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Predicting Mortality in Patients With Rheumatoid Arthritis

Frederick Wolfe,1 Kaleb Michaud,2 Olaf Gefeller,3 and Hyon K. Choi4

Objective. A number of different variables have
been proposed as risk factors for mortality in patients
with rheumatoid arthritis (RA), but limited prospective
information on the magnitude of their effects is avail-
able. This study was undertaken to evaluate the relative
predictive strength and usefulness of a wide range of
variables on the risk of mortality in a large, long-term,
prospectively studied cohort of patients with RA.

Methods. Over a 20-year period of followup be-
ginning in 1981, 1,387 consecutive RA patients were seen
in a single clinic. A wide range of clinical and demo-
graphic assessments were recorded and entered into a
computer database at the time of each clinical assess-
ment. Assessment of predictive strength included deter-
mination of standardized and fourth-versus-first–
quartile odds ratios (ORs), goodness-of-fit measures,
and contributing fraction.

Results. The Health Assessment Questionnaire
(HAQ) disability index was the strongest clinical pre-
dictor of mortality. A 1-SD change in the HAQ resulted
in a much larger increase in the odds ratio for mortality
compared with a 1-SD change in global disease severity,
the next most powerful predictor of mortality (OR 2.31
versus 1.83). Considering the contributing fraction,
mortality would be reduced by 50% for the HAQ and by
33% for global disease severity if patients in the fourth
quartile for these variables could be switched to the first
quartile. Global disease severity, pain, depression, anx-
iety, and laboratory and radiographic features were
significantly weaker predictors. Disease duration, nod-
ules, and tender joint count were clinical variables that

provided very little predictive information. In multiva-
riable analyses, HAQ and other patient self-report
measures were significantly better predictors than were
radiographic and laboratory variables. A single baseline
observation provided the least information, with sub-
stantially increasing predictive ability associated with
1-year, 2-year, and all–time point followup observations
(time-varying covariates).

Conclusion. In this large 20-year study from
routine clinical practice, the HAQ was the most power-
ful predictor of mortality, followed by other patient
self-report variables. Laboratory, radiographic, and
physical examination data were substantially weaker in
predicting mortality. We recommend that clinicians
collect patient self-report data, since they produce more
useful clinical outcome information than other available
clinical measures.

Rheumatoid arthritis (RA) is a chronic progres-
sive disease associated with systemic inflammation. The
disease directly affects physical function and mobility
and causes substantial short-term and long-term morbid-
ity. Furthermore, in most studies, patients with RA have
a significantly shorter life expectancy compared with the
general population (1–13).

While many clinical trials and short-term obser-
vational studies evaluate predictors of RA morbidity
outcomes, there has been only limited information avail-
able on predictors of mortality (a long-term outcome)
(12,14–18). Accurate understanding of mortality predic-
tors is important from a public health standpoint as well
as for clinical management of RA. Furthermore, predic-
tive information is vital in assessing the potential impact
of changes observed in short-term studies, including
many recent clinical trials, on the life expectancy of RA
patients. Similarly, the same knowledge will greatly
improve the validity of long-term cost-effectiveness ana-
lyses.

Modern interest in the predictors of mortality in
RA was stimulated by studies by Pincus and colleagues
(19,20). They reported that baseline functional status
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and severe disease activity were strong risk factors for
mortality, based on a cohort of 75 RA patients followed
up over a 15-year period. In the current large prospec-
tive study, we comprehensively evaluated the relative
predictive strength and usefulness of a wide range of
variables, including functional status, on the risk of
mortality in a cohort of patients with RA studied over a
long period. The first objective of the study was to
quantify in various ways the predictive strength of clin-
ical and demographic variables that are commonly used
in clinical trials and easily measurable in clinical prac-
tice. The second objective was to evaluate the relative
predictive strength of variables as a function of observa-
tion time. We describe relative predictive strength of
variables in 4 ways: 1) at baseline, 2) as a mean over the
first year of observation, 3) as a mean over the first 2
years, and 4) as time-varying covariates at all followup
time points.

PATIENTS AND METHODS

Patients. Beginning in 1974 and continuing through
1999, 1,922 consecutive RA patients seen at the Wichita
(Kansas) Arthritis Center, an outpatient rheumatology clinic,
were enrolled into a computerized databank at the time of
their first clinic visit. Demographic, clinical, laboratory, and
self-report data were obtained at each followup clinic visit and
entered contemporaneously into the computer databank. The
details of this data set in regard to mortality have been
reported previously (21). Clinical variables included blood
pressure, body mass index, tender joint count (22), grip
strength (23), morning stiffness (23), Health Assessment Ques-
tionnaire (HAQ) disability index score (24,25), visual analog
scale (VAS) for pain, VAS for global severity, Arthritis Impact
Measurement Scales (AIMS) anxiety and depression scales
(26,27), erythrocyte sedimentation rate (ESR) (28), hemoglo-
bin level, and rheumatoid factor (RF) status (29), among other
assessments, as shown in Tables 1 and 2. Radiographs of the
hands were generally obtained at 2-year intervals and were
read using the Larsen method (30) by Dr. Arvi Larsen.
Radiographic data were available for only 1,154 patients.
Radiographic progression was defined as the rate of increase in
the Larsen score per year, using the last radiographic assess-
ment.

