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Abstract
Epilepsy is a common neurological disorder. It affects 50 million people worldwide, over
half of which are children. Many children who suffer from epilepsy are also affected by
metabolic disorders, characterized by obesity as well as intolerance and deficient transport
of glucose. Recently, many researchers have indicated chromium (+3) as an essential trace
mineral which probably plays an important role in metabolism of glucose and insulin. There are no data about chromium alterations in the body of epileptic patients. The purpose
of this study was to find possible correlation between chromium (+3) concentration and
the glucose level in children with epilepsy. Material and methods: Twenty-three untreated
epileptic children with idiopathic generalized tonic-clonic seizures (9 girls and 14 boys) aged
13.4±2.7 years and 25 healthy children (sex-age-matched) served as a control were recruited to this study. The chromium blood and serum concentrations were determined as well
as serum glucose level. Results: There were no statistically significant differences between
epileptic and healthy children in the mean chromium (+3) blood concentration as well as
according to sex in both analyzed groups of children. The mean serum chromium concentration in epileptic children was significantly lower than in healthy subjects generally
(p<0.001), as well as in boys group (p<0.001) and girls (p<0.001). Although, the negative
statistically significant correlation between serum glucose and chromium concentrations
was found in epileptic children (p<0.01), we have not found so associations in whole blood
and in healthy children. Conclusions: Our research has shown that during epilepsy the
concentration of serum chromium was lower than in healthy subjects what was associated
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with glucose abnormalities. These preliminary results suggest that the detail research on
the chromium in epilepsy are necessary.
Key word s: glucose, chromium, epilepsy, children.

CZY CHROM OBNI¯A POZIOM GLUKOZY WE KRWI DZIECI Z EPILEPSJ¥?
Abstrakt
Epilepsja stanowi jedn¹ z najczêstszych chorób neurologicznych. Ocenia siê, ¿e na ca³ym œwiecie choroba ta dotyka ponad 50 mln ludzi, z czego ponad po³owa to dzieci. Wielu
dzieciom z epilepsj¹, w czasie ich rozwoju, towarzyszy tak¿e zespó³ metaboliczny, którego
charakterystyczn¹ cech¹ s¹ oty³oœæ i zaburzony metabolizm glukozy. W ostatnich latach
wielu badaczy zwróci³o uwagê na chrom (+3) jako niezbêdny pierwiastek, który prawdopodobnie odpowiada za transport glukozy do tkanek przez stabilizowanie jej po³¹czeñ z insulin¹. Rola chromu w tym aspekcie jest jednak wci¹¿ niejasna. Brak jest równie¿ danych
dotycz¹cych zawartoœci chromu w organizmach dzieci z padaczk¹. W zwi¹zku z powy¿szym
celem pracy by³a ocena zawartoœci chromu (+3) w surowicy i pe³nej krwi dzieci z padaczk¹
oraz próba skorelowania jego zawartoœci z poziomem glukozy we krwi tych dzieci w odniesieniu do grupy kontrolnej. Badaniem objêto 23 dzieci ze œwie¿o rozpoznan¹ padaczk¹
(9 dziewcz¹t i 14 ch³opców) w wieku 13,4 ± 2,7 lat oraz 25 dzieci zdrowych odpowiadaj¹cych grupie badanej struktur¹ wieku i p³ci. U wszystkich dzieci zmierzono stê¿enie chromu
w surowicy krwi i pe³nej krwi oraz ocenie poddano stê¿enie glukozy we krwi. Wykazano
brak ró¿nic w zawartoœci chromu (+3) w pe³nej krwi, a tak¿e glukozy we krwi miêdzy
grup¹ dzieci z padaczk¹ a dzieæmi zdrowymi, podobnie brak ró¿nic w ocenie tych parametrów stwierdzono w odniesieniu do p³ci dzieci niezale¿nie od wystêpowania choroby. Wykazano istotnie statystycznie ni¿szy poziom chromu w surowicy krwi dzieci z padaczk¹ w porównaniu z grup¹ kontroln¹ (p<0,001), jak te¿ w surowicy ch³opców i dziewcz¹t z padaczk¹
w porównaniu z ch³opcami i dziewczêtami zdrowymi (p<0,001). Równoczeœnie zanotowano
istotn¹ ujemn¹ zale¿noœæ miêdzy stê¿eniem chromu w surowicy krwi dzieci z padaczk¹ a stê¿eniem glukozy we krwi (p<0,01), przy czym nie zauwa¿ono podobnej zale¿noœci u dzieci
zdrowych. Badania sugeruj¹, i¿ istnieje mo¿liwoœæ zwi¹zku miêdzy poziomem chromu (+3)
u dzieci z padaczk¹ a notowanymi w literaturze zaburzeniami transportu glukozy. Wydaje
siê uzasadnione rozwijanie tego tematu badañ w dok³adniejszych pracach, które mog³yby
siê przyczyniæ do g³êbszego zrozumienia padaczki.
S³owa kluczowe : glukoza, chrom, padaczka, dzieci.

