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Mortality and Predictors of Mortality in Rheumatoid
Arthritis — A Role for Mannose-binding Lectin?
LONE N. TROELSEN, PETER GARRED, and SØREN JACOBSEN

ABSTRACT. Objective. Patients with rheumatoid arthritis (RA) have increased overall and cardiovascular mortal-
ity. Mannose-binding lectin (MBL) may play differentiated roles in the pathogenesis of RA. We had
observed that high serum levels of MBL increased the risk of ischemic heart disease in patients with
RA. In this followup study we describe the mortality in a cohort of 229 Danish patients with RA. We
examine if previously reported factors and MBL influence the risk of overall death and death due to
cardiovascular disease.
Methods. Known predictors of RA mortality were assessed. MBL extended genotypes (YA/YA,
YA/XA, XA/XA, YA/YO, XA/YO, YO/YO) were determined; MBL serum concentrations were
measured. The vital status and causes of death were assessed in a prospective study.
Results. The median followup was 10.3 years. The overall risk of death was 4% per year. Comparing
mortality in the RA cohort with mortality in an age- and sex-matched cohort based on the general
Danish population, we found significantly increased overall mortality [standardized mortality ratio
(SMR) 1.5, 95% CI 1.2–1.9, and cardiovascular mortality (SMR 1.7, 95% CI 1.3–2.6)]. In multi-
variate analysis, significant predictors of overall death were extraarticular manifestations, positive
rheumatoid factor, increased C-reactive protein (CRP), poor nutritional state, and serum MBL.
Predictors of cardiovascular death were Health Assessment Questionnaire score, increased CRP, poor
nutritional state, and the high-producing MBL genotype YA/YA.
Conclusion. Both overall and cardiovascular mortality were increased in Danish patients with RA.
In our cohort, states of high MBL production and several previously reported factors contributed sig-
nificantly to this increased risk of overall death and cardiovascular death. (J Rheumatol First Release
Feb 1 2010; doi:10.3899/jrheum.090812)
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Studies concerning mortality in rheumatoid arthritis (RA)
have been performed since the 1950s. A majority of these
studies show an increased overall mortality in patients with
RA compared to the general population, with standardized
mortality ratios (SMR) of 1.2–1.3 in inception cohorts and
1.6–1.7 in noninception cohorts1. The causes of death are
similar to those seen in the general population but with
increased mortality rates from cardiovascular disease

(CVD) and infection1,2. Most studies have not found excess
in cancer deaths except from non-Hodgkin’s lymphoma3.

Predictive factors for overall mortality have been report-
ed in many of the RA mortality studies. The predictive fac-
tors examined can be classified into 4 categories1: (1) non-
modifiable variables including demographic variables (age,
sex), duration of disease, and genetic factors (e.g., major
histocompatibility); (2) traditional clinical measures
including radiographs, C-reactive protein (CRP), and
rheumatoid factor (RF); (3) modifiable functional and glob-
al measures including physical function assessed by Health
Assessment Questionnaire (HAQ) score; and (4) other
potentially modifiable measures not specific for RA but
important for outcomes including extraarticular status,
body mass index, cigarette smoking, and comorbidity (e.g.,
diabetes and hypertension).

Fewer studies have examined the influence of drug ther-
apy on RA survival. Steroid use was shown to both improve
and reduce mortality4,5. Methotrexate (MTX) treatment is
found to reduce total mortality and CVD mortality even
after adjustment for potential confounders6. Different stud-
ies have reported increased survival due to treatment with
other traditional disease-modifying antirheumatic drugs4,7,
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and most importantly, 2 recent studies indicated improved
mortality outcomes in patients with RA due to treatment
with anti-tumor necrosis factor-α (anti-TNF-α) agents8,9.

