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Background: Although a large number of studies have investigated possible relationships 

among serum levels of vitamin D or cytokines with disease progress and prognosis, similar 

studies on self-reported symptoms are still controversial. The overall objective of this study was 

to look into the association between serum levels of vitamin D or cytokines with self-reported 

symptoms related to musculoskeletal pain, sleep disorders, and premenstrual syndrome (PMS) 

in healthy adult women.

Subjects and methods: Venous blood samples were collected from 117 healthy adult women, 

and serum levels of vitamin D, pro-inflammatory cytokines (IL-1β, IL-6, IL-8, IL-17, IFN-γ, 

and TNF-α) and anti-inflammatory cytokines (IL-4, IL-10, and IL-13) were measured. Groups 

were tested for differences in single parameters, pro-:anti-inflammatory cytokine ratios, and 

differences in multivariate patterns.

Results: There were no significant associations between serum levels of vitamin D and any of 

the self-reported symptoms studied. However, serum levels of certain pro-inflammatory cytokines 

were significantly higher in subjects with musculoskeletal pain (IL-8, P=0.008), sleep disorders 

(IFN-γ, P=0.02), and PMS (IL-8 and TNF-α, P=0.009 and 0.002, respectively) compared to 

subjects who reported no symptoms. The pro-:anti-inflammatory cytokine ratios showed pro-

inflammatory cytokine dominance in subjects with self-reported symptoms, particularly in the 

groups with deficient levels of vitamin D. However, the multivariate cytokine-pattern analysis 

was significantly different between PMS groups only.

Conclusion: These data point to a possible role of pro-inflammatory cytokines as a contributing 

factor in self-reported symptoms related to musculoskeletal pain, sleep disorders, and PMS.

Keywords: vitamin D, cytokines, adult women, self-reported symptoms, inflammation

Introduction
While healthy levels of vitamin D were initially thought to be essential mainly for 

bone health, a variety of nonskeletal diseases have been found to be associated with 

deficient levels. The range includes almost all organ systems, such as disorders of the 

gastrointestinal, cardiovascular, muscular, and immune systems.1–3 The list is never-

ending, and has recently been extended to include psychological health, behavior 

disorders, and brain functioning. Deficient levels of vitamin D have been associated 

with anxiety, low mood, impaired cognitive performance, and depression.4,5 Moreover, 

overwhelming scientific evidence suggests that maintenance of an adequate vitamin D 

level is essential in the prevention of a wide variety of health disorders,6–9 and is thought 

to be one of the key parameters contributing to healthy immune-system function and 

inflammatory responses.10–12
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Cytokines are messengers of the immune system that are 

involved in many physiological and pathological processes. 

Pro-inflammatory cytokines such as interleukin (IL)-6, 

IL-8, IL-17, tumour necrosis factor-alpha (TNF-α) and 

interferon-gamma (IFN-γ) promote inflammation, while 

anti-inflammatory cytokines, such as IL-4, IL-10, and IL-13, 

reduce inflammation and promote healing.13,14 An imbalance 

or excessive production of these cytokines has been linked 

to different diseases and symptoms, ranging from fever to 

death and atherosclerosis to cancer.10–16 Dysregulation of 

pro-inflammatory cytokines has also been linked to sickness 

behavior, such as pain perception, cognitive impairment, 

depression, and other neurologically related effects.13,14,17 It 

has been further suggested to use serum levels of cytokines 

as potential biomarkers in diseases, such as in rheumatoid 

arthritis.18 However, as pathology is because of an imbalance 

in the network, a single biomarker may be insufficient, and 

it has been further proposed to use ratios of two cytokines 

or develop a multivariate “cytokine signature” or score, 

where different combinations are used for better achieving a 

prediction of marking and providing better understanding.19 

This paper is a contribution to the understanding of possible 

associations between serum levels of vitamin D and cytokines 

with self-reported symptoms/health complaints related to 

musculoskeletal pain, sleep disorders, and premenstrual 

syndrome (PMS) in healthy adult women.

