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Reference lnterval, Biological Variations and
Distribr-rtion of Creatinine Level in Fa.sting
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ABSTRACT
lntraduction: Serum creatinine, urine creatinine, and rate of
urine formation are components of creatinine clearance and
are under multiple influences. Of these, urine creatinine has the
widest variabllity" especialty in the
intervals, biological varialions, and urine
creatinine in the rcference individuals
{or clinical interpretations of kidney functions.

AIm: To est#lish the reterence intenralq hiobgical vari*ions,
and distributions of creatinine in urine formed during morning
tasting stata frorn referenca individuals in a tropical location.

Materials and Msthods: This observational cross-sectional
stuQ of the sample population was done from January ?017-
Itlouernber 2027 fu thc establishment of re#elenee intarvat.
Hderence individuals, defined by incksien and exelusion
criteria, were from the population at near sea levels plains, in
Ttrissur dstrt€t, Kerala, evoiclFrg tfre mounteinans l{kerrt
Ghats. Morning fasting, third sample of urine was collected
to ensurc that the urine collected was formed in the mornirg
(nr156). A second set of 44 wine samples, collected fronr 10
referonce irdividuah consecutiveS for 4-5 days, was used for

estimating the analytical Goafficient of Variation (CVJ, within-
subject (CV), and between-subject (CVJ components of
biological variation. Outliers in the creatinine data were identffied
and removed by the Box-Whisker plot to exclude the subclinical
,niluences lhat atfecteci the unne
Cox transformation to bring the ,

reference intervai caicuiati,ons of

Besults: As the total sample number was
pscentile method was used to calculate the
17.14-325.89 mgldL. As the female sample numberwas between
40 and 120, double-sided, 95% refsrsnce intervd, based on
normal distribution was calculated as 12.41-328.71 mg/dL. As
the male sample was <50, method o* roinrst calcuiation wa6
used to deffne the reference interval of 21.91-379.12 mg/dl.
The reference interval and biological variation data showed
gender differences in the distribution, CV,, and CVn due to lower
conceniration of fasting urine crearinine jn femaies resuiting from
lower muscle mass.

Gonclusion: Reference intervals of creatinire in fasting urine
formed in the morning were established. Gender differences
were observed in the distribution of data, CV,, and CVu.

INTRODUCTION
The quantitative cteatinine assays in senrm and urine are affected by
bias, irnp,roci,sion, interferences, biological variatir:n, different ti,pes
of enors, and difficulties in clinical internretations [1 -31. Enaymatic
assays of creatinine haw lower calibration and analyticd bias/
imprecision (analytical CVo) when cornpared to chemical picric
acid-based methods [4-6]. Crealinine Standardisation Program has
recornmended standardising creatinine assays to isotope dilulion
mass spectrometry refaence measurement procedwe and H(1h-
Pressure Liquid Chromatography (HPLC) method [7,8]. ln the present
repoft, creatinine was assayed by the enzymatic melhod traceable
to HPLC method with a correlation coefficient of 0.999, as in the
procedur'€ manual [9]. Feporteci Refeienue intervais of spot urtiaiy
creatinine by the same en4,rnatic method (OCD Vrtros) of a sample
pqlalion aged 30-79 years in men was 14.71-294.12 mg/dL
(1 .30-26 mmoVt.) creatinine and in women ttwas 12.44-729.64 mg/
dL (1.1-20.3 mmol) creatinine [10] with a CVo cf 't.9 

[9].

The clinical interpretations of serum and urine creatinine, and rate of
urine flo',v are on the Glomerular Flltration Rate (GFR) and these have
intorlerences as follows: urine and serum creatinine are increased
by muscle mass [2,1 1 ,12J, muscle creatine is negatively affected in
hepatic disease, and urine creatinine positivelyin nnrscle disease
in1ury [2,13], variations in GFB occur. with age, gender, or r

[2,'14,15], creatinine secreted by renal tubules overestimate
GFR [2,161, drugs interferino with tubular secretion, increased
creatinine when GFR rernains constant [17,18], serum
and creatinine clearance are increased by a diet rich in

meat [12,19,20]. Iheee are lacunae in tha interpretation of GFR
using urine and serum creatinine concentrations md urine flow
rate. There are abo variations in the intapretati+ens on GFR frsn
estimated GFR from serum creatinine, creatinine clearance, and
direct meawrems{ of GFR wlh'ideal' markers 13,21 -231. The third
and the most serious lacuna is that there are no reports on fasting
urine crealinine refsence intenat to the best of our loroudedge, and
this may be the first report. There is one report on the reference
interval of spot urine creatinine [10].

