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BACKGROUND: Our purpose was to establish a mass
spectrometry reference measurement procedure (RMP)
for cholesterol to use in the CDC’s standardization
programs. We explored a gas chromatography–isotope
dilution mass spectrometry (GC-IDMS) procedure us-
ing a multilevel standard calibration curve to quan-
tify samples with varying cholesterol concentrations.

METHODS: We calibrated the mass spectrometry instru-
ment by isotope dilution with a pure primary standard
reference material and an isotopically enriched choles-
terol analog as the internal standard (IS). We diluted
the serum samples with Tris-HCl buffer (pH 7.4, 0.05
mol/L, 0.25% Triton X-100) before analysis. We used
17 serum pools, 10 native samples, and 2 standard ref-
erence materials (SRMs). We compared the GC-IDMS
measurements with the CDC’s modified Abell–Levy–
Brodie–Kendall (AK) RMP measurements and as-
sessed method accuracy by analyzing 2 SRMs. We eval-
uated the procedure for lack of interference by
analyzing serum spiked with a mixture of 7 sterols.

RESULTS: The mean percent bias between the AK and
the GC-IDMS RMP was 1.6% for all samples exam-
ined. The mean percent bias from NIST’s RMP was
0.5% for the SRMs. The total %CVs for SRM 1951b
levels I and II were 0.61 and 0.73%, respectively. We
found that none of the sterols investigated interfered
with the cholesterol measurement.

CONCLUSIONS: The low imprecision, linear response,
lack of interferences, and acceptable bias vs the NIST
primary RMP qualifies this procedure as an RMP for
determining serum cholesterol. The CDC will adopt

and implement this GC-IDMS procedure for choles-
terol standardization.
© 2011 American Association for Clinical Chemistry

For more than 50 years, the Centers for Disease Control
and Prevention has standardized cholesterol measure-
ments by use of a spectrophotometric reference mea-
surement procedure (RMP)3 (1 ). This procedure is a
modified version of the Abell–Levy–Brodie–Kendall
(AK) colorimetric method and is accepted as the accu-
racy point to which clinical cholesterol measurements
are traceable. In addition, the National Cholesterol Ed-
ucation Program established medical decision points
that were determined from epidemiologic studies and
clinical trials that had been standardized by the AK
RMP (2 ). The AK RMP has historically demonstrated
imprecision consistent with a CV �1.0% for total cho-
lesterol. AK cholesterol measurements also have a well-
defined bias to the NIST gas chromatography–isotope
dilution mass spectrometry (GC-IDMS) primary
RMP. This has been shown in published comparisons
as well on NIST SRM certificates for SRM 1951a and
1951b (3–5 ). The source of the bias in AK RMP is
nonspecificity for cholesterol, because interfering
compounds such as noncholesterol sterols, cholesterol
precursors, and oxidation products produce chro-
mophores (6 ) that are also measured at the same wave-
length as cholesterol.

In recent years, there has been a push toward es-
tablishing traceability to higher-order RMPs and refer-
ence materials (7 ) for analytes of clinical significance.
Higher-order RMPs have a well-defined analyte and
lack any influence from interfering substances. IDMS is
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generally accepted as the highest-order analytical pro-
cedure (8 ) because of its high analyte specificity and
selectivity. For these reasons, we evaluated an IDMS
method as potential replacement for the AK RMP in
the CDC Reference Laboratory.

Several chromatography and IDMS assays have been
proposed and used as primary (9–11) and secondary
(12–16) RMPs for cholesterol. Many of these procedures
employ GC-IDMS or liquid chromatography–IDMS
with stable isotope (2H, 13C2, and 13C3) enriched cho-
lesterol analogs as an internal standard (IS). Whereas
deuterated analogs are readily available from many
suppliers, C-13–labeled analogs are more suitable for
use as an IS because they coelute with unlabeled cho-
lesterol. In contrast, deuterated analogs separate from
cholesterol on the capillary column, which may affect
precision (9, 11 ).

