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Insulin Like Growth Factor-I and
IGF-Binding Protein-3 Levels in

A Healthy Adult Turkish Population

AABBSS  TTRRAACCTT  OObbjjeeccttiivvee:: Insulin-like growth factor-I (IGF-I) and IGF binding protein-3 (IGFBP-3) levels are
important markers in diagnosis of growth hormone (GH) related disorders. The normal levels of IGF-I and
IGFBP-3 vary among different ethnic groups, and using the references derived from different populations may
sometimes be misleading during diagnosis, treatment and follow-up. We examined the levels of IGF-I and
IGFBP-3 in healthy adult Turkish population. MMaatteerriiaall  aanndd  MMeetthhooddss:: Eight hundred and thirty-three sub-
jects (512 females, 321 males) were enrolled in the study. Serum IGF-I and IGFBP-3 levels were measured
by immunoradiometric assay in all participants. The study population was divided into age groups (18-20, 21-
23, 24-25, 26-30, 31-40, 41-50, >50 years of age) and gender groups (females and males separately in the pop-
ulation ≤ 30 years of age, combined in age groups over 30 years of age) according to the references defined
by the kit manufacturer and the results were compared to the reference values provided by the manufacturer
that represents a reference population. RReessuullttss:: Serum IGF-I levels were statistically higher than the refer-
ence levels in all age groups of women ≤ 30 years of age (p< 0.05). In men, IGF-I levels were significantly
higher (p< 0.05) only in 26-30 years age group. In gender-combined groups over 30 years of age, IGF-I lev-
els were statistically higher than the reference levels (p< 0.05). Serum IGFBP-3 levels were significantly
lower than the reference values in 24-25 years age group in both genders and in 18-20 years of age in males
(p< 0.05). Serum IGFBP-3 levels were significantly higher in 26-30 years age group in males and in all gen-
der-combined groups > 30 years of age (p< 0.05). CCoonncclluussiioonn::  Serum IGF-I concentrations of our study pop-
ulation are generally higher than the reference values of the commercial kit. Centers dealing with GH
disorders might benefit from defining their own population’s normal values for IGF-I and IGFBP-3 to over-
come possible diagnostic and follow-up pitfalls.

KKeeyy  WWoorrddss::  Human insulin-like-growth-factor-I (21-40); IGFBP3 protein, human; Turkey; population; sex

ÖÖZZEETT  AAmmaaçç:: İnsülin benzeri büyüme faktörü-I (IGF-I) ve IGF-bağlayıcı protein-3 (IGFBP 3) seviyeleri
büyüme hormonu (GH) ilişkili hastalıkların tanısında önemli belirteçlerdir. Normal IGF-I ve IGFBP- 3
seviyeleri farklı etnik gruplar arasında değişkenlik göstermektedir ve farklı populasyonlara göre belirlenenen
referanslar bazı tanı, tedavi ve izlemde bazen yanlış yönlenmeye neden olabilmektedir. Biz bu amaçla sağlıklı
yetişkin Türk toplum örnekleminde IGF-I ve IGFBP-3 düzeylerini inceledik. GGeerreeçç  vvee  YYöönntteemmlleerr:: Sekiz yüz
otuz üç olgu (512 kadın, 321 erkek) çalışmaya alındı. Serum IGF-I ve IGFBP-3 seviyeleri tüm olgularda bir
immünoradyometrik tetkikle ölçüldü. Çalışma populasyonu yaş grupları (18-20, 21-23, 24-25, 26-30, 31-40,
41-50, >50 yaş) ve cinsiyet gruplarına (<30 yaş populasyon kadın ve erkekler olarak ayrılırken >30 yaş
grubunda birlikte) ayrıldı ve sonuçlar üretici firmanın referans bir toplumu temsil eden referans değerleri ile
karşılaştırıldı. BBuullgguullaarr:: Serum IGF-I değerleri ≤30 yaştaki bütün kadın yaş gruplarında referans
seviyelerinden istatistiksel olarak anlamlı düzeyde daha yüksekti (p< 0.05). Erkeklerde sadece 26-30 yaş arası
grupta IGF-I seviyeleri istatistiksel olarak anlamlı düzeyde daha yüksekti (p< 0.05). Otuz yaş üstündeki
cinsiyet yönünden birlikte ele alınan gruplarda IGF-I seviyeleri referans seviyelerinden istatistiksel olarak
daha yüksekti (p< 0.05). Serum IGFBP-3 seviyeleri 24-25 yaş arası grupta her iki cinsiyette, 18-20 yaş arası
grupta ise erkeklerde referans değerlerinden daha düşüktü (p< 0.05). Serum IGFBP-3 seviyeleri 26-30 yaş
arası grupta erkeklerde ve >30 yaş üstünde cinsiyet yönünden birleşik gruplarda istatistiksel açıdan anlamlı
derecede daha yüksekti (p< 0.05). SSoonnuuçç::  Çalışma populasyonumuzdaki serum IGF-I konsantrasyonları ticari
kitin referans değerlerinden genelde daha yüksekti. GH’la ilişkili bozukluklarla ilgilenen merkezlerin tanı ve
izlemde olası hatalardan kaçınabilmek amacıyla kendi populasyonlarının normal IGF-I ve IGFBP-3
değerlerini belirlemeleri yararlı olabilecektir. 