Most reports on urine creatinine ue on 24 hour samplas, spot urine
creatinine-analyte ratio, and norma$sed analyte concentration for
dilution and concentration of spot urine [21 ,24,251. A report in 't988

ftom Scotland on spot urine creatinine has a within-slbject diagram
from which an approximate minimum-maximum was obtained as
56.56 mg/dL-169.68 mg/dl with a mean of 101.81 mg/dL in

males, and it was 67.87-1 35.75 mg/dl with a mean of 90.50 mg/dL
in fsnajes using the aJraline picsate melhorj paj. The Diological
variation for the whole sample (males+females) in the report was
witlr a mea r spot witre oeatinine of 93.89 rngr'rii- Cd of 0'9, witl lir-
subiect (CV) ol 23.8 and betvveen-su$ect {CVJ 24.5 coefficient

1241. A recont report in 2O21 from Sweden using
(Cobas 6000, Roche Diagnostics Scandinavia

in t )A hnr rr r rrina cqmnlo norra rrah roc tlmnlAl \
\r . ,u, eL/

and (minimum-maximum) of 131, 126 (56-226)
76 {40-174\ in ferna}es [211. This report also gave

of spot urine creatinine $n gmA) expressed as

Cl of mean as 0.09 (0.05, 0.16) in males, and
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0.OS {-0.01 , 0.10) in females [21]. Reference interval calculated from
a24-hour ur.ine creatinine for men was 1070-21b0 mg/day in men
and 7M-12O0 mglday in women [25].

Urine creatinine is use,j to noi'iiiallse the uritrary concenti-ation oi
analytes by dividing the test analyte in mmol/l_ by urine creatinine
in mmol/l_, Ior t_heir dilution and concentra.tion in urine ['t 1] Severat
studies [3,21-23J have shown that urine creatinine concentrations
were hrghest in ttre more concentrated orernrght sampbs and GFR
is lowmt at night. Urine creatinine concsrtrations were lowest at
noon when the urine flow rate and GFR were highest [211. These are
lacunae in the sampling of urine forcraatinine assay that necessitates
the need for this study.

Atithcrs hypolhesised that better evaluation of tte components of
creatinine clearance can result in better interpretation of kidney
functions in the clinical setting. The present report assayed creatinine
concentralions in the morning fasting specimen of urine (avoiding the
overnight, daytime, anC postprandial samples) and colbcted from the
defined reference individuals for calculations of reference interval.

Befiareen-subiect coefficient of vtriaticn (CVo) and population referrarce
intervals are useful for diagnosis of diseases [26,271. Within-subiect
(CV) component of biological vanation are less than CVo and are better
suited to predict the progress of the disease in a @ticular individual
p7j. ihese estimates are cunentiy avaiiirbie ior many quantitative
measrrands [29] and are analysed for a better understanding of the
rrrfnvnaaa in+an ,^l

rl rlvr vdl.

MATERIALS AND METHODS
The stu$r was designed as an observational cross-sectional study
of the sample population for establishment of the reference interval
of creatinine in f asting urine f ormed in the moming. Study population
was from the tropical, near sea level plains in Thrissur district,
Kerala, avoiding the mountainous Wsstorn Ghats. LJrine and blood
samples were coHected directly (not indirectly from institutions)
and at random from the study population from Ju-uay 2017-
November 2021 . Study was approved by the lnstitutional Research
anrl Etirics Coriirnittees (AIMS|EC/22201 6 datetj Q|ATDAi6).
The participants were approached directly by the investigators,
and thrcugh the staff and stuCents of this institution. Oral consent
was obtained after describing about the research program and the
method of sample collection. After including the participants by
clinical examination, infonned wiften consents were obtained, and
then samples were collected, as given below [able/Fig-l].

lnclusion and Exclusion criteria: The reference individuals were
sdectd from the study populalion by inclusbn and exclusion
criteria. The participants included in the study were abore 18 years
of age, apparent!,v clinically healthy, withor-rt history of disease
for three weeks, having regular diet and sleep for one week.
The individuals excluded from the study were those with chronic
diseases, alcoholism, smoking, Body Mass lndex (BMl) >80, waist
circumference >100 cm, diabetes mellitus, muscb diseases or
muscle pain, and history of heart diseases. The final sdection of
participants was done by clinical biochemistry evaluation and
excfusion of those with serum glucose, fasting >'126 mgldl and
2-hour postprandial >'180 mg/dl, Alanine Aminotransferase (,o*LT)

