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related with headache.[4-7] In a meta-analysis on the prevalence 
of headache, we noted an increasing prevalence with increasing 
latitude.[8] One possible explanation could be lower level of 
serum vitamin D at higher latitude.

There is a well-established link between the low serum vitamin 
D and musculoskeletal pain due to osteomalacia.[9] Earlier we 
reported eight patients with vitamin D insufficiency having 
symptoms of both osteomalacia and chronic tension-type 
headache (CTTH).[4]

Herein, in this retrospective study, we tried to look for 
the interrelations of CTTH with vitamin D deficiency and 
osteomalacia.

Materials and Methods

This study was conducted as a retrospective chart 
review of prospectively collected data of patients seen 

Introduction

Chronic pain is a common symptom within the community, 
with an estimated prevalence up to 15%.[1] A number of 
studies have demonstrated a link between the chronic pain 
and hypovitaminosis D.[2] A recent cross sectional study 
demonstrated significantly low level of serum vitamin D 
in non-migraine headache.[3] A few case reports and small 
observations also suggest that hypovitaminosis D may be 
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in the neurology department from January 2009 to 
November 2012. The study constitutes a consecutive series 
of adult patients (>18 years) who were diagnosed as having 
CTTH according to ICHD-II criteria (2nd edition of The 
International Headache Classification)[10] and were subjected 
to the estimation of serum vitamin D level.

In our previous observation,[4] we noted eight patients with 
CTTH who also had vitamin D deficiency and osteomalcia. We 
suggested that every patient with CTTH should be examined 
for muscle-aches, weakness (especially proximal), and bone 
tenderness.[4] Therefore, as a departmental policy, all patients 
with CTTH are routinely subjected to full medical history and 
detail musculoskeletal system examinations (especially for the 
muscle pain, muscle tenderness, bone tenderness, and muscle 
weakness). Sites of the musculoskeletal pain were recorded 
according to the American College of Rheumatology (ACR) 
criteria for chronic widespread pain (CWP).[11]

Clinical Examinations

Muscle palpation for muscle tenderness was carried out on 
three pericranial muscles and three extracephalic points. 
Pericranial muscles: (i) Anterior temporalis muscle, (ii) frontalis 
muscle, just above the supraorbital notch (iii) sub occipital 
muscles at the suboccipital fossa. Extra cephalic muscles: 
(i) Achilles tendon, 1 cm above the calacaneum, (ii) elbow, 2 cm 
distal to the lateral epicondyle, (iii) medial fat pad of the knee, 
proximal to the joint line. These points were in accordance 
with the literature.[12,13] Symmetrical muscles were palpated. 
Tenderness was rated on a scale from 0-3. The scoring was 
defined as follows: 0 = no visible facial reaction and denial of 
tenderness; 1 = no visible facial reaction but, verbal report of 
discomfort or mild pain; 2 = verbal report of painful tenderness 
with facial expression of discomfort; and 3 = marked grimacing 
or withdrawal, verbal report of marked painful tenderness. 
A Total Tenderness Score (TTS) was calculated for each patient 
by simple summation of the scores from the palpated muscle. 
As studies have not demonstrated any side-to-side differences, 
only measurements carried out on one side were taken into 
the account.[8]

A physical examination to elicit bone tenderness was also 
carried out. We applied firm pressure with the thumb or 
forefinger on the anterior tibia, and radius or ulna (as suggested 
by Holick).[14] To the best of our knowledge, the literature is 
silent regarding the grading of bone tenderness. Therefore, 
we graded bone tenderness as we rated tenderness for muscle 
and TTS for bone was calculated separately. The neurological 
examination was carried out in details with special focus for 
proximal muscle weakness. Patients having proximal muscle 
weakness were subjected to estimation of serum creatine 
phosphokinase (CPK) and electromyography (EMG) test. 
Further investigations and management decisions were made 
at the discretion of the treating physicians. The study did not 
require approval by the local ethics committee as per the local 
regulations for retrospective observation.

Exclusion criteria included: (a) CTTH-like headache with acute 
onset (to exclude new daily persistent headache); (b) patients 
with a history suggestive of migraine headache; (c) patients 

with medication overuse headache; (c) patients who were 
never subjected to neuroimaging; and (d) patients who received 
vitamin D supplementation in the past 4 weeks.