Mannose-binding lectin (MBL) is a C-type lectin
involved in innate immune defense. It binds microorganisms
and apoptotic cells through the carbohydrate recognition
domain. Serum MBL can directly opsonize pathogens and
enhance the activity of phagocytotic cells or it can activate
complement through the lectin pathway. There is consider-
able variation in activating properties and plasma levels of
MBL between individuals. This is caused by 3 different point
mutations in exon 1 of the human MBL2 gene on chromo-
some 1010. The normal allele is named A and the common
designation for the variant alleles is O. Moreover, polymor-
phisms in the promoter region of the MBL2 gene affect the
expression of the protein11. Specifically, in an otherwise
structurally normal MBL2 gene, the preservation of G at
position –221 (termed promoter allele Y and resulting in hap-
lotype YA) is associated with a high serum level of MBL.

The normal genotype and high serum levels of MBL
have been associated with increased inflammation in
late-onset and advanced RA12 and are shown to have a syn-
ovitis-enhancing effect in early anticyclic citrullinated pep-
tide antibody-positive RA13. Recently we observed that
genetically determined high serum levels of MBL increased
the risk of myocardial infarction and ischemic heart disease
in patients with RA14. However, MBL deficiency has been
associated with erosive disease15,16, indicating that MBL
may play differentiated roles in the pathogenesis of RA. The
effect of MBL on RA mortality is not known.

Based on a followup study, we describe the mortality in
a Danish cohort of 229 patients with RA. We examine
whether known predictors of RA mortality and MBL have
an influence on overall death and death due to CVD among
these patients.

MATERIALS AND METHODS
Patients. The 229 patients all met 1987 American Rheumatism Association
classification criteria17 for RA and originated from 2 study populations.
Population 1 was 189 consecutive unrelated Caucasian Danish patients
with RA (155 women, 34 men) who were included from September 1995
to December 199512. Followup data were available for 183 of these patients
and were included for analysis. Population 2 was 75 consecutive unrelated
Caucasian Danish patients with early polyarthritis (61 women, 14 men)
who were included from June 1996 to March 199816. Forty-six patients ful-
filled RA classification criteria. Followup data were available in all of these
patients and included for analysis. Local scientific ethics committees
approved both studies. All patients provided written informed consent.
Clinical and laboratory assessment at inclusion. Clinical and laboratory
variables assessed at the time of inclusion included (1) sex; (2) age, and age
at disease onset; (3) presence of erosive disease based on radiographs of
hands and feet; (4) assessment of functional ability by HAQ score; (5) pres-
ence of extraarticular manifestations; (6) IgM RF in serum; (7) CRP in
serum; and (8) presence of human leukocyte antigen (HLA)-DR1 and/or
HLA-DR4.
Followup data. Clinical charts were used to collect information regarding
other known predictive factors and treatment with MTX and anti-TNF-α

drugs during followup. Based on self-reports, cigarette smoking status was
determined as smoking (former and current) or not smoking (ever). Based
on the latest physician’s assessment, state of nutrition was recorded as poor
(below normal), normal, or obese (beyond normal). Hypertension was
defined as blood pressure ≥ 140/90 mm Hg alone or in combination with
the need for antihypertensive agents in the period of followup. Subjects
were considered to have diabetes if the 1997 criteria of the American
Diabetes Association were fulfilled18 or clinical charts reported a history of
diabetes and treatment with insulin or antidiabetic drugs. Treatment status
data for MTX and anti-TNF-α drugs were retrieved from clinical charts.
However, use of various glucocorticosteroids, nonsteroidal antiinflamma-
tory drugs (NSAID), acetylsalicylic acid (ASA), and statins was not con-
sistently charted.
Outcome variables. The outcome variables of this study were the vital sta-
tus and the causes of death. Using the patient’s Central Person Register
(CPR) number, the Danish Registry of Causes of Death provided informa-
tion of vital status and death due to CVD, infection, and malignancy from
the time of inclusion to December 31, 2006. Adverse outcomes were coded
according to WHO ICD-10 codes (CVD: I00-I99; infection: A00-B99 and
J10-J18; malignancy: C00-C99).