>6U LilL, serum creaiinine >'1 .4 mS/dL, iron <SO pg/dl, fermin
<2O ng/mL, haemoglobin <1 1 .5 g/dl and hsCFtP >5 mgA.
Sample size calculdon: The sample sizes and reference intewal
calculations were done after removal of otrtliers, analysis of data
di$rinution, and ciata transformalions according to c,riierra laici down
by lnternational Federation of Clinical Chanistry and Laboratory
iv{edicirre (IFCC), arrd Ciinical and i :boratoiy Starrdaids lnstiti_itisn
(CLSI) guidelines by using the software, tr/edCalc [26]. fhe
methods for reference interval calculation were selected according
to the sample sizes of partitioned and unpartitioned groups [29].
The formula lor the pa!'ametnc minimum sample size calculation
of the 95% reference limits (2.5fr to 97.5h percentile) depends
on the sample number required for the lower 2.51h porcerrtile as
recommended by IFCC [26J, which is equal to 1/p=1/0.025=+O
sanqole numbers por pstition, where 'p' is expressed as a fraction
(0.025) or percentile {2.5th). The san4cb size calculation for g57o

non parametric reference interval depends on the g0% Confidence
lnterval {CI) of upper and [ower limits ot the reference intervds [26],
for which the minimum sample number is 120. As the mde sample
number in=+51 ur the present stucty was much less than the lemaie
sample number, both parametric and robust method of calculation
of reference intervals were done.

Sample Collection and Sample Preparation for Assays
Fasting urine and blood samples were collected atter overnight
fasting, before 8.30 ern, rncre than t.to hcurs after',^,,aking up f,'orn

sleep. First morning urine sample was voided immediately after
waking up, to exch.lde ovemight concentrated urine in the bladder

[3]. The second sam$e was voided after about 30 or rnore minutss
to exclude r-rrins in th-^ collecting $,$em of the knlne.y ancl residr-ral

urine in bladder. The third sarnple of fasting urine formed in the
morning for about one hour or rnore was collected before 8.30 arn,
for creatinine assay. The participant could take about 150 mL of
water if th€re was a feding of thirst or dryness of the mouth. Two
sets of sarnples were collected [271. First set was dlected from
January 2017-Novernber 2021 (n=156). Second set of 44 urine
samphs colhcfed from Septenfier ZA21-ttwentfu,2021 kam
10 reference individuals consecutively tor 4-5 daW (As one female

Barticipant did not grve sarnple on the 5n day, female sarnples were
reduced lrct,r, 25-24. Total sample number=males 20 + females
24=44) was used for estimating CVo, and components of biological
variation, CV, and CVu.

The wine sampbwas prepared fr assay by centrtfuging at 3000 rpm
for 5 minutes to ediment partides, cells, bacteria and casts.
Supernatar* was separated, diquoteci for as.saya irnrneciiate{y for
crmtinine, and for storage at -20"C [301.

The fasting senrm sample was prepared from 6-'lO mL of blood
in polypropylene tubes, without clot activators, were

rmmcrriat€{v aI i.t{ )( }{ I rnm tnr 5 mrnr ltes to seoiment cetis

The supernatant was transfened to glass tubes for
L., ^l^l ^^,^^-^.:^- ^-J ^^^^-Juy ur\Jt stspdrdlruil dilu stilruilu t/tsiilu rttJgdttut t. tt

after the first centrifugation, then the plasma
to clot in the sarne tube and then centrifuged again.

reduced haernoffiand increasedtheyield of serum

vuwwjcd.net

Reference interval calculetions auel sarnple size

Calculation of analytical variotion ((--\;a) and
compononts of biological varietioas

(C\:6 and CI1)

Defining the reference indiriduals ftom stud1.
population

Coliection o1 la5iing noyning urine an<i biood s"mples
from the reference indifiduals

Asstys for creatiuine uorl other anal;-tes in the samples

Statistical analvsis

[Table/Fig-1]: ;lr i :-,a'i.i rh: c,;:"r::?i:C.,li
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which was preferred over piasma lor storage. Serum samplas were
assayed immediately and stored at -20"C in aliquots [30]. The blood
sample was collecteo in EDTA tubes for haemoglobin assay which
inras done manrrallv bv Drabkin's method I31.l.

