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Abstract

Objectives

RA Patients are often prescribed glucocorticoids, although it is known that their long-
term use increases the risk of osteoporosis and fractures. The association between 
glucocorticoid use and RA-associated cervical spine deformity is yet to be determined.

Method

Duration and dose of glucocorticoid use were evaluated in patients with new onset 
RA (BeSt Trial). Missing values on the exposure were imputed using the last obser-
vation carried forward. Lateral X-rays at 5- and 10-year follow-ups were assessed 
for Atlantoaxial Subluxation (AAS) and Subaxial Subluxation (SAS). To estimate the 
association between glucocorticoids and cervical spine deformity, multiple logistic 
regression models adjusted for age, gender, baseline Disease Activity Score (DAS), 
ACPA-positivity, and RF-positivity were used to estimate odds ratios (ORs) and their 
95% confidence intervals (CIs). Mediation analysis was performed to evaluate whether 
such potential association was mediated via mean DAS.

Results

Cervical deformity (AAS and/or SAS >2 mm) was observed in 108 (40%) out of 
272 patients. For a one-year increase in total duration of glucocorticoid use, the ad-
justed-OR for RA-associated cervical spine deformity was 1.19 (95% CI: 1.03-1.38; 
p=0.02), and for an increase of 1 gram of glucocorticoid in total cumulative dose, 
the OR was 1.06 (95% CI: 1.01-1.12; p=0.02). Mediation analysis could not reveal an 
influence of mean DAS on these associations.

Conclusions

There was evidence of a direct association between long-term use of glucocorticoids 
in newly diagnosed RA patients and RA-associated cervical spine deformity after 10 
years. Other effective therapies to suppress disease activity may be preferred over 
glucocorticoids.
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Introduction

Glucocorticoids play a significant role in the treatment of rheumatoid arthritis (RA). 
This inflammatory disease, which occurs in about 5 per 1000 people, is known for its 
debilitating effect on the daily life of patients.1 This leads to a decreased health-related 
quality of life and an increased mortality.2 For decades, glucocorticoids have been used 
in the treatment of RA. The inflammation reducing effect of this medication is used 
to prevent or at least diminish damage progression to the joints.3 Glucocorticoids 
are often prescribed to initiate decrease of systemic inflammation in case of an RA 
inflammatory episode. Many patients use low doses of glucocorticoids for prolonged 
periods of time to suppress systemic disease activity. It has been shown that long-term 
use of low doses of glucocorticoids substantially reduces the progression of erosions 
in the hands and feet of RA patients.4,5

It has been a clinical observation in daily management of patients with RA, that in 
the last decades severe damage to the cervical spine occurs far less frequently than 
before. It has been hypothesized that damage to the spine, as damage to peripheral 
joints, occurs less often because rheumatic disease activity can nowadays be better 
suppressed, using (newer and combinations of) antirheumatic drugs, earlier in the 
disease course and following principles of tight control and treatment-to-target. Glu-
cocorticoids as treatment for RA may help to suppress disease activity. However, use of 
glucocorticoids, in particular in higher doses over longer periods of time, is associated 
with risks for adverse effects, such as osteoporosis, infections and cardiovascular dis-
ease.6,7,8,9 It should be considered though, that these adverse effects are also common 
in the natural course of rheumatoid arthritis.10-12 Therefore, the 2021 American Col-
lege of Rheumatology guidelines recommend to start treatment of RA without use 
of glucocorticoids, although the voting panel members acknowledge that short-term 
glucocorticoids are frequently necessary2,13. The EULAR 2022 recommendations for 
the management of RA state that glucocorticoids should be considered when initiat-
ing or changing DMARDs, but that they should be tapered and stopped as rapidly as 
clinically feasible, preferably within 3 months after initiation.

Besides the recommendation against glucocorticoid use based on toxicity, knowledge 
on the effect of (prolonged) glucocorticoid use on the cervical spine is scarce. Cervi-
cal spine deformities in RA can consist of AtlantoAxial Subluxation (AAS), Subaxial 
Subluxation (SAS) and/or Vertical Translocation (VT). These deformities can cause 
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severe symptoms such as pain in the neck and the occipital region, as well as neuro-
logical symptoms due to medullary compression, potentially even leading to paralysis 
or death.14 In older RA cohorts, glucocorticoid use has been shown to be associated 
with presence of cervical spine deformities,15 but the association with DAS was not 
systematically established.16 Moreover, in the BeSt Trial, no association between cer-
vical deformity and mean DAS, DAS over time17, or flares of DAS was observed.18 As 
with other outcomes, the risks for adverse effects of glucocorticoids may be balanced 
with benefits of suppression of RA inflammation with glucocorticoids. Therefore, we 
set out to investigate the relationship between each of dose and duration of use of 
glucocorticoids and cervical deformity after a period of 10-year follow-up in patients 
with newly diagnosed RA.

