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Abstract: Objective: To establish and verify the feasibility of reference intervals (RIs) of gastrin-releasing peptide precursor (ProGRP) by analysis of laboratory-stored data. Methods: The detection results of ProGRP from outpatients
and health examinations were collected from the population in the First Hospital and Tumor Hospital Affiliated to
Xinjiang Medical University from January 2015 to December 2016. Simultaneously, the general characteristics of
the population were collected using a laboratory information management system. A total of 16384 ProGRP cases
were collected. All ProGRP tests were measured using Abbott fully automated microparticle luminescence analyzer.
The ProGRP RIs of different sexes and ages were established by differentially optimized statistical methods, which
included the Hoffmann method, the NLT Hoffmann method (in which the natural logarithm was calculated first and
then the Hoffmann method was performed), the Tukey method, the NLT Tukey method (in which the natural logarithm was calculated first and then the Tukey method was performed), and the non-parametric method. Results:
There were no significant differences in the ProGRP results between males and females (P > 0.05). The ages were
positively correlated with the measured value of the ProGRP (R = 0.342, P < 0.05), which could be grouped according to ages. The established RIs of ProGRP in this study was 8.53-67.575 pg/ml. Conclusion: According to different
statistical methods, we established the RIs of ProGRP in this study, which will be of certain reference value to the
future laboratory studies.
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Introduction
Gastrin releasing peptide (GRP) is a neuropeptide substance similar to bombesin, which is
composed of 27 amino acids, but it is extremely unstable [1]. The ProGRP fragment (31-98)
obtained from the translation product GRP is
currently used for detection [2]. Studies have
shown that the ProGRP fragment (31-98) in
serum of patients with SCLC was a stable marker [3].
The ProGRP RIs recommended by the current reagent manufacturers is 0-35 pg/ml. The
investigators tested samples of 194 healthy
individuals who had no lung disease and
nephropathy. Including 170 males and 24 females, aged 20-63 years, with an average age
of 45.7 years. The results showed that the
ProGRP value of 95% samples was less than or
equal to 35 pg/ml. However, in our clinical

work, we found that the detection values of
many physical examinations were higher than
this range. This phenomenon has brought confusion to clinicians and increased psychological pressure on the patients. Therefore, it is
necessary to re-establish the RIs of the index.
Currently, there are two ways to establish RIs.
The internationally recommended method is
direct method. However, this method is complex and consumes significant manpower and
material resources. Therefore, the indirect method came into being: through the use of large amounts of data stored in laboratory management systems, RIs can be based on statistical methods established and popularized by
the majority of scholars [4-7]. At the same time, our laboratory also used large data to
establish the RIs of TSH [8], so as to increase
our credibility of this study.
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Materials and methods
Source of sample materials
The general characteristics data used in this
study was obtained from the Laboratory Information Management System of the First and
Third Affiliated Hospital of Xin Jiang Medical
University. A total of 16384 ProGRP cases were collected. Taking into account that physical examinations were usually a person older
than 18-year-olds, therefore, this study only
analyzed the indicators of adults over 18 years
of age. First, make clear the inclusion and
exclusion criteria in this study. The inclusion
criteria included the following: complete and
accurate laboratory tests, Physical health, physical examination and outpatients, no previous kidney disease [9], no history of lung disease. The exclusion criteria included the following: results after the first of multiple tests following the same treatment, incomplete personal information of the patient, or other chronic
diseases. The final data included 12380 cases,
7943 males and 4437 females.
Instruments and reagents
This study was used the American Abbott i2000
automatic microparticle chemiluminescence
immunoassay analyzer and Abbott support of
the ProGRP detection kits and standards [10].
Internal quality control was performed using
Bio-Rad’s conventional Tumor Marker Item
Control. Daily internal quality control was performed using the Westgard Multiple IQC rules,
etc. The cumulative coefficient of variation in
this lab was 5%.
Research methods
Normality test of data
The data was analyzed and normalized by the
skewness-kurtosis (s-k) value method. When
the s-k values of the test were less than 1.96
times of the standard deviation, this distribution was considered a normal distribution [11].
For non-normal distributions, the logarithmic
data could convert to a normal distribution
curve. By plotting the histogram of frequency
distribution, the situation of normal distribution
was presented visually.
Eliminating outliers
According to the clinical laboratory standard
document EP28-A3, the Dixon method is the
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recommended method for eliminating outliers.
The operation steps are as follows. First, we
calculated the range R (the difference between
maximum and minimum) and then selected
three consecutive measurements, A1, A2 and
A3, and performed the following calculation:
X1 = |(A2-A1)|/R, X2 = |(A3-A2)|/R. If X1/R >
1/3 or X2/R > 1/3, then the value was removed
as an outlier [12]. The loop was screened until
all outliers were removed. According to this
method, the final data included 11274 cases,
of which there were 7178 male cases and 4096
female cases.
Data analysis
The final data included 11274 cases, including
7178 males and 4096 females. The age breakdown was as follows: 18-30 years old in 257
cases, 31-50 years old in 3347 cases, 51-70
years old in 5200 cases, and more than 70
years old in 2470 cases. The data was grouped
according to sexes, and the non-parametric
rank-sum test was used to test whether there
were significant differences between the sexes.
If there were significant differences, patients
were grouped according to gender. Spearman
correlation analysis was used to determine
whether the measured value was age-related. If
there was a correlation, the RIs was established according to age (Supplementary Data).
Five methods used to establish the RIs
The Hoffmann analysis method: The Hoffmann
method was a cumulative frequency probability
map that was presented by Hoffmann et al in
1963 and constructed by observing and selecting the linear part of the data [13]. According
to the literature, the criterion of selecting the
linear part of the data was to set a linear deviation of 10% as an acceptable error standard
[14]. Using ProGRP measurements as the
dependent variable Y and the cumulative probability for the independent variable X, fitting
the linear regression equation was as follows:
Yi = α + βXi + еi. Therefore, X = 2.5%, X = 97.5%,
RImin = α + 0.025β and RImax = α + 0.975β. RImin
and RImax were the lower and upper limits of the
95% reference interval, respectively [15].
The NLT Hoffmann method: Herein, the Hoffmann method was applied after taking the
natural logarithm of the data. The core of this
step was to eliminate outliers too.
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Non-parametric statistical method: After ranking the final
data, the non-parametric statistical method was used to
calculate the values of 2.5%
and 97.5%, respectively.
Statistical analysis
Microsoft Office Excel 2007
and SPSS19.0 software were
used for analysis.