Vitamin D deficiency was defined as serum 25 (OH) D levels 
less than 20 ng/ml (as suggested by Holick).[15] Biochemical 
osteomalacia was determined according to Jenkins et al. 
criteria,[16] Bingham and Fitzpatrick criteria,[17] and McKenna 
et al. osteomalacic index.[18]

Statistics

Descriptive statistics for the clinical characteristics and laboratory 
values were tabulated for the entire study sample and separately 
for patients with serum 25(OH) D <20 ng/ml and >20 ng/ml. 
We compared the patients with vitamin serum 25(OH) D levels 
of  <20 ng/ml with that of  >20 ng/ml. Data are presented as 
percentages or as arithmetic mean with SD. Student’s t-test was 
used to compare the continuous data. The Chi-square test with 
Yate’s correction was used for categorical data.

To evaluate associations between serum 25(OH) D concentration 
and various clinical and laboratory variables, we used Pearson’s 
correlation co-efficients and simple logistic regression 
(or scatter plot) as appropriate to the nature and distribution of 
the variables. We constructed a multiple linear regression model 
for serum 25(OH) D concentrations using all predictors of the 
interest, whether significant or not in the simple regression. 
The predictors of interest included clinical signs, age, gender, 
body mass index, smoking, seasonality, residence, education, 
and associated comorbid conditions (diabetes, hypertension, 
depression anxiety). Confounding relationships were evaluated 
by whether the co-efficient and statistical significance changed 
substantially when a suspected confounder was added or 
removed from the model. All P values were two-tailed, and a 
P < 0.05 was defined as statistically significant.

Results

We identified 87 patients with a diagnosis of CTTH. Eight 
patients were excluded as they were not subjected to serum 
vitamin D estimation. Three patients were excluded as they were 
never subjected to neuroimaging. Three patients were excluded 
because of the incomplete data entry. Two patients were further 
excluded as they received Vitamin D supplementation in the 
recent past. Finally, seventy-one patients with a diagnosis of 
CTTH were identified.

Epidemiological features
Descriptive statistics for clinical characteristics and laboratory 
values were tabulated for the entire study sample and 
separately for patients with serum 25(OH) D levels of <20 ng/ml 
and  >20 ng/ml [Table 1]. The mean age of participants was 
38 years, 55% were female. Seventy-three percent patients had 
low serum 25(OH) D level (<20 ng/ml). A comparison of patients 
with serum 25(OH) D levels of <20 ng/ml and ≥20 mg/ml was 
done. There were no significant differences between the groups 
with respect to age, gender, residence, smoking habit, alcohol 
habit, body mass index, duration of illness, and associated 
comorbid conditions (diabetes, hypertension, self-reported 
depression, and anxiety).
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Table 1: Descriptive data according to categories of 25 vitamin D

Parameter Total Serum 25(OH) 
D<20 ng/dl

Serum 25(OH) 
D>20 ng/dl

P value

Demographic data
No. of patients 71 52 (73) 19 (27)
Age (years) (mean, range) 38±13 (18‑68) 39±13 (18‑68) 35±13 (20‑61) 0.2550
Gender (female) (n, %) 39 28 (54) 11 (58) 0.9728

Residence
Rural 29 (41) 18 (35) 11 (58) 0.1352
Urban 42 (59) 34 (75) 8 (42)

Duration of illness (months)
Mean (SD) 26±18 months 26±17 months 26±17 months 1.00
Range 3‑60 months 3‑60 months 6‑60 months

Medical history
Diabetes 12 (17) 9 (17) 3 (16) 0.8799
Hypertension 7 (10) 4 (8) 3 (16) 0.5730
Depression (self reported) 34 (48) 23 (44) 11 (58) 0.4520
Anxiety (self reported) 16 (23) 12 (23) 4 (21) 0.8566
Current smoking 13 (18) 10 (19) 3 (16) 0.7399
Current alcohol use 16 (23) 11 (21) 5 (26) 0.8886

Clinical characteristics
Headache characteristics

Bilateral 71 (100%) 52 (100) 19 (100) 1.000
Intensity

Mild/mod background pain 71 (100%) 52 (100) 19 (100) 1.000
Severe exacerbations 11 (15) 9 (17) 2 (11) 0.7424

Character
Non throbbing 71 (100%) 52 (100) 19 (100) 1.000
Throbbing (superimposed) 5 (7) 3 (6) 2 (11) 0.8652
Daily or near daily 30 (42) 27 (52) 3 (16) 0.0555

