
INTRODUCTION
Mag ne sium is the fourth most abun dant cat ion in the

body that plays an im por tant physio logi cal role in vari ous
pro cesses in liv ing or gan isms (en zy matic re ac tions in volv -
ing en ergy me tabo lism). There fore, mag ne sium de fi ciency
may be of clini cal im por tance. Mag ne sium is a co- factor of
vari ous en zymes in car bo hy drate oxi da tion and plays a cru -
cial role in glu cose cell mem brane trans port ing mecha nism.
It is also in volved in se cre tion, bind ing, and ac tiv ity of in su -
lin. It is a well- established fact that the plasma mag ne sium
level in pa tients with dia be tes mel li tus is some what de -
creased. Mag ne sium de fi ciency and hy po mag ne semia can
re sult from a wide va ri ety of causes, in clud ing de fi cient
mag ne sium in take, gas tro in tes ti nal, and re nal losses.
Chronic mag ne sium de fi ciency has been as so ci ated with the
de vel op ment of in su lin re sis tance [3]. The pub lished stud ies
con firm a re la tion ship be tween hy po mag ne semia and re duc -
tion in ty ro sine ki nase ac tiv ity at the in su lin re cep tor lev els,
which may re sult in the im paired in su lin ac tion and de vel op -

ment of re sis tance to in su lin [2, 12, 15]. A number of pub -
lished re sults sug gest that mag ne sium sup ple men ta tion
could be use ful in treat ment of dia be tes and might pre vent
the de vel op ment of its chronic com pli ca tions [26, 27]. Ad di -
tion ally, the bene fi cial in flu ence of mag ne sium sup ple men-
ta tion on de crease in to tal and LDL cho les terol lev els and on
an in crease in HDL cho les terol level has been re ported [10, 23].

Cal cium is the most abun dant mac ro ele ment in the liv ing
body. Cal cium and phos pho rus form cal cium phos phate in
the bones and teeth. Cal cium is es sen tial for the nor mal func -
tion ing of nerves and mus cles and plays a rele vant role in
blood co agu la tion (as fac tor IV) and in many en zy matic pro -
cesses. Cal cium sup ple men ta tion is im por tant in the treat ment 
of os teo po ro sis, a dis ease that may also oc cur in dia betic pa -
tients, es pe cially in old age. Dia be tes mel li tus is one of a large
number of dis eases that pre dis pose to the de vel op ment of os -
teo po ro sis [28].

Type 2 dia be tes mel li tus is a sys temic dis ease char ac ter -
ized by a sig nifi cant level of in su lin re sis tance, vary ing
de grees of in su lin de fi ciency, and a wide spec trum of mi cro-
and macro vas cu lar, neu ro logic, ocu lar, and car diac com pli -
ca tions. Due to this wide di ver sity in mani fes ta tions of the
dia be tes syn drome, a phe no typic het ero ge ne ous con di tion
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has been con sid ered. How ever, cu mu la tive evi dence re veals
that abnormal- cell Ca2+ ho meo sta sis is a ubiq ui tous find ing
com mon to all tis sues of ani mal and hu man dia be tes. Con se -
quently, ab nor mali ties in cell Ca2+ me tabo lism may be the
ba sic pa thol ogy in type 2 dia be tes, be ing sig nifi cant for
many of its mani fes ta tions [11].

The pur pose of this study was to de ter mine the cor re la tion 
be tween plasma mag ne sium and cal cium con cen tra tions and 
plasma lip ids, blood glu cose and gly co sy lated he mo glo bin
in type 2 dia betic pa tients.

MATERIAL AND METHODS
The study was con ducted at the De part ment of In ter nal

Dis eases, In de pendent Pub lic Health Care Unit of the Min is -
try of Home Af fairs in Lublin. The study group in cluded 54
pa tients (25 women and 29 men) suf fer ing from type 2 dia -
be tes mel li tus. The sub jects were in the age range of 41-89.
The con trol group com prised 25 healthy non- diabetic in di -
vidu als (11 women and 14 men) aged from 30 t o 60 years.

