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Investigation and Analysis of Hemoglobin A1c Measurement
Systems’ Performance for 135 Laboratories in China

Hai-Jian Zhao, Tian-Jiao Zhang, Jie Zeng, Cui-Hua Hu, Rong Ma, Chuan-Bao Zhang
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Background: Hemoglobin Alc (HbA1c) measurement is of great value for the diagnosis and monitoring of diabetes. Many manufacturers
have developed various experiments to determine the HbAlc concentration. However, the longitudinal use of these tests requires strict
quality management. This study aimed to analyze the quality of HbAlc measurement systems in China using six sigma techniques to
help improve their performances.

Methods: A total of 135 laboratories were involved in this investigation in 2015. Bias values and coefficients of variation were collected
from an HbA Ic¢ trueness verification external quality assessment program and an internal quality control program organized by the National
Center of Clinical Laboratories in China. The sigma (G) values and the quality goal index (QGI) were used to evaluate the performances
of different groups, which were divided according to principles and instruments.

Results: The majority of participants (88, 65.2%) were scored as “improvement needed (o < 3)”, suggesting that the laboratories needed
to improve their measurement performance. Only 8.2% (11/135) of the laboratories were scored as “world class (G > 6)”. Among all the
88 laboratories whose G values were below 3, 52 (59.1%) and 23 (26.1%) laboratories needed to improve measurement precision (QGI <8.0)
and trueness (QGI >1.2), respectively; the remaining laboratories (13, 14.8%) needed to improve both measurement precision and trueness.
In addition, 16.1% (5/31) and 15.0% (3/20) of the laboratories in “TOSOH” and “ARKRAY” groups, respectively, were scored as “world
class”, whereas none of the laboratories in “BIO-RAD” group were scored as “world class”.

Conclusions: This study indicated that, although participating laboratories were laboratories with better performance in China, the
performances were still unsatisfactory. Actions should be taken to improve HbAlc measurement performance before we can include
HbAlc assays in diabetes diagnosis in China.
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in place and assays are standardized to criteria aligned to
the international reference values.! The HbA1c of 6.5% has

INTRODUCTION
Glycated hemoglobin concentrations (most commonly

hemoglobin Alc [HbAlc]) reflect time-averaged blood
glucose during the previous 2—-3 months and are used as
the gold standard for long-term follow-up of glycemic
control.l' HbAl¢ has recently become an attractive target
in the diagnosis of diabetes. The American Diabetes
Association (ADA) has formally included HbAlc >6.5% as a
diagnostic criterion for diabetes in the “Standards of Medical
Care in Diabetes”? and “Diagnosis and Classification of
Diabetes Mellitus”®! since 2010. In addition, the World
Health Organization (WHO) has published guidelines for
the use of HbA lc¢ in the diagnosis of diabetes mellitus and
concluded that HbAlc can be used as a diagnostic test for
diabetes, provided that stringent quality assurance tests are
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been recommended as a cutoff point for diagnosing diabetes.

However, the “Guidelines for Clinical Application of Blood
Glucose Monitoring in China” stated that “Although 6.5%
was recommended as cut point for diagnosing diabetes by
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ADA and WHO, it is not recommended in China for now as
the HbA 1¢ measurements are short of widespread use, lack of
standardization and the measurement performance cannot meet
clinical requirement, etc”.’! Hence, the accuracy of HbAlc
assays is essential in China. Internal quality control (IQC)
and traditional external quality assessment (EQA) programs
can help evaluate the measurement accuracy of participant
laboratories rather than trueness.

Therefore, to evaluate the measurement of trueness of HbA lc
assays for laboratories and facilitate further improvements
in diagnostic approaches, an HbAlc trueness verification
EQA program was organized by the National Center for
Clinical Laboratories (NCCL) in China. Here, we reported
the results of an analysis of the trueness of HbAlc assays
in laboratories participating in this program.

MeTtHoDS

Ethical approval

All laboratories were voluntary to participate the
investigation, and this study was approved by the Ethics
Committee of Beijing Hospital.

Study design

A total of 135 laboratories in China were included in this
investigation in 2015. Sigma (o) value and quality goal
index (QGI) were used to evaluate the performance of
HbA 1c assays. To calculate 6 value and QGI, we determined
bias, allowable total error (TE ), and coefficients of
variation (CV), as described below.