Assays, Traceability and Quality Management
Chernistry assays were dme with Vrtros 5,1 FS autoanalyser
ard multilayered dry clernistry slide reagents for serum glucose,

creatinine, ALf,, highsensitivity C-Reactive Protein (hsCRP), iron, and
urine creatinine {Ortho Clinical Diagnostics (OCD), USA}. Creatinine
was assalnsd in Vitros 5,1FS using the VITROS CREA multilayered
slides [9. Conversion of conventional units to lnternational $etem
(Si) units of urine creatinine was done using a MW of 113.12 g/moi:
(mg/dLx0.0884)=mmdA). lmmunochemistry assay {or serum fenitin
was done in Becknan CoufterAccess2 or DX 600 immunochemistry
autoana[aers by the sandwich immunoassay method [32].

Traceability o{ creatinine calibrations were to the cedified National
lnstitute of Standard and Tectmology Reference material, SRM 91 4a.
Vitros S,iFS creatinine assay was traceabie to iiigtr Performance
Uquid Chrornatograpfry HPLC) cornparative method inclirectly

thrcx.tgh Wros 950 syslem with a correlation coefficient of 0.999 [9].

Qualtty control assays were done continuously twice a day for glucose,

crealinme, HI-I hsCBE iron, and once a montn for exrernai qrniity
assuran@ prograrn (EOAS, Biorad, USA). Qua[ty control assays for
i^-,"ir:- fi:^--J r 16i\.-.^-^ r^-^ L^J^-^ ^--L -----. n..-r:r.. ---r--rrtirrr,il, lr)rurdu, uo^, wtilu uu,rE r.nirurt t duil d\>dy. \JuaIry uuilrirJt

data rrrrere analysed by Westgard rules for acceptance or rejection
of ana[te data [33,34]. lf lhere was a rejection, rneasures were
taken to set right enors in machine functioning, reagents, storage
nr nalihrelinne FI.1AQ aarro 7 ennrac /aF)[ -l O in tho mnnihc n{

5v v v & vvvi ve \ve r/

sample assays.

STATISTICAL ANALYSIS
Data analysis for distribution characteristics and for statisticd
removal of outli,ers. &rtliers were identified by the Box-Wrisker $ot
Wth Statistical Package for the Social Sciences (SPSS). Outliers
were urine creatinine values outside the upper and bwa extreme at
the Box-\Mrisker plol. The upper extreme was identifed by addition

Flasnamol Pila Thottatlil et al., Fleference hterrt'als of Creatinine in Fasting Urine

oi (l.Sxinterquartile range) wilh the upper quartile (Q3). Similarly, the
bwer extrernewas identi{ied by sublracting (1 .Sxinterquartile range)

from the lower quadile {Q1). The indMdual data distrlbulion was
visr taliseri oranhieallv hv lhe Bov-Whiskcr nlat with [IedCalc anrl hv

histogram. tf the distribution was Gaussian, as seen by Shapiro-Wilk
and Koknogorov-Smirnova (K-S) tests, the data may be used for
parametric statisticat methods. Afier removal of outliers, if the clata

did not have Gaussian distribution (p-value <0.05), then data was
tranSormed by log10 or Box-Cox transformations [35,36]. Sample
size and reference intervals were calculated [26].

CV^, CVn and CVr
Ariuyuual allu lJlulugluan Vi:ulzluulls WeIe UEIL;UateU lztl IILrll a
s€cond sel of 44 urine samples as given above, from 5 males and 5
femabs. The coefficient of variation (CV) was calculated by dMding
standand deviation (SD) by mean and muftiplytng by 100. Each urine
qamnlc wns ass:rrer{ reneatcdhr fivc limcq tn ealnr rlqte C\/ Frnh
participant gave urine samples for 4 (male) or 5 (female) days. C\
was calculated from all assays done on all days for that participant.
CVo was calculated by taking the average of 5 rqeated assays for
each urine sarnple of all participants in a day, foltowed by cahulating
the CVG from the mean and SD of all the a\€rage values. There
were 20 average values for males and 24 for females. CVo was also
nalar rlatarl frnm tha rafomno intanrcl camnLa /n-l ,t E\

hF6l lt 
-6FIE,E'L'LI i'

