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Sazetak

Uvod: Neispravna uporaba statistickih metoda moZe biti uzrokom iskrivljenja
rezultata, netocnih zaklju¢aka i znatnog gubitka financijskih i drugih sredsta-
va i kao takva se smatra vrlo neeticnom. Nazalost, velik broj objavljenih rado-
va u medicinskim asopisima sadrZi neke statisticke pogreske. Cilj ovog rada
bio je utvrditi ucestalost nekih najcescih statistickih pogresaka, u ¢lancima
zaprimljenih u urednistvo asopisa Biochemia Medica, tijekom Cetverogodis-
njeg perioda, u razdoblju od 2006. do 2009. godine.

Materijali i metode: Obuhvaceni su svi izvorni znanstveni i stru¢ni radovi,
koji su sadrZavali statisticku analizu podataka, zaprimljeni u urednistvo ca-
sopisa Biochemia Medica u razdoblju od 2006. do 2009. godine. Rukopisi su
pregledani od strane dva recenzenta. Sljedece pogreske su ukljucene u anali-
zu: 1) pogresna uporaba ili prikaz deskriptivne analize; 2) pogresan izbor sta-
tistickog testa; 3) pogresna uporaba statistickog testa za usporedbu tri ili vise
skupina; 4) pogresan prikaz P vrijednosti; 5) pogresno tumacenje P vrijednos-
ti; 6) pogresno tumacenje rezultata korelacije; 7) nije provedena analiza sna-
geistrazivanja.

Rezultati: Ukupno je obuhvaceno 55 rukopisa. Niti jedan od rukopisa nije
imao provedenu analizu snage istrazivanja. Od ostalih Sest pogre3aka, barem
jedna pogreska utvrdena je u 48/55 (0,87) rukopisa. Najucestalije pogreske
su bile neispravna uporaba statistickog testa za usporedbu tri ili vise skupina
(21/28 (0,75) clanaka) i neispravan prikaz P vrijednosti (36/54 (0,66) clanaka).

Zakljucak: Statisticke pogreske su vrlo ucestale u rukopisima zaprimljenim u
uredniStvo casopisa Biochemia Medica. Sve potencijalne pogreske ustanovlje-
ne tijekom recenzije od strane statistickog recenzenta bile su ispravljene prije
objavljivanja ¢lanaka, Sto je znacajno unaprijedilo njihovu kvalitetu.
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Abstract

Introduction: The inappropriate use of statistical methods may lead to dis-
torted results, incorrect conclusions, and substantial waste of financial and
other resources and is considered highly unethical. Unfortunately, a great
number of published medical research contain some statistical errors. The
aim of this study was to assess the frequency of several most common statis-
tical errors, in manuscripts submitted to Biochemia Medica journal for possib-
e publication, during the 4 year period, since 2006-2009.

Materials and methods: All original scientific and professional manuscrip-
ts submitted to Biochemia Medica during the 2006-2009 were eligible for the
study, if they contained some kind of statistical analysis of the data. Manus-
cripts were reviewed manually by two reviewers. Following errors were in-
cluded: 1) incorrect use or presentation of descriptive analysis; 2) incorrect
choice of the statistical test; 3) incorrect use of statistical test for comparing
three or more groups for differences; 4) incorrect presentation of P value; 5)
incorrect interpretation of P value; 6) incorrect interpretation of correlation
analysis; 7) power analysis not provided.

Results: A total of 55 eligible manuscripts were identified. None of these ma-
nuscripts reported power analysis. As of other 6 errors analyzed, at least one
error was observed in 48/55 (0.87) manuscripts. Most common errors were
incorrect use of statistical test for comparing three or more groups for diffe-
rences (21/28 (0.75)) and incorrect presentation of P value (36/54 (0.66)).

