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ABSTRACT

A free full-text copy of this article can be found at the web page of Upsala J Med Sci: 
http://www.ujms.se

As a way of exploring differences between medical domains regarding management
of urinary tract infections, we investigated the MEDLINE® database for differences
in indexing patterns. Further, our intention was to assess the MEDLINE® database
as a source for studying medical domains. We examined the use of main headings,
subheadings and the level of main headings in six medical domains that manage uri-
nary tract infections. Many intuitive but also some counterintuitive results were
found indicating that the MEDLINE® database is difficult to use for studying med-
ical domains mainly due to unclear semantics both in the headings and the indexing
process, which results in variability in indexing. This variability probably hides sig-
nificant results. We also conclude that the differences found indicate that in addition
to differences between domains, there are also large variations within domains.

1. INTRODUCTION

Urinary Tract Infection (UTI) is a typical example of a medical concept used in
many different medical domains. Management of UTIs can include knowledge from
several relevant domains such as infectious diseases, microbiology, urology,
nephrology, internal medicine, and general practice. In order to investigate and
demonstrate differences between the medical domains our research group has con-
ducted a range of studies using different methods and source materials [1, 2]. This
paper describes a part of this work specifically exploring semantic differences
between domains be studying the MEDLINE® database.

Others have demonstrated differences both among as well as within the areas of
knowledge constituting the field of UTI using other materials and methods. Olesen
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and Östergaard studied the management of UTI patient cases in three different med-
ical specialties with regard to the possibilities of providing CME [3]. Their study
showed large variations in suggested strategies for diagnosis, treatment, and follow
up both within and between specialties. Timpka and Bjurulf studied the agreement
among physicians from three different specialties regarding management of female
genitourinary infections and reported similar results [4]. However, while these stud-
ies demonstrated differences between domains, the perspective was limited to cer-
tain, selected aspects such as diagnosis, treatment and follow up in the case of Ole-
sen and Östergaard and agreement on diagnosis in the case of Timpka and Bjurulf.

The aim of this study was to examine the assignment of MeSH® main headings
and subheadings to articles concerning UTI that are published in serials1 belonging
to different medical domains and also to discuss the use of the MEDLINE® data-
base as a source of knowledge for studying medical knowledge domains. Discover-
ing differences in indexing patterns, such as different depths of knowledge, i.e.
granularity, or different sets of subheadings reflecting aspects of interest, might be
of help in the theorization of the area of UTI. 

In this article, we will present the results on an aggregated level. 
As mentioned above, our research group has performed other studies in this field.

These studies include the construction of a categorical structure of the field of UTI
[1] and a literature study discovering fundamental differences in the view of the
concept of UTI and other related concepts such as bacteriuria and urethral syn-
drome [2]. This paper describes an attempt at using the knowledge implicit in the
MEDLINE® headings and indexing patterns complementary to the other studies,
aiding the construction of categorical structure of the field of UTI.

2. MATERIAL

The material consists of a subset of references extracted from the MEDLINE® bibli-
ographic database concerning UTI. In order to retrieve this subset, a MEDLINE®

query was formulated. The query consisted of the MeSH® main heading ‘Urinary
Tract Infections’ in conjunction with other relevant main headings. The query was
discussed with and revised in accordance with the views of the MEDLINE® index-
ers at the library at Karolinska institutet, the Swedish MEDLARS® center. The
resulting query was the union of the sub-queries listed in Table 1. The resulting set
consisted of 66,987 references from 1963 to 2000.

The references were classified into domains by the serial in which they were pub-
lished. Of the 66,987 references, 2,027 (3.0%) had no associated serial, i.e. no ISSN
(International Standard Serial Number) field, and could therefore not be classified,
leaving 64,960 references for consideration. The frequency of missing ISSN fields
was higher in the 1960s and early 1970s, with an average of 102.3 per year from
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1963 to 1975, than today, with an average of 12.6 per year 1985 up until present (p
< 0.001, �2 test).