The study was ap proved by the Bio eth ics Com mit tee at
the Medi cal Uni ver sity of Lublin (Ap proval no. KE-0254/
130/2010).

Blood sam ples were taken dur ing hos pi tali za tion (in the
first twenty- four hours af ter ad mis sion) and were trans ferred 
to the test tubes with the an ti co agu lant hepa rin. Plasma was
ob tained by cen tri fug ing the whole blood sam ples at 3.500
rpm for 15 min utes.

Mag ne sium con cen tra tion was de ter mined with the col or -
imet ric method us ing xyli dyl blue, which re acts with
mag ne sium in al ka line so lu tion to form a purple- colored
com plex com pound. Cal cium con cen tra tion was de ter mined 
col or imet ri cally us ing o- cresolphtalein, which re acts with cal -
cium in al ka line so lu tion to form a violet- colored com plex
com pound. The color in ten sity of the formed com plexes is
pro por tional to the mag ne sium and cal cium con cen tra tions
in test sam ples. The Cor may di ag nos tic kits (Liq uick Cor-
 MG 60 and Liq uick Cor- CALCIUM 60) for mag ne sium and
cal cium de ter mi na tions were used. A sin gle beam Gene sis
spec tro pho tome ter with a wave length 520 nm and 575 nm
was used to de ter mine mag ne sium and cal cium con cen tra -
tions, re spec tively.

Lipid pro file (to tal, HDL, LDL cho les terol, tri glyc -
erides), gly co sy lated he mo glo bin A (HbA1c) and glu cose
con cen tra tion were meas ured us ing stan dard meth ods in
Clini cal Pa thol ogy Branch of the Min is try of In te rior and
Ad min istra tion Hos pi tal in Lublin. The lipid pro file was
meas ured with the chemi cal ana lyzer Roche In te gra 400.
The gly co sy lated he mo glo bin A was de ter mined us ing tur bi -
di met ric in hi bi tion im mu no as say (TINIA) and chemi cal
ana lyzer Roche Co bas In te gra Plus.

Sta tis ti cal analy sis
All sta tis ti cal analy ses were per formed us ing

STATISTICA pro gram (ver sion 10.0). Data were ex pressed
as an arith metic mean ± SD (stan dard de via tion), a me dian
and maxi mum and mini mum range with re spect to their dis -
tri bu tion. The nor mal ity of data dis tri bu tion was veri fied

us ing the Shapiro- Wilk test. Dif fer ences be tween groups
were ana lyzed with Mann- Whitney U (for non- normally dis -
trib uted vari ables) or Stu dent’s t (for nor mally dis trib uted
vari ables) tests. Cor re la tions be tween meas ured pa rame ters
were de ter mined by the Pear son’s cor re la tion co ef fi cient or
Spear man’s rho as a non para met ric cor re la tion co ef fi cient.
For all analy ses, p val ues less than 0.05 (p.05) were con sid -
ered as sig nifi cant.

RESULTS
Base line char ac ter is tics of the dia betic and con trol groups 

are pre sented in Ta ble 1.
In the dia betic pa tients group, the mean plasma mag ne sium 

was 1.07 mg/dl and the mean plasma cal cium – 2.38 mg/dl.
The mean con cen tra tion of plasma tri glyc erides was 133.2
mg/dl, to tal cho les terol – 185.5 mg/dl, LDL- cholesterol –
104.0 mg/dl, HDL- cholesterol – 50.5 mg/dl. The mean
blood glu cose con cen tra tion was 146.5 mg/dl and the he mo -
glo bin A1c value was 7.69%.

In the con trol group, the mean plasma mag ne sium and
cal cium con cen tra tions were 1.29 and 2.61 mmol/l, re spec -
tively. The mean con cen tra tions of plasma tri glyc erides
were 62.7 mg/dl, to tal cho les terol – 167.5 mg/dl, LDL-
 cholesterol – 88.0 mg/dl, HDL- cholesterol – 66.0 mg/dl. The 
mean blood glu cose con cen tra tion was 84.5 mg/dl and the
he mo glo bin A1c value was 5.40%.