Musculoskeletal pain is one of the most common types of 

pain, and can range from a simple ache to long-lasting pain 

in one or multiple locations. Several studies have reported 

the prevalence of severe hypovitaminosis D in patients with 

persistent, nonspecific self-reported musculoskeletal pain,2,20 

which was relieved in the majority of patients by vitamin D 

supplementation.21–23 Certain pro-inflammatory cytokines, 

such as IL-1β, IL-6, and TNF-α have also been suggested to 

be involved in the process of pathological pain.14,17

Sleep disorders include poor sleep quality, fragmented 

sleep, restricted sleep, and variability in bed and wake times. 

It has been hypothesized that the world epidemic of sleep 

disorders is linked to vitamin D deficiency,24 while vitamin D 

supplementation has been reported to improve sleep quality.22 

It has further been reported that high levels of circulating 

inflammatory cytokines (e.g. IL-1β, IL-6, IL-8, TNF-α, and 

IFN-γ) are associated with sleep disorders.25–27

It is estimated that up to 85% of menstruating women 

report having one or more symptoms of PMS.28 However, their 

severity may range from just slightly noticeable all the way 

to intense, and range to include a wide variety of emotional, 

behavioral, and physical signs and symptoms.28 Although the 

etiology remains unknown, few studies have associated PMS 

with low levels of vitamin D,29,30 and others have reported 

positive associations between serum levels of inflammatory 

markers and PMS symptoms in young women.31,32

Though some of the research just cited supports a 

potential association between vitamin D deficiency and 

cytokines in reported symptoms of musculoskeletal pain, 

sleep disorders, and PMS, there is another body of evidence 

that questions such associations.33–37 In summary, studies in 

this field are still controversial, and further research is needed 

to address possible associations in different populations and 

age-groups. Given this background, our overall objective 

was to study possible associations between self-reported 

symptoms presented by healthy adult Kuwaiti women and 

serum levels of vitamin D and selected combinations of pro-

inflammatory (IL-1β, IL-6, IL-8, IL-17, IFN-γ, and TNF-α) 

and anti-inflammatory (IL-4, IL-10, and IL-13) cytokines.

Subjects and methods
Subjects
Invitation letters were sent to the mothers of students from 

a previous study38 who were recruited from schools located 

in each governorate in Kuwait. In addition, female students 

in the College of Basic Education, Public Authority for 

Applied Education and Training, Kuwait were also invited 

to participate. A total of 117 healthy adult women aged 

19–47 years were recruited from December 2011 to March 

2012. In order to limit the effect of the heterogeneous 

composition of the study population in terms of variation 

in ethnicity, race, lifestyle, and diet, this study included 

Kuwaiti citizens only. All subjects were nonpregnant, 

nonbreastfeeding, free from infections/chronic diseases, 

and not taking any medications or vitamin/mineral supple-

ments/injections for the previous 6 months. All participants 

provided informed consent, and were included in the study 

as apparently healthy individuals. The study was granted 

the ethical approval of the Joint Committee for the Protec-

tion of Human Subjects in Research of the Kuwait Institute 

for Medical Specialization, Ministry of Health and the 

Abdul Mohsen al Abdul Razzaq Health Sciences Center, 

Kuwait University.

All participants were interviewed and physically exam-

ined for their weight, height, and body mass index (BMI). A 

self-reported questionnaire (SRQ) was administered by an 

interviewer to gather information about their general health, 

but more specifically the presence of any health complaints 

or symptoms over the past 6 months. A list of common 

symptoms, mostly physical, were covered, and among these 

only sleeping disorders, PMS, and musculoskeletal pain were 

studied in this context.
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For sleeping disorders, participants were asked the ques-