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: İnsan insülini benzer büyüme faktörü-I; insan IGFBP-3 proteini; Türkiye; nüfus; cinsiyet  
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n su lin-li ke growth fac tor-I (IGF-I) is a 70 ami -
no-acid sing le cha in poly pep ti de with a mo le -
cu lar we ight of 7.65 kDa and it is struc tu rally

ho mo lo go us to in su lin.1 IGF-I is pro du ced by a
number of tis su es in the body, most pro mi nently
in the li ver. It has ef fects on pro te in, car bohy dra te
me ta bo lism, and on cell pro li fe ra ti on, dif fe ren ti a -
ti on and apop to sis.2 IGF-I le vels in cre a se gra du ally
du ring child ho od, show a pe ak du ring pu berty, and
then start to dec re a se thro ugh adulthood.3,4 They
dec re a se in sta tes of growth hor mo ne (GH) de fi ci -
ency and in cre a se in GH ex cess, and thus cons ti tu -
te a use ful mar ker in mo ni to ring GH rep la ce ment
the rapy and fol lo wing the res pon se to tre at ment in
pa ti ents with ac ro me galy.1,3

The IGF system acts vi a a spe ci fic cell mem-
bra ne re cep tor, in su lin-li ke growth fac tor-I re cep -
tor (IGF-IR), which has tyro si ne ki na se ac ti vity.
IGF bin ding pro te ins (IGFBP-1 to -6) sup port the
in te rac ti on bet we en IGFs and IGF-IR2. IGFBPs in-
hi bit the ac ti ons of IGFs vi a bloc king the bin ding
of IGFs to IGF-IR, or they en han ce the ac ti on of
IGFs by in cre a sing the ir ava i la bi lity to the tar get
tis su es.5 IGFBP-3 is a 264 ami no-acid pep ti de with
a mo le cu lar we ight of 29 kDa, and it is a mem ber
of the IGFBP gro up.6 The synthe sis of IGFBP-3, li -
ke IGF-I, is un der the con trol of GH. Se rum
IGFBP-3 le vels ri se gra du ally du ring child ho od,
show a pe ak at pu berty and dec re a se du ring adult
li fe.7 However the le vels of IGFBP-3 are less age-
de pen dent than IGF-I le vels.7 IGF-I and IGFBP-3
le vels ha ve al so be en shown to be af fec ted by fac-
tors li ke nut ri ti on and li ver di se a se.1,3,8 In ad di ti -
on, IGF-I le vels may be dif fe rent in dif fe rent
eth nic gro ups.9 Du e to de li ca te na tu re of the se pro-
te ins, many cen ters ha ve dif fi cul ti es in in ter pre -
ting the ir IGF-I and IGFBP-3 le vel re sults du ring
the as sess ment of GH di sor ders. 

