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Rheumatoid arthritis patients have early chronotype that does not associate with disease
activity.

Pacientes com artrite reumatoide tém cronotipo precoce que nao se associa a atividade da
doencga.
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ABSTRACT

Background: Chronotypes refers to one’s preferred schedule for sleep and
wakefulness. It is closely linked to circadian rhythm that regulates hormone and
cytokines release. The circadian rhythm is altered in several immune mediated
diseases.

Objective: To study chronotypes in rheumatoid arthritis (RA) patients and their possible
relationship with disease activity.

Methods: Cross-sectional study with 77 RA patients and 79 controls. Patients and
controls answered the Morning-Evening Questionnaire Self-Assessment Version
(MEQ-SA) questionnaire that classifies chronotypes in morning types, evening types
and intermediated. Data on disease activity: DAS28 (Disease Activity Index using 28
joints)-ESR (erythrocyte sedimentation rate), DAS28-CRP (C reactive protein), SDAI
(Simplified Disease Activity Index), and CDAI (Clinical Disease Activity Index) were
collected in RA patients.

Results: In the RA sample, 55 (71.4%) were classified as morning types; 19 (24.6%)
as intermediate and 3 (3.8%) as evening types. In the control group 33 (41.7%) were
classified as morning types; 40 (50.6%) in intermediated and 6 (7.5%) in the evening
type; p=0.0009. No correlation of values of MEQ-SA with disease activity indexes were
found (all with p>0.05).

Conclusion: RA patients had earlier chronotype than controls but disease activity did
not have influence on this preference.
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RESUMO:

Introdugao: Cronotipos referem-se ao horario preferido de uma pessoa para dormir e
acordar. Esta intimamente ligado ao ritmo circadiano que regula a liberagao de
hormbnios e citocinas. O ritmo circadiano esta alterado em varias doencgas
imunomediadas.

Objetivo: Estudar cronotipos em pacientes com artrite reumatoide (AR) e sua possivel
relacdo com a atividade da doenca.



Métodos: Estudo transversal com 77 pacientes com AR e 79 controles. Pacientes e
controles responderam ao questionario Morning-Evening Questionnaire Self-
Assessment Version (MEQ-SA) que classifica os cronotipos em tipos matutino, noturno
e intermediario. Dados sobre a atividade da doenca: DAS28 (indice de Atividade da
Doenca usando 28 articulagbes) -ESR (velocidade de hemossedimentacao), DAS28-
CRP (proteina C reativa), SDAI (indice de Atividade da Doenga Simplificado) e CDAI
(indice de Atividade da Doenga Clinica) foram coletados em pacientes com AR.

Resultados: Na amostra de AR, 55 (71,4%) foram classificados como matutinos; 19
(24,6%) como intermediarios e 3 (3,8%) como tipos noturnos. No grupo controle, 33
(41,7%) foram classificados como matutinos; 40 (50,6%) no tipo intermediario e 6
(7,5%) no noturno; p=0,0009. Nao foi encontrada correlagao dos valores do MEQ-SA
com os indices de atividade da doenca (todos com p>0,05).

Conclusao: Os pacientes com AR apresentaram cronotipo mais precoce do que os
controles, mas a atividade da doenga nao influenciou essa preferéncia.

Palavras-chave: Artrite reumatoide. Cronotipo. Atividade da doenca. Inflamacéo.

Introduction

The immune system functioning is subject to individuals’ circadian rhythm'. Circadian
rhythm refers to a 24-hours cycles that allow the physiological processes to be
optimized by regulating the sleep-wake cycles, hormone release, eating habits, and
other functions 2. It is directed by the suprachiasmatic nucleus in the hypothalamus,
that communicates with peripheral cells through hormonal and neuronal connections
23 The observable behaviors influenced by the intrinsic circadian rhythm, which dictate

one's preferred schedule for sleep and wakefulness, are referred to as chronotype *.

The autoimmune diseases may be affected by the body clock in at least two ways: 1 -
through its influence in their pathophysiologic process; 2 - in the expression of their

symptoms °.

Pro-inflammatory cytokines are linked to the circadian rhythm. Increased sleepiness
during infections episodes, that are seen as beneficial, associates with TNF alpha, IL-2
and interferon y production ®’. LPS-dependent secretion of TNF-a is higher at night
compared to day and it is further boosted by melatonin °. Animal models with
autoimmune diseases such as rheumatoid arthritis, RA ", psoriasis 8 inflammatory
bowel disease °, etc., have more severe inflammatory phenotypes when the circadian
rhythm is disrupted. Concerning disease’s clinical expression, the occurrence of
morning pain and stiffness in inflammatory arthritis in parallel with pro-inflammatory

cytokine and hormone levels fluctuations is well recognized™.

