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Background: New daily persistent headache (NDPH) is a poorly understood headache disorder which often begins after a viral infection and has been hypothesised to have an immune basis. Several studies have found differences in peripheral serum cytokine levels between healthy controls and patients with other primary headache disorders such as migraine. We sought to measure peripheral levels of cytokines and chemokines in NDPH, chronic migraine (CM), and healthy controls, to identify any changes which could be biomarkers of inflammation in NDPH.

Methods: We performed an observational prospective case control study measuring serum cytokine levels in three age and sex matched groups of 40 patients each: patients with NDPH, patients with CM with similar headache frequency and severity, and healthy controls. We accounted for confounders such as infective or autoimmune illness, vaccinations, comorbidities, and medications. We used a 30-PLEX human cytokine immunoassay to measure the concentration of 30 cytokines and chemokines. The primary outcome measures were differences in median concentrations of TNF-α, IL-6, and IL-8 between the three groups, as these are the three cytokines found to differ between chronic migraine and healthy controls in a recent meta-analysis.

Results: Age and sex distribution was balanced between the groups. The NDPH and daily CM groups were balanced on headache frequency, severity, and duration. The concentration of IL-6 was higher in both NDPH (median 0.603 pg/mL) and CM (median 0.642 pg/mL), than in healthy controls (median 0.399 pg/mL), but there was no difference between the NDPH and CM groups. There were no significant differences in TNF-α, IL-8, or any of the other cytokines tested between the three groups.

Conclusion: Peripheral cytokine levels do not appear to be helpful biomarkers in differentiating NDPH from daily CM, and the lack of differences to healthy controls does not lend support to the hypothesis of neuroinflammation being involved in the pathophysiology of NDPH.
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Introduction

A growing body of evidence has suggested that the immune system may be involved in the pathophysiology of primary headache disorders, in particular the persistence of chronic daily headache (1). It is surmised that this may help explain why patients with a daily headache are often refractory to standard headache treatments.

A recent systematic review and meta-analysis found that patients with migraine have significantly higher peripherally circulating interleukin (IL)-6, tumour necrosis factor (TNF)-α, and IL-8 levels than healthy controls, and patients with tension-type headache had higher TNF-α and transforming growth factor (TGF)-β than controls (2). However, these findings are limited by the small numbers of patients and variety of different analysis methods used by each study.

New daily persistent headache (NDPH) is a primary headache disorder with an unknown pathophysiology, which often clinically resembles either chronic migraine (CM) or tension-type headache, but is frequently refractory to migraine treatments (3). NDPH is often precipitated by an infectious illness, and may be associated with comorbid immune-mediated disease (4). Since its first descriptions, immune mechanisms have been suggested to be relevant to the pathogenesis of NDPH (5). NDPH is often precipitated by an infectious illness, and may be associated with comorbid immune-mediated disease (4). NDPH has been associated with higher-than-expected Epstein–Barr virus (EBV) positivity and raised cerebrospinal fluid (CSF) TNF-α levels in small studies (6, 7).

We hypothesised that if NDPH is a partly immune-mediated disease, then this might be reflected in raised levels of proinflammatory cytokine levels when NDPH was compared to healthy controls and other forms of chronic daily headache. If this were true it might help explain why patients with NDPH are often refractory to standard headache treatments. If reliable inflammatory biomarkers could be identified this has the potential to develop new pathophysiological hypotheses or trial treatments targeted at blocking neuroinflammation.


Objectives

To compare levels of peripheral serum inflammatory cytokines in patients with NDPH to those with chronic migraine and healthy controls.




Materials and methods


Participants

We performed an observational prospective case control study measuring serum cytokine levels in three age and sex matched groups of 40 patients:

• Group A: Patients diagnosed with NDPH as per International Classification of Headache Disorders 3rd Edition (ICHD-3) criteria (8), with phenotype resembling CM with any duration of illness.

• Group B: Patients diagnosed with CM with a daily headache with any duration of illness.

• Group C: Healthy controls with no more than 4 days per month of tension-type headache, and no history of migraine.

Potential participants in Groups A and B (patients with headache disorders) were identified using review of database of patients previously seen in the headache clinics at the National Hospital for Neurology and Neurosurgery. Potential participants in Group C (non-headache controls) were recruited from relatives and friends of the included patients and co-workers and friends of the researchers. All participants in Groups A and B had resistant headaches, with failure to respond to at least three classes of migraine preventive medication. No patients had refractory migraine as per European Headache Federation consensus definition (9) as no patients had received CGRP monoclonal antibody treatment at the time of enrolment or sample acquisition in this study.