Conclusion: The statistical errors are highly prevalent in manuscripts sub-
mitted to Biochemia Medica. All errors identified by statistical reviewer duri-
ng the review process were successfully corrected prior to publication, what
has greatly improved the overall quality of the manuscript.
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Uvod

Biostatistika je danas prihvacena kao vrlo mocan alat za
razumijevanje podataka i njihovu analizu i statisticke me-
tode se sve vise koriste u biomedicinskoj znanstvenoj li-
teraturi.
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Introduction

Biostatistics is widely accepted as a powerful tool for un-
derstanding and analyzing data and there is a constant
increase in the use of statistical methods in scientific bio-
medical literature. The inappropropriate use of statistical
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Neispravna uporaba statisti¢ckih metoda je ozbiljan prob-
lem koji moze biti uzrokom iskrivljenja rezultata, neto¢nih
zakljucaka i znatnog gubitka financijskih i drugih sred-
stava (1). Nadalje, neispravna uporaba statistickih meto-
da moze imati ozbiljne klini¢cke posljedice i kao takva se
smatra vrlo neeti¢cnom (2,3). Pogreske se dogadaju zbog
manjka znanja ili slu¢ajnog propusta, te ¢ak zbog nema-
ra i hotimi¢ne prijevare (4). Nazalost, velik broj objavljenih
radova u medicinskim c¢asopisima sadrzZi neke statisticke
pogreske (5-8).

Kako bi sprijecili nastanak pogresaka ili barem smanjili
njihov broj i unaprijedili kvalitetu ¢lanaka, mnogi su znan-
stveni ¢asopisi uveli postupak statisticke recenzije ili ¢ak
statistickog urednika (9,10). Nadalje, s istom su svrhom
objavljene i mnoge smjernice koje se odnose na znan-
stveno-istrazivacku metodologiju, ustroj istraZivanja, ana-
lizu podataka i pisanje rada. No, napredak koji je uslijedio
je bio vrlo skroman i neki su znacajniji problemi u istrazi-
vackoj metodologiji i statistickoj analizi jo$ uvijek prisutni
u biomedicinskoj literaturi.

Biochemia Medica je ¢asopis s medunarodnom recenzi-
jom, iz podrucja klinicke kemije, koji izlazi od 1991. godine.
Godine 2006. znacajno je promijenjena struktura ured-
ni¢ckog odbora i politika ¢asopisa (11), ubrzo nakon cega
je Casopis uvrsten u neke znacajnije bibliografske baze s
podrucja biomedicine (12,13), $to govori o neprekidnom
poboljsanju kvalitete sadrzaja ¢asopisa (14). Urednistvo
Casopisa od 2006. godine uvodi statisticku recenziju za
sve zaprimljene ¢lanke. S ciliem poducavanja i pomoci
potencijalnim autorima u razumijevanju nekih osnovnih
statistickih pojmova, ¢asopis takoder 2006. godine uvodi
rubriku Odabrane teme iz biostatistike, u kojoj su do sada
objavljeni mnogi edukacijski ¢lanci (15-24).

Cilj ovog rada bio je utvrditi ucestalost nekih najcesc¢ih
statistickih pogresaka, u ¢lancima zaprimljenih u urednis-
tvo Casopisa Biochemia Medica, tijekom cetverogodisnjeg
perioda, u razdoblju od 2006. do 2009. godine.

Treba istaknuti kako su svi autori bili obavijesteni o pog-
reSkama ustanovljenim tijekom statisticke recenzije, te da
su svi rukopisi bili temeljito prepravljeni i gotovo sve pog-
reske ispravljene prije objavljivanja rada.

Materijali i metode

U analizu smo ukljucili sve izvorne znanstvene i stru¢ne ra-
dove, koji su sadrzavali statisticku analizu podataka, zap-
rimljene u urednistvo Casopisa Biochemia Medica u raz-
doblju od 2006. do 2009. godine. Rukopisi su pregledani
od strane dva recenzenta. U analizu su ukljucene sljedece
pogreske: 1) pogredna uporaba ili prikaz deskriptivne ana-
lize; 2) pogresan izbor statistickog testa; 3) pogresna upo-
raba statistickog testa za usporedbu tri ili vise skupina; 4)
pogresan prikaz P vrijednosti; 5) pogresno tumacenje P
vrijednosti; 6) pogreSno tumacenje rezultata korelacije; 7)

Statistical errors in Biochemia Medica journal

methods is a serious problem and may lead to distorted
results, incorrect conclusions and a substantial waste of
financial and other resources (1). Moreover, it can have se-
rious clinical consequences and is therefore considered
as highly unethical (2,3). Errors may occur due to the lack
of competence, honest error or even negligence and de-
liberate deception (4). Unfortunately, a great number of
published medical research contains some statistical er-
rors (5-8).

