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Key messages

What is already known about this subject?
 ► Many patients with rheumatoid arthritis take oral 
glucocorticoids and may be at risk of adrenal 
insufficiency

 ► existing literature is unclear regarding the preva-
lence of adrenal insufficiency during and after glu-
cocorticoid exposure.

What does this study add?
 ► this study found 66% of current users and 11% of 
former glucocorticoid users had low morning sali-
vary cortisol levels, a surrogate measure of adrenal 
suppression.

 ► current dose was significantly associated with risk 
of low morning salivary cortisol.

How might this impact on clinical practice?
 ► the results suggest a high proportion of patients ex-
posed to glucocorticoids may be at risk of adrenal 
insufficiency upon withdrawal of glucocorticoids

 ► clinicians should be vigilant whenever glucocorti-
coids are withdrawn and for months thereafter.

AbstrAct
Background glucocorticoids (gcs) suppress endogenous 
cortisol levels which can lead to adrenal insufficiency (ai). 
the frequency of gc-induced ai remains unclear. in this 
cross-sectional study, low morning salivary cortisol (MSc) 
levels were used as a measure of adrenal function. the 
study aim was to investigate the prevalence of low MSc 
in patients with rheumatoid arthritis (ra) currently and 
formerly exposed to oral gcs, and the association with 
potential risk factors.
Methods Sample collection was nested within UK primary 
care electronic health records (from the clinical Practice 
research Datalink). Participants were patients with ra 
with at least one prescription for oral gcs in the past 
2 years. Self-reported oral gc use was used to define 
current use and current dose; prescription data were used 
to define exposure duration. MSc was determined from 
saliva samples; 5 nmol/l was the cut-off for low MSc. 
the prevalence of low MSc was estimated, and logistic 
regression was used to assess the association with 
potential risk factors.
Results 66% of 38 current and 11 % of 38 former gc 
users had low MSc. among former users with low MSc, 
the longest time since gc withdrawal was 6 months. 
current gc dose, age and ra duration were significantly 
associated with increased risk of low MSc.
Conclusion the prevalence of low MSc among current 
gc users is high, and MSc levels may remain suppressed 
for several months after gc withdrawal. clinicians 
should therefore consider the risk of suppressed cortisol 
and remain vigilant for symptoms of ai following gc 
withdrawal.

InTRoduCTIon
Many patients with rheumatoid arthritis 
(RA) will be exposed to oral glucocorticoids 
(GCs) as part of their RA treatment. In UK 
primary care, around half of patients with RA 
are prescribed oral GCs1 and 13% of patients 
receive prescriptions of at least 3 months’ 

duration.2 However, GCs are associated 
with a range of serious and non-serious side 
effects,3 4 one of which is suppression of the 
hypothalamic–pituitary–adrenal (HPA) axis.

Suppression of the HPA axis and resulting 
adrenal insufficiency (AI) have been asso-
ciated with exposure to exogenous GCs for 
almost as long as GCs have been in thera-
peutic use.5 6 Exogenous GCs act through 
the GC receptor to exert negative feedback 
on the HPA axis, repressing corticotropin-re-
leasing hormone and adrenocorticotropic 
hormone (ACTH) and thus reducing cortisol 
production.7–10 If the HPA axis remains 
suppressed after withdrawal of exogenous 
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GCs, the patient is in a state of AI.9 11 AI can result in a 
potentially fatal adrenal crisis if the patient is exposed to 
stress, such as intercurrent infection.12 Chronically low 
cortisol levels can impact quality of life, with typical symp-
toms including fatigue, low energy, muscle weakness, 
nausea, weight loss, and aches and pains.10

The risk of developing adrenal insufficiency following 
GC exposure remains unclear.13 14 It is also unclear 
whether the risk is associated with increasing dose and 
duration of GCs as the current literature is heterogeneous 
and contains conflicting results.13–16 In addition, other 
factors such as the compound identity, route of adminis-
tration, indication and significant individual variation are 
likely to affect the risk of AI.11 14 It is therefore difficult to 
assess the risk of GC-induced AI for particular patients or 
patient groups based on the current literature.

Typically a confident diagnosis of adrenal insufficiency 
requires a dynamic test of HPA-axis function in which 
the cortisol response to a stressor is assessed. The insulin 
tolerance test (ITT) is the gold-standard diagnostic test, 
and the ACTH-stimulation test is widely used in practice 
to assess adrenal reserve.17 18 However, assessing cortisol 
levels in morning-collected saliva samples is a convenient 
alternative to collecting blood samples.19 20

The aim of this study was to investigate the impact of 
exposure to oral GCs on adrenal function as measured by 
morning salivary cortisol level. The number of patients 
with cortisol levels below the threshold of normal, and 
thus considered to be at risk of AI, was quantified in 
patients with RA currently and formerly exposed to oral 
GCs. The associations between potential risk factors, 
including dose and duration of GC exposure, and low 
salivary cortisol were investigated.