Fasting urine creatinine data distribution before and after
removal of outliers: Fasting urine creatinine from 156 samples
was analyeed by Box-Wrisker pbts (SPSS) for the distribution
aharaataria.iaa ^^..1 ^,,+li^"- Th^ +^+-l .-mhl^ /mala, {aaala\ haalulrurqutulroLlw olru vurfiuro, rrlu rvtur oollrPlu \rrrqrurrvlrrsru/ rruv

six outliers and was positively skewed [-able/Fig-2a]. The male
and female urine samples had four and six outfiers, respectiveM
and they were also positively skewed ['able.4Fig-2b,c]. The sample
number was reduced to 145 with 45 males and 100 fernales, after
rernoval of 11 outliers in 2 Seps by Box-Whis*er-Plots from the
total sample, 5 outliers in 2 steps from male and 6 outliers in 1 step
from the female samples. The sample distrflrutions after rernoval of
outliers \ €re nearer to Gaussian distribution [able/Fig-2d-fl.
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Before removal of outliers, iasting urine creatinine showed high CV"
in all groups, higher in males (101.70) and lower [Z4.80) in females

[fabb/Flg-3]. The SD had decreased markedV atter the removal of
nrtliarq rocr tl+inn in lnupr fl\/ in mrloc /tr? ?O\ end hinl.ar in fomaloc

(64.90). After removal of outlrers, the distribLrtion \ /as not Gaussian in
the total and female samples (p-value <0.001) by Shapiro-Wilk test,
but was almost Gaussian (p-value=0.097) in males [fabb/Fig-31.

The robust method of reference interval calculation was prefered
when the sample numb€r was sma[, <40. But as the samp]e
nurnb€r of males (n=4O was nn-rch bss than that of femates the
rohtst me.thod was preferred:21 .91-379.12 mg/ctl [TahlezFig-4].

Fasting urine creatlnine showed gender differences in Cl and
GVo: As expected, the minimum-maximum of CV*was overlapping
in the 5 male and 5 female samples on different days [-able/Fig-51.

www.icdr.net

Belore removal o{ outiers After rernoval of outliers
Dietribstian characteristics
fasting urine creatinine Male+Female (n=156) Male (n=50) Femalo (n=106) Male+Femal€ (n=145) Male {n=45} Female {n=100}

Age 18-92 18-92 1&69 I 6-32 18-92 1&69

MearuSD 1 64.07r'154.88 ?16.49x2?O,17 139.35*104.23 135.28t83.48 1 44.20186.03 122.27+79.35

CV 94.40V" 1A1 .7Md 74.&% 61.71% 52.33% 64.90%

Minimum-Maximum s.00-1479.O0 24.20-1479.N 9.00-458.00 9.0&.344.20 24.2A-U4.20 9.0G.322.50

95% Cl ofmoan 139.58-188.57 153.92-279.ori 119.27-159.42 1 21.58-148.99 138.36-190.05 10ri.52-138.01

.n mJ --n 3n-r _.-n ml

Koknogorov-Srnimo/ test,
(pyatue) <0.001 <o.001 0.005 o.00.1 0.200 0.005

Calculalion of reference intervals: Data obtained after the removal
nf nr rtliarc rarac r rcar{ fnr rafamnno intanral nolnr rlotinn Qnv-I'nw

transformation of data was undertaken for paramekic calculation
with an optimum lambda of 0.46 for the total sample (MedCalc). The
non paametric perc€ntile method of reference interval calculation
was prefured for the total sample, as the sampb nurnber was >1 20.
The cdcuhted refersrce interval was from 17.14-325.89 mS/dL

When the sample number was 4O-1 2O {n=100 in females). 95%.
double'sided reference interval caluJation method based on normal
distribution after Box-Cox transformation was the preferrd method
of reference interval calculation in the fernale sample, Box-Cox
method of transformation was done with an optimum lambda of
0.59 for males and 0.40 for fernales for parametric reference interual

calculation. The 95% double-sided reference interval calculated
trom the normal drstribution of urine creatinine data was 12.41-
328.71 mg/dL in the female sample fable/Fig4l.