To prevent or at least reduce the error rate and to impro-
ve the quality of their articles, many scientific journals
have introduced a statistical peer-reviewing process, or
even statistical editor (9,10). Furthermore, many guideli-
nes concerning research methodology, study design, da-
ta analysis and reporting, have been published. However,
the improvement has been only modest and some major
problems with research methodology and statistical ana-
lysis still exist in the biomedical literature.

Biochemia Medica is a peer reviewed clinical chemistry
journal published since 1991. Its editorial board and po-
licy has gone through a major change in 2006 (11) and
journal was soon accepted for indexing in some major
biomedical bibliographic databases (12,13), pointing to
the constant improvement of the quality of the journal
content (14). Since 2006 journal has implemented a statis-
tical review for all manuscripts submitted to the journal
for possible publication. To educate and help its readers
and potential authors in understanding some basic sta-
tistical concepts, journal has in 2006 launched a Lessons
in biostatistics section, under which many educational ar-
ticles have been published so far (15-24).

The aim of this study was to assess the frequency of se-
veral most common statistical errors, in manuscripts sub-
mitted to Biochemia Medica for possible publication, du-
ring the 4 year period, since 2006-20009.

It should be mentioned here that authors were informed
about all errors identified by the statistical review, ma-
nuscripts were thoroughly revised and almost all errors
were corrected prior to publication.

Materials and methods

All original scientific and professional manuscripts sub-
mitted to Biochemia Medica during the 2006-2009 were
eligible for the study, if they contained some kind of sta-
tistical analysis of the data. Manuscripts were reviewed
manually by two reviewers. Following errors were inclu-
ded: 1) incorrect use or presentation of descriptive ana-
lysis; 2) incorrect choice of the statistical test; 3) incorrect
use of statistical test for comparing three or more groups
for differences; 4) incorrect presentation of P value; 5) in-
correct interpretation of P value; 6) incorrect interpreta-
tion of correlation analysis; 7) power analysis not provi-
ded. Errors under #2 did not include incorrect use of sta-
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nije provedena analiza snage istrazivanja. Pogreske pod
tockom broj 2. nisu ukljucivale pogresnu uporabu statis-
tickog testa za usporedbu tri ili vise skupina.

Statisticka analiza

Podaci su prikazani opisno, kao broj i udio ¢lanaka u poje-
dinoj kategoriji. Statisti¢ka analiza je napravljena pomocu
statistickog programa MedCalc ® (MedCalc 9.3.0.0, Frank
Schoonjans, Mariakerke, Belgium).

Rezultati

Ovim je istrazivanjem ukupno obuhvaéeno 55 rukopisa
zaprimljenih u urednistvo ¢asopisa Biochemia Medica, od
kojih je kasnije 18 odbijeno, a 37 prihvaéeno za objavljiva-
nje. Niti jedan od rukopisa nije imao provedenu analizu
snage istrazivanja. Od ostalih Sest pogreSaka, barem jed-
na pogreska utvrdena je u 48/55 (0,87) rukopisa. Od ruko-
pisa koje smo obuhvatili ovom analizom, samo 7/55 (0,13)
nije sadrzavalo niti jednu pogresku, osim analize snage
istrazivanja. Ucestalost statistickih pogreSaka, u ¢lancima
zaprimljenim u urednistvo ¢asopisa Biochemia Medica, ti-
jekom perioda obuhvacdenog ovim istrazivanjem, prikaza-
na je u Tablici 1.

Najucestalije pogreske su bile neispravna uporaba statis-
tickog testa za usporedbu tri ili viSe skupina i neispravan
prikaz P vrijednosti.

Pogresan izbor statistickog testa bio je prisutan u 34/55
analiziranih rukopisa. Naj¢esce su autori grijesili: (i) koris-
te¢i parametrijski test (npr. t-test) umjesto neparametrij-
skog testa (npr. Mann-Whitney Rank Sum test), u slucaju
kad su imali mali uzorak ili kad raspodjela nije bila nor-
malna; (ii) koriste¢i neparni umjesto parnog testa za za-
visne uzorke; (iii) koristeci 2 test umjesto Fisherovog eg-
zaktnog testa kad su frekvencije u pojedinim razredima
male.