In RA some interesting observations about influence of circadian rhythm/chronotype

have been done. Disturbances in the hypothalamic-pituitary-adrenal axis, reflected in



altered circadian secretion of cortisol, melatonin, interleukin (IL) -6, have been
documented on this disease". Neeck et al.® reported that in patients with RA, the
cortisol levels fluctuated during the day based on the disease activity, being reduced in
severe case. Sulli et al.” found an altered temporal profile of melatonin in RA patients,
with a more rapid increase at the start of the night and with an earlier peak than in
healthy controls. Moreover, disruption of clock genes function such as BMAL1 (Brain
and Muscle ARNT-like 1), CLOCK (Circadian Locomotor Output Cycles Kaput) Period
(PER1, PER2, PER3) and Cryptochrome (CRY1, CRY2) that are part of the circadian
rhythm regulatory system, have been linked to development and progression of RA ™.
Curiously, Butler et al.? have reported that individuals with morning chronotypes
working night shifts had higher probabilities of developing RA when compared to day

workers.

Taking into account the mutual influence of the inflammatory process and circadian
rhythm it is possible to hypothesized that in RA the inflammatory process may be linked

to patient’s chronotype.

Herein, we studied RA patients chronotypes comparing them with controls and the

possible relationship of their chronotypes with disease activity.
Methods

This is a cross-sectional study approved by the institutional Committee of Ethics in
Research (CAAE: 69974123.6.0000.0103) under protocol 6.120.525 with a
convenience sample of RA patients from a single tertiary center that cares for patients
from the Public Health System. To be included patients should fulfilled at least six
points of classification criteria for RA from EULAR/ACR "®and be older than 18 years of
age. Patients using sleep inducing medications, associated fibromyalgia and other
inflammatory comorbidities were excluded. Inclusions were done according to

consultation order and willingness to participate in the study. Data collection included:

A) Epidemiological and clinical data: sex, age, tobacco and alcohol use, age at
diagnosis, presence of rheumatoid factor, DAS28 (Disease activity score using
28 joints) -CRP (C reactive protein), DAS28 -ESR (erythrocyte sedimentation
rate), SDAI (Simplified Disease Activity Index); and CDAI (Clinical Disease
Activity Index). DAS28-ESR and CRP are measured taking into account the
number of tender and swollen joints out of 28, ESR or CRP and patient’s
general health or global disease activity measured on a visual analogue scale
of 100mm. CDAI was measured through tender and swollen 28-joint count,

patient’'s global disease activity (from 0-10) and evaluator's global disease



activity (from 0-10). SDAI was measured by the arithmetic sum of tender and
swollen 28-joint count, patient’s and evaluator global assessment (both from 0-
10) and CRP™®.

B) Morning-Evening Questionnaire Self-Assessment Version (MEQ-SA)- that is
questionnaire to determine morningness-eveningness in human circadian
rhythms. It has 19 multiple choice items with 4-5-point numerical scale. The
sum gives a score ranging from 16 to 86; scores of 41 and below indicate
"evening types", scores of 59 and above indicate "morning types", scores
between 42-58 indicate "intermediate types" . Data on MEQ-SA was collected

simultaneously with data on disease activity.
As controls, patient’s companions paired for sex and age were included.

Data was collected in frequency and contingency tables. Comparison of nominal data
was done by chi-square and Fisher tests and of numerical data by the Mann Whitney
and unpaired t test. Correlations studies of MEQ SA questionnaire and disease
activities index were done by Spearman or Pearson test according to data distribution.

The adopted significance was of 5%.
Results

The included sample had 156 individuals (77 RA patients and 79 controls). Table 1

shows patient’s demographic and pairing with controls data.

Table 1- Comparison of epidemiological data of rheumatoid arthritis (RA) patients
and controls

RA Patients Controls P
n=77 n=79
Female sex - n (%) 62 (80.5) 63 (79.7) 0.90
Median age — years- 59.0 (52.5-62.0) 54.0 (50.0-63.0) 0.11
(IQR)
Current smokers —n (%) 11 (14.2) 7 (8.8) 0.28

In the RA sample the median disease duration was of 10.0 years (IQR=5.0-14.6) and
58.6% were positive for rheumatoid factor. The median SDAI was 3.19 (0.80-12.80);
median CDAI was 4.00 (0-11.90); the median DAS28-ESR was 2.78 (2.15-3.61) and
the median DAS28-CRP was 2.18 (1.60-3.33).

The comparative results of MEQ-SA between patients and controls are on Figure 1.
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FIGURE 1 — Comparison of MEQ-SA results between rheumatoid arthritis (RA)
patients and controls.

