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  Abstract:  Calcium concentration in hair, representing intracellular calcium levels, is associated with sy-
stemic diseases such as coronary artery disease. To date, there are no previous studies which investigate 
the regulation of hair calcium levels. The aim of the study is to investigate whether hair calcium con-
centration is related to calcium intake and calcium content in bone – bone mineral density (BMD). An 
observational research study was conducted with 55 women over the age of 20 who visited a university 
hospital in Suwon, Korea. The average age of the women was 51.45. Depending on the concentration 
of hair calcium, participants were divided into quartiles to compare calcium intake and BMD. There 
was no difference in demographic, anthropometric, and biochemical characteristics between the high-
est quartile of hair calcium concentration and the rest of the quartiles. However, the highest quartile 
ingested signifi cantly less calcium compared to the rest of the quartiles (p < 0.05). The highest quartile 
of hair calcium concentration also showed signifi cantly lower BMD and T-score in the L1 – 4 vertebrae 
compared to the rest of the quartiles (p < 0.05). These results show that high hair calcium concentration 
was associated with low calcium intake and low BMD. 

  Key words:  hair, calcium, dietary calcium, bone density, minerals 

 Introduction 

 Calcium is the most abundant mineral in vertebrates 
and stores 99 % of the element in bone. The remaining 
1 % of calcium plays a crucial role in the maintenance 
and regulation of metabolic and physiologic homeo-
stasis in the body via intracellular signal transduction, 
neuromuscular function, and structural stability of the 
skeleton [1]. Recently, many studies have found that 
calcium concentration measured in hair is useful to 
demonstrate the contribution of calcium to metabolic 

dysfunctions or systemic diseases. Because serum cal-
cium level is strictly regulated to maintain homeosta-
sis, even in pathologic conditions caused by signifi cant 
changes in calcium content, it is very diffi cult to detect 
changes using serum calcium. On the contrary, hair 
mineral analysis can measure the intracellular con-
tents of calcium [2, 3], directly linked to metabolic 
imbalances. For instance, hypertensive obese patients 
with insulin resistance have a signifi cantly higher hair 
calcium level compared to healthy controls [4]. Hair 
calcium level is inversely correlated with aortic calci-
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fi cation [5] and high hair calcium level is associated 
with low mortality in coronary heart disease [6]. Prior 
to investigating the underlying mechanism by which 
hair calcium concentration is correlated with disease, 
it is important to elucidate whether changes in calcium 
supply, transport, and metabolism affect the concen-
tration of calcium in the hair. 

 Calcium is presumed to be infl uenced by oral intake, 
transport among various calcium pools (especially 
bone), and renal excretion [7]. Calcium metabolism is 
also regulated by interactions among calciotropic hor-
mones, such as parathyroid hormone (PTH), vitamin 
D, and calcitonin [8]. However, in almost all previous 
studies, the investigators didn’t consider these factors. 
Furthermore the relationship between these regula-
tory factors and hair calcium concentration has not 
been confi rmed. In a small study (n = 8), increased 
calcium intake in osteoporosis patients resulted in 
reduced hair calcium levels [9]. However, another 
study indicated that calcium intake was not associ-
ated with hair calcium concentration [10]. The hair 
calcium level may also be affected by calcium effl ux 
from bone and infl ux into bone (Figure 1). Patients 
with hyperparathyroidism, which increases calcium 
effl ux from bone, showed higher hair calcium con-
centrations compared to the reference value; after 
parathyroidectomy, the patients hair calcium levels 
fell to the reference level [9], which suggests that the 
calcium reservoir in bone is associated with calcium 
level in hair. 

 Under physiological conditions, calcium intake and 
calcium effl ux from bone are important factors that 
determine hair calcium level. To date, no research has 
elucidated the infl uence of calcium intake and calcium 
reserves in bone on hair calcium concentration. The 
aim of this study was to investigate whether calcium 
intake and bone mineral density (BMD) are related 
to calcium concentration in hair.

  Materials and Methods 

 Subjects 

 The study included 63 women, over 20 years of age, 
who underwent hair tissue mineral analysis, bone min-
eral densitometry, and calcium intake measurement 
by the 24-hour recall method at Ajou University’s 
health promotion center from January 2007 to Decem-
ber 2009. The study was approved by the Institutional 
Review Board of Ajou University Hospital. 