TaBLIcA 1. Ulestalost statistickih pogresaka u ¢lancima zaprim-
ljenih u urednistvo casopisa Biochemia Medica, u periodu od
2006. do 2009. Pogreske su poredane prema ucestalosti u pa-
dajudi niz.

Statistical errors in Biochemia Medica journal

tistical test for comparing three or more groups for diffe-
rences.

Statistical analysis

Descriptive data were presented as number and propor-
tions of articles within various categories. Statistical ana-
lysis was done using MedCalc ® statistical software (Med-
Calc 9.3.0.0, Frank Schoonjans, Mariakerke, Belgium).

Results

We identified a total of 55 eligible manuscripts submitted
to Biochemia Medica, out of which 18 were subsequently
rejected and 37 accepted for publication. None of the eli-
gible manuscripts reported power analysis. As of other 6
errors analyzed, at least one error was observed in 48/55
(0.87) manuscripts. Only 7/55 (0.13) manuscripts had none
of the errors analyzed in this study, with the exception of
power analysis. The frequency of statistical errors in ma-
nuscripts submitted to Biochemia Medica during the stu-
died period is presented in Table 1. Most common errors
were incorrect use of statistical test for comparing three
or more groups for differences and incorrect presenta-
tion of P value.

Incorrect choice of the statistical test was present in
34/55 studied manuscripts. Most commonly authors fai-
led to: (i) use non-parametric test like Mann-Whitney Ra-
nk Sum test when sample is too small, or when data are
not normally distributed instead of using parametric sta-
tistical methods (i.e. t-test); (ii) use paired tests when sam-
ples are dependent (paired); (iii) use Fisher exact test in-
stead of testing data with chi-square test, due to the low
cell frequencies.

As of the incorrect use or presentation of descriptive
analysis, errors most often done by authors were: (i) usi-

TasLE 1. The frequency of statistical errors in manuscripts sub-
mitted to Biochemia Medica during 2006-2009. Errors are sor-
ted according to their frequency.

Error Error rate
N (proportion)

Power analysis not provided 55/55 (1.0)

Incorrect use of statistical test for comparing three or more groups for differences 21/28 (0.75)
Incorrect presentation of P value 36/54 (0.66)
Incorrect choice of the statistical test 34/55 (0.62)
Incorrect interpretation of correlation analysis 11/20 (0.55)
Incorrect use or presentation of descriptive analysis 19/55 (0.35)
Incorrect interpretation of P value 12/54 (0.22)
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Sto se ti¢e pogre$ne uporabe ili prikaza opisne analize,
autori su najcesce grijesili: (i) koristedi aritmeticku sredi-
nu i standardnu devijaciju (umjesto medijana i interkvar-
tilnog raspona) za opis skupina ¢&iji podaci nisu normalno
raspodijeljeni ili za male skupine; (ii) navodeci standardnu
pogresku aritmeticke sredine (engl. standard error of the
mean, SEM) kao mjeru varijabilnosti podataka.

Rasprava

Neispravna uporaba ili ¢ak zlouporaba biostatistickih
metoda je dobro znana i obimno raspravljana u literatu-
ri. Neispravan ustroj istrazivanja i propusti u statistickoj
analizi neizbjezno vode k pogresnim zaklju¢cima i takvi
nedostaci mogu dovesti do lose klinicke prakse i gubit-
ka vrijednih financijskih sredstava u zdravstvu. Cilj ovog
rada bio je utvrditi uCestalost nekih najcescih statistickih
pogresaka, u ¢lancima zaprimljenim u urednistvo ¢asopi-
sa Biochemia Medica, u periodu od 2006. do 2009. godine.
Nasa je analiza pokazala kako znatan udio rukopisa zap-
rimljenih u urednistvo Casopisa ima barem neku statis-
ticku pogresku. Analiza snage istrazivanja nije provedena
niti u jednom radu, a najucestalije pogreske su bile upo-
raba pogresnog statistickog testa za usporedbu tri ili vise
skupina i neispravan prikaz P vrijednosti.