Confounders were identified in the history including current infectious or inflammatory illness, comorbidities including autoimmune, inflammatory, or malignant disease, presence of anxiety or depression, and medications so these could be controlled for or excluded.

Participants in all three groups who had an infective illness or vaccination within the previous 2 weeks were excluded from the study. Patients with active autoimmune/inflammatory disease, malignancy, or using immunosuppressive medication were also excluded, as were patients who had used non-steroidal anti-inflammatory drugs within the previous 48 h. Patients with other potential confounders were not excluded but the presence of confounders was noted.



Study procedures

A screening appointment was conducted with each participant via telephone to ensure they met inclusion/exclusion criteria and provide patients with information about the study.

Patients were invited for single in-person appointment at a time of their convenience. Patients were required to complete a questionnaire which captured information on demographics; body mass index; current headache frequency, severity, and phenotype; recent infective illness or vaccination; comorbid allergic, inflammatory, or autoimmune disease; malignancy; cardiovascular disease; renal disease; mood disorder; current medications and any recent medication changes.

Venepuncture was performed to obtain serum samples from the antecubital fossa. All samples were taken between 10 am-3 pm and blood was centrifuged and serum separated within 2 h of being collected. Sera were immediately frozen at−80°C.

For the detection and quantification of cytokine and chemokine levels, three sets of MSD (Meso Scale Discovery, Rockville, Maryland, USA) assay kits, with a combined total of 30 analytes, were carried out on serum samples in duplicate as per the manufacturer’s instructions. The use of a SULFO-TAG label conjugated to detection antibodies allowed for ultra-sensitive detection of an electrochemiluminescent signal as the detection method and measured multiple analytes in a single well. In addition, the provision of validated controls in all the assays performed ensured accuracy and precision in our measurements. The following analytes were measured: Eotaxin, Eotaxin-3, GM-CSF, IFN-γ, IL-1α, IL-1β, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-8 (HA), IL-10, IL-12/IL-23p40, IL-12p70, IL-13, IL-15, IL-16, IL-17A, IP-10, MCP-1, MCP-4, MDC, MIP-1α, MIP-1β, TARC, TNF-α, TNF-β, VEGF-A. This panel was chosen due to the exploratory nature of the study, and inclusion of cytokines which have previously been identified as relevant to primary headache disorders. Samples were analysed in batches which each contained a mixture of the three participant groups.

The primary outcome measure was the difference in levels of TNF-α, IL-6, IL-8 between the three groups. These three cytokines were chosen as they were the three which were found to differ between people with migraine and healthy controls in the recent meta-analysis (2).

We planned a secondary analysis within the NDPH group, comparing TNF-α, IL-6, IL-8 between those who had an infectious precipitant to their headache and those who did not.



Statistical analysis

As a study reporting raw serum cytokine levels has not been previously performed in NDPH, we performed a sample size calculation based on the difference in TNF-α between CM, episodic migraine, and healthy controls in a previous study (10). Using a p-value of 0.05 and power of 0.80, the sample size was calculated as only three participants required in each group. However, since 30 cytokines and chemokines were measured and the exploratory nature of the analysis, we elected to include a larger number of participants. The number was based on the number of patients with the disorders of interest under the care of our clinic at the time, the cost of analysing samples, and numbers included in other previous published studies of cytokines in primary headache disorders. The majority of previous studies were of similar or smaller sample size yet shown statistically significant differences between the groups studied. As the groups were balanced in age and sex distribution, no statistical matching or adjustment for confounders was performed between the three groups.

Baseline characteristics were summarised as means with standard deviation or proportions depending on whether the variable was continuous or categorical; and were compared between the groups using one-way analysis of variance (ANOVA) or Chi-squared test as appropriate. For comparison of cytokine levels between the three groups, the distribution of most cytokines was positively skewed and therefore non-parametric analysis was performed. Descriptive results of the cytokine levels are presented as median and interquartile range, two-group comparisons were performed using the Mann–Whitney test, and three-group comparisons were performed using 2-sided Kruskal-Wallis test. Missing data were not imputed. Statistical analysis was performed using IBM SPSS Version 28.



