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Hospital Based Reference Values for 18 Clinical
Chemistry Analytes Using the Data of the Kartal

Dr. Lütfi Kirdar Training and Research
Hospital Biochemistry Laboratory Patient Data

AABBSSTTRRAACCTT OObbjjeeccttiivvee:: Our aim was to estimate hospital based “health related” reference values
for the most frequently used 18 clinical chemistry analytes using the hospital patient database.
MMaatteerriiaall  aanndd  MMeetthhooddss:: We used a posterior and partially selected method to determine reference
values. A total of 15.716 outpatients (58.58% women, 41.52% men), (ages 13-73) non-smoking, and
without alcohol consumption and chronic disease were enrolled in the study. For all analytes 2.5%
and 97.5% of the reference values were calculated for 4 different age groups (13-24, 25-44, 45-64,
>65) in both men and women. RReessuullttss:: Most of the analytes showed age-specific values (except for
high-density lipoprotein-cholesterol (HDL-c) in females and protein total and bilirubin total in
males). Age matched men and women had different values for most analytes, except for glucose,
cholesterol, protein total, albumin and lactate dehydrogenase (LDH). Only protein total, glucose
and alkaline phosphatase (ALP) reference values were similar to those of manufacturers we used
in the laboratory. Aspartate aminotransferase (AST), alanine aminotransferase (ALT), g-glutamyl
transpeptidase (GGT), creatine kinase (CK), LD, creatinine, and urea had lower; albumin and  uric
acid had higher reference limits. CCoonncclluussiioonn:: These age- and sex-specific reference values, differ-
ent from those of the manufacturers in many respects, reflect our hospital population more reli-
ably. 

KKeeyy  WWoorrddss::  Reference values; database

ÖÖZZEETT  AAmmaaçç::  Bu çalışmada amacımız, laboratuvarımızın hasta veri tabanından yararlanarak en
sık kullanılan 18 klinik kimya analitinin ‘sağlıklı kişiler’ için referans değerlerini belirlemek
amaçlandı. GGeerreeçç  vvee  YYöönntteemmlleerr::  Referans değerlerini belirlemede posterior ve kısmi yöntemler
kullanıldı ve hasta seçimi belirlenmiş verilere göre yapıldı. Çalışmaya sigara ve alkol
kullanmayan ve herhangi bir kronik hastalığı bulunmayan toplam 15.716 poliklinik hastası
(%58,58 kadın, %41,52 erkek, yaş aralığı 13-73) dahil edildi. Hem kadınlarda hem de erkeklerde
dört farklı yaş grubu için (13-24, 25-44, 45-64, > 65) referans değerlerinin %2,5 ve %97,5 çeyrek
değerleri hesaplandı. BBuullgguullaarr::  Analitlerin çoğunluğu [kadınlarda yüksek yoğunluklu lipoprotein
kolesterol, (HDL)-c, erkeklerde total protein ve total bilirubin hariç] yaşa göre değişen değerler
gösterdi. Glikoz, kolesterol, total protein, albumin ve laktat dehidrogenaz (LD) hariç analitlerin
çoğunda hem kadınlarda hem de erkeklerde yaş gruplarına göre farklı değerler elde edildi.
Yalnızca total protein ve alkalen fosfataz (ALP) referans değerleri laboratuvarımızda kullanılan
cihaz ve kit üreticisinin sunduğu değerlerle benzerdi. Buna karşılık aspartat aminotransferaz
(AST), alanin aminotransferaz (ALT), γ-glutamil transferaz (GGT), kreatin kinaz (KK), LD, krea-
tinin ve üre referans değerleri üretici firmanınkinden daha düşük, albümin ve ürik asidin değer-
leri ise daha yüksek bulundu. SSoonnuuçç::  Yaşa ve cinsiyete özgül bu referans değerlerinin birçok
açıdan üretici firmanınkinden farklı olduğu ve bizim hastane popülasyonumuzu daha iyi tem-
sil ettiği sonucuna vardık. 

