
vascular disease is primarily related to
the pathogenic mechanism intrinsic to
RA and not to genetic or environmental
factors. Likewise, our data confirmed
that certain comorbidities, such as res-
piratory and infectious diseases, are
associated to RA and are partly due to
immunosuppressive therapy. Along
with the optimal control of disease ac-
tivity, monitoring of comorbidities and
adequate surveillance of treatment is
needed in RA subjects.
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