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Type 2 Diabetes Mellitus Patients with
Good or Poor Glycaemic Management:

Relationship Between Nitric Oxide, Growth
Hormone, Lipid Profile and HbA1c Levels

AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee::  In type 2 di a be tes mel li tus (T2DM), lo o king for pre dic ti ve mar kers for di s-
e a ses risk as well as glyca e mic con trol (GC) le vels is es sen ti al for a bet ter ma na ge ment for the di se -
a se. The aim of this study is to in ves ti ga te the pos sib le re la ti ons hip bet we en nit ric oxi de (NO) and
growth hor mo ne (GH) on li pid pro fi le and HbA1c plas ma le vels in T2DM pa ti ents with go od or po -
or glyca e mic ma na ge ment. MMaa  ttee  rrii  aall  aanndd  MMeett  hhooddss::  Twenty se ven di a be tic pa ti ents with go od (GC)
(HbA1c ≤ 7%), 32 with po or GC (HbA1c ≥ 7%), and 17 non-di a be tic sub jects we re inc lu ded in the
study. Se rum cho les te rol, trigl yce ri de (TG), high density lipoprotein (HDL)-cho les te rol, low den-
sity lipoprotein (LDL)-cho les te rol, HbA1c, fas ting se rum glu co se (FSG), NO and GH le vels we re de-
ter mi ned. RRee  ssuullttss::  Of the risk pa ra me ters, only GH was lo wer in go od GC gro up, FSG, HbA1c, TG,
LDL-c ho les te rol and NO we re sig ni fi cantly hig her (p< 0.05) and HDL-cho les te rol and GH we re lo -
wer (p< 0.05) in po or GC gro up com pa red with con trol gro up. FSG, HbA1c and NO we re sig ni fi -
cantly hig her in po or glyca e mic con trol gro up com pa red with go od GC gro up (p< 0.05). CCoonncc  lluu  ssii  oonn::
This study in ves ti ga ted the pos sib le re la ti ons hip bet we en NO and GH le vels and GC in T2DM pa-
ti ents. Re sults in di ca ted a re la ti on bet we en GC, NO and GH. In po or GC gro up, high NO le vel may
be a “pre dic ti ve mar ke r” for early di ag no sis of vas cu lar dysfunc ti on. Ho we ver, in T2DM with and
wit ho ut CVD lar ge sca le stu di es on new pa ra me ters are ne e ded for the pre dic ti on of CVD. 

KKeeyy  WWoorrddss::  Di a be tes mel li tus, type 2; nit ric oxi de; growth hor mo ne; he mog lo bin A1c pro te in, 
hu man; li pids; car di o vas cu lar di se a ses

ÖÖZZEETT  AAmmaaçç::  Tip 2 di a be tes mel li tus ’ta (T2DM), has ta lı ğın da ha iyi iz le mi için gli se mik kon trol
(GK) dü zey le ri ka dar, pre dik tif belirteçlerin has ta lık risk le ri için iz len me si ge rek li dir. Bu ça lış ma -
nın ama cı, kö tü ve ya iyi gli se mik iz lem li T2DM ol gu la rın da, HbA1c ve li pid pro fi li ile nit rik ok sit
(NO) ve bü yü me hor mo nu (BH) ara sın da ki ola sı iliş ki yi araş tır mak tır. GGee  rreeçç  vvee  YYöönn  tteemm  lleerr::  Ça lış -
ma ya iyi GK’li (HbA1c ≤ %7) 27 ol gu, kö tü GK’li (HbA1c ≥ %7) 32 ol gu ve 17 di ya be tik ol ma yan
ol gu da hil edil miş tir. Se rum ko les te rol, trig li se rid (TG), yüksek yoğunluklu lipoprotein (HDL)-ko -
les te rol, düşük yoğunluklu lipoprotein (LDL)-ko les te rol, HbA1c, aç lık se rum glu koz (ASG), NO ve
BH dü zey le ri de ğer len di ril miş tir. BBuull  gguu  llaarr::  Risk pa ra met re le rin den iyi GK gru bun da, kon trol gru -
bu ile kar şı laş tı rıl dı ğın da, yal nız ca BH dü şük, kö tü GK gru bun da ASG, HbA1c, TG, LDL- ko les te -
rol ve NO be lir gin ola rak da ha yük sek bu lun du (p< 0.05) ve HDL-ko les te rol ve BH da ha dü şük
bu lun du (p< 0.05). Kö tü GK gru bun da, iyi GK gru bu ile kar şı laş tı rıl dı ğın da, ASG, HbA1c ve NO be -
lir gin ola rak da ha yük sek bu lun du (p< 0.05). SSoo  nnuuçç  ::  Bu ça lış ma T2DM ol gu la rın da NO ve BH dü -
zey le ri ve GK ara sın da ola sı bir iliş ki yi araş tır mış tır. So nuç lar GK, se rum NO ve BH ara sın da bir
iliş ki yi gös ter miş tir. Kö tü GK gru bun da yük sek NO dü ze yi vas kü ler bo zuk luk için bir “pre dik tif
belirteç” ola bi lir. Bu nun la bir lik te bu ye ni pa ra met re le rin, kar di yo vas kü ler ris ki tah mi ni için da ha
ge niş ça lış ma lar ge rek mek te dir. 