Bias

An HbA Ic¢ trueness verification EQA program was organized
by the NCCL in China. The remaining HbA 1¢ assay samples
in different clinical laboratories were collected and then stored
at —80°C for at least 1 week to fracture the erythrocytes. All
the collected samples were thawed at 4°C overnight after
collecting adequate blood samples. Samples were analyzed
at four concentrations as needed, and blood clots were
eliminated. The blood mixtures were then divided into 200-ul
plastic cryopreserved tubes (100—200 ul/tube) and stored
at —80°C. Each participating laboratory received 12 samples
with four concentrations of HbAlc (three samples for each
concentration). Four samples (lots 201511, 201512, 201513,
and 201514) were measured on three different working days,
with each sample evaluated five times. Therefore, a total of
sixty results were obtained for each sample. Laboratories
were required to report all results with principles, instruments,
reagents, and calibrators used for HbAlc assays online. The
target values were assigned using the International Federation of
Clinical Chemistry and Laboratory Medicine (IFCC) reference
measurement procedure. The percentage difference between
the laboratory-tested value and the target value was defined
as the bias. The bias for each laboratory was represented by
the average bias from the four concentrations of the samples.

Coefficients of variation
An HbA1c¢ IQC investigation was initiated by the NCCL in
2015. Participant laboratories were asked to provide 1QC

data, including cumulative CVs of results in-control online.
To calculate the cumulative CV, laboratories collected all the
results of controls from the first day on which the same lot of
the control was used to the last day until June 2015. Outliers
were removed for analysis. For laboratories in which two
levels of quality controls were used, the total CV of each
sample was calculated as CV = ([CV,_ *+CV _ *1/2)"?,
whereas for laboratories in which only one level of QC was
used, CV =CV

level 17

Tolerance limits of measurement procedures

The TE, (8.0%) of the HbAlc EQA program set by the
NCCL was used as the TE ; 1/3 the TE_ (2.7%) was used as
the allowable imprecision (CV,). The allowable bias (4.5%)
of the HbA ¢ trueness verification EQA program was used
as the allowable bias (Bias)) in this study.

Sigma value

The o values for point-of-care glucose meters in the
participating laboratories were calculated based on the
following equation: 6= (TE_— |bias|)/CV.** Here, TE, was the
allowable total error, as described above. Bias, as specified, was
the average bias obtained in the HbA lc trueness verification
EQA program. CVs were obtained from the IQC investigation.
The performance of the participating laboratories was scored
based on the calculated 6 values: 6 > 6 was scored as “world
class”; 5 < o <6 was scored as “excellent”; 4 <o < 5 was
scored as “good”; 3 < o <4 was scored as “marginal”; and
0 < 3 was scored as “improvement needed”.

Quality goal index

If the measurement procedure was categorized as
“improvement needed (o < 3)”, the QGI was calculated
based on the following equation: QGI = |bias|/(1.5 x CV).
QGI values of <0.8 indicated that the precision of the
measurement procedure needed improvement; QGI values
of >1.2 indicated that the trueness needed to be improved,;
and values of 0.8< QGI <1.2 indicated that both the precision
and trueness needed to be improved."!

Statistical analysis

In this study, laboratories were divided into different
groups according to principles and instruments. Excel
2010 (Microsoft Corporation, Redmond, WA, USA) was
used to calculate biases, CVs, ¢ values, and QGlIs for each
laboratory. The percentages of laboratories in each group
meeting bias criteria, imprecision criteria, and both bias and
imprecision criteria were calculated. The constituent ratios of
o values for each group were calculated as were the QGIs and
constituent ratio QGIs for laboratories with ¢ values of <3.

ResuLts

General and grouping situation of analytic systems

Principles, instruments, reagents, and calibrators used by
the participating laboratories are shown in Table 1. All
laboratories were divided into three principle groups according
to different principles, as follows: “high-performance liquid
chromatography” (HPLC; automated cation exchange HPLC:
115 laboratories, and automated affinity chromatography
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Table 1: Principles, instruments, reagents, and calibrators used by all laboratories in this study