Methods

Study design

This retrospective case control study used data from the BeSt trial, which is a sin-
gle-blinded multicenter randomized clinical trial (RCT), designed to compare four 
treatment strategies in patients with early active RA (all then fulfilling the American 
College of Rheumatology 1987 classification criteria), with at least 6 inflamed joints (of 
66 assessed) and either a high erythrocyte sedimentation rate or a high patient rating 
of disease activity.19 Patients were recruited in 18 non-university and two university 
hospitals in The Netherlands between 2000 and 2002. There were 508 patients enrolled 
in the original study. The Medical Ethics Committee of the LUMC approved the study 
(P08.011) and the regulatory boards of the individual hospitals approved likewise. All 
patients gave written informed consent.

In the original RCT, patients were randomized to the following treatment arms: (1) 
sequential monotherapy (starting with methotrexate monotherapy); (2) step-up com-
bination therapy (also starting with methotrexate monotherapy); (3) initial combina-
tion therapy with methotrexate, sulfasalazine and prednisone; and (4) initial combi-
nation therapy with methotrexate and infliximab. All patients were treated according 
to the ‘treat-to-target’ principle, requiring protocolized treatment adjustments based 
on three-monthly assessments of the Disease Activity Score (DAS, based on a 44 (for 
swelling)/53 (for tenderness using the Ritchie Articular Index) joint count, ESR and 
patient’s assessment of disease activity). In case of a DAS > 2.4, treatment was increased 
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according to the next step in the relevant treatment strategy arm. Subsequent steps 
for patients with an insufficient response included prednisone in all four treatment 
regimens. If the treatment resulted in a lower disease activity, the strategy aimed to 
taper medication and to finally achieve drug-free remission.19

Ascertainment of cases (patients with RA-associated cervical spine deformity) 
and controls (patients without RA-associated cervical spine deformity)

Lateral X-rays of the cervical spine were collected at 5- and 10-year follow-up. No 
baseline cervical spine radiographs were available. Radiological cervical deformity 
parameters (AAS, SAS and VT) were evaluated on lateral X-rays by two researchers 
(ABV and CVL), both blinded for patient characterstics.17 Agreement was reached in 
close cooperation. If a dynamic X-ray was performed (flexion/extension), AAS was 
scored separately on these radiographs. In the main analysis, cases of cervical spine 
deformity of all types (mild, moderate, or severe) were defined as the presence of AAS 
and/or SAS > 2 mm. AAS was defined as a distance of more than 2 mm between the 
odontoid peg and the anterior arch of C1 in neutral position. SAS was concluded to 
be present in case a listhesis of more 2 mm existed in neutral position. In sensitivity 
analyses, AAS ≥ 3 mm in flexion on dynamic X-ray was a second outcome in this 
study, which included moderate and severe cervical spine deformity. AAS ≥ 5 mm in 
flexion or neutral position was a third outcome, which included only severe cervical 
spine deformity. VT was present if the tip of the odontoid peg exceeded the line of 
McGregor.20 If an X-ray was missing at 10-year follow-up and AAS, VT or SAS was 
present at 5-year follow-up, it was scored to be also present at 10-year follow-up. For 
the AAS ≥ 3 mm in flexion and severe AAS groups, if a flexion X-ray was missing at 
10-year follow-up and AAS was not present at 5 years, the patient was not included 
in the sub analysis for these groups.

In controls, no RA-associated cervical spine deformity was present and patients were 
derived from the same population that gave rise to the cases.

Exposure assessment: use and dose of glucocorticoids in the trial

Patients received prednisone or methylprednisolone either per protocol, as part of the 
step-up treatment strategy, or as a protocol violation, in the form of intra-articular 
injection, if deemed necessary by the treating physician in addition to the randomized 
treatment. The use and dose of glucocorticoids (prednisone and methylprednisolone) 
were assessed every three-month visits during the 10-year evaluation period. Doses 
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were calculated as a total dose of prednisone, using the Steroid Conversion Calcula-
tor from MDCalc.21 Because of the long follow-up, some patients were followed on a 
yearly basis, when possible, because they were no longer willing to be seen quarterly. 
The amount of missing data on glucocorticoid use was 9.2% (25 patients) during 
any timepoint. In this case, imputation in the form of Last Observation Carried For-
ward (LOCF) was used. To investigate the association between glucocorticoids and 
cervical spine deformity at 10-year follow-up, both duration and cumulative dose of 
glucocorticoids used during 10 years were studied separately. The cumulative dose of 
prednisone during 10 years was calculated as the total number of grams used during 
10 years follow-up.