The CPR number is a unique identifier assigned to all living Danish cit-
izens since 1968. The Danish Registry of Causes of Death is based on the
CPR number and contains information such as date and place of death and
classification of underlying and contributory causes of death. To further
validate the outcome variables of this study, all diagnoses were verified by
review of the clinical charts.
Genotyping and detection of serum mannose-binding lectin.Assessment of
MBL2 alleles and serum concentrations of MBL were carried out at the time
of inclusion. Detection ofMBL2 alleles were analyzed as described11,12. All
patients were genotyped for MBL2 structural polymorphisms. Because of
difficulties with polymerase chain reaction amplification, only 209 patients
were genotyped for the promoter polymorphism in position –221 (X/X,
X/Y, Y/Y)12. Serum concentrations of MBL were measured in a double
ELISA based on a monoclonal anti-MBL antibody19. Results from 23 sera
were not reported because of technical difficulties12.
Statistical analysis. Mortality rates (total and cause-specific) were calculat-
ed by dividing the observed number of deaths by patient-years at risk.
Patient-years of risk were estimated from time of enrollment to death or the
end of followup, whichever came first. SMR were calculated by dividing
the observed number of deaths by the expected number of deaths in an age-
and sex-matched cohort based upon the general Danish population and rep-
resenting the period of observation. The Danish Registry of Causes of
Death provided the information of expected deaths. The 95% confidence
intervals (CI) for the mortality rates and SMR were calculated by regarding
the observed number of deaths as a Poisson variable and by looking up its
95% interval in statistical tables.
Possible predictors of overall mortality and cardiovascular mortality. Risk
of overall death and cardiovascular death according to MBL2 extended
genotypes (YA/YA, YA/XA, XA/XA, YA/YO, XA/YO, YO/YO) were ini-
tially examined using Kaplan-Meier survival plots displaying the cumula-
tive survival function.

In a univariate Cox proportional-hazards regression analysis we exam-
ined the relation between previously reported predictors of RA mortality,
the MBL2 genotype A/A, genotype YA/YA, serum levels of MBL, and the
risk of overall death and cardiovascular death. Predictor variables that were
significant, with a p value < 0.05 in univariate analysis, were entered into
a multivariable Cox proportional-hazards regression analysis, adjusting for
sex and age at inclusion. The multivariable model was based on forward
stepwise selection. It started with no variables and added significant vari-
ables (p < 0.05) to the model until an extra variable was not statistically sig-
nificant. The final model was re-run on the whole cohort, allowing patients
to be added back in if they had no missing values in the final model. Hazard
ratios (HR) were calculated. Statistical processing of the study was done
using SPSS 15.
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RESULTS
The median followup time in the 229 patients was 10.3
years, encompassing 2047 patient-years. The median dura-
tion of disease at enrollment was 6.3 years. Basic demo-
graphic, clinical, and serologic characteristics of the patients
are shown in Table 1.
Mortality. The mortality rates and SMR are shown in Table
2. The overall risk of death in the cohort was 4% per year.
Comparing mortality in the RA cohort with mortality in an
age- and sex-matched cohort based on the general Danish
population, we found significantly increased overall mortal-
ity (SMR 1.5, 95% CI 1.2–1.9) and cardiovascular mortali-
ty (SMR 1.9, 95% CI 1.3–2.6) among the patients with RA.
Mortality due to infectious diseases was also high in the
patients with RA compared to the general Danish popula-
tion, but statistically not significantly increased. Mortality
due to malignancies overall was not increased.
Predictors of overall mortality and cardiovascular mortali-
ty. One hundred thirty-three patients (58%) had genotype

A/A, 82 (36%) had genotype A/O, and 14 (6%) had geno-
type O/O. Of the 209 patients tested for MBL2 promoter
allele X/Y, 139 (67%) were homozygote for the functional
allele Y. The median serum concentration MBL was 0.93
mg/l (range 0–7.8 mg/l). The serum concentration of MBL
varied with the MBL2 genotypes and promoter genotypes as
shown in Figure 1.