In this study, we ai med to es tab lish our own
IGF-I and IGFBP-3 li mits. For this pur po se, we ex-
a mi ned the le vels of IGF-I and IGFBP-3 in a he -
althy, adult po pu la ti on li ving in An ka ra and
com pa red our da ta with the ma nu fac tu rer’s age and
sex spe ci fic nor mal va lu es which had be en ob ta i -
ned from a re fe ren ce po pu la ti on.

MA TE RI AL AND MET HODS

STUDY DE SIGN

This study was per for med in fo ur dif fe rent ur ban
are as of An ka ra, whe re a to tal of 300 429 in ha bi -
tants from every dis trict of Tur key have been li v-
ing. As a rep re sen ta ti ve of 300 429 in ha bi tants, 
4 393 sub jects we re ran domly vi si ted, and 833 me -
e ting the inc lu si on cri te ri a we re inc lu ded in the
study. The inc lu si on cri te ri a we re: (i) age ≥18 ye ars,
(ii) nor mal physi cal exa mi na ti on, (ii i) ran dom ve-
no us plas ma glu co se <140 mg/dl or fas ting ve no us
plas ma glu co se <100 mg/dl, (iv) blo od pres su re
<140/90 mmHg and no his tory of an tihy per ten si ve
tre at ment, (v) body mass in dex < 27 kg/m2. The ex-
c lu si on cri te ri a we re as fol lows: (i) his tory of di a -
be tes mel li tus, hyper ten si on, re nal or li ver di se a ses,
co ro nary he art di se a se, car di ac fa i lu re, ac ro me galy,
GH in suf fi ci ency or presence of any malignancy,
(ii) any me di ca ti ons for chro nic ill nes ses, (ii i) use
of glu co cor ti co ids wit hin one month pri or to the
study and an ti bi o tics wit hin a we ek pri or to the
study, (iv) physi cal exer ci se mo re than fo ur ho urs
per we ek.

The study po pu la ti on was di vi ded in to age
gro ups [18-20, 21-23, 24-25, 26-30, 31-40, 41-50,
>50 ye ars of age (yr)] and gen der gro ups (fe ma les
and ma les se pa ra tely in the po pu la ti on≤ 30 yr, com-
bi ned in gro ups> 30 yr) ac cor ding to the re fe ren -
ces de fi ned by the kit ma nu fac tu rer, and the re sults
we re in ter pre ted ac cor dingly. As the re fe ren ce va l-
u es we re not gi ven gen der-spe ci fic over 40 yr, and
both se pa ra te and com bi ned da ta we re pro vi ded for
po pu la ti on bet we en 31-40 yr, we ha ve not se pa ra -
ted our IGF-I and IGFB-3 le vels ac cor ding to gen-
der in sub jects older than 30 years of age.

This study was ap pro ved by the lo cal et hics
com mit te e of Ga zi Uni ver sity Me di cal Fa culty. In-
for med con sent was obtained from all par ti ci pants. 

SAMP LE COL LEC TI ON, IGF-I AND IGFBP-3 
ME A SU RE MENTS

Ve no us blo od samp les we re drawn from an an te -
cu bi tal ve in bet we en 08.00 and 10.00 a.m., in the
fas ting sta te and trans por ted to the en doc ri no logy
la bo ra tory of our me di cal cen ter im me di a tely.
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They we re cen tri fu ged at 3 000 rpm for 15 mi nu tes
and se rum samp les we re sto red at -80oC un til the
analy sis of IGF-I and IGFBP-3.

Se rum IGF-I con cen tra ti ons we re me a su red by
a spe ci fic im mu no ra di o met ric as say (IR MA) using
a com mer ci ally ava i lab le kit (DSL-2800, Di ag nos tic
System La bo ra to ri es Inc., Webs ter, TX, Lot No
08083). The re sults we re analy zed by Io di ne-125
la bel led Bert hold LB 2111 gam ma co un ter at a stan-
dart in ter val of 8.35-919 ng/ml.