AAnnaahhttaarr  KKeelliimmeelleerr:: Referans değerleri; veri tabanı
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e fe ren ce va lu e of an analy te is a cli ni cal de-
ci si on po int. It is very im por tant in cli ni cal
prac ti ce be ca u se the test re sult it self is di-

rectly com pa red with it. When a new test is put in
use or a new met hod is in tro du ced  ins te ad of a tra-
di ti o nal one, set ting up of the re fe ren ce va lu es sho -
uld im me di a tely and pre ci sely be per for med sin ce
it is di rectly related with the di ag nos tic per for -
man ce of that test. The va li da ti on of a test sho uld at
le ast inc lu de the analy sis of so me samp les from he -
althy in di vi du als if the ava i lab le re so ur ces are not
suf fi ci ent.1 In ter na ti o nal Fe de ra ti on of Cli ni cal
Che mistry (IFCC) and Na ti o nal Com mit te e of Cli -
ni cal La bo ra tory Stan dards (NCCLS) ha ve es tab lis -
hed the se lec ti on cri te ri a of re fe ren ce in di vi du als.2,3

In the di rect met hod re fe ren ce in di vi du als are se-
lec ted ac cor ding to well-de fi ned cri te ri a. This may
be do ne in two ways; pros pec ti vely (a pri o ri) and
ret ros pec ti vely  using the pa ti ent da ta (a pos te ri o -
ri). In the in di rect met hod, pa ti ent da ta is used wit -
ho ut any se lec ti on; in a cu mu la ti ve set of da ta, the
por ti on that shows Ga us si an dis tri bu ti on is for mu -
la ted. In di rect met hods are not re com men ded by
IFCC sin ce se lec ti on of in di vi du als is not suf fi ci -
ently cha rac te ri zed.

On the ot her hand, in di rect met hods are en-
co u ra ged by so me aut hors be ca u se of their eco no -
mi cal and physi cal ad van ta ges.4,5 The major
opinion is that any per son in any sec ti on of
his/her re gu lar li fe is not an op ti mal re fe ren ce for
an yo ne who at tends hos pi tal de man ding me di cal
ca re. The re fo re, a hos pi tal po pu la ti on is a go od re -
fe ren ce for la bo ra tory test re sults, if any se lec ti on
can be ma de out of hos pi tal pa ti ent da ta. In this
study, we se lec ted da ta of pa ti ents who did not
smoke, did not use alcohol and had chro nic di se -
a se and exc lu ded in-pa ti ents of all cli nics and out-
pa ti ents from emer gency, h e mo di aly sis,
trans plan ta ti on, di a be tes and preg nancy de part -
ments. This is a pos te ri o ri, newly cal led a par ti -
ally se lec ted met hod, sin ce it is a com bi na ti on of
di rect and in di rect met hods and is mo re eco no -
mic, less cum ber so me and mo re re li ab le than the
con ven ti o nal ot her po pu la ti ons’ re fe ren ce va lu es
we used.

MA TE RI AL AND MET HODS

DA TA SE LEC TI ON

This was a ret ros pec ti ve study run bet we en Ju ne-
Sep tem ber 2005, Ve ni punc tu re staff was in for med
to no te smo king, al co hol abu se and chro nic di se a se
sta tes of all pa ti ents. Then la bo ra tory da ta we re in-
ves ti ga ted. In or der to eli mi na te re sults re la ted with
pat ho lo gic con di ti ons and re pe a ted me a su re ments,
hos pi ta li zed pa ti ents and outpa ti ents from emer-
gency, h e mo di aly sis, trans plan ta ti on, di a be tes and
preg nancy de part ments we re exc lu ded. Fi nally the
data of 15.716 out pa ti ents (58.58% female, 41.52%
male), (age 13-73 years) we re included in the study.
Fi nal num ber of pa ti ents used in cal cu la ti on was
2249 men, 4066 wo men for al bu min; 2060 men,
3050 wo men for bi li ru bin to tal; 1543 men, 2277
wo men for cal ci um; 2324 men, 3980 wo men for
cho les te rol; 4137 men, 5015 wo men for cre a ti ni ne;
2072 men, 4099 wo men for high-density lipopro-
tein cholesterol (HDL-c); 1497 men, 3164 wo men
for iron; 4960 men, 7748 wo men for glu co se; 2010
men, 3692 wo men for pro te in to tal; 2300 men, 4145
wo men for trigl yce ri des; 4574 men, 6598 wo men
for ure a; 2062 men, 4117 wo men for uric acid; 5082
men, 6548 wo men for aspartate aminotransferase
(AST): 5091 men, 6542 wo men for alanine amino-
transferase (ALT); 3622 men, 4073 wo men for alka-
line phosphatase (ALP); 1423 men, 3271 wo men for
creatine kinase (CK); 2931 men, 4865 wo men for γ-
glutamyl transpeptidase (GGT); and 2147 men, 3051
wo men for lactic dehydrogenase (LD) pa ra me ters. 