The division of serials into domains was based on the 1999 list of currently
indexed journals arranged by subject [5]. The subjects used in the list are a selection
of 127 MeSH® main headings picked by the NLM™ to represent a classification of
the areas of biomedicine. The list included 3,243 distinct serials. Of the 127 sub-
jects, 18 were used to form the six domains.2 This aggregation into six domains was
performed by the authors and was considered uncontroversial, as it follows the
internationally acknowledged fields of medical subspecialization. The domains
were constructed in order to reflect distinct areas of medicine that manage UTI
patients. The domains were Microbiology and Infectious Diseases (MI), Internal
Medicine (IM), Pediatrics (Pe), Gynecology and Obstetrics (GO), Urology and
Nephrology (UN), and General Practice3 (GP). The extents of the domains MI, GO,
and UN are motivated by frequent cross publishing between their sub-domains. For
example, many articles4 on microbiology are published in infectious diseases seri-
als. The sixth domain, General Practice (GP), was constructed from the ‘Family
Practice’ subject with the addition of a number of handpicked serials including, for
example, the BMJ and other national medical serials assumed to have impact on the
GP community. The selection process was discussed with opinion leading GPs.

Of the 3,243 serials, 715 (22.0%) belonged to one or two of the five domains. Of
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Table 1.

6 Dupllicates and empty records excluded.

2 The term ‘Domain’ is used to denote the quantifications of the areas of medicine used specifically in
this study.
3 The term ‘Family Practice’ is used in the NLMTM list of subjects. The terms ‘Family Practice’ and
‘General Practice’ are not distinguished in this study.
4 ‘Article’ is the term used by the NLMTM to denote the entity to which a reference refers. This also
includes comments, editorials, guidelines, letters, monographs, reviews, etc.



the 64,960 references, 31,797 (48.9%) came from those domains. Figures describ-
ing the distribution of serials and references in the domains can be seen in Table 2.

Twenty-two of the 715 serials (3.08%) were listed under two domains. Examples
of these serials are ‘Pediatric Nephrology’ and ‘Infectious Diseases in Obstetrics
and Gynecology.’ These serials were excluded when comparing the domains in
question, as they were considered atypical for their domains. None of the serials
was listed under more than two domains.

In the construction of the material, three selections were made:

1. A selection of all serials in biomedicine that publish articles concerning UTI
were indexed in the MEDLINE® database. (Unknown number).

2. A selection of the references in the MEDLINE® database concerning UTI were
found using our query. (66,987 publication items).

3. A selection of the references found using our query came from serials included
in the domains. (31,797 publication items).

These selections may give rise to false negative references as well as false posi-
tive references. 

First, we will discuss the false negatives. In selection no. 1, the selection of seri-
als to be indexed in MEDLINE®, the NLM™ Literature Selection Technical
Review Committee reviews and assesses the quality of the contents of the serials in
question [6]. On the grounds of this assessment, a decision is made as to whether or
not the serial should be indexed. The current selection of 3,243 indexed serials rep-
resents about 10% of the estimated 30,000 to 40,000 published biomedical serials
[7]. Although the NLM™ serial selection process must be subjective to some
extent, the resulting selection must be considered systematic. Thus, our results can
only apply to serials indexed in the MEDLINE® database. However, we are of the
opinion that the coverage of the MEDLINE® database is of such magnitude and
substance that the contents of the covered serials sufficiently span those areas of
medicine concerned by this study. 

In selection no. 2 articles are selected with an unknown level of recall, which is
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certainly less than 100%. In other words, not all articles concerning UTI will be
found by searching the database with the query. False negatives arise mainly for two
reasons. First, our query formulation may not fully span the area of UTI, and sec-
ond, indexers may not always catch every important aspect of each indexed article.
Assuming that our query is a reasonable approximation of the area of UTI, the only
random error comes from variability and error in indexing. Thus, we stipulate that
the area of UTI in our study equals the expected results of our query.