Ispravno ustrojena istrazivanja trebaju imati odgovara-
jucu snagu kako bi bila u stanju ustanoviti znatnije odstu-
panje od nulte hipoteze. Analiza snage istrazivanja se ko-
risti kako bi se odredila najmanja potrebna veli¢ina uzor-
ka za neku analizu. Opcenito govoredi, sto je veci uzorak,
manja je pogreska uzorkovanja. Pogreska uzorkovanja je
jedna od najucestalijih pogreSaka u znanstvenoj biome-
dicinskoj literaturi. Ispravno i primjereno uzorkovanje je
klju¢ni preduvjet za valjanost istrazivanja. Ukoliko ispitiva-
ne skupine nisu reprezentativne za neku populaciju, au-
tori ne bi smjeli koristiti inferencijsku statistiku, tj. donositi
zakljucke o populaciji (20,25). Bududi je u svim ¢lancima,
obuhvacenim ovom analizom, nedostajala analiza snage
istrazivanja, ¢ini se da s tim u vezi ima prostora za pobolj-
$anje. Autori bi trebali biti svjesni te Cinjenice i pokusati
izbjedi takvu pogresku. Prilikom planiranja istrazivanja,
autori ne bi smjeli zaboraviti izracunati odgovarajucu ve-
li¢inu uzorka kako ne bi nacinili pogresku tipa Il. Citatelji-
ma valja dati do znanja je li veli¢ina uzorka bila dovoljna
kako bi se otkrio ocekivani uc¢inak od interesa. Ovdje valja
naglasiti kako analiza snage istrazivanja nije potrebna za
neka jednostavnija preliminarna istrazivanja.

Pogresan izbor statisti¢ckog testa je takoder vrlo Cesta sta-
tistiCka pogreska (26,27). Autori Cesto nisu svjesni uvjeta
koje valja zadovoljiti pri izboru nekog statistickog testa. Ti
se uvjeti odnose na znacajke raspodjele, mjernu ljestvicu,
veli¢inu uzorka, broj skupina i opazanja, te neke druge.
Znatan udio ¢lanaka zaprimljenih u uredniStvo ¢asopisa
Biochemia Medica ima upravo tu vrstu pogreske. Autori bi
uvijek, prije izvodenja bilo kojeg statistickog testa, trebali
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ng mean and standard deviation (instead of median and
IQR, interquartile range) to describe data sets with non-
Gaussian distribution or when samples are small; and (ii)
using standard error of the mean (SEM) as a measure of
data variability.

Discussion

The phenomenon of inappropriate use and misuse of
biostatistical methods is well known and extensively dis-
cussed in the literature. Incorrect design of the study and
statistical flaws inevitably lead to incorrect conclusions
and such shortcomings may be misleading to the clinical
practice and waste of the valuable health resources. The
aim of this work was to assess the frequency of some mo-
st common statistical errors in manuscripts submitted to
Biochemia Medica during 2006-2009. Our analysis revea-
led that a substantial proportion of manuscripts involved
at least some statistical error. Power analysis was never
provided and most common errors were incorrect use of
statistical test and incorrect presentation of P value.
Properly designed experiments should ensure adequa-
te power to detect reasonable departures from the null
hypothesis. Power analysis is usually used to calculate the
minimum sample size required to some specific analysis.
In general, the larger the sample size, the smaller is the
sampling error. Sampling error is one of the most com-
monly occurring mistakes in the scientific biomedical li-
terature. Correct and appropriate sampling procedure
is a key prerequisite to the validity of the study. If study
groups are not representative for the population, autho-
rs should not use inferential statistical techniques, i.e. to
make conclusions about the population (20,25). Since all
eligible manuscripts in our study were lacking power ana-
lysis, there seems to be a lot of space for potential impro-
vement, regarding this issue. Authors should be aware of
that fact and try to avoid this mistake. When designing
the study authors should always remember to calculate
the adequate sample size in order not to do the type Il er-
ror. Readers should be informed whether the size of the
sample was appropriate to detect the effect of interest. It
should be noted that power analysis is not necessary for
simple exploratory studies reporting preliminary results.
Failure to choose the proper statistical test is also a com-
mon statistical mistake (26,27). Authors are often unawa-
re of the assumptions that need to be met when applying
some statistical test for data analysis. These assumptions
are concerning the data distribution characteristics, sca-
le of measurement, sample size, number of groups and
observations and some other. A substantial proportion of
manuscripts submitted to Biochemia Medica suffer from
this error. Authors are advised to always check for the as-
sumptions of the test, prior to any analysis and to inform
the readers why they chose the test, by stating for exam-
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provjeriti jesu li zadovoljeni uvjeti za njegovo izvodenje i
izvijestiti Citatelje zaSto su odabrali upravo taj test, kao u
sliede¢em primjeru: ,Za usporedbu vise nezavisnih skupina
primijenjen je ANOVA test, odnosno neparametrijski Kruskal-
Wallis test za raspodijele koje nisu bile normalne.” (28).