Measurement of covariates

Age, sex, ACPA status, and Rheumatoid Factor status of the patients were collected 
at baseline. Treatment strategy was determined after randomization between four 
treatment strategies.19 During a period of 10 years, the disease activity score (DAS) 
and Health Assessment Questionnaire (HAQ) scores were measured every 3 months, 
and thus 41 times in total. In case of missingness of DAS values, multiple imputa-
tion was used. The imputation model included terms for treatment strategy, age, sex, 
ACPA status, Rheumatoid Factor status, HAQ and DAS values. In the imputation, 20 
iterations were pooled using MATLAB 2019b and combined to form the individual 
DAS data that were used to explore correlations, and also to form a mean DAS value.17

Exclusion of patients at baseline

Of the 311 patients included in the original RCT who underwent imaging of their 
cervical spine, thirty-nine patients were excluded because they were missing the X-ray 
at 10 years and had no signs of cervical deformity at 5-year follow-up. Ultimately, in 
this study, 272 patients had adequate radiological (radiographs at 10-year follow-up 
present, or cervical deformity present in the 5-year follow-up neutral radiographs) 
and DAS44 follow-up data, and were hence included in the case control study.17

Statistical Analysis

Baseline demographic data were expressed as mean ± SD, as well as the total dose of 
glucocorticoids administered during the 10-year follow-up period. Multiple logistic 
regression was performed to study the association between each of increased duration 
of glucocorticoid use in years as well as increased cumulative dose of glucocorticoids in 
relation to different outcomes of cervical spine deformity. These models were adjusted 
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for potential confounding variables such as age, gender, DAS at baseline, ACPA-status, 
and RF-status.

The treatment protocols dictated the addition of glucocorticoids in patients with 
higher systemic disease and thus higher DAS values. Because of this, more gluco-
corticoids were prescribed in patients with higher DAS values. To be able to discern 
the effect of glucocorticoids from the effect of DAS on cervical spine deformity, a 
mediation analysis was performed, using the mean DAS value over the 10-year fol-
low-up as mediator. Notably, previous analyses have demonstrated that an association 
between DAS and cervical spine deformity was absent,17 but we still deemed it useful 
to attempt to study the influence of systemic disease activity on our results. First, 
using linear regression for continuous outcomes and binomial logistic regression for 
binary outcomes, the associations between increased duration of glucocorticoid use 
and cervical spine deformity (binary); between glucocorticoid use and the mediator 
(mean DAS value, continuous); and between the mediator and cervical deformity 
(binary) were assessed. Then, the potential effect of the mediator was determined 
by assessing the magnitude of any potential change in the OR and 95% CI between 
the regression analyses without and with the mediator as an added factor. Statistical 
analyses were performed using SPSS version 29.1 and MATLAB version 2019b.22,23 A 
two-tailed p-value <0.05 was deemed statistically significant.

Results

After 10 years, 62 of 272 patients, (23%) had Atlantoaxial subluxation (AAS) of more 
than 2 mm in neutral position. Of the 272 patients, 60 (22%) had subaxial subluxation 
(SAS). No patients had VT above the line of McGregor. In total, 108 of 272 patients 
(40%) had RA-associated cervical spine deformity of any kind on neutral X-ray. In 
this latter group of patients, the mean age at baseline was 55.2 ±12.7 years, 60% were 
females, 69% were RF positive, and 68% were ACPA positive. This was comparable 
to the demographic data of the patients without cervical spine deformity, except for 
age; at 10-year follow-up, patients with cervical spine deformity appeared older than 
patients without cervical spine deformity (Table 1).

6
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TABLE 1: Baseline characteristics of rheumatoid arthritis patients with or without cervical spine deformity 
at 10-year follow-up.