In selection no. 3, references from serials not belonging to any of the domains are
excluded. Here, apart from the true negatives due to the fact that a serial may not
concern the area corresponding to the domain, false negatives may arise for various
reasons. The extensions of the domains in this study are stipulated by the NLM™
serial subject classification [5]. However, it is most probable that there are items
published in excluded serials describing UTI in relation to some of the areas corre-
sponding to the domains. In addition, the various areas of medicine are constantly
evolving and often debated, so no consensus definitions of the domains are avail-
able, nor will they ever be. 

False positives have four main sources. First, in selection no. 2, our query formu-
lation may be too wide. Second, the classification of serials may introduce false
positives in the sense that the serials may have been erroneously classified. Third,
indexers may erroneously apply index headings to references that the corresponding
articles do not cover. Fourth, serials may publish articles less related to the subject
applied by the NLM™ and, hence, to the domain.

We consider the first two sources of false positives to be systematic. The second
case, where serials were erroneously classified, was ruled out by inspection: the
problem is not inaccurate classification but rather the fuzziness of the domains.

The third source of false positives introduces a systematic error in relation to the
dimensions as discussed below (see paragraph 3.1, Dimensions). The fourth is con-
sidered a random error.

For two reasons the resulting set of references is also skewed towards recent
years. First, the number of missing ISSN fields is lower today than in earlier years,
and second, since the domain classification is based on the serials indexed today
(1999), discontinued serials are excluded. The distribution of number of references
per year can be seen in Figure 1.

Examining only major main headings could increase consistency [8] and should
increase the precision as well as decrease the sensitivity. Since headings represent-
ing central concepts should still be more frequent than less important headings in
our material, and in order not to decrease sensitivity, we chose to examine all main
headings, not just the major ones.

The results of our query were seen as a sample of the true set of references in the
MEDLINE® database concerning UTI as defined by the expected results of our
query. This true set of references is the population in this study.

For all samples the unique ID, year of publication, and ISSN were collected
together with all MeSH® main headings and subheadings.
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3. METHOD

The references, sampled as described in chapter 2, were collected using NLMs™
free PubMed search system and imported into a Microsoft® Access database for re-
organization of the material. The material was statistically analyzed using in-house
developed software.

3.1 Dimensions

One of the aims of the study was to investigate the use of MeSH® main headings.
To make use of the hierarchical tree structure of MeSH®, as defined by MeSH®

tree numbers, entire sub-trees, here referred to as dimensions, were studied. The
dimensions used in this study were constructed in order to reflect core aspects of
UTI and were the result of a qualitative study of the knowledge domain of UTI
performed by our research group [1]. The aim in using dimensions was also to
reduce the effects of indexing variability. [1]The dimensions are listed in Table 3.
Indention represents narrowness according to the MeSH® tree structure. For
example, ‘Antibiotics’ is a narrower dimension than ‘Chemicals and Drugs Cate-
gory.’The fact that a MeSH® main heading can have more than one position in the
tree structure did not influence to study. Since the dimensions are constructed
from material relating to the area of UTI [1], the dimensions can be expected to
appear more frequently in articles that belong to the study population and, hence,
less frequently in articles not belonging to the population. Thus, the presence of
false positives in the material, that is references not relating to the area of UTI,
indicates that the dimension frequency results will be under-estimated. Metaphor-
ically speaking, the material is diluted. However, the rate of false positives is
assumed not to differ among domains.
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3.2 Research questions

The hypothesis is that conceptual differences exist between domains of medicine
and that these differences can be seen and described as patterns of MEDLINE®

indexing. To study the differences among domains, we statistically analyzed a selec-
tion of MEDLINE® database entries using three quantitative measures of domain
differences: (1) use of headings, (2) granularity of headings used, and (3) use of
subheadings. A 1-percent simultaneous degree of confidence was used in all analy-
ses. For each quantitative measure and for each dimension, all pairs of domains
were compared independently. To avoid dependencies between domains, articles
published in serials belonging to more than one domain were excluded when those
domains were compared, but not otherwise.