But CV, and CVo showed gender differences. CV, in the male sample
cvtonrlor{ frnm 17 77 .2.A QA ln tha {amalo crmnla it avtondar{ {mm

2.17-80.25, indicating a wider range of within-subject variation in
females. The CV" or between-subject variation was also higher
in the female sample [Table/Fig-5]. CVn in the refarence interval

samph after removal of outliers (n=1aS) was also higher in femahs
[ablelFig-S].
Gender differences in biological variations and distributions
resuked from lower fasthrg wine cr€atinihe in the female sample:
Histogram of the distribution of fasting urine creatinine after removal
of outf,ers in the rnde sample showsd near Gaussian distribtrtion,
while the female sample was positivety skewed fabtezFig-61, thus
illustrating gender differences, also seen in the Shapiro-Wilk statistic
of distribution [-ablelFig-31. The histogram [able/Fig-6] and the
mean [TabierFig-3j ciemonstrateo iower concentrations oi creatinine
in the female sample, The male sample, distribution showed 24.4%
^{ +h^ -^,.hl^a k^l^rl i M '-'^/il ^. ^+i^:^^ r^Ail^ +L^ {^*^l^ ^^-^l^ur I r9 oa r rPEs uouvv r vv r r rg/ uL ur oour rlr rq, lvr rE rr r0 r9r I lqlg aql r r|JlE

showed 46o/o ol the samples below 100 mg/dl creatinine [ab[e/
Fig-6a,bl. The mqior mode in the male sample was between 150
and 2ffi, whib in the femde sample it was b'etvueen 0-50. The lc 

^/erconcentrations of fasting urine creatinine nearer to the lower limit of
urine creatinine in the female sarnple resulted in tlrc non-gaussian
distribution, resulting in higher CV". ln the biological variation sampl€
set, 25yo of the male and 37.5olo of the fernale samples were bdow
1 O0 mg/dL creatinine [able/FiS-6c,d].

DISCUSSION
The two eadier reports on spot urine creatinine frorn temperate
zones, such as Canada on reference limits [10], and Scotland on
minimum-rnaximum [24] showed upper lirnits rnuch lower than that
were givefl in our present report [able/Fig-4]. The present study was
from a tropical zone, with higher enMronmental temperature round
the year making the urine sample more concentrated than that from
tlre tenlperate zorrcs [iablerFig-71. irt tlrese reporis, iirciutiitig the
current study, the upper limits of these values were lower in the
r^-^l^ ^^-^{^ ^-l ^^., h^ ^s;k,.+^f, +^ }h^ l^,.,^- ,.-l-^ ^-^^+i-l-^rErlldtE ldrlrfJtc! ortu rlroy uE ol(rruulw LU tllE tuwEr urilrg vlc4urrilrE

in the female samples, due to lower muscle mass [2,1 1,12].

Most repofis on urine creatinine are on the 24-hour sample, spot
ratio, normalised analyte concentration

^"-r ^^^^^-l-^+i^^ ^{ ^^^+ .,-i-^ nc6 ^-f, ^-^^+;^:-^dtu wtrugruduutt ut sput utilrE, ur n attu uEdurrxrE

,24,251. The 24-hour urine creatinine reference
. lanan [25] a tpmhpralp hne alqn chmrred lmrrtr

sarnple 0070-2150 mg/day in men and 7el4-
in women). The 24-hour urine creatinine refererrce

be compared wdth tt'€ fa$ing urire refereree

M€aBuram6nts Total (n=1dg) Male [n;45) Fsrnale (n=1 00)

Mean 't 1s.s8 154.26 105.55

Minimum-Maximum 9.0G344.20 24.20-344.24 9.00-322.50

Cwificiei ri oi
Sll(ewness

-o.090{9
b=0.7879)

-u. ruv,
(p=0.ffi94)

Cmffidst ol
Kurtosis F=0'@1a)

-o.8n62 -o_560a
(p=0.38731

4.8715
(p=0.0033

Shepim-Wktst
b-vdus)

0.0267 0.3141 0.0968

957o Beference int€n al, Double-sided

A. Medmd b€Esd sr fibmal di$tribufiort

Lower $mit
(9o% al), rng/d-

14.36

{8.84-21.36)
25.82

(10.6146.14)
12.41

o.1e'19.48)

Upperffi
(S0% 0), nrg/dl

343.97
{310.17-379.8'8)

361.G
(3O9.S741s.38)

32A.71
(28.87-374.24\

B. Non paramctric p€rcertile method (CLSI C28-A3)

Lower fimit
(90% C0, mg/dl

1 7.14
(9,0o-24.20i

(9o% C$, mg/dl (302.60.344.20)