MeTHods
design and setting
This was a cross-sectional study combining data from 
routinely collected electronic health records (EHRs) with 
data collected directly from participants. Full details of the 
study design and recruitment process have been described 
previously.21 In brief, participants were recruited through 
English general practices and completed the study on a 
single morning between October 2015 and April 2016 
(the ‘study completion date’).

electronic health records
Primary care EHR were provided by the Clinical Practice 
Research Datalink22 (CPRD), a UK research database 
containing pseudonymised data from over 700 general 
practices. CPRD provided depersonalised EHR for all 
participants who consented to take part in the study. 
Although identifiable information was collected from 
participants in order to conduct the study, the data flow 
ensured that the depersonalised EHR could never be 
linked to identifiable data by either the study team or 
CPRD.21

Participants and recruitment
Eligible participants were adult patients with rheumatoid 
arthritis (defined using a validated algorithm23), who had 
been prescribed oral GCs within 2 years of the study and 
were registered at a general practice taking part in the 
study. Participants were excluded if they had a medical 
condition known to affect adrenal function (see online 
supplementary file 1), or less than 2 years of data within 
CPRD. To recruit participants, the CPRD database was 
searched for potentially eligible patients. General prac-
tices were approached to take part, and those taking part 
screened the list of potentially eligible patients and sent 
invitations to screened patients. Interested patients then 
contacted the study team directly, completing a consent 
form if they were willing to take part.

data collection
Participants were mailed study packs containing a 
saliva collection kit (Salivette Cortisol; Sarstedt) and 
paper diary (online supplementary file 2). To collect 
the sample, participants chewed on the cotton swab for 
approximately 2 min. The sample was then returned by 
mail to the study team (cortisol levels in saliva are stable 
at room temperature for a number of days24) and stored 
frozen at maximum −20˚C until analysed. The samples 
were analysed for salivary cortisol and cortisone by 
tandem mass spectrometry (see section salivary cortisol 
and cortisone levels).

Participants were instructed to collect the saliva sample 
on a morning of their choice (ie, their study comple-
tion date) half an hour after waking, avoiding eating, 
drinking anything but water, smoking or brushing their 
teeth until they had collected their saliva sample. Partic-
ipants were asked not to take any GC medication until 
after collecting the sample. Information about compli-
ance with these instructions was collected in the first part 
of the study diary. The remainder of the diary collected 
information about recent use of oral GCs and date of 
the most recent GC injection (see section GC exposure 
for further details). Participants were asked to complete 
the diary after collecting their sample and then mail the 
diary back to the study team.

salivary cortisol and cortisone levels
To determine cortisol and cortisone concentrations, 
LC-MS/MS analysis for salivary cortisol/cortisone was 
performed using a Waters Xevo TQ-MSTM mass spec-
trometer and a Waters AcquityTM LC system with an elec-
trospray source operated in positive ionisation mode,25 
which gave lower limits of detection 0.80 nmol/L (sali-
vary cortisol) and 0.50 nmol/L (salivary cortisone). Intra-
assay Coefficient of Variations (CVs) were less than 9.3% 
and less than 7.9% and inter-assay CVs were less than 
9.7% and less than 10.3% at 1.8–52.2 nmol/L of salivary 
cortisol and 3.6–96 nmol/L of salivary cortisone, respec-
tively. Based on assay-specific and laboratory-specific 
reference ranges (ie, 95% CIs) established in healthy 
volunteers aged 25–55,26 the lower level of normal was 5 
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nmol/L for salivary cortisol and 18 nmol/L for salivary 
cortisone.

GC exposure
GC exposure was defined using both data from the study 
diary and prescription data from CPRD. The following 
variables were defined: current use (exposed/unex-
posed) of oral GCs, current dose of oral GCs (mg, pred-
nisolone-equivalent dose), total duration of exposure 
over the past 2 years and date of most recent exposure to 
oral GCs. Self-reported GC use in the past 24 hours was 
used to define current use and current dose of oral GCs. 
Prescription data were used to define the total duration 
of exposure to oral GCs in the past 2 years—details are 
given in online supplementary file 3. After comparing 
current dose reported in the diaries with current dose 
estimated from prescription data, the measurement error 
in the prescription data was found to be high. As this 
measurement error introduces a risk of misclassification 
bias, measures of historical GC dose derived from CPRD 
prescription data were not included in the analysis. The 
most recent exposure to oral GCs was determined for 
former users of oral GCs. This was defined according to 
self-report or the prescription data, whichever was most 
recent.

Covariates
The following variables were defined using the EHR: 
gender, age, Body Mass Index (BMI), socioeconomic 
status (SES), duration of RA, number of face-to-face 
general practitioner (GP) visits in the past year,27 any 
prescription for disease-modifying antirheumatic drugs 
(DMARDs) in the past 2 years and prescriptions for 
non-oral GCs (including inhaled, injected, topical and 
other routes) in the past 12 weeks. These variables were 
defined with reference to the study completion date. SES 
was defined using the quintile of Townsend score,28 which 
is provided at the patient postcode level by CPRD for the 
55% of practices that have agreed to linkage. Duration 
of RA was calculated from the day the patient first met 
all the criteria for RA included in the algorithm.23 The 
data preparation steps for defining BMI (kg/m2) and 
exposure to DMARDs (yes/no) are described in online 
supplementary file 3.

Analysis
The characteristics of the study population were summa-
rised, with results stratified according to whether or not 
patients had low MSC, using a minimum cell count of 
5. Chi-squared and Kruskal-Wallis tests were performed 
to investigate possible associations between participant 
characteristics and low MSC. The prevalence of low MSC 
was determined and stratified according to current use of 
oral GCs. Exact CIs were calculated. Due to low numbers, 
it was not possible to further stratify according to time off 
GCs; instead, this information is presented graphically. 
The associations between potential predictors and low 
MSC were examined using univariate logistic regression, 

with a significance level of 0.05. Due to the small sample, 
exact logistic regression29 was used unless the model did 
not converge, in which case the standard large-sample 
approximation was used.