ANALY TIC MET HODS

Blood samples were collected into evacuated col-
lection tubes (Becton Dickinson Vacutainer Tubes,
no 367896) without any additives in the morning
(07.00-10.00 a.m.) after 8-12 hours of fasting. Af -
ter 15 mi nu tes of cen tri fu ga ti on at 1500 g, se ra we -
re col lec ted. Analyses we re car ri ed out by Roc he
Di ag nos tics Mo du lar System analy zers (Ger many)
with ori gi nal Roc he Di ag nos tics re a gents. Met hod
used for each analy te was gi ven in Tab le 1.

Two le vels of con trol se ra (Roc he Di ag nos tics)
we re used for in ter nal qu a lity for all analy tes ex-
cept for HDL-c.
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STA TIS TI CAL EVA LU A TI ON AND CAL CU LA TI ON OF 
RE FE REN CE VA LU ES

Da ta we re clas si fi ed in to 4 sub gro ups (13-24, 25-
44, 45-64, >65 ye ars/old) ac cor ding to ages. Each

sub gro up was aga in di vi ded ac cor ding to gender
and in de pen dent samp les t-test was used to eva lu -
a te sex re la ted dif fe ren ces in each age sub gro up.
Dis tri bu ti on of each sub-subgro up was eva lu a ted
by using the Kol mo go rov Smir nov test, Krus kal
Wal lis non pa ra met ric ANO VA was used to eva lu -
a te age re la ted dif fe ren ces in each sex gro up. 

Fre qu ency da ta were trans fer red in to Grap -
hROC pac ka ge prog ram (de sig ned by V Ka i ris to,
Uni ver sity of Tur ku, De part ment of Cli ni cal Che -
mistry, Tur ku, Fin land). Cal cu la ti ons we re do ne
with “in di rect met hod for or di nary li mit s” met hod.
Out li ers we re re mo ved by ± 4 SD met hod and non-
pa ra met ric li mits for 2.5% and 97.5% per cen ti les
we re de fi ned.  

Des crip ti ve sta tis tics and com pa ri sons among
gro ups we re per for med with SPSS 13.0 sta tis ti cal
pac ka ge prog ram. p< 0.05 was con si de red sta tis ti -
cally sig ni fi cant.

RE SULTS

Bet we en-day rep ro du ci bi lity for 2 le vels of con trol
se ra with nor mal and ab nor mal va lu es was rep re -
sen ted in Tab le 2. Dis tri bu ti ons of all pa ra me ters
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Albumin    Bromcresol gren

Bilirubin       Diazonium dye

Calcium     0-cresolphytalein 

Cholesterol      Cholesterol oxidase

Creatinine         Jaffe

HDL cholesterol    PEG modified cholesterol oxidase

Iron              Ferrozine dye

Glucose         Glucose oxidase

Total protein     Biuret

Triglycerides      Glycerophosphate oxidase

Urea         Urease

Uric acid     Uricase

AST        Aspartate to oxaloacetate

ALT         Alanine to pyruvate

ALP      p-nitrophenyl phosphate

CK               Creatine phosphate to creatine, HK, G-6-PD

GGT       γ-glutamyl-3-carboxy-4-nitroanilide

LDH            Pyruvate to lactate

TABLE 1: Summary of test methods.

HDL: High density cholestrol, AST: Aspartate aminotransferase, ALT: Alanine amino-
transferase, ALP: Alkaline phosphatase, CK: Creatine kinase, GGT: Gama glutamyl
transpeptidase, LDH: Lactate de hydrogenase.

Level 1 Level 2
n mean CV(%) n mean CV %

Albumin (g/dL) 27 45.3 2.64 27 30.3 3.62

Bilirubin (µmol/L) 25 16.6 4.04 25 83.6 3.33

Calcium (mmol/L) 22 2.10 2.4 22 3.38 2.87

Cholesterol (mmol/L) 27 2.33 3.26 27 4,50 2.85

Creatinine (µmol/L) 20 107 6.15 20 4154 6.46

HDL-c (mmol/L) 25 0.69 4.39

Iron (µmol/L) 20 20.75 1.63 20 30.30 2.06

Glucose (mmol/L) 26 5.41 3.83 26 14.20 3.56

Total protein (g/L) 20 67.9 1.94 20 50.20 2.28

Triglycerides (mmol/L) 26 1.33 2.55 26 2.35 2.69

Urea (mmol/L) 26 6.91 3.90 26 24.50 2.06

Uric acid (µmol/L) 22 277.2 2.,61 22 648 2.28

AST (U/L) 21 43.38 2.36 21 139.62 2.35

ALT (U/L) 27 45.7 2.56 27 111.67 2.80

ALP (U/L) 20 82.53 2.39 20 219.35 2.98

CK (U/L) 27 155.78 1.99 27 512.33 1.88

GGT (U/L) 20 40.12 2.63 20 191.76 2.31

LD (U/L) 22 319.73 2.26 22 514.45 2.31

TABLE 2: Between-day precisions of two levels of control sera for each analyte.

