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Abstract

Objective. Insight into the influence of ageing on disease outcomes is limited. The objective of this study was to

examine the potential effect of age on disease activity using the 28-joint DAS (DAS28) and its components in

patients with RA.

Methods. Baseline data of DMARD-naı̈ve patients with RA from the Norwegian Register of DMARDs were used.

Linear regression explored the strength of the association between age (<45, 45–65 and >65 years) and each

DAS28 component while accounting for education and gender. Adjusted predicted scores for DAS28 components

and total DAS28 score were calculated for each age category.

Results. Baseline data from 2037 patients [mean age 55.2 years (S.D. 14.0), 68% females] were available.

Regression models had to be stratified for gender (P for interaction <0.001); education was a significant covariate.

Males >65 years of age with an intermediate level of education have a 56% higher ESR and 25% higher 28-joint

swollen joint count as compared with their younger counterparts (<45 years). For females, corresponding differen-

ces were 51% and 27%, respectively. The age effect on the 28-joint tender joint count and patient global assess-

ment was negligible. In patients with an intermediate education level, DAS28 was 5.0 vs 5.5 (10% increase) in the

youngest vs oldest age groups, independent of gender.

Conclusion. The age-related increase in ESR and 28-joint swollen joint count scores without a relevant corre-

sponding increase in 28-joint tender joint count and patient global assessment might imply that age-related proc-

esses (e.g. soft tissue changes, physiological ESR increase) contribute to a higher DAS28 in elderly patients.
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Introduction

Worldwide, the rate of population ageing will double in

the next 3 decades [1]. As a result, the number of

patients with inflammatory arthritis, including those with

RA, will continue to increase [2]. The evolving demo-

graphic transition of the population living with RA makes

it necessary to critically review the impact of ageing on

disease activity, as this steers our treatment decisions.

The 28-joint DAS (DAS28) is commonly used to meas-

ure disease activity. The DAS28 was originally devel-

oped in a study population with a median age of

55 years, but it is conceivable that the DAS28 behaves

differently in the elderly patient population [3]. Limited

evidence suggests that OA and age-related changes in

soft tissue have a negative impact on pain and remis-

sion criteria. For instance, researchers concluded that

only 15% of the general population >50 years of age ful-

fil all four ACR remission criteria for RA [4, 5]. In add-

ition, it is commonly known that ESR levels increase
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with age [6]. These findings suggest it might be import-

ant to take age into account when interpreting the

DAS28-ESR. The objective of the current study was to

explore a possible effect of age on the (components of

the) DAS28-ESR in patients with RA.

Methods

Study design and data collection

Baseline data of patients enrolled between 2000 and

2012 into the Norwegian Register of DMARDs (NOR-

DMARD) longitudinal cohort study and starting their first

conventional synthetic DMARD (csDMARD) were used

[7]. The NOR-DMARD was approved by the Norwegian

Data Inspectorate and the Regional Ethics Committee of

Eastern Norway [7]. Written informed consent was

obtained before inclusion. For the current study, add-

itional ethical approval was not needed.

Study variables

Data on age, gender, level of education, disease dur-

ation, RF, 28-joint tender joint count (28-TJC), 28-joint

swollen joint count (28-SJC), patient global assessment

(PGA), ESR and CRP were used. Patients were catego-

rized into three age groups: group 1, patients <45 years;

group 2, patients 45–65 years; group 3, patients

>65 years. Education level was categorized in three cat-

egories: low, �7 years of primary school to middle

school/junior high school; intermediate, 1 year of high

school to high school degree; high, 1 year of college/uni-

versity to college/university degree.

Statistical analysis

Descriptive statistics were used to present the total

DAS28-ESR and its components across age groups.

Differences across groups were tested by one-way anal-

yses of variance.

Regression analyses were performed to assess a pos-

sible age effect on DAS28-ESR and its components,

adjusted for relevant confounders (i.e. gender, educa-

tion, disease duration). Robust regression was per-

formed next to conventional linear regression to

understand whether the conventional linear regression

was robust against deviations from normality assump-

tions. Potential interactions between age and confound-

ers in the model were tested.

Next, to illustrate the magnitude of the (adjusted) ef-

fect of age on the absolute score, predicted values for

DAS28 components (28-TJC, 28-SJC, PGA and ESR)

across age categories were computed. Using the results

of the regressions, and after stratification in case of

relevant interactions, the total adjusted predicted

DAS28-ESR was calculated by incorporating all the pre-

dicted DAS28 components into the DAS28 formula (see

supplementary material, available at Rheumatology on-

line) [3]. The model was kept as simple as possible, to

remain close to clinical practice.

Analyses were done in patients with complete base-

line data. SPSS version 22.0 (IBM, Armonk, NY, USA)

and Stata version 12 (StataCorp, College Station, TX,

USA) were used.

Results

Patient characteristics

In total, baseline data from 2037 patients [68% female,

mean age 55.2 years (S.D. 14.0), 25.4% �65 years of

age, 59.5% RF positive] were available. Only 40 (8.8%)

of 465 patients <45 years had a low level of education.