The main results focused on morning salivary cortisol 
levels; cortisone levels were also assessed and these results 
are presented as a sensitivity analysis. The following sensi-
tivity analyses were also performed using information 
reported by participants in the diaries: the study popula-
tion was limited by excluding those who reported a major 
deviation from the sample collection protocol likely to 
influence the study outcome (eg, taking GCs before 
collecting the sample) and then excluding those who 
reported a minor deviation (eg, collecting the sample 
over 30 min but less than 90 min after waking), which 
could potentially have influenced the study outcome 
(details in online supplementary file 4).

All data cleaning and analyses were performed using 
Stata/MP V.13.1 (StataCorp LP, College Station, Texas, 
USA).

ResulTs
Main results
Invitations were sent to 526 patients, of whom 117 
consented to take part in the study. The full flow of partic-
ipants has been described previously21 and is shown in 
online supplementary file 5. Of the 117 participants who 
returned consent forms, 86 returned both their saliva 
samples and diaries. Of these 86 participants, three saliva 
samples were inadequate for analysis, one participant did 
not provide a study completion date and six participants 
did not have complete follow-up within CPRD at their 
study completion date. The final study population there-
fore included 76 participants.

The characteristics of participants completing the 
study were similar to those originally listed as eligible 
in terms of age and gender, although those completing 
the study tended to be of higher SES, were more likely 
to have been prescribed DMARDs recently and visited 
their GP more frequently (online supplementary file 4, 
table S4.1). The characteristics of the study population 
are shown in table 1. Half of the participants (n=38) 
were current GC users. The majority of participants were 
women (71%) and the median age of the study popula-
tion was 68.5 years. For the study population, the median 
(IQR) MSC was 6.5 (2.9–10.8) nmol/L. Overall, 29 of the 
76 participants (38%, 95% CI 27% to 50%) had low MSC. 
Compared with those with normal MSC levels, those with 
low MSC were older (69 compared with 65 years) and 
had a longer duration of RA (9.6 compared with 5 years) 
at the study completion date.

The MSC for current and former GC users are 
displayed in figure 1. The median (IQR) MSC for current 
oral GC users was 3.2 (0–6.5) nmol/L and for former oral 
GC users was 9.9 (6.6–16.5) nmol/L. Of the 38 current 
oral GC users, 25 had low MSC giving a prevalence of 
66% (95% CI 49% to 80%). Of the 38 participants not 
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Table 1 Characteristics of all participants on the study completion date stratified by normal/low morning salivary cortisol 
level

All Normal MSC Low MSC Statistic

n (% total) 76 47 (62% of 76) 29 (38% of 76)

Female, n (%) 54 (71%) 37 (79%) 17 (59%) Chi2(1)=3.52, p=0.060

Age (years), median (IQR) 69 (60–75) 65 (58–73) 69 (65–79) KW(1)=5.14, p=0.023

BMI, median (IQR) 27.9 (23.7–31.2) 28.3 (23.3–34.9) 26.7 (24.1–29.6) KW(1)=1.10, p=0.295

Townsend score quintile 

  1 18% 15% 22%

  2 35% 39% 30%

  3 24% 20% 30%

  4 or 5* 24% 27% 19% Chi2(3)=2.12, p=0.547

RA duration (years), median (IQR) 7.5 (2.8–10.2) 5.0 (2.3–8.9) 9.6 (7.7–12.2) KW(1)=9.72, p=0.002

GP visits†, median (IQR) 2 (1–5) 2 (1–5) 3 (2–7) KW(1)=1.38, p=0.233

DMARD prescription‡ 86% 87% 83% Chi2(1)=0.29, p=0.590

Current oral GC user (%) 50% 28% 86% Chi2(1)=24.59, p=0.000

Current oral GC dose (mg), median (IQR) 1 (0–5) 0 (0–3) 5 (5–10) KW(1)=29.10, p=0.0001

Total time exposed to oral GCs‡ (weeks), 
median (IQR)

50.6 (8.9–101.3) 23.9 (4.9–78.9) 97.4 (52.1–104.4) KW(1)=10.64, p=0.001

Non-oral GC in past 12 weeks (%) 36% 30% 45% Chi2(1)=1.77, p=0.183

Eight participants were missing Townsend score, eight participants were missing BMI.
*Minimum cell count=5.
†In past year.
‡In past 2 years.
BMI, Body Mass Index; Chi2, chi-squared; DMARD, disease-modifying antirheumatic drug; GC, glucocorticoid; GP, general practitioner; KW, 
Kruskal-Wallis; MSC, morning salivary cortisol level; n, number; RA, rheumatoid arthritis.

currently taking oral GCs, four had low MSC giving a 
prevalence of 11% (95% CI 3% to 25%). In former users 
of oral GCs, the longest time since last oral GC expo-
sure was 28 months. For former users with low MSC, the 
longest time since last oral GC exposure was 6 months 
(figure 2). There were 18 participants with last oral GC 
exposure more than 6 months earlier, none of whom had 
MSC <5 nmol/L. Prescriptions for other GC formulations 
were examined: 15 of the 38 former oral GC users had a 
prescription for a non-oral GC in the past 3 months. This 
included the four participants with low MSC after stop-
ping oral GCs.

Among current users of oral GCs, there was evidence 
of low MSC at all doses: 3 of 10 (30%) participants taking 
less than 5 mg prednisolone/day, 14 of 19 (74%) partici-
pants taking 5–10 mg prednisolone/day and 8 of 9 (89%) 
participants taking at least 10 mg prednisolone/day had 
low MSC.