The patients had RA fulfilling the 1958 (31) or 1987
(32) American College of Rheumatology (formerly, the Amer-
ican Rheumatism Association) criteria. Data analysis was
restricted to patients who attended the Wichita Arthritis
Center at least twice between January 1, 1981 (when the HAQ
and AIMS anxiety and depression scores first became avail-
able) and December 31, 1999. Of the 1,922 potentially eligible
patients, 187 had all of their visits prior to 1981 and 58 patients
had all of their visits after December 31, 1999, leaving 1,677
patients. Of those, 290 had only 1 clinic visit, leaving 1,387. In
addition, in order to best assess the predictive ability of study
variables, we considered data on patients to be “censored” if
they were not seen in clinic within 2 years of their death.

Specifically, if patients died within the 2-year period after their
last visit they were counted as dead. If they were still alive more
than 2 years after their last visit, or if they had died but their
death occurred more than 2 years after their last visit, they
were considered to be censored. By this method we were
assured that the last recorded clinical assessments would be
meaningfully related to death (21). There were no other
exclusions. This resulted in a study population of 1,387 patients
and 88,063 patient-months of observation. Within the period
of study observation there were 212 deaths.

The primary outcome measure was all-cause mortality.
Death was confirmed by review of medical records, death
certificates, and the National Death Index (National Center
for Health Statistics, US Department of Health and Human
Services, Hyattsville MD). We obtained all available hospital
records and all official death certificates from states in which
there were decedents from our cohort, and coded specific
cause of death according to the International Classification of
Diseases, Ninth Revision.

Statistical methods. Data were analyzed using pooled
logistic regression, a method that yields results equivalent to
those obtained by Cox proportional hazards regression (33), as
previously reported (21). Using this method, results are re-
ported as odds ratios (ORs), in contrast to the hazard ratios
reported with Cox regression analysis.

To understand the effect of observation time on mor-
tality prediction, 4 methods of categorizing predictor variables
were used. The first method used 1) all covariate observations.
This approach of using time-varying covariates was the pri-
mary method of the study. In addition, to understand how well
less-complete methods of covariate categorization might work,

Table 1. Demographic and clinical variables in 1,387 rheumatoid
arthritis patients at study entry*

RA factors
HAQ, 0–3 1.20 � 0.76
Global severity, 0–10 4.98 � 2.54
Pain, 0–10 4.88 � 2.63
Depression, 0–10 2.95 � 1.84
ESR, mm/hour 40.69 � 26.84
Anxiety, 0–10 4.10 � 2.07
Grip strength, mm Hg 116.81 � 56.79
RF, latex titer 4.36 � 2.81
Larsen radiographic score, slope† 2.80 � 5.24
Disease duration, years 7.06 � 8.52
Hematocrit, % 38.00 � 4.57
RF, % positive 84.8
Nodules ever, %‡ 31.1
Joint count, 0–18 6.05 � 3.82

Non-RA factors
Age, years 55.45 � 14.40
Lifetime comorbidities, 0–11‡ 2.58 � 1.80
Sex, % female 73.3
High school graduates, % 81.1
Married, % 72.2
White, % 94.2

* Except where indicated otherwise, values are the mean � SD. RA �
rheumatoid arthritis; HAQ � Health Assessment Questionnaire;
ESR � erythrocyte sedimentation rate; RF � rheumatoid factor.
† Available for 1,154 patients.
‡ Last or maximum value.
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we also used 2) predictors that were present at the first
observation (baseline predictors), 3) predictors that repre-
sented the mean of covariate observations over the first year of
followup, and 4) predictors that represented the mean of
covariate observations over the first 2 years of followup.

To compare the relative predictive ability of the study
variables, 6 statistics were determined, as described below and
shown in Tables 2 and 3. Although there is redundancy in these
measures, they are often reported separately or in combination
in clinical studies. It is beneficial to see all of the results
together to understand their similarities and to understand
which measures are most useful.

Statistics calculated. The odds ratio and its 95% confi-
dence interval (95% CI) represent the increased or decreased
risk of dying associated with a 1-unit change in the predictor
variable for continuous variables. For dichotomous variables,
the odds ratio represents the risk associated with having the
characteristic compared with not having it.

It may be difficult to understand the actual differences
among variables because variables can be scaled in different
units; for example, a 1-unit change in age is not comparable
with a 1-unit change in HAQ. The standardized odds ratio, or
the odds ratio per 1-SD change, allows comparison among
predictor variables using common units. However, such mea-

sures are not meaningful for categorical variables or those that
are distinctly non-normal in their distribution.

The odds ratio of fourth-versus-first–quartile values of
the predictor variable provides a relative measure of the
maximum effect of the predictor, standardized by converting
values to quartiles. It is not a meaningful approach for
categorical and dichotomous variables, and it can be affected
by the distribution of the variable.