Se rum IGFBP-3 le vels we re me a su red using a
spe ci fic IR MA kit (DSL-6600, Di ag nos tic System
La bo ra to ri es Inc., Webs ter, TX, Lot No 08083). All
samp les we re di lu ted with 1:50 with IGFBP-3 sam-
p le di lu ent pri or to as say (10 ml se rum + 490 ml
IGFBP-3 samp le di lu ent). The re sults we re analy -
zed by Io di ne-125 la be led Bert hold LB 2111 gam -
ma co un ter at a stan dart in ter val of 2-125 ng/ml.
The re sults we re mul tip li ed by fifty (di lu ent fac-
tor).

STA TIS TI CAL ANALY SIS

SPSS soft wa re pac ka ge (ver si on 15.0 for Win dows)
was used for sta tis ti cal analy ses. The re sults of se -
rum IGF-I and IGFBP-3 we re gi ven as me an ± stan-
dart de vi a ti on (SD). The 95% con fi den ce in ter val

and ab so lu te ran ge (the lo wer and up per li mits of
IGF-I and IGFBP-3 le vels) of va lu es we re deter-
mined for each gro up. One-samp le t test was used
to com pa re the me an va lu es of the study po pu la ti -
on with the re fe ren ce “ki t” va lu es. Sta tis ti cal sig ni -
fi can ce was as su med at the le vel of p< 0.05. 

RE SULTS
Of the to tal 833 par ti ci pants, 512 we re fe ma les and
321 we re ma les. The num ber of par ti ci pants in each
gro up is pre sen ted in Tab les 1 and 2. 

Se rum IGF-I le vels of the study po pu la ti on and
re fe ren ce va lu es are pre sen ted in Tab le 1. The me -
an IGF-I le vels in all age gro ups ≤ 30 yr in fe ma les
we re sig ni fi cantly hig her than the re fe ren ce me an
va lu es (p<0.05). The ab so lu te ran ges of IGF-I we re
wi der and the up per li mits of ab so lu te ran ges we re
hig her than the re fe ren ce gro up in each age gro up
≤ 30 yr in fe ma les. In ma les, alt ho ugh the me an
IGF-I le vels in all age gro ups ≤ 30 yr we re hig her
than the re fe ren ce me an va lu es, a sta tis ti cally sig-
ni fi cant dif fe ren ce was ob ta i ned only in the 26-30
yr age gro up (p< 0.05). The ab so lu te ran ges for each
age gro up in ma les ≤ 30 yr we re wi der, and the up -
per li mits we re hig her than the re fe ren ce va lu es. In
age gro ups >30 yr, which were gen der-com bi ned,

Study Reference

Age groups n Mean ± SD 95% CI Absolute range Mean ± SD Absolute range p

Females

18-20 yr 97 529.7 ± 247.9 479.8-579.7 174.9-925.5 367.9 ± 106.1 193.0-575.0 <0.05

21-23 yr 63 420.1 ± 242.2 359.0-481.1 101.0-905.7 288.9 ± 109.8 110.0-521.0 <0.05

24-25 yr 47 347.7 ± 157.7 301.4-394.1 133.3-641.0 274.9 ± 93.1 129.0-480.0 <0.05

26-30 yr 77 326.1 ± 135.6 295.3-356.8 135.5-619.1 253.5 ± 106.6 96.0-502.0 <0.05

Males

18-20 yr 46 578.6 ± 215.2 514.7-642.6 221.8-965.7 489.0 ± 206.7 197.0-956.0 NS

21-23 yr 26 464.2 ± 169.9 395.6-532.9 158.1-826.8 420.1 ± 114.7 215.0-628.0 NS

24-25 yr 33 388.8 ± 198.2 318.5-459.1 174.4-902.4 320.7 ± 106.3 169.0-591.0 NS

26-30 yr 35 347.8 ± 159.6 292.9-402.6 175.4-700.5 236.7 ± 81.2 119.0-476.0 <0.05

Combined

31-40 yr 172 282.0 ± 127.4 262.8-301.2 126.2-509.1 214.0 ± 88.3 100.0-494.0 <0.05