Current use of oral GCs was strongly associated with 
low MSC (univariate OR 15.6, 95% CI 4.29 to 74.0). In 
the whole study population, current dose of oral GCs 
and cumulative duration of oral GCs were significantly 
associated with increased risk of low MSC (OR 1.67, 95% 
CI 1.35 to 2.14 per mg prednisolone equivalent dosage 
and 1.09, 95% CI 1.04 to 1.15 per month’s exposure, 
respectively) (table 2). However, when only current oral 
GC users were included, cumulative duration of oral GCs 

was no longer associated with low MSC (OR 1.00, 95% 
CI 0.91 to 1.10). Increasing age and duration of RA were 
associated with increased risk of low MSC.

sensitivity analyses
The salivary cortisone measurements are displayed in 
figure 1. Comparing low MSC to low morning salivary 
cortisone, seven participants were classified differently. 
Four participants with a normal MSC had morning sali-
vary cortisone <18 nmol/L (including one additional 
former GC user), and three participants with a low MSC 
had salivary cortisone >18 nmol/L. The prevalence esti-
mates of those at risk of AI were similar to the main 
study results when the sample was restricted to patients 
reporting no problems following the sample collection 
procedure (online supplementary file 4, table S4.3). The 
pattern of increasing prevalence by current dose category 
was repeated in the sensitivity analyses (online supple-
mentary file 4, table S4.4). In the regression models 
using low morning cortisone level as the outcome, the 
OR for current dose was increased (OR 6.05, 95% CI 1.77 
to 67.5) and the OR for age was attenuated, becoming 
non-significant (OR 1.47, 95% CI 0.88 to 2.6). In the 
remaining sensitivity analyses, the OR for age was atten-
uated, but the remaining results were similar (online 
supplementary file 4, table S4.5).
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Figure 2 Number of months since last oral glucocorticoid 
exposure according to morning salivary cortisol level. n, 
number of participants. Pale grey bars above the axis 
represent those with normal morning salivary cortisol (>5 
nmol/L); dark grey bars below the axis represent those with 
low morning salivary cortisol (<5 nmol/L). The bar height 
represents the number of participants (maximum 6).

Figure 1 Morning salivary cortisol and cortisone values 
for current and former users of oral glucocorticoids. GC, 
glucocorticoid. The dotted lines represent the cut-off values 
used to indicate low salivary cortisol (5 nmol/L) and cortisone 
(18 nmol/L). Two extreme values are omitted from the top 
chart: cortisol levels of 99 and 107 nmol/L (both current 
users).

dIsCussIon
In this group of patients with RA currently or formerly 
exposed to oral GCs, 29 of 76 (38%) participants had 
morning salivary cortisol levels below the normal refer-
ence range (<5 nmol/L). This included 66% of those 
currently taking oral GCs and 11% of former oral GC 
users. Among former users, the maximum time since 
oral GC withdrawal at which there was evidence of low 
salivary cortisol levels was 6 months. Current dose of oral 
GCs was associated with low MSC, whereas total dura-
tion of GC exposure was not associated in current users. 
Increasing age and duration of RA were also associated 
with low MSC. All participants in this study had received 

at least one prescription for oral GCs in primary care in 
the previous 2 years.

Morning salivary cortisol level was used as a surrogate 
measure of adrenal suppression as this is non-invasive, 
offers high acceptability to patients and shows very high 
agreement with the ACTH-stimulation test (sensitivity 
and specificity above 96%).19 20 Therefore, this approach 
bypasses the need to complete a dynamic test of the HPA 
axis, such as an ITT or ACTH-stimulation test. However, 
it is important to note that some studies do show a less 
robust correlation between MSC and peak stimulated 
serum cortisol,30 31 while others recommend using high 
and low cut-off values to identify ‘definite’ cases and 
non-cases, with a grey area between these values.18 There 
is also the possibility that the lower MSC levels in current 
users compared with former users reflect acute suppres-
sion of cortisol by the presence of exogenous GCs. 
However, the majority of participants reported collecting 
saliva samples at approximately 24 hours after their last 
GC dose, which is the typical treatment pause used when 
assessing HPA-axis function in clinics. The half-life of 
prednisolone at the doses reported by participants is 3 
hours, and the suppressive effects of prednisolone on the 
HPA axis last approximately 12–24 hours.32 With respect 
to both these concerns, the results of the current study 
can be compared with a recent study by Borresen et al,33 
which also investigated AI in patients with RA exposed 
to oral GCs, and a study by Jamilloux et al,16 which inves-
tigated patients with giant cell arteritis. Both of these 
studies used ACTH-stimulation tests to define AI, with a 
GC pause of 24 (Jamilloux et al) or 48 hours (Borresen et 
al) before testing. These two studies had very similar prev-
alence estimates of 48% and 49%, which suggests first that 
there is little difference between a GC gap of 24 versus 48 
hours, but second that our estimate of 66% could be an 
overestimate. On the other hand, both papers included 
only patients taking 5 mg prednisolone/day whereas our 
study included patients taking higher doses.
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Table 2 Univariate logistic regression analyses for association between potential risk factors and low morning salivary 
cortisol

All participants (n=76) Current GC users (n=38)

OR (95% CI) OR (95% CI)

Current oral GC use 15.62 (4.29 to 73.99) –

Current oral GC dose (mg) 1.67 (1.35 to 2.14) 1.8 (1.18 to 3.3)

