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Abstract
Background: Plasma D-dimer data are often not normally 
distributed. In the research setting, such data is non-
parametric and statistical analysis is often based on log-
transformed data. In the clinical pathology, results are not 
transformed, but interpreted as it is.

Objective: This report presents how either the researcher 
or the clinician could be interpreting results wrongly. The 
importance is to reaffirm the need to improve plasma 
D-dimer testing techniques with a view to improve its clinical 
utility.

Methods: This was a critical review of cross-sectional 
laboratory data. A total of ninety samples comprising N = 
30 per group were equally selected from groups from a pool 
of plasma D-dimer tests. The three groups were control, 
diabetes mellitus (DM), and diabetes plus cardiovascular 
(DM + CVD) disease. A descriptive analysis and comparison 
were performed on log-transformed and untransformed 
data.

Results: ANOVA on untransformed data showed non-sig-
nificant difference between groups, but the log normalized 
data achieved statistical significance (p < 0.03). Comparing 
the DM with DM + CVD groups, mean value is higher in DM 
group of untransformed data, but lower in the same data 
when it is log-transformed.

Conclusion: There is need to clarify the background 
statistics behind the reference values recommended 
in various quantitative kits- whether it is based on log-
transformed or untransformed data. Either the researcher 
who transforms data or the clinician who does not transform 
result would need to review the correctness of employing 
the recommendations on the reagent kit to interpret results.
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Introduction
Plasma D-dimer is used as a screening marker for 

atherothrombosis [1,2]. It is a common clinical tool 
used by which a patient may be excluded from deep 
vein thrombosis (DVT) and pulmonary embolism (PE). 
Although D-dimer testing provides sufficient diagnostic 
accuracy, the interpretation of result and clinical 
judgement are inevitable requirements [3].

Different methods exist for the determination of 
D-dimer including automated vs. manual; qualitative, 
quantitative or semi-quantitative; and rapid or non-rap-
id [4,5]. In terms of principle, there are enzyme-linked 
immunosorbent assay as well as immunoturbidomet-
ric and agglutination techniques. All of these assorted 
methods constitute a problem in the clinical utility of 
plasma D-dimer test. For instance, while the qualita-
tive techniques are less sensitive than quantitative and 
hardly discriminate between a weakly positive case 
from normal [3], the results of quantitative assays vary 
between methods and are not transferable [6].
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cross-section of ‘N = 90’ random selection from all 
three groups comprising equal number (30) per group. 
That is, 30 results each were randomly selected from 
the apparently health (Control), diabetes mellitus 
(DM) and diabetes with cardiovascular disease 
(CVD) complications (DM + CVD) groups. Descriptive 
statistics of data were performed on transformed and 
untransformed data. Group comparison was by the 
ANOVA method. Statistical analysis for this report was 
by Data Analysis ToolPak (Microsoft Excel).

In terms of scope of this study, the choice of this 
limited scope and simple statistical analysis is based on 
the fact that in clinical practice, the clinicians interpret 
the result of D-dimer without any transformation 
or logarithm. CVD is based on clinical diagnosis of 
hypertension and/or any form cardiovascular ill-health. 
Thus, all members of the DM + CVD group had clinical 
diagnosis of both diabetes and a form of CVD. The focus 
of this critical review was not to confirm diagnosis of 
pulmonary embolism, but to compare descriptive 
statistics from transformed vs. untransformed’ data. 
However, no participant selected in this review had just 
CVD only.

Results
Table 1 presents the raw vis-à-vis untransformed 

One problem associated with quantitative assay is 
the fact that D-dimer is not normally distributed reports 
[7]. Data that is not normally distributed is usually 
analysed by one of two methods i.e. using either the 
non-parametric statistics or by transforming the data 
for parametric statistics. There are recommendations 
for the use of log-normalization of data and subsequent 
back-transformation [8,9], which is now widely practiced 
in research [7,10].