Principles and instruments Reagents Calibrators Number of
laboratories
Automated cation exchange high-performance liquid chromatography
ARKRAY HA-8160 ARKARY ARKARY 10
ARKRAY HA-8180 ARKARY ARKARY 10
BIO-RAD D-10 Bio-Rad Bio-Rad 26
BIO-RAD Variant II Bio-Rad Bio-Rad 17
BIO-RAD Variant II Turbo Bio-Rad Bio-Rad 17
TOSOH G7 Tosoh Tosoh 4
TOSOH G8 Tosoh Tosoh 27
Hui-zhong MQ-2000 PT Hui-zhong Hui-zhong 4
Automated affinity chromatography HPLC
PRIMUS HPLC Primus Bio-Rad 1
PRIMUS HPLC Primus PRIMUS 5
Enzymatic method
Beckman AU First Chemistry First Chemistry 2
Mindray BS Mindray Mindray 1
Immunoturbidimetry
Abbott architect Simes Sikma Simes Sikma

Beckman Synchron
Roche cobas

Roche others

Dade Behring Dimension
Hitachi

Hitachi

Hitachi

Medical System
Roche

Roche

Siemens

Medical System
Randox

Zhe-jiang Dongou

Medical System
Roche

Roche

Siemens

Medical System
Randox

Zhe-jiang Dongou

—_ o e B e e

HPLC: High-performance liquid chromatography.

HPLC: 6 laboratories); “enzymatic method” (3 laboratories);
and “immunoturbidimetry” (11 laboratories). There
were 121 laboratories in the group “HPLC”, and the
instruments used in the different laboratories varied
greatly. Sixty laboratories employed Bio-Rad instruments
(D-10: 26 laboratories; Variant II: 17 laboratories; Variant I1
Turbo: 17 laboratories), 20 laboratories employed instruments
from ARKRAY Inc., Japan (HA-8160: 10 laboratories;
HA-8180: 10 laboratories), 31 laboratories employed
instruments from TOSOH, Japan (G7: 4 laboratories; G8: 27
laboratories), six laboratories employed instruments from
PRIMUS (Primus HPLC, USA), and four laboratories
employed instruments from Hui-zhong (MQ-2000PT, China).
Since different measurement systems may have different
performances, we divided the participating laboratories
into seven groups, as follows: “BIO-RAD”, “TOSOH”,
“ARKRAY”, “PRIMUS”, “Hui-zhong”, “‘enzymatic method”,
and “immunoturbidimetry”. A system was considered
homogeneous if the same manufacturer supplied instruments,
reagents, and calibrators; all the other systems were considered
heterogeneous.!"” With the exception of one, three, and six
laboratories that used heterogeneous analytic systems for
HbAlc assays in the “PRIMUS”, “enzymatic method”, and
“immunoturbidimetry” groups, respectively, all laboratories
employed homogeneous analytic systems in this study.

Evaluation of bias and coefficients of variation
Among the 135 laboratories who reported their HbAlc
results, 77.0% (104/135) met Bias_ criteria, 62.2% (84/135)

met CV criteria, and 51.1% (69/104) met both Bias, and CV,
criteria. The percentages of laboratories meeting Bias, and/or
CV criteria varied among the groups. More laboratories in the
“BIO-RAD” (53.3%, 32/60) and “TOSOH” (61.3%, 19/31)
groups and fewer laboratories in the “immunoturbidimetry”
group (27.3%, 3/11) met both Bias_ and CV criteria. These
data are presented in Table 2.

Sigma metric

Laboratories were categorized based on their 6 values, which
were calculated as described above. Our results indicated
that the majority of participating laboratories (65.2%) were
scored as “improvement needed”, with less-than-optimal
measurement performance. Only 8.2% (11/135) of
laboratories were scored as “world class (6> 6)”. In addition,
18 (13.3%), 11 (8.2%), and seven (5.2%) laboratories were
scored as “excellent (3 < 6 <4)”, “good (4 <0 <5)”, and
“marginal (5 < ¢ < 6)”, respectively. Laboratories in the
“TOSOH” group showed relatively high o levels, whereas
the ¢ values of laboratories in the “PRIMUS” group were
relatively low. Constituent ratios of ¢ values for different
groups are shown in Table 3.