Gender (male vs female) 2.58 (0.84 to 8.17) 3.01 (0.48 to 33.95)

Age (decades) 1.6 (1.05 to 2.54) 1.89 (1.08 to 3.7)

Time exposed to oral GCs in past 2 years (months) 1.09 (1.04 to 1.15) 1.00 (0.91 to 1.10)

Duration of RA (years)* 1.12 (1.02 to 1.23) 1.42 (1.11 to 1.81)

The results shown are univariate ORs for the listed variables for all participants and for current oral GC users only. Moreover, 29 of all 76 
participants and 25 of 38 current GC users had low morning salivary cortisol. Months are 28 days.
*Used large sample approximation.
GC glucocorticoid; n, number of participants; OR, odds ratio; CI, confidence interval; RA, rheumatoid arthritis.

The current literature on adrenal recovery over time is 
sparse, with very few patients followed up for a significant 
length of time.13 This study adds evidence for suppressed 
adrenal function after cessation of oral GCs. However, it 
is possible that the former GC users with low MSC were 
exposed to other forms of GCs (eg, inhaled GCs) at the 
time of sampling as all of these patients had a prescrip-
tion for non-oral GCs within the past 3 months. It is 
recognised that non-systemic GCs can suppress the HPA 
axis.14 A longitudinal study properly accounting for expo-
sure to any GCs would be the most appropriate means to 
assess adrenal recovery.

In our study, current GC dose (prednisolone or equiv-
alent in milligrams) was positively associated with low 
MSC, and this association persisted when only current 
GC users were considered. Our findings are in agree-
ment with a meta-analysis that demonstrated a trend of 
increasing AI prevalence from low to high GC dose.14 
However, our current study found no association with 
duration of exposure to GCs when only current GC users 
were considered. In the current study, 75% of current 
GCs users had active prescriptions covering at least 75% 
of the 2-year look-back window (online supplementary 
file 4, table S4.6); therefore, the range of treatment dura-
tions may have been too narrow to detect an effect in 
this small sample of participants. In addition, total dura-
tion of GC exposure was defined using prescription data. 
By comparing prescription data to self-report, we found 
current GC exposure status was misclassified in approxi-
mately 14% of patients (paper under review); misclassifica-
tion may therefore have introduced bias towards the null.

The study had a number of limitations. First, the study 
sample was small and represents only 2% of the poten-
tially eligible patients originally identified within the 
EHR. Those who took part in the study are likely to differ 
systematically from those who did not. Indeed, the partic-
ipants tended to have a higher SES, were more likely to 
have been prescribed DMARDs and visited their GP more 
frequently (online supplementary file 4, table S4.1). 
However, it is unlikely that participants selected into the 
study based on their association between GC therapy and 

AI. Second, there is the potential for measurement error 
and hence a risk of misclassification bias. The choice of 
study outcome (low MSC) and risk of errors in using 
prescription data have been discussed elsewhere. It is 
also possible there were errors in self-reported GC expo-
sure. However, the diary was designed to minimise the 
risk of reporting errors: participants reported GC use 
within the past 24 hours, were assured that the informa-
tion would not be shared with their doctors, and were 
given instructions, examples and a list of medications of 
interest to help them complete the diary. Third, as this 
was a cross-sectional study, cortisol levels before exposure 
to GCs are unknown and the low MSC may not be attrib-
utable to GC exposure. However, participants with poten-
tial HPA-axis suppression unrelated to AI were excluded 
from the study population, and the rate of non-iatro-
genic AI in the general population is very low.10 There 
is some evidence suggesting HPA-axis function is altered 
in patients with RA,34 35 although there are conflicting 
results about whether baseline cortisol levels are raised,36 
unchanged or reduced35 in patients with RA. It is possible 
that unmeasured features of RA (eg, disease activity or 
severity) may confound the relationship between GC 
exposure and cortisol levels. However, whether low 
MSC was a direct result of GC exposure or not, the high 
proportion of those patients currently taking GCs who 
had low MSC remains important. Finally, as the study 
aimed to investigate adrenal function in RA, no control 
group was included. Given the potential alterations in 
HPA-axis function in RA, these results may not be gener-
alisable beyond this patient population.

The current literature on GC-induced adrenal insuf-
ficiency is heterogeneous and inconclusive.13 14 This 
study makes several useful contributions: first, although 
still small, it is larger than most existing studies, with 
greater power to investigate associations with risk 
factors. Second, as the literature currently lacks studies 
into adrenal recovery after withdrawal of GCs,13 we 
specifically recruited former users, measuring MSC 
levels in those previously exposed to oral GCs. This 
study demonstrated that low MSC was not seen in 
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patients exposed more than 6 months ago. This gives 
some clue as to recovery times, although as described 
above a longitudinal study would be the best means 
to investigate this. Finally, our study population was 
homogeneous, with the same GC indication, thus the 
results are potentially more informative for the target 
population than existing studies, given the influence of 
indication on risk of adrenal suppression.14