The contributing fraction is a method that is allied to
the population attributable fraction (34) or attributable risk
(35,36). The population attributable fraction is an epidemio-
logic measure that attempts to quantify the proportion of
disease incidence that is due to a particular factor or exposure.
The contributing fraction is a hypothetical measure that de-
scribes the effect on disease incidence (or death), assuming
that the predictor variables are causally related to the out-
come. It is a hypothetical measure because the predictors may
not be causally related to the outcome, but by treating them in
that way, it is possible to gain insight into the quantitative
effect of the predictor variables on mortality. The contributing
fraction increases both as the exposure to abnormal levels of
the predictor variables becomes more common and as the
relative risk (odds ratio) becomes larger. The calculations of
attributable risk and the contributing fraction are similar

Table 2. Univariate time-varying predictors of mortality in rheumatoid arthritis*

Variable OR
Z

score P 95% CI

OR
change
per SD BIC

OR fourth vs.
first quartile

(95% CI)

Contributing
fraction (95%

CI)†

RA factors
HAQ, 0–3 2.93 11.12 0.000 2.43, 3.54 2.313 �283.34 5.98 (3.81, 9.36) 0.50 (0.40, 0.58)
Global severity, 0–10 1.28 8.48 0.000 1.21, 1.36 1.833 �222.33 3.85 (2.59, 5.95) 0.33 (0.24, 0.42)
Pain, 0–10 1.25 8.27 0.000 1.19, 1.32 1.800 �218.86 4.58 (2.86, 7.31) 0.32 (0.23, 0.40)
Depression, 0–10 1.34 8.82 0.000 1.26, 1.43 1.648 �217.14 4.46 (2.96, 6.71) 0.36 (0.27, 0.45)
Anxiety, 0–10 1.28 7.15 0.000 1.20, 1.38 1.620 �197.98 3.81 (2.54, 5.73) 0.29 (0.21, 0.37)
Grip strength, mm Hg 1.01 6.28 0.000 1.01, 1.01 1.918 �195.32 4.40 (2.80, 6.92) 0.35 (0.26, 0.43)
ESR, mm/hour 1.01 5.70 0.000 1.01, 1.02 1.375 �176.81 1.89 (1.26, 2.83) 0.19 (0.07, 0.30)
RF, latex titer 1.13 4.62 0.000 1.07, 1.19 1.423 �170.38 2.94 (1.85, 4.67) 0.17 (0.09, 0.24)
Hematocrit, % 1.06 3.80 0.002 1.03, 1.10 1.307 �161.93 1.71 (1.18, 2.46) 0.15 (0.04, 0.24)
Larsen radiographic score, 0–86‡ 1.04 4.71 0.000 1.02, 1.06 1.112 1.51 (1.00, 2.27) 0.13 (NA)
Disease duration, years 1.01 2.10 0.036 1.00, 1.03 1.137 �151.80 1.41 (0.89, 2.22) 0.09 (�0.13, 0.20)
Nodules, yes/no 1.24 1.37 0.170 0.91, 1.68 NA �149.56 NA 0.06 (�0.03, 0.14)
RF positive, yes/no 1.28 1.01 0.314 0.79, 2.07 NA �148.81 NA 0.20 (�0.24, 0.48)
Joint count, 0–18 1.01 0.76 0.445 0.98, 1.05 1.055 �148.31 1.14 (0.99, 1.00) 0.03 (�0.06, 0.11)

Non-RA factors
Age, years 1.09 11.89 0.000 1.07, 1.10 3.156 �159.21 23.59 (9.62, 57.89) 0.55 (0.47, 0.61)
Lifetime comorbidities, 0–11§ 1.19 4.69 0.000 1.11, 1.29 1.329 �168.06 3.59 (2.16, 5.98) 0.19 (0.12, 0.26)
Male sex, yes/no 2.10 5.28 0.000 1.59, 2.76 NA �159.21 NA 0.22 (0.12, 0.30)
Non–HS graduate, yes/no 1.26 1.40 0.163 0.91, 1.75 NA �150.01 NA �0.20 (NA)
Systolic BP, mm Hg 1.00 �0.13 0.894 0.99, 1.01 0.991 �147.75 0.85 (0.57, 1.26) �0.06 (NA)
Diastolic BP, mm Hg 0.97 �0.42 0.673 0.98, 1.01 0.971 �147.91 0.95 (0.65, 1.41) �0.01 (NA)

* Within rheumatoid arthritis (RA) factor and non-RA factor groups, variables are ranked by the Bayesian information criterion (BIC). Univariate
predictor variables are adjusted for age and sex, except for age and sex, which are adjusted for sex and age, respectively. OR � odds ratio; 95% CI �
95% confidence interval; HAQ � Health Assessment Questionnaire; ESR � erythrocyte sedimentation rate; NA � not available (could not be
calculated); HS � high school; BP � blood pressure.
† Reported values for contributing faction for continuous variables represent mortality reduction for those patients in the fourth quartile, assuming
patients were switched to the first quartile. For dichotomous variables (e.g., nodules, rheumatoid factor [RF] positivity), contributing fraction is the
proportion of mortality attributed to having the characteristic.
‡ Available for 1,154 patients. BIC was not calculated for Larsen score.
§ Comorbidity data were regularly available beginning in 1990.
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(37,38), but the methods differ in their interpretation. In the
analyses of the data in Tables 2 and 3, the contributing fraction
is interpreted as the fraction of mortality that would be
prevented if all persons in the fourth quartile of the variable
under study were switched to the lowest (first) quartile. The
variables, therefore, can be compared with regard to their
strength in detecting mortality effects on a population level.

The Z score and the allied P value are commonly
reported. The Z score represents the logistic regression coef-
ficient divided by its standard error, and provides an indication
of variable statistical significance. For example, a critical value
of 2 for the Z score leads to an approximate level of signifi-
cance of 0.05. Although the Z score and the P value provide
essentially the same information, we present both statistics
here, since it is not possible to distinguish differences between
variables when both are associated with P values of �0.001.