3.2.1 Use of headings

To estimate the importance of specific dimensions in the domains, the number of
headings in a certain dimension was measured per article. 

The number of headings in a dimension per article is dependent on the available
number of headings in the MeSH® tree structure. As the number of headings per
dimension varies from 15 for the dimension ‘Disease Attributes’ to 6607 for the
dimension ‘Chemicals and Drugs Category,’ i.e. a factor of 440, dimensions should
not be compared with each other.
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To test the difference between domains, data was first trichotomized, i.e. the arti-
cles were categorized into three disjunct categories: those with no heading, those
with one heading and those with two or more headings. Trichotomies were chosen
in favor of dichotomies in order to consider cases with more than one heading per
article. More than three categories greatly increased the number of cases where �2

test assumptions were violated, i.e. when the expected frequency was less than five
for more than one fifth of the categories. The count of articles in these categories
was used for testing. �2 values were computed for all unique unordered pairs of
domains (15 pairs), except when �2 test assumptions were violated. No assumption
regarding normality of data distribution was made.

3.2.2 Use of subheadings

The use of subheadings in combination with the main headings ‘Urinary Tract
Infections,’ ‘Cystitis,’ and ‘Pyelitis,’ plus narrower headings was studied analogous
to the case of MeSH® main headings (3.2.1). However, in contrast to dimensions, a
subheading can only appear once per article whereas there can be several main
headings in one dimension appearing in one article. Thus, dichotomies were used
instead of trichotomies.

3.2.3 Granularity of headings

To estimate the granularity of knowledge among domains, the average heading lev-
el, i.e. the length of the path to the root in the MeSH® tree structure, was measured.
In the tree structure, the heading level is generally not a good estimate of granulari-
ty since the “semantic distance” corresponding to one step down in the tree struc-
ture varies. For example, the heading pairs ‘Arm’ and ‘Fingers’, and ‘Equipment
and Supplies’ and ‘Air Bags’5 have the same distance in the tree structure. However,
if the heading level is studied in the context of just one dimension, level can be a
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good estimate of granularity as the consistency is larger within our dimensions than
within MeSH® as a whole. This also implies that dimensions should not be com-
pared with each other.

When a heading in a certain dimension had two positions in the tree structure, the
average level was used. For example, the heading ‘Jaw’ in the dimension ‘Anato-
my’ is categorized both as a facial bone (level six) and as belonging to the stom-
atognathic system (level two). Consequently, the heading ‘Jaw’ is given the level
four. The alternative aggregation-operators maximum and minimum are assumed to
overestimate and underestimate the level, respectively.

To compare the actual use of main headings in the MEDLINE® database with the
distribution of headings in the MeSH® tree structure, the MeSH® sub-tree corre-
sponding to the dimension was included as a seventh “domain”. Thus, the average
level, corresponding to the granularity, of the main headings for a dimension was
compared to actual use.

To test differences between domains, two-tailed confidence intervals for differ-
ences between means were constructed using Z-distributions for each pair of
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domains (21 pairs including MeSH® comparison). No assumption regarding nor-
mality of data distribution was made.

4. RESULTS

Selected examples of significant results are presented here. The general principle
used to select examples for presentation in this paper is that one or two domains
should differ significantly from all but, at most, one domain. Some additional exam-
ples have been provided where this was considered appropriate. In addition, esti-
mates of the magnitude of the differences are provided.

An average of 58% of the main headings in any of the dimensions were used in
any of the articles published in a serial belonging to a domain. For all articles, 69%
of the headings were used.