( n= Number of days, CV= Coefficient of Variation), HDL: High density cholestrol, AST: Aspartate aminotransferase, ALT: Alanine aminotransferase, ALP: Alkaline phosphatase, CK:
Creatine kinase, GGT: Gama glutamyl transpeptidase, LDH: Lactate de hydrogenase.



for males and females we re non-Ga us si an (Tab le 3).
For men all pa ra me ters ex cept for pro te in to tal and
bi li ru bin to tal and for wo men all pa ra me ters ex cept
for HDL-c sho wed age spe ci fic dif fe ren ces (Tab le
3). Age matc hed men and wo men had dif fe rent va -
lu es for many analy tes, ex cept for glu co se, cho les -
te rol, pro te in to tal, al bu min and LD (Tab le 4). 

Stri king pro per ti es of the po pu la ti on were as fol-
lows: 25-44 ye ars/old men had the hig hest iron le v-
els among all age gro ups, whi le wo men at the sa me
age gro up had the lo west (men ses). Wo men had hig -
her HDL-c le vels than age-matc hed men did. Cho les-
te rol le vels gra du ally in cre a sed with age in both
sexes. Men had hig her cre a ti ni ne le vels than age-
matc hed wo men. Among men 13-24 ye ar-olds had
hig her ALP le vels than ot hers did. ALP ac ti vi ti es of
males we re hig her than the values of females un til
45 ye ars old; the values were similar bet we en 45-64
ye ars but wo men had hig her ALP le vels over 65.

DIS CUS SI ON

Sub ject ba sed re fe ren ces pro vi de the best in for ma -
ti on abo ut an in di vi du al pa ti ent’s si tu a ti on, but sin -

ce this is of ten im pos sib le to ob ta in, po pu la ti on ba -
sed re fe ren ces are used wi dely.4,5 Tho ugh we knew
that se lec ted high-qu a lity re fe ren ce in di vi du als (di-
rect met hod) was the pre fer red way, we used our
la bo ra tory da ta for ob ta i ning tru e re fe ren ce va lu es
as so ci a ted with our hos pi tal po pu la ti on. Using the
data of large hospitals has be en re cently re com -
men ded by many aut hors.6,7 In or der to in ter pret
la bo ra tory test re sults obtained in a cli ni cal set ting,
a cli ni cal la bo ra tory spe ci a list ne eds to use re fe -
ren ce va lu es com pa rab le to the pa ti ents’ set ting in
many res pects. Furt her mo re so me aut hors sug ges -
ted that re fe ren ce da ta from se ve ral po pu la ti ons-
that is for both con trol and di se a sed per sons-
sho uld be used in the in ter pre ta ti on of a sing le
test.8,9 This ne ed spon ta neo usly grew as our la bo -
ra tory da ta ba se gra du ally got lar ger. We re a li zed
that our cu mu la ti ve sta tis tics ga ve rat her dif fe rent
va lu es than the ma nu fac tu rer’s re fe ren ces we used.

What ad van ta ges did we get? We used an ea s-
i er and eco no mic way to ob ta in re fe ren ce in di vi -
du als by using a pos te ri o ri in di rect met hod.
Se lec ti on of re fe ren ce in di vi du als is the most im-
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Women Men
Analytes n KSp’s ANOVA p’s n KSp’s ANOVA p’s
Albumin 2066 0.00 0.00 1572 0.00 0.00