The Bayesian information criterion (39,40) is a
goodness-of-fit measure of overall model fit and is a means to
compare nested and non-nested models (41). Based on the
log-likelihood of the logistic regression, Bayesian information
criterion values are useful to compare different models, but
values have no directly interpretable meaning. According to
Raferty (40), differences between models of 0–2, 2–6, 6–10,
and �10 for the Bayesian information criterion provide weak,
positive, strong, and very strong evidence, respectively, for the
superiority of one model compared with another. Bayesian
information criterion variable statistics can be compared only
when sample sizes are the same (40).

Graphic representations. The relationship between the
probability of dying and various levels of predictor variables

are shown in Figures 1–5. The horizontal line in each figure
represents the baseline risk of dying in the absence of covariate
information, or the line of no information. Risks are expressed
as the monthly risk of dying. To calculate the risk of dying
adjusted for the covariate, each covariate is divided into 20
groups and the risk for each group is obtained by logistic
regression. Lines are connected by cubic splines.

Overall, 4.2% of data points for the variables in Table
1 were missing. Variables for which �2.5% of data points were
missing were patient global assessment (3.6%), depression
(13.5%), anxiety (14.1%), ESR (13.6%), and hematocrit level
(11.5%). A single missing value in 1 of the 10 anxiety and
depression questions invalidates the questionnaire, explaining
the higher rate of missing data for these variables. For 70.0%
of all observations, there were no missing data. Missing
variables were replaced using the last observation carried
forward method. Data for comorbidity were collected regularly
beginning in 1990. In these analyses, missing comorbidity data
prior to 1990 were imputed using the first available comorbid-
ity data. For patients seen only prior to 1990, comorbidity
values were imputed using the mean comorbidity values for the
cohort by sex. To describe potential biases that might arise
from using this imputation, separate analyses were conducted
using only data obtained after 1990, when comorbidity data
were complete.

Data from univariate analyses were adjusted for age
and sex. The “best” multivariable models were fit by starting
with models that included age, sex, HAQ score, and metho-
trexate treatment (time-varying covariates), and then adding
additional variables while considering interactions, mediating

Table 3. Univariate time-varying predictors of mortality in rheumatoid arthritis: analyses restricted to 325 patients with RA duration of �1 year
at first observation*

Variable OR
Z

score P 95% CI

OR
change
per SD BIC

OR fourth vs.
first quartile

(95% CI)
Contributing

fraction (95% CI)

RA factors
HAQ, 0–3 1.85 2.44 0.015 1.13, 3.02 1.560 2.88 3.00 (1.14, 7.85) 0.19 (�0.19, 0.45)
Global severity, 0–10 1.17 2.13 0.033 1.01, 1.35 1.474 4.28 1.30 (0.88, 6.81) 0.30 (0.02, 0.51)
Pain, 0–10 1.26 3.37 0.001 1.10, 1.44 1.834 �2.85 3.75 (1.33, 10.62) 0.40 (0.11, 0.61)
Depression, 0–10 1.31 2.96 0.003 1.10, 1.57 1.562 0.84 2.79 (1.06, 7.34) 0.31 (�0.03, 0.5)
Anxiety, 0–10 1.15 1.53 0.127 0.96, 1.39 1.321 6.48 3.08 (0.94, 10.03) 0.23 (�0.04, 0.43)
Grip strength, mm Hg 1.01 2.31 0.021 1.00, 1.02 1.887 2.56 4.24 (1.37, 13.31) 0.28 (�0.04, 0.49)
ESR, mm/hour 1.01 0.81 0.419 0.99, 1.02 1.137 8.15 1.51 (0.50, 4.59) 0.12 (�0.25, 0.38)
RF, latex titer 1.30 3.40 0.001 1.12, 1.52 2.143 �5.36 10.02 (0.78, 12.03) 0.40 (0.15, 0.57)
Hematocrit, % 1.04 0.88 0.380 0.95, 1.15 1.194 8.00 1.61 (0.55, 4.68) 0.13 (�0.19, 0.37)
Larsen radiographic score, 0–86† 1.04 3.45 0.001 1.02, 1.06 1.177 5.22 1.72 (0.62, 4.77) 0.16 (�0.41, 0.49)
Disease duration, years 0.40 1.11 0.268 0.08, 2.03 0.279 7.49 0.46 (0.00, 2.74) 0.00 (NA)
Nodules, yes/no 1.28 0.53 0.597 0.51, 3.20 NA 8.50 NA 0.05 (�0.15, 0.21)
RF positive, yes/no 6.57 1.84 0.066 0.88, 49.06 NA 2.67 NA 0.82 (�0.26, 0.97)
Joint count, 0–18 1.00 0.05 0.963 0.94, 1.07 1.001 8.76 0.55 (0.20, 1.53) �0.22 (NA)

Non-RA factors
Age, years 1.11 5.34 0.000 1.07, 1.15 4.229 �1.22 0.16 (0.01, 3.38) NA
Lifetime comorbidities, 0–11 1.08 0.75 0.451 0.88, 1.32 1.139 8.21 1.10 (0.30, 3.97) 0.59 (0.30, 0.76)
Male sex, yes/no 2.14 1.97 0.049 1.00, 4.60 NA �1.22 NA 0.20 (�0.06, 0.40)
Non–HS graduate, yes/no 0.54 0.99 0.323 0.16, 1.83 NA 10.53 NA �0.09 (NA)
Systolic BP, mm Hg 0.99 0.88 0.381 0.97, 1.01 0.844 7.99 0.88 (0.26, 3.06) �0.00 (�0.37, 0.28)
Diastolic BP, mm Hg 0.98 1.32 0.188 0.95, 1.01 0.781 7.03 0.49 (0.15, 1.58) �0.14 (NA)