Kaplan-Meier survival plots of overall mortality and car-
diovascular mortality according to MBL2 extended geno-
types are shown in Figures 2 and 3. Genotypes associated
with high serum levels of MBL (YA/YA, YA/XA, XA/XA)
had excess overall mortality compared to genotypes associ-
ated with low serum levels of MBL (YA/YO, XA/YO,
YO/YO), and the genotype YA/YA was associated with the
highest risk of cardiovascular death. In univariate Cox pro-
portional-hazards regression analysis (Tables 3 and 4) we
found that the MBL2 genotype A/A conferred significantly
increased risk of overall death compared to MBL2 genotype
A/O + O/O (HR 1.7; p = 0.02). The MBL2 genotype YA/YA
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Table 1. Demographic, clinical, and serological characteristics in a cohort
of 229 patients with rheumatoid arthritis.

Characteristic

Sex (%)
Women 187 (82)
Men 42 (18)

Age at diagnosis, yrs, median (range) 62 (20–87)
Duration of disease, yrs, median (range) 6.3 (0.1–54)
Erosive disease, n (%) 160 (70)
HAQ score, median (range)* 0.88 (0–3.0)
Extraarticular manifestations*, n (%) 34 (16)
IgM RF-positive*, n (%) 173 (77)
CRP > 100 mg/dl*, n (%) 123 (56)
HLA-DR1/HLA-DR4*, n (%) 164 (74)
Smoking*, n (%) 124 (60)
Nutrition*, n (%)

Below normal 36 (17)
Above normal 61 (28)

Hypertension*, n (%) 54 (24)
Diabetes, n (%) 16 (7.0)
MTX treatment, n (%) 184 (80)
Anti-TNF-α drugs, n (%) 31 (14)

* Data not available on all patients. HAQ: Health Assessment
Questionnaire; RF: rheumatoid factor; CRP: C-reactive protein; HLA:
human leukocyte antigen; MTX: methotrexate; TNF-α: tumor necrosis
factor-α.

Table 2. Overall mortality and cause-specific mortality in 229 Danish patients with RA.

Expected No. Observed No. Mortality Rate, Standardized Mortality
of Deaths of Deaths %/yr (95% CI) Ratio (95% CI)

Causes of death
All causes 54 81 4.0 (3.2–5.0) 1.5 (1.2–1.9)
Cardiovascular disease 19 35 1.7 (1.2–2.4) 1.9 (1.3–2.6)
Infection 1.9 5 0.24 (0.08–0.57) 2.7 (0.9–6.2)
Malignancy 16 17 0.83 (0.49–1.3) 1.1 (0.6–1.7)
Other 17 25 1.2 (0.79–1.8) 1.4 (0.9–2.2)

Figure 1. Serum concentrations of mannose-binding lectin (MBL) in rela-
tion to MBL2 extended genotypes in 203 patients with RA. Boxes represent
25th to 75th percentiles; lines within the boxes represent the median and
outside the boxes, the 10th and 90th percentiles. Circles indicate outliers.
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Figure 2. Overall survival according to mannose-binding lectin extended genotypes in 209 patients
with RA.

Figure 3. Cardiovascular survival according to mannose-binding lectin extended genotypes in 209
patients with RA.
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was associated with significantly increased risk of cardio-
vascular death compared with non-YA/YA genotypes
(YA/XA, XA/XA, YA/YO, XA/YO, YO/YO) (HR 2.0; p =

0.04). Serum MBL was associated with significantly
increased risk of both outcome variables (overall death: HR
1.2, p = 0.02, and cardiovascular death: HR 1.3, p = 0.02) in
univariate analysis.

Regarding other predictors of mortality and cardiovascu-
lar mortality, we found that disease duration, HAQ score,
extraarticular manifestations, positive IgM RF, CRP > 100
mg/dl, and poor state of nutrition conferred significantly
increased risk of overall death in univariate analysis and that
treatment with MTX and anti-TNF-α drugs conferred sig-
nificantly reduced risk of overall death (Table 3). Significant
predictors of cardiovascular mortality in univariate analysis
were HAQ score, CRP > 100 mg/dl, poor state of nutrition,
and history of diabetes (Table 4).