As pre sented in Ta ble 1, the plasma lev els of glu cose,
HbA1c, LDL- cholesterol and tri glyc erides in dia betic pa -
tients were found to be sig nifi cantly higher than the ones in
the con trol group. Moreo ver, the to tal cho les terol con cen tra -
tion was also higher in dia betic pa tients in com pari son to
con trol group, but these dif fer ences were not sta tis ti cally
sig nifi cant. How ever, cal cium, mag ne sium and HDL-
 cholesterol con cen tra tions were sta tis ti cally lower in the dia -
betic group com pared to healthy peo ple.

As shown in Ta ble 2, the plasma glu cose, HbA1c and tri -
glyc eride lev els in the dia betic women and men were
sig nifi cantly higher than in con trol women and men, re spec -
tively. In con trast, the con cen tra tion of cal cium was
sta tis ti cally lower in dia betic group than in con trol group –
among both women and men. In ad di tion, LDL- cholesterol
value was sig nifi cantly higher in dia betic women group than
that in con trol women group. Mag ne sium con cen tra tion was
sig nifi cantly lower in dia betic men group in com pari son to
con trol men group.

As de picted in Ta ble 2, in pa tients with dia be tes no sig -
nifi cant dif fer ences in plasma glu cose, HbA1c, to tal
cho les terol, LDL- cholesterol, tri glyc erides, mag ne sium and
cal cium lev els be tween men and women were found. How -
ever, a sig nifi cant dif fer ence in plasma HDL (p=0.039)
be tween both in di vidu als was no ticed. In the con trol group
no sig nifi cant dif fer ences in plasma glu cose, HbA1c, to tal,
LDL- and HDL- cholesterol, tri glyc erides, mag ne sium and
cal cium lev els be tween men and women, were ob served.

In this study, in the group of dia betic pa tients a weak
nega tive cor re la tion be tween plasma mag ne sium and to tal
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cho les terol (r=-0.27, p=0.05) (Fig ure 1) and be tween plasma 
mag ne sium and tri glyc erides (Rs=-0.28, p=0.03) (Fig ure 2)
were found. How ever, no sig nifi cant cor re la tions be tween
plasma mag ne sium and plasma glu cose, HbA1c, HDL, LDL 
and cal cium con cen tra tion were ob served.

Moreo ver, the con ducted ex ami na tion showed posi tive
cor re la tions be tween plasma cal cium and gly co sy lated he -
mo glo bin (Rs=0.35, p=0.008) (Fig ure 3) in dia betic group.
No sig nifi cant cor re la tions be tween cal cium con cen tra tion
and other tested pa rame ters like plasma glu cose, to tal
cholesterol, HDL, LDL and tri glyc erides were no ticed.
Additionally, weak posi tive cor re la tions be tween plasma tri -

glyc erides and HbA1c (rs=0.33, p=0.01) and be tween
plasma tri glyc erides and to tal cho les terol (rs=0.27, p=0.04)
were found.

In the con trol group, no cor re la tions be tween the tested
pa rame ters were ob served.

DISCUSSION
Mag ne sium is known to play an im por tant role in car bo -

hy drate me tabo lism, and its im bal ance has been im pli cated
in dia be tes mel li tus con se quently. In our study, a lower level
of mag ne sium in dia be tes pa tients in com pari son to healthy
in di vidu als was ob served. Abou- Seif and Youssef [1] ob -
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Ta ble 1. Mean, me dian, mini mum, maxi mum and stan dard de via tion val ues in dia betic and con trol group