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Tip 2 di a be tes mel li tus; nit rik ok sit; bü yü me hor mo nu; he mog lo bin A1c; 
li pid ler; kar di yovas kü ler has ta lık lar
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i a be tes mel li tus (DM) is a mul ti fac to ri al di -
se a se cha rac te ri zed by hypergl yca e mi a.
The di se a se is be co ming in cre a singly com-

mon in va ri o us po pu la ti ons and be ing con si de red
as a pub lic he alth prob lem. Whi le ha ving its own
comp li ca ti ons, DM al so in cre a ses the risk of va ri o -
us ot her he alth prob lems that dec re a se the qu a lity
of li fe and so me ti mes le ad to early de ath.

Epi de mi o lo gic stu di es sho wed us that car di o -
vas cu lar di se a ses (CVD) are an im por tant ca u se of
de ath in T2DM pa ti ents.1 The risks and the ca u ses
are still un der in ves ti ga ti on. To be ab le to fo re se e
the risks is cru ci al for bet ter ma na ge ment of DM.2

This is ge ne rally ac cep ted that the pe op le with
T2DM ha ve ab nor mal at he ro ge nic li pid pro fi les;
the re fo re li pid pro fi les sho uld be mo ni to ri zed. But
the fi eld stu di es sho wed that li pid pro fi les are not
suf fi ci ent for pre dic ting the risk of CVD in T2DM.
No vel pre dic ti ve mar kers are ne e ded for bet ter ma -
na ge ment of the di se a se.3,4

NO is a gas that is con ti nu o usly synthe si zed in
en dot he li al cells and exe cu tes mul tip le func ti ons
that ma in ta in vas cu lar ho me os ta sis.5 Nit ri te has the
po ten ti al to be a ma jor in tra vas cu lar NO sto ra ge
mo le cu le in hu mans that is ca pab le of trans du cing
NO bi o ac ti vity dis tal to its si te of for ma ti on.5,6 Se -
rum nit ri te has be en des cri bed as an in dex of nit ric
oxi de syntha se (eNOS) ac ti vity in the re gi o nal and
syste mic cir cu la ti on in hu mans and va ri o us mam-
mals.6-8

Many of the stu di es ha ve shown that po or GC
is as so ci a ted with the vas cu lar comp li ca ti on of the
di se a se.9 NO, is tho ught to ha ve an im por tant ro le
on vas cu lar system, es pe ci ally on en dot he li al cell
func ti ons in di a be tic pa ti ents.10-12

The well-known ef fects of GH on energy, li pid
me ta bo lism, in su lin and car di ac func ti ons ma de
hypot ha la mic-pi tu i tary axes one of the tar gets of
risk re du cing tre at ments and ma na ge ment. The re
are stu di es on short and long term ad mi nis tra ti on
of GH es pe ci ally in obe se pa ti ents with type 2 di a -
be tes.13-16

In adults dec re a sed GH is be ne fi ci al in in cre a -
sing the amo unt of vis ce ral fats, and may the re fo re
re sult in im pro ve ments in in su lin re sis tan ce, at he -

rosc le ro tic risk fac tors and dysli pi da e mi a, dec re a -
sed exer ci se ca pa city du e to dec re a sed car di ac out-
put, dec re a sed energy du e to dec re a sed me ta bo lic
ra te and ab nor mal body com po si ti on.17,18

The pre sent study was to eva lu a te the re la ti -
ons hip of NO and GH on li pid pro fi le and HbA1c
le vels in T2DM pa ti ents with go od or po or glyca e -
mic ma na ge ment. 