 The exclusion criteria were any disease which in-
fl uences calcium metabolism, such as small intestine 
resection, chronic renal failure, hyperparathyroidism, 
hypercalciuria, hyperthyroidism, and hypothyroidism. 
Individuals who were taking medications that can af-
fect bone mineral density such as oral contraceptives 
or hormonal replacement therapy, any type of calcium 
or vitamin D supplements during the last 6 months, 
diuretics, steroid hormones, thyroid-related medica-
tions, and anti-convulsive agents were also excluded. 
The fi nal data consisting of 55 women analyzed. 

 Methods 

 Hair mineral analysis 

 The Centers for Disease Control (CDC) defi nes the 
protocol for analysis of calcium content in hair samples 
as follows: hair samples (80 mg) are collected from 
four different points on the occipital scalp [11]. The 
proximal portion of the hair samples (3 – 4 cm from 
skin) are cut with stainless steel sampling scissors. 
The participants are asked not to chemically process 
(dye, perm, straighten, or frost) their hair for at least 
2 weeks prior to sample collection. The hair also has to 
be free of all gels, oils, and hair creams before sample 
collection. The collected hair was pre-washed (using 
a non-ionic detergent). Samples were stored in pre-
cleaned plastic bags that were rigorously tested. 

      Figure 1:  Hypothetic diagram of calcium transport and me-
tabolism that infl uences hair calcium concentration.   
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 Calcium measurements were performed using a mi-
crowave temperature-controlled digestion technique 
and Perkin-Elmer Mass Spectrometer in a licensed 
and certifi ed clinical laboratory. The laboratory is 
regularly inspected by the Clinical Laboratory Divi-
sion of the Department of Health and Human Services 
(Trace Elements Inc., Addison, TX, USA). The con-
centrations of calcium are reported in units of mg% 
(mg/100 g of hair with dry weight). 

 Calcium intake 

 Calcium intake was measured by the 24-hour recall 
method. A nutritionist interviewed each participant 
and recorded the type and amount of food ingested. 
Each mineral in the daily diet was catalogued and 
evaluated by the dietetic computer program Can-Pro 
ver. 3.0 (Computer Aided Nutritional Analysis Pro-
gram, The Korean Nutrition Society). Calcium was 
divided into vegetable calcium and animal calcium. 
Calcium level of hair was reported as mg. 

 Bone mineral density 

 Bone mineral density, as measured by dual-energy 
x-ray absorptiometry (DEXA, Lunar Expert-XL, 
USA), provides excellent precision and accuracy in the 
measurement of total bone calcium [8]. Bone mineral 
density refl ects the mobilization of calcium from bone, 
especially after menopause [12]. Bone mineral content 
(BMC, g), area (cm 2 ), and T-score were measured 
at the 1st, 2nd, 3rd, and 4th lumbar spine (L1 – 4), 
femoral neck, and total femur. Bone mineral density 
(BMD, g/cm 2 ) was calculated as the BMC (g) divided 
by area (cm 2 ). 

 Measurements 

 All participants underwent a full physical examina-
tion. Anthropometric measurements were obtained 
with individuals wearing light clothing and no shoes. 
Height was measured to the nearest 0.1 cm and weight 
was measured to the nearest 0.1 kg. Body mass index 
(BMI) was calculated by dividing the weight (kg) by 
height squared (m 2 ). The basal metabolic rate was mea-
sured by estimating body composition with Inbody 720 
(Biospace Inc., Seoul, Korea) after an overnight fast. 

 Blood samples were collected after an overnight 
fast. Fasting glucose, total cholesterol, high-sensitivity 
C-reactive protein (hs-CRP), calcium, phosphorus, 

blood urea nitrogen (BUN), creatinine, alkaline phos-
phatase (ALP), aspartate aminotransferase (AST), 
and alanine aminotransferase (ALT) were measured 
in each blood sample. 

 Statistical analysis 

 Data were analyzed using SPSS software (version 
16.0, SPSS Inc., Chicago, IL). Variables are shown 
as means with standard deviation. Values of hair cal-
cium concentration, calcium intake, and BMD were 
normally distributed, as confi rmed by the one-sample 
Kolmogorov-Smirnov test. According to the hair cal-
cium concentration, participants were divided into 
four quartiles using the SPSS statistics software. The 
four quartiles were defi ned as follows: Q1 (n = 14, 
19 – 69 mg%), Q2 (n = 13, 70 – 105 mg%), Q3 (n = 14, 
111 – 176 mg%), and Q4 (n = 14, 186 – 365 mg%). The 
groups were compared using ANOVA. The Student’s 
 t -test was used to determine signifi cant differences 
among independent variables between the fourth 
quartile (Q4) and the rest of the quartiles (Q1 – 3). A 
p value < 0.05 was considered statistically signifi cant. 