C. Robust method (CLSI C2&A3)

Lorer tmit
(9o7" Cl'), ms/dl

21.S1
(9.21-44.58) o.,"1,'jry,d

Upper [mit
(90% Gl.), mgldL

s79.12
(326.28-423.84) e",Tl6X

m

-t
oi Clnnal ancr Daagnostjc Research. 2tl2-Z AD'. vol-]6(4j: B(.;ll l -Bg(17

ahrn;ra-\Arlz +ad /a-rrel ra\ I
I

-o.i 160
(p=0.5560)
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Average d
Participanls 1" day 2'd day 3,d day 4" day 5'n day aor5CV^ 20 or 24 CVA cvl

CVn

{n=2O or 24}

Males

46.70

1

2

3

4

5

Femeles

1.62

2.67

136

't.52

1.07

0.97

1.49

1,50

2.15

2.91

1,24

0.78

r_bt

2.85

o_71

045

2-58

2.68

1.92

1.95

1 .14

1.76

1.52

30.38

28.21

?a 92

34.86

17 .77
1.66

(Min-Max;

o.45-2.91)

6 0.61 0.87 1.07 4.47 0.39 o.682 2.17

1 1.10 0.9.1 { Et 1.36 20.81

60.25I 2.48 2.29 1.70 1.54 1.78 1.96

o.86

1.43

2.4

'1.49

(Min-Max:

o.3$3.18)
37.52

35.22

68.52

10

I 1.47

1 .19

'1.50

1,35 'r.96

3.18

1.20

3.17

frable/Fi9-61: Llencjer ditterences in tire histogr

Time for
sample

colleetion Reported reference lnt€rvayMinimum'maximum values
Number ol
sutliects

Climauc zone
(Iropical/lemporate]Author's name and year

Place of study
of publicatiofl

of sludy

@| 95% Reference hlterval by enzymatic method, hBarthy indMduals.
Male=1 4.71 - 294.1 2 mg,/dl

\f6r-rai -G i 2.44-223.54 mE'cL
Canada

Male=1300
F6male=1340Addi K er al., (2015) [10]

&h\ ffialomdhod
Q{e=r ol.ai P6.56-1 69.68) mgr'dL,

,t*rats=90.50 67.87-1 35.75) tr€ld-.
,""(#Scotland

Mab-7
Fernah=8

Govrars ElvLS ard Fraser

cG, (1e88) [24]

\
ioiimd oi Cfiriical Erid Di&gnoSc RBSeaIch' 2022 Apr, Vol-1614): BCO1 -BCo7 il

n

IfablelFio-S|: Eeialiat on ol C'',' , CV. .rnd CV oi crealinrne {ri-rq,'dli flcn-. laslrr.q rlrcrninc urilr6 ssnlple *-i ,]ral3s arld {enral3c.

Medcalc) in the rFjerenceo{ iaslrnq rurne creallnine (b1; Ainteryal sample ianll rn trre biolo(Jical vari3tiotr

'.2-



Salstrr G and Banogard
L (2021) t21I

Sweden
I\rale=29

Female=31
Temperate Spot urine

mean, median (min-max) by erayrnatic melhod
M=131 , 126 (5&226) mg/dl
Fernsh=82, 76 t4V174l mgld-

Present study, (2022) Kerala, India
Maha45

Fernale= l 0O
Tropical

Tasting
moming third
urine sample

95% Reference lnlen€l by enzymatic method. strict indusion-
excLtstcn cnt€ria
Male=2].91 -379.1 2 mg/dl
Fenale=I 2.4 1 -328.71 mg/dl

i. I e.;el tUC rt.,;r:irr[,, i-,.-:],8-:t In,..?l!t35 i r i, .?, 2 : l

interval, as there is a stronger influence of muscle mass [2,1 1 , 1 2],
+L^-^ i^ ^^ -..^-^^:-^ ^a rL^ ^^-^^^r-^r^f, ^.,^--:^Lr ..-i^^ ^^-.-l^urErc ri drrdvgdgrrg ur urc uurruErrua(w uvEilnvrrt urflrE wrilprE
and the more dihrted daytime sample [21 ,37-391, and there is the
influence of dist [12,19i20] on the 24-hour urine creatinine and not

m fasting [,rhe creatinina.

ln a recent report wtth spot urine sample (n=6O) lrom Sweden [21]
on CVc using variance and (95% Cl min-rnax), {Males, 12 and (4-19);

Females. I and (3-15)] showed higher values in the male sample.

and was seen ln this (n=156) report also. Br-rt the earlier reported
values \A/ere very much lower, the percent difference between the
rpper ard lower C[ limits were much higher than that in this report.