MA TE RI AL AND MET HODS
The study was an ob ser va ti o nal, cross sec ti o nal ca -
se-con trol study of T2DM pa ti ents with go od and
po or glyca e mic ma na ge ment and he althy con trols.
All par ti ci pants ga ve in for med con sent to par ti ci -
pa te in the study, which had be en ap pro ved by the
lo cal Et hics Com mit te e (Mi nistry of He alth Te pe -
cik Edu ca ti on and Re se arch Hos pi tal, lo cal et hics
com mit te e, 30.03.2007/67:10). 

The study gro ups we re con sis ted of 17 con trol
pa ti ents [Age (y); 41.94 ± 19.09; 14 fe ma le and 3
ma le sub jects] 27 T2DM pa ti ents with go od glyca -
e mic ma na ge ment [Age (y); 62.37 ± 12.19; 11 fe ma -
le and 16 ma le sub jects] and 32 T2DM pa ti ents
with po or glyca e mic ma na ge ment [Age (y); 58.72 ±
8.71; 16 fe ma le and 16 ma le sub jects]. All par ti ci -
pants of gro ups we re un der Me di ter ra ne an di et
which is fa mo us of be ing nit ri tes fre e (e.g sa la mi,
sa u sa ge). 

T2DM pa ti ents con ti nu ed the ir re gu lar la bo -
ra tory vi sits for HbA1c de ter mi na ti on in every 3
months. All par ti ci pants pro vi ded a me di cal his tory
and we re in ves ti ga ted for any car di o vas cu lar di se -
a ses. T2DM pa ti ents with po or glyca e mic ma na ge -
ment who had two suc ces si ve me a su re ment of
HbA1c le vels gre a ter than 7%. Con trol sub jects we -
re ap pa rently he althy and T2DM pa ti ents we re not
on in su lin the rapy. For this study, par ti ci pants who
smo ke and body-mass in dex gre a ter than 30 kg/m2

we re exc lu ded. Di a be tes was di ag no sed ac cor ding
to the In ter na ti o nal Di a be tes Fe de ra ti on cri te ri a.19

All the ex pe ri men tal stu di es we re re a li zed in Mi n-
istry of He alth, Re fik Say dam Na ti o nal Hygi e ne
Cen ter, İz mir Re gi o nal Ins ti tu te of Hygi e ne la bo -
ra to ri es. 
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Blo od samp les we re ob ta i ned bet we en 8.00 a.m
-10.00 a.m early mor ning fol lo wing an over night fas -
ting (12 ho urs). Se rum samp les we re cen tri fu ged at
1500 g for 10 min and we re sto red fro zen at -20°C,
un til tha wed for furt her analy sis. The le vels of se -
rum glu co se, to tal cho les te rol, TG, HDL-cho les te -
rol and LDL-cho les te rol we re de ter mi na ted by
Ko ne lab 60i au to analy zer (Di a lab, Aus tri a). Glyco -
he a mog lo bin (HbA1c) was qu an ti fi ed in who le blo -
od by To soh au to ma ted Glyco he a mog lo bin
Analy zer (To soh Corp., Ja pan) ba sed on high per-
for man ce li qu id chro ma tog raphy. GH le vels we re
de ter mi ned in se rum by To soh AI A Systems analy -
zer (To soh Corp., Ja pan) ba sed on two-si te im mu -
no enz ymo met ric as say. The mi ni mal con cen tra ti on
of GH was es ti ma ted to be 0.1 ng/mL. 

Nit ri te is ge ne ra ted by the ra pid oxi da ti on of
NO. Nit ra te plus nit ri te (NOx) was me a su red by the
Gri ess met hod. The mi ni mal con cen tra ti on of NOx
was es ti ma ted to be 2.5 µM. To as say nit ri te we
used a mo di fi ca ti on of a pre vi o usly pub lis hed met -
hod.20 Ali qu ots of 100 µL samp les we re mi xed with
100 µL of equ al vo lu mes of Gri ess Re a gent mix tu -
re (A: napht hyeth yle ne- di a mi ne dihy droch lo ri de,
0.1%, B: sulp ha ni la mi de in o-phosp ho ric acid, 1%)
in a 96-well mic ro tit re pla te (Ma xi sorb Im mu nop -
la te, NUNC). Af ter 10 mi nu tes of in cu ba ti on at ro -
om tem pe ra tu re, the ab sor ban ce (540 nm) was
me a su red in a mic ro pla te re a der (Re a der Mo del

230S; Or ga non Tech ni ca, Mic ro well System, Hol-
land). A ran ge of 2-fold di lu ti ons of so di um nit ri te
(0-128 µM) in PBS was run in each as say to ge ne -
ra te a stan dard cur ve.