RA= median of 64.0 (56.5-71.0); controls= median of 57.0 (49.0-64.0); p=0.001
MEQ-SA= Morning-Afternoon Questionnaire Self-Assessment Version

In the RA sample, 55 (71.4%) were classified as morning types;19 (24.6%) as
intermediate and 3 (3.8%) as evening types. In the control group 33 (41.7%) were
classified as morning types; 40 (50.6%) in intermediated and 6 (7.5%) in the evening
type; p=0.00009.

When the results of disease activity indexes were correlated with MEQ-SA the results

on table 2 were found. No correlations were observed.

Table 2- Correlation studies of Morning-Evening Questionnaire Self-Assessment
Version with rheumatoid arthritis disease activity indexes.

r 95% confidence P
interval
SDAI -0.08 -0.31to +0.15 0.49
CDAI -0.08 -0.31to +0.14 0.43
DAS28-ESR -0.09 -0.32to +0.14 0.41
DAS28-CRP -0.04 -0.27 to + 0.19 0.70

DAS28 =Disease activity score using 28 joints; CRP =C reactive protein, ESR =erythrocyte
sedimentation rate, SDAI =Simplified Disease Activity Index, CDAI =Clinical Disease Activity Index.

No correlations were found of MEQ with age and disease duration, neither association

with sex and presence of FR (all with p>0.05).

Discussion



The results of this study have shown that RA patients have morning chronotype more
frequently than controls and that the indexes of MEQ-SA did not correlate with disease

activity.

Finding an early chronotype in RA patients is in line with the observation that the
circadian rhythm in individuals with this disease has also an early timing. This is
considered to be due to altered temporal profile of melatonin with a more rapid
increase at the start of the night yielding an earlier peak '. Melatonin is a hormone
synthesized at the night primarily in the pineal gland and it is considered to have pro-
inflammatory properties ’. Cytokines and cortisol also have circadian fluctuations that
are peculiar in RA individuals. Studies with sequential measurements of IL-6 show
overnight variations of this cytokine with a peak in the early hours of the morning™ . In
RA the natural morning peak in cortisol level is blunted and the individual becomes
unable to mount an appropriately enhanced response to combat inflammation '® Such
variations could answer by the morning pain and stiffness seen on these patients.
However, it was not possible to link the found early chronotype with disease activity
indexes. The same was found by Habers et al. ' that studied 121 RA patients. They
also detected a preference for morning chronotypes in RA individuals without
associations with inflammatory parameters. Although no explanation for this possible
dissociation is found, it is important to note that it is unknown how chronotype and the
internal circadian rhythm are related. Factors other than the circadian pacemaker may
influence the chronotype such as physical activities, time and amount of exposure to

light, social and work activities, genetic factors and even personality traits 2%

This study is limited by the small sample and the cross-sectional design. Studies with
larger samples and with a prospective design that allow to observe possible changes in
chronotype according to changes in disease activity are desired. The study of the
rhythmicity of the inflammatory process in RA is important for the personalized
chronotherapy by aligning the medication administration to chronotype for better

efficacy.
Conclusion

RA patients had an earlier chronotype when compared to controls but without

association with disease activity.

References



1- Butler TD, Mohammed Ali A, Gibbs JE, McLaughlin JT. Chronotype in patients with
immune-mediated inflammatory disease: A systematic review. J Biol Rhythms.
2023;38(1):34-43. doi: 10.1177/07487304221131114.

2- Butler TD, Maidstone JR, Rutter KM, McLaughlin TJ, Ray WD, Gibbs EJ.
Associations of chronotype and shift work with rheumatoid arthritis. J Biol Rhythms.
2023; 38(5):510-518. doi: 10.1177/07487304231179595.

3- Kouri VP, Olkkonen J, Kaivosoja E, Ainola M, Juhila J, Hovatta I, et al. Circadian
timekeeping is disturbed in rheumatoid arthritis at molecular level. PLoS One.
2013;8(1): €54049. doi: 10.1371/journal.pone.0054049.

4- Kalmbach DA, Schneider LD, Cheung J, Bertrand SJ, Kariharan T, Pack Al, et al.
Genetic basis of chronotype in humans: Insights from three landmark GWAS. Sleep.
2017; 40(2): zsw048. doi: 10.1093/sleep/zsw048.

5- Yoshida K, Hashimoto T, Sakai Y, Hashiramoto A. Involvement of the circadian
rhythm and inflammatory cytokines in the pathogenesis of rheumatoid arthritis. J
Immunol Res. 2014; 2014: 282495. doi: 10.1155/2014/28249.