tion “Do you have trouble falling asleep or staying asleep?”, 

and for PMS symptoms the question was “Do you suffer from 

premenstrual symptoms?”. Participants were requested to 

respond to these questions by choosing from “no symptoms”, 

“sometimes”, or “most of the time”, which were subsequently 

coded as 0, 5, and 10, respectively. With regard to musculo-

skeletal pain, the question asked was “Do you suffer from 

any pain? If yes, where?” Also, participants were requested to 

rate the severity of pain from 0 (no complaint) to 10 (highest 

frequency and intensity). Shoulder pain was the pain most 

associated with the biomarkers in this study, and hence was 

included. It was referred to as musculoskeletal pain. Due to 

a weak association between the severity of symptoms and 

the biomarkers, all of the responses to the three symptoms 

were recategorized into binary scales: yes (symptomatic) and 

no (asymptomatic).

Blood sampling
Venous blood samples were collected into Vacutainer tubes 

and allowed to clot at room temperature for 30 minutes. The 

coagulated blood was centrifuged for 10 minutes at 3,000 × g; 

the serum was aliquoted into sterile tubes and stored frozen 

till the date of analysis.

Measurement of vitamin D
Quantitation of serum 25(OH)D was performed with a com-

mercial radioimmunoassay kit (Immunodiagnostic Systems 

Holdings PLC, Boldon Colliery, UK) that detects 25(OH)D 

in the range of 5–300 nmol/L with inter- and intra-assay 

coefficients of variation of 3.43% and 5.44%, respectively. 

The cutoff to define an indeficient circulating concentration 

of 25(OH)D is taken to be 25 nmol/L, and concentrations 

lower than that are categorized as deficient.3,39 Subjects were 

thus classified as not deficient (ND) if their serum vitamin D 

level was ≥25 nmol/L or deficient (D) if their level was  

<25 nmol/L.

Cytokine analysis
A multiplex enzyme-linked immunosorbent assay containing 

dyed microspheres conjugated with a monoclonal antibody 

specific for a target protein was used in accordance with the 

manufacturer’s instructions (Merck Millipore, Billerica, MA, 

USA). Soluble molecules were measured using commercially 

available human cytokine kits (HCytoMag-60K) 9-plex 

panel: IL-1β, IL-4, IL-6, IL-8, IL-10, IL-17, IL-13, IFN-γ, 

and TNF-α. Each experiment was performed in duplicate, 

using the same procedure described by the manufacturer. 

Serum concentrations of all cytokines were determined using 

a MagPix array reader (Luminex, Austin, TX, USA), which 

quantifies multiplex immunoassays in a 96-well format with 

very small sample volumes. The analyte concentration was 

calculated using a standard curve, with software provided 

by the manufacturer (Luminex Manager). The detection 

sensitivity of the assays was 0.7 pg/mL of TNF-α, 0.8 pg/

mL of IL-1β, IL-4, IL-6, IL-8, IL-13, IL-17, and IFN-γ, and 

1.1 pg/mL of IL-6. Quality-control measures were followed 

as per the recommendation of the manufacturers. The range 

of intra-assay coefficients of variation was 1.6%–2.9% while 

that of interassay coefficients of variation was 9.2%–18.3%. 

Accuracy in terms of recovery in matrix was 94.5%–104%.

Statistical methods
Statistical analysis was done using SPSS 23 software (IBM, 

Armonk, NY, USA) and Python using IPython.40 Normality 

distribution of data was first determined by Kolmogorov–

Smirnov test. As data were found not to be normally dis-

tributed, nonparametric analysis was used throughout the 

analysis (including the box-and-whisker plots). For compar-

ing groups with small sample numbers (<20), Monte Carlo 

sampling was used to obtain P-values for Mann–Whitney 

U  test statistics, rather than the default P-values (which 

assume large sample sizes in both groups). Spearman’s 

rank correlation coefficient was calculated to determine 

correlations between complaint scores and cytokine levels. 