Associated features
Nausea 2 (3) 2 (4) 0 0.9545
Vomiting 0 (0) 0 0 ‑
Photophobia 5 (7) 4 (8) 1 (5) 0.7232
Phonophobia 4 (6) 1 (2) 3 (16) 0.0965

Musculoskeletal pain
Cervical 38 (54) 30 (58) 8 (42) 0.8050
Thoracic spin/upper back 35 (49) 30 (58) 5 (26) 0.0382*
Lumbo‑sacral/lower back 35 (49) 31 (60) 4 (21) 0.0091*
Shoulder 30 (42) 26 (50) 4 (21) 0.0555
Upper limb 14 (20) 11 (21) 3 (16) 0.8402
Buttock 21 (30) 18 (35) 3 (16) 0.2131
Lower limb 35 (49) 31 (60) 4 (21) 0.0091*
≥1 segments 59 (83) 47 (90) 12 (63) 0.0187*

Chronic widespread pain 37 (52) 32 (62) 5 (26) 0.0182*
Muscle weakness

On history 8 (11) 7 (13) 1 (5) 0.5869
On examination 27 (38) 26 (50) 1 (5) 0.0016*
Lower limb 27 (38) 26 (50) 1 (5) 0.0016*
Upper limb 12 (17) 12 (23) 0 (0) 0.0525

Muscle tenderness (score)
Temple 1.8±0.6 1.9±0.4 1.5±0.7 0.0037*
Frontalis 0.9±0.6 1.1±0.6 0.5±0.5 0.0002*
Suboccipit 0.7±0.6 0.8±0.6 0.5±0.5 0.0559
Elbow 1.5±0.6 1.7±0.5 1.0±0.7 0.0001*
Thigh 0.6±0.5 0.8±0.5 0.3±0.5 0.0004*

Contd.,
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Clinical features
The headache characteristics (side, site, intensity, character, and 
associated nausea, photophobia, and phonophobia) were similar 
in both groups. Daily or near daily headache was more prevalent 
in patients with hypovitaminosis D (52% vs. 16%) (Statistically 
not significant) (P = 0. 0555).

Musculoskeletal pain was more prevalent in patients with 
hypovitaminosis D. Twenty-nine patients (56%) with 
hypovitaminosis D and 26% patients with serum vitamin D 
levels of  > 20 ng/ml reported pain in multiple regions that 
satisfied the ACR criteria for CWP.[10] The difference between 
the groups were statistically significant (P  < 0.0046). The 
pain was common at all sites (neck, upper back, lower back, 
shoulder, upper limb, buttock, and lower limbs) in patients with 
hypovitaminosis D. However, the differences were statistically 
significant for pain in the upper back (P  = 0. 0382), lower 
back (P = 0. 0091) and lower limb pain (P = 0. 0091).

TTS was significantly higher in patients with hypovitaminosis D 
(P < 0.0001). Muscle tenderness score was higher in patients 
with CWP and this was statistically significant (P = 0. 0041). 
Bone tenderness was also significantly higher for patients with 
hypovitaminosis D.

Only 8 (11%) patients gave a history of limb weakness. However, 
on examination, weakness was noted in 27 (38%) patients in 
the total sample. The prevalence of proximal weakness was 
significantly higher in patients with hypovitaminosis D 
(50% vs. 5%; P = 0. 0016).

Investigations
There were statistically significant differences in serum calcium, 
serum phosphate, and serum alkaline phosphatase (ALP) 
between the groups [Table 2]. Serum estimation for parathyroid 
hormone (PTH) was carried out for only 62 patients. Mean 
serum PTH levels were higher (statistically not significant) in 
patients with hypovitaminosis D. Patients having proximal 
weakness were subjected to estimation of serum CPK and 
EMG. Fifteen patients (58%) had a high serum CPK. Myopthic 
changes were noted in 10 patients. Thirteen patients were 
subjected to X-rays of long bones. Two patients demonstrated 
pseudo-fracture.

Evidence of osteomalacia
We used Jenkins et al. criteria,[16] Bingham and Fitzpatrick 
criteria[17] and McKeena et al.’s osteomalcic index[18] to determine 
the prevalence of the biochemical osteomalacia [Table 3]. 
A total of 48-63% patients (depending on the criteria used) 

had evidence of the biochemical osteomalacia. A significantly 
greater proportion of the patients in hypovitaminosis D group 
had biochemical osteomalacia.