Ethical approval and consent

All participants gave written informed consent to participate in the study and publication of anonymised results. Research ethics committee approval for the study was obtained from the London – Queen Square Research Ethics Committee, reference: 22/LO/0300.




Results


Participants

Forty participants in each of the three pre-defined groups were enrolled in this study between September 2022 and April 2023. Baseline characteristics are summarised in Table 1. Age and sex distribution was similar in all three groups, and duration of chronic daily headache, headache frequency, and severity was similar between the NDPH and CM groups. One patient in the NDPH group had to be excluded before analysis, as she was discovered to have active rheumatoid arthritis and had recently taken a course of corticosteroids. Two healthy controls were excluded as they reported a history of migraine. Ten (26%) healthy controls reported a history of occasional <4 days per month episodic tension-type headache, which is lower than the 1 year prevalence of tension-type headache in the general population which is usually estimated to be around 40% (11), and therefore representative of the general population.



TABLE 1 Baseline characteristics.
[image: Table1]



Cytokine results

IL-6, IL-8, and TNF-α were detectable in all 119 participants. The concentration of IL-6 was higher in both NDPH (median 0.603 pg/mL) and CM (median 0.642 pg/mL), than in healthy controls (median 0.399 pg/mL), but there was no difference between the NDPH and CM groups. Concentrations of neither IL-8 or TNF-α differed between the three groups (see Table 2; Figure 1).



TABLE 2 Between group comparison of three primary outcome measures.
[image: Table2]
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FIGURE 1
 IL-6, IL-8, and TNF-α levels in NDPH, CM, and healthy controls. CM, chronic migraine; IL, interleukin; NDPH, new daily persistent headache; TNF, tumour necrosis factor.


An analysis was also conducted for the three primary endpoints with the 10 healthy controls who had low-frequency tension-type headache excluded from the analysis and results were similar.

Several cytokines (IL-12p70, IL-13, IL-1β, IL-2, IL-8(HA), GM-CSF, IL-1α, and IL-5) were undetectable in a large proportion of participants, similarly in all three groups. Concentrations of the other cytokines measured was similar in all three groups (see Table 3).



TABLE 3 Serum concentrations of all 30 cytokines measured.
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Within the NDPH group, nine had an infectious precipitant to their headache. There was no significant difference between those who had an infectious precipitant to those who did not for IL-6 concentration (median 0.65 pg/mL and 0.54 pg/mL, p = 0.935), IL-8 concentration (median 9.90 pg/mL and 9.71 pg/mL respectively, p = 0.935), or TNF-α (median 0.943 pg/mL and 0.930 pg/mL respectively, p = 0.831).




Discussion

The only significant difference in cytokine levels between the three groups included in this study was that IL-6 levels were higher in patients with NDPH and CM than in healthy controls (but no different between NDPH and CM). There were no differences in the other cytokines measured either between the headache groups and healthy controls, or between the NDPH and CM groups. There was also no difference in cytokine levels in patients with NDPH who had a post-infectious onset, although there was only a small number of participants with a post-infectious onset meaning this comparison lacked power. These results altogether suggest that peripherally measured cytokines are not useful biomarkers in differentiating patients with NDPH and CM and do not provide support for the neuroinflammatory hypothesis of NDPH.

The finding of higher IL-6 in both headache groups is consistent with previous studies in migraine (2). A study has shown that calcitonin gene-related peptide (CGRP), a key neuropeptide in migraine pathophysiology highly correlates (r = 0.94) with IL-6 levels in patients with migraine (12). However, given that IL-6 levels were similarly raised in both NDPH and CM in this study suggests that it could be a non-specific reaction to pain rather than unique to migraine. IL-6 has also be found to be raised in patients with other chronic pain disorders including fibromyalgia (13). Future studies may benefit from a control group with non-headache pain disorders. Baseline characteristics were similar between the groups with the exception of BMI, which was lower in the control group than both patient groups. Obesity has previously been associated with increased levels of several proinflammatory cytokines including TNF-α and IL-6 (14, 15). This could be another factor leading to increased IL-6 in these patient groups.