Figure 1. Histogram of 12380 ProGRP cases: horizontal ordinates represent ProGRP test values, and vertical ordinates represent the frequency.
The curve is the ProGRP normal distribution curve.

Based on biological variability
(RCV = 21/2 × Z × [CVA2 +
CVI2]1/2), we calculated whether the results had significant
meaning and compared them
with RIs currently used in the
lab.
We then used the “1/3” rule
of the EP28-A3 document to
determine whether the RIs in
this study could be accepted
[17].
Compared the RIs used at
present with the RIs established in this experiment.
Results
Data distribution

Figure 2. Histogram of 11274 ProGRP cases: horizontal ordinates represent
ProGRP test values, and vertical ordinates represent the frequency. The
curve is the ProGRP normal distribution curve.

The Tukey analysis method: American statistician John Tukey put forward the Tukey method
in 1977. The Tukey method calculated the interquartile range (IQR) as the difference between
the 25th and 75th percentiles. All values below
the 25th percentile minus 1.5 times the IQR
were removed, and at the same time, all values
above the 75th percentile plus 1.5 times the
IQR were removed [16].
NLT Tukey method: The Tukey method was
applied herein after calculating the natural logarithm of the data.
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Following selection, 12380 cases were included in this study. Plotting the frequency distribution histogram showed
that after converting the data,
the data exhibited approximately normal distribution which
was shown in Figure 1.

Eliminating outliers
By means of the Dixon method, the final data
included 11274 cases, of which there were
7178 males and 4096 females. The age breakdown was as follows: 18-30 years old in 257
cases, 31-50 years old in 3347 cases, 51-70
years old in 5200 cases, and more than 70
years old in 2470 cases. We used this information to draw the frequency distribution histogram and observe the distribution of the data
in Figure 2.
Int J Clin Exp Med 2018;11(4):3665-3671
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Establishment of RIs for different statistical methods

Figure 3. Line charts showing lower limits in the RIs of different ages using
different statistical methods.

RIs were obtained by using
the Hoffmann method, the
NLT Hoffmann method, the
Tukey method, the NLT Tukey
method and the non-parametric method. The results respectively were as follows: at
the age of 18-30 years old,
15.159-30.578 pg/ml, 16.08731.881 pg/ml, 8.53-38.973
pg/ml, 8.53-38.973 pg/ml,
and 11.806-35.680 pg/ml; at
the age of 31-50 years old,
19.984-39.041 pg/ml, 21.41340.488 pg/ml, 10.663-49.123
pg/ml, 10.663-49.123 pg/ml,
and 19.507-49.413 pg/ml; at
the age of 51-70 years old,
21.379-44.777 pg/ml, 22.92046.759 pg/ml, 15.02-58.385
pg/ml, 15.02-58.385 pg/ml,
and 20.280-55.570 pg/ml;
and at the age of more than
70 years old, 23.418-51.177
pg/ml, 25.381-53.732 pg/ml,
15.20-67.575 pg/ml, 15.2067.575 pg/ml, and 20.70558.903 pg/ml, which were shown in Figures 3 and 4.