Da ta we re ex pres sed as me ans ± stan dard de vi -
a ti on of me an. A two-ta i led mo del was used and a p
va lu e < 0.05 was con si de red to be sta tis ti cally sig ni -
fi cant. A sta tis ti cal sig ni fi can ce was tes ted by Wil -
co xon and post-hoc tes ting per for med by Mann-
Whit ney U test. Re la ti ons hips among va ri ab les we -
re de ter mi ned by Spe ar man’s cor re la ti on analy sis.
Mul tip le li ne ar reg res si on analy sis was per for med in
step wi se se lec ti on to iden tify in de pen dent fac tors
and to es ti ma te the fi nal pre dic tors of the ir va ri a bi -
lity. All sta tis ti cal analy sis was per for med by SPSS/
Win dows ver si on 10.0, SPSS inc., Chi ca go, IL, USA. 

RE SULTS 
The fas ting bi oc he mi cal pro fi les and de mog rap hic
da ta of T2DM pa ti ents are pre sen ted in Tab le 1.
The li pid pro fi le pa ra me ters did not sig ni fi cantly
dif fer in T2DM pa ti ents with go od glyca e mic con-
trol (GGC) with res pect to con trol gro up. Fas ting
se rum glu co se (FSG), HbA1c, TG, LDL-cho les te rol
and se rum NO we re sig ni fi cantly hig her in T2DM
pa ti ents with po or glyca e mic con trol (PGC) with
res pect to con trol gro up whi le le vels of HDL cho-
les te rol and GH we re sig ni fi cantly lo wer in this
gro up. The le vels of FSG, HbA1c and se rum NO
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TABLE 1: Fasting biochemical profiles presented in type 2 diabetes mellitus (T2DM)  with poor (16 male, 
16 female subjects) and good (16 male, 11 female subjects) glycaemic management; and controls without T2DM 

(3 male, 14 female subjects).

Values are means + SD. The mean difference is significant at the 0.05 level. A statistical significance was tested by Wilcoxon and post-hoc testing performed by Mann Whitney U test.
a Statistical comparison with control subjects, 
b Statistical comparison with patient subjects.

Control subjects (n= 17) Good glycaemic management (n= 27) Poor glycaemic management (n= 32) 

Age (y) 41.94 ± 19.09 62.37 ± 12.19a 58.72 ± 8.71a

Fasting serum glucose (mg/dL) 89.12 ± 8.62 129.37 ± 22.74b 196.63 ± 81.27a,b

HbA1c (Hb %) 5.27 ± 0.29 6.03 ± 0.48b 9.07 ± 1.93a,b

Serum total cholesterol (mg/dL) 186.59 ± 22.22 211.63 ± 33.91 205.81 ± 39.02

Serum triglyceride (mg/dL) 96.94 ± 26.69 142.41 ± 74.08 147.00 ± 64.96a

Serum HDL cholesterol (mg/dL) 56.76 ± 14.17 48.77 ± 10.68 48.00 ± 9.82a

Serum LDL cholesterol (mg/dL) 115.31 ± 22.26 135.32 ± 30.76 141.95 ± 24.89a

Serum Nitrite (NOx) (µmol/L) 10.26 ± 3.88 11.72 ± 6.83b 15.38 ± 4.16a,b

Growth hormone (ng/mL) 3.17 ± 3.30 0.69 ± 0.63a 0.88 ± 1.23a



we re sig ni fi cantly hig her in T2DM pa ti ents with
PGC with res pect to T2DM pa ti ent with GGC.
The re was no sig ni fi cant dif fe ren ce in the le vels of
se rum to tal cho les te rol bet we en both of di a be tic
pa ti ents and con trol sub jects (Tab le 1). 

