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Abstract : Parametric and nonparametric coupled with bootstrap simulation technique were used to reevaluate previously
defined reference intervals of serum chemistry parameters. A population-based study was performed in 100 clinically
healthy dogs that were retrieved from the medical records of Kangwon National University Animal Hospital during
2005-2006. Data were from 52 males and 48 females (1 to 8 years old, 2.2-5.8 kg of body weight). Chemistry parameters
examined were blood urea nitrogen (BUN) (mg/dl), cholesterol (mg/dl), calcium (mg/dl), aspartate aminotransferase
(AST) (U/L), alanine aminotransferase (ALT) (U/L), alkaline phosphatase (ALP) (U/L), and total protein (g/dl), and
were measured by Ekiachem DT 60 analyzer (Johnson & Johnson). All but calcium were highly skewed distributions.
Outliers were commonly identified particularly in enzyme parameters, ranging 5-9% of the samples and the remaining
were only 1-2%. Regardless of distribution type of each analyte, nonparametric methods showed better estimates for
use in clinical chemistry compare fo parametric methods. The mean and reference intervals estimated by nonparametric
bootstrap methods of BUN, cholesterol, calcium, AST, ALT, ALP, and total protein were 14.7 (7.0-24.2), 227.3 (120.7-
480.8), 10.9 (8.1-12.5), 25.4 (11.8-66.6), 25.5 (11.7-68.9), 87.7 (31.1-240.8), and 6.8 (5.6-8.2), respectively. This study
indicates that bootstrap methods could be a useful statistical method to establish population-based reference intervals
of serum chemistry parameters, as it is often the case that many laboratory values do not confirm to a normal distribution.
In addition, the results emphasize on the confidence intervals of the analytical parameters showing distribution-related

variations.
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Introduction

The reference intervals are prerequisite to practitioners in
constructing a differential diagnosis, confirming a presumptive
diagnosis or managing patients by proper interpreting clini-
cal or laboratory observations such as clinical chemistry, hema-
tology and physiology. To accomplish these purposes effi-
ciently, high degree of confidence in them is required, partic-
ularly for life-or-death decision making. Some important criteria
must be considered to establish reference intervals for any
laboratory tests and their useful application in clinical medicine:
true health condition of subjects, size of subjects, factors that
might affect the analytes of interest, random and independent
sampling of subjects from the population and suitable statistical
methods (20,24,28,31,34). The National Committee for Clinical
Laboratory Standards (NCCLS) (24) and the International Federa-
tion of Clinical Chemistry (IFCC) (34) provided a guideline to
determine the components of variations in establishing the intervals.

From a statistical point of view, one of the most prevalent
methods for establishing reference intervals involves the esti-
mation of central 95% interval defined by the lower and
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upper reference limits for the subset of individuals sampled.
The parametric intervals can be calculated based on the mean
and *2 standard deviation (SD) from the mean. This 2SD
method assuming the distribution of values is Gaussian dis-
tribution can result in misclassification of data when the dis-
tribution is nongaussian (7,28). If the distribution is a skewed
or asymmetrical form, the values are transformed to produce
a more Gaussian distribution and the interval is determined
(5,6,14,25,29,32,33,35). Alternatively, nonparametric percen-
tile method which does not make any assumption of distribu-
tion type nor do they use estimates of distribution parameters
have been proposed as a method of choice (28,34,35). How-
ever, practical problems related to the large variance when
sufficient dataset is not available have provided motivation
for developing better methods (13). In together with these
methods, bootstrap method, weighted percentile method,
smoothing technique and simulation method have been pro-
posed (16,17,20,31). Although statistical methods for estab-
lishment of new reference intervals are well described the
evaluation of clinical usefulness of established intervals has
not received much attention in veterinary medicine. Therefore,
the authors attempted to reevaluate the established reference
intervals that should be relevant for some selected clinical
chemistry components by using different statistical techniques.
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Materials and Methods

Data :

From 2005 to 2006, a total of 100 clinically healthy dogs
(52 males, 48 females) weighing 2.2-5.8 kg (9 breeds includ-
ing mixed) without underlying illness were retrieved from the
laboratory database of Kangwon National University Animal
Hospital. Dogs with suspected illness that might affect chem-
istry components under study or <1 year or > 8 years of age
were excluded in the analysis. Records including patient’s
signalment, clinical signs on initial visit, historical and physical
examination findings, information on concurrent diseases,
and outcome were also reviewed for inclusion. In this study
the following 7 analytes were examined: blood urea nitrogen
(BUN) (mg/dl), cholesterol (mg/dl), calcium (mg/dl), aspartate
aminotransferase (AST) (U/L), alanine aminotransferase (ALT)
(U/L), alkaline phosphatase (ALP) (U/L), and total protein
(g/dl). All analytes were measured using an automated ana-
lyzer (Ektachem DT 60, Johnson & Johnson) according to
the manufacturer’s recommendations.