* Within RA factor and non-RA factor groups, variables are ranked by the order of the BIC in Table 2. See Table 2 for explanations and definitions.
† Available for 205 patients.
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factors, clinical relevance, and causality. Among disease-
modifying antirheumatic drugs (DMARDs), we adjusted for
methotrexate use in our model since, in our previous work,
utilizing appropriate methods to assess time-dependent con-
founding issues (21), it was the only DMARD that affected
mortality. In addition, our estimates did not change materially
when we further adjusted for other DMARDs. The signifi-
cance level of all analyses was set at 0.05, and all tests were
2-tailed. Statistical computations were performed using Stata,
version 7.0.

RESULTS

Baseline demographic and clinical characteris-
tics. The baseline demographic and clinical variables in
the 1,387 RA patients are presented in Table 1. At the
time of the first study observation, the mean disease
duration was 7 years (median 4 years), and 23% and
36% of the patients had a disease duration of �1 year
and �2 years, respectively. Approximately 73% were
female and 85% were RF positive.

Univariate predictors of mortality. Table 2 ranks
the study variables according to their ability to predict

mortality, using the Bayesian information criterion as
the primary ranking statistic. The values in the table are
adjusted for age and sex (except when age and sex are
studied separately) and include a time variable appro-
priate for the pooled logistic regression. Six measures of
predictive strength were available, and, as might be
expected, there was general agreement among the rank-
ing statistics. In addition, the predictive effects of HAQ,
ESR, depression, Larsen radiographic score, and RF
titer are shown in Figures 1–5.

HAQ disability was by far the most important
univariate predictor of mortality. Quantitatively, a 1-SD
change in the HAQ resulted in a 26.2% greater increase
in the odds ratio for mortality compared with a 1-SD
change in global disease severity, the next most powerful
predictor of mortality. Considering the contributing
fraction, mortality would be reduced by 50% for the
HAQ and by 33% for global disease severity if patients
in the fourth quartile for these variables were switched
to the first quartile. Determined roughly, the HAQ was
a better predictor by one-quarter to one-third than the

Figure 1. Monthly probability of dying by score on the Health Assessment Questionnaire (HAQ) disability scale,
according to whether data used the first observation, the average of observations during the first study year, the
average of observations during the first 2 study years, or all observations during the course of the patient’s
rheumatoid arthritis. Horizontal line represents the line of no information (baseline probability of dying).
Increasing the period of observation results in clinically important increased information relative to predicting
death. Note that the HAQ lines cross the line of no information in the approximate center of the x-axis,
demonstrating that both low and high values of HAQ contribute information about mortality. The crossing point
is near the median HAQ value at the time of death.
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next ranked variable when standardized odds ratios or
fourth-versus-first–quartile values of the contributory
fraction were used.

Among the clinical and laboratory variables a
general pattern could be seen, in which the HAQ stood
alone as the best predictor, followed by global disease
severity, pain, depression, anxiety, and grip strength—
variables that may be considered to be patient derived.
For this second set of variables the contributory fraction
ranged from 0.36 to 0.29. Laboratory variables were less
important, with contributory fractions ranging from 0.19
to 0.15.

Dichotomous variables cannot be compared di-
rectly with continuous variables using the standardized
odds ratio or the contributing fraction. However, it is
possible to estimate their relative position by examining
the Bayesian information criterion. Thus, nodules and
RF positivity were positioned toward the lesser-effect
end of the spectrum. Because the number of observa-
tions differed for the Larsen score slope compared with
the other variables, the Bayesian information criterion is

not a good ranking statistic, and the Larsen score was
ranked according to the contributing fraction. Radio-
graphic progression rates represented weak predictors of
mortality as evidenced by the standardized odds ratio
and the fourth-versus-first–quartile odds ratio.

The strongest predictor of mortality was age,
which exhibited the greatest contributing fraction (0.55).
The Bayesian information criterion for age and sex is not
valid as a comparison statistic for clinical variables
because the model is smaller (lacks the clinical vari-
ables). The comorbidity score was the equivalent of
mid-ranked clinical variables in its predictive ability
concerning mortality. Because complete comorbidity
data were available only after 1990, we also conducted
analyses of the predictive ability of comorbidity with a
data set restricted to data from 1990 or later. The
standardized odds ratio was 1.306, the contributing
fraction was 0.258, and the fourth-versus-first–quartile
OR was 2.93 (95% CI 1.59, 5.41). Overall, these values
were only slightly different from the values in Table 2.

To determine if study results differed in patients

Figure 2. Monthly probability of dying by erythrocyte sedimentation rate (ESR), according to whether data used
the first observation, the average of observations during the first study year, the average of observations during
the first 2 study years, or all observations during the course of the patient’s rheumatoid arthritis. Horizontal line
represents the line of no information (baseline probability of dying). Increasing the period of observation results
in clinically important increased information relative to predicting death. Note that the ESR lines cross the line
of no information on the left of the x-axis, demonstrating that high values of ESR contribute the most
information. However, relatively few patients had such high values. The crossing point is near the median ESR
value at the time of death.
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with recent-onset RA compared with those who had a
longer duration of disease, we compared the odds ratios
of the clinical variables (as logit coefficients) in the 325
patients who had RA of �1 year’s duration at their first
observation versus those who had �1 year’s duration of
RA at their first observation. For each clinical variable,
there was no statistically significant difference in the
predictor coefficient between disease duration groups.
Because the actual data on this set of patients with early
RA may be of interest to some readers, they are
presented separately in Table 3.

