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SUMMARY
Objectives: Overweight and obesity are risk factors for many diseases, nutrition leading to these phenomena is not only a question of disbalance 

between energy intake and expenditure, but also the presence of micronutrients. In our study, we focused on measuring residues of chromium, 
zinc and iron in the hair of men with different BMI.

Methods: Hair samples and anthropometric questionnaires were collected from 45 males. Numbers of subjects and age structure were com-
parable between the three BMI groups. The determination of metal levels was performed by inductively coupled plasma mass spectrometry after 
mineralization of the hair. 

Results: The hair of obese men contained significantly higher chromium (0.096 μg/g vs. 0.045 μg/g, p = 0.0039) and iron (9.42 μg/g vs. 5.84 
μg/g, p = 0.0009) concentrations than that of overweight men, but no significant difference between the normal-weight group and the obese group 
were found. The concentration of zinc was lower in obese subjects compared to overweight subjects (183.5 μg/g vs. 206.2 μg/g, p = 0.038). Also, 
statistically significant correlations between chromium and iron concentrations in hair and BMI were found (r = 0.307, p = 0.040, r = 0.360, p = 0.015, 
respectively). According to our results, age did not significantly affect chromium, iron and zinc concentrations in hair.

Conclusion: Consistent with some published studies, we have found that obese men have higher chromium and iron concentrations and lower 
zinc concentrations in hair. 
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INTRODUCTION

Hair analysis has proven to be a useful tool for human bio-
monitoring in terms of both essential and toxic elements (1, 2). 
The contents of elements in hair may, on one hand, reflect the 
exposure to environmental pollutants, and on the other hand, be 
linked to metabolic parameters (2, 3). It has been shown that 
metabolic disorders (such as obesity-induced hyperinsulinemia) 
are manifested by mineral disbalance of e.g., chromium (Cr), iron 
(Fe) and zinc (Zn) (4–6).

The aim of the study was to assess the hair content of the three 
above-mentioned elements and examine differences between three 
groups of men classified according to their BMI: normal weight, 
overweight, and obese.

Chromium in trivalent state is an essential trace element that 
plays a key role in the regulation of glucose (as a mediator of the 
insulin signal in insulin-dependent tissues) and its possible effect 
on weight reduction is also explored. An insufficient amount of 
this element can lead to many physiological disorders such as 
elevated blood levels of glucose, insulin, cholesterol, and triacyl-
glycerols, and reduced HDL cholesterol levels, which increase the 
risk of type 2 diabetes mellitus and cardiovascular disease (5, 7–9).

Zinc is an essential micronutrient that plays a key role in adi-
pose tissue metabolism (zinc stimulates lipogenesis and glucose 
uptake in isolated adipocytes) and in the synthesis and action of 
insulin (7, 9, 10). Zinc deficiency might affect glucose metabo-
lism, leading to development of metabolic disorders including 
insulin resistance and impaired glucose tolerance (11).

The most common deficiency with respect to essential micro-
nutrients is iron deficiency, which is very common among over-
weight and obese children and adolescents (7). Iron is involved in 
electron transfer in the mitochondria and oxygen transport through 
bonds with myoglobin and haemoglobin (12). Iron deficiency 
and anaemia may lead to fatigue and a consequent decrease in 
physical activity associated with further weight gain. In addition, 
deficiency of iron might disrupt the mitochondrial activity of the 
respiratory chain, thereby reducing exercise capacity and increas-
ing insulin resistance (13).

Recent studies suggest that obese people have more frequent 
occurrences of iron (13, 14), zinc (15, 16) and chromium defi-
ciency (7, 17, 18), and therefore it may be beneficial to provide 
these individuals with these essential trace elements in the form 
of supplements (17–19). In obesity, the potentially beneficial roles 
of essential minerals and trace elements might be related to their 
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insulin-sensitizing effects (zinc, chromium) or antioxidant proper-
ties (selenium, magnesium) (3, 20, 21). Other studies suggest that 
a higher BMI is associated with increased chromium (5, 22) and 
iron (23) contents and decreased zinc (3, 5, 12) content in hair, 
while some studies (24) point out that many of these elements 
have antagonistic effects. 