Figure 4. Line charts showing upper limits in the RIs of different ages using
different statistical methods.

Detection results of ProGRP in different gender
The SPSS software was used to calculate the
non-parametric rank sum test, and the results
showed that there was no significant difference between males and females (P > 0.05) and
the RIs could not be set according to gender.
Correlation between the results of ProGRP and
ages
Using the Spearman correlation statistical analysis, the final data included 11274 cases.
According to SPSS and Excel statistical analyses, the ProGRP test results and different ages have a positive correlation (r = 0.342, P <
0.05).
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The relative variability of Pro|GRP was 14.68% [18], and the
cumulative coefficient of variation in this lab was 5%. Using the formula RCV
= 21/2 × Z × [CVA2 + CVI2]1/2, we were able to
calculate whether the results of this study were significant. Z represented a 95% confidence
interval, for which 1.96 was used. CVA represented the laboratory cumulative variation
coefficient and CVI represented the individual
biological variability. In this study, RCV = 21/2 ×
1.96 × [0.052 + 0.147]1/2 = 42.85%. The RIs
currently used in the laboratory is 0-50 pg/ml.
Compared the differences in the RIs established by the different methods and different
ages (including RCVmin and RCVmax).
RCVmin = (RImin-RI’min)/RI’min, RI’min is the smaller
of two.
RCVmax = (RImax-RI’max)/RI’max, RI’max is the larger
of two.
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The Hoffmann method
was used in this study.
In 2010, The American
RCV
Hoffmann NLT Hoffmann Tukey
Grouping
Non- parametric
Journal of Clinical Pa(%)
Method
Method
Method
thology, Katayev and
18-30 years old
RCVmin
0
0
0
0
his colleagues publishRCVmax
40.13
63.52a
56.83a
28.29
ed an artical with the
31-50 years old
RCVmin
0
0
0
0
RIs setting based on
the method published
RCVmax
1.19
28.07
23.49
1.79
by Hoffmann in 1963
51-70 years old
RCVmin
0
0
0
0
[5]. In this article, they
RCVmax
11.14
11.66
6.93
16.77
introduced how to maAbove 70 years old RCVmin
0
0
0
0
ke use of the data
stored in multicenter
RCVmax
17.81
1.18
7.46
35.15
laboratories to estaba
Either RCVmin or RCVmax calculated between two reference intervals is larger than the allowlish new statistical meable RCV.
thods for the RIs of
hemoglobin, creatiniRCVmin = (11.806-0)/0 × 100% = 0%
ne, urea nitrogen and thyrotropin [20]. Dorizzi
repeated the RIs for TSH established by this
RCVmax = (50-35.68)/35.68 × 100% = 40.13%
method, and the results were consistent with
the results of Katayev. Therefore, this method
Compared the calculated RCVmin and RCVmax
is recommended by many scholars, both
with RCV (42.85%). If RCVmin and RCVmax are
domestic and overseas [21]. The Hoffmann
smaller than RCV, there is no difference
method requires the data to obey the normal
between two RIs; if RCVmin and RCVmax are larger
distribution, and if the data are not included in
than RCV, there is difference between two RIs.
the normal distribution, this method may be
It could be seen from Table 1.
biased. There are several means to transform
data, such as logarithmic, Box-Cox conversion
Based on the EP28-A3 document proposed by
and others. After log transformation, the data is
CLSI to calculate RIs, ProGRP was measured in
converted to approximate normal distribution
80 healthy subjects in different four groups,
conditions (Skewness = 0.7, Kurtosis = 0.3).
if the RIs established by different age groups
The most important step for establishing RIs
did not exceed the threshold value in more
using the Hoffmann method is to select the
than 3 cases, which could be seen from Table
appropriate method to eliminate abnormal val2 the RIs established by each group can be
ues. The NLT Hoffmann method also need to
accepted. The RIs established in this study was
eliminate abnormal values. The method chosen
validated in this laboratory, and the normal RIs
in this study is the Dixon method, which is recof ProGRP was 8.53-67.575 pg/ml. The lowest
ommended by CLSI. Then plot the cumulative
value and the highest value are higher than the
probability distribution of the data, but the linRIs currently used. From the Table 3 we can
ear part selected in this step has a certain
see, the RIs established by this study is better
degree of subjectivity. Based on the cumulative
able to cover healthy people.
probability distribution curve, visualization or
subjective set deviation values of 5%, 10%,
Discussion
15% or other ranges can be used to choose the
Presently, the laboratory method used to
appropriate deviation value. Now there is no
establish the RIs is a direct method provided
scientific conclusion and selection method.
according to EP28-A3. However, it is very diffiStudies have shown that 10% deviation using
cult to meet the standards in actual operations.
the Hoffman method is the best choice because
Thus, many scholars have considered using an