In patients >65 years of age, this proportion increased

to 293 of 510 patients (57.5%) (Table 1). The 28-SJC

and ESR were higher in older patients (P< 0.001), while

no differences by age category were observed for the

28-TJC and PGA (Table 1).

Effect of age on components of the DAS28-ESR

Robust regression showed that conventional linear re-

gression was robust to violation of normality assump-

tions (data not shown), and linear regression was

therefore used for the analyses. Table 2 shows the ef-

fect of age on individual DAS components for patients

with an intermediate education level. A significant inter-

action was found between age and gender for the 28-

TJC, PGA and ESR (P<0.001) and thus analyses were

stratified by gender. Furthermore, as education was a

significant covariate in all regression analyses, predicted

scores across age groups were calculated for the differ-

ent education levels. Disease duration was not a signifi-

cant confounder and therefore was not included in the

model.

Male patients >65 years of age with an intermediate

level of education had 56% higher ESR and 25% higher

28-SJC than the youngest age group. For females,

these percentages were 51% and 27%, respectively.

With regard to the 28-TJC and PGA, the differences

were negligible (males: 28-TJC 3% and PGA 1%;

females: 28-TJC 1% and PGA 2%). The difference be-

tween the youngest and oldest age group for the total

DAS28-ESR was 10% for both males and females. In

absolute values, the DAS28 for males and females was

5.5 in the oldest group compared with 5.0 in the young-

est age group (Table 2). While education did not modify

the relation between age and DAS components, educa-

tion had a small independent influence on all DAS com-

ponents. In general, the higher the education level, the

lower each of the DAS28 components and the total

DAS28 score (Supplementary Tables S1 and S2, avail-

able at Rheumatology online).

Discussion

The present study explores the effect of age on DAS28-

ESR and its components while accounting for the con-

founding effects of gender and education. We found

that the ESR and 28-SJC were higher in patients
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>65 years of age with an intermediate education level as

compared with patients <45 years of age. This effect

was not observed for the 28-TJC and PGA. After incor-

porating the four individual components in the DAS28-

ESR formula, the effect of age on the DAS28-ESR

score was attenuated to 10%, mainly because of the

logarithmic transformation of the ESR [3]. The observed

age-related increase in ESR and 28-SJC without a sim-

ultaneous increase in 28-TJC and PGA might imply that

age-related processes (e.g. soft tissue changes and a

physiological increase in ESR), rather than the presence

of joint inflammation, drive the DAS28 score in older

patients.

When considering the inconsistent changes with age

between ESR and 28-SJC compared with 28-TJC and

PGA, we should realize that, except for ESR, our current

measures for disease activity in RA are not bench-

marked against the effect of ageing in population sub-

jects. It therefore remains unknown whether the human

ageing process and not ‘true’ joint inflammation is

TABLE 1 Demographic and disease characteristics according to the three age groups

Characteristics Age group 1
(<45 years)

Age group 2
(45–65 years)

Age group 3
(>65 years)

P-value

Number of patients 460 1059 518 NA
Age, years, mean (S.D.) 34.9 (7.3) 55.9 (5.4) 71.9 (4.9) NA
Disease duration, years, mean (S.D.) 1.0 (2.7) 1.6 (5.0) 2.4 (6.5) <0.001

Males, n (%) 144 (24.8) 368 (34.7) 174 (33.6) <0.001
Education level, n (%)a <0.001

Low 40 (8.8) 318 (30.4) 293 (57.5)
Intermediate 181 (39.7) 419 (40.0) 123 (24.1)
High 235 (51.5) 310 (29.6) 94 (18.4)

RF positive, n (%)b 270 (59.7) 627 (59.1) 286 (55.0) 0.38
28-TJC, mean (S.D.) 7.4 (6.8) 7.8 (6.7) 8.1 (7.1) 0.37

28-SJC, mean (S.D.) 6.0 (5.6) 6.6 (5.6) 7.8 (5.9) <0.001
PGA, mean (S.D.) 45.2 (25.7) 46.7 (24.2) 47.6 (23.9) 0.31
ESR, mean (S.D.) 23.3 (20.0) 27.7 (22.2) 34.7 (23.8) <0.001

CRP, mean (S.D.) 16.8 (24.1) 21.8 (29.5) 27.7 (31.2) <0.001
DAS28-ESR, mean (S.D.)c 4.6 (1.5) 4.8 (1.3) 5.1 (1.4) <0.001

aEducation level was unknown in 24 patients (1%).
bRF status was unknown in 50 patients (2%).
cData to calculate the DAS28-ESR were incomplete in 219 patients (11%). One-way analysis of variance was used to ana-
lyse differences among group means.

NA, not applicable.