Bilirubin 1564 0.00 0.00 2102 0.00 0.57

Calcium 2288 0.00 0.00 1842 0.00 0.00

Cholesterol 2263 0.00 0.00 1798 0.00 0.00

Creatinine 3822 0.00 0.00 1999 0.00 0.00

HDL-c 2100 0.00 0.855 1825 0.00 0.00

Iron 1022 0.02 0.35 1555 0.00 0.00

Glucose 3833 0.00 0.00 1802 0.00 0.00

Total protein 1902 0.00 0.00 2217 0.00 0.25

Triglycerides 2180 0.00 0.00 1791 0.00 0.00

Urea 3810 0.00 0.012 1970 0.00 0.00

Uric acid 1992 0.00 0.00 2045 0.00 0.00

AST 3897 0.00 0.00 1847 0.00 0.00

ALT 3873 0.00 0.01 2100 0.00 0.00

ALP 2713 0.00 0.00 1877 0.00 0.00

CK 695 0.00 0.035 1660 0.00 0.00

GGT 2483 0.00 0.00 1791 0.00 0.00

LD 1865 0.00 0.00 1709 0.00 0.00

TABLE 3: Distribution of subgroups by Kolmogorov Smirnov analysis (KS) and effect of age on 
18 biochemical analytes (Kruskal Wallis nonparametric ANOVA).

HDL: High density cholestrol, AST: Aspartate aminotransferase, ALT: Alanine aminotransferase, ALP: Alkaline phosphatase, CK: Creatine kinase,
GGT: Gama glutamyl transpeptidase, LDH: Lactate de hydrogenase.
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ALBUMIN (g/L)
Age Gender n Mean SD SD left SD right Intervals Effect of gender
13-24 Men 290 43 6.0 3.8 3.8 35-51 p= 0.710

Women 519 43 5.3 3.9 3.9 35-52
25-44 Men 598 42 6.5 4.0 4.0 34-50 p= 0.802

Women 1235 43 4.0 3.9 3.9 34-50
45-64 Men 956 39 7.0 5.0 5.0 33-52 p= 0.03

Women 1591 42 5.0 3.0 3.0 38-50
>  65 Men 405 37 6.0 6.0 6.0 29-50 p< 0.001

Women 721 39 6.0 3.6 3.6 35-49

BILIRUBIN Total (µmol/L)
Age Gender n Mean SD SD left SD right Intervals Effect of gender
13-24 Men 280 10.9 10.4 4.27 4.27 2.39-19.5 p< 0,001

Women 370 10.3 8.55 3.76 3.76 2.56-16.4
25-44 Men 504 11.8 6.49 4.78 4.78 2.56-18.8 p< 0,001

Women 863 10.3 10.3 3.07 3.07 2.22-13.5
45-64 Men 897 16.6 8.89 4.27 4.27 1.71-17.4 p< 0,001

Women 1143 10.1 7.86 3.2 3.2 1.71-13.7
>  65 Men 379 11.8 6.15 4.95 4.95 3.08-17.8 p= 0,03

Women 674 11.3 5.81 4.95 4.95 2.74-16.6

CALCIUM Total (mmol/L)
Age Gender n Mean SD SD left SD right Intervals Effect of gender
13-24 Men 97 2.52 0.15 0.12 0.12 2.15-2.72 p= 0.7

Women 139 2.47 0.12 0.08 0.08 2.27-2.67
25-44 Men 347 2.45 0.12 0.11 0.11 2.12-2.67 p= 0.05

Women 650 2.45 0.15 0.10 0.10 2.30-2.70
45-64 Men 562 2.42 0.17 0.14 0.14 2.02-2.70 p= 0.35

Women 962 2.45 0.15 0.10 0.10 2.07-2.70
>  65 Men 537 2.37 0.17 0.15 0.15 2.15-2.72 p= 0.37

Women 526 2.42 0.15 0.13 0.13 2.20-2.72

CHOLESTEROL Total (mmol/L)
Age Gender n Mean SD SD left SD right Intervals Effect of gender
13-24 Men 228 4.20 0.93 0.84 0.84 2.34-5.43 p= 0.07

Women 498 4.39 1.04 0.88 0.88 2.18-5.59
25-44 Men 522 4.55 1.04 0.98 0.98 2.44-6.26 p= 0.93

Women 1349 4.73 1.06 0.95 0.95 2.47-6.16
45-64 Men 865 4.71 1.24 1.03 1.03 3.27-7.35 p= 0.98

Women 1804 5.40 1.15 1.01 1.01 3.45-7.43
>  65 Men 709 4.73 1.27 0.96 0.96 2.80-6.63 p< 0.001

Women 827 5.20 1.22 1.22 1.22 2.28-7.12

CREATININE (µmol/L)
Age Gender n Mean SD SD left SD right Intervals Effect of gender
13-24 Men 327 86.6 103.4 14.1 14.1 43.3-99.0 p< 0.001

Women 411 71.6 96.3 10.6 10.6 42.4-76.9
25-44 Men 545 75.1 19.4 11.4 11.4 53.0-99.8 p< 0.001