For testing multivariate statistical differences between the 

groups, the nonparametric multivariate Cramer test41 was 

run in RStudio.42 Prior to running this test, the multivariate 

data were standardized by reducing skew, scaling by the 

mean, and subtracting the mean of each variable. Linear and 

univariate multiple regression models were used to determine 

the relationships among serum 25(OH)D, various cytokines, 

and self-reported symptoms. P-values less than 0.05 were 

considered statistically significant for all tests.

Results
Table 1 presents the basic demographic data from all healthy 

women enrolled in the study. Subjects were grouped into 

symptomatic (denoted by S; those who self-reported a 

score ≥5) or not symptomatic (denoted by NS; those who 

self-reported a score of <5). Among the 117 subjects, only 

21% (24/117) reported a median musculoskeletal pain score 

of 6, while the others reported no similar pain. Those who 

expressed this pain were statistically significantly younger 

in age compared to the group of no pain (P=0.027). Both 

groups were similar in height, weight, and BMI (Table 1).
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Almost half of the subjects, however, reported sleep 

disorders (59 of 117), and both groups were comparable 

in other demographic data. With respect to PMS, 80% (94 

of 117) of women in the study group reported a median 

score of 10 compared to only 20% (23 of 117) with no such 

complaint. Similarly, both groups were comparable in age, 

height, weight, and BMI (Table 1). No significant associa-

tion between BMI and levels of vitamin D was noted in our 

samples.

Levels of vitamin D and pro- and  
anti-inflammatory cytokines
Table 2 compares serum levels of vitamin D and pro- and 

anti-inflammatory cytokines with respect to self-reported 

symptoms of musculoskeletal pain, sleep disorders, and PMS. 

Subjects were grouped as S or NS. It was worth mentioning 

that IL-6, IL-10, and IL-13 were not measurable in any of 

the sera tested.

There were no significant differences in serum levels 

of vitamin D among subjects with or without self-reported 

symptoms of musculoskeletal pain, sleep disorders, or PMS. 

However, serum levels of certain pro-inflammatory cytokines 

were significantly different between the groups. Compared to 

the groups who reported no symptoms, subjects with muscu-

loskeletal pain had higher levels of IL-8 (P=0.03), subjects 

with sleep disorders had higher levels of IFN-γ (P=0.02), 

and subjects with PMS had higher levels of IL-8 and TNF-α 

(P=0.009 and 0.0002, respectively) (Table 2). These data 

point to a possible role of some pro-inflammatory cytokines 

as a contributing factor in these self-reported symptoms. 

It was worth mentioning that among the pro-inflammatory 

cytokines measured, serum levels of IFN-γ correlated sig-

nificantly with levels of IL-8 and IL-17 (Spearman’s r
s
=0.49 

and 0.61, respectively; P<0.0001); similarly, serum levels of 

IL-8 correlated with IL-17 (Spearman’s r
s
=0.49, P<0.0001).

We further grouped subjects based on the serum level 

of vitamin D into not deficient (subjects with vitamin D 

level ≥25 nmol/L, denoted by ND, n=28 [24%]) and defi-

cient (subjects with vitamin D level <25 nmol/L, denoted 

by D, n=89 [76%]). Subjects with deficient serum levels of 

vitamin D were statistically significantly younger than those 

with indeficient levels (P=0.004). However, there were no 

Table 1 Demographic characteristics of women enrolled in the study (median)

Self-reported 
symptoms

n (%) Symptom score Age (years) Height (cm) Weight (kg) BMI (kg/m2)

Musculoskeletal pain
S 24 (21) 6 24.5 161 67 25.9
NS 93 (79) 0 30 159 68 27.1
P-value <0.0001 0.027 0.07 0.49 0.27

Sleep disorders
S 59 (50) 10 28 159 67 26.6
NS 58 (50) 0 27 159 68 26.9
P-value <0.0001 0.48 0.49 0.41 0.39

PMS
S 94 (80) 10 28.5 159 67 26.6
NS 23 (20) 0 25 159 67 26.7
P-value <0.0001 0.16 0.41 0.46 0.46

Abbreviations: BMI, body mass index; S, symptomatic (subjects who self-reported a score ≥5); NS, not symptomatic (subjects who self-reported a score <5); PMS, 
premenstrual syndrome.