41-50 yr 123 253.6 ± 176.2 222.2-285.1 89.1-522.0 180.4 ± 48.3 101.0-303.0 <0.05

>50 yr 114 217.2 ± 165.6 186.4-247.9 57.6-447.7 153.7 ± 49.3 78.0-258.0 <0.05

TABLE 1: The comparison of the serum IGF-I levels of the study groups and the reference values.

All IGF-I concentrations were given as ng/ml. NS: not significant; SD: standart deviation; CI: confidence interval; IGF-I: Insulin like growth factor-I; yr: years.
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the me an va lu es of IGF-I we re sig ni fi cantly hig her
than the re fe ren ces (p< 0.05). The ab so lu te ran ges
and the up per li mits of IGF-I we re hig her as well.

Se rum IGFBP-3 le vels of the study po pu la ti on
and re fe ren ce va lu es are pre sen ted in Tab le 2. The
me an IGFBP-3 le vels of fe ma les we re sig ni fi cantly
lo wer in the 24-25 yr gro up (p< 0.05). The me an
va lu es of IGFBP-3 we re lo wer than the re fe ren ce
me an va lu es in 18-20 yr and 24-25 yr gro ups and
sig ni fi cantly hig her in the 26-30 yr gro up of males
(p< 0.05 for all gro ups). In the po pu la ti on> 30 yr of
age, me an IGFBP-3 le vels we re sig ni fi cantly hig -
her than the re fe ren ce va lu es (p< 0.05).

DIS CUS SI ON
In cli ni cal prac ti ce, GH ex cess and de fi ci ency are
the most im por tant si tu a ti ons in which IGF-I and
IGFBP-3 me a su re ments are used as di ag nos tic and
fol low-up mar kers. Ho we ver, many fac tors af fect
the se rum IGF-I and IGFBP-3 le vels. Ab nor mally
low le vels of IGF-I, ac cor ding to age and sex, are
help ful in the di ag no sis of GH de fi ci ency syndro -
mes both in chil dren (i.e. La ron dwar fism)10 and in
adults (i.e. panh ypo pi tu i ta rism),11 alt ho ugh a nor-
mal IGF-I va lu e do es not exc lu de GH de fi ci ency in
so me adult pa ti ents.12 IGFBP-3 le vels al so dec li ne
in pa ral lel to IGF-I le vels in the se si tu a ti ons.13 IGF-

I and IGFBP-3 le vels can al so be used for mo ni to -
ring the ef fec ti ve ness of GH rep la ce ment the rapy
in GH de fi ci ent pa ti ents.14,15 Ab nor mally ele va ted
IGF-I and IGFBP-3 le vels in ac ro me galy are used
as a di ag nos tic to ol and in mo ni to ring the ef fi cacy
of sur gi cal or me di cal tre at ment. Se rum IGF-I le v-
els may be af fec ted by mul tip le fac tors, and this
pre sents an im por tant prob lem in di ag no sis and fol-
low-up of the se pa ti ents. We fre qu ently ob ta in
high IGF-I le vels in pa ti ents with non func ti o nal pi-
tu i tary tu mors. We al so find high se rum IGF-I con-
cen tra ti ons in symptom-fre e ac ro me ga lic pa ti ents
with well sup pres sed GH res pon se to oral glu co se
lo ad af ter sur gi cal or du ring me di cal tre at ment.
Therefore, our ob ser va ti ons motivated us for the
pre sent study.