Kako proizlazi iz nadih rezultata, P vrijednost nije bila is-
pravno prikazana u dvije trecine rukopisa, dok u vise od
1/5 rukopisa P vrijednost nije bila ispravno tumacena.
Takvo je opazanje u skladu s ve¢ objavljenim u znanstve-
noj literaturi i ta je ¢injenica opsezno raspravljena u mno-
gim radovima (29-31).

Autori trebaju voditi racuna o tome da uvijek valja navesti
to¢nu P vrijednost za sve ispitane razlike i zaokruZiti broj
na tri decimalna mjesta (npr. treba napisati P = 0,048, um-
jesto P < 0,05). Valja izbjegavati izraze poput P = NS (en-
gl. non significant, nije znacajno), P > 0,05 i P < 0,05. Ta-
koder, P vrijednost ne treba navoditi s previse decimalnih
mjesta, kao npr P < 0,00001, ukoliko ne postoje neki po-
sebni razlozi za to. Nadalje, autori ¢esto izvode netocne
zakljucke temeljene iskljucivo na P vrijednosti, zanemaru-
juci klinicku znacajnost rezultata. Kako veli¢ina opazenog
uc¢inka ne proizlazi iz saznanja o P vrijednosti, uvijek va-
lja navoditi apsolutne razlike medu skupinama i pripada-
juce intervale pouzdanosti. Naime, male razlike mogu biti
statisticki znacajne, a klinicki potpuno besmislene, ako je
uzorak veliki, dok velike razlike mogu biti klini¢ki, no ne i
statisticki znacajne, ukoliko je uzorak mali. Rezultate va-
lja stoga uvijek tumaciti imaju¢i na umu njihovu klini¢ku
znacajnost, kao $to su npr. Pasali¢ i sur. u svom radu na-
veli: ,lako statisticki znalajne, razlike koncentracije koleste-
rola (P = 0,001), HDL kolesterola (P < 0,001), apolipoproteina
A-l (P < 0,001) i triglicerida (P = 0,002) u plazmi izmedu boles-
nika s normalnom tjelesnom nasom, prekomjernom tjeles-
nom masom i onih pretilih bile su klinicki nevazne.” (32).

Jos jedna pogreska, ucestalo prisutna u rukopisima zap-
rimljenim u uredni$tvo casopisa Biochemia Medica, je
pogresan prikaz rezultata. Neto¢na uporaba ili prikaz
opisne analize je bila zastupljena u vise od jedne trec¢ine
rukopisa obuhvacenih ovim istrazivanjem. O ucestalosti
pogresnog navodenja standardne pogreske aritmeticke
sredine (SEM) pisali su i drugi autori. Nagele P. i suradni-
ci su u svom radu ispitali ucestalost pogresne upotrebe
SEM u cetiri vodeca casopisa s podruc¢ja anestezije tije-
kom 2001. godine. Autori tog rada su ustanovili kako je
u svakom cetvrtom ¢lanku (198/860, 23%) objavljenom u
jednom od Cetiri analizirana ¢asopisa tijekom 2001. godi-
ne, SEM pogresno navedena kao mjera varijabilnosti po-
dataka nekog uzorka (33).

Naposlijetku, pogreske vezane uz analizu korelacije su ta-
koder vrlo ucestale u znanstvenim ¢lancima (7). Najcesce
nalazimo sljedece pogreske: (i) koristenje parametrijskog
Pearsonovog testa korelacije iako nisu zadovoljeni uvje-
ti za njegovo izvodenije; (ii) pogresno tumacenje rezul-
tata analize korelacije (koeficijenta korelacije - r, i njegove
statisticke znacajnosti - P); (iii) ucrtani korelacijski pravac
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ple: “.. ANOVA test was used for comparison of multiple in-
dependent groups and non-parametric Kruskal-Wallis test
for distributions that were not normal. " (28).