Parameters
Diabetic group (n = 54) Control group (n = 25) Statistical

analysis –
p valueMean Median Minimum Maximum SD Mean Median Minimum Maximum SD

Glucose [mg/dl] 159.0 146.5 89.0 312.0 46.9   84.5   83.8   67.8   99.2   8.6 0.000001
HbA1c [%]   7.70   7.69 6.10 12.10 1.06   5.27   5.40   4.10   5.80 0.42 0.000001
T-CHOL [mg/dl] 185.5 178.0 48.0 296.0 47.4 167.5 166.0 121.0 200.0 21.9 0.074672
HDL [mg/dl]   49.5   50.5 21.0   95.0 14.2   65.8   66.0   36.0   90.8 14.8 0.000022
LDL [mg/dl] 104.0   99.0 32.0 193.0 34.1   88.0   86.0   58.0 127.0 18.4 0.031749
TRIGL [mg/dl] 159.7 133.2 49.0 458.0 87.6   71.9   62.7   38.7 132.0 25.4 0.000001
Mg [mmol/l]   1.07   1.07 0.46   1.44 0.25   1.27   1.29   0.95   1.47 0.15 0.001045
Ca [mmol/l]   2.38   2.37 1.99   2.94 0.25   2.61   2.63   2.20   2.99 0.20 0.000139

HbA1c – glycosylated hemoglobin, T-CHOL – total cholesterol, TRIGL – triglicerydes, SD – standard deviation

Ta ble 2. Mean, me dian, mini mum, maxi mum and stan dard de via tion val ues in women and men of dia betic and con trol groups

Parameters Sex
Diabetic group (25 F, 29 M) Statist.

anal. (p)
F/M

Control group (11 F, 14 M) Statist.
anal. (p)

F/M

Statist.
anal. (p)

D/CMean Median Minimum Maximum SD Mean Median Minimum Maximum SD

Glucose 
[mg/dl]

F 154.8 152.0   89.0 308.0 41.1
0.95

  83.9   83.6   71.6   99.2   9.5
0.76

0.000004
M 162.6 144.0 117.0 312.0 51.9   85.0   85.0   67.8   98.2   8.2 0.000002

HbA1c 
[%]

F   7.77   7.69   6.10 12.10 1.23
0.81

  5.28   5.30   4.30   5.70 0.42
0.72

0.000002
M   7.62   7.69   6.10   9.70 0.90   5.27   5.40   4.10   5.80 0.53 0.000001

T-CHOL
[mg/dl]

F 195.2 179.0 48.00 296.0 55.7
0.16

164.4 163.0 121.0 197.0 21.9
0.54

0.086697
M 177.1 174.0   94.0 255.0 37.8 169.9 178.0 125.0 200.0 22.4 0.517002

HDL 
[mg/dl]

F   52.0   54.6   21.0   80.0 12.9
0.039

  64.1   61.6   41.3   90.8 17.8
0.52

0.028024
M   47.4   46.0   27.0   95.0 15.0   67.2   67.2   36.0   87.8 12.4 0.000132

LDL 
[mg/dl]

F 109.8   99.0   69.0 193.0 31.5
0.24

  87.6   86.0   58.0 127.0 20.4
0.92

0.048308
M   98.9   99.0   32.0 186.0 36.0   88.4   87.0   67.0 112.0 17.4 0.218285

TRIGL 
[mg/dl]

F 144.0 133.2   78.0 319.0 58.4
0.22

  63.2   62.2   38.7 109.4 20.2
0.19

0.000012
M 173.2 133.2   49.0 458.0 105.8   78.7   80.2   44.0 132.0 27.6 0.000233

Mg
[mmol/l]

F   1.08   1.07   0.64   1.43 0.23
0.77

  1.21   1.28   0.95   1.42 0.18
0.19

0.126974
M   1.06   1.07   0.46   1.44 0.27   1.31   1.34   1.10   1.47 0.10 0.001872

Ca
[mmol/l]

F   2.34   2.36   2.02   2.82 0.22
0.24

  2.59   2.63   2.20   2.89 0.23
0.59

0.004896
M   2.42   2.38   1.99   2.94 0.27   2.63   2.62   2.30   2.99 0.18 0.010955

HbA1c – gly co sy lated he mo glo bin, T-CHOL – to tal cho les terol, TRIGL - tri glyc erides, SD – stan dard de via tion, F – fe male, M – male, D –dia betic group, 
C – con trol group