Table 2 Median serum levels of vitamin D and pro- and anti-inflammatory cytokines in symptomatic and asymptomatic subjects

n Musculoskeletal pain P-value Sleep disorders P-value PMS P-value

S
24

NS
93

S
59

NS
58

S
94

NS
23

Vitamin D (nmol/L) 15 17 0.18 16 17 0.47 17 14 0.30
Cytokine (pg/mL)

IL-1β 0.4 0.2 0.82 0.4 0.03 0.26 0.3 0.2 0.32
IL-8 16.9 13.7 0.03 14.9 13.3 0.27 14.5 10.7 0.009
IL-17 5.1 3.6 0.08 5.4 3.5 0.08 4 4.3 0.47
IFN-γ 12.9 10.2 0.39 14.3 9.7 0.02 11 10.7 0.97

TNF-α 10.6 9.8 0.32 10.6 9.8 0.47 10.6 7.6 0.002
IL-4 171.7 142.4 0.98 153.3 150 0.95 163.9 35.2 0.18

Abbreviations: PMS, premenstrual syndrome; S, symptomatic (subjects who self-reported a score ≥5); NS, not symptomatic (subjects who self-reported a score <5).
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statistical significant differences between the two groups 

with respect to self-reported complaints of musculoskeletal 

pain, sleep disorders, or PMS (data not shown).

For each of the complaints under study (musculoskeletal 

pain, sleep disorders, and PMS), we further stratified the 

subjects and compared cytokine levels in the following four 

groups: group 1, subjects who self-reported symptoms and 

had indeficient levels of vitamin D (denoted by S/ND, n=4, 13, 

and 21 for musculoskeletal pain, sleep disorders, and PMS, 

respectively); group 2, subjects who reported no symptoms 

and had indeficient levels of vitamin D (denoted by NS/ND, 

n=24, 15, and 7, respectively), group 3, subjects who self-

reported symptoms and had deficient levels of vitamin D 

(denoted by S/D, n=20, 46, and 73, respectively), and group 4, 

subjects who reported no symptoms and had deficient levels of 

vitamin D (denoted by NS/D, n=69, 43, and 16, respectively).

Figure 1 presents median serum levels of IL-8, IL-17, 

IFN-γ, and TNF-α in the stratified subject groups. With 

regard to musculoskeletal pain, significantly higher levels 

of IL-8 and IL-17 were present in sera of subjects in the S/D 

group compared to subjects in the NS/D group (P=0.009 and 

0.031, respectively) (Figure 1A and B). With respect to sleep 

disorders, women in the S/ND group had significantly higher 

serum levels of IL-17 and IFN-γ compared to subjects in the 

NS/ND group (P=0.017 and 0.003, respectively) (Figure 1B 

and C). For PMS, women in the S/ND group had signifi-

cantly higher serum levels of IL-8 compared to subjects in 

the NS/ND group (P=0.006) (Figure 1A), and subjects in 

the S/D group had significantly higher levels of IL-17 and 

TNF-α compared to subjects in the NS/D group (P=0.039 

and 0.004, respectively) (Figure 1B and D). There were no 

statistical significant differences among the four groups with 

respect to serum levels of IL-1β and IL-4 (data not shown).

Pro-:anti-inflammatory cytokine ratio and 
multivariate profiles in symptomatic and 
asymptomatic healthy subjects
Absolute levels of cytokines per se may not be as informa-

tive as relative levels of pro-:anti-inflammatory cytokines, as 

this will provide a better picture of the overall dominance of 

one group of cytokines over another. As anti-inflammatory 

cytokines may neutralize or antagonize the effect of 

pro-inflammatory cytokines, it would be logical to calculate 

ratios of pro-inflammatory to anti-inflammatory cytokines as 

an indicator of the overall cytokine bias, and thus the overall 

immunoreactivity. With this in mind, we calculated the ratios 

of pro-:anti-inflammatory cytokines in different permutations.