Results of multivariable Cox proportional-hazards
regression analysis adjusted for sex and age are shown in
Tables 5 and 6. Significant predictors of overall death were
extraarticular manifestations, positive IgM RF, CRP > 100
mg/dl, poor nutritional status, and serum MBL. Significant
predictors of death due to CVD were HAQ score, CRP >
100 mg/dl, poor state of nutrition, and the MBL2 genotype
YA/YA.

DISCUSSION
In our followup study, we found a 50% increase in overall
death and a near 2-fold increase in cardiovascular death
among patients with RA compared with a sex- and age-
matched Danish background population. Our study also
indicated increased mortality due to infectious diseases,
while mortality from malignancies was not increased among
these patients with RA. Several known predictive factors
were found to be associated with increased risk of total
death and cardiovascular death. Moreover, higher serum
levels of MBL were found to confer increased risk of over-
all death in both univariate and multivariable analysis, and
the MBL2 genotype YA/YA, which is associated with the
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Table 3. Risk of overall death among patients with RA, according to known
predictors and mannose-binding lectin. Univariate Cox proportional-haz-
ards regression analysis.

Variables N HR 95% CI p

Duration of disease (decade) 229 1.3 1.1–1.5 0.004
Erosive disease 229 1.6 1.0–2.8 0.07
HAQ score 224 1.5 1.1–2.1 0.007
Extraarticular manifestations 219 2.2 1.3–3.7 0.003
IgM RF-positive 224 2.1 1.1–3.9 0.03
CRP > 100 mg/dl 221 2.2 1.3–3.6 0.002
HLA-DR1/HLA-DR4 224 1.6 0.9–2.9 0.09
Smoking 207 1.3 0.8–2.1 0.25
Nutrition below normal 216 2.6 1.5–4.4 < 0.001
Nutrition above normal 216 0.9 0.5–1.5 0.61
Hypertension 227 0.9 0.5–1.5 0.73
Diabetes 229 1.8 0.9–3.5 0.11
MTX treatment 229 0.6 0.3–0.9 0.02
Anti-TNF-α drugs 229 0.2 0.1–0.6 0.004
MBL2 genotype A/A* 229 1.7 1.1–2.8 0.02
MBL2 genotype YA/YA** 215 1.4 0.9–2.2 0.143
Serum MBL 209 1.2 1.0–1.3 0.02

* Comparing MBL2 genotype A/A with A/O + O/O. ** Comparing MBL2
genotype YA/YA with YA/XA + XA/XA + YA/O+ XA/O + O/O. HR: haz-
ard ratio; HAQ: Health Assessment Questionnaire; RF: rheumatoid factor;
CRP: C-reactive protein; HLA: human leukocyte antigen; MBL: mannose-
binding lectin; MTX: methotrexate; TNF-α: tumor necrosis factor-α.

Table 4. Risk of death due to cardiovascular disease among patients with
RA, according to known predictors and mannose-binding lectin.
Univariate Cox proportional hazards regression analysis.

Variables N HR (95% CI) p

Duration of disease (decade) 229 0.9 (0.7–1.3) 0.75
Erosive disease 229 1.3 (0.6–2.8) 0.49
HAQ 224 1.7 (1.1–2.7) 0.02
Extraarticular manifestations 219 1.4 (0.6–3.4) 0.46
IgM RF-positive 224 2.5 (0.9–7.1) 0.09
CRP > 100 mg/dl 221 2.3 (1.1–4.7) 0.03
HLA-DR1/HLA-DR4 224 1.7 (0.7–4.2) 0.22
Smoking 207 1.4 (0.7–3.0) 0.40
Nutrition below normal 216 2.5 (1.1–5.7) 0.03
Nutrition above normal 216 0.9 (0.4–2.0) 0.77
Hypertension 227 1.2 (0.6–2.5) 0.66
Diabetes 229 2.9 (1.2–7.1) 0.02
MTX treatment 229 0.8 (0.3–1.8) 0.53
Anti-TNF-α drugs 229 0.4 (0.1–1.4) 0.17
MBL2 genotype A/A* 229 1.8 (0.9–3.7) 0.11
MBL2 genotype YA/YA** 215 2.0 (1.0–4.1) 0.04
Serum MBL 209 1.3 (1.0–1.5) 0.02