Women 992 63.6 18.5 11.4 11.4 35.3-75.1
45-64 Men 2186 76.0 18.5 12.3 12.3 49.5-106.0 p< 0.001

Women 2241 61.8 20.3 9.72 9.72 38.0-77.7
>  65 Men 1079 94.5 29.1 20.3 20.3 44.2-114.9 p< 0.001

Women 1371 74.2 22.9 14.1 14.1 38.8-93.7

HDL-c (mmol/L)
Age Gender n Mean SD SD left SD right Intervals Effect of gender
13-24 Men 195 1.15 0.33 0.26 0.26 0.67-1.71 p= 0.04

Women 473 1.43 0.36 0.31 0.31 0.85-2.13
25-44 Men 471 1.12 0.30 0.28 0.28 0.54-1.69 p< 0.001

Women 1267 1.38 0.34 0.33 0.33 0.59-1.89
45-64 Men 750 1.15 0.31 0.28 0.28 0.46-1.61 p= 0.01

Women 1699 1.38 0.35 0.30 0.30 0.70-1.89
>  65 Men 656 1.17 0.36 0.29 0.29 0.46-1.61 p< 0.001

Women 660 1.32 0.39 0.29 0.29 0.67-1.89

TABLE 4: Calculated sex and age specific reference values of 18 biochemistry analytes and statistical significance of
difference between the values of men and women of the same age group. 



IRON (µmol/L)
Age Gender n Mean SD SD left SD right Intervals Effect of gender
13-24 Men 544 15.0 8.73 7.08 6.94 3.6-28.1 p= 0.04

Women 596 14.1 8.01 6.67 6.67 3.6-26.8
25-44 Men 211 15.6 7.51 7.94 7.94 4.8-30.4 p< 0.001

Women 516 10.8 6.80 5.90 5.90 1.8-16.6
45-64 Men 435 15.9 8.12 6.44 6.44 3.2-28.4 p< 0.001

Women 1335 13.0 7.08 6.71 6.71 2.8-26.3
> 65 Men 307 15.3 8.05 7.16 7.16 4.1-29.1 p< 0.001

Women 717 12.9 6.06 6.15 6.15 3.9-26.3

GLUCOSE (mmol/L)
Age Gender n Mean SD SD left SD right Intervals Effect of gender
13-24 Men 621 5.09 0.77 0.52 0.52 3.79-5.88 p= 0.07

Women 998 4.80 0.66 0.53 0.53 3.57-5.83
25-44 Men 1085 5.06 0.88 0.61 0.61 3.52-5.94 p= 0.7

Women 2198 5.00 0.71 0.59 0.59 3.63-5.88
45-64 Men 1644 5.99 0.99 0.60 0.60 3.85-6.21 p= 0.17

Women 2831 5.94 0.82 0.60 0.60 3.79-6.32
> 65 Men 1610 5.26 0.98 0.94 0.94 3.57-6.32 p= 0.64

Women 1721 5.33 0.89 0.75 0.75 3.52-6.49

PROTEIN Total (g/L)
Age Gender n Mean SD SD left SD right Intervals Effect of gender
13-24 Men 281 74 8.0 6.0 6.0 54-89 p= 0.87

Women 498 75 8.3 5.5 5.5 66-87
25-44 Men 580 74 8.0 5.6 5.6 64-86 p= 0.50

Women 1139 75 7.0 4.8 4.8 68-87
45-64 Men 860 73 9.0 6.6 6.6 63-88 p= 0.05

Women 1427 76 7.0 5.0 5.0 66-87
> 65 Men 289 73 8.9 6.0 6.0 62-87 p< 0.001

Women 628 74 7.8 6.0 6.0 66-88

TRIGLYCERIDES (mmol/L)
Age Gender n Mean SD SD left SD right Intervals Effect of gender
13-24 Men 209 1.56 1.29 0.92 0.92 0.45-2.69 p< 0.001

Women 477 1.25 0.84 0.47 0.47 0.20-1.74
25-44 Men 477 1.65 0.90 0.83 0.83 0.20-2.57 p< 0.001

Women 1285 1.44 0.93 0.62 0.62 0.12-2.02
45-64 Men 802 1.98 1.27 0.70 0.70 0.45-2.79 p= 0.07

Women 1735 1.84 1.20 0.70 0.70 0.39-2.78
> 65 Men 812 1.37 0.61 0.62 0.62 0.35-2.10 p< 0.001