Subgroup analyses
We divided the patients in various groups according to 
the epidemiological and the clinical features [Table 4]. 
There were no statistically significant differences in 
serum vitamin D levels (mean) according to age, gender, 
and smoking habit. However, the patients presented in 
winter – spring had significantly lower serum vitamin D 
levels. We compared patients having “headache only” with 
patients having both headache and musculoskeletal pain. 
Subjects with both “musculoskeletal pain and headache” had 
significantly lower mean 25(OH) D levels than those who have 
only headaches (12.2 vs. 21.4; P = 0. 0059). In the same line, 
patients having daily headache (9.8 vs 16.5; P = 0. 0076) had 
significantly lower serum vitamin D levels that those who 
had intermittent headaches. The patients with high muscle 
TSS and bone tenderness also had significantly lower mean 
25(OH) D levels.

Correlation of serum vitamin D levels with various 
epidemiological, clinical, and biochemical parameters
Pearson’s correlation co-efficient between vitamin D 
levels and various biochemical and the clinical parameters 
were calculated [Table 5]. It was found to be statistically 
significant for serum calcium (r = 0.687507; P < 0.0001), serum 
phosphorus (r = 0. 794581; P < 0.0001), serum ALP (r = −0.58277, 
P  <  0.0001), calcium  × phosphate product (r  =  0.849417; 
P < 0.0001), osteomalacic index (r = −0.74444, P < 0.0001) muscle 
tenderness score (r = −76052; P < 0.0001) and bone tenderness 
(r = −76780; P < 0.0001). Scatter plot [Figure 1 and Figure 2] shows 
statistically significant negative correlation between serum 
25(OH) D levels and osteomalacic index and TTS (muscle). In 
the multivariate linear regression analysis, estimated serum 
25(OH) D levels were on average 9.6 ng/ml higher in summer 
than in other times of year (P = 0.0002). Other factors did not 
show any association with serum 25(OH) D levels (data not 
shown).

Discussion

Headache, musculoskeletal symptoms and vitamin D 
deficiency are common in the general population. However, 
interrelation of these three has not been demonstrated in the 
literature. We, in this retrospective observation have tried to 
delineate the interrelations among three.

Table 1: Contd

Parameter Total (n=71) Serum 25(OH) 
D<20 ng/dl

Serum 25(OH) 
D>20 ng/dl

P value

Achilles 0.7±0.5 0.8±0.5 0.6±0.5 0.1402
Total score 6.3±2.6 7.0±2.1 4.0±2.7 0.0001*

Bone tenderness
Radius‑ulna 1.8±0.7 2.0±0.5 1.2±0.9 0.0001*
Anterior tibia 1.1±0.7 1.2±0.7 0.6±0.5 0.0010*
Total score 2.8±1.3 3.2±1.0 1.7±1.4 0.0001*

OH=Hydro oxide
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Interrelation between headache and chronic 
musculoskeletal pains
Epidemiological evidence suggests a strong association 
between chronic headache and musculoskeletal symptoms.[19-21] 
A recent study has demonstrated a bidirectional relationship 
between CDH and chronic musculoskeletal symptoms.[21] 
Development of one symptom may predispose to other.[21]

ICHD-II classify tension-type headache into two types: 
Tension-type headache associated with pericranial tenderness 
and tension-type headache not associated with pericranial 
tenderness. Increased muscle tenderness has also been 

observed in extracephalic muscles. Most studies have 
demonstrated a positive relation between muscle tenderness 
and intensity and frequency of tension-type headache.[22] 
However, no studies have delineated any association of 
muscle tenderness (cephalic or extra cephalic) to generalized 
bodily pain. In our observation, we noted a significant 
association between the musculoskeletal pain and muscle 
tenderness (cephalic or extra cephalic). Patients with CWP 
had a higher muscle tenderness score (7.1 vs. 5.4; P = 0. 0041). 
This observation also strengthens the notion that CDH 
and chronic musculoskeletal pain may have common 
pathogenesis.