However, logarithmic transformation of data 
approach has its own advantage and disadvantage. 
The advantage of the non-parametric approach is that 
the data is not altered as medians and sums or signs 
of ranks are used rather than assuming a distribution. 
The disadvantage is that parametric identifiers such 
as standard deviation may not necessarily be useful 
interpreters for the raw data. Therefore, discussion of 
whether a patient falls inside or outside a normal range, 
which assumes a normal distribution in the population, 
is not usually valid in a non-parametric context. The 
closest non-parametric alternative discussion would be 
if a patient falls between certain percentiles [8].

On the other hand, if the data is transformed to 
obtain a normal distribution, one can discuss how 
normal a patient is, because there would be applicable 
standard deviation to decide on a reference range. 
However, it is noteworthy that the values (means and 
standard deviations) being such instance have been 
transformed and therefore do not directly correspond 
to the raw data. That is, results from a transformed data 
analysis may not be directly applicable or interpretable 
in clinic diagnostic practice [11,12]. Indeed, there 
had been an outstanding recommendation that 
“careful consideration should be given to use of a log 
transformation at the protocol design stage” [9]. This 
brings to fore the question: has this been the case with 
D-dimer testing in research and diagnostic pathology?

Objective
This study attempts a critical evaluation of descriptive 

analysis of D-dimer data based on untransformed and 
log-transformed data. The importance is to reaffirm the 
need to improve plasma D-dimer testing techniques 
with a view to improve its clinical utility.

Methods
As part of a study on diabetes and its cardiovascular 

complications at the Charles Sturt University, subjects 
were tested for plasma D-dimer amongst other 
parameters. The study was approved by the Ethic in 
Human Research Committee. The detailed information 
on subjects’ selection criteria has been previously 
published [7,13]. Plasma D-dimer was assayed using 
MiniQuant® D-dimer reagent kits (Biopool). The results 
were generated by the MiniQuant-1™ instrument 
(Trinity Biotech Ireland).

For the purpose of this critical review study, a 

Table 1: Raw data.

DM DM + CVD Control
932 2065 134
88 309 135
228 110 501
512 455 248
178 207 67
79 100 67
2640 660 45
362 180 1176
369 923 140
150 23 100
150 273 304
160 105 124
274 238 180
120 2511 221
823 197 140
204 577 136
1744 258 160
272 642 67
110 45 224
451 555 45
100 130 160
103 231 90
180 311 625
2500 288 138
221 280 416
321 192 120
280 1447 34
1367 214 115
23 238 238
145 188 146
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observed that DM + CVD group, which originally had a 
lower mean value, presented the highest mean value 
compared to DM and control groups. Further, statistical 
significance was achieved (Table 3).

The implication is that from statistics’ perspective, 
there is justification for a clinician to limit clinical 
judgement and utilization of the diagnostic test to 
exclusion, only. There is also justification for a researcher 
to perform log-transformation and normalization as per 
statistical standards. However, from the perspective of 
this review objective i.e. translating natural log statistics 
in research to clinic diagnostic practice [11,12], this 
is an affirmation that reports of comparative levels 
that are based on log transformed data are not true 
representations of the original comparisons. The 
implication is that application of ‘log transformation and 
back-transformation’ is at least misleading and requires 
a clarification, if not a review.

What this report contributes to literature is evidence 
to reaffirm and update the need to address the non-
transferability of some statistical methods from 
research to clinical practice. The observation raises 
an important question about the current quantitative 
D-dimer techniques, viz: on what statistical basis are 
the given normal values or reference ranges made in 
the procedures of the various kits?

The importance of answering this question, in the 
clinical utility of plasma D-dimer test, is invaluable. If 
values provided were statistically determined from un-
transformed data, which has no normal distribution, it 
behoves that a reference range is not applicable. This 
is assumed in the current practice whereby improve-
ment is being sought. It also implies that the practice of 
logarithmic transformation of D-dimer data may need 
to be reviewed as the interpretation of results is not 
comparing apples with apples per se. Besides, it means 
that such a research results cannot be applied to clinical 
practice.