Many of the reported IDMS procedures use a
bracketing technique to quantify cholesterol in se-
rum (9, 11, 12 ). In this technique, the sample is
spiked with labeled IS so that the unlabeled-to-
labeled isotope ratio is approximately 1.0. The
bracketing pair of standards is prepared with an iso-
topic ratio of unlabeled-to-labeled cholesterol
�15% of that of the ratio in the sample. Conse-
quently, a preliminary analytical run is required to
estimate the cholesterol level in a sample before the
matching pair of bracketing standards can be pre-
pared. Bracketing compromises efficiency and in-
creases workload and overall cost when analyzing
many serum samples. Additionally, the bracketing
technique is not feasible when analyzing samples of
varying cholesterol concentrations; using a single
multilevel linear calibration scheme is a better op-
tion. Multilevel linear calibration eliminates the
need for preliminary experiments and permits accu-
rate and efficient quantification of cholesterol in
samples of varying concentrations.

We have developed a GC-IDMS measurement
procedure that incorporates multilevel linear calibra-
tion for use as a secondary RMP to quantify cholesterol
in serum. We evaluated the method’s linearity, impre-
cision, accuracy, and specificity for cholesterol in the
presence of a few interfering compounds. Further-
more, we examined the statistical relationship between
the AK and GC-IDMS methods and propose a reliable
linear equation that defines the correlation between
these 2 RMPs for cholesterol. We modeled our ap-
proach on that used for the standardization of hemo-
globin A1c by the IFCC RMP and the designated com-
parison methods (17, 18 ). This linear equation permits
the conversion of analytical results between GC-IDMS
and AK measurement as needed.

Materials and Methods

REAGENTS AND CHEMICALS

We purchased the following standard reference mate-
rials (SRMs): pure cholesterol (SRM 911b) from NIST
(Gaithersburg, MD), lipids in frozen (liquid) human
serum (SRM 1951b), and lyophilized human serum
(SRM 909b). Serum pools were prepared at Solomon
Park Research Laboratories following Clinical Labora-
tory Standards Institute (CLSI) C37A guidelines (19 ).
Solomon Park Research Laboratories also provided a
set of 10 native serum samples from unidentified indi-
viduals. We obtained additional samples through par-
ticipation in the IFCC External Quality Assessment
Scheme for Reference Laboratories in Laboratory Med-
icine (RELA) (20 ). These samples are lyophilized se-
rum. We used [3,4-13C2]cholesterol supplied by CDN
Isotopes as the IS. Aaper Alcohol & Chemical Com-
pany supplied absolute ethanol (200 proof). Fischer
Scientific supplied potassium hydroxide and hexanes
(HPLC grade). We obtained lanosta-8,24-dien-3-ol;
cholest-5en-3�-ol (98%); �-sitosterol; 5�-cholesten-
7-ene-3�-ol (95%); 5�-cholestan-3�-ol; ergosta-
5,7,22-trien-3�-ol (75%), and N,O-bis(trimethylsily-
l)acetamide/pyridine (trisil BSA) from Sigma-Aldrich.

INSTRUMENTATION

We used a Digiflex TP (Titertek) automatic pipettor
equipped with dual microprocessor-controlled, direct
drive stepper motors for aspirating and dispensing and
a Turbovap LV evaporator (Caliper Life Sciences) for
drying samples. Sartorius supplied an analytical bal-
ance. The analytical balance is gravimetrically cali-
brated annually by Rite-Weight using NIST certified
weights. Calibrate Inc. calibrates the Digiflex TP annu-
ally by gravimetric measurements of specific volumes
of deionized water. We used an Agilent 6890 GC (Agi-
lent Technologies) with an HP series 6890 autosampler
and an Agilent autosampler controller. A J&W brand
DB5-ms (5% phenyl)-methylpolysiloxane capillary
column (Agilent Technologies) was installed between
the GC and an Agilent 5973 mass selective detector
(MSD), and we used ChemStation software for instru-
ment control, data acquisition, and processing.

