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ABSTRACT KEYWORDS
Background and Objectives: LDL cholesterol isroutinely calculated by Direct;
the Friedewald equation to guide the treatment of dyslipidemia; however, Friedewald;
Friedewald equation has certain limitations especially with high triglyceride LDL cholesteral;
levels. Direct methodsare availablefor LDL estimation but have received Hyperlipidemia.

relatively littlescrutiny in India. Very limited datais available on comparison
of these 2 methodsin Indian patients. This study was aimed at comparing
the calculative and direct methods of LDL Cholesterol estimationin Indian
hyperlipidemic patients. M aterialsand M ethods: Inthisobservationa study,
datafrom 380 consecutive lipid profileswas analysed. CHOD PAPMethod
was used to estimate Total Cholesterol. Enzymatic Colorimetric Method
was used to estimate Triglycerides, Enzyme selective protection method
was used to estimate HDL, Homogenous Enzymatic Colorimetric Assay
was used to estimate direct LDL and VLDL was calculated whereas
Friedewald’s formula was used to derive calculated LDL. Results: Total
Cholesterol values correlated positively with LDL values measured by
both themethods. However, astatistically significant difference (p=0.0418)
was noted between the correlation coefficients of both the methods.
Triglyceride values correlated weakly with LDL levels measured by both
the methods. A wesk negative correlation was observed with L DL -C whereas
aweak positive correlation existed between TG and LDL-D values. The
difference between the correl ation coefficientswas satistically significant.
Conclusion: Both the direct and calculated methods of LDL estimation
havetheir limitations. Need arobust study with larger samplesizeto further
investigate whether the differences in LDL estimation methods are
tranglated into “clinical relevance” in Indian settings.
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INTRODUCTION (LDL-C) isan independent risk factor for coronary

artery disease (CAD)™*3. This hasled to the under-

Robust clinical evidence supportsthefactthat el-  standing that lowering LDL-C isoneof thekey thera-
evated level of low-density lipoprotein cholesterol  peutictargetsin patientswith CAD or those at arisk of
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developingit. Dietary changes, lifestylemodificationand
drug therapy tolower LDL-C can considerably reduce
themorbidity and mortdity associated with cardiovas-
cular disorders, particularly CAD*. Giventhecrucia
roleplayed by LDL-C intheetiopathogenesisand clini-
cal management of CAD, |aboratorial measurements
of LDL-C have assumed paramount importancein its
diagnosisand monitoring; particularly in patientspre-
sentingwith hyperlipidemiaor dydipidemid™.

Different methods have been established for the
measurement of LDL-C; each having their own pros
and cons. LDL-C measured by; ultracentrifugationis
recommended by Lipid Research Clinic!®.
Bioquantification (LRC-BQ) has aso been recom-
mended asastandard techniquefor LDL-C estimation
for measuring LDL-C. However, thismethod could not
gain popularity at aground level dueto several short-
comings. Asalaboratory method, BQ-LDL isexpen-
sive, labour intensiveand isnot fregly availabl €,
Therefore, most laboratories prefer to usetheindirect
method of LDL-C estimation also called as the
Friedewald method***2, Under thismethod, labora-
tory valuesfor Triglycerides (TG) and Total Choles-
terol (TC) areutilizedto arriveat anindirect estimation
of LDL-C. The TG and TC values are fed into the
Friedwald formula(FF) toyield LDL-C values. This
method iswidely used for LDL-C estimation even to-
day. However, severa concerns have been expressed
with theuse of thismethod aswel 1112,

To beginwith, thismethod i s based on the postu-
|ate that aconstant non-dynamic correl ation exists be-
tween TG/ TCand LDL-C. Hence, TGand TC val-
uescan beextrapolated for LDL-C cal culations. How-
ever, evidence hasshown that thismay not hold truefor
al clinicd stuationsand scenariosand might adversely
impact LDL-C calculationg*?>4, Besides, combining
TG TCand LDL-C valueshas shownto giveriseto
sgnificant andyticd variability™>4, Clinicaly, themost
noteworthy limitation of theindirect method isthat FF
cannot be applied to sampleswithtriglyceridelevels
above 400 mg/d. Also FF cannot be used in patients
with  dysbetalipoproteinemia (type Il
hyperlipoproteinemia) and when chylomicrons are
present.

Hence, if LDL-Cisto beestimated by theindirect
method, theclinicianisleft with no choicebut to opt for
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afastingsample. Thislimitspost prandia assessment
and isalso cumbersomefor the patient!>4,

Giventheselimitingfactorsof theindirect method
of LDL estimation, aneed wasfelt to improvisethe
|aboratory techniquefor LDL-C measurements. Hence,
several commercialy available assays have been de-
veloped for direct measurement of LDL-C. Numerous
such commercia assay kitsareavailableand currently
inuse. Direct estimation of LDL-C representsthethird
generation of |aboratory techniquesfor LDL-C esti-
mation*?. However, discrepancies have been reported
between LDL-C values cal culated using the FF and
those obtained by direct assaysd*>9. These discrepan-
ciesare of notable concern as somelaboratoriescon-
tinueto usethe FF method whereas others have shifted
to thedirect method. Thediscrepancy of LDL-C esti-
mates between thetwo methodsisfurther augmented if
the two methods are used interchangeably. This can
trigger off confus onsand misinterpretationsparticularly
whilegratifying patientsinto high and low risk groups,
during the processof thergpy decison making andthera-
peutic monitoring%,

Thereis very limited data comparing the direct
method for LDL estimation with FF method particu-
larly inIndian patientswith hyperlipidaemia Hencethis
study was conducted to comparethe calculative (FF
Method) and direct methods of LDL Cholesterol esti-
mation at giventotd cholesterol andtriglyceridevaues
insdlected Indian popul ation.