We tested whether the logistic regression coeffi-
cients for the variables in Table 2 differed according to
age or sex. There were no significant differences, indi-
cating no effect of age and sex on the association
between the study variables in Table 2 and mortality. Of
note, the OR for the effect of HAQ on mortality was
3.37 for women and 2.49 for men (P � 0.089). This
suggests the possibility that HAQ is more predictive of
mortality in women than men.

Multivariable models of mortality. Table 4 dis-
plays the “best” multivariable models of mortality, along
with a separate analysis based on the smaller number of
patients (n � 1,154) for whom radiographs were avail-
able. Although global disease severity and pain were
strong univariate predictors, they were not significant in
the model as long as depression was present. In addition,
the inclusion of depression rather than global disease
severity or pain led to a slightly better fit. Even so,
depression, global disease severity, or pain all worked
almost equivalently as well as one another. Except for
radiographic progression, none of the predictors that
were significant in the univariate model were significant
in the multivariable model. The relative predictive
strength of the clinical variables is shown in Figure 6.

Rates of radiographic progression are highly de-
pendent on estimated duration of RA, and apparently
high rates can occur early in RA if disease duration is
underestimated. In addition, rates are unstable as dis-
ease duration becomes smaller and approaches 0. To

Figure 3. Monthly probability of dying by level of depression, according to whether data used the first
observation, the average of observations during the first study year, the average of observations during the first
2 study years, or all observations during the course of the patient’s rheumatoid arthritis. Horizontal line
represents the line of no information (baseline probability of dying). Increasing the period of observation results
in clinically important increased information relative to predicting death. Note that the depression lines cross the
line of no information on the left of the x-axis, demonstrating that high values of depression contribute the most
information. However, relatively few patients had such high values. The crossing point is near the median
depression value at the time of death.
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Figure 4. Monthly probability of dying by Larsen radiographic score. Horizontal line represents the line of no
information (the baseline probability of dying). Note that the Larsen slope score has little effect at the commonly
achieved values; relatively few patients had high values. The crossing point of the Larsen slope score and the line
of no information is near the median Larsen slope value at the time of death.

Figure 5. Monthly probability of dying by rheumatoid factor (RF) titer. Horizontal line represents the line of no
information (baseline probability of dying). The crossing point of the RF titer and the line of no information is
near the median RF titer for the study patients.
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Figure 6. Relative strength of the clinical variables that were significant in the multivariable model as mortality
predictors in rheumatoid arthritis. Shown is the monthly probability of dying among patients with values in the
fourth quartile of each predictor, with the other variables set to their mean values. The baseline line represents
the line of no information, or the probability of dying without covariate information. The Health Assessment
Questionnaire (HAQ) was the best predictor, the erythrocyte sedimentation rate (ESR) was the weakest
predictor, and the other variables were in intermediate positions.

Table 4. Final multivariable models of mortality in rheumatoid arthritis with radiographic data not included (n � 1,387) and included (n � 1,154)*

OR SE
Z

score P 95% CI

Without radiographic data
RA and disease factors

HAQ disability, 0–3 2.22 0.24 7.31 0.000 1.79, 2.75
Depression, 0–10 1.12 0.04 3.05 0.002 1.04, 1.21
Lifetime comorbidities, 0–11 1.13 0.04 3.10 0.002 1.05, 1.22
RF, latex titer 1.08 0.03 2.97 0.003 1.03, 1.14
ESR mm/hour 1.01 0.00 2.17 0.030 1.00, 1.01

Methotrexate treatment, 0/1 0.51 0.01 �3.84 0.000 0.37, 0.72
Demographic factors

Age, years 1.07 0.01 9.56 0.000 1.06, 1.09
Sex, male 2.76 0.42 6.60 0.000 2.04, 3.37

With radiographic data
RA and disease factors

HAQ disability, 0–3 1.97 0.25 5.40 0.000 1.54, 2.52
Depression, 0–10 1.17 0.05 3.55 0.000 1.07, 1.27
Lifetime comorbidities, 0–11 1.14 0.05 3.12 0.002 1.05, 1.24
RF, latex titer 1.10 0.03 3.13 0.002 1.04, 1.17
ESR, mm/hour 1.01 0.00 2.65 0.008 1.00, 1.01
Radiographic score, slope of Larsen score 1.03 0.01 2.93 0.003 1.01, 1.05

Methotrexate treatment, 0/1 0.56 0.10 �3.21 0.001 0.39, 1.09
Demographic factors

Age, years 1.07 0.01 8.06 0.000 1.05, 1.09
Sex, male 2.73 0.47 5.86 0.000 1.95, 3.83

* Table also includes terms for time (months and months squared) and disease duration at first study assessment. See Table 2 for definitions.
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account for these possible effects, we performed sepa-
rate analyses of radiographic progression after excluding
patients with RA of �5 years’ duration. The effect of
radiographic progression increased in the univariate
analysis (OR 1.22 [95% CI 1.13, 1.32]) but was weaker in
the multivariable analysis (OR 1.12 [95% CI 1.02, 1.24]).