STANDARD PREPARATION

We prepared calibration standard solutions from SRM
911b by making a primary stock solution of pure cho-
lesterol standard after accurately weighing 2.59 mmol
(1.0 g) of 911b on an analytical balance and transfer-
ring it to a dry, 200-mL volumetric flask with 150 mL
warm (60 °C) absolute ethanol. We sonicated the con-
tents in an ultrasonic water bath for 10 min then placed
the flask into another water bath maintained at 25 °C to
equilibrate before diluting with absolute ethanol, also
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maintained at 25 °C. We prepared 7 working standard
solutions for calibration (0.065, 0.13, 0.26, 0.39, 0.52,
0.78, and 1.03 mmol/L cholesterol) and stored them at
4 °C. These working standard solutions were prepared
from the stock standard solution using a Digiflex TP
automatic pipettor to aspirate exact volumes of stock
standard solutions (0.5, 1.0, 2.0, 3.0, 4.0, 6.0, and 8.0
mL) and dispensing it into clean, 100-mL volumetric
flasks along with 20 mL absolute ethanol. We brought
all standard solutions to volume with ethanol main-
tained at 25 °C. We maintain at least 3 sets of standards
and use them on a rotating basis for all of our analytical
runs.

IS PREPARATION

We used [3,4-13C2]cholesterol as the IS for IDMS mea-
surements. The IS solution was prepared by dissolving
0.26 mmol (0.1 g) [3,4-13C2]cholesterol with 200 mL
ethanol in a 200-mL, class A, volumetric flask. The final
concentration was 1.29 mmol/L. We stored individual
8-mL portions at 4 °C until use.

SERUM SAMPLE PREPARATION

We rehydrated lyophilized serum samples (SRM 909b;
levels I and II; IFCC-RELA samples) according to the
manufacturer’s instructions. Frozen native serum sam-
ples and serum pools were allowed to thaw and homog-
enize on a hematology mixer. We used a Digiflex TP
automatic pipettor to aspirate 0.25 mL serum that was
dispensed with 4.75 mL Tris-HCL buffer (0.05 mol/L,
pH 7.5, 0.25% vol/vol Triton X-100) into clean, 8-mL
screwcap vials, then mixed it on a hematology mixer.
We placed 100 �L diluted serum into a culture tube
with 1.0 mL ethanolic potassium hydroxide (KOH)
(0.32 mol/L) hydrolyzing mixture. We then added 100
�L [3,4-13C2]cholesterol (1.29 mmol/L) and 1.0 mL
ethanol/KOH to each culture tube and hydrolyzed the
contents for 1 h at 50 °C on a heating block. After hy-
drolysis, we added 3 mL water and 5 mL hexanes and
extracted the cholesterol by liquid–liquid extraction in
a mechanical shaker (15 min). We removed 4.5 mL of
the hexanes layer to a clean culture tube and evapo-
rated it to dryness in a Turbovap LV evaporator that
was connected to a high-pressure liquid nitrogen de-
war flask.

We used trisil BSA as a derivatizing agent. The
dried extract was reconstituted in 100 �L trisil BSA for
derivatization at 70 °C.

GC-MS ANALYSIS

We performed GC-MS analyses on an Agilent 5973
benchtop MSD that was connected to an Agilent 6890
gas chromatograph. The GC was equipped with a J&W
DB5-ms capillary column (30 m by 0.5 mm by 0.1 �m
film thickness) and an autosampler. We operated the

GC inlet in splitless mode. The operating temperature
was 295 °C, and the carrier gas velocity was 40 cm/s.
The GC oven was programmed as follows: initial tem-
perature 250 °C, held for 1 min; temperature increased
to 300 °C at 30 °C/min and held at 300 °C for 3 min.
The transfer line between the GC and the MSD was
250 °C, and the MS source and quadrupoles were
maintained at 230 °C and 150 °C, respectively. The MS
was operated at 70 eV and in selected ion monitoring
(SIM) mode.