* Comparing MBL2 genotype A/A with A/O + O/O. ** Comparing MBL2
genotype YA/YA with YA/XA + XA/XA + YA/O+ XA/O + O/O. HR: haz-
ard ratio; HAQ: Health Assessment Questionnaire; RF: rheumatoid factor;
CRP: C-reactive protein; HLA: human leukocyte antigen; MBL: mannose-
binding lectin; MTX: methotrexate; TNF-α: tumor necrosis factor-α.

Table 5. Risk of overall death (n = 55) among 177 patients with RA.
Multivariate Cox proportional-hazards regression analysis based on for-
ward stepwise selection and adjusted for sex and age at inclusion. Predictor
variables included in the analysis were duration of disease (decade), HAQ
score, extraarticular manifestations, positive IgM RF, CRP > 100 mg/dl,
state of nutrition below normal, treatment with MTX and anti-TNF-α
drugs, MBL2 genotype A/A, and serum MBL. Patients with incomplete
information on risk factors (n = 52) were not included in the analysis.

Variables HR (95% CI) p

Extraarticular manifestations 2.1 (1.1–4.0) 0.034
IgM RF-positive 2.9 (1.3–6.4) 0.008
CRP > 100 mg/dl 2.5 (1.4–4.5) 0.003
Nutrition below normal 2.3 (1.2–4.2) 0.008
Serum MBL 1.3 (1.1–1.6) 0.022

HR: hazard ratio; RF: rheumatoid factor; CRP: C-reactive protein; MBL:
mannose-binding lectin; HAQ: Health Assessment Questionnaire; MTX:
methotrexate; TNF: tumor necrosis factor.
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highest serum concentrations of MBL, was associated with
increased risk of cardiovascular death in univariate as well
as multivariable analysis.

RA mortality and predictors of premature mortality in
patients with RA have been examined in several studies. In
a recent review including 124 studies of RA mortality and
53 studies concerning predictors of RA mortality, an aggre-
gate overall SMR of 1.5–1.6 was observed1. In our study,
the overall SMR was 1.5, reflecting a mortality in our
Danish RA cohort similar to that in other RA populations.

Several predictors of RA mortality have been reported.
Except for older age and sex, the most significant predictors
are comorbidities, patient and physician global estimates,
and poor functional status1. In our study, physical function
measured by HAQ score conferred significantly increased
risk of overall death in univariate analysis but not in multi-
variable analysis. Unfortunately, we did not have consistent
information on comorbidities and patient and physician
global estimates, as this trial was not originally designed as
a study of mortality outcomes. The best predictors of over-
all death were extraarticular manifestations, presence of
IgM RF, CRP above the normal range, poor state of nutri-
tion, and increasing levels of serum MBL.

In our study, consistent information on glucocorticos-
teroids and NSAID was missing, but complete data on treat-
ment with MTX and anti-TNF-α drugs were available.
Earlier studies have shown that treatment with MTX can
reduce overall mortality and CVD mortality among patients
with RA6 and treatment with anti-TNF-α drugs also seems
to have a positive effect on RA mortality8,9. We found that
treatment with MTX and anti-TNF-α drugs significantly
reduced risk of overall death in univariate analysis, which
reflects these prior findings.