TABLE 2 Predicted individual components and total DAS28-ESR for patients with an intermediate education level

Component < 45 years (reference)
n 5 181 (25%)

>45–65 years
n = 419 (58%)

> 65 years
n 5 123 (17%)

Difference between highest
and lowest age group, %

Predicted component (DAS28 value of component)a

Males
28-TJC 7.6 (1.5) 7.4 (1.5) 7.8 (1.6) 3

28-SJC 6.5 (0.7) 7.0 (0.7) 8.1 (0.8) 25b

PGA 40.1 (0.6) 41.5 (0.6) 40.7 (0.6) 1

ESR 22.5 (2.2) 26.9 (2.3) 35.2 (2.5) 56b

Total DAS28-ESR score 5.0 5.1 5.5 10
Females

28-TJC 7.2 (1.5) 7.7 (1.6) 7.3 (1.5) 1
28-SJC 5.6 (0.7) 6.1 (0.7) 7.1 (0.8) 27b

PGA 47.8 (0.6) 48.8 (0.7) 48.7 (0.7) 2
ESR 23.8 (2.2) 28.8 (2.4) 36.0 (2.5) 51b

Total DAS28-ESR score 5.0 5.4 5.5 10

aLinear regression was used to compute predicted values for each component across age categories and education levels.

The total predicted DAS28-ESR was calculated by incorporating all the predicted components into the DAS28 formula. As
an example, for the 28-TJC in males <45 years of age, the predicted 28-TJC score is 7.6 tender joints. After incorporating
this number in the DAS28-ESR formula, the DAS28-TJC component is 1.5.
bDifference in scores is significant (P<0.05).
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indeed the driving factor behind the increased DAS28-

ESR in older patients. However, higher levels of illness

acceptance, less nociception and lower expectations

might then be responsible for a negligible increase in

TJC and PGA scores [8]. Previous research suggests

that neural changes accompany ageing and may lead to

changes in nociceptive processing, resulting in an

increased pain threshold [9].

In contrast, several studies suggest that ageing and

emerging comorbidity by itself may independently alter

commonly used RA-specific outcome measures, includ-

ing joint scores, remission criteria and functional disabil-

ity assessments [4–6, 10]. As an example, in a study by

Radner et al. [10], physical disability as measured by the

HAQ became worse with increasing levels of comorbid-

ity, and this effect was irrespective of RA disease

activity.

If factors such as alterations in bone and peri-articular

soft tissues or a physiological increase in ESR indeed

drive the DAS28-ESR as patients age, this may have un-

favourable consequences for management of RA in eld-

erly patients. In this case rheumatologists might

‘upgrade’ or ‘downgrade’ the result of the DAS28-ESR,

resulting in over- or undertreatment of patients with RA.

A potential negative effect of this ‘downgrading’ might

be later referral or later start of the first DMARD, as sug-

gested by the longer disease duration in patients

>65 years of age.

In this study, patients with a low level of education

had a higher DAS28-ESR than patients with a intermedi-

ate or high level of education. The negative impact of a

low education level has been described previously [11].

In a study by Putrik et al. [11], also performed in the

NOR-DMARD registry, less-educated patients had

reduced access to biologic DMARDs. Again, the ques-

tion remains whether factors such as an implicit adjust-

ment for the DAS28 or ‘true’ disease activity are

responsible for these effects.

This study also has limitations. First, we used baseline

data from DMARD-naı̈ve patients entering the NOR-

DMARD registry. We chose to use the baseline data

since follow-up data might be influenced by possible dif-

ferences in treatment effects across age categories

influencing access to biologic DMARDs or an altered

disease course because of comorbidities. Next, our

results suggest a ‘pure’ age effect on disease activity.

However, in line with the discussion above, it should be

further explored whether RA disease activity is truly

higher in elderly patients, due to, for instance, a referral

delay or different disease presentation.

In conclusion, the present study indicates that age

has a significant positive relationship with the DAS28-

ESR, with the ESR and 28-SJC driving the increase.

Validation of disease activity measures in elderly RA

patients should be performed in future studies where

the influence of comorbidity and physiological ageing is

studied. The age effect on DAS28 might be relevant in a

treat-to-target strategy, but longitudinal data are needed

to further explore this.

Funding: No specific funding was received from any

funding bodies in the public, commercial or not-for-

profit sectors to carry out the work described in this

article.

Disclosure statement: The authors have declared no

conflicts of interest.

Supplementary data

Supplementary data are available at Rheumatology online.

References

1 United Nations. Ageing. http://www.un.org/en/sections/

issues-depth/ageing/ (16 October 2019, date last

accessed).

2 GBD 2017 Disease and Injury Incidence and Prevalence

Collaborators. Global, regional, and national incidence,

prevalence, and years lived with disability for 354

diseases and injuries for 195 countries and territories,
1990–2017: a systematic analysis for the Global Burden

of Disease Study 2017. Lancet 2018;392:1789–858.

3 Prevoo ML, van ’t Hof MA, Kuper HH et al. Modified

disease activity scores that include twenty-eight-joint

counts. Development and validation in a prospective lon-

gitudinal study of patients with rheumatoid arthritis.

Arthritis Rheum 1995;38:44–8.
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