Table 2: Biochemical and other laboratory abnormalities according to categories of serum 25 vitamin D

Investigations Total (n=71) Serum 25(OH) 
D<20 ng/ml (n=52)

Serum 25(OH) 
D>20 ng/ml (n=19)

P value

Serum 25(OH) D 13.7±10.6 8.2±4.0 29.0±8.0 0.0001*
Serum calcium (9‑11 mg/dl)

Mean 8.7±0.8 8.5±0.7 9.2±0.7 0.0004*
Normal 29 (41) 17 (33) 12 (58) 0.0208*
Hypocalcemia 42 (59) 35 (67) 7 (42) 0.0208*

Serum phosphorus (2.6‑4.5 mg/dl)
Mean 2.8±0.7 2.4±0.4 3.6±0.7 0.0001*
Normal 39 (55) 22 (42) 17 (89) 0.0004*
Hypophosphatemia 32 (45) 30 (58) 2 (11) 0.0004*

Serum alkaline phosphatase (75‑120 IU/L)
Mean 158.8±50.9 174.9±48.6 114.6±27.1 0.0001*
Normal 23 (32) 10 (19) 13 (68) 0.0003*
Increased 48 (68) 42 (81) 6 (32) 0.0003*

Serum parathyroid hormone (n=62) (10‑60 pg/ml)
Mean 73.8±31.8 80.2±20.0 53.9±17.3 0.0037*
Normal (10‑60 pg/ml) 32 (52) 21/47 (45) 11/15 (73) 0.1017
Increased 30 (48) 26/47 (55) 4/15 (27) 0.1017

Serum CPK (n=27) (25‑200 U/L)
Mean 214.4±50.2 213.3±50.8 244 ‑
Normal 11 (41) 11/26 (42) 0/1 ‑
Elevated 16 (59) 15/26 (58) 1/1 ‑

Electromyography (n=27) ‑
Normal 16 (59) 16/26 (62) 0/1 ‑
Myopathic 11 (41) 10/26 (38) 1/1

Radiology of long bones
Pseudo fracture 2/13 (15) 2/13 (15) 0/0

CPK=Creatine phosphokinase, OH=Hydro oxide

Table 3: Prevalence of biochemical osteomalacia according to various criteria

Criteria used for biochemical 
osteomalacia

Total (n=71) Serum 25(OH) 
D<20 ng/ml (n=52)

Serum 25(OH) 
D>20 ng/ml (n=19)

P value

Jenkins et al. criteria[16] *(n) (%) 42 (59) 40 (77) 2 (11) 0.0001

Bingham and Fitzpatrick criteria[17] †(n) (%) 45 (63) 41 (79) 4 (21) 0.0001

McKenna et al. (osteomalacic index)[18] ††(n) (%) 34 (48) 34 (65) 0 (0) 0.0001
Calcium×phosphate product

Mean 24.1±7.7 20.8±4.3 33.1±8.0 0.0001
<27 (osteomalacia) (n) (%) 52 (73) 48 (92) 4 (21) 0.0001

>27 (n) (%) 19 (27) 4 (8) 15 (79)

*Jenkins et al. (any three of the followings: Hypocalcium, hypophosphatemia, increased alkaline phosphatase calcium×phosphate product<27; †Presence any two 
of the following are suggestive of osteomalacia: Low calcium, low phosphate, elevated total alkaline phosphatase or suggestive radiographs; ††This index scores 
the presence of generalized musculoskeletal pain, pseudofractures, muscle weakness, calcium×phosphate product, increased alkaline phosphatase, and low 
serum vitamin D levels



Annals of Indian Academy of Neurology, October-December 2013, Vol 16, Issue 4

 Prakash, et al.: Headache and vitamin D 655

Chronic musculoskeletal pain and vitamin D deficiency 
and/or osteomalacia
According to several studies, 26-100% patients with 
musculoskeletal pain may have vitamin D deficiency.[23-29] 
In a number of studies, skeletal pain responded to vitamin 
D treatment[30] In our observation, 83% patient reported 
musculoskeletal pain. Mean serum 25(OH) D was significantly 
lower in patients with nonspecific skeletal pain (12.2 vs. 21.4; 
P = 0. 0059). The proportion of patients having deficiency of 
25(OH) D (<20 ng/ml) was significantly higher in patients with 
musculoskeletal pain (90% vs. 63%; P = 0.0187) compared with 
patients without musculoskeletal pain. TTS (for both muscles and 
bones) was significantly associated with serum vitamin D levels.

Interrelation between headache and vitamin D deficiency
A recent cross sectional study demonstrated significantly 
low levels of serum vitamin D in non-migraine headaches 
(? Tension-type headache).[3] A few case reports and small 
observational studies have also suggested a role of vitamin 
D deficiency in headaches.[4-7] Turner et al.[23] studied the 
prevalence of vitamin D inadequacy among 267 patients 
with chronic pain, including headache (25 patients). The 
prevalence of vitamin D inadequacy among these 267 patients 
was 26%. In a small Norwegian study,[5] patients reporting 
headache (63 patients) had significantly lower serum 25(OH) 
D levels than the subjects without headache.