Authors may attribute these observations to the higher physical

activrty and muscb mass of young adult males, and the higha
tropical zone temperatures. The lower 95% Cl range in our study
was possibie oniy in the fasting urine sampiei as the infiuences are

less. As CVu is dependent on sample number the higher sample
number in our stud'y- gives moi'e c,'ediblltty to our results.

Brrt the C\ is less dependent on large smple number and is

commonly used for delta checking lor previous values and for
assessing quality of laboratory reports l4OJ, and for long or short-term
checking of previous values as an intuiti',e subject-based i'eierence

levd checking for diagnosis and progress of a disease state, done
frequently in cllnics. This melhod is made mo!'e s!/stematic and enor-
free by estimating CV, and C)n^126,271. The CV, was much lower
than CVG giving mor€ validity to the data. The CVA was quite low in

the present study, indicating that there was aknost no influence of
the analytical method on urine creatinine values.

The gender difference of the histogram was due to lower
concentration of urine creatinine in the female sample. The tower

conceritration of urine creatinine in the femah sarnple was closer to
the lolilsr limrt of creatinine in urine resutting in a pos,itively skewed

appearzmce [fabHFigq. As the male sampb had the higher

creatinine, the mode and mean were farther away from the lower

limit of creatinine resuhing in a near Gaussian distribution.

The sample size calcuhtion for establishment of reference interval

was q.rite unlike in other studies were the minimum sample size for

paditioned and non partitioned groups maybe estimated before the

study [41,42]. For roference interval calculation, higher the sample

number better will be the estimation of reference interval. But in this

report due to strict €xclusitr| criteria ard samplng, it was difficult

to obtain high sample nrxrbers. But the sample number was much

higher than in that in the €arlier reports 121,24,251. The second,

important aspect was that in reference interval calculation, the

method used for calc,r.rlation was selected by the sample number in

the partitioned and non partitioned groups. The principles of sample

size calcuiation for the non parametric methods are compiex, and

have been made easier by MedCalc software [27].

tn this repott, the clinical exclusion critena clid not rernove most of

the outliers. Therefore, we resorted to statistical exclusion of outliers

using the Box-Vlttisker dot [-able/Fig-21. Several sf,udies 121'37-
39] have shown diurnal variation in urine creatinine concentrations,
GFF and creatinine excretion iates. The iower GFR at night is partiy

counteracted by the higher tubular secretion of creatinine

There is a positive relationship b€t""een urine flovr and

excretion rate [43,44]. ln the present sturJy, postprandial,

and daytime urine sarnples were excluded to decreasethe

on urine creatinine as shqarn by sweral studies [3,21

increase in ALT from 35-60 U/l- from fatty liver may not have
:^r, .^^^^ -^ ..-i^^ ^-^-r'^i-^ D.,r ^ -^/^--r^ 

+^ l^-^^ :^^-^^-^ -rililruEtruE utt uttrtE utEdutttrrE. uut a tttuuEtdtc (u tdrl,E rrurwJg ur

ALT and hsCRP >5 mg/L resulting from steatohepatitis and cinhosis
liver has influences on musde and urine creatinine [3,12,13] and
was exclusion criteria for this stutty. Participants deficient in

haemoglobin, iron, and feritin were excluded as they were found
to have widespread influences on a number of measurands in our
earlier studies [45,46]. ln this report, participants with Bt\,tl >30 were

excluded, as obesity was repo(ed to have influences ofl kidney

tunctions 147,481.

Limitation(sl
The outliers or o-effors were identified and removed by statistical

and clinical methods. But there are still B-enors or intemal enors
'which are within the reference interval limits and cannot be easil'v-

identified in health and in disease states. Efforts are being made in
our laboratory to identi! these p-errors. Much mo!'e cllnica! v.r.ork

has to be done to use the fasting urine creatinine reference interval

for diagnosing diseme states.

coNcLUSloN(s)
Reference intervals of fasting urine creatinine concentrations in the

urine formed in the morning were calculated. The urine sample

formed in the morning fasting state was prefened, as there was

a drcrease in the interterences and to get consistent results. The

reference intervals in the present sfudy frorn a tropical warmer

location had higher upper limits than the reported reference intervals,

and wse interpreted to result fom the more ctrEentrated urine at

higher temperatures. The gender differences seen in the distribution

and biological variations were due to bwer concentrations of urine

creatinine in the female sample resutting lrom the lower muscle

mass. The future studies may be on identifcation of p-enors of

fasting urine creatinine in health and disease stales, as this study

identities onty cr-enors.
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