MATERIALS AND METHODS

All subjects were asked to complete a questionnaire on their 
age, height, weight, waist circumference, education, diet and 
dietary supplements, diseases, and smoking habits. Exclusion 
criteria were the use of mineral supplements, coloured hair, 
smoking, presence of chronic diseases such as type 2 diabetes 
mellitus, or history of disorders affecting food intake or absorp-
tion. The sample comprised 45 males aged 21–85 years. Subjects 
were divided into three groups – normal-weight men (BMI 
18.5–24.9 kg/m2, n = 14), overweight men (BMI 25–29.9 kg/m2, 
n = 16), and obese men (BMI ≥ 30 kg/m2, n = 15). The criterion 
for dividing the groups was the body mass index (BMI). In 
clinical practice, obesity is classified by BMI calculated as the 
ratio of human body weight to squared height. Normal weight 
is defined as a BMI in the range 18.5–24.9 kg/m2, overweight 
as a BMI in the range 25–29.9 kg/m2, and obesity as a BMI 
equal to or greater than 30 kg/m2 (25). Although this approach 
is common in clinical practice, it neglects the possible effect 
of an excess of muscle mass. Therefore, in some cases, e.g. 
bodybuilders, BMI can be misleading. However, no such cases 
were observed in this study.

No significant age difference between the three groups was 
found using One-way ANOVA.

All participants signed informed consent and the study protocol 
was approved by the Ethics Committee of the Faculty of Medicine 
at Masaryk University in Brno.

Hair Mineral Analysis
Hair samples were cut from the suboccipital zone of the head 

using ceramic scissors to avoid sample contamination. To limit 
the potential influence of external effects, the hair was cut close 
to the head at a maximum distance of 5 cm from the scalp and 
washed with acetone, p.a., three times with demineralized water, 
and again with acetone (26). The hair was immersed in each solu-
tion for 10 minutes to eliminate sweat, dirt, and pollutants from 
the external environment. After these procedures, the hair was 
dried in a laboratory oven at 50 °C for 60 minutes.

With respect to mineralization, samples (app. 50 mg of hair) 
were mixed with 1 mL of concentrated HNO3 (Merck, p.a.) in 
polypropylene tubes and the mixtures were left to react at 70 °C 
for 2 hours in a block heater (Stuart SBH 200D/3). A few drops 
of 30% H2O2 (Merck, p.a.) were added during the digestion to 
enhance mineralization processes. After cooling, the mixtures 
were diluted with deionized water up to a volume of 9.7 mL (18.2 
MΩ ∙ cm-1, Simplicity 185, Millipore). The contents of Cr, Fe and 
Zn were determined by means of inductively coupled plasma mass 
spectrometry (Agilent 7700x ICP-MS, Agilent Technologies). 
The methodology was validated by the analysis of duplicated hair 
samples spiked with known amounts of Cr, Fe, and Zn before and 

after mineralization. Spiking recoveries were found to be 105 ± 
3% and 105 ± 2%, respectively.

Statistical Analysis
The obtained data were statistically analysed by means of 

STATISTICA 12. Using the Shapiro-Wilk test, it was found that 
the distribution of the data differed significantly from the normal 
one. Therefore, nonparametric tests were used for further analysis. 
The Mann-Whitney U test and the Kruskal-Wallis test were used 
to compare the contents of selected elements within individual 
groups. The nonparametric Spearman’s correlation coefficient 
was used to determine the relationship between the observed 
continuous parameters. All tests were evaluated at a significance 
level of p < 0.05.

RESULTS

The concentration of chromium, iron and zinc in male hair are 
shown in Table 1. In this study population, the median concen-
trations of chromium in the hair of men in the normal-weight, 
overweight, and obese groups were 0.047 μg/g, 0.045 μg/g, and 
0.096 μg/g, respectively, with an overall median concentration of 
0.053 μg/g. The median concentrations of iron in the hair of men 
in the normal-weight, overweight, and obese groups were 6.16 
μg/g, 5.84 μg/g, and 9.42 μg/g, respectively, with an overall me-
dian concentration of 6.26 μg/g. The Kruskal-Wallis test revealed 
significant differences between medians of chromium and iron 
contents between the groups (p = 0.011, p = 0.007, respectively). 
Since the spread of chromium and iron contents was relatively 
wide in the normal-weight group, no statistically significant dif-
ference was observed in the other groups. However, the shift in 
the content of both elements was significant from the overweight 
group towards the obese group (Table 1). 

The median zinc concentration in the hair of all tested men was 
201.8 μg/g. The difference in zinc concentrations between groups 
was statistically significant (Kruskal-Wallis test, p = 0.042). The 
obese group exhibited significantly lower concentrations of zinc 
than the overweight group (Table 1). The median zinc concentra-
tion for the normal-weight group reached 201.1 μg/g and was 
insignificantly higher than the median for the obese group.