it may be more reasonable.
indirect method based on large sample statisFirst using the natural logarithm and then ustical analyses such as the Robust method or
ing the Hoffmann method analysis essentially
Bhattacharya method to calculate RIs [19]. Threduces the variance and the absolute value
is study used five different statistical meof the data. Additionally, it is convenient to calthods to establish the ProGRP RIs.
Table 1. Comparison of reference change values between RIs of different
ages and RIs provided by manufacturer
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removal efficiency and accuracy. At the beginning of
Reagent
Reference
Reference
2016, David, a scholar of
Grouping
N manufacturer intervals (in this
intervals
Israel, published a reference
(pg/ml)
study)
validation
value range of TSH, FT3 and
18-30 years old
20
0-50
8.53-38.973
8.90-33.610
FT4 based on the Hoffmann
31-50 years old
20
0-50
10.663-49.413 11.330-32.50
method and the Tukey meth51-70 years old
20
0-50
15.020-58.385 15.74-49.120
od to compare the reference
Above 70 years old 20
0-50
15.2-67.575
16.930-51.60
value range and obtain the
appropriate RIs. However, its
scientific and practical value need to be further
Table 3. Change frequencies of normal and
explored and studied.
abnormal ProGRP with new RI and manufacturer RI
The non-parametric method is a commonly
Normal (%)
Abnormal (%)
used method to calculate biological RIs. The
Manufacturer RI 10536 (93.45)
738 (6.55)
sample numbers have higher requirements,
Established RI
11272 (99.98)
2 (0.02)
but the specific distribution of the data is no
hard requirements. In this study, the RIs calculated using the non-parametric method are
culate. Taking the natural logarithm does not
higher than the RIs calculated by other methchange the nature of the data or the correlation
ods. Because this method is simple and the
between the variables, but the compression
metering level is low, it is not as sensitive as
scale makes the data more stable. From the
the parameter statistical method.
results of this study, it can be seen that the
RIs (0-51.177 pg/ml) established by Hoffmann
Using the formula for RCV biological variation,
method is the most similar to the RIs (0-50
we compared the RIs of ProGRP used currentpg/ml) used in the lab presently. This method
ly and the RIs calculated using the different
can be used to obtain a large enough sample
statistical methods in this study. After statistisize to cover different sexes, ages, and clinical
cal analysis, there was no significant statistical
test results that are particularly applicable.
difference between different statistical methods and the current data. Although there is a
RIs were also established by using the Tukey
large quantity of data in this study, it does not
method. The characteristics of the data can be
exclude the existence of abnormal physical exclearly identified and the distribution characteramination data that may be included. The staistics (the minimum value, the next four digits,
tistical methods used (the Tukey method in
the median, the top four digits and the maxiparticular) are not popular nor applied by the
mum value) can be displayed intuitively. In this
majority of scholars and need to be further
study, the cartographic method was used to
explored. If there is a patient with a ProGRP
compute the RIs across different ages, but this
value slightly higher than the upper limit of the
method could not provide precise measureRIs, whether or not the patient has a lung disments of skewness or weight of the data distriease is still an issue to be discussed. The upper
bution. For statistics using larger data sets, the
limits of the RIs depends on the unilateral
information reflected by the shape is more
95th percentile. In fact, there are some physiambiguous. There are some limitations in using
cal examinees who are in good health, but the
the median to represent the overall average.
detection value of ProGRP is really higher than
the upper limit of the RIs. Under these circumNext, we took the natural logarithm first, and
stances, the patient should be carefully anathen analyzed the data using the Tukey methlyzed to reduce the need for treatment or
od. Since the RIs calculated by the two methunnecessary examinations.
ods (Tukey method and NLT Tukey method) are
the same, only one set of RIs using the Tukey
Over time, hospital information management
systems have been gradually improved. The inmethod is shown in this study. This method is
direct method is simpler than the direct methused less often in the literature and is often
od, and the price and technical requirements
used as an outlier removal method. It has high
Table 2. Verify the RIs in different ages established in this study
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are low. The method is especially suitable to
establish RIs according to the indexes of laboratories in different regions and across different populations.
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