Parametric and nonparametric percentile methods

To estimate confidence intervals parametric 2SD method
or two nonparametric percentile methods were used depend-
ing on the distribution of the values. Initially, goodness-of-fit
for normality of a component was determined by Kolmog-
orov-Smirnov (KS) test (16). For nonparametric method, the
lower and upper limits were computed according to the
guidelines of NCCLS and IFCC (24,34). Briefly, the values
were initially ranked in ascending order according to size.
Then 2.5 and 97.5 percentile values were calculated 0.025
(n +1) and 0.975(n + 1), respectively, where n is number of
values. Alternatively, for the 2.5 and 97.5 percentiles this cor-
responds to 0.025n +0.5 and 0.975n +0.5 ordered values,
respectively (9). The results of the first method only were pre-
sented here since the two nonparametric methods yield the
same results. The analysis was performed using the SAS sta-
tistical package (SAS, Cary, NC) and Microsoft® Excel
(Microsoft, Seattle, WA).

Bootstrap method
The above-mentioned nonparametric calculations were also
performed using parametric and nonparametric bootstrap pro-

cedures (8,11,12). Briefly, each of the values was assigned
the same probability of being reselected and for each set of re-
sampled values, and then percentile estimates were computed.
This bootstrap estimate was obtained as the means of percen-
tiles by 2,000 times iterations the above procedures. All negative
estimates were assigned to zero for meaningful interpretation
of the results. This was performed using Microsoft® Excel and
its add-on software, @Risk (Palisade, Newfield, NY).

Results

The descriptive statistics and tests for assumption of nor-
mality for each analyte are presented in Table 1. All analytes
but calcium were highly skewed to the right by the KS good-
ness-of-fit normality test. Only 1-2% of the samples for BUN,
cholesterol, calcium and total protein were identified as out-
liers, but for 5-9% of the remaining enzyme parameters. The
simulated means and intervals (or percentiles) are shown in
Table 2, and the computed intervals were generally close to the
values recommended by manufacturer with some variations
depending on the analytes. Regardless of the distribution type
of each analyte, nonparametric bootstrap method revealed
better estimates with regard to positive lower limits of confi-
dence intervals.

Discussion

Even the basic concepts of reference intervals are well
described elsewhere (21,22,32,35), clinical interpretation of
chemistry parameters in the practical world can be subjected
to increased risk when there are potentially large variations in
the intervals. In this study, the reference intervals estimated
by nonparametric methods were rather close to those recom-
mended by manufacturer but the lower or upper limits in
some analytes need to be reconsidered for clinical applica-
tion. Six components were rightward skewed, indicating that
the blood levels of these components in healthy dogs have a
tendency to the higher levels. Several reasons could be stated
to explain the difference, such as the different inclusion crite-
ria for healthy subjects, different population at different time,
different sample size, and by different users even in the same
analytical methods. At this time it is not clear that these dif-
ferences may truly reflect the real changes in the general

Table 1. Descriptive statistics and testing for normality (Kolmogorov-Smirnov test) of the analytes in 100 clinically healthy dogs

Analyte Minimum  Maximum Mean Median SD IQR* % outlier Normality
BUN (mg/dl) 34 294 14.7 14.9 49 7.4 1 0.0166
Cholesterol (mg/dl) 94.0 462.0 2184 204.5 79.1 112.5 2 0.0100
Calcium (mg/dl) 7.3 13.1 104 10.2 1.1 1.4 1 0.1500
AST (U/L) 7.0 104.0 25.5 24.0 133 9.0 6 0.0100
ALT (U/L) 1.0 651.0 54.6 46.0 67.5 23.8 5 0.0100
ALP (U/L) 31.0 288.0 88.0 73.0 50.5 45.8 9 0.0100
Total protein (g/dl) 52 8.6 6.8 6.8 0.6 0.8 2 0.0409