Cor re la ti on analy ses we re per for med bet we en
HbA1c and bi oc he mi cal mar kers of cur rent and
sug ges ted CVD risk pre dic tors in the T2DM pa ti -
ents. In T2DM pa ti ents; FSG, TG and se rum NO le -
vels po si ti vely cor re la ted with HbA1c (r= 0.695, r=
0.419, r= 0.371 res pec ti vely; for all p< 0.01), and
FSG and se rum NO le vels po si ti vely cor re la ted
with HbA1c (r= 0.701, r= 0.458 res pec ti vely; for all
p< 0.01) in T2DM ma le pa ti ents. Only FSG le vels
po si ti vely cor re la ted with HbA1c (r= 0.719; p<
0.01) in T2DM fe ma le pa ti ents. GH le vels cor re la -
ted ne ga ti vely with HbA1c (r= -0.332; p< 0.05) in
fe ma le pa ti ents (Tab le 2). 

The re was a sig ni fi cant dif fe ren ce in the CVD
po si ti vity bet we en both of di a be tic pa ti ents (in po -
or ma na ge ment gro up 80% and in go od ma na ge -
ment gro up 44, 4%) and con trol sub ject (any
per son) for all p< 0.01. Cor re la ti on analy ses we re
per for med bet we en CVD po si ti vity and HbA1c,
NOx, GH in the T2DM pa ti ents. In T2DM pa ti ents,
HbA1c and se rum NOx le vels po si ti vely cor re la ted
with CVD po si ti vity (r= 0.631 r= 0.207 res pec ti vely;
for all p< 0.05), and se rum GH le vels ne ga ti vely
cor re la ted with CVD po si ti vity (r= -0.321; p< 0.01)
in T2DM pa ti ents (Tab le 3).

Mul tip le li ne ar reg res si on analy sis of as so ci a -
ti on among glyca e mic le vels and pre dic tors in the
T2DM pa ti ents are shown in Tab le 4. In fe ma le pa-
ti ents, GC le vels we re sig ni fi cantly cor re la ted with
HbA1c, age, NO, and LDL-cho les te rol (p< 0.05).
This mo del exp la i ned 76.8% of the va ri an ce in GC
le vels whi le only HbA1c as so ci a ti on (53.6% of the
va ri an ce in GC le vels) in ma le pa ti ents was sig ni fi -
cant (p< 0.05). 

DIS CUS SI ON
DM has many comp li ca ti ons that lo wer the qu a lity
of li fe, and so me of the se end up with early mor ta -
lity. Ac cor ding to the epi de mi o lo gic stu di es, the
most com mon ca u se of de ath is CVD in T2DM pa-
ti ents.21 In or der to iden tify the di a be tic pa ti ents
that carry this risk, many stu di es we re do ne with
con tro ver si al re sults. Haff ner et al fo und that the
risk of CVD is si mi lar in type 2 di a be tic pa ti ents
com pa red with non-di a be tic pa ti ents, alt ho ugh ge -
ne ral be li ef is that the T2DM pa ti ents ha ve at he ro -
ge nic and ab nor mal li pid pro fi les.22,23 In this
res pect, ma jor gu i de li nes which ha ve ad dres sed the
are a re com mend a full se rum li pid pro fi le (to tal
cho les te rol, HDL cho les te rol, LDL cho les te rol,
trigl yce ri des) as a gu i de to the rapy.24

On the ot her hand, in so me stu di es such as
Fra ming ham, UKPDS and NI CE, the es ti ma ted risk
was fo und to be 2 to 3 ti mes un de res ti ma ted than
the re al risk.3,4 Si mi larly, in our study in the gro up
with go od me ta bo lic ma na ge ment, the in cre a se in
to tal cho les te rol LDL-cho les te rol and TG le vels and
the dec re a se in HDL cho les te rol le vel we re si mi lar
with the con trol gro up. But in the PGC gro up that
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HbA1c in male subjects HbA1c in female subjects 

Age 0.024 0.221

Fasting serum glucose 0.701** 0.719**

Serum total cholesterol 0.029 0.052

Serum triglyceride 0.419** 0.079

Serum HDL cholesterol -0.122 -0.244

Serum LDL cholesterol -0.120 0.100

Serum Nitrite (NOx) 0.458** 0.291

Growth hormone 0.147 -0.332*

TABLE 2: Pearson’s correlation coefficients between
HbA1c and biochemical variables for (of) current and
suggested VD risk predictors in the type 2 diabetes 

mellitus patients.