The only previous study which has measured levels of any cytokine in NDPH measured TNF-α in the serum and CSF. Concentrations were not reported but CSF TNF-α was elevated above the normal range in 19 out of 20 patients with NDPH, all of 16 patients with CM, and both of two patients with post-traumatic headache (7), although the reliability of the normative range in the CSF has been questioned (16). TNF-α was above the normal range in the serum in three of 14 NDPH patients and none of five CM patients.

The predominantly negative serum results observed in this study could be indicative of two critical considerations in the pathophysiology of NDPH and CM. Firstly, it is possible that cytokines do not have a significant causal role in these disorders, suggesting that the underlying mechanisms of NDPH and CM may lie beyond the cytokine-mediated inflammatory response. Despite the growing literature on a potential role of inflammatory in migraine, migraine is not considered a classical inflammatory disease and some authors contest the description of “neuroinflammation” as having any role in the pathophysiology of migraine (17).

Secondly, the hypothesis that cytokine activity is primarily localized within the central nervous system, rather than systemically, raises the question of the adequacy of peripheral blood measurements in capturing the true neuroinflammatory processes at play in these headache disorders. Consequently, this underscores the potential utility of cerebrospinal fluid analysis for a more direct investigation of neuroinflammatory markers, which may not be detectable through peripheral blood sampling.

The NDPH and CM patient populations included in this study, who were recruited from a tertiary headache clinic, were resistant to treatment and had a long duration of NDPH prior to samples being taken. It would be interesting to investigate inflammatory or other biomarkers soon after the onset of headache to identify whether markers of inflammation at this point in the disease course have the capability to predict persistence of headache.

The lack of differences in our study between the headache groups and healthy controls contrasts with the results of several other studies with similar or smaller sample sizes, which have shown significant differences in various peripheral serum cytokine levels between patients with CM or CTTH and non-headache controls (see Table 4).



TABLE 4 Previous studies of serum cytokine levels in chronic daily headache syndromes.
[image: Table4]

The discordance of the negative results in this study with the positive results in the literature could potentially be due to publication bias, although there was no obvious evidence of this in a meta-analysis comparing migraine (not-specifically CM) with healthy controls (2). There may also be methodological explanations. The accurate and sensitive measurement of cytokines has only been possible in the past decade meaning that earlier results are less reliable. MSD cytokine assays have been found to be sensitive and reliable when compared to other assays (18, 19). Various different assays were used in previous studies, and as far as we can interpret from previous publications, no other study has used the same MSD assay as was used in this study.

There is a wide disparity in cytokine concentrations reported in previous studies, which in some cases differ by orders of magnitude (see Table 4). There are several potential explanations for this. Pre-analytics can affect results – some cytokines are hugely unstable and deteriorate if serum is not separated and frozen promptly after collection. The assays (including antibodies, platforms, hardware consumables such as ELISA plates and detection methods) used for analysis of cytokines also vary enormously. Many assay kits are calibrated only to in-house reference standards rather than international standards – e.g. according to the product insert for the MSD assay used in this study, the ratio of MSD concentration relative to the World Health Organisation international standard is 0.106. In some cases, samples have to be diluted in an assay to ensure all the cytokines in the kit are within range, and results may not have been calculated by the dilution factor if one was provided by that assay kit. For these reasons cytokine concentrations are not comparable between studies which used different assays.

A limitation of all cytokine studies is that cytokines can be affected by a myriad of other factors including comorbidities, medications, and how the samples are taken, stored, and analysed. We attempted to account for as many of these factors as possible and with the exception of BMI the groups were otherwise similar at baseline. Samples of the three groups were taken concurrently and analysed in batches with a mix of each group; samples were taken at a similar time of day and centrifuged and analysed at a similar time interval in each of the three groups; patients with active or recently active autoimmune or infectious illness or vaccinations were excluded; patients on immunomodulatory or other medication known to affect cytokine levels were excluded; NDPH and CM patients were recruited from the same clinic population; and analysis of the samples was performed blinded as to the group membership. None of the studies shown in Table 4 accounted for all of these factors, and it is possible that some of the results could be due to unknown confounders. The number of factors which can affect cytokine levels means that they are unlikely to be helpful as diagnostic biomarkers.



Conclusion

This study shows that peripheral serum cytokines are not useful biomarkers of NDPH, and despite methodological limitations associated with the measurement of peripheral cytokines, do not lend support to the hypothesis of primary NDPH as a disorder involving neuroinflammation.
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migraine (frequency not specified).
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