Quality goal index

Among the 135 participating laboratories, there were
88 laboratories whose HbA 1¢ measurement performances
needed to be improved. For these laboratories, QGlIs
were further calculated to provide additional advice
on improvements. As shown in Table 4, 59.1% (52/88)
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Table 2: Lahoratories meeting bias criteria, imprecision criteria, and both criteria in this study

Principle and instrument groups Number of laboratories

Laboratories meeting different criteria, n (%)

Bias, Cv, Both bias, and CV,
HPLC 121 97 (80.2) 76 (62.8) 64 (52.9)
BIO-RAD 60 53 (88.3) 36 (60.0) 32(53.3)
TOSOH 31 26 (83.9) 22 (71.0) 19 (61.3)
ARKRAY 20 11 (55.0) 13 (65.0) 8 (40.0)
PRIMUS 6 3(50.0) 3 (50.0) 3(50.0)
Hui-zhong 4(100.0) 2 (50.0) 2 (50.0)
Enzymatic method 3 2 (66.7) 2 (66.7) 2 (66.7)
Immunoturbidimetry 11 5(45.5) 6 (54.6) 3(27.3)
All 135 104 (77.0) 84 (62.2) 69 (51.1)
HPLC: High-performance liquid chromatography; Bias : Allowable bias; CV,: Allowable coefficient of variation.
Table 3: Constituent ratios of sigma values for different groups in this study
Principle and Number of Number of laboratories (%)
instrument groups laboratories 6<3 3<g<d 4<c<5 5<c<b 6>6
HPLC 121 80 (66.1) 16 (13.2) 10 (8.3) 7(5.8) 8 (6.6)
BIO-RAD 60 43 (71.7) 8 (13.3) 5(8.3) 4(6.7) (0.0)
TOSOH 31 15 (48.4) 4(12.9) 5(16.1) 2(6.5) 5(16.1)
ARKRAY 20 14 (70.0) 2 (10.0) (0.0) 1(5.0) 3(15.0)
PRIMUS 6 5(83.3) 1(16.7) (0.0) (0.0) (0.0)
Hui-zhong 3 (75.0) 1 (25.0) (0.0) (0.0) (0.0)
Enzymatic method 3 1(33.3) 1(33.3) (0.0) (0.0) 1(33.3)
Immunoturbidimetry 11 7 (69.6) 1(9.1) 1(9.1) (0.0) 2(18.2)
All 135 88 (65.2) 18 (13.3) 11(8.2) 7(5.2) 11(8.2)
HPLC: High-performance liquid chromatography.
Table 4: Constituent ratios of QGI for laboratories with 6<3 in this study
Principle and Number of laboratories Number of laboratories (%)
instrument groups Q6l <0.8 0.8< QGI <1.2 6l >1.2
HPLC 80 47 (58.8) 13 (16.3) 20 (25.0)
BIO-RAD 43 33 (76.8) 3(7.0) 7(16.3)
TOSOH 15 9 (60.0) 1(6.7) 5(33.3)
ARKRAY 14 3(21.4) 5(35.7) 6 (42.9)
PRIMUS 1 (20.0) 2 (40.0) 2 (40.0)
Hui-zhong 3 1(33.3) 2 (66.7) (0.0)
Enzymatic method 1 (100.0) (0.0) (0.0)
Immunoturbidimetry 7 4(57.1) (0.0) 3(42.9)
All 88 52(59.1) 13 (14.8) 23 (26.1)

HPLC: High-performance liquid chromatography; QGI: Quality goal index.

of laboratories were scored as “improvement needed”,
with regard to needing to improve the precision of
the measurement procedure (QGI <0.8). In addition,
26.1% (23/88) of laboratories needed to improve the
trueness of the measurement procedure (QGI >1.2). Finally,
14.8% (13/88) of laboratories needed to improve both the
precision and trueness of the measurement procedure.

Discussion

Studies have shown that 11.6% of Chinese adults
(113.9 million individuals) have diabetes.!"!! In addition,
a series of Diabetes Control and Complication Trials of

insulin-dependent diabetes mellitus showed that the risk of
chronic complications associated with diabetes is reduced
by 35-45% as the HbA 1c level decreases by 1%.!'>16 Thus,
HbAlc assays are essential in the diagnosis and treatment
of diabetes. Moreover, compared with blood glucose
testing, HbAlc assays have major advantages, including
no requirement for fasting or collection of blood samples
at specific times. Accordingly, HbAlc assays are important
diagnostic indicators in diabetes.