There are no agreed criteria for assessing adrenal 
suppression in patients treated with therapeutic GCs, 
with different centres employing different protocols. 
Based on our current work, we suggest that clinical 
suspicion should remain high in any patients with 
possible symptoms even after the immediate post-treat-
ment period is passed. Our study was not designed to 
test protocols for weaning patients off oral prednisolone 
and there remain no good evidence-based recommen-
dations. Nonetheless, as the risk of significant adrenal 
suppression increases with dose and, potentially, dura-
tion of treatment, we suggest that patients treated with 
prednisolone equivalent >10 mg daily for more than 4 
weeks be targeted for tapered withdrawal. We suggest 
rapid reduction in daily dose to prednisolone equiva-
lent 5 mg daily (balanced by clinical need) and then 
reduce at monthly intervals by 1 mg per day. One month 
after stopping prednisolone, consider ACTH-stimula-
tion test to verify restoration of adrenal function. Simi-
larly, there is a lack of consensus guidelines in advising 
patients found to be subject to adrenal suppression. In 
this regard, a pragmatic approach would be to advise 
patients of typical symptoms of adrenal suppression, 
provide them with an information leaflet and arrange 
definitive testing with an adrenal stimulation test, for 
example, the ACTH-stimulation test, at an interval, to 
determine if adrenal function has recovered. However, 
the evidence base for these suggestions is not robust, 
and no trials are underway. This is an important area 
of clinical uncertainty, and identifies a deficiency that 
should be addressed.

In conclusion, the proportion of current GC users 
with low morning salivary cortisol levels was high (66%) 
and included some patients taking doses of less than 
5 mg prednisolone/day. A small number of patients 
(11%) no longer taking oral GCs were found to have 
low MSC, and the time to recovery remains unclear: 
some patients who last used GCs 6 months ago had 
low MSC. As low MSC can indicate AI, was common 
among current users and occurred even when taking 
low doses, clinicians should remain vigilant whenever 
GCs are withdrawn.

Author affiliations
1arthritis research UK centre for epidemiology, centre for Musculoskeletal 
research, School of Biological Sciences, Manchester academic Health Science 
centre, the University of Manchester, Manchester, UK
2Division of Diabetes, endocrinology and gastroenterology, School of Medical 
Sciences, Manchester academic Health Science centre, the University of 
Manchester, Manchester, UK

3Department of clinical Biochemistry, Wythenshawe Hospital, Manchester 
University nHS Foundation trust, Manchester, UK
4Health eresearch centre, centre for Health informatics, School of Health Sciences, 
Manchester academic Health Science centre, the University of Manchester, 
Manchester, UK
5Faculty of Science, Division of Pharmacoepidemiology and clinical Pharmacology, 
Utrecht University, Utrecht, the netherlands
6rheumatology Department, Salford royal nHS Foundation trust, Salford, UK
7niHr Manchester Biomedical research centre, Manchester University nHS 
Foundation trust, Manchester academic Health Science centre, Manchester, UK

Acknowledgements We thank all those who participated in our study and we 
also thank the Manchester Musculoskeletal Biomedical research Unit research 
User group for reviewing the study documents. the algorithm used to define BMi 
was developed by ruth costello and the algorithm to define number of gP visits 
was developed by Dr Ben Brown (as referenced in the manuscript), both of the 
University of Manchester. this study is based in part on data from the clinical 
Practice research Datalink obtained under license from the UK Medicines and 
Healthcare products regulatory agency. the data are provided by patients and 
collected by the nHS as part of their care and support.

Contributors all authors made substantial contributions to the conception or 
design of the work (all); acquisition (rMJ and WgD), analysis (rMJ, BK, tPvS, WgD) 
or interpretation of data (all) for the work; drafting the work or revising it critically 
for important intellectual content; final approval of the version to be published. all 
authors agree to be accountable for all aspects of the work.

Funding this research was funded by the niHr Manchester Biomedical 
research centre. the work was supported by the arthritis research UK centre for 
epidemiology (20380) and the Medical research council (Mrc clinician Scientist 
Fellowship g0902272 to WgD).

disclaimer the interpretation and conclusions contained in this study are those 
of the authors alone. the views expressed are those of the authors and not 
necessarily those of the nHS, the niHr or the Department of Health.

Competing interests tPvS reports grants from gSK, outside the submitted work. 
WgD has received consultancy fees from Bayer and google outside the submitted 
work.

Patient consent Participants provided written consent to take part in the study

ethics approval the study was approved by an nHS research ethics committee 
(london: Bromley, reference 14/lO/1335) and the independent Scientific advisory 
committee (14_145ra).

Provenance and peer review not commissioned; externally peer reviewed.

data sharing statement no additional data are available.

open access this is an open access article distributed in accordance with the 
creative commons attribution 4.0 Unported (cc BY 4.0) license, which permits 
others to copy, redistribute, remix, transform and build upon this work for any 
purpose, provided the original work is properly cited, a link to the licence is given, 
and indication of whether changes were made. See: http:// creativecommons. org/ 
licenses/ by/ 4.0

RefeRences
 1. Black RJ, Joseph RM, Brown B, et al. Half of U.K. patients with 

rheumatoid arthritis are prescribed oral glucocorticoid therapy in 
primary care: a retrospective drug utilisation study. Arthritis Res Ther 
2015;17:375.

 2. Fardet L, Petersen I, Nazareth I. Prevalence of long-term oral 
glucocorticoid prescriptions in the UK over the past 20 years. 
Rheumatology 2011;50:1982–90.

 3. Costello R, Patel R, Humphreys J, et al. Patient perceptions of 
glucocorticoid side effects: a cross-sectional survey of users in an 
online health community. BMJ Open 2017;7:e014603.

 4. Fardet L, Flahault A, Kettaneh A, et al. Corticosteroid-induced 
clinical adverse events: frequency, risk factors and patient's opinion. 
Br J Dermatol 2007;157:142–8.

