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Mortality Risk by Functional Status and Health-related
Quality of Life in Patients with Rheumatoid Arthritis 
KALEB MICHAUD, MONTSERRAT VERA-LLONCH, and GERRY OSTER

ABSTRACT. Objective. Patients with rheumatoid arthritis (RA) are at increased risk of death. Modern RA thera-

py has been shown to improve health status, but the relationship of such improvements to mortality

risk is unknown. We assessed the relationship between health status and all-cause mortality in

patients with RA, using the Health Assessment Questionnaire (HAQ) and the Medical Outcomes

Study Short Form-36 questionnaire (SF-36) physical and mental component summary scores (PCS,

MCS).

Methods. Subjects (n = 10,319) were selected from the National Data Bank for Rheumatic Diseases,

a prospective longitudinal observational US study with semiannual assessments of HAQ, PCS, and

MCS. Risk of death up to 7 years through 2006 was obtained from the US National Death Index.

Relationship of HAQ, PCS, and MCS to mortality was assessed using Cox regression models; pre-

diction accuracy was compared using Harrell’s concordance coefficient (C).

Results. Over 64,888 patient-years of followup, there were 1317 deaths. Poorer baseline health sta-

tus was associated with greater mortality risk. Adjusting for age, sex, and baseline PCS and MCS,

declines in PCS and HAQ were associated with higher risk of death. HAQ improvement was asso-

ciated with reduced mortality risk from 6 months through 3 years; a similar relationship was not

observed for PCS or MCS improvement. Controlling for baseline values, change in PCS or HAQ did

not improve prediction accuracy.

Conclusion. The HAQ and the SF-36 PCS are similarly and strongly associated with mortality risk

in patients with RA. Change in these measures over time does not appear to add to predictive accu-

racy over baseline levels. (J Rheumatol First Release Nov 15 2011; doi:10.3899/jrheum.110491)
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Health-related quality of life (HRQOL) is significantly

impaired in patients with rheumatoid arthritis (RA) as a

result of pain, deficits in physical functioning, and fatigue

associated with this disease1. The Health Assessment

Questionnaire (HAQ) and the Medical Outcomes Study

Short Form-36 questionnaire (SF-36) are commonly used

measures of patient outcome in RA, and are often used as

formal assessment tools in clinical trials of new therapies.

Mortality risk — especially due to cardiovascular dis-

ease2,3 — has been reported to be elevated in patients with

RA4,5,6. In healthy and older persons with coronary heart

disease, arthritis, lung disease, and kidney disease, physical

and mental functioning and HRQOL have been reported to

be important predictors of death7,8,9,10,11,12,13,14,15,16. A few

studies have examined whether the HAQ is predictive of

mortality in patients with RA17,18,19, but to our knowledge

the predictive ability of the SF-36 has not been examined in

this patient population.

We examined whether the HAQ and the SF-36 physical

and mental component summary scores (PCS and MCS) are

also predictive of mortality in patients with RA, as reported

in numerous other patient populations. In addition, we

investigated the influence on mortality of specific improve-

ment and worsening in PCS, MCS, and HAQ over a variety

of time periods (6 months to 4 years). Knowledge of

whether such relationships exist and their quantitative effect

could contribute substantially to both epidemiologic and

experimental research as well as clinical care.

MATERIALS AND METHODS

Patients in this study were part of the National Data Bank for Rheumatic

Diseases (NDB) open-cohort longitudinal observational study of RA out-

comes20,21,22. Participants are volunteers who are not compensated for their

participation. Beginning in 1998, NDB participants were recruited from the

practices of US rheumatologists in an ongoing manner and followed

prospectively with semiannual, detailed, 28-page questionnaires. In addi-

tion to demographics, assessment measures included the Stanford Health

Assessment Questionnaire functional disability index (HAQ)23,24 and the
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SF-3625. Information on mortality for all patients in the NDB is obtained

from the US National Death Index26; there is roughly a 2-year delay in the

reporting of deaths.