Prediction of mortality and the length of obser-
vation. Figures 1–3 demonstrate that single-observation
prediction, in this case the use of baseline values, results
in impaired predictive ability. For time-varying covariate
data versus 2-year covariate data versus 1-year covariate
data versus baseline covariate data (baseline), examina-
tion of the Bayesian information criterion indicated an
increasingly better fit for the models with longer periods
of covariate observation. For the HAQ, the Bayesian
information criterion results for the respective 4 obser-
vation groups were �283, �200, �181, and �164. For
the ESR, the values were �176, �163, �159, and �152,
and for depression, they were �217, �176, �173, and
�171. Although, as shown in Figures 1–3, use of average
values from the first year or the first 2 years increases
predictive ability and is to be preferred strongly over a

baseline measurement, longitudinal observation adds
much more information. Of additional interest, only the
HAQ differed in predictive ability at values below the
median (see Figure 7). There appeared to be little
difference in predictive ability of the 4 methods of
covariate observation for ESR values �40 mm/hour and
for depression scores �3; this is another reason for the
overall superiority of the HAQ.

DISCUSSION

The data from this large prospective study dem-
onstrate the extent to which clinical and demographic
variables differ in their ability to predict mortality in
patients with rheumatoid arthritis. There appears to be a
clear hierarchy. By far, the HAQ is the best predictor
among all variables we studied. The HAQ is predictive
across its full range, compared with variables like the
ESR, which are predictive only at higher levels and,
therefore, in fewer patients. The second tier of variables
is also patient based: global disease severity, pain,
depression, and anxiety. Grip strength, a variable that

Figure 7. Quantile plots illustrating the distribution of 4 predictor variables. A variable that is normally
distributed will appear as a relatively straight diagonal line, such as is demonstrated for the Health Assessment
Questionnaire (HAQ) disability scale. Distributions in which most of the patients have low scores will have a
curve bending toward the bottom left. The curve for erythrocyte sedimentation rate shows that high scores are
experienced by few patients, as does the curve for depression. The extreme distribution for the Larsen
radiographic score slope shows that high Larsen scores are very rare. These graphs emphasize that, except in the
case of the HAQ, the increased risk of mortality accorded by high scores is experienced by relatively few patients.
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has fallen out of favor, is the approximate equal of these
second-tier variables in univariate analyses. The third
tier of clinical variables are those that represent labora-
tory and radiographic tests. These variables provide
much less predictive information about mortality than
the HAQ and second-tier variables. Finally, there are
clinical variables that produced very little predictive
information, including disease duration, nodules, and
tender joint count.

Even in the multivariable model, the HAQ and
other patient self-report measures were significantly
better than the rest. When these variables were analyzed
together with demographic variables in a multivariable
model, a core grouping of variables emerged that rep-
resented different aspects of RA in predicting mortality.
These variables might be said to represent function
(HAQ), severity or personal consequences (depression,
pain, and global severity), inflammatory activity (ESR),
seropositivity (RF titer), and damage (radiographic ero-
sions). While our univariate and multivariable analysis
results have obvious implications for research, they also
should be of signal importance in the clinic, where
laboratory and radiographic measures currently domi-
nate clinical observation and self-report data are uncom-
monly acquired.

These results have immediate practical value. For
example, the OR per unit change of the HAQ (2.93) can
be used to provide insight into disease severity in
patients in the clinic and in clinical trials. For example,
the mean HAQ score of 1.80 for patients entering the
ATTRACT trial of infliximab and methotrexate (42)
indicates that such patients have a risk of mortality that
is 5.3 times greater than that for persons without disabil-
ity (HAQ score 0) or, in practical terms, without RA.

Although the HAQ is now in common use in
almost all research studies, relatively few mortality stud-
ies have examined its comparative predictive value.
Using baseline modified HAQ (M-HAQ) values (43),
Callahan et al described an odds ratio for mortality of
2.14 in 1,416 RA patients from 15 private practices in the
US (14). Except for disease duration, none of the other
clinical variables in Table 2 were reported in their study.
Callahan and colleagues also reported the results of
baseline Cox regression analyses for 210 RA patients
seen in Nashville, Tennessee and followed up 5 years
later (15). In univariate analyses, the OR for the
M-HAQ was 2.0, and comorbidity score, disease dura-
tion, education, and ESR were significantly associated
with mortality. Joint count, radiographic changes, RF
status, pain, and global scores were not associated with
mortality in their analyses (15). An earlier study from

that group used a precursor of the HAQ/M-HAQ and
found it to be the best mortality predictor, but because
of the use of different study questionnaires, results are
not comparable (16). Soderlin et al reported 5-year
mortality in 102 RA patients from northern Finland
(17). The HAQ was a significant predictor of mortality
in Cox analyses, but data on the effect of the HAQ as a
continuous variable are not provided. Using a Weibull
baseline model with only survey data available (n �
263), Leigh and Fries found the HAQ, but not pain, to
be associated with mortality (18). Wolfe et al reported
mortality results estimated from baseline values from
Stanford, California, Saskatoon, Canada, and Wichita,
Kansas, from studies using Cox regression analysis (12).
Depending on the center, various baseline questionnaire
and laboratory data were available, and HAQ, pain,
ESR, grip strength, and joint count were significantly
associated with mortality in most centers where the data
on the variables were available.