 5. Sprague RG, Power MH, Mason HL. Physiological effects of 
cortisone and pituitary adrenocorticotropic hormone (ACTH) in man. 
J Am Med Assoc 1950;144:1341–7.

 6. Fraser CG, Preuss FS, Bigford WD. Adrenal atrophy and irreversible 
shock associated with cortisone therapy. J Am Med Assoc 
1952;149:1542–3.

 7. Schäcke H, Schottelius A, Döcke WD, et al. Dissociation of 
transactivation from transrepression by a selective glucocorticoid 

 on 18 D
ecem

ber 2018 by guest. P
rotected by copyright.

http://rm
dopen.bm

j.com
/

R
M

D
 O

pen: first published as 10.1136/rm
dopen-2018-000700 on 1 O

ctober 2018. D
ow

nloaded from
 

http://creativecommons.org/licenses/by/4.0
http://creativecommons.org/licenses/by/4.0
http://dx.doi.org/10.1186/s13075-015-0895-8
http://dx.doi.org/10.1093/rheumatology/ker017
http://dx.doi.org/10.1136/bmjopen-2016-014603
http://dx.doi.org/10.1111/j.1365-2133.2007.07950.x
http://dx.doi.org/10.1001/jama.1950.02920160015003
http://dx.doi.org/10.1001/jama.1952.72930340001009
http://rmdopen.bmj.com/


8 Joseph rM, et al. RMD Open 2018;4:e000700. doi:10.1136/rmdopen-2018-000700

RMD OpenRMD OpenRMD Open

receptor agonist leads to separation of therapeutic effects from side 
effects. Proc Natl Acad Sci U S A 2004;101:227–32.

 8. Reichardt HM, Kaestner KH, Tuckermann J, et al. DNA binding 
of the glucocorticoid receptor is not essential for survival. Cell 
1998;93:531–41.

 9. Paragliola RM, Papi G, Pontecorvi A, et al. Treatment with synthetic 
glucocorticoids and the hypothalamus-pituitary-adrenal axis. Int J 
Mol Sci 2017;18:2201.

 10. Arlt W, Allolio B. Adrenal insufficiency. Lancet 2003;361:1881–93.
 11. Dinsen S, Baslund B, Klose M, et al. Why glucocorticoid withdrawal 

may sometimes be as dangerous as the treatment itself. Eur J Intern 
Med 2013;24:714–20.

 12. Hahner S, Loeffler M, Bleicken B, et al. Epidemiology of adrenal 
crisis in chronic adrenal insufficiency: the need for new prevention 
strategies. Eur J Endocrinol 2010;162:597–602.

 13. Joseph RM, Hunter AL, Ray DW, et al. Systemic glucocorticoid 
therapy and adrenal insufficiency in adults: a systematic review. 
Semin Arthritis Rheum 2016;46:133–41.

 14. Broersen LH, Pereira AM, Jørgensen JO, et al. Adrenal insufficiency 
in corticosteroids use: systematic review and meta-analysis. J Clin 
Endocrinol Metab 2015;100:2171–80.

 15. Schlaghecke R, Kornely E, Santen RT, et al. The effect of long-term 
glucocorticoid therapy on pituitary-adrenal responses to exogenous 
corticotropin-releasing hormone. N Engl J Med 1992;326:226–30.

 16. Jamilloux Y, Liozon E, Pugnet G, et al. Recovery of adrenal function 
after long-term glucocorticoid therapy for giant cell arteritis: a cohort 
study. PLoS One 2013;8:e68713.

 17. Kazlauskaite R, Evans AT. Consortium for Evaluation of Corticotropin 
Test in Hypothalamic-Pituitary Adrenal Insufficiency. Corticotropin 
tests for hypothalamic-pituitary-adrenal insufficiency: a 
metaanalysis. J Clin Endocrinol Metab 2008;93:4245–53.

 18. Langelaan MLP, Kisters JMH, Oosterwerff MM, et al. Salivary cortisol 
in the diagnosis of adrenal insufficiency: cost efficient and patient 
friendly. Endocr Connect 2018;7:560–6.

 19. Patel RS, Shaw SR, McIntyre HE, et al. Morning salivary cortisol 
versus short Synacthen test as a test of adrenal suppression. Ann 
Clin Biochem 2004;41(Pt 5):408–10.

 20. Ceccato F, Barbot M, Zilio M, et al. Performance of salivary cortisol 
in the diagnosis of Cushing's syndrome, adrenal incidentaloma, and 
adrenal insufficiency. Eur J Endocrinol 2013;169:31–6.

 21. Joseph RM, Soames J, Wright M, et al. Supplementing electronic 
health records through sample collection and patient diaries: a study 
set within a primary care research database. Pharmacoepidemiol 
Drug Saf 2018;27:239–42.

 22. MHRA. Clinical Practice Research Datalink. www. cprd. com 
(accessed 12 Apr 2018).

 23. Thomas SL, Edwards CJ, Smeeth L, et al. How accurate are 
diagnoses for rheumatoid arthritis and juvenile idiopathic arthritis 
in the general practice research database? Arthritis Rheum 
2008;59:1314–21.

 24. Nalla AA, Thomsen G, Knudsen GM, et al. The effect of storage 
conditions on salivary cortisol concentrations using an enzyme 
immunoassay. Scand J Clin Lab Invest 2015;75:92–5.