The HAQ is a self-administered questionnaire consisting of 20 ques-

tions concerning activities of daily living and 21 questions relating to the

use of aids and devices and help from others. The range of possible values

is from 0 (no functional impairment) to 3 (complete functional impairment)

in 0.125 increments. The SF-36 is a self-administered questionnaire that

measures 8 domains of HRQOL: physical functioning, role limitations due

to physical problems, bodily pain, vitality, social functioning, role limita-

tions due to emotional problems, mental health, and general health percep-

tions. The SF-36 PCS and MCS scales are constructed by applying pub-

lished weights to individual domain scores. The mean and SD of the PCS

and MCS are both 50 and 10, respectively, in the general US population,

and unlike the HAQ scale, an increase in PCS or MCS score corresponds

to an improvement in health.

We used questionnaire responses beginning in January 1999 and ending

in July 2005, for a total of 14 semiannual assessment periods (7 years).

Information on mortality was current through 2006; patients were censored

as to vital status as of December 31, 2006. Patients were required to have

at least 2 completed PCS/MCS assessments for inclusion in the study, the

earliest of which was designated the “baseline” observation. Patients aged

< 18 years, as well as those who entered the NDB as part of an NDB-con-

ducted drug safety registry, were excluded in order to have a more repre-

sentative RA study sample and a more homogeneous recruitment method22.

We examined whether baseline values of the PCS, MCS, and the HAQ

were predictive of mortality. We also examined how the changes in these

scores from baseline at 6 months, 1 year, 2 years, 3 years, and 4 years,

respectively, were predictive of mortality. In analyses of baseline values,

PCS and MCS scores were stratified following SD widths10 and visual

inspection of the data as follows: ≤ 20, 21–30, 31–40, 41–50, and ≥ 50.

Values of the HAQ at baseline were similarly stratified by visual inspection

as follows: 0.0, 0.1–0.4, 0.5–0.9, 1.0–1.4, 1.5–1.9, 2.0–2.4, and 2.5–3.0.

In analyses of change scores, responses were also stratified following

visual inspection of the data. For the PCS and MCS, change scores from

baseline between –4 and +4 were designated “no change”; corresponding

values for the HAQ were –0.125 to +0.125. These values or at least the

width of the categories are generally accepted as greater than or equal to the

minimal clinically important differences for these measures25. We also

examined the predictive ability of the PCS, MCS, and HAQ as continuous

variables; changes in mortality risk were estimated for each 5-unit decre-

ment (i.e., worsening) in the PCS and MCS, and for 0.25-unit increases

(worsening) of the HAQ.

Statistical analyses. We used Cox regression to examine the relationship

between PCS, MCS, and HAQ change scores and mortality. Entry to sur-

vival models was at the baseline observation and continued until either date

of death or censorship at their last observation. Except as otherwise indi-

cated in the Results section, covariates in these models included age, sex,

and baseline PCS and MCS. The reference categories in the Cox regression

were the “no change” patients (i.e., –4 to 4 for both the PCS and MCS, and

–0.125 to 0.125 for the HAQ). In Cox regressions examining the predictive

value of baseline scores, the reference categories were ≥ 50 for the PCS and

MCS, and 0.0 for the HAQ. Harrell’s C statistic was used to assess the pre-

dictive value of the measures of interest, defined as the proportion of all

subject pairs in which the predictions and outcomes were concordant28.

There were 2 types of missing data in the study sample: missing vari-

ables and missing observations. At the patient level, a variable was missing

for a given observation when the SF-36 and HAQ were part of the patient

questionnaire, but the patient did not complete a sufficient number of items

to permit valid scoring. The percentage of observations with missing vari-

ables was 4.7% for the PCS and MCS and 1.1% for the HAQ. The HAQ

was missing for 0.7% of valid PCS/MCS assessments. Missing observa-

tions occurred when patients did not complete 1 or more semiannual ques-

tionnaires (9.7% of observations) or requested a shorter questionnaire that

did not contain the PCS/MCS (2.5% of observations) during 6-month peri-

ods between non-missing observations. Overall, 64.8% of study subjects

had no missing observations, 21.6% had 1 missing observation, 7.7% had

2 missing observations, 3.5% had 3 missing observations, and 2.3% had 4

or more missing observations. We replaced all missing data using multiple

imputation by chained equations to create multiple imputed datasets for

analyses29, and we combined data according to Rubin’s rules30; prior analy-

ses done similarly are described elsewhere31. Data were analyzed using

Stata, version 10.1 (Stata C; release 10.0; 2007. Stata Corp., College

Station, TX, USA). All tests were 2-tailed and a significance level of 0.05

was used.