Baseline Characteristics Cervical spine deformity at 10-year 
follow-up (n=108)

No cervical spine deformity at 10-year 
follow-up (n=164)

Mean age (±SD) 55.2 (±12.7) 50.6 (±11.2)

Female, n (%) 65 (60%) 117 (71%)

Mean DAS (±SD) 4.39 (±0.89) 4.34 (±0.86)

Mean HAQ score (±SD) 1.22 (±0.66) 1.36 (±0.63)

RF-positive, n (%) 74 (69%) 112 (68%)

ACPA-positive, n (%) 73 (68%) 104 (63%)

*Abbreviations: DAS: Disease activity score; HAQ: Health assessment questionnaire; RF: Rheumatoid factor; ACPA: Anti-
citrullinated protein antibodies.

An X-ray in flexion was available for 109 patients. Of these, 26 patients (24%) demon-
strated AAS ≥ 3 mm in flexion. Two of these patients demonstrated AAS ≥ 5 mm in 
flexion. Additionally, on the neutral X-rays 6 patients demonstrated an AAS ≥ 5 mm. 
Consequently, a total of 8 patients (3%) had AAS ≥ 5 mm in flexion and/or neutral 
position (severe AAS).

Glucocorticoid use

Of the 272 patients with 10-year cervical spine radiographs, 147 (54%) used gluco-
corticoids for some duration during the 10-year follow-up. The daily glucocorticoid 
dose ranged between 1.1 mg and 30 mg. Among the 108 cases of patients with cervical 
spine deformity, a mean cumulative dose of 4.21 ± 6.85 grams with 57 patients (53%) 
who used glucocorticoids at any time during follow-up and a median duration of 
glucocorticoid use of 4.5 months (IQR 0-21). However, among the 164 controls, these 
numbers were slightly lower with a mean cumulative dose of 2.59 ± 3.99 grams, 90 
patients (55%) who used glucocorticoids at any time during follow-up, and a median 
duration of glucocorticoid use of three months (IQR 0-15).

Association between glucocorticoid duration and RA-associated cervical spine 
deformity

After adjustment for potential confounders including age, gender, DAS at baseline, 
ACPA-status and RF-status, a one-year increase in duration of glucocorticoid was 
associated with a statistically significant 19% increased odds for the presence of all 
cervical spine deformity (AAS and/or SAS > 2 mm) (OR of 1.19; 95% CI: 1.03-1.38; 
p=0.02), a non-statistically significant odds ratio of 1.24(OR: 1.24, 95% CI: 0.92-1.67; 
p=0.16) for the presence of moderate or severe cervical spine deformity (AAS ≥ 3 
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mm in flexion), and a statistically significant 57% increased odds (OR: 1.57, 95% CI: 
1.09-2.28; p=0.02) for the presence of severe cervical spine deformity (AAS ≥ 5 mm 
in flexion or neutral). Adding average DAS during the 10-year follow-up did not 
materially change the odds ratios and their 95% confidence intervals for each of the 
three outcomes (Table 2).

TABLE 2: Multiple logistic regression for duration of glucocorticoid use in relation to mild, moderate, or 
severe cervical spine deformity at 10-year follow-up.

Multivariable Odds Ratio (95% confidence interval) P-value

Model 1 for cases of mild, moderate, or severe (AAS >2 mm and/or SAS >2mm) (n1 = 272)

Duration of glucocorticoid use (years)† 1.19 (1.03, 1.38) 0.02

Duration of glucocorticoid use (years) + average DAS score‡ 1.17 (1.01, 1.36) 0.04

Model 2 for cases of moderate or severe (AAS ≥ 3 mm in flexion) (n2 = 109)

Duration of glucocorticoid use (years) † 1.24 (0.92, 1.67) 0.16

Duration of glucocorticoid use (years) + average DAS score‡ 1.26 (0.92, 1.72) 0.16

Model 3 for severe (AAS ≥ 5 mm in flexion or neutral) (n3= 107)

Duration of glucocorticoid use (years) † 1.57 (1.09, 2.28) 0.02

Duration of glucocorticoid use (years) + average DAS score‡ 1.53 (1.05-2.24) 0.03

†All three models for the three different outcomes of cervical spine deformity (AAS or SAS>2 mm; AAS ≥ 3mm; AAS ≥ 5 
mm) were adjusted for age at baseline, sex (male or female), anti-CCP positivity, Rheumatoid Factor positivity, and baseline 
DAS score.
‡Adjusted for the previous multivariable model plus mean DAS during the 10-year follow-up.
*Abbreviations: DAS: Disease Activity Score; AAS: Atlantoaxial Subluxation; SAS: subaxial subluxation.