We monitored masses m/z 368.4 and 370.4, corre-
sponding to unlabeled and labeled cholesterol, respec-
tively, with a dwell time of 30 ms. All calibration stan-
dards were analyzed in duplicate, and the corrected
ratios of ion intensities [368.4/370.4] and the ratio of
molar concentrations of cholesterol and IS were used
to create a linear calibration curve to quantify choles-
terol in serum samples. We corrected the calibration
ion intensity ratios according to the theoretical model
proposed by Siekmann (21 ) to compensate for devia-
tions from linearity with increasing concentration re-
sulting from MS signal overlapping between the la-
beled IS and the unlabeled native cholesterol, and vice
versa.

INTERFERENCE ANALYSIS

To evaluate the specificity for cholesterol in the pres-
ence of a few possible interferences, we selected a mix-
ture of sterol compounds representing plant sterols
and precursors in the cholesterol biosynthesis pathway.
We prepared a standard mixture of 7 sterols [lanosta-
8,24-dien-3-ol; cholest-5en-3�-ol (98%); �-sitosterol;
5�-cholesten-7-ene-3�-ol (95%); 5�-cholestan-3�-ol;
and ergosta-5,7,22-trien-3�-ol (75%)] in toluene at
1.03 � 10�2 mmol/L sterol. We acquired the mass
spectrum for each analyte in the mixture and selected
the unique mass ion with the greatest intensity as the
base peak for SIM analysis. We spiked 100 �L sterol
mixture into 1.0 mL native serum sample and analyzed
the spiked serum as described earlier. We analyzed tri-
methylsilyl (TMS) derivatives of the dried hexanes ex-
tract with the MS set to monitor m/z 368.4 and 370.4,
specifically. We determined the presence of interfer-
ence if cholesterol values consistently increased or de-
creased in the spiked sample vs a sample without
spiking.

IMPRECISION AND ACCURACY

We performed all statistical analyses with Analyze-it
software and Microsoft Excel. We evaluated the impre-
cision of the GC-IDMS procedure by performing sta-
tistical analysis on the results from 4 analytical runs
with quadruplicate measurements for SRM 1951b, lev-
els I and II. In brief, we diluted 2 independent 250-�L
aliquots with Tris-HCl buffer solution and carried out
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duplicate GC-MS measurements from each aliquot for
4 measurements per analysis. We performed a nested
ANOVA on the final calculated cholesterol concentra-
tions to determine the intraassay, interassay, and total
percent CVs.

We compared our GC-IDMS RMP with the NIST
primary RMP to determine the accuracy of the choles-
terol measurements. We prespecified targets as mea-
sureable goals to assess method accuracy. Briefly,
the relative biases between the proposed GC-IDMS
cholesterol measurements and the target concentra-
tions on NIST-certified SRMs had to be �1.0%, and
the slope and correlation coefficient of the regression
had to be �0.95. We analyzed for cholesterol in SRM
1951b, levels I and II, and in SRM 909b, levels I and II.
We obtained the GC-IDMS cholesterol target values
for SRM 1951b and SRM 909b from the NIST SRM
Certificates of Analysis (4, 5 ).

AK COMPARISON

To arrive at a reliable linear relationship between AK
cholesterol measurements and GC-IDMS, we com-
pared the AK RMP cholesterol results for SRM 1951b,
SRM 909b, 10 native serum samples, and 17 CDC se-
rum pools vs the GC-IDMS measurements. We ana-
lyzed the samples in quadruplicate in 10 independent
runs by both methods. The AK RMP was performed as
described (22 ). To ensure comparability between the 2
procedures, the calibration standards used were pre-
pared from the same batches of 911b. We used
Analyze-it for Microsoft Excel to perform linear regres-

sion analysis on the averages of the run means for each
sample.

Results

CALIBRATION

Fig. 1 illustrates a typical linear regression of the cor-
rected peak area ratios for mass ions m/z [368.4]/
[370.4] corresponding to unlabeled cholesterol and
[3,4-13C2]cholesterol vs the ratio of molar concentra-
tions of unlabeled to [3,4-13C2]cholesterol. The inset
shows the mass chromatogram for unlabeled and la-
beled cholesterol. We evaluated the reproducibility of
the slope and intercept from 10 analytical runs. The
mean slope and intercept were 1.03 and 3.7 � 10�3,
respectively, and the imprecision (percent CVs) of the
slope and intercept were 0.9% and 12.4%, respectively.