Women 648 1.55 0.61 0.72 0.72 0.57-2.41

UREA (mmol/L)
Age Gender n Mean SD SD left SD right Intervals Effect of gender
13-24 Men 179 4.78 2.32 1.72 1.72 1.99-6.80 p< 0.001

Women 895 4.33 3.15 1.01 1.01 1.49-5.31
25-44 Men 1221 6.14 4.98 1.39 1.39 2.15-7.63 p< 0.001

Women 2139 4.54 2.98 1.14 1.14 1.49-5.97
45-64 Men 1971 7.12 5.39 1.62 1.62 1.82-8.13 p< 0.001

Women 2798 6.25 2.98 1.46 1.46 1.82-7.30
> 65 Men 1203 8.10 2.58 2.04 2.04 1.99-9.96 p< 0.001

Women 766 6.64 2.75 1.99 1.99 2.15-8.96

URIC ACID (µmol/L)
Age Gender n Mean SD SD left SD right Intervals Effect of gender
13-24 Men 228 297 95.2 77.3 77.3 119-437 p< 0.001

Women 537 261 71.4 59.5 59.5 119-345
25-44 Men 530 315 107 71.4 71.4 154-446 p< 0.001

Women 1319 255 71.4 59.5 59.5 107-351
45-64 Men 908 327 95.2 77.3 77.3 130-434 p< 0.001

Women 1659 285 77.3 71.4 71.4 119-392
> 65 Men 396 351 119 101 101 154-559 p< 0.001

Women 602 315 101 95.2 95.2 142-481

TABLE 4: Calculated sex and age specific reference values of 18 biochemistry analytes and statistical significance of
difference between the values of men and women of the same age group (continued).
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AST (U/L)
Age Gender n Mean SD SD left SD right Intervals Effect of gender
13-24 Men 312 23.5 14 14.2 5.9 11-30 P<0.001

Women 435 22.1 11 3.8 3.8 10-25
25-44 Men 775 18 5.1 4.2 4.8 10-32 P<0.001

Women 1416 18 4.6 3.4 3.4 12-29
45-64 Men 1899 20.8 7.4 3.4 3.4 10-32 P<0.001

Women 2812 23.3 12.2 4.9 4.9 9-28
>65 Men 2096 22.7 12.4 5.4 5.4 7-27 P=0.03

Women 1885 24.2 14.4 2.9 2.9 12-23

ALT (U/L)
Age Gender n Mean SD SD left SD right Intervals Effect of gender
13-24 Men 309 23.7 16.9 8.8 8.8 7-31 P<0.001

Women 439 21.6 15.8 7.4 7.4 3-27
25-44 Men 781 16.6 6.4 4.3 3.3 7-34 P<0.001

Women 1427 16.6 6.0 6.4 6.4 3-28
45-64 Men 1925 20.7 11.1 9.3 9.3 2-31 P<0.001

Women 2792 22.2 10.9 6.2 6.2 4-27
>65 Men 2076 17.5 7.8 6.5 6.5 4-27 P=0.49

Women 1884 19 7.1 7.1 7.1 3-27

ALP (U/L)
Age Gender n Mean SD SD left SD right Intervals Effect of gender
13-24 Men 194 272 105 109 109 112-407 P<0.001

Women 251 222 116 46.3 46.3 103-278
25-44 Men 832 154 53.9 54.9 54.9 89-282 P<0.001

Women 1316 168 71 47.3 47.3 84-259
45-64 Men 710 251 130 56 56 82-293 P=0.12

Women 1235 221 97.3 53 53 86-294
>65 Men 1886 146 76.0 103 103 9-224 P<0.001

Women 1271 190 52.3 48.8 48.8 82-270

CK (U/L)
Age Gender n Mean SD SD left SD right Intervals Effect of gender
13-24 Men 566 153.8 174 60.2 60.2 24-205 P<0.001

Women 717 75.5 30.8 24.6 24.6 38-115
25-44 Men 191 107 88.6 69 69 25-177 P<0.001

Women 314 54.4 31 27 27 18-99
45-64 Men 345 110 71 54 54 26-184 P<0.001

Women 1540 79 53 36 36 15-139
>65 Men 321 227 70 48.5 48.5 15-156 P<0.001

Women 700 55 60 12.5 12.5 12-80

GGT (U/L)
Age Gender n Mean SD SD left SD right Intervals Effect of gender
13-24 Men 414 25.4 20.5 7.6 8.4 7-31 P=0.03

Women 573 22.5 14.7 10.3 10.3 6-32
25-44 Men 660 26.3 18.6 13.9 14.4 6-44 P<0.001