However, HbA Ic is not often used as a diagnostic indicator
of diabetes because the measurement performance of HbAlc
assays is not sufficient. Thus, in this study, we investigated
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the current state of HbAlc standardization in clinical
laboratories in China. Results from different laboratories
were compared and assessed to obtain their measurement
performances. EQA programs using commutable materials
with values assigned by reference methods are essential.
In the present study, the target values were assigned by
the IFCC reference measurement procedure. Trueness and
precision were used to evaluate measurement performance
in clinical laboratories. Compared with other similar reports,
the number of participating laboratories in this study was
not small (135 laboratories). Among all the participating
laboratories, 55.1% of laboratories were within both the 4.5%
limit for trueness and 2.7% limit for precision. Moreover,
62.2% of CVs were within the CV,. In a study in Norway,"”
45% of laboratories met the limit for HbAlc trueness and
the limit for imprecision, and almost all CVs were <2%. In
our investigation, the overall pass rates of bias were 59.1%
with a 4.5% limit for trueness, which was better than that in
a German study,' in which the pass rates were about 57%
for £5% with a percentage limit of 5% for bias.

Although more than half of the participating laboratories
could satisfy the trueness and imprecision requirements
separately, only 34.8% of laboratories achieved minimal
sigma values (6 > 3) and 8.2% of laboratories were scored
as “world class (o > 6)”. Laboratories should continue
improving their analytical quality to obtain a better sigma
level, even when they have satisfied trueness and imprecision
performance requirements. To provide additional advice on
problems in measurement procedures, QGIs were calculated
for laboratories scored as “improvement needed”. More
than half of the participating laboratories should focus
on improving the precision of HbAlc assays, and 26.1%
of laboratories should pay more attention to trueness of
measurement. However, 14.8% of laboratories still needed
to improve both precision and trueness.

Various instruments are available for detecting HbAlc, as
shown in Table 1, similar to a report of HbA 1¢ measurement
in Norway.!!'"! Different measurement systems have different
constituent ratios for ¢ metric values. Most of the participating
laboratories used HPLC for HbAlc testing; Bio-Rad,
TOSOH, and ARKRAY instruments accounted for the
majority of results. Notably, 16.1% and 15.0% of laboratories
in the “TOSOH” and “ARKRAY” groups were scored as
“world class”, respectively, whereas no laboratories in the
“BIO-RAD” were scored as “world class”. Compared with
the ARKRAY instrument, the TOSOH instrument appeared
to perform better, showing fewer laboratories (48.4%) with
o values of <3. However, in another study, the two groups
showed similar performance.!"” Consistent with these results,
more laboratories scored as “improvement needed” in the
“BIO-RAD” group compared with those in the “TOSOH”
and “ARKRAY” groups. Only one laboratory in the
“enzymatic method” group was scored as “improvement
needed”, showing poor precision performance. In addition,
seven laboratories in the “immunoturbidimetry” group
had o values <3, among which three laboratories needed

to improve trueness performance, whereas the remaining
four laboratories needed to improve precision performance.

Laboratories can evaluate measurements and obtain
information regarding necessary improvements using
the o metric and QGI. To calculate ¢ values and QGls,
it is necessary to determine biases, TE s, and CVs.[202!
In this study, CVs were from routine operation data in
laboratories (i.e., cumulative CVs of IQC results in-control)
and may partly reflect the actual situation. Bias is estimate
of the systematic measurement error, while trueness is
the closeness of agreement between the average of an
infinite number of replicate-measured quantity values and
the reference quantity value. The measurement of trueness
is usually expressed in terms of bias.?” Trueness verification
EQA programs, which are not affected by matrix effects
of control materials, can overcome the deficiencies of
traditional EQA programs. Ideally, these programs can
simultaneously evaluate measurement trueness for hundreds
or even thousands of laboratories, thus contributing to a
comprehensive understanding of the overall status of HbA lc
measurement in China.