Interrelation among chronic musculoskeletal pains, 
headache, and osteomalacia (or vitamin D deficiency)
We reported eight patients with vitamin D insufficiency 
having symptoms of both osteomalacia and CTTH.[4] Both 
headache and osteomalcia responded to vitamin D and 
calcium supplementation in a few weeks’ durations. These 
observations indicate that both headache and musculoskeletal 
pain in the same patient may be because of vitamin D 
insufficiency.

Moreover, as we noted, there are evidences that musculoskeletal 
pain may be causally related to vitamin D deficiency. In the 
same way, a strong association between musculoskeletal pain 
and headache has also been noted. These indicate a possibility 
of interrelation among three.

Serum vitamin D levels are highest in the months of 
May to September and the lowest from November to 
March.[31-32] If vitamin D has any association with headache 
and musculoskeletal pain, the prevalence rate of headache 

Figure 2: Scatter plot between serum 25(OH) D and total 
tenderness score (muscle)

y = -0.1858x + 8.8395 R2 = 0.5784 P ≤ 0.0001
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Table 4: Subgroup analyses: Association of serum 
vitamin D levels with various subgroups of the patients

Parameter Serum 25(OH) 
D (mean±SD) ng/ml

P value

Only headache (n=12) 21.4±14.8 0.0059*
Headache with 
musculoskeletal pain (59)

12.2±9.1

Gender
Female (n=39) 13.1±11.8 0.6376

Male (n=32) 14.3±9.0
Age

<50 (n=56) 14.7±11.1 0.1298

>50 (n=15) 10.0±8.0
Pattern of headache

Daily (n=30) 9.8±6.8 0.0076*

Non daily (n=41) 16.5±12.0
Season

Summer‑fall (n=30) 20.0±12.0 0.0001*

Winter‑spring (n=41) 9.0±6.3
Smoking

Current smoker (n=13) 12.8±9.0 0.7153

Non smoker (n=58) 14.0±11.0
Muscle total tenderness score

0‑5 (23) 21.1±13.0 0.0001*
>5 (48) 10.1±7.0

Bone total tenderness score
0‑2 (24) 21.0±12.7 0.0001*
>2 (47) 10.0±7.0

OH=Hydro oxide, SD=Standard deviation

Table 5: Pearson’s correlation coefficient between 
serum 25(OH) D levels and various biochemical and 
clinical parameters

Parameter Pearson’s correlation 
coefficient

P value

Serum calcium 0.593995 <0.0001*
Serum phosphate 0.778269 <0.0001*
Serum alkaline phosphatase −0.58277 <0.0001*
Calcium×phosphate product 0.849417 <0.0001*
Osteomalacic index −0.74613 <0.0001*
Total tenderness score (muscle) −0.76052 <0.0001*
Total tenderness score (bone) −0.76780 <0.0001*

OH=Hydro oxide

Figure 1: Scatter plot between serum 25(OH) D and osteomalacic 
index

y = -1.0199x + 50.427 R2  = 0.5567 P = <0.0001
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and musculoskeletal pain should match with the usual 
seasonal variation of vitamin D levels. Marrelli et al.[33] 
studied the seasonal and meteorological factors in primary 
headache disorders. The overall frequency of headaches 
was the highest during winter and least in summer. Similar 
observations were also noted in patients with migraine.[34] 
Takala et al.[35] studied the effects of seasonal variation in the 
frequency and prevalence of neck and shoulder pain. They 
noted decrease in frequency of symptoms from December 
to May (autumn to spring). Most rheumatic diseases 
have a high prevalence in the winter and spring.[36] In our 
observations, mean serum vitamin D levels were significantly 
lower in the patients who presented during winter-spring. 
In the same line, TTS and prevalence of CWP were higher 
in patients presenting during the winter-spring. Increased 
frequency of attacks in winter-spring (October to January) 
and least attacks in summer indirectly suggests a role of 
vitamin D deficiency in the generation of headaches and 
musculoskeletal pain.