Association between cumulative dose and cervical spine deformity

After adjustment for potential confounders including age, gender, DAS at baseline, 
ACPA-status and RF-status, there was a strong evidence that a one-gram increase in 
cumulative dose of glucocorticoids was associated with a statistically significant 6% 
increased odds for the presence of all cervical spine deformity (AAS and/or SAS > 
2 mm) (OR of 1.06; 95% CI: 1.01-1.12; p=0.02), a non-statistically significant odds 
ratio of 1.05 (OR of 1.05, 95% CI: 0.93-1.18; p=0.45) for the presence of moderate or 
severe cervical spine deformity (AAS ≥ 3 mm in flexion), and a statistically significant 
22% increased odds (OR of 1.22, 95% CI: 1.05-1.43; p=0.01) for the presence of severe 
cervical spine deformity (AAS ≥ 5 mm in flexion or neutral). Adding average DAS 
during the 10-year follow-up did not materially change the odds ratios and their 95% 
confidence intervals for each of the three outcomes (Table 3).
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TABLE 3: Multiple logistic regression for cumulative dose of glucocorticoids used in relation to mild, 
moderate, or severe cervical spine deformity at 10 years follow-up.

Variable and sample size Multivariable Odds Ratio  
(95% confidence interval)

P-value

Model 1 for cases of mild, moderate, or severe (AAS >2 mm and/or SAS >2mm) (n1 = 272)

Cumulative dose of glucocorticoids (grams)† 1.06 (1.01, 1.12) 0.02

Cumulative dose of glucocorticoids (grams) + average DAS score‡ 1.06 (1.00, 1.11) 0.04

Model 2 for cases of moderate or severe (AAS ≥ 3 mm in flexion) (n2 = 109)

Cumulative dose of glucocorticoids (grams)† 1.05 (0.93, 1.18) 0.46

Cumulative dose of glucocorticoids (grams) + average DAS score‡ 1.05 (0.92, 1.19) 0.48

Model 3 for severe (AAS ≥ 5 mm in flexion or neutral) (n3= 107)

Cumulative dose of glucocorticoids (grams)† 1.22 (1.05, 1.43) 0.01

Cumulative dose of glucocorticoids (grams) + average DAS score‡ 1.21 (1.03, 1.42) 0.02

†All three models for the three different outcomes of cervical spine deformity (AAS or SAS>2 mm; AAS ≥ 3mm; AAS ≥ 5 
mm) were adjusted for age at baseline, sex (male or female), anti-CCP positivity, Rheumatoid Factor positivity, and baseline 
DAS score.
‡Adjusted for the previous multivariable model plus mean DAS during the 10-year follow-up.
*Abbreviations: DAS: Disease Activity Score; AAS: Atlantoaxial Subluxation; SAS: subaxial subluxation.

Discussion

A direct association was observed for both duration and total cumulative dose of glu-
cocorticoids with RA-associated cervical spine deformity, when adjusted for possibly 
confounding factors such as age, gender, baseline DAS, ACPA-status, and RF-status. 
Ever use of glucocorticoid was similar in patients with and without cervical spine 
deformities, but the cumulative duration and cumulative dose of glucocorticoid use 
were higher in patients with cervical spine deformities.

These results suggest that while glucocorticoids may be effective in suppressing dis-
ease activity, prolonged use may have a negative effect on ligaments around the upper 
cervical spine structures to contribute to development of cervical spine deformities. 
This is surprising as at other sites prone to damage by rheumatoid inflammation, no 
negative effects of glucocorticoids have been reported. Other publications concerning 
the described treatment strategies revealed that better suppression of disease activity 
is associated with less joint damage in hands and feet.10-12 We looked for other stud-
ies to shed more light on this matter; however, limited literature is available on the 
association between prolonged glucocorticoid use and RA-associated cervical spine 
deformity, and especially from patients with recent onset RA that were treated to 



105

Prolonged glucocorticoid use and Rheumatoid arthritis-associated cervical spine deformity

target. A 2017 meta-analysis by Zhu et al. on 12 studies discussing risk factors asso-
ciated with cervical spine deformity in RA has shown a pooled OR of cervical spine 
involvement in 2750 RA patients of 2.2 (95% CI: 1.7-2.8, p<0.001) with increased 
glucocorticoid use.15 However, no specification was given on the dose and/or duration 
of glucocorticoids use. The study defined AAS as present if the atlantodental interval 
exceeded 3 mm, VT as present if the Ranawat value < 13 mm or Redlund-Johnell value 
< 29 mm, and SAS as present if subluxation was present ≥ 2 mm. These definitions 
are best compared to our definitions of AAS ≥ 3 mm in flexion and severe deformity, 
and conclusions do fit well with ours.