Values are pearson’s correlation coefficients (r).
* pearson correlation is significant at the 0.05 level (2-tailed).
** pearson correlation is significant at the 0.01 level (2-tailed).

Biochemical parameters CVD (+)

HbA1c (Hb %) 0.631**

Serum Nitrite (NOx) 0.207*

GH -0.321**

TABLE 3: Pearson’s correlation coefficients between
patient with CVD and HbA1c, NO, GH in type 2 diabetes

mellitus patients

CVD: Cardiovascular diseases, GH: Growth hormone
Values are Pearson’s correlation coefficients (r).
* Pearson correlation is significant at the 0. 05 level (1-tailed).
** Pearson correlation is significant at the 0.01 level (1-tailed).



was carr ying a hig her risk, TG and LDL cho les te rol
le vels we re sig ni fi cantly hig her and HDL-cho les -
te rols le vels we re sig ni fi cantly lo wer than the con-
trol gro up. The only li pid pa ra me ter that has an
ef fect on GC was high LDL le vels in fe ma le sub-
jects. When mul tip le reg res si on analy sis was per-
for med with GC le vels and risk pre dic tors; in the
mo del de ve lo ped with dysli pi de mi a mar kers
(HbA1c and Cho les te rol cons tant) ad jus ted r squ a -
re was fo und as 60.3 (p< 0.0001) (da ta not show),
and in the mo del de ve lo ped by ad ding GH and NO,
ad jus ted r squ a re was cal cu la ted as 76.8 in fe ma le
sub jects (p< 0.0001). The se re sults sup por ted the
ide a that the li pid pro fi les alo ne will not be pre dic-
ti ve for risk as sess ment. Li pid pro fi le pa ra me ters es-
pe ci ally in to tal cho les te rol LDL-cho les te rol,
HDL-cho les te rol and TG did not sig ni fi cantly dif-
fer from pa ti ent with GGC with res pect to pa ti ent
with PGC. As ad dres sed by the aut ho ri ti es de a ling
with DM, risk as sess ment is an im por tant prob lem
that ne eds to be sol ved. 

GH le vels we re slightly hig her (but not sta tis -
ti cally) in PGC gro up com pa red to the GGC gro up
in our da ta. In he althy sub jects, GH sec re ti on is sti -
mu la ted by hypogl yca e mi a, sle ep, exer ci se, stress,
and ami no acid and is in hi bi ted by hypergl yca e mi -
a. Be ca u se in hypogl yca e mi a, pro duc ti on of co un -
ter re gu la tory hor mo nes such as GH in cre a ses, the
sympat hic system be co mes sti mu la ted and fe a tu res

of ne u rogl yco pe ni a ap pe ar in or der to sa ve the ho -
me os ta sis.25 Hypogl yca e mic at tacks we re fre qu -
ently shown in po or me ta bo lic con trol with
di a be tes. Al so, NO sti mu la tes growth hor mo ne re-
le a sing hor mo ne in the hypot ha la mus.26 In our da -
ta, sta tis ti cally sig ni fi cant hig her NO le vels we re
fo und in PGC gro up com pa red to GGC gro up.

A num ber of cli ni cal stu di es, ha ve re por ted be -
ne fi ci al ef fects of GH rep la ce ment on car di o vas cu -
lar risk and li pid pro fi le.14-19 GH le vels we re
sta tis ti cally lo wer in both PGC and GGC gro ups
com pa red to the con trol gro up in our study which
sup ports this in for ma ti on. 

So me epi de mi o lo gic stu di es sta ted that the con-
nec ti on bet we en GH de fi ci ency and CVD risk is
gen der-re la ted or gen der-spe ci fic. The re are mo re
re ports abo ut GH de fi ci ency-as so ci a ted CVD risk in
fe ma le sub jects.27-29 Our study re ve a led a si mi lar re-
sult: GC le vels and GH le vels sho wed ne ga ti ve cor-
re la ti on only in fe ma le sub jects. We be li e ve that
GH will be help ful in this risk ma na ge ment.15

Vas cu lar en dot he li al cells play an im por tant
ro le in the pat ho ge ne sis of vas cu lar comp li ca ti ons
of di a be tes. Many of the stu di es ha ve shown a con-
vin cing as so ci a ti on bet we en NO ac ti vity and en-
dot he li al dysfunc ti on.30 Ho we ver, the re are few
stu di es fo cu sing the in te rac ti on bet we en NO and
cur rent mar kers of vas cu lar risk es pe ci ally li pid pa-
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Male Female