Figure 1. Weak negative correlation between plasma magnesium
and total cholesterol (r=-0.27, p=0.05) in diabetic group

Figure 2. Weak negative correlation between plasma magnesium
and triglycerides (Rs=-0.28, p=0,03) in diabetic group



served lower plasma mag ne sium con cen tra tions in pa tients
with type 2 dia be tes mel li tus and re duced an ti oxi da tive pro -
tec tion in type 1 and type 2 dia be tes mel li tus. Low
mag ne sium lev els may be sup posed also to lead to the re duc -
tion of pro tec tive en zymes against oxi da tive stress [15].
De creases in both of these pa rame ters can be the fac tor in -
creas ing the risk of chronic dia be tes com pli ca tions. The
vas cu lar com pli ca tions mostly as so ci ated with the de fi ciency
of mag ne sium are: ischemic heart dis ease, athe ro scle ro sis,
hy per ten sion, meta bolic syn drome, hy per tri glyc eride mia
and hy per cho les tero lemia [26]. The re la tion be tween the two 
last com pli ca tions and de creased mag ne sium con cen tra tion was
also re corded in our study – the plasma con cen tra tions of to -
tal cho les terol, LDL cho les terol and tri glyc erides in dia betic
pa tients were found to be higher than the ones in con trol
group. Moreo ver, ac cord ing to Habib et al. [6], there is a sig -
nifi cant posi tive cor re la tion be tween plasma lipo pro tein,
to tal cho les terol and LDL- cholesterol in dia betic pa tients.

Higher con cen tra tions of plasma to tal cho les terol, LDL-
 cholesterol, tri glyc erides and lower con cen tra tions of HDL-
 cholesterol in the dia betic pa tients are not sur pris ing. Type 2
dia be tes is char ac ter ized by in creas ing of tri glyc erides and
low er ing of HDL frac tion of cho les terol con cen tra tions. In
dia be tes mel li tus these changes are trig gered by the phe no -
type changes of HDL and LDL frac tions of lipo pro teins,
which al ter the com po si tion of these lipo pro teins – very
low- density lipo pro teins (VLDL) are pro duced and there -
fore the con cen tra tion of tri glyc erides in creases. This
pro cess ac cel er ates the ca tabo lism of these lipo pro teins and
causes im pair ment of the trans port of ma neu ver able cho les -
terol from the tis sues [22].

Fur ther more, stud ies con ducted on ex peri men tal ani mals
have shown that lipo proteins modu late the func tion and sur -
vival of in su lin se cret ing cells. Pu ri fied hu man VLDL and
LDL par ti ci ples re duce in su lin mRNA lev els and - cell pro -
lif era tion, while there is a dose- dependent in crease in the
rate of apop to sis [24]. The in hibi tory ef fects of LDL on in su -
lin se cre tion and - cell pro lif era tion have also been shown in 
pri mary hu man is lets [25].

In type 2 dia betic pa tients with es sen tial hy per ten sion, re -
duced cy to solic free mag ne sium con cen tra tions were
ob served, com pared to nor moten sive or non- diabetic in di -
vidu als [26]. Ac cord ing to the hy pothe sis sug gested by
Paolisso and Bar ba gallo [18], low avail abil ity of in tra cel lu -
lar mag ne sium di min ishes the ty ro sine ki nase ac tiv ity and
in creases the vas cu lar con struc tion me di ated by cal cium,
hin der ing the re laxa tion of car diac and smooth mus cles; and
thus in ter fer ing the us age of the cel lu lar glu cose. Such
a mecha nism con trib utes to in creased blood pres sure and pe -
riph eral in su lin re sis tance, sug gest ing sec on dary etio logi cal
fac tors of hy per ten sion and type 2 dia be tes. Moreo ver, this
mecha nism may also re sult in im pair ment of in su lin re cep tor 
lev els and de vel op ment of in su lin re sis tance [15].