Pathogenesis
Musculoskeletal pain and headaches: A spectrum within a 
same disease (vitamin D deficiency or osteomalacia)
The generalized musculoskeletal pain in the patients with 
headache is usually explained by the development of central 
sensitization.[22] However, in our case series, a possibility of 
vitamin D deficiency is more likely for the musculoskeletal 
pain. It is suggested that musculoskeletal pain associated 
with vitamin D deficiency could be because of associated 
osteomalacia.[14]

Our observation raises a few questions. Are both musculoskeletal 
pain and headaches related to vitamin D deficiency? Is 
semiology of headache and musculoskeletal pain same? Are 
the mechanisms of musculoskeletal pain and of headache 
same? Is the headache because of osteomalacia of the skull? 
Does osteomalacia of skull exist?

Musculoskeletal pains are among the most common complaint 
in patients with osteomalacia.[9] Pain is typically in bone and or 
muscle (not in the joint).[37] Pain is typically dull, diffuses, and 
poorly localized.[9] The clinical characteristics of pain of CTTH 
and pain of osteomalacia are of the same types. The tenderness, 
associated with CTTH, is uniformly increased throughout the 
pericranial and extracephalic regions.[22] The association of 
headache with musculoskeletal symptoms increased with the 
increasing of headache episodes.[20] This suggests that both 
symptoms may be causally interrelated. Therefore, headache 
in patients with generalized body pain may the part of the 
symptom complex of generalized pain.

Most studies on osteomalcia are silent regarding the presence 
of headache.[37] To the best of our literature search, none of the 
studies have ever examined skull x-ray for the presence of 
osteomalacic changes.[9,38] However, bone abnormality in the 
skull is a well-known feature of rickets (vitamin D deficiency 
in children). Craniotabes with the abnormal consistency of 
the cranial vault is an important feature of rickets.[9,38] A recent 
observation suggests that craniotabes may be the earliest 
sign of sub clinical vitamin D deficiency.[39] Cephalometric 
analysis has demonstrated altered craniofacial morphology 

in a few studies on rickets patients.[40] Therefore, a possibility 
of osteomalacic changes exists in the adult population with 
vitamin D deficiency.

Osteomalacia (of bones other than skull) commonly presents 
with spontaneous body pain and muscle tenderness. Therefore, 
we speculate that headache and pericranial muscle (or bone) 
tenderness may be associated with osteomalacia of skull bone. 
It is postulated that there is swollen deposition of collagen rich 
osteoid on the periosteal surface of the skeleton. This swollen 
deposition puts an outward pressure on the periosteal covering 
that is innervated by sensory pain fibers (nociceptors). This is 
the most likely explanation for bone and muscle pain in patients 
with osteomalacia.[14] We speculate a similar abnormality in 
the skull bone and it may explain headache and pericranial 
muscle tenderness in a subset of patients with headache. 
Prolonged nociceptive inputs from the periphery because of 
swollen deposition of any bone (skull, long bones, or spine) 
may sensitize the second and third order neurons (central 
sensitization).[41] This sensitization may further exacerbate/
induce both cephalic and extra cephalic pain. In this way, a 
bi-directional association of headache and musculoskeletal 
pain could be explained.

Vitamin D deficiency is also known to produce osteomalacic 
myopathy and type II muscle atrophy.[42] Atrophy of certain 
group of muscles may produce mechanical stress on the 
remaining muscle. The mechanical overloaded muscle 
may pre-dispose to the formation of myofascial trigger 
point (TrPs).[42] Therefore, active TrPs in mechanical overloaded 
muscle may further sensitize the second and third order 
neurons. Both peripheral and central sensitizations are 
well-known mechanisms for the generation of pain in the 
patients with CTTH.[41]

Recently, a new mechanism has been proposed for 
musculoskeletal symptoms because of vitamin D deficiency. 
Tague and Smith[43] have demonstrated vitamin D receptors in 
nociceptors (“pain sensing” nerves). In another study Tauge 
et al.[44] have demonstrated muscle hypersensitivity in rats 
receiving vitamin D-deficient diets. Morphometry of skeletal 
muscle innervations showed increased numbers of “pain 
sensing” nerve nociceptor axons (sensory hyperinnervation). 
These occurred before the onset of overt muscle or bone 
pathology. The authors concluded that muscle hypersensitivity 
and sensory hyperinnervation may be responsible for the 
generation of musculoskeletal pain and this deep muscle 
pain may be in the early stage of vitamin D deficiency and 
may precede the development of gross bone pathology. 
Muscular factors are considered to be of importance 
in tension-type headache. Therefore, a possibility of 
similar mechanisms (muscle hypersensitivity and sensory 
hyperinnervation) exists in a subset of patients with headache 
and vitamin D deficiency.