To achieve worldwide standardization, the IFCC developed
a reference measurement procedure for higher metrological
order, which is embedded in a global network of reference
laboratories in Europe, Asia, and the United States of
America.™ However, from our data, the performance of
laboratories was not as good as expected. The reliability
of HbAlc measurement depends on bias (related to proper
calibration) and precision (related to the reproducibility
of the method). In terms of bias, EQA program providers,
manufacturers, and laboratories all have responsibilities. For
example, EQA/PT providers are responsible for conducting
and reporting on investigations to ensure that the results of
participating laboratories meet the evaluation criteria. When
the participating laboratories obtain unacceptable results,
proper advice and instructions should be provided to facilitate
further improvements. The manufacturers should ensure
the traceability of results obtained in clinical laboratories,
as required by the European directive 98/79 IEC on in vitro
diagnostic medical devices. Laboratories themselves can
verify trueness through either purchasing certified reference
material from reference material producers or participating
in trueness verification EQA programs (reference materials
are provided by EQA providers uniformly, and laboratories
are required to test reference materials in accordance with
the established procedures). Precision, as determined by the
intra-laboratory CV, reflects the reproducibility and stability
of the assay, the precision of the instrument, and the lot-to-lot
consistency of the reagents and calibrators. For laboratories
with large intra-laboratory CVs, it is imperative to improve the
frequency of calibration to guarantee the stability of the assay.

From our investigation, it can be observed that the
percentages of laboratories that could meet the bias limits
were higher (77.0%) than those (62.2%) that could meet
the CV,_ limits. Among the 88 laboratories that needed
improvements, more than half (59.1%) needed to improve
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precision. Therefore, improving the intra-laboratory
precision appeared to be more important than improving
trueness in the current state in China. Accordingly, more
effort should be made to improve trueness and precision.

In the present study, o indexes were used to assess the
performance of laboratories, providing a new perspective
on assay performance. However, this study was limited by
the small number of laboratories in some groups, which may
have contributed to deviations in the data. However, since
trueness verification EQA programs have high transport and
storage condition demands, the participating laboratories in
this study were all EQA customers of the NCCL, with more
tertiary hospitals and fewer second-class or other hospitals.
Thus, these hospitals may have shown better performance
and laboratory practices than some other hospitals in China
and may not be representative of all hospitals in China. We
hope that more economical methods can be developed in the
future, allowing us to include more laboratories in trueness
verification EQA programs.

In conclusion, although the participating laboratories
were laboratories with better performance in China, the
performances of these laboratories were still unsatisfactory,
with more than half of the laboratories scored as “improvement
needed (6 <3)”. Actions should be taken to improve HbAlc
measurement performance before we can include HbAlc
assays in diabetes diagnosis in China. The o metric is a useful
tool that can be used to evaluate measurement performance
and facilitate the identification of directions for improving
assays (trueness, precision, or both). Laboratories are
advised to take an active part in EQA programs, set suitable
performance goals, and strive to obtain these goals.

Acknowledgement

We appreciate those participant laboratories and institutions
that participated in the programs for this survey. We also
thank the staff of the Clinet Web site (www.clinet.com.cn)
who gave computer technology support to establish the
network platform for the survey and relevant services.

Financial support and sponsorship

This study was supported by grants from the National High
Technology Research and Development Program of China
(863 Program; No.2011AA02A102 and No.2011AA02A116).

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1. Hanas R, John G; International HbA(c) Consensus Committee.
2010 consensus statement on the worldwide standardization of the
hemoglobin Alc measurement. Clin Chem 2010;56:1362-4. doi:
10.1373/clinchem.2008.103556.

2. Sacks DB, Amold M, Bakris GL, Bruns DE, Horvath AR,
Kirkman MS, ef al. Guidelines and recommendations for laboratory
analysis in the diagnosis and management of diabetes mellitus. Clin
Chem 2011;57:¢1-47. doi: 10.1373/clinchem.2010.161596.

3. American Diabetes Association. Diagnosis and classification of
diabetes mellitus. Diabetes Care 2010;33 Suppl 1:S62-9. doi:
10.2337/dc10-s062.

4. World Health Organization. Use of glycated haemoglobin (HbAlc)

in the diagnosis of diabetes mellitus: Abbreviated report of a WHO
consultation. Geneva: WHO; 2011. p. 1-25.

5. Chinese Diabetes Society. Guidelines for clinical application of blood
glucose monitoring in China. Chin J Diabetes 2015;7:603-13. doi:
10.3760/cma.j.issn.1674-5809.2015.10.004.

6. Zhang CB, Zhao HJ, Zhang TJ, Ma R, Yan Y, Chen WX. Analysis
of the data of 2013 national trueness verification project of HbAlc
measurement. Chin J Lab Med 2014;37:907-11. doi: 10.3760/cma.j.i
ssn.1009-9158.2014.12.09.