Some stud ies have sug gested that ade quate mag ne sium
in take re duces the risk of de vel op ment of type 2 dia be tes;
there are still con tra dic tions with re spect to the role of low
mag ne sium in take as a pre dic tor fac tor for this dis ease [27].
The im por tance of mag ne sium for in di vidu als with dia be tes
can be ex plained on the ba sis of main te nance of glu cose ho -
meo sta sis along with ac ti va tion of fac tors in volved in
sen si tiv ity of tis sues to in su lin, the re cep tors of which are
phos pho ry lated only in the pres ence of Mg2+ATP. Some
stud ies have shown that the mag ne sium in take by pa tients
with dia be tes is of ten be low the rec om mended lev els. Ad di -
tion ally, there is evi dence that the mag ne sium status of
pa tients with dia be tes tends to al ter, and that low body con -
cen tra tions of this macroele ment may in flu ence the evo lu tion
of the dis ease and gen er ate its fur ther com pli ca tions [27].

Vari ous data sug gest that mag ne sium sup ple men ta tion
could be use ful in the treat ment of dia be tes and pre ven tion of 
its chronic com pli ca tions. The study car ried out by Mooren
et al. [14] proved sig nifi cant evi dence that mag ne sium sup -
ple men ta tion ame lio rated in su lin re sis tance. Moreo ver,
glu cose han dling seemed to be im proved as the fast ing
plasma glu cose sig nifi cantly de creased af ter in ter ven tion.
In ter est ingly, in this study, in su lin re sis tance im proved in
spite of nor mal plasma mag ne sium con cen tra tions. The
authors sug gested that mag ne sium in ex cess might act as
a na tu ral in su lin sen si tizer even un der con di tions of a well-
 balanced status of this bioele ment.

The role of cal cium in car bo hy drate me tabo lism is also
im por tant. Our in ves ti ga tion dem on strated that con cen tra -
tions of cal cium were sta tis ti cally lower in dia betic pa tients
in com pari son to healthy in di vidu als. Moreo ver, posi tive
cor re la tions be tween plasma cal cium and gly co sy lated he -
mo glo bin in dia betic group were ob served. It is com monly
known that in peo ple with out dia be tes, hy pocal cae mia is as -
so ci ated with im pair ment of in su lin re lease [19].

Glu cose in tol er ance and type 2 dia be tes mel li tus are of ten 
as so ci ated with de fects in pan cre atic - cell func tion, in su lin
sen si tiv ity, and sys temic in flam ma tion [8]. There is evi -
dence that cal cium af fects these mecha nisms. De fects in cell
Ca2+ regu la tion may be of sig nifi cance for im paired in su lin
se cre tion, and the im paired in su lin ac tion ob served in type 2
dia be tes, and may play an im por tant role in the as so ci ated
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Figure 3. Positive correlation between calcium and HbA1c values in
diabetic group



vas cu lar com pli ca tions, such as athe ro scle ro sis and hy per -
ten sion, as well as in patho gene sis of some of micro vas cu lar, 
ocu lar, and neu ro logic com pli ca tions. There fore, changes in
cell Ca2+ ho meo sta sis could be a com mon pa thol ogy link ing
most of di verse fea tures of type 2 dia be tes syn drome [11].

Cal cium is es sen tial for insulin- mediated in tra cel lu lar
pro cesses in insulin- dependent tis sues such as skele tal mus -
cle and adi pose tis sue [17, 29], with a very nar row range of
cal cium con cen tra tion needed for op ti mal insulin- mediated
func tions. Changes in cal cium con cen tra tion in pri mary in -
su lin tar get tis sues may con trib ute to pe riph eral in su lin
re sis tance via im paired in su lin sig nal trans duc tion [19],
lead ing to de creased glu cose transporter-4 (GLUT-4) ac tiv -
ity. Moreo ver, changes in cal cium con cen tra tion modu late
adi po cyte me tabo lism, which may pro mote tri glyc eride ac -
cu mu la tion via in creased de novo li po gene sis and in abil ity
to sup press insulin- mediated li poly sis lead ing to fat ac cu mu -
la tion [13, 30]. Pa tients with type 2 dia be tes mel li tus ex hibit
im paired cel lu lar cal cium ho meo sta sis in clud ing de fects in
the skele tal mus cles, adi po cytes and liver [19].