RESULTS

After excluding 3220 patients with RA for not having 2

SF-36 observations, a total of 10,319 patients remained eli-

gible for study. The mean age of subjects at entry into the

NDB was 59.0 (SD 13.1) years; the mean duration of RA at

entry was 12.8 (SD 11.1) years (Table 1). At study entry, the

mean value of the HAQ was 1.01 (SD 0.71); corresponding

scores for the PCS and MCS were 36.5 (SD 11.0) and 49.7

(SD 11.1), respectively.

Mortality in relation to baseline values of PCS, MCS, HAQ.

Risks of mortality associated with various levels of the PCS,

MCS, and HAQ are reported in Table 2. Poorer baseline

health status, as indicated in all 3 measures, was associated

with higher mortality risk. In the PCS category that encom-

passed the mean value for this measure31,32,33,34,35,36,37,38,39,

the hazard ratio (HR) for death was 2.0 compared to the 

≥ 50 category, and in the corresponding HAQ category

(1.0–1.4) the HR was 1.8 compared to the 0.0 category.

When we considered continuous predictor variables, a
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Table 1. Characteristics of 10,319 patients with RA at baseline. Data are

mean (SD) unless otherwise indicated.

Variable

Age, yrs 59.0 (13.1)

Male, % 22.8

Education level, yrs, % 13.5

0-8 2.3

8-11 7.2

12 35.8

13-15 26.5

≥ 16 28.2

Ethnic origin, %

White, not of hispanic origin 91.6

Black, not of hispanic origin 3.8

Asian or Pacific Islander 1.0

American Indian or Alaskan native 0.9

Hispanic 2.4

Other 0.5

RA duration, yrs 12.8 (11.1)

Baseline PCS 36.5 (11.0)

Baseline MCS 49.7 (11.1)

Baseline HAQ 1.01 (0.71)

No. deaths 1317

PCS: SF-36 physical component summary; MCS: SF-36 mental compo-

nent summary; HAQ: Health Assessment Questionnaire-Disability Index;

RA: rheumatoid arthritis.
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5-unit decline in the PCS was associated with an HR of 1.2

(95% CI 1.2, 1.3); a 5-unit decline in the MCS, an HR of 1.1

(95% CI 1.1, 1.1); and a 1-unit increase in the HAQ, an HR

of 1.8 (95% CI 1.7, 1.9).

In Cox regression models controlling for age and sex, the

C statistic for the PCS, MCS, and HAQ was 0.77, 0.76, and

0.77, respectively. Because age and sex may contribute sub-

stantially to C, we reran the analyses after dropping these 2

variables from the models. The resulting values for the C

statistic were 0.63, 0.53, and 0.61 for the PCS, MCS, and

HAQ. These results indicate that the MCS has almost no

predictive power as it approaches 0.5 (no information), and

that the predictive power of the PCS and HAQ are similar,

with a slight advantage using PCS.

Mortality in relation to change in PCS, MCS, and HAQ.

Risks of death in relation to change in the PCS, MCS, and

HAQ over 6 months, 1 year, 2 years, 3 years, and 4 years,

adjusting for baseline values of age, sex, PCS, and MCS, are

reported in Table 3.

Declines in the PCS of 5–14 units were associated with

increased mortality risk at 6 months, 2 years, and 3 years;

15–29 units, increased mortality risk from 1–4 years; and 

≥ 30 units, increased risk at 1 and 2 years. HAQ worsening

of ≥ 0.5 unit was always associated with increased mortali-

ty risk. Except for 2 values, declines in the MCS were not

associated with mortality risk.