6- Toth LA. Sleep, sleep deprivation and infectious disease: studies in animals. Adv
Neuroimmunol 1995; 5 (1,):79-92. doi: 10.1016/0960-5428(94)00045-p.

7- Gibbs JE, Ray DW. The role of the circadian clock in rheumatoid arthritis. Arthritis
Res Ther. 201; 15:205. doi: 10.1186/ar4146.

8- Ando N, Nakamura Y, Aoki R, Ishimaru K, Ogawa H, Okumura K, et al. Circadian
gene clock regulates psoriasis-like skin inflammation in mice. J Invest Dermatol. 2015;
135:3001-8. doi: 10.1038/jid.2015.316.

9- Codofier-Franch P, Gombert M. Circadian rhythms in the pathogenesis of
gastrointestinal diseases. World J Gastroenterol. 2018; 24:4297-303.

10- Cutolo M, Otsa K, Aakre O, Sulli A. Nocturnal hormones and clinical rhythms in
rheumatoid arthrits. Ann N Y Acad Sci. 2005; 1051:372-81. doi:
10.1196/annals.1361.079.

11- Kouri VP, Olkkonen J, Kaivosoja E, Ainola M, Juhila J, Hovatta I, et al. Circadian
timekeeping is disturbed in rheumatoid arthritis at molecular level. PLoS One. 2013;
8(1): €54049. doi: 10.1371/journal.pone.0054049.



12- Neeck G, Federlin K, Graef V, Rusch D, Schmidt KL. Adrenal secretion of cortisol in
patients with rheumatoid arthritis. J Rheumatol. 1990, 17:24-9. PMID: 2313668.

13- Sulli A, Maestroni GJ, Villaggio B, Hertens E, Craviotto C, Pizzorni C, et al.
Melatonin serum levels in rheumatoid arthritis. Ann NY Acad Sci. 2002; 966:276-83.
doi: 10.1111/j.1749-6632.2002.tb04227 .x.

14- Kulkarni A, Demory-Beckler M, Kesselman MM. The role of clock genes in
maintaining circadian rhythm and rheumatoid arthritis pathophysiology. Cureus. 2023;
15(5): €39104. doi: 10.7759/cureus.39104.

15- Aletaha D, Neogi T, Silman AJ, Funovits J, Felson DT, Bingham CO I, et al. 2010
Rheumatoid  arthritis  classification  criteria: an  American  College  of
Rheumatology/European League Against Rheumatism collaborative initiative. Arthritis
Rheum. 2010; 62(9): 2569-81. https://doi. org/10.1002/art.27584.

16- Medeiros MM, de Oliveira BM, de Cerqueira JV, Quixada RT, de Oliveira M.
Correlation of rheumatoid arthritis activity indexes (Disease Activity Score 28 measured
with ESR and CRP, Simplified Disease Activity Index and Clinical Disease Activity
Index) and agreement of disease activity states with various cut-off points in a
Northeastern Brazilian population. Rev Bras Reumatol. 2015; 55(6):477-84. doi:
10.1016/j.rbr.2014.12.005.

17- Abe PT. Morningness-Eveningness Questionnaire (MEQ): traducdo, adaptacao
cultural e validacdo [thesis]. UNIFESP- Escola Paulista de Medicina. Available at
https://repositorio.unifesp.br/items/42fa0412-a24d-4f7d-a06e-26c51fa261c6. Captured
in 03/06/2024.

18- Perry MG, Kirwan JR, Jessop DS, Hunt LP. Overnight variations in cortisol,
interleukin 6, tumor necrosis factor alpha and other cytokines in people with rheumatoid
arthritis. Ann Rheum Dis. 2009; 68(1):63-8. doi: 10.1136/ard.2007.086561.

19 - Habers GEA, van der Helm-van Mil AHM, Veldhuijzen DS, Allaart CF, Vreugdenhil
E, Starreveld DEJ, et al. - Earlier chronotype in patients with rheumatoid arthritis. Clin
Rheumatol. 2021; 40(6):2185-92. doi: 10.1007/s10067-020-05546-x.

20- Stolarski M, Gorgol J, Matthews G. The search for causality of personality-
chronotype associations: insights from a one-year longitudinal study of adolescents.
Chronobiol Int. 2021; 38(4):489-500. doi: 10.1080/07420528.2020.1867157.

21- Morssinkhof MWL, Zwager A, van der Tuuk K, den Heijer M, van der Werf YD,

Stenvers DJ, et al. Chronotype changes after sex hormone use: A prospective cohort



study in transgender users of gender-affirming hormones. Chronobiol Int. 2024; 41(5):
658-668. doi: 10.1080/07420528.2024.2339989.