β p β p

Age 0.007 NS 0.330 0.000

Fasting serum glucose (FPG) 0.088 NS 0.140 NS

HbA1c 0.741 0.000 0.639 0.000

Serum total cholesterol -0.062 NS 0.059 NS

Serum triglyceride -0.129 NS 0.129 NS

Serum HDL chlosterol -0.131 NS -0.074 NS

Serum LDL cholesterol 0.039 NS 0.161 0.046

Serum Nitrite (NOx) -0.018 NS 0.230 0.007

Growth hormone (GH) -0.196 NS -0.070 NS

Predictor in the model (Constant) HbA1c (H) HbA1c(H),age, NOx, LDL

Adjusted r2 for the model 53.6 76.8

TABLE 4: Multiple linear regression analysis of association among glycaemic management levels and predictors.

Dependent variable glycaemic management levels. NS: Not significant



ra me ters, age and gen der. In di a be tic ca ses, NOS ac-
ti va ti on re sults in high le vels of NO which re act
with me ta bo li cally pro du ced ex ces si ve su per-oxi de
and pro du ce a mo re re ac ti ve form, pe roxy nit ri te. In
ad di ti on, up re gu la ti on in the NF-κβ/LOX-1 path-
way ca u sed by hypergl yca e mi a in cre a ses the for ma-
ti on of pe roxy nit ri te.12 It is sug ges ted that
pe roxy nit ri te is res pon sib le for en dot he li al da ma -
ge.31 Re ac ti ve nit ro gen spe ci es (RNS) and re ac ti ve
oxy gen spe ci es (ROS) we re sug ges ted as the pu ta ti -
ve mec ha nism of vas cu lar in jury in di a be tic pa ti -
ents.28 In our study, se rum NO le vels we re
sig ni fi cantly hig her in T2DM pa ti ents com pa red
with con trol sub jects (p< 0.05). Furt her mo re, sta tis -
ti cally sig ni fi cant hig her NO le vels we re fo und in
PGC ca ses com pa red to GGC ca ses. High se rum NO
le vels, both in ani mals and in hu mans ha ve be en de -
mons tra ted in pre vi o us stu di es in di a be tes.32-34 Ro-
d ri gu ez-Ma nas et al cle arly sho wed that in type 1
di a be tes vas cu lar NO system has a ro le in GC.35 But
the re is no re port abo ut NO as a risk pre dic tor in
T2DM for GC le vels. Over vi ew of Sza bo C is the ro -
le of re ac ti ve nit ro gen spe ci es (nit ro sa ti ve stress)
and as so ci a ted path ways in the pat ho ge ne sis of di-
a be tic vas cu lar comp li ca ti ons. In cre a sed ex tra cel lu -
lar glu co se con cen tra ti on, a prin ci pal fe a tu re of DM,
in du ces a dysre gu la ti on of re ac ti ve oxy gen and nit -
ro gen ge ne ra ting path ways. The se pro ces ses le ad to
a loss of the vas cu lar en dot he li um to pro du ce bi o -
lo gi cally ac ti ve NO, which im pa irs vas cu lar re la xa -
ti ons.36 Our da ta in di ca te that se rum NO le vels
re la ted with HBA1c le vels in T2DM pa ti ents.

CONC LU SI ON
We may conc lu de that glyca e mic con trol le vel is re-
la ted to GH and NO in T2DM sub jects. In PGC ca -
ses, pre dic ti ve mar kers that will pro vi de early
di ag no sis of vas cu lar dysfunc ti on are im por tant for
bet ter ma na ge ment of the di se a se. We be li e ve that
GH and NO will be help ful in this res pect. Al so, stu -
di es on gen der as so ci a ted dif fe ren ces in the se mar -
kers will be worth whi le. As a re sult, in T2DM with
and wit ho ut CVD lar ge sca le stu di es on new pa ra -
me ters are ne e ded for the pre dic ti on of CVD. Furt -
her mo re, the stu di es will be inc lu ded so me
in for ma ti on abo ut la te di a be tes comp li ca ti ons (mic -
ro-an gi o pathy, mac ro-an gi o pathy, and ne u ro -
pathy).
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