4.1 Use of headings

Of the 16 dimensions, all except for the ‘Health Personnel’ dimension allowed
analysis. The distribution of number of main headings per article had a high positive
skewness, as is exemplified in Table 4 and Figure 2. Further, many of the articles
were not indexed under any heading relating to the dimension at hand. Outliers
were frequently present, as indicated by the difference between the 95th percentile
and the maximum value in Table 4. All dimensions showed a similar shape in their
distribution. An example of a trichotomization is shown in Table 5. Here the use of
headings in the dimension ‘Bacteria’ in the domains of ‘Microbiology and Infec-
tious Diseases’ and ‘Internal Medicine’ is compared. In this example, 4,119 of the
10,366 articles belonging to the MI domain had no ‘Bacteria’ main heading, 4,597
had one heading, and 1,650 had two or more ‘Bacteria’ headings. The results con-
cerning the use of headings are presented in Table 6.

4.2 Use of subheadings

Thirty-eight different subheadings were found, 18 of which were frequent enough to
allow analysis and show some significant differences. There were 19,410 articles
which were indexed under the main headings ‘Urinary Tract Infections’, ‘Cystitis,’
and ‘Pyelitis’ that belonged to one of the domains. Of these, 19,050 (98.1%) had at
least one subheading. The results are presented in Table 7.

4.3 Granularity of headings

Of the 16 dimensions, all except the ‘Health Personnel’ dimension allowed analysis.
One of the dimensions showed no significant differences, and another dimension
showed only scattered significant differences, i.e. no patterns. For each dimension,
both the results for the domains in relation to the MeSH® tree structure and the
results of inter-domain comparisons are presented. These results are presented in the
upper and lower right hand side of each row respectively. The results are presented
in Table 8.
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5. DISCUSSION

An important question here is whether MEDLINE® is useful as a source for analyz-
ing medical knowledge domains. This issue can be subdivided into two questions,
one regarding the quality of the MEDLINE® database and the other the adequacy of
the MeSH® thesaurus.
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153

Table 8.Results for average MeSH® main heading level.



To estimate the quality of the MEDLINE® database one could examine the rates
of false negatives and positives as well as the variability of MEDLINE® indexing.
To get an approximation of the rate of false negatives (1 – Sensitivity) and rate of
false positives (1 – Positive Predictive Value) we examined earlier studies of the
MEDLINE® sensitivity and specificity of the MEDLINE® database [10–15]. [13]
The studies show that the rate of false negatives can be expected to be about 20%,
while the rate of false positives is often much higher. None of the studies concerned
general search tasks like the query in this study but, on the contrary, rather specific
search tasks. Thus, interpretation of the results of these studies in the context of the
present study must be done with some reservation. However, the rate of false posi-
tives should be lower in the case of general search tasks than in the case of specific
tasks, since more articles should fit into the more open restrictions of the general
search task.

The variability of indexing in the MEDLINE® database may also have influenced
the material. The inter-indexer consistency has been reported to be 48.2% for non-
major main headings [8]. Sources of this variability could be that indexers choose
headings from a set of nearly equally suitable headings, or that indexers are incon-
sistent in their choice of whether or not to include a specific heading. However, by
examining aggregations of headings such as, for example, our dimensions, instead
of specific headings, we believe that the former source of variability can be
reduced.

In conclusion, the MEDLINE® database must be used with an awareness of the
fact that the databases, like other databases, have problems concerning precision
and recall and that there is a significant amount of variability in indexing.

The other question concerned the adequacy of the MeSH® thesaurus and, more
specifically, the thesaurus as it is used in representing the contents of the articles in
the indexing process.

The material presented here was sampled over a time span of about 38 years
(1963 – March 2000). The results reflect a mean for this period. During this time,
the MeSH® thesaurus has changed considerably: the volume has increased and
new levels of depth have been added. The changes in MeSH® will thus affect the
standard deviation of the results. The standard deviation also reflects the shifts of
focus in the research and practice regarding UTI management over the years, both
directly and indirectly via the changes in MeSH®. It is interesting to note that the
length of this period of time is about the same as the careers of the presently
active physicians. The physicians who are now about to retire began working in
the beginning of the 1960s. Thus, although the material might not reflect the cur-
rent status of the area of UTI, it might better reflect the practice of UTI manage-
ment in health care today. A study of the current concept of UTI should span a
shorter time period.