INTRODUCTION
Epilepsy is a common neurological disorder with the heterogeneous nature, which affects 50 million people worldwide, over half of which are children (VOLPE et al. 2007). In about 25% patients with epilepsy the number of
seizures is not greatly reduced even when two or three anti-epileptic drugs
are used. As suggested by some authors (VOLPE et al. 2007, BERTOLI et al.
2006, VIANNA et al. 2006), about 20 to 25% of patients administered the highest tolerated doses fail to control seizures.
More than 50% of epileptics are children. Metabolic disorders have frequently been demonstrated in children with epilepsy together with growth
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retardation (VOLPE et al. 2007) and intolerance and deficient transport
of glucose (VIANNA et al. 2006).
In the last years, it has been suggested that serum trace element concentrations in epileptic patients can show some abnormalities (HIRATE et al.
2002, VERROTTI et al. 2002, JOHNSON 2001, ASHRAF et al. 1995). Balance of
certain minerals is crucial for a healthy nervous system and neuronal susceptibility to excitability (HAMED et al. 2004). Several reports suggested that
electrolytes (sodium, potassium, calcium) and the level of some trace elements (zinc, copper, iron) in the body play an important role in development
of seizure condition (HAMED et al. 2004, DUDEK 2001, IKEDA 2001, PISACANE et
al. 1996, SMITH, BONE 1982).
As suggested by WALLACH (1985), the essential role of chromium in animal and human nutrition is now well accepted. Animal studies have shown
that chromium deficiency occurs in diabetic-like states, impaired growth,
elevated blood lipids, etc. In people, chromium deficiency has been demonstrated clearly only in just one clinical situation: patients on total parenteral nutrition without added Cr have been observed to have impaired glucose
tolerance, hyperglycemia, relative insulin resistance, peripheral neuropathy
and metabolic encephalopathy (WALLACH 1985, JEEJEEBHOY et al. 1977). The
latest research indicates that Cr supplementation can improve glucose metabolism in glucose intolerance individuals, and Cr deficiency may be important in diabetes mellitus for stabilization of the insulin/glucose complex (ALI
et al 2011). There are no data about chromium in epilepsy.
To sum up, the aim of this preliminary study was to assess chromium
concentrations in blood and serum, and the glucose serum level in epileptic
and healthy children.

MATERIAL AND METHODS
Twenty-three untreated epileptic children with idiopathic generalized tonic-clonic seizures (9 girls and 14 boys) aged 13.4±2.7 years and 25 healthy
children (sex-age-matched) as the control were recruited to this study. The
height and weight of all subjects (epileptic and healthy children) were within the normal range of the percentile growth charts for age and sex of
children (between 50-75%, no overweight and obesity) (KUCZMARSKI et al. 2002).
The characteristics of both populations are presented in Table 1. The study
was approved by the Ethical Committee at the Poznan University of Medical Sciences. The parents of the patients, patients and the healthy subjects
were under the care of the Department of Clinical Psychology at the Poznan
University of Medical Sciences. The blood samples used in this research were
obtained from the blood drawn for normal analytical procedures in the clinic.
From each subjects, after an overnight fast, 5 ml venous blood was collected to
2 PP tubes;
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Table 1
The characteristics of the analyzed populations
Characteristic of subjects
Age (years)

Mean ± SD (range)

Epileptic
Girl
Boys

13.4 ± 2.7 (9-17)
14.1 ± 2.4 (9-16)
13.0 ± 2.8 (9-17)

Control
Girl
Boys

14.2 ± 2.6 (9-16)
13.9 ± 2.8 (9-16)
14.7 ± 2.1 (9-16)

Sex (girls/boys)
Epileptic

9/14

Control

10/15

Duration of illness (months)
Epileptic

2.1 ± 1.7 (0.4-6)

one tube from each subject was allowed to stay at room temperature and
was centrifuged at 5000 rpm for 10 minutes, afterwards the serum was
stored frozen at –20oC until chromium analyses. The second tube with
a blood sample, mixed with heparin, was stored at –20oC until the chromium analyses. The glucose concentration was measured immediately by the
colorimetric method using an Accu-Check Active glucometer (Roche).
The serum and blood concentrations of chromium were determined by
the Atomic Absorption Spectrometry method with a graphite furnace spectrometer (AAS-5, Zeiss), having diluted the samples with de-ionized water
as required. The accuracy of the method was assessed by comparison with
the certified serum control (Human Serum, Merck).
There are no reference values for serum chromium concentrations.
The data are presented as arithmetic means ± standard deviation (SD)
and statistically significant differences were determined by t-test and Wilcoxon test using Excel 2007 and Statistica ver. 7.0. Statistical significance
was defined as p<0.05.