Table 3 presents ratios of the pro-inflammatory cytokines 

(TNF-α, IFN-γ, IL-8, and IL-17) to the anti-inflammatory 

cytokine (IL-4) in all three self-reported symptoms under 

study. Among subjects with indeficient levels of vitamin D, 

women with sleep disorders had higher ratios of all pro-:anti-

inflammatory cytokines compared to those with no symptoms 

(NS/D). However, among women with musculoskeletal pain 

and PMS, only two of the four permutations of ratios showed 

a similar trend.

On the other hand, among subjects with deficient vitamin 

D levels, women with symptomatic musculoskeletal pain, 

sleep disorders, and PMS (S/D) had consistently higher ratios 

of all pro-:anti-inflammatory cytokine combination compared 

to those with no symptoms (NS/D). The only exception was 

the IL-17:IL-4 ratio, which was equal in women with or 

without sleep-disorder complaints. These data further point to 

a possible pro-inflammatory cytokine dominance associated 

with self-reported symptoms of musculoskeletal pain, sleep 

disorders, and PMS, particularly in subjects with deficient 

levels of vitamin D.

Given the fact that cytokines are part of a large network, 

it is rational to study the combined pattern of all measured 

cytokines. We thus analyzed our data with the multivariate 

statistical Cramer method, which can detect more complex 

pattern differences than simple differences in individual 

levels or ratios. It is useful to employ such multivariate 

methods, because it is in principle possible that none of 

the individual variables shows statistically significant 

differences in median levels when comparing samples of 

two groups, while a multivariate method may nonetheless 

uncover a difference in the multivariate pattern. On the other 

hand, the ability to detect multivariate differences comes 

at the expense of a reduced ability to detect individual 

cytokine differences.

The result of the Cramer test showed a statistically sig-

nificant multivariate cytokine-pattern difference between the 

S and NS groups for PMS (P=0.026). However, no similar 

significant differences were found for the other two symp-

toms (musculoskeletal pain and sleep disorders). Applying 

the same statistical test after stratifying the groups based on 

serum levels of vitamin D, we found no statistical significant 

differences in the cytokines patterns in S/ND vs NS/ND or 

S/D vs NS/D, despite finding several individual cytokine 

differences, as depicted in Figure 1.

Discussion
Several studies have reported positive associations between 

serum levels of vitamin D or its supplementation and 

well-being,1–9,21–23 while others have shown a minor or no rela-

tion.33–35 The controversy goes further to question if vitamin 

D deficiency has anything to do with patients’ complaints 
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and symptoms, or whether these are simply related to poor 

diet and reduced sunlight exposure.36

On the contrary, it is well documented that excess 

cytokines can bring on flu-like symptoms, including fever, 

pain, and fatigue, while administering certain ones results 

in temporary symptoms that patients did not normally have 

before.14,17 Some cytokines, such as IL-1β, IL-6, and TNF-α, 

are known to increase substance P, which transmits pain mes-

sages.14,17 Among the common symptoms in any community 

are those related to musculoskeletal pain, sleep disorders, and 

PMS. While these symptoms are nonspecific and could be 

attributed to any of a number of other medical comorbidities, 

our interest was to study these complaints and investigate 

any possible association with serum levels of vitamin D and 

pro- and anti-inflammatory cytokines in the serum samples 

of healthy adult women.

There have been a number of SRQs to address generic 

health status with proven reliability and validity. The 

20-question SRQ-20 developed by the World Health Orga-

nization is an example. This questionnaire has been widely 

used in both research and medical practice to evaluate mental 

disorders in healthy individuals.43,44 Another example is the 

Short Form questionnaire (SF-36), developed by the Boston 

Health Research Institute, which comprises 36 questions to 

assess quality of life and is an instrument that relies greatly 

on the individual’s perception and personal judgment. This 

has also been validated, and is widely used in research and 

by health care organizations.45,46 Further, a single self-rated 

health question has also been validated in population-based 

studies.47,48 With four response categories, one question 

revealed significant associations with lifestyle factors and 

objective health status.