A Japanese prospective multicenter cohort study from 2001 with a follow up time 
up to 12 years that clinically evaluated patients with established RA and assessed 
cervical spine radiographs at cohort entry and final visit, found that poor functional 
ability, rapid functional deterioration, and glucocorticoid use were associated with 
development or worsening of cervical deformations. 24 In a Korean study comparing 
RA patients with neck pain with and without cervical deformities, higher use of gluco-
corticoids (unknown dose), but also use of methotrexate, combinations of DMARDs, 
longer symptom duration, high ESR and presence of erosions at radiographs of hands 
and feet were observed in patients with cervical spine involvement (AAS > 2.5 mm, 
SAS > 1 mm and VT if the tip of the dens translated > 4,5 mm above McGregor).25 
An older study including 134 RA patients, being evaluated for a period up to 10 years, 
showed more glucocorticoid use in the 92 patients with cervical deformations than 
in the 42 patients without cervical deformations. No details about disease activity 
were provided.26

The majority of cervical spine deformities demonstrated in this study, were mild. 
Therefore, the current place that glucocorticoids should have in the treatment of RA, 
has not unequivocally been clarified. It can be concluded though, that long duration 
of use and/or high dosage may do more harm than good concerning cervical defor-
mity. In practice, glucocorticoids are used to treat patients with high disease activity 
and they can be very effective for that purpose. However, if glucocortoid use can be 
prevented, especially long-term and in high doses, it could lower the odds of cervical 
spine deformity in the long-term.

A limitation of our analyses is the difficulty in differentiation between the effect of dis-
ease activity on damage, and the effect of prednisone on disease activity and potentially 
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on damage. Even though we adjusted for baseline disease activity as potential con-
founder in regression analyses, this may not be sufficient. For instance, DAS at baseline 
did not influence the initial high tapered prednisone dose scheme in arm 3, which was 
dependent on randomization. Also, during treatment, prednisone dose changes were 
not only dependent on current DAS but also by the previous prednisone dose as dic-
tated by the treatment protocol. The treatment protocol itself set limitations over time 
to repeat the use of prednisone in the course of the study. Moreover, DAS over time 
may not sufficiently capture the specific effect of episodes of high DAS or very low DAS 
(remission), which by themselves have affected subsequent prednisone use or a switch 
to other anti-inflammatory treatments. Nevertheless, the mediation analysis could not 
demonstrate an influence of mean DAS on the cervical deformity at the end of follow-up.

Another limitation was the lack of X-rays in flexion, extension and neutral position 
of all patients at baseline and for some patients at 5- and 10-year follow-up. X-rays 
were occasionally challenging to interpret and quantify. The X-rays were made in the 
workflow of a study aiming at clinical parameters and the evaluations were not done 
instantly. In daily practice, if an X-ray of the cervical spine in RA patients is performed, 
it is evaluated carefully and, if difficult to interpret, made again. That would have 
yielded more qualitative X-rays in some cases, and a better follow-up over the years. 
Furthermore, particularly excluding the patients missing the 10-year follow-up X-ray 
after their 5-year X-ray demonstrated no deformity might have induced selection 
bias. This could lead to an underestimation of the true presence of deformity, as these 
patients may have developed cervical deformity in the 5- to 10-year follow-up period. 
Additionally, because of the long follow-up period, there were some missing data in 
this study. We used imputation in the form of last observation carried forward for 
missing data points in glucocorticoid use. While we think this method best fits our 
data and the type of data imputed, this may introduce some bias.

Despite these limitations, our study had several strengths. This study had a long fol-
low-up duration of 10 years, where patients with early-onset RA were followed and 
assessed at quarterly intervals. In addition, we adjusted for multiple possible con-
founding variables, used multiple imputation for missing values in average DAS, and 
performed a mediation analysis for DAS during the 10-year follow-up.

In conclusion, patients with cervical spine deformities had a longer duration and a 
higher dose of glucocorticoid than patients without cervical deformities. There was 
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evidence of a direct association between each of a year increase of use and a one-
gram increment of cumulative dose of glucocorticoids and cervical deformity after 
10 years of follow-up. So, while glucocorticoids are known to have a beneficial effect 
on overall disease activity, caution should be used in prescribing glucocorticoids for 
long time periods in patients at risk for developing cervical deformity. Future studies 
should focus on finding factors to predict the development of cervical deformity in RA 
patients. Particularly in those patients, other effective treatments, such as biological 
DMARDs, should be initiated instead when possible and appropriate.13
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