Most of the domain differences are between microbiology/infectious diseases and
the other domains. This is evident in the comparison of the use of subheadings,
where the MI domain has a lower relative frequency of clinically related subhead-
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ings such as ‘Complications,’ ‘Diagnosis,’ and ‘Prevention & Control.’ This differ-
ence most probably reflects a greater influence of the basic sciences in that domain,
which is not as clear in other domains.

Most of the significant results have apparent and intuitive interpretations. For
example, in the microbiology/infectious disease domain more ‘Bacteria’ and
‘Antibiotics’ headings per article are used than in other domains. In pediatrics, more
age related headings are used per article than in other domains. Since most patients
with UTI are treated by general practitioners, it is reasonable that there are more
‘Drug Therapy’ subheadings in that domain. Also, it is intuitive that in the ‘Labora-
tory Techniques and Procedures’ dimension, the level of main headings used in the
microbiology/infectious diseases domain is higher than in other domains. Concern-
ing the main heading levels, only small mean differences between domains can be
noted. Typically, the mean differences are between 0.1–0.3, with the ‘Laboratory
Techniques and Procedures’ dimension, with a width of range of 1.0, as the excep-
tion. The standard deviation is typically between 1.0–1.5, indicating that the varia-
tion is greater within the domains than between the domains. The question is then
whether these results are sound. Obviously, at least some variations in granularity
should exist. Thus, we conclude that the heading level does not adequately reflect
differences in granularity of knowledge among domains. However, granularity may
be expressed in other ways when indexing articles, such as, for example, through
co-ordination [15].

In some dimensions, interpretation of the heading level as being related to granu-
larity can be misleading. For example, in the ‘Anatomy’ domain the tree structure is
mostly a part-whole hierarchy and not a “narrowness” hierarchy as is usual in other
dimensions. The heading ‘Finger’ alone is not necessarily more narrow than the
heading ‘Arm.’ However, the heading level is higher in the UN domain, a domain
given by anatomy. The interpretation of a main heading may also depend on co-
occurring headings. For example, when an ‘Anatomy’ heading co-occurs with a
‘Disease Category’ heading, the intended interpretation may be that the disease
resides in the anatomical region or system. A disease that resides in the finger can
be seen as having a “narrower” relation to a disease that resides in the arm. Thus,
headings may be given new semantics by the co-occurring headings. The semantics
may be further clarified by the use of subheadings, a fact that was utilized by Cimi-
no and Barnett in the extraction of knowledge from the MEDLINE® database [16]. 

The results also show that the mean level is often higher in the MeSH® thesaurus
than in actual use. This may be seen to conflict with the indexer directives to use the
most specific heading that is still adequate [15]. This phenomenon can be explained,
however, in that many more specific, i.e. higher level, headings are infrequently
used but needed for coverage.

Some of the results are, however, counterintuitive. For example, there are fewer
‘Infection’ headings and ‘Etiology’ subheadings in the microbiology/infectious dis-
eases domain than in other domains. The only explanation we can give here, assum-
ing that more is said about the etiology of UTI in the microbiology/infectious dis-
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eases domain, is that we either have misinterpreted the use of the headings or that
MeSH® and the indexing process do not sufficiently reflect those aspects of medi-
cine.

Thus, due to problems primarily concerning unclear semantics of in both the
headings and the indexing process, we conclude that the MEDLINE® database is
difficult to use for examining aspects of medical knowledge domains. The variabili-
ty in the expression of semantics probably hides significant results, although the
significant results that have been found are mostly reliable. The method seems to be
primarily sound, although it is not complete. In addition, we find no reason to
believe that these problems should not exist for other terminological systems. We
believe that the problems found in this study do not only stem from problems
specifically with MeSH® or MEDLINE®, but from the inexactness of the semantics
of medicine [17].
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