Correlations between the variables were also analysed. The 
Spearman’s correlation coefficient showed statistically significant 
correlations between BMI and chromium and iron concentrations 
in hair (r = 0.307, p = 0.040, r = 0.360, p = 0.015, respectively). 
In contrast, no statistically significant correlation was found 
between BMI and zinc concentration in hair. A strong positive 
correlation was found between chromium and iron concentration 
in hair (r = 0.683, p < 0.001). No age dependency was found for 
chromium, iron or zinc levels.

DISCUSSION

Numerous studies aimed to resolve the relationship between 
obesity and chromium, zinc and iron disbalance have led to 
conflicting results. Positive correlation between hair chromium 
content and BMI observed in the present study was evidenced by 
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former research conducted on pubic hair (5) and scalp hair (22). 
In contrast, other authors observed no such dependence (4, 27). 
Higher chromium concentrations in hair of obese individuals 
may be associated with the fact that metabolic disorders which 
accompany obesity may lead to increased chromium excretion 
from the body via excretory pathways (28, 29).

Content of iron in the hair samples follows similar pattern 
as that observed for chromium, i.e., that hair of obese subjects 
contained more iron than that of normal-weight and significantly 
more than that of overweight subjects. Król et al. (30) reported 
that obese patients with type 2 diabetes mellitus had significantly 
higher concentrations of iron in hair as well as a higher dietary iron 
intake than the control group. Such elevated iron concentrations 
in hair in diabetic and obese subjects were assumed to be caused 
by increased inflammatory changes typical for type 2 diabetes 
mellitus or differences in dietary iron intake. Nevertheless, other 
attempts to reveal a relationship between BMI and hair iron 
resulted in observation of negative (24) or no correlation (3, 27).

In contrast to trends observed for chromium and iron, no 
correlation between hair zinc content and BMI was detected. In 
some studies, lower zinc content in hair of subjects with excessive 
weight was observed (3, 5, 33) and this phenomenon was attributed 
to the fact that both zinc deficiency and imbalance play a role in 
the pathogenesis of obesity and type 2 diabetes. Kruskal-Wallis 
showed a lower concentration of zinc in the obese group in this 
study, the trend of the whole group’s dependence of zinc concen-
tration on BMI was not statistically significant. Similar findings 
were made by Hong et al. (22) and Lee et al. (27), who failed to 
find a significant correlation between zinc concentration and BMI. 

Although the hair concentration of some metals (especially 
those accumulative and toxic ones such as cadmium or lead) 
has been often associated with age (17, 22, 29, 32, 33), no such 
dependence was observed in this study.

CONCLUSION

The findings of this pilot study confirm some of the trends 
reported by previous research focused on the relationship between 
BMI and the content of chromium, iron and zinc in hair. Concen-
trations of chromium and iron in the hair of obese subjects were 
significantly higher compared to overweight men. Conversely, 
concentrations of zinc in the hair of obese subjects were lower 
than those in overweight subjects. However, no dependence was 
confirmed between chromium, iron or zinc concentration and age. 
Further research on the topic is required to help clarify the exact 
causes of this understudied phenomenon.
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Parameter Normal weight 
(n = 14)

Overweight 
(n = 16)

Obese 
(n = 15) p-value

Age (years) – mean (SD) 42.1 (20.9) 46.9 (16.9) 51.1 (11.2)
–

BMI (kg/m2) – mean (SD) 22.8 (1.4) 27.4 (1.3) 34.1 (3.7)
Chromium (percentiles)

5th 0.028 0.028 0.036 –
25th 0.032 0.034 0.067 –
50th (median) 0.047 0.045# 0.096# 0.0039*
75th 0.076 0.053 0.175 –
95th 0.209 0.140 0.239 –

Iron (percentiles)
5th 4.75 4.90 5.72 –
25th 5.52 5.40 8.12 –
50th (median) 6.16 5.84# 9.42# 0.0009*
75th 9.22 6.42 12.34 –
95th 17.05 11.45 40.16 –

Zinc (percentiles)
5th 161 176 137 –
25th 174 198 165 –
50th (median) 201 206# 183# 0.038*
75th 229 238 202 –
95th 245 399 237 –

Table 1. Metal concentrations in hair of men in normal-weight, overweight and obese groups (in micrograms per gram)

#Median test (overweight vs. obese); *statistically significant, p < 0.05
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