“linterquartile range.
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Table 2. Comparison of sample statistics (95% confidence interval, CI) and reference intervals recommended by manufacturer

Bootstrap (2.5 and 97.5 percentile)

Analyte Parametric Nonparametric Parametric Nonparametric Manufacturer’s CI
BUN 14.8 14.9 14.8 14.7 4.5, 30.5)
(mg/dl) (4.8, 24.7) (7.0, 24.1) (5.1, 24.9) (7.0, 24.2) ’
Cholesterol 228.7 204.0 228.7 227.3 (126, 359)
(mg/dl) 0, 521.9) (121.0, 427.0) (0, 518.8) (120.7, 480.8) ’
Calcium 104 10.2 10.9 10.9 9.7, 12.2)
(mg/dl) (8.1, 12.6) 8.2, 12.4) (8.2, 12.5) (8.1, 12.5) ’

AST 25.5 24.0 25.5 254 (1, 37)
(U/L) (0, 52.3) (12.0, 68.0) 0, 51.6) (11.8, 66.6) ’

ALT 54.6 46.0 25.5 25.5 3, 50)
(U/L) 0, 190.2) (10.0, 167.0) (0, 66.6) (11.7, 68.9) ?

ALP 88.0 72.0 88.0 87.7 (20, 155)
(U/L) (0, 189.5) (31.0, 239.0) (0, 240.8) (31.1, 240.8) ’

Total protein 6.8 6.8 6.8 6.8 (43, 6.6)
(g/dl) (5.5, 8.1) (5.6, 8.2) (5.6, 8.1) (5.6, 8.2) ’

* All negative estimates were assigned to zero for meaningful interpretation of the results.

population, but the variations need to be considered to rede-
fine the confidence intervals in the future setting.

One of the important factors to derive reliable reference
intervals is the sample size requirement because intervals
constructed with fewer individuals frequently result in weak
intervals that are often questioned by clinical observations. In
human medicine, a minimum size of 120 for parametric (28,32)
or 200 individuals for nonparametric method (17,21) has been
suggested previously. In veterinary medicine, since obtain-
ing such subjects is often not accomplished, a more realistic
number of 40 (1) or 60 animals (23) were reported to be suf-
ficient if a Gaussian distribution is present.

The bootstrap simulation technique has increasingly being
employed in the medical literatures such as disease surveil-
lance and modeling (27), reproductive performance (10), vac-
cine potency testing (2), molecular biology (18) and others
(3, 19). This method essentially consists of repeated random
sampling of the original values with replacement to model
the unknown variables, and to quantify the sampling error,
consequently confidence interval of a mean or a median of
interest (8,11). It has been known to be useful especially
when the size of data set is small or non-Gaussian, and the
confidence intervals calculated by the bootstrap are not sub-
ject to a restriction of symmetry, making them much more
versatile (15,26,30). It generally accepted that 200 iterations
are sufficient to estimate standard error, although much larger
values are necessary depending on the data (4,11,12). In this
study, 2,000 samples were drawn with replacement, yielding
2,000 reference intervals. From these values, the observed 2.5
and 97.5 percentiles were used as a 95% confidence interval.
Linnet (20) showed that the bootstrap procedures had the
lowest root mean squared error of the procedures examined
for all sample sizes in a simulation study. In addition, the
author recommended that a sample size of at least 100 should
be considered for nonparametric reference interval estima-

tion, as showing that the differences between the procedures
were most pronounced at low sample sizes of less than 40.
It is clear that there are many clinical situations to derive a
reference interval for a clinical analyte where laboratory
instrument is superseded by new one, reagent sources are
changed, the number of observed data values is small, char-
acteristics of the population has changed, and outlier values
are frequently identified in serum chemistry parameters as
seen in this study. Reference intervals recommended by man-
ufacturer can be used as a guideline derived from specific
study populations where the instrumentations are tested so
that laboratory users need to establish their own reference
intervals to reveal the changing patterns in the population, for
instance, ageing process. Furthermore, verification of a previ-
ously established interval may be necessary for communicat-
ing or transferring the values within and between laboratories
(22). This will be the basic requirement for patient care.
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