Another possible hypothesis for the generation of headache 
may be hypomagnesemia, as vitamin D deficiency is known 
to cause hypomagnesemia. About 40-50% patients with TTH 
may have low serum Mg. Almost similar percentage of patients 
with TTH have demonstrated a response to Mg therapy in 
various observations.[45]
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Vitamin D has anti-inflammatory properties.[46] Therefore, 
patients with pain may get some relief by vitamin D 
supplementation.

Taken together, we speculate that the co-occurrence of body 
pain and headache in a patient may be a symptom complex 
of a single disease (may be vitamin D deficiency) rather than 
two different disease entities or two different mechanisms, at 
least in a subset of patients. Moreover, since a possibility of 
headache with pericranial tenderness exists with vitamin D 
deficiency, we speculate a possibility of osteomalcia of skull as 
a cause of (secondary) CTTH in a patient fulfilling the ICHD-II 
criteria for CTTH with pericranial tenderness.

Future perspectives: Osteomalacia is an under diagnosed 
condition
A possibility of diagnostic errors is very high for generalized 
musculoskeletal pain.[47] Fitzcharles and Boulos[48] reported 
“disturbing” inaccuracy in the diagnosis of fibromyalgia. In 
their cohort of patients referred to a Rheumatology clinic: 
Fibromyalgia was confirmed in only 34% of the patients 
presenting with musculoskeletal pain, with a diagnostic error 
of 66%. Fibromyalgia is a well-recognized entity with a widely 
accepted diagnostic criterion. The high rate of misdiagnosis/
over diagnosis of fibromyalgia raises a possibility of under 
diagnosis of other causes of musculoskeletal pain (most 
have not definitive diagnostic criteria or a marker). Holick[14] 
suggests that the symptoms of osteomalacia are either 
dismissed or misdiagnosed as fibromyalgia by many 
physicians.

Misdiagnosis and delayed diagnosis was noted in most 
studies of biopsy proven osteomalacia.[49-52] The misdiagnosis 
or under diagnosis may be because of unfamiliarity with the 
clinical picture of osteomalacia and not well-defined or widely 
accepted criteria for osteomalacia.[14] As musculoskeletal 
pain and tenderness of osteomalacia of bones (other 
than skull) match to the headache and pericephalic (and 
extracephalic) tenderness in patients with CTTH, a possibility 
of osteomalacia of skull exists. Bone abnormality in the 
skull (craniotabe) in rickets further strengthens the possibility 
of osteomalacoa of the skull. Therefore, it is also important 
to refine this symptom (osteomalacia of skull) in the adult 
population.

Limitations of the observation
A possibility of shared exogenous or endogenous factors is most 
likely for the development of multiple chronic pain conditions. 
However, it may be simple unidirectional causality–as one 
condition may cause or aggravate a second (through central 
sensitization). In addition, we don’t have a control group to 
compare the serum vitamin D levels. As the prevalence of 
vitamin D deficiency is very high in the general population, the 
observations may be simply because of the high background 
prevalence of hypovitaminosis D. The treatment was not 
standardized. Therefore, we couldn’t compare the effects of 
vitamin D between the groups. Although all common causes 
of secondary musculoskeletal pain were ruled out by careful 
history taking, the clinical examinations, and appropriate 
investigations; a possibility of other secondary causes of 
musculoskeletal pain cannot be ruled out completely.

This is a retrospective study, therefore, a number of weaknesses 
exist in our observations. The target population was not 
well-defined. We included consecutive series of adult patients 
who were diagnosed as having CTTH and were subjected 
to the estimation of serum vitamin D levels. A possibility of 
unrecognized selection bias also exists. The detail clinical 
examinations were carried out prospectively in all patients 
at the time of presentation as a departmental policy for such 
patients. However, because of the retrospective nature of the 
study, follow-up was not standardized and we could not assess 
the patients in follow-up. Moreover, our sample size was not 
large enough to reveal the true differences between the groups. 
In addition, our observations cannot be generalized as our 
sample of patients may not truly represent patients with CTTH 
due to referral and other biases. Although we have included 
a few confounders in the data analysis, a possibility of other 
unrecognized confounders cannot be ruled out. These problems 
may be resolved by doing a prospective study.

Despite a number of limitations in the study, our observation 
suggests that the chronic musculoskeletal pain and chronic 
headache shared a common pathology and both may be a 
part of the same disease in a subset of patients. We hope 
our observations may serve as a catalyst for prospective 
observations to clarify the issue.
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