Despite the controversy in reliability of self-reported data, a 

lot of gathered information in research is in fact self-reported. 

Examples include the individual’s residence, education, marital 

status, lifestyle factors, physical activity, food consumption, 

and even emotional status.44,48 Although research has shown 

that people tend to overestimate or underestimate reporting 

variables, such as the amount of food they usually consume,49 

other self-reported information, such as smoking or food con-

sumption, is acceptable and trusted.48,50 Because a wide range 

of health problems have been linked to both low levels of serum 

vitamin D and certain inflammatory markers, including muscle 

pain,2,20 PMS,29–31 and sleeping disorders,24 it was worth assess-

ing the association among these variables, if any, based on an 

easily administered and convenient tool, such as a broad SRQ.

There has been no absolute agreement on the optimal 

level of serum vitamin D to date. The World Health Organiza-

tion and the Nordic Council of Ministers39 agreed on marking 

sufficiency at 50 nmol/L, but defined deficiency as below  

25 nmol/L. Ranges of 25–50 nmol/L remain controver-

sial, and are reported as insufficient levels.51 In this study, 

25 nmol/L was a more reasonable cutoff for the data set we 

had. In addition, only a few subjects obtained serum levels 

of vitamin D of 25–50 nmol/L.

The present study did not find significant correlations 

among serum level of vitamin D and any of the studied self-

reported symptoms. We predicted that subjects with deficient 

serum levels of vitamin D would have higher complaint 

scores compared to subjects with indeficient levels;2,20–24,29 

however, we did not find vitamin D levels to be significantly 

different between the two groups studied. This is in line with 

other studies that have not supported such association.33–36 

The controversy is so ample, as many factors may contribute 

to the wide discrepancy. These may include, but are not lim-

ited to, the criteria of inclusion, duration of symptoms, lack 

of control group, seasonal variation, ethnic homogeneity of 

populations studied, and many others. No doubt, more studies 

with larger samples are required to confirm these findings.

Much has been written about the association of pro-

inflammatory cytokines and sickness behavior,14,17–19 with 

similar broad controversy.37 Our data showed that subjects 

with musculoskeletal pain, sleep disorders, and PMS had 

statistically significantly higher serum levels of pro-inflam-

matory cytokines (IL-8, IFN-γ, IL-8, and TNF-α) compared 

to subjects who did not report similar pain. As there is 

increasing evidence that vitamin D has regulatory effects on 

cytokine production,10–12 this encouraged us to stratify our 

initial grouping of S versus NS further into subgroups based 

on serum levels of vitamin D: D versus ND. This resulted in 

four subgroups: S/ND, NS/ND, S/D, and NS/D.

Table 3 Ratio of pro-:anti-inflammatory cytokines in all groups

Group TNF-a/IL-4 IFN-g/IL-4 IL-8/IL-4 IL-17/IL-4

Musculoskeletal pain
S/ND 9 10.4 15.8 7.1
NS/ND 10.2 14.4 14.5 6.2
S/D 11.4 13.7 17.8 5.1
NS/D 9.7 9.1 13.7 3
Sleep disorders
S/ND 11 25 16.7 11.6
NS/ND 10.2 10.7 12 2.8
S/D 10.4 12.1 14.2 4
NS/D 9.7 9.1 13.7 4
PMS
S/ND 10.5 12.7 17.6 3.4
NS/ND 6.5 20.6 10.1 11.6
S/D 10.6 10.2 14.1 4.1
NS/D 7.6 9.3 11.3 2.4