 25. Owen LJ, Adaway JE, Davies S, et al. Development of a rapid 
assay for the analysis of serum cortisol and its implementation 
into a routine service laboratory. Ann Clin Biochem 2013;50(Pt 
4):345–52.

 26. Owen LJ, Haslam S, Adaway JE, et al. A simplified liquid 
chromatography tandem mass spectrometry assay, using on-line 
solid-phase extraction, for the quantitation of cortisol in saliva 
and comparison with a routine DELFIA method. Ann Clin Biochem 
2010;47(Pt 2):131–6.

 27. Brown B, Williams R, Sperrin M, et al. Making audit actionable: an 
example algorithm for blood pressure management in chronic kidney 
disease. AMIA Annu Symp Proc 2014;2014:343–52.

 28. Townsend P. Deprivation. J Soc Policy 1987;16:125–46.
 29. Mehta CR, Patel NR. Exact logistic regression: theory and examples. 

Stat Med 1995;14:2143–60.
 30. Deutschbein T, Unger N, Mann K, et al. Diagnosis of secondary 

adrenal insufficiency: unstimulated early morning cortisol in saliva 
and serum in comparison with the insulin tolerance test. Horm 
Metab Res 2009;41:834–9.

 31. Restituto P, Galofré JC, Gil MJ, et al. Advantage of salivary cortisol 
measurements in the diagnosis of glucocorticoid related disorders. 
Clin Biochem 2008;41:688–92.

 32. Czock D, Keller F, Rasche FM, et al. Pharmacokinetics and 
pharmacodynamics of systemically administered glucocorticoids. 
Clin Pharmacokinet 2005;44:61–98.

 33. Borresen SW, Klose M, Baslund B, et al. Adrenal insufficiency is 
seen in more than one-third of patients during ongoing low-dose 
prednisolone treatment for rheumatoid arthritis. Eur J Endocrinol 
2017;177:287–95.

 34. Alten R, Wiebe E. Hypothalamic-pituitary-adrenal axis function 
in patients with rheumatoid arthritis treated with different 
glucocorticoid approaches. Neuroimmunomodulation 2015;22(1-
2):83–8.

 35. Eijsbouts AM, van den Hoogen FH, Laan RF, et al. Hypothalamic-
pituitary-adrenal axis activity in patients with rheumatoid arthritis. 
Clin Exp Rheumatol 2005;23:658–64.

 36. Kim HA, Jeon JY, Koh BR, et al. Salivary cortisol levels, but not 
salivary α-amylase levels, are elevated in patients with rheumatoid 
arthritis irrespective of depression. Int J Rheum Dis 2016;19:172–7.

 on 18 D
ecem

ber 2018 by guest. P
rotected by copyright.

http://rm
dopen.bm

j.com
/

R
M

D
 O

pen: first published as 10.1136/rm
dopen-2018-000700 on 1 O

ctober 2018. D
ow

nloaded from
 

http://dx.doi.org/10.1073/pnas.0300372101
http://dx.doi.org/10.1016/S0092-8674(00)81183-6
http://dx.doi.org/10.3390/ijms18102201
http://dx.doi.org/10.3390/ijms18102201
http://dx.doi.org/10.1016/S0140-6736(03)13492-7
http://dx.doi.org/10.1016/j.ejim.2013.05.014
http://dx.doi.org/10.1016/j.ejim.2013.05.014
http://dx.doi.org/10.1530/EJE-09-0884
http://dx.doi.org/10.1016/j.semarthrit.2016.03.001
http://dx.doi.org/10.1210/jc.2015-1218
http://dx.doi.org/10.1210/jc.2015-1218
http://dx.doi.org/10.1056/NEJM199201233260403
http://dx.doi.org/10.1371/journal.pone.0068713
http://dx.doi.org/10.1210/jc.2008-0710
http://dx.doi.org/10.1530/EC-18-0085
http://dx.doi.org/10.1258/0004563041731646
http://dx.doi.org/10.1258/0004563041731646
http://dx.doi.org/10.1530/EJE-13-0159
http://dx.doi.org/10.1002/pds.4323
http://dx.doi.org/10.1002/pds.4323
www.cprd.com
http://dx.doi.org/10.1002/art.24015
http://dx.doi.org/10.3109/00365513.2014.985252
http://dx.doi.org/10.1177/0004563212473448
http://dx.doi.org/10.1258/acb.2009.009053
http://www.ncbi.nlm.nih.gov/pubmed/25954337
http://dx.doi.org/10.1017/S0047279400020341
http://dx.doi.org/10.1002/sim.4780141908
http://dx.doi.org/10.1055/s-0029-1225630
http://dx.doi.org/10.1055/s-0029-1225630
http://dx.doi.org/10.1016/j.clinbiochem.2008.01.015
http://dx.doi.org/10.2165/00003088-200544010-00003
http://dx.doi.org/10.1530/EJE-17-0251
http://dx.doi.org/10.1159/000362731
http://www.ncbi.nlm.nih.gov/pubmed/16173242
http://dx.doi.org/10.1111/1756-185X.12224
http://rmdopen.bmj.com/

	Low salivary cortisol levels in patients with rheumatoid arthritis exposed to oral glucocorticoids: a cross-sectional study set within UK electronic health records
	Abstract
	Introduction
	Methods
	Design and setting
	Electronic health records
	Participants and recruitment
	Data collection
	Salivary cortisol and cortisone levels
	GC exposure
	Covariates
	Analysis

	Results
	Main results
	Sensitivity analyses

	Discussion
	References