Most recently, studies have found that the age- and sex-
adjusted rate of cardiovascular mortality in patients with RA
is 50%–100% higher than in the general population4,20. The
SMR for CVD in our study was 1.9, which corroborates
these earlier observations. Except for presence of diabetes,
which was associated with increased cardiovascular mortal-

ity in univariate analysis, none of the known traditional
CVD risk factors assessed (smoking, state of nutrition
beyond normal, or hypertension) conferred additional risk
of cardiovascular death in this cohort. However, because of
the original design of the study, we did not have information
concerning lipid status and body mass index. Another limi-
tation in the analysis of cardiovascular death was the rela-
tively small number of events and the lack of systematic
recording of treatment with glucocorticosteroids, NSAID,
ASA, and statins. Several proatherosclerotic effects of cor-
ticosteroids have been described, but it has also been sug-
gested that the antiinflammatory effects of corticosteroids
may balance out their adverse cardiovascular effects, thus
reducing the risk of accelerated atherosclerosis in RA21. A
recent study showed that the risk of myocardial infarction
and death was associated with use of NSAID among healthy
individuals22. However, the risk ratios were relatively small
and the population source consisted of more than 4 million
individuals, indicating that large trials would be needed to
corroborate these findings in patients with RA. Treatment
with statins may reduce the risk of CVD in patients with
RA. Statins generally have positive effects on lipid levels
and treatment with atorvastatin is shown to have antiinflam-
matory effects in RA23.

Despite these limitations, we found that markers of acute
inflammation (CRP above the normal range) and chronic
inflammatory damage (increasing HAQ score) conferred
increased risk of cardiovascular death. This is in line with
findings in other studies in which systemic inflammation
and disease severity are associated with increased risk of
CVD24,25, and the observation that CVD in patients with RA
cannot be fully explained by an excess of traditional cardio-
vascular risk factors26,27. Moreover, as reported28, we found
cachexia to be a major risk factor for cardiovascular mortal-
ity in RA.

Recently we observed that high serum levels of MBL
increase the risk of myocardial infarction and ischemic heart
disease in RA14. Our finding that the MBL2 genotype
YA/YA confers significantly increased risk of death due to
CVD may reflect this prior observation. However, increas-
ing serum levels of MBL were also associated with an addi-
tional risk of overall death, indicating that high serum levels
of MBL may confer a disadvantage in other comorbidities,
causing excess mortality in RA. We were not able to exam-
ine whether MBL2 genotypes or serum levels of MBL were
associated with increased risk of death due to infectious dis-
eases or other non-CVD because the number of patients in
the study was limited.

The normal MBL2 genotype and high serum levels of
MBL are associated with increased disease activity and
physical disability in RA12,13, and high serum levels of
MBL are a significant predictor of mortality in diabetes29.
MBL2 genotypes resulting in low MBL serum concentra-
tions confer advantages in primary Sjögren’s syndrome30
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Table 6. Risk of death due to cardiovascular disease (n = 26) among 190
patients with RA. Multivariate Cox proportional-hazards regression analy-
sis based on forward stepwise selection and adjusted for sex and age at
inclusion. Predictor variables included in the analysis were HAQ score,
CRP > 100 mg/dl, state of nutrition below normal, presence of diabetes,
MBL2 genotype YA/YA, and serum MBL. Patients with incomplete infor-
mation on risk factors (n = 39) were not included in the analysis.

HR (95% CI) p

HAQ score 2.1 (1.2–3.7) 0.015
CRP > 100 mg/dl 2.7 (1.1–6.7) 0.031
Nutrition below normal 3.6 (1.4–8.9) 0.007
MBL2 genotype YA/YA 2.7 (1.2–5.9) 0.016

HR: hazard ratio; HAQ: Health Assessment Questionnaire; CRP: C-reac-
tive protein; MBL: mannose-binding lectin.
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and intracellular infections such as tuberculosis31, visceral
leishmaniasis32, and human immunodeficiency virus33.
Several pathophysiological mechanisms have been dis-
cussed in relation to these findings and it has been suggest-
ed that MBL, through binding to pathogens and circulating
immune complexes as well as dying host cells and cellular
debris, mediates complement activation through the lectin
pathway, resulting in excess inflammation and increased
incidence of clinical complications.

We found that overall mortality and cardiovascular mor-
tality were increased in Danish patients with RA. Further,
several previously reported factors and states of high MBL
production conferred a significantly increased risk of over-
all death and cardiovascular death. Future studies should
focus on the role of MBL as a possible predictor of RA mor-
tality and whether our findings may be applicable beyond
RA.
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