Abbreviations: S, symptomatic; NS, not symptomatic; D, deficient levels of vitamin 
D; ND, non-deficient levels of vitamin D.
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Among ND subjects, and with regard to symptoms 

related to sleeping disorders and PMS, S/ND subjects had 

significantly higher pro-inflammatory cytokine (IFN-γ, 

IL-17) levels and IL-8 compared to asymptomatic ones (NS/

ND). Similarly, groups with deficient vitamin D levels, and 

with regard to symptoms related to musculoskeletal pain and 

PMS, S/D subjects had significantly higher pro-inflammatory 

cytokine levels of IL-8, IL-17, and TNF-α compared to NS/D 

subjects (Figure 1). This supports a potential association of 

pro-inflammatory cytokines with the respective symptoms.

While IFN-γ and TNF-α play well-established key roles 

in pro-inflammatory responses,13,18,19 IL-8 is known to induce 

chemotaxis.17 We further reported significant correlation 

among serum levels of IFN-γ, IL-8, and IL-17, which is 

consistent with what was reported by others.15,16 It has not 

yet been determined, however, whether elevated cytokines 

are the direct cause of the symptoms or merely secondary to 

another factor. Circulating cytokine levels present a tip of an 

iceberg to those produced in tissues at local concentrations. 

Further, these levels may increase up to 1,000 times in differ-

ent situations, including nonspecific subclinical infections or 

inflammations. Levels may also vary due to patient factors, 

such as age, sex, circadian rhythms, food intake, exercise, 

stress, other immune problems, abnormal hormone activ-

ity, or sleep disturbances.18 For example, elevated cytokine 

levels can be induced through sleep deprivation, and it has 

been suggested that disordered sleep could be the real root 

of many symptoms.22,26,27

There are many publications in the literature that propose 

cytokine levels as potential biomarkers of several chronic and 

acute inflammatory diseases. With rheumatoid arthritis as an 

example, pro-inflammatory cytokines, such as IL-6, TNF-α, 

and IL-17, are currently considered potential biomarkers.52,53 

Further, levels of IL-6 and IL-17 have been reported to be 

associated with disease activity,53 GM-CSF to correlate with 

pain intensity,54 and levels of IL-6, IL-10, and IFN-γ to cor-

relate with radiological progression.55 However, cytokines are 

known to work in a complex hierarchical network, and most 

of them show pleiotropic, redundant, and synergetic actions, 

making full understanding of the balance very challenging. 

Therefore, a single biomarker may be insufficient, and it 

has been further proposed to use ratios of two cytokines or 

develop a multivariate “cytokine signature” that evaluates the 

pattern of several cytokines at one point in time.18,19

While the majority of pro-:anti-inflammatory cyto-

kine ratios were higher in subjects presenting symptoms, 

multivariate analysis showed significant difference only for 

PMS. This may reflect the complexity of interactions among 

cytokines and encourage further studies to select and include 

more parameters, study different populations and age-groups, 

and examine varied health and disease conditions.

Conclusion
In conclusion, we did not observe significant direct correla-

tions between vitamin D and the symptoms studied. Further, 

while some individual serum pro-inflammatory cytokine 

levels associated significantly with different symptoms under 

study, multivariate cytokine profiles showed an interesting 

possible association only with symptoms related to PMS. 

Stratifying the subjects based on their vitamin D levels 

showed similar association of individual cytokines and pro-

:anti-inflammatory cytokine ratios, but not with the multivari-

ate pattern. While these data delineate the complexity of the 

cytokine network, they support a role for pro-inflammatory 

cytokines in mediating adverse symptoms.

We realize that this study has several limitations. We 

focused on cytokine levels in sera of adult women who 

appeared to be healthy, and it would be of great interest to do 

similar studies on patients with other chronic diseases and 

inflammatory conditions. It should also be highlighted that data 

presented do not imply or prove causation. As an increasing 

volume of research supports the potential role of vitamin D 

and cytokines in all physiological and pathological processes, 

further studies are needed to shed more light on their possible 

association in relation to symptoms in health and disease.
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