MATERIALSAND METHODS

Thisisan observationa datafrom 380 consecutive
lipid profilesdoneat International Organizationfor Stan-
dardization (ISO) certified, College of American Pa
thologists (CAP) and Nationd Accreditation Board for
Testing and Calibration Laboratories (NABL) accred-
ited [aboratory in Mumbai, Maharashtra. Therewere
no specificinclusion or exclusion criteria. Institutional
Ethics Committee permission wasobtained prior tothe
study.

Most of the parametersin Lipid profilewere esti-
mated by photometric technol ogy. Photometry isthe
scienceof measuringvisiblelight andisbasedonare-
lationship between absorption of light and the proper-
tiesof thematerid through whichthelight istraveling
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(Beer Lambert’s law). Whenever light of a particular
wavel ength entersasol ution of asubstance, it comes
out with areduced intensity; thisisbecauseapart of it
isabsorbed by the solution. If thisproperty needsto be
exploited for theanaytica work or biochemica assays,
the phenomenon of absorption of light should obey the
Beer-Lambert’s Law. It can be stated as that the inten-
gty of light decreasesexponentidly with theincreasein
the concentration of the solution and thedepth or thick-
ness of the solution through which thelight passes.

Thistechnology isintegratedinto variousingruments
which enablesthe detection of anaytes. Extremelabo-
ratory automéationswithworld classchemigtry analysers
like Olympus AU 2700, Siemens Advia 1800 and
Roche P800 in modular system were used.

CHOD PAP Method was used to estimate Total
Cholesterol™. Enzymatic Colorimetric Method (GPO
PAP) was used to estimate Triglycerides?. Enzyme
selective protection method was used to estimate
HDL23. Homogenous Enzymatic Col orimetric Assay
was used to estimatedirect LDL [,

VLDL wascdculated™ asfollows:

VLDL =Triglyceride/5

Calculated LDL readings were derived by
Friedewdd’s formulal™ asfollows:

—— Regdular Peper

LDL-Cholesterol = [Total Cholesterol] - [HDL-
Cholesterol] - [Triglycerides/5]

Satistical analysis

Descriptive statistics[ means, standard deviations
(SD) and CV 5] werecal culated with Microsoft Excel
(Microsoft). Datawasreported asmean= SD. Linear
regression and paired t-test was used.

Mean valuesfor LDL-C by thetwo methodswere
compared by paired student’s t-tests. Linear relation-
shipswere determined from standard Pearson correla-
tion coefficientsby linear regress onandysesusing SPSS
(VER10.0).

RESULTS

For the purposeof dataandysis, TG vauesof study
patientswere stratified into 3 ranges: 1-100, 101-200
and 201-400 (mg/dL). Similarly, TC valueswerea so
stratified into the following 3 ranges. 100-200, 201-
250 and >250 (mg/dL).

The correlation of TC and TG valueswith LDL
measured by both the methodswasa so andyzed with-
out categorizingthe TC and TG va uesinto different
ranges. Inthiscasethe TC and TG valueswere con-
Sidered aswholeun-stratified datasets.

TABLE 1: Correlation of TG levels with LDL values measured through the direct and calculated methods

TG range (mg/dL) n

Mean + SD LDL-C (mg/dL)

Mean + SD LDL-D (mg/dL) p-value (95% CI)

1-100 123 143.90 + 20.27
101-200 195 148.77 £ 20.85
201-400 62 142.47 + 25.68

137.71+ 19.16
144.27 +17.26
145.67 + 19.80

0.0146* (1.22 - 11.13)
0.0208* (0.68 — 8.31)
0.3829 (10.42 — 0.43)

2-tailed p values have been calculated. Both p-values marked with * are statistically significant as per conventional criteria; Cl
confidenceinterval; LDL calculated (LDL-C); LDL-Direct (LDL-D); TG triglyceride

TABLE 2 : Correlation of TC levels with LDL values measured through the direct and calculated methods

TC range (mg/dL) n

Mean = SD LDL-C (mg/dL)

Mean = SD LDL-D (mg/dL) p-value (95% CI)

100-200 62 116.60+ 12.61
201-250 270 147.45+ 13.92
>250 42 17715+ 17.74

11852+ 12.41
143.68 + 12.57
165.88 + 18.60

0.3933(-6.37-2.52)
0.0010* (1.52-6.01)
0.0031* (3.89-18.62)

2-tailed p values have been calculated. Both p-values marked with * are statistically significant as per conventional criteria; Cl
confidence interval; LDL calculated (LDL-C); LDL-Direct (LDL-D), TC Total cholesterol

DISCUSSION

The study data presented here exploresasto how
thedynamicsof theclinica corrdation betweentriglyc-

eride (TG) or total cholesterol (TC) withLDL isim-
pacted; with achangeinthemethod of measurement of
LDL (caculated or direct).