INTERFERENCE ANALYSIS

Fig. 2A shows the GC-MS SIM chromatogram for a
sample spiked with a standard mixture of 8 sterols, in-
cluding cholesterol, found in serum. Fig. 2B shows a
chromatogram for the TMS derivatives of a serum
sample processed as described above. Despite similari-
ties in the chemical structure and molecular weight of
the various sterols, none of these compounds eluted at
the same time as cholesterol (retention time 4.62 min).
Moreover, they were undetected in the hexanes extract
from serum samples, and cholesterol concentrations
did not change in spiked serum vs samples without
spiking.
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Fig. 1. Calibration curve for GC-IDMS RMP with 3,4-13C2-cholesterol as internal standard.

Inset, overlay chromatogram of unlabeled (m/z 368.4) and labeled (m/z 370.4) cholesterol.
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METHOD IMPRECISION AND ACCURACY

We compared cholesterol values from the proposed
GC-IDMS RMP to NIST assigned targets for SRMs.
The mean relative bias from NIST reference values for
SRM 1951b and SRM 909b was �0.6%. Table 1 sum-
marizes the intraassay, interassay, and total SDs and

percent CVs for SRM 1951b and 909b levels I and II.
The total percent CVs were 0.61%, 0.73%, 0.8%, and
0.92% for the 2 levels of SRM 1951b and 909b, respec-
tively. The table also includes the bias from the NIST
reference values expressed as a percentage. Table 2
summarizes our results from the IFCC ring trial inter-
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Fig. 2. (A), Chromatogram from a standard mixture (1.0 g/L) of 8 sterols in serum.

(1), coprostan-3-ol; (2), unknown; (3), unknown; (4), cholesterol; (5), 5-�-cholestan-3�-ol; (6), 5�-choles-7-en-3�-ol (la-
thosterol); (7), ergosta-5,7,22-trien-3�-ol; (8), �-sitosterol; (9), lanosta-8,24-dien-3-ol. (B), Hexanes extracted from pooled
native serum sample spiked with sterol mixture (1.03 � 10�2 mmol/L).

Table 1. Imprecision and accuracy of serum cholesterol measurements by GC-IDMS for SRMs.

SRM 909b SRM 1951b

Level I Level II Level I Level II

Mean (SD), mmol/L 3.76 (0.03) 6.01 (0.06) 4.81 (0.03) 6.88 (0.05)

Imprecision

Intraassay SD (%CV) 0.016 (0.43) 0.020 (0.33) 0.021 (0.44) 0.032 (0.47)

Interassay SD (%CV) 0.025 (0.66) 0.051 (0.85) 0.019 (0.41) 0.039 (0.56)

Total SD (%CV) 0.03 (0.81) 0.055 (0.92) 0.029 (0.61) 0.050 (0.73)

Accuracy

Mean NIST target value (SD) 3.79 (0.05) 6.08 (0.08) 4.80 (0.014) 6.89 (0.022)

Bias vs NIST, % �0.77 �1.15 0.21 �0.15
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laboratory comparison of RMPs (20 ). We compared
our cholesterol measurements to the group means for
the IDMS methods participating in 2 survey periods.

AK VS GC-IDMS

Fig. 3 is a bias plot that summarizes observed relative
biases of AK cholesterol vs the CDC’s GC-IDMS cho-
lesterol measurements for SRMs, native serum sam-
ples, and CDC pools. The relative biases ranged from
0.4% to 2.9%, with a mean bias of 1.6% for all samples
investigated. The correlation equation represents a
constant relationship between the AK RMP and
GC-IDMS:

AK[CHOL]�1.0181(GC-IDMS[CHOL])�0.002426

The correlation coefficient (r2) equaled 0.9996,
and the 95% CIs for the slope and intercept were 1.011
to 1.025 (P � 0.0001) and �0.0365 to 0.0317, respec-
tively. The SE were 0.0034, 0.018, and 0.0280 mmol/L
for the slope, intercept, and predicted AK cholesterol
values, respectively. Table 3 shows actual and calcu-
lated AK cholesterol values in frozen (1951b) and ly-
ophilized serum (909b) SRMs, native serum samples,
and pooled sera. The mean difference between choles-

terol values measured by the AK RMP and the calcu-
lated values obtained by the regression equation and
the GC-IDMS data was 0.1% (range �0.74% to 1.03%)
(Table 3). The mean difference for 7 serum pools that
were not included in the batch of samples used to de-
rive the equation was �0.4%.

Discussion

INTERFERENCE ANALYSIS

Several sterol-type compounds circulate along with
cholesterol in serum (23 ), and previous studies have
shown that �-sistosterol, campesterol, desmosterol,
and lathosterol interfere with AK measurement of cho-
lesterol (4 ). Plant sterols such as �-sitosterol and
campesterol in serum originate from oral consump-
tion, whereas a few endogenous sterols such as la-
thosterol, desmosterol, and ergosterol are precursors in
the biosynthesis of cholesterol and vitamin D (24, 25 ).
Because their chemical structures are similar to choles-
terol, they may interfere with MS analysis of choles-
terol. Specifically, during data acquisition, mass ions
originating from noncholesterol sterols that are identi-
cal to fragment masses in the cholesterol mass spec-
trum are not excluded, despite the high selectivity and
specificity of MS analysis. However, the concentrations
of many of these sterols such as lathosterol, campes-
terol and ergosterol are very low in nondiseased serum
relative to cholesterol, and may be undetectable in nor-
mal samples. The chromatogram in Fig. 2B confirms
that none of the sterols we examined were detectable in
diluted serum samples and further indicates that this
MS RMP ensures an interference-free assay for
cholesterol.

IMPRECISION AND ACCURACY

We achieved suitable imprecision with this GC-IDMS
RMP. This was enabled by using instruments such as
automatic pipettors and a stable MS system. Using the
automatic pipettors at critical steps in the procedure
complemented the reproducibility of GC-MS mea-
surements and minimized systematic errors that would
adversely affect precision. Consequently, the intraas-

Table 2. Interlaboratory comparison of GC-IDMS RMP for cholesterol in lyophilized serum, IFCC ring trial.

Sample ID
Mean cholesterol (SD),

mmol/L
Group mean (SD),

mmol/L Difference, %

IFCC RELA 2007, level I 5.188 (0.011) 5.207 (0.028) 0.36

IFCC RELA 2009, level I 3.564 (0.03) 3.579 (0.028) 0.4

IFCC RELA 2007, level II 5.675 (0.011) 5.724 (0.034) 0.9

IFCC RELA 2009, level II 4.697 (0.042) 4.701 (0.023) 0.08
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Fig. 3. Relative bias between AK and GC-IDMS for
the serum samples examined.
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say, interassay, and total percent CVs were maintained
at �1% as demonstrated for the lyophilized and fresh
frozen serum samples (Table 1). Furthermore, analysis
of the expanded uncertainty (U) associated with the
IDMS measurements and transformation by the re-
gression is important for RMP measurements (26, 27 ).
The data presented in Supplemental File 1, which ac-
companies the online version of this article at http://
www.clinchem.org/content/vol57/issue4, for the 7 se-
rum pools demonstrates how the %U changed when
the equation was used to transform the data set.

The proposed GC-IDMS RMP satisfied our set of
criteria for acceptable accuracy. There was good
enough agreement with the certified values for SRMs,
with relative biases ranging from �1.15% to 0.21%.
More specifically, there was better agreement for fresh
frozen SRM (1951b) than for lyophilized SRM (909b).
This difference may result from degradation or in-
creased oxidation of cholesterol in the lyophilized SRM
with aging. Despite the observed difference in relative
biases, the accuracy makes the procedure suitable
for use as a secondary RMP for cholesterol
standardization.