On the other hand, if the values provided were sta-
tistically determined from log-transformed data, which 
has normal distribution, it also means that clinicians 
are not. This is basically because log-transformed and 
back-transformed data do not directly correspond to 
values on the same scale as the raw data [11,12]. As 
shown in Table 2 and Table 3, DM group presented with 
highest mean value in the untransformed data, but not 
after log transformation. In particular, the result further 
shows that the mean values and standard deviations 
were much smaller for transformed data relative to 
untransformed data (Table 1). Therefore, pathologists 
in clinical practice may be comparing higher ‘raw’ lab-
oratory results with reference ranges that are based on 
much lower ‘transformed’ values.

Situation example
In the comparison study, Triage and Vidas D-dimer 

data for the ‘N = 90’ separated into the three groups. 
When data were analysed without log transformation, 
ANOVA showed non-significant difference, but DM 
group had a highest mean value (503 µg/L) for plasma 
D-dimer relative to DM + CVD (465 µg/L) and control 
(210 µg/L) groups. Kurtosis was greater than three in 
all the three groups (Table 2), which would justify the 
condition for consideration of log normalization for 
parametric data analysis. When data were converted to 
natural log and re-analysed and the mean values were 
back-transformed, DM + CVD showed the highest mean 
value (280 µg/L) relative to DM (271 µg/L). At this stage, 
data achieved normal distribution with kurtosis being < 
1.6 in both groups (Table 3).

Discussion
Based on the laboratory-based observation data (Ta-

ble 1), this report presents a classical situation where a sta-
tistically determined lower mean value in untransformed 
data analysis can come up to be higher if the same data is 
analysed as log-transformed and afterwards back-trans-
formed. When means and standard deviations were de-
termined in the raw data, it was observed that group DM 
originally had the highest mean value among the three 
groups compared to group DM + CVD. Meanwhile, the 
standard deviations were large, and each group showed 
kurtosis > 4 (Table 2). When the natural log values were 
used for the determination and back-transformed, it was 

Table 2: Descriptive statistics of untransformed data.

DM DM + CVD Control
Mean* 503 465 210
Standard Error 125 105 41
Median 225 248 139
Mode 150 238 67
Standard Deviation 683 577 226
Sample Variance 465950 333384 51156
Kurtosis 4 6 11
Skewness 2 3 3
Range 2617 2488 1142
Minimum 23 23 34
Maximum 2640 2511 1176
Count 30 30 30
*ANOVA: p ≈ 0.07.

Table 3: Descriptive statistics of transformed data.

DM DM + CVD Control
Mean* 271 280 150
Standard Error 1.22 1.20 1.15
Median 224 248 139
Mode 150 238 67
Standard Deviation 2.95 2.74 2.19
Sample Variance 3.23 2.77 1.85
Kurtosis 1.39 2.43 2.11
Skewness 1.54 1.05 1.66
Range 114.78 109.17 34.59
Minimum 23 23 34
Maximum 2640 2511 1176
Count 30 30 30
*ANOVA: p < 0.03.
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kits were indicated to have comparable accuracy, but 
different levels of sensitivity. The report recommended 
that lowering the reference range of the Triage method 
will improve the sensitivity at the expense of specificity 
[14]. This is the crux of the matter: if a clinician employs 
this recommendation to interpret the results presented 
in Table 1 shows, the groups’ mean values are normal 
on the basis of log-transformed data, but absolutely 
very high on the basis of untransformed data.

Currently, there now seems to be motion for age-ad-
justed reference values [15]. This situation will poten-
tially never eliminate the wrong diagnostic exclusion of 
DVT or PE. It has been identified that the interpretation 
as well as variability of unit’s measurement of D-dimer 
are complicated and unreasonable [16]. What this re-
port adds to the discourse is that the statistical basis of 
recommended reference values needs to be identified 
and aligned with clinical practice.

Conclusion
There is need to clarify the background statistics 

by which the reference values recommended in the 
various quantitative kits of plasma D-dimer are made. 
If recommendations are based on non-parametric 
analysis, then the practice of log-transforming D-dimer 
data in research needs to be reviewed. The statistics 
also needs to be reviewed in order to obtain an 
applicable reference range. This need for reference 
range is imperative to make sense out of quantitative 
assay relative to semi-quantitative method. If the 
recommendations are based on log-transformed data, 
the clinicians and pathology services need to be updated 
regarding ongoing interpretation of plasma D-dimer.
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