Inthe TG rangesof 1-100 and 101-200 mg/dL , a
satisticaly significant differencewasnotedinthe cor-
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rdaionof TG vaueswith LDL- vauesdepending upon
themethod of LDL measurement. Thisdifferencewas
not seeninthe TG vauerangeabove 201 mg/dL. Simi-
larly, inthe TC range of 100-200 mg/dL, a statistically
ggnificant differencewasnot noted inthe correlation of
TC with LDL-C and LDL-D vaues. However, TC
vauesabove 200 mg/dL correlated in a statistically sig-
nificantly different manner withLDL-CandLDL-D.A
gatidticdly sgnificant differencewasd so noted between
theoverdl mean LDL valuesobtained through thedi-
rect and cal cul ated methods.

Thediscrepancy inthe LDL-C measurements be-
tween thetwo methodswasdso Satistica ly significant
(p=0.0098) when the entire study datawas analyzed
asasingleun-stratified dataset. TC valuescorrelated
positively with LDL vauesmeasured by both the meth-
ods. However, a statistically significant difference
(p=0.0418) was noted between the correl ation coeffi-
cientsof boththemethods. TG vauescorrel ated weskly
with LDL levelsmeasured by both themethods. A wesk
negetive correlaionwasobsarved with LDL-C wheress
aweak positive correlation existed between TG and

TABLE 3 : Correlation between TC and LDL values when
LDL ismeasured by thedirect aswell ascalculated method

Correlation between TC and LDL
by direct versus calculated method

Type of Correlation value
L DL measur ement co-efficient (r) P
LDL-C 0.86074
0.0418
LDL-D 0.81708

LDL calculated (LDL-C); LDL-Direct (LDL-D); r Co-€fficient of
correlation; TC Total cholesterol

TABLE 4 : Correlation between TG and LDL values when
L DL wasmeasur ed by thedir ect aswell ascalculated method

Correlation between TG and LDL by
direct versus calculated method
Typeof LDL Correlation

measur ement co-efficient (r) p-value
LDL-C -0.0506*
0.009424
LDL-D 0.13758*

LDL calculated (LDL-C); LDL-Direct (LDL-D); r Co-efficient of
correlation; TG triglyceride. Weak correlation marked with *
LDL-D vdues. Thedifference between the correlation
coefficientswasdatigticaly sgnificant.

Neverthel ess, the present study had itsown limita-
tions. Thestudy datatested thestatistica significanceof

thedifference between thedirect andindirect methods
of LDL-Cegtimation. However, thestudy did not further
investigate whether this “statistical significance” a'so
trandatedinto “clinical relevance”. Thisleavesuswith
acoupleof unansvered questions: Isthedtdidticdly Sg-
nificant difference between thetwo methodsof LDL-C
egimation; adinicaly meaningful or dinically rlevant dif-
ference? Doesaddidicdly sgnificant differencebetween
thetwo methodsa soimply that thisdifferencecould have
acognizableimpact on therapy decision making, moni-
toring and prognostication? Perhaps atistically sgnifi-
cant differences between two armsof aclinical study
should befurther investigated to understandtheir clinicd
impact; inorder to makeaclinical recommendationin

TABLE 5: The mean LDL values obtained through both the
methods

Mean + SD p-value
LDLtype N | plcmgdl)  (95% CI)
LDL-C 380 14617+ 21.64 0.0098
LDL-D 380 142.38+1856  (0.92106.66)

LDL calculated (LDL-C); LDL-Direct (LDL-D); n: Number of
observations
favour of any oneof thestudy arms.

With respect to study design, the samplesize of the
study was not large enough to arrive at aconfirmatory
consensus, asto which of thetwo methodsis superior
for LDL-C estimation. Besides, in order to ascertain
which of these two methodsismorerobust, itisim-
perative to compare both of these with an accepted
standard method. The current study involved acom-
parison between thetwo methodsonly and did not com-
parethetwo methodswith athird standard reference
method; and thusacomment cannot be madevis-a-vis
the accuracy of therate of detection, sensitivity and
specificity of thetwo methods being compared.

Theselimitationsneed to betakeninto account while
designing futureclinical studiesfor thiscomparison.
Futureclinica studiesneedtoinvolvealarger sample
sizeand be adequately powered to test the difference
between thetwo methods. A third reference standard
needsto beincorporated into the study design so that
thedirect and indirect methods of LDL-C estimation
can be compared against thisstandard technique. The
study popul ation should perhapsinvolve more hetero-
geneoussubgroupsof dydipidemic patients, for example
those with mild, moderate and severe
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hypertriglyceridemiaand hyperchol esterolemia. Per-
haps, aprospective study with alarger samplesizeand
heterogeneous patient subgroups may yield morero-
bugt informetion.
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