As of our results, P value was not presented correctly in
two thirds of the submitted manuscripts and not inter-
preted correctly in more than 1/5 manuscripts. This ob-
servation is consistent with what has already been publis-
hed in scientific literature and this issue has been exten-
sively reviewed (29-31). Authors should have in mind that
exact P values should be given for all tested differences
and rounded on three decimal places (for example P =
0.048 should be written instead of P < 0.05). Expressions
like P = NS (non significant), P > 0.05, P < 0.05 should not
be used. Also, P should not be reported with too many
decimal places, like for example P < 0.00001, unless there
are some exceptional reasons for that. Furthermore, aut-
hors often make incorrect conclusions based solely on
the P value, disregarding the clinical significance of the
results. Absolute differences between groups and their
respective confidence intervals should be reported whe-
never possible, as the magnitude of an effect is not sug-
gested by a P-value. Small differences can be statistically
significant, but meaningless, if your sample is too large,
whereas large differences can be clinically meaningful,
but statistically insignificant, if your sample is too small.
Results obtained should be always interpreted relevant
to their clinical significance, as was for example, reported
by Pasalic D. et al.: “... Though statistically significant, diffe-
rences in plasma cholesterol (P = 0.001), HDL-cholesterol (P
< 0.001), apolipoprotein A (P < 0.001) and triacylglycerol (P
= 0.002) concentrations between normal, overweight and
obese patients were clinically irrelevant. “ (32).

Another common mistake, quite often observed in ma-
nuscripts submitted to Biochemia Medica, is the erro-
neous data presentation. Incorrect use or presentation of
descriptive analysis was present in more than one third
of the manuscripts assessed in this study. The misuse of
SEM was reported by some other as well. Nagele P. and
his colleagues have aimed to evaluate the frequency of
inappropriate use of the SEM in four leading anaesthesia
journals in 2001 and have found that one in four articles
(198/860, 23%) published in four anaesthesia journals in
2001 inappropriately used the SEM in descriptive statisti-
¢s to describe the variability of the study sample (33).
Lastly, the errors in correlation analysis are also very com-
mon in the scientific articles (7). Most commonly, followi-
ng mistakes are made: (i) parametric Pearson test is per-
formed even though test assumptions are not met for
the test; (ii) the results (correlation coefficient - r, and its
statistical significance P) of the correlation analysis are
misinterpreted; (iii) fitted line is extrapolated outside the
data set; and (iv) conclusions on causality are made. Con-
clusions on causality of the observed relationship are not
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je ekstrapoliran izvan skupa podataka; i (iv) donose se
zakljucci o uzro¢no-posljedicnom odnosu. Zakljucivati o
uzro¢no-posljedicnom odnosu nije dozvoljeno jer kore-
lacija predstavlja samo povezanost dvaju obiljeZja, a ne i
ovisnost jednog o drugom (16,34).

Vise od polovice rukopisa analiziranih u nasem radu je
imalo neki problem vezan uz analizu korelacije. Autori
trebaju znati da uvijek valja provjeriti jesu li zadovoljeni
uvjeti za izvodenje Pearsonovog testa korelacije: tj. da su
oba obiljezja broj¢ana, da barem jedno obiljezje slijedi
normalnu raspodjelu, da je uzorak dovoljno velik i da pos-
toji dokaz o linearnom odnosu (prethodno provijeriti gra-
fickim prikazom i analizom tzv. reziduala) (35). Ukoliko na-
vedeni uvjeti nisu zadovoljeni, valja upotrijebiti Spearma-
nov test korelacije. Kuo je sa suradnicima (7) proveo anali-
zu ucestalosti problema ekstrapolacije ucrtanog pravca u
4 Casopisa iz podrucja opce medicine s visokim ¢imbeni-
kom odjeka (British Medical Journal, Lancet, JAMA, New En-
gland Journal of Medicine). Radom je obuhvaéeno 37 ¢la-
naka u kojima su autori ucrtali pravac na graf koji prikazu-
je odnos dvaju obiljezja (engl. scatter graf). Ustanovljeno
je da je 22/37 (59%) ¢lanaka imalo barem neki problem s
ekstrapolacijom, 4/37 (11%) je imalo ucrtani pravac koji je
zadirao u podru¢je besmislenih vrijednosti, dok su u 3/37
(8%) ¢lanaka ¢ak donoseni zakljucci o vrijednostima izvan
podrucja analiziranog skupa podataka.