While HAQ improvement ≥ 0.5 unit was associated with

a reduction in mortality risk over all time periods from 6

months through 3 years, improvements in the PCS or MCS

were not associated with a decline in mortality risk in any of

the time periods we examined (except ≥ 15-unit improve-

ment in the PCS at 1 year). We used Harrell’s C to compare

change analyses at 1 year. The C statistic for baseline PCS

and MCS was 0.63. When PCS, MCS, and HAQ change

were added to the model, the C statistics increased to 0.65,

0.63, and 0.64, respectively.

DISCUSSION

Increasingly effective treatments have led to improvements

in health status in patients with RA. Among patients in clin-

ical trials, 20% improvements in the PCS and HAQ are

common, and many patients achieve 50% or 70% improve-

ments. The PCS has been shown to be a significant predic-

tor of mortality in a number of disease areas, and the HAQ

has been shown to be a predictor of mortality in

RA7,8,32,33,34,35,36,37. It is therefore of considerable clinical

interest to know whether changes in health status as meas-

ured by the HAQ and the SF-36 are predictive of mortality

risk in RA. Not only would this be of clinical interest, but it

also would aid in better understanding of the cost-effective-

ness of new therapies for RA38,39,40,41,42.

In 2008, Kroenke, et al used data from the Nurses Health

Study (NHS) to examine the effect of changes in PCS and

MCS on mortality in 40,337 healthy women, aged 46–71

years in 199216. They reported that over a 4-year period, a

decline in the PCS > 20 units was associated with a relative

risk (RR) of mortality of 3.3; a 10–19 unit decline, an RR of

1.4; and a 5–9 unit decline, an RR of 1.4 — a pattern simi-

lar to that observed in our study (Table 3). Improvement of

6–75 units was associated with an RR of 0.72. Although we

did not observe a corresponding significant reduction in risk

of death with improvement in the PCS, this could simply

reflect that few patients in our study population experienced

clinically important positive change in this measure. Also,

3Michaud, et al: Mortality risk in RA
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Table 2. Age- and sex-adjusted risk of mortality in patients with RA according to baseline PCS, MCS, and HAQ.

N = 10,319 patients, 1317 deaths, and 64,888 patient-years of observation.

Variable Category % in Category HR (95% CI) p

PCS ≥ 50 14.5 1.0 (referent)

41–50 22.6 1.6 (1.2, 2.1) < 0.001

31–40 30.6 2.0 (1.6, 2.6) < 0.001

21–30 27.3 3.1 (2.5, 4.0) < 0.001

≤ 20 5.1 4.9 (3.6, 6.4) < 0.001

MCS ≥ 50 57.2 1.0 (referent)

41–50 21.4 1.4 (1.2, 1.6) < 0.001

31–40 15.2 1.7 (1.5, 2.0) < 0.001

21–30 5.5 2.0 (1.5, 2.5) < 0.001

≤ 20 0.7 1.6 (0.6, 3.8) 0.304

HAQ 0.00 12.3 1.0 (referent)

0.125–0.375 14.8 1.4 (1.1, 1.8) 0.010

0.500–0.875 25.7 1.5 (1.2, 1.9) 0.002

1.000–1.375 22.3 1.8 (1.4, 2.2) < 0.001

1.500–1.875 17.2 2.7 (2.2, 3.5) < 0.001

2.000–2.375 6.4 4.0 (3.1, 5.2) < 0.001

2.500–3.000 1.3 5.5 (3.9, 7.7) < 0.001

PCS: SF-36 physical component summary score; MCS: SF-36 mental component summary score; HAQ: Health

Assessment Questionnaire-Disability Index; RA: rheumatoid arthritis.
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the study population in the NHS was substantially different

from ours, in that it was not limited to patients with RA and

excluded more than 10,000 subjects with serious illnesses.