It is cur rently rec og nized that type 2 dia be tes mel li tus is
as so ci ated with sys temic in flam ma tion [5, 8, 21]. Sys temic
in flam ma tion has been linked pri mar ily to in su lin re sis tance, 
but in creased cy to kine lev els may also play a role in -cell
dys func tion by trig ger ing -cell apop to sis. There are very
lim ited and con flict ing data from hu man stud ies ana lyz ing
the re la tion ship be tween cal cium status and sys temic in -
flam ma tion in re la tion to type 2 dia be tes mel li tus [4, 19, 20].

Ad di tion ally, lower plasma cal cium con cen tra tions in
dia betic pa tients could be con nected with os teo po ro sis. Dia -
be tes mel li tus and os teo po ro sis are two fre quent medi cal
con di tions with an in creas ing preva lence in the ag ing popu -
la tion. A sur vey of a pro spec tive co hort of post meno pausal
women in the Iowa Women’s Health Study [16] re vealed
that women with type 2 dia be tes mel li tus had a 1.7- fold
higher risk of hip frac tures com pared to women with out type 
2 dia be tes mel li tus. Long- standing type 2 dia be tes mel li tus
was sug gested to pre dis pose to a higher in ci dence of falls,
thus in creas ing the like li hood of suf fer ing frac tures, de spite
higher av er age bone min eral den sity re ported in these pa -
tients [7].

Gly co sy lated he mo glo bin re sults from post trans la tion
changes in he mo glo bin mole cule, and their lev els cor re late
well with gly ce mic lev els over pre vi ous six or ten weeks.
Gly co sy la tion of he mo glo bin takes place un der physio logi -
cal con di tion by a re ac tion be tween glu cose and N- terminal
valine of -chain of he mo glo bin mole cules [9]. We no ticed
sta tis ti cally higher level of HbA1c in dia betic pa tients group
when com pared to con trol group. It is worth not ing that
higher lev els of this pa rame ter in di cate risk for de vel op ment
of mi cro an gio pa thy in dia betic. HbA1C has spe cial af fin ity
for oxy gen thereby causes tis sue an oxia and plays a role in
pa to me cha nism of mi cro- and mac ro an gio pa thy [9]. Thus
the meas ure ment of gly co sy lated he mo glo bin not only
shows prom ise of be ing a suc cess ful ap proach to the moni -
tor ing of dia betic pa tients but also pro vides a con cep tual

frame work for the patho gene sis of sec on dary se quences of
dia be tes.

CONCLUSION
1. The study dem on strated ele vated con cen tra tions of

plasma glu cose, gly co sy lated he mo glo bin, tri glyc erides,
to tal cho les terol, LDL- cholesterol and di min ished con -
cen tra tions of HDL- cholesterol, plasma mag ne sium and
cal cium com pared to con trol group.

2. The plasma glu cose, HbA1c and tri glyc eride lev els in
dia betic women and men were sig nifi cantly higher than
in con trol women and men. The con cen tra tion of cal cium 
was sta tis ti cally lower in dia betic group than in con trol
group – both among women and men.

3. A sig nifi cant dif fer ence in plasma HDL be tween men and 
women in dia betic group was ob served.

4. The study dem on strated nega tive cor re la tion be tween
plasma mag ne sium and to tal cho les terol and be tween
plasma mag ne sium and tri glyc erides in dia betic group.

5. The study find ings showed posi tive cor re la tions be tween
plasma cal cium and gly co sy lated he mo glo bin in dia betic 
group.
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