Ovim radom nismo imali namjeru naciniti cjelovitu anali-
zu svih statisti¢kih pogresaka koje se pojavljuju u radovi-
ma zaprimljenim u ¢asopis Biochemia Medica. |zbor pog-
reSaka koje smo analizirali je bio proizvoljan i temeljen is-
kljucivo na nasem iskustvu i spoznajama o pojedinim oso-
bitostima ispitivanih rukopisa. Na taj smo nacin mozda
propustili obuhvatiti neke pogreske, kao $to su problem
visestrukog testiranja, propusti u grafickom prikazu poda-
taka, pitanje podataka koji nedostaju, problemi vezani uz
linearnu regresiju te problem vrijednosti koje su znatno
izvan skupa podataka (engl. outliers) i neke druge. Glav-
ni cilj ovog rada je u prvom redu bio upozoriti Citatelje te
sve potencijalne autore Casopisa na neke osnovne pogreske
i propuste, ukazujudi tako na prostor za poboljsanje.
Zaklju¢no, pogreske u uporabi biostatistickih metoda su
vrlo uestale u rukopisima zaprimljenim u urednistvo ca-
sopisa Biochemia Medica. Sve potencijalne pogreske usta-
novljene tijekom recenzije od strane statistickog recen-
zenta bile su ispravljene prije objavljivanja ¢lanka, sto je
znacajno unaprijedilo njegovu kvalitetu. | autori i urednici
bi trebali biti svjesni vaznosti pravilne i nepravilne primje-
ne statistickih metoda. Medicinski biokemicari i znanstve-
nici drugih grana biomedicine ukljuceni u bilo koju vrstu
statisticke analize podataka, morali bi provoditi svoja is-
trazivanja profesionalno, kompetentno i eti¢no (2). Svaki
korak naprijed u smislu edukacije buducih potencijalnih
autora je na dobrobit eti¢nosti, profesionalnosti i kompe-
tentnosti postupaka istrazivanja te kvalitete objavljenih
radova.

Statistical errors in Biochemia Medica journal

allowed because correlation only represents the associa-
tion between variables, but not causation (16,34).

More than half of the studied articles in our analysis were
having some problem with correlation analysis. Authors
should be sure to check the assumptions for the Pearson
correlation analysis: i.e. that both variables are numeric,
at least one variable is normally distributed, sample is
large and there is evidence for linear correlation (as ob-
served from a scatter plot, or by plotting residuals) (35).
If those assumptions are not met, Spearman correlation
analysis should be performed. Kuo (7) has studied the
extrapolation problem in 4 general medical journals with
high impact factor (British Medical Journal, Lancet, JAMA,
New England Journal of Medicine). He reviewed a total of
37 articles with scatter plot and has observed that 22/37
(59%) of the published articles had some extrapolation
problem, 4/37 (11%) had fitted line reaching meaningless
value and 3/37 (8%) stated conclusions about the values
outside the range of observed data.

This study was not aimed to be a comprehensive analysis
of all potential statistical errors occurring in the manus-
cripts submitted to Biochemia Medica. The choice of er-
rors to be analyzed was arbitrary and solely based on our
experience and knowledge about the specificities in the
studied manuscripts. As such, we may have missed some
errors not included in this study, such as multiple hypot-
hesis testing, erroneous graphical data presentation, mis-
sing data, issues in linear regression analysis, outliers data
issues and some other. The main goal of this article was
primarily to point out some basic errors and pitfalls to
the readers of the Journal and all potential authors, thus
identifying potential for improvement.

Herein we conclude that the misuse of biostatistics is hig-
hly prevalent in manuscripts submitted to Biochemia Me-
dica. All potential errors identified by statistical reviewer
during the review process were successfully corrected
prior to publication, what has greatly improved the ove-
rall quality of the manuscript. Both, authors and editors
should be aware of the importance of uses and misuses
of statistical analysis. Clinical chemists and all other scien-
tists in biomedicine involved in any kind of statistical ana-
lysis of data should perform their work in a professional,
competent, and ethical manner (2). Each step forward in
educating potential future authors is beneficial to the le-
vel of the ethical, professional and competent research
practice as well as to the quality of the papers to be sub-
mitted.
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