Although the authors do not provide baseline PCS and MCS

scores for the study population, the health status of that pop-

ulation was certainly better than that of our cohort of

patients with RA.

In a second clinical study of 7702 participants receiving

ambulatory care at a Veterans Affairs (VA) facility, Fan, et

al examined the relationship between 1-year mortality risk

and change in the PCS over the prior year13. After adjusting

for baseline PCS and comorbidity, a 10-point decrease in

PCS was found to be associated with an increased risk of

death (OR 2.3, 95% CI 1.6–3.4). However, as with our

study, the addition of change scores improved prediction

accuracy only slightly compared with baseline PCS alone

(area under the curve 0.64 vs 0.62).

We investigated the association between health status —

at baseline and changes over time — and mortality in

patients with longstanding RA. We found that changes in the

PCS and HAQ did not contribute substantially to predictive

value over and above the baseline values of these variables,

as evidenced by minimal changes in Harrell’s C. Stated dif-

ferently, the starting level of the PCS and HAQ are more

important than the magnitude of change in these measures.

Second, we found that the predictive ability of the PCS

and HAQ are almost the same, and that these measures can

provide important and clinically useful information to clini-

cians and trialists. For example, a HAQ score of 1.0 indi-

cates a mortality risk of 1.8 compared with a patient with

RA in remission (HAQ score of 0.0) or a person without

functional limitations. Similarly, a HAQ score of 1.5, which

is common among patients participating in clinical trials, is

associated with a mortality risk of 2.7 compared with per-

sons without functional limitations. We note that while the

PCS and HAQ provide almost equivalent information, the

HAQ may be preferred to the PCS as it can be administered

in the clinic and scored in seconds.

With respect to change in the PCS and HAQ, improve-

ment was less often and less strongly associated with a

decrease in the risk of mortality compared with the associa-

tion between declines in these measures and an increased

risk of death. In addition, the association between HAQ

improvement and mortality was stronger than the associa-

4 The Journal of Rheumatology 2012; 39:1; doi:10.3899/jrheum.110491
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Table 3. Effect of change from baseline in PCS, MCS, and HAQ scores on mortality in RA over 4 years. PCS analyses adjusted for baseline values of age,

sex, PCS, and MCS. MCS analyses adjusted for baseline values of age, sex, PCS, and MCS. HAQ analyses adjusted for baseline values of age, sex, PCS, and

MCS. –4 to +4 is considered “no change for PCS and MCS”. –0.125 to +0.125 is considered no change for HAQ.

Variable 6 month Year 1 Year 2 Year 3 Year 4

Patients, no. 10,319 9092 6774 5310 4265

Deaths 1317 1097 724 459 303

Patient-years 64,888 58,900 46,772 38,077 31,571

PCS change, HR (95% CI)

≤ –30 —* 9.11 (1.27, 65.37) —* 12.94 (1.79, 93.80) —*

–15 to –29 1.53 (0.95, 2.49) 2.07 (1.38, 3.12) 2.72 (1.79, 4.15) 2.13 (1.30, 3.50) 2.59 (1.56, 4.28)

–5 to –14 1.20 (1.02, 1.41) 1.12 (0.94, 1.34) 1.55 (1.28, 1.87) 1.33 (1.05, 1.69) 1.18 (0.88, 1.59)

–4 to 4 (referent) 1.00 1.00 1.00 1.00 1.00

+5 to +14 0.92 (0.80, 1.07) 0.87 (0.75, 1.02) 0.92 (0.75, 1.13) 0.92 (0.71, 1.20) 0.92 (0.68, 1.25)

+15 to +30 0.77 (0.50, 1.19) 0.54 (0.30, 0.96) 0.70 (0.42, 1.15) 0.56 (0.30, 1.05) 0.67 (0.31, 1.44)

> +30 —* —* —* —* —*

Continuous (5-unit PCS decrease) 1.19 (1.05, 1.15) 1.13 (1.08, 1.19) 1.16 (1.10, 1.23) 1.17 (1.09, 1.25) 1.65 (1.08, 1.26)