IGF-1 and IGFBP-3 le vels may vary among
dif fe rent po pu la ti ons. This va ri a bi lity may ari se
from ge ne tic and/or nut ri ti o nal fac tors in he althy
sub jects. In the study of Cru ick shank et al., IGF-I
con cen tra ti ons we re hig her in Af ri can-Ca rib be ans
with a nor mal glu co se to le ran ce sta tus when com-
pared to Eu ro pe ans and Pa kis ta ni pe op le.9 Pa kis ta -
nis with nor mal glu co se to le ran ce had the lo west
IGF-I con cen tra ti ons, and IGF-I was in de pen dently
and ne ga ti vely re la ted to Pa kis ta ni eth ni city.9 To
the best of our know led ge, this is the first po pu la -

Study Reference

Age groups n Mean±SD 95% CI Absolute range Mean±SD Absolute range p

Females

18-20 yr 97 4531 ± 1084 4313-4750 2883-6407 4430 ± 1530 2310-7480 NS

21-23 yr 63 4239 ± 1162 3944-4534 2207-6263 4668 ± 1446 2760-7350 NS

24-25 yr 47 4064 ± 1080 3746-4381 1775-5691 4567 ± 1319 2920-7000 <0.05

26-30 yr 77 4185 ± 1190 3914-4455 2307-6125 4220 ± 1191 2050-7600 NS

Males

18-20 yr 46 4514 ± 1126 4179-4848 2501-6307 4932 ± 1218 2680-7290 <0.05

21-23 yr 26 4436 ± 1213 3946-4926 2554-6875 4645 ± 1020 2930-7380 NS

24-25 yr 33 3771 ± 827 3478-4065 2446-5239 4253 ± 907 2250-5480 <0.05

26-30 yr 35 4169 ± 1016 3820-4518 2049-5733 3642 ± 957 2330-6680 <0.05

Combined

31-40 yr 172 4199 ± 1088 4035-4363 2349-5911 3493 ± 900 1730-7260 <0.05

41-50 yr 123 4254 ± 883 4096-4411 2660-5670 3152 ± 497 2080-4310 <0.05

>50 yr 114 3869 ± 1224 3642-4096 1847-5903 2966 ± 439 2020-3990 <0.05

TABLE 2: The comparison of the serum IGFBP-3 levels of the study groups and the reference values.

All IGFBP-3 concentrations were given as ng/ml. NS: not significant; SD: standart deviation; CI: confidence interval; IGF-I: Insulin like growth factor-I; yr: years
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ti on-ba sed study that com pa res its own po pu la ti -
on’s IGF-I and IGFBP-3 nor mal va lu es with the re -
fe ren ce va lu es of a dif fe rent po pu la ti on that is
pre sen ted by the ma nu fac tu rer.

The IGF-I le vels of our po pu la ti on we re hig her
than the ma nu fac tu rer’s va lu es in every age gro up
in wo men and over 25 ye ars in men. We ho pe that
this fin ding will re sol ve the di lem ma in the di ag -
no sis and tre at ment of the Tur kish pa ti ents with
GH di sor ders. This dis cre pancy bet we en our re sults
and the re fe ren ce va lu es may ari se from ge ne tic or
nut ri ti o nal dif fe ren ces of our study po pu la ti on,
however furt her stu di es sho uld be per for med in or -
der to un ders tand the un derl ying ca u sative fac tors.

In conc lu si on, se rum IGF-I con cen tra ti ons of
our study po pu la ti on are ge ne rally hig her than the
re fe ren ce va lu es of the com mer ci al kit that rep re -
sents a dif fe rent po pu la ti on’s nor mals. IGFBP-3 le -
vels al so ha ve so me dif fe ren ces from re fe ren ce
va lu es, but they are not as de fi ni ti ve as IGF-I le v-
els. The use of the se new nor mal li mits may be
help ful for our po pu la ti on in ma na ging di ag nos tic
and fol low-up prob lems that we fa ce in Tur kish pa-
ti ents with GH di sor ders. Cen ters de a ling with GH
di sor ders might be ne fit from de fi ning the ir own
po pu la ti on’s nor mal va lu es for IGF-I and IGFBP-3
to over co me pos sib le di ag nos tic and fol low-up pit-
falls.
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