RESULTS AND DISCUSSION
Childhood epilepsy is the most common neurological disorder in children. More than 50% of the 50 millions of epileptic patients are children.
The metabolic syndrome is an aggregate of metabolic and cardiovascular
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abnormalities including obesity, impaired glucose tolerance, dyslipidemia, and
cardiovascular morbidity (GRUNDY et al. 2005). As suggested DANIELS et al.
(2009), children with epilepsy usually have a high rate of obesity at initial
presentation, as a consequence of metabolic abnormalities. In our study,
however, we did not observe body mass abnormalities in the children with
epilepsy, or different glucose concentrations (Table 2) compared to healthy
subjects (epileptic – 87 mg dL–1; healthy – 93 mg dL–1). On the other hand,
animal (LEE et al. 2011) as well as human studies (VIANNA et al. 2006) show
that glucose intolerance is common during epilepsy, especially in children,
and can be associated with the metabolic syndrome, which can result in
increased hippocampal pathology and more freuqnet seizures. In the last
years, it has been suggested that serum trace element concentrations in
epileptic patients can show some abnormalities (HIRATE et al. 2002, VERROTTI
et al. 2002, JOHNSON 2001, ASHRAF et al. 1995). Balance of certain minerals is
crucial for a healthy nervous system and neuronal susceptibility to excitabilTable 2
The mean serum and blood levels of chromium and blood glucose level
in control and epileptic children
Control, n=25
mean ± SD (range)

Epileptic, n=25
mean ± SD (range)

Blood Cr
(ng dL1)

261.6 ± 38.2 (123.0-345.2)

254.1 ± 44.2 (153.0-328.3)

ns

Serum Cr
(ng dL1)

181.3 ± 23.4 (64.6-243.2)

113.0 ± 28.0 (41.0-151.8)

P=0.000

Blood glucose
(mg dL1)

87.0 ± 18.2 (65.0-117.0)

92.8 ± 17.1 (70.0-134.0)

ns

control, n=10
mean ± SD (range)

epileptic, n=9
mean ± SD (range)

Blood Cr
(ng dL1)

254.2 ± 46.3 (123.0-321.9)

259.1 ± 29.8 (217.9-301.2)

ns

Serum Cr
(ng dL1)

182.4 ± 19.9 (64.6-223.4)

116.2 ± 18.3 (93.7-151.2)

P=0.000

Blood glucose
(mg dL1)

97.4 ± 21.3 (74.0-117.0)

89.0 ± 11.8 (76.0-112.0)

ns

control, n=15
mean ± SD (range)

epileptic, n=14
mean ± SD (range)

Blood Cr
(ng dL1)

267.7 ± 67.2 (132.7-345.2)

250.9 ± 52.3 (153.0-328.3)

ns

Serum Cr
(ng dL1)

191.2 ± 34.6 (71.3-243.2)

111.0 ± 33.2 (41.0-151.8)

P=0.000

78.4 ± 19.2 (65.0-99.0)

95.3 ± 19.8 (70.0-134.0)

ns

Total

Girls

Boys

Blood glucose
(mg dL1)
ns  non-significant
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serum glucose (mg dL–1)

ity (HAMED et al. 2004). The micronutrient chromium is of interest as it can
potentially improve glucose tolerance by reducing insulin resistance (ALI et
al. 2011, KREJPCIO et al. 2007). There are no data about the role and concentration of chromium in epilepsy. Table 2 shows the determined concentrations of chromium in the blood and serum of epileptic and healthy children.
However, we did not observe significant differences between epileptic and
healthy children in the blood chromium concentration (~260 ng dL–1), whereas the serum chromium level was significantly lower (p<0.001) in epileptic
total (~113 ng dL–1), girls (~116 ng dL–1), and boys (~111 ng dL–1) than in
healthy total (~181 ng dL–1), girls (~182 ng dL–1) and boys (~191 ng dL–1).
A significantly higher level of chromium in hair of epileptic male and female
patients in Pakistan compared to healthy subjects was described earlier by
ASHRAF et al. (1995). In Nigeria, NSONWU et al. (2005) obtained similar levels
of chromium (~250 ng dL–1 vs. ~265 ng dL–1, respectively) in type 2 diabetics and non-diabetics.
The association between chromium and glucose in epileptic patients can
prove significant correlation between the glucose level and chromium concentration in epileptic children (Figure 1), although not correlated in healthy
subjects. It has been suggested that chromium plays an important role not
only in diabetes mellitus but also in epilepsy. In conclusion, once the role
of chromium and other metals in epilepsy is clearly explained, it should help
us combat this disease more successfully and perhaps stop neural deficits
caused by the metabolic syndrome and other epilepsy associated dysfunctions.

serum (ng dL–1)
Fig. 1. Correlation between the serum chromium level and blood glucose concentration
in epileptic children
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