MCS change HR (95% CI)

≤ –30 1.48 (0.55, 3.98) 0.49 (0.07, 3.47) 1.35 (0.20, 8.97) 2.05 (0.50, 8.42) 2.96 (0.72, 12.15)

–15 to –29 1.15 (0.89, 1.50) 1.41 (1.10, 1.81) 1.20 (0.87, 1.67) 0.86 (0.55, 1.34) 1.52 (0.98, 2.34)

–5 to –14 0.98 (0.84, 1.14) 1.05 (0.89, 1.23) 1.23 (1.01, 1.50) 1.04 (0.80, 1.35) 1.16 (0.85, 1.59)

–4 to 4 (referent) 1.00 1.00 1.00 1.00 1.00

+5 to +14 0.96 (0.82, 1.12) 0.95 (0.79, 1.14) 1.11 (0.90, 1.36) 0.88 (0.67, 1.15) 1.02 (0.73, 1.42)

+ 15 to +30 1.15 (0.88, 1.49) 1.04 (0.78, 1.38) 1.13 (0.80, 1.58) 0.68 (0.41, 1.12) 0.74 (0.41, 1.34)

> +30 1.43 (0.46, 4.48) 1.54 (0.57, 4.17) —* 0.72 (0.10, 5.20) 1.65 (0.39, 7.03)

Continuous (5-unit MCS decrease) 1.00 (0.97, 1.04) 1.03 (1.00, 1.07) 1.02 (0.98, 1.07) 1.05 (1.00, 1.10) 1.08 (1.00, 1.05)

HAQ change HR (95% CI)

≥ 0.500 0.81 (0.68, 0.96) 0.80 (0.66, 0.97) 0.78 (0.62, 1.00) 0.70 (0.51, 0.96) 0.87 (0.60, 1.26)

+0.250 to +0.375 0.93 (0.77, 1.12) 1.09 (0.89, 1.34) 0.98 (0.75, 1.29) 1.03 (0.73, 1.47) 0.99 (0.63, 1.57)

–0.125 to +0.125 (referent) 1.00 1.00 1.00 1.00 1.00

< –0.375 to –0.250 1.00 (0.83, 1.22) 1.32 (1.08, 1.61) 1.06 (0.82, 1.38) 1.29 (0.95, 1.77) 1.42 (0.96, 2.09)

< –0.500 1.31 (1.11, 1.54) 1.44 (1.22, 1.70) 1.54 (1.28, 1.85) 1.58 (1.26, 1.99) 1.63 (1.23, 2.15)

Continuous (0.25-unit HAQ increase) 1.12 (1.08, 1.17) 1.16 (1.11, 1.21) 1.16 (1.10, 1.21) 1.21 (1.14, 1.28) 1.19 (1.11, 1.27)

* HR is not estimable. PCS: SF-36 physical component summary score; MCS: SF-36 mental component summary score; HAQ: Health Assessment

Questionnaire-Disability Index;  HR: hazard ratio.
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tion between PCS improvement and mortality. One possible

reason for this finding was that the multiple scales used in

the PCS may buffer change compared with the unidimen-

sional HAQ.

We urge caution in extrapolating our findings, which are

based on data collected semiannually and without respect to

disease flare, to the clinical trial setting. Patients in clinical

trials may be selected for inclusion because of flare, and

may manifest dramatic placebo effects. In some circum-

stances, health status may appear worse than it is, and

response may appear to be better than it would be in a prac-

tice setting43.

The PCS and HAQ are about equal in their prediction of

mortality risk. The HAQ is strongly associated with mortal-

ity risk in patients with RA and can be estimated simply in

the clinic. The predictive ability of the PCS in RA corre-

sponds to results demonstrated in other disease areas.

Although changes in the PCS and HAQ over time correlate

with mortality risk, they do not appear to provide substan-

tive additional information beyond the absolute values of

these measures. The relationship of these patient-reported

measures of functional and health status with longer-term

health outcomes can be useful in both clinical and research

settings, with the ultimate goal of improving patient care.
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