Women 1279 26 16.9 13 13 6-39
45-64 Men 621 38 28.8 18 28 6-28 P<0.001

Women 1128 27 22.0 10 10 4-22
> 65 Men 1236 24.8 19.0 9.6 9.6 4-31 P<0.001

Women 1885 26 8.3 8.3 6-37

LDH (U/L)
Age Gender n Mean SD SD left SD right Intervals Effect of gender
13-24 Men 213 416 233 53.9 53.9 197-405 P=0.40

Women 454 377 174 55.2 55.2 214-429
25-44 Men 435 358 99 59.4 59.4 210-442 P=0.60

Women 520 364 187 61 61 214-451
45-64 Men 867 433 298 91.3 91.3 129-486 P=0.05

Women 1451 381 134 57.7 57.7 143-448
> 65 Men 632 337 89 64 64 235-486 P=0.84

Women 626 389 89 56 56 267-486

TABLE 4: Calculated sex and age specific reference values of 18 biochemistry analytes and statistical significance of
difference between the values of men and women of the same age group (continued).

(n:number, SD: standard deviation; Mean and SD: Mean and SD values of the original reference distribution; SD left, SD right: SD values of underlying distribution; Intervals: Sug-
gested health related intervals. HDL: High density cholestrol, AST: Aspartate aminotransferase, ALT: Alanine aminotransferase, ALP: Alkaline phosphatase, CK: Creatine kinase,
GGT: Gama glutamyl transpeptidase, LDH: Lactate de hydrogenase).



por tant and cum ber so me step of a re fe ren ce va lu -
es study. So many strict inc lu ding and exc lu ding
cri te ri a re sult with a small sample group. When
sub gro u ping is ne ces sary for se xes and ages, the
num bers get even smaller. Anot her issue to con-
sider is that how much the re fe ren ce in di vi du al
ref lects the he alth si tu a ti on of any pa ti ent who at-
tends any cli nics for de man ding me di cal help.10

In di rect samp ling is not the re com men ded one
be ca u se it uses unc ha rac te ri zed and un se lec ted in-
di vi du als, ran ges ob ta i ned by this met hod are lar -
ger and may in ter sect pa ti ent va lu es, and fi nally
each hos pi tal po pu la ti on may dif fer from anot her
ac cor ding to spe ci a li za ti on of the ins ti tu te.11 In
this study we aimed to ve rify this in di rect samp -
ling to so mew hat a “par ti ally di rec t” samp ling; we
did not en roll pa ti ents who smo ked, with al co hol
abu se and with chro nic di se a se in the study. Be si -
des, we wo uld exclude the ex tre me va lu es for
each sub gro up, if the re we re any. In the re com -
men da ti ons of IFCC, dif fe rent re fe ren ce po pu la -
ti ons with well-cha rac te ri zed cri te ri a are
in tro du ced as ac cep tab le ac cor ding to the in ten -
ded use of re fe ren ce va lu es, Ko u ri used this ap pro -
ach in a mo re di ag no sis-ba sed study, thus ne arly

unaf fec ted test re sults we re se lec ted. He al so cla -
i med that the best re fe ren ce for a pa ti ent was an-
ot her pa ti ent not suf fe ring from that di se a se, but
li ving un der the sa me con di ti ons. In this study,
we sup po sed that our hos pi tal’s outpa ti ent po pu -
la ti on li ving in the sa me are a, un der sa me sur ro -
un dings with a he alth prob lem to be sol ved wo uld
al so be con si de red an “un der the sa me con di ti on”
po pu la ti on. 

CONC LU SI ON

As a re sult, we got sig ni fi cantly dif fe rent re fe ren ce
va lu es for most fre qu ently used 18 analy tes than
the tra di ti o nal va lu es we used (ma nu fac tu rer’s).
We saw that ran ges we re sex- and age-spe ci fic, and
thus each re sult sho uld be re por ted with its cor res -
pon ding in ter val. So on, in ter pre ta ti on of test re-
sults will be mo re ac cu ra te and sa fe. A pri o ri, di rect
samp ling met ho do logy in cal cu la ti on of re fe ren ce
va lu es of gre a ter po pu la ti ons is ge ne rally be yond
the po ten ti al of a sing le la bo ra tory and sho uld be
or ga ni zed and spon so red by na ti o nal aut ho ri ti es; a
stan dard pro to col sho uld be car ri ed on si mul ta -
neo usly in se ve ral la bo ra to ri es so that the re sults
co uld be used countrywide.
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