Our analysis applied the epidemiologic concept
of attributable risk to these identified mortality risk
factors in RA patients and demonstrated a high contrib-
uting fraction from the HAQ (i.e., 50% mortality reduc-
tion with the HAQ in the fourth quartile switched to that
in the first quartile). Why does the HAQ have such a
high contributing fraction statistic compared with other
clinical measures? In addition to the biologically impor-
tant effect of loss of function, Figures 1–5 and Figure 7
add further insight. As shown in the quantile plots of
Figure 7, the HAQ is quite uniformly distributed over its
range, and from Figure 1 it can be seen that the values
of HAQ that are associated with substantial increased
risk occur frequently in the study population. In con-
trast, the effect and distribution of ESR (Figure 2),
depression (Figure 3), and Larsen slope score (Figure 4)
are increasingly skewed, such that the values associated
with high risks are found in only a small number of
patients. For example, 95% of patients have scores of �5
for the Larsen slope. Although the RF titer effect is
evenly distributed throughout the population (Figure 5),
it is not a strong predictor. At its maximum value in
Figure 5, the monthly probability of death (0.003) is less
than half that for the HAQ at its maximum (0.006), as
shown in Figure 1. In addition, the RF titer contributes
only moderately according to the contributing fraction
statistic.

Why do other variables that are explanatory in
the univariate models not appear in the multivariable
model? As indicated above, global disease severity and
pain have value approximately equal to that of depres-
sion in predicting mortality, but they do not appear in
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the multivariable model because they are collinear and
are slightly “worse” predictors. In clinical practice or in
research, any of these 3 variables could be substituted
for one another. Although education level, in the form
of high school graduate/not high school graduate, sepa-
rate category levels, or a continuous variable, is a
univariate predictor, its effect is distributed over mea-
sures like HAQ, depression, and comorbidity. Thus,
when data on these variables are available, the addi-
tional information about education level adds nothing to
the ability to predict mortality.

Another objective of this study was to provide
information regarding how many observation points are
necessary for clinical prediction, by evaluating the values
of repeated measures. As shown in Figures 1–3, a single
baseline observation provides the least information,
while increasing duration of observation is associated
with substantially more accurate prediction.

We present an often-duplicative series of statis-
tics in an attempt to understand quantitative prediction
in RA. Because the sample size was the same for all of
the clinical variables except radiographic progression,
presenting many statistics allowed for their comparison.
From Table 2 it can be seen that it is difficult to judge
predictive ability or strength on the basis of odds ratios,
since the differing units make interpretation extremely
difficult. Similarly, P values cannot distinguish ranking.
Both the Z score and the Bayesian information criterion
are dependent on sample size. The fourth-versus-first–
quartile odds ratio provides information regarding pre-
diction, but is dependent on the distribution of scores.
Perhaps most useful, though not for dichotomous data,
is the standardized odds ratio, because it is unaffected by
sample size. We also found the contributing fraction to
be helpful in gauging relative usefulness of the study
variables, and it is a method that deserves additional
study. Although we have not presented our analyses that
determined the attributable fraction by comparing all
patients with the mean of the variable under study, that
method provided ranked results similar to those pre-
sented for the contributing fraction in this study. Such a
method, as suggested by Brady (37), is conceptually
attractive and merits further study.

The difference between odds ratios for the effect
of HAQ on mortality by sex (OR 3.37 for women and
2.49 for men; P � 0.089) might possibly be explained by
differential item response and, therefore, might be more
apparent than real when HAQ scores rather than func-
tional ability are considered. Preliminary work from our
group using Rasch analysis suggests that women and
men perceive certain HAQ items to have different levels

of difficulty. Such perceptive differences might also be
the explanation for the difference in HAQ scores be-
tween men and women that has been noted in all studies.
This important measurement issue should be explored
further.

For clinicians, an important message of this study
is that self-report measures, particularly the HAQ, en-
hance understanding and prediction of long-term out-
comes of RA. Such data are easy to acquire and provide
considerably more information about these outcomes
than do the traditional clinical and laboratory examina-
tions. In addition, our findings underscore differences in
the importance of individual variables in randomized
clinical trials, where joint examination data, laboratory
data, and radiographic data are essential, and in clinical
practice, where they are of considerably less use. The
data in this report also emphasize that observation of
RA patients over 1–2 years provides considerable insight
into the long-term outcome in each patient, and the
longer one follows up patients the more reliable are the
clinical measures. In contrast, single observation data
are of little use.

The results also suggest that dichotomizing pa-
tients into severity groups according to HAQ score (e.g.,
HAQ �1) or other clinical variables underestimates the
contribution to mortality of even slight increases in the
HAQ above 0, as shown in Figure 1. In this respect,
HAQ scores might be considered analogous to blood
pressure measures, where lower is better and there is no
strict cutoff between normal and not normal or between
desirable and undesirable. Finally, these data should
provide some insight into the issue of the definition of
DMARD failure and DMARD/biologic agent success,
since even small increases above 0 for variables such as
the HAQ and patient global assessment presage loss of
years of life. Although important treatment advances
have occurred, much remains to be done if the long-term
outcomes of RA are to be improved. Self-report data
such as the measures described here can provide clini-
cians with additional insight into the status of each
individual patient.

In summary, the HAQ was the most powerful
predictor of mortality, followed by other patient self-
report variables. Laboratory, radiographic, and physical
examination data were substantially weaker in predicting
mortality. We recommend that clinicians collect patient
self-report data, since these data produce more useful
clinical outcome information than other available clini-
cal measures.
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