GC-IDMS VS AK RMP

In a few early reports, AK RMP measurements were
subject to interferences from exogenous and endoge-

nous noncholesterol sterols found in serum (6, 14 ).
These sterols do not interfere in IDMS cholesterol mea-
surements because IDMS procedures have high speci-
ficity for the analyte of interest. In contrast to the AK
RMP, labeled and unlabeled cholesterol can be com-
pletely isolated from surrounding interferences, as il-
lustrated in Fig. 2. In this procedure, the mean bias
(1.6%) between AK and GC-IDMS cholesterol mea-
surement is consistent, with relative biases reported by
other researchers who have compared the procedures
(3, 6, 14 ).

Because many studies rely on cholesterol measure-
ments to normalize and stratify the results for easy in-
terpretation, we took special consideration for how
adopting this RMP in the lipid standardization pro-
gram (LSP) will affect ongoing clinical and epidemio-
logic studies that are standardized by the AK RMP. Im-
plementing this GC-IDMS RMP induces a minor shift
of the accuracy base for cholesterol measurements, and
ongoing studies using data standardized to the AK cho-
lesterol RMP may detect or lose statistical significance
when normalized to GC-IDMS cholesterol RMP re-
sults. To make up for this change, we propose using the
linear equation represented above to convert choles-
terol measurements between the 2 RMPs. This equa-
tion is suitable because the difference between the AK
estimates calculated with this equation (for samples

Table 3. Mean cholesterol values for serum measured by GC-IDMS, AK RMP, and the corresponding calculated
AK cholesterol value, and percent difference between actual AK and calculated values.

Serum

Cholesterol, mmol/L

GC-IDMS
AK

(actual)
AK

(calculated)
%Diff

(actual � calculated)

SRMs

909b level 1 3.791 3.875 3.835 1.03

909b level II 6.069 6.179 6.176 0.05

1951b level 1 4.789 4.846 4.873 �0.56

1951b level II 6.872 6.962 6.993 �0.45

Native serum samples

1 3.494 3.556 3.555 0.03

2 3.907 3.993 3.995 �0.05

3 4.359 4.442 4.436 �0.15

4 4.459 4.562 4.537 0.55

5 4.692 4.768 4.775 0.15

CDC pools

1 1.334 1.356 1.356 0.0

2 3.947 4.013 4.016 �0.07

3 4.445 4.525 4.526 �0.02

4 6.706 6.775 6.825 �0.74

5 7.085 7.217 7.211 0.08
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not included in the batch of samples used to derive the
equation) and actual AK measurement, as shown in
Supplemental File 1, were sufficiently small (mean dif-
ference �0.4%). Clinical and epidemiology studies
that rely on cholesterol values that are traceable to the
cholesterol AK RMP may not be severely affected by
conversion from IDMS to AK cholesterol values.

In summary, the CDC’s effort to standardize cho-
lesterol measurements ensures continued equivalency
and comparability of clinical data. Current metrologi-
cal recommendations are for RMPs based on IDMS,
which assure metrological traceability to procedures
with a well-defined analyte and specificity. It is appro-
priate for the CDC to establish a higher-order RMP for
standardizing cholesterol in the LSP. This RMP offers
several advantages over the AK RMP and other IDMS
procedures that employ a standard bracketing tech-
nique. These include improved specificity for choles-
terol over the AK RMP, reduced analysis time (3 h vs
5.5 h by AK RMP), and increased efficiency without
compromising the accuracy of measurements. The im-
precision (%CV) may be greater than values reported
by other researchers (11, 14 ) for lyophilized and frozen
SRMs; however, it is within the CLSI goals for RMPs
(28 ). Furthermore, this GC-IDMS RMP demonstrates
excellent agreement with other IDMS RMPs for cho-
lesterol measurements, further confirming that this
RMP is suitable for standardizing cholesterol measure-
ments. The CDC plans to implement the GC-IDMS

method as the RMP to assign cholesterol values for
commutable reference materials used in its standard-
ization programs.
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