 Results 

 The basic characteristics of the study subjects are pre-
sented in Table I. The average hair calcium concentra-
tion was 136.07 mg% (Reference range: 22 – 97 mg%). 
There was no signifi cant difference in demographic, 
anthropometric, and biochemical characteristics 
among each quartile (data not shown). 

 There was no difference in demographic, anthropo-
metric, and biochemical characteristics between the 
highest quartile of hair calcium concentration and the 
rest of the quartiles (Table II). Total calcium intake 
for the highest quartile was signifi cantly less compared 
to quartiles 1, 2, and 3. Intake of animal calcium and 
vegetable calcium showed similar trends to total cal-
cium intake and there were no signifi cant differences. 
There was no signifi cant difference in the intake of 
protein, lipid, and carbohydrate between the highest 
quartile of hair calcium concentration and the rest of 
the quartiles. 

 The highest quartile of hair calcium concentration 
had signifi cantly lower BMD in the L1 – 4 vertebrae 
compared to quartiles 1 – 3. The BMD of the femoral 
neck and total femur of the highest quartile were not 
signifi cantly different compared to Q1, Q2, and Q3. 
The highest quartile of hair calcium concentration had 
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Table I: Basic characteristics of the research subjects (N = 55).

Basic characteristics Min Max Mean SD

Age (years)   32   76  51.45 ±  9.58

Height (cm)  140.9  178.1  157.40 ±  6.19

Weight (kg)   41.5  109.8  60.60 ±  11.27

BMI (kg/m2)   17   34.9  24.37 ±  3.49

SBP (mmHg)   82  163  121.89 ±  17.10

DBP (mmHg)   51   98  75.62 ±  10.75

Fasting glucose (mg/dL)   70  172  98.45 ±  18.78

Total cholesterol (mg/dL)  122  251  192.40 ±  31.70

hs-CRP (mg/dL)    0    3.36  0.14 ±  0.45

Calcium (mg/dL)    8.3   10.1  9.07 ±  0.40

Phosphorus (mg/dL)    2.2    9.1  3.99 ±  1.67

BUN (mg/dL)    7.2   32.6  13.53 ±  4.27

Creatinine (mg/dL)    0.5    1.6  0.79 ±  0.16

ALP (U/L)   32  143  61.69 ±  19.90

AST(GOT) (U/L)   13   39  21.55 ±  5.76

ALT(GPT) (U/L)    6   83  21.53 ±  12.47

Hair calcium (mg%)   19  365  136.07 ±  86.82

BMR (kcal) 1005.8 1883.5  1179.53 ±  147.48

Nutritional intake

Total calorie (kcal)  757.00 2673.00  1805.60 ±  387.18

Total calcium (mg)   98.80 1496.52  815.05 ±  284.55

Animal calcium (mg)   48.40  882.22  366.83 ±  209.32

Vegetable calcium (mg)   50.40  942.45  448.22 ±  151.59

Total protein (g)   15.22  123.54  79.06 ±  20.49

Total lipid (g)   11.12  120.91  48.12 ±  20.74

Total carbohydrate (g)  144.56  386.87  268.12 ±  57.98

Phosphate (mg)  159.70 1812.68  1218.00 ±  305.90

Sodium (mg)  199.00 8972.10  6013.12 ±  1738.74

Bone mineral density measurement

L1-4 vertebrae BMD (g/cm2)  0.813  1.472  1.125 ±  0.164

BMC (g)  28.41  85.60  59.81 ±  12.38

T score  – 2.8  3  0.0 ±  1.3

Femur neck BMD (g/cm2)  0.670  1.190  0.896 ± 0.128

BMC (g)  3.02  5.42  4.10 ± 0.62

T score  – 2.3  2.5  – 0.1 ± 1.1

Femur total BMD (g/cm2)  0.720  1.243  0.950 ± 0.119

BMC (g)  21.23  38.10  28.05 ± 3.92

T score  – 2.1  2.6  0.0 ± 1.0

Data was presented with mean ± SD (standard deviation).
BMI; body mass index, SBP; systolic blood pressure, DBP; diastolic blood pressure, hs-CRP; high-sensitivity C-reactive 
protein, BUN; blood urea nitrogen, ALP; alkaline phosphatase, AST; aspartate aminotransferase, ALT; alanine amino-
transferase, BMR; basal metabolic rate, BMD; bone mineral density, BMC; bone mineral contents.
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a signifi cantly lower T-score in the L1 – 4 vertebrae 
compared to Q1, Q2, and Q3. BMC showed a similar 
trend to BMD and T-score. 