7. Hens K, Berth M, Armbruster D, Westgard S. Sigma metrics used
to assess analytical quality of clinical chemistry assays: Importance
of the allowable total error (TEa) target. Clin Chem Lab Med
2014;52:973-80. doi: 10.1515/cclm-2013-1090.

8. Westgard JO. Six sigma quality design and control: Desirable
precision and requisite QC for laboratory measurement processes.
2" ed. Madison, WI: Westgard QC; 2006. p. 41.

9. The Six Sigma Calculators. Madison, WI: Westgard QC. Available
from: http://www.westgard.com/six-sigma-calculators.htm. [Last
accessed on 2016 Aug 09].

10. WangY, Wang J, Zhao H, Zhang J, Zhang T, Zeng J, et al. Assessment
of enzyme measurement procedures in China through a trueness
verification program. Clin Chim Acta 2016;461:98-102. doi:
10.1016/j.cca.2016.07.008

11. XuY,WangL, HeJ,BiY, Li M, Wang T, et al. Prevalence and control
of diabetes in Chinese adults. JAMA 2013;310:948-59. doi: 10.1001/
jama.2013.168118.

12. The Diabetes Control and Complications Trial Research Group. The effect
of intensive treatment of diabetes on the development and progression of
long-term complications in insulin-dependent diabetes mellitus. N Eng J
Med 1993;329:977-86. doi: 10.1056/NEJM199309303291401.

13. The Diabetes Control and Complications Research Group. Effect of
intensive therapy on the development and progression of diabetic
nephropathy in the Diabetes Control and Complications Trial. Kidney
Int 1995;47:1703-20. doi: 10.1038/ki.1995.236.

14. The Diabetes Control and Complications Research Group. Effect of
intensive diabetes management on macrovascular events and risk
factors in the Diabetes Control and Complications Trial. Am J Cardiol
1995;75:894-903. doi: 10.1016/S0002-9149(99)80683-3.

15. The effect of intensive diabetes therapy on the development and
progression of neuropathy. The Diabetes Control and Complications
Trial Research Group. Ann Intern Med 1995;122:561-8. doi:
10.7326/0003-4819-122-8-199504150-00001.

16. The effect of intensive diabetes treatment on the progression of
diabetic retinopathy in insulin-dependent diabetes mellitus. The
Diabetes Control and Complications Trial. Arch Ophthalmol
1995;113:36-51. doi: 10.1001/archopht.1995.01100010038019.

17. Selvik U@, Reraas T, Christensen NG, Sandberg S. Diagnosing
diabetes mellitus: Performance of hemoglobin Alc point-of-care
instruments in general practice offices. Clin Chem 2013;59:1790-801.
doi: 10.1016/j.cca.2016.07.008.

18. Kaiser P, Spannagl M, van Campenhout C, Lenga Y, Siebelder C,
Weykamp C. HbAlc: EQA in Germany, Belgium and the Netherlands
using fresh whole blood samples with target values assigned with the
IFCC reference system. Clin Chem Lab Med 2016;54:1769-75. doi:
10.1515/cclm-2016-0123.

19. Morandi PA, Deom A, Kesseler D, Cohen R. Retrospective
analysis of 55,769 HbAlc EQA results obtained from professional
laboratories and medical offices participating in surveys organized by
two European EQA centers over a nine-year period. J Clin Lab Anal
2011;25:337-43. doi: 10.1002/jcla.20482.

20. Zhang C, Zhao H, Wang J, Zeng J, Wang Z. The application of six sigma
techniques in the evaluation of enzyme measurement procedures in
China. Clin Lab 2015;61:461-5. doi: 10.7754/Clin.Lab. 2014.140915.

21. Fei Y, Wang W, He F, Zhong K, Wang Z. Evaluating laboratory
performance on point-of-care glucose testing with six sigma metric
for 151 institutions in China. Diabetes Technol Ther 2015;17:745-54.
doi: 10.1089/dia.2014.0421.

22. Clinical and Laboratory Standards Institute. User verification of precision
and estimation of bias; approved guideline. CLSI document EP15-A3.
34 ed. Wayne, PA: Clinical and Laboratory Standards Institute; 2014.

23. Weykamp C. HbAlc: A review of analytical and clinical aspects. Ann
Lab Med 2013;33:393-400. doi: 10.3343/alm. 2013.33.6.393.

Chinese Medical Journal | May 5, 2017 | Volume 130 | Issue 9 -