 Discussion 

 The highest quartile of hair calcium concentration in 
our study showed less calcium intake and lower BMD 
in the lumbar vertebrae compared to lower hair cal-
cium concentration quartiles. These data suggest that 
the amount of calcium intake and amount of calcium 
released from bone can infl uence hair calcium levels. 

 In contrast to our study, an observational study 
reported that there was no signifi cant association be-
tween calcium intake and hair calcium levels in pre-
menopausal women [10]. However, the study included 
subjects who took calcium supplements, which can 
confound the relationship between calcium intake 
and hair calcium concentration. In a small clinical 
study of eight osteoporosis patients, taking calcium 
supplements for six months, hair calcium concentra-
tions were shown to decrease [9], which suggests that 
calcium intake decreases calcium concentration in 
hair, which is consistent with our fi ndings. A low cal-
cium intake augments intracellular calcium concentra-
tions [13]. Hair calcium concentration decreases as 
serum PTH level decreases after six months of calcium 
supplements [9], and serum PTH level is inversely 
correlated with dietary calcium intake [14]. Taken to-
gether, these fi ndings support the results of our current 
study elucidating the underlying mechanism that low 
calcium intake induces hypersecretion of PTH, which 
in turn accelerates bone loss and augments intracel-
lular calcium concentration in hair [13, 15]. 

 An observational study with premenopausal wom-
en did not demonstrate a correlation between BMD 
and hair calcium level [9]. It is diffi cult to identify the 
infl uence of the main calcium reservoir, bone, on hair 
calcium levels in premenopausal women because cal-
cium mobilization is not as active prior to menopause, 
as compared to after menopause when calcium effl ux 
is increased due to the dramatic acceleration of bone 
resorption in the absence of estrogen [16]. In contrast 
to the study with premenopausal women, patients with 
diseases that increase bone resorption and decrease 
bone mineral density, such as hyperparathyroidism, 
hyperthyroidism, and osteomalacia, had a higher con-
centration of hair calcium compared to the reference 
range [9]. As our study revealed, serum calcium con-
centration does not refl ect these pathologic conditions 
whereas hair calcium does, because serum calcium is 

meticulously regulated for metabolic and physiologic 
homeostasis in the body [8]. Our observation infers 
that the change in calcium effl ux due to bone loss can 
be more easily detected by hair calcium concentration 
than by serum calcium level. 

 Bone resorption is more apparent in the lumbar 
vertebrae compared to the proximal femur because 
the vertebral bone consists of mostly trabecular bone, 
which is metabolically more responsive to estrogen 
defi ciency compared to cortical bone in the proximal 
femur after menopause [17]. This explains the reason 
for the BMD differences between groups observed 
only in the vertebrae and not in the femur in our study. 

 The hair can provide quality information regard-
ing intracellular calcium [18], allowing a better un-
derstanding of the underlying pathophysiology of 
many systemic illnesses and calcium mobilization in 
the body. Calcium homeostasis in the body is largely 
regulated through integrated hormonal systems [10], 
which includes estrogen and two major calcium-reg-
ulating hormones: PTH [19] and 1,25 (OH) 2  D [20]. 
To obtain a more precise illustration of calcium me-
tabolism in the body, monitoring changes in calcium-
regulating endocrine factors and lifestyle information 
are required. The current study described a portion 
of calcium metabolism and mobilization of calcium in 
the body under physiological conditions and revealed 
the relationship between hair calcium level, calcium 
intake, and BMD. Hair calcium concentration is in-
fl uenced by dietary calcium intake and calcium effl ux 
from calcium reserves in the bone, implying the con-
nection between two observations that hair calcium is 
related to vascular calcifi cation and that osteoporosis 
is associated with vascular calcifi cation. 

 There are several limitations to our study. We used 
24-hour recall to assess calcium intake. Among retro-
spective dietary assessment tools such as the 24-hour 
recall, food frequency questionnaire (FFQ), and diet 
history interview [21], the 24-hour recall provides for 
more precise amounts of foods than other tools [22]. 
To improve accuracy, all subjects in our study were 
interviewed by a professional nutritionist. Moreover, 
in our research, the participants were asked to re-
frain from chemically processing their hair for at least 
2 weeks. Because scalp hair grows at an average rate 
of 1 cm per month [23] and we took 3 cm of hair from 
each subject, we cannot completely exclude external 
exposure infl uencing the results. 

 Higher calcium level in hair is associated with less 
calcium intake and lower BMD, suggesting that low-
er calcium intake and increased calcium effl ux from 
bone can augment intracellular calcium concentration, 
which is linked to metabolic imbalances. 
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