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ABSTRACT

Introduction: The scientific outcome of Health Science PhD theses has been questioned by arguments suggesting that
strategic motives are important for graduation among clinical PhD graduates which may compromise scientific output and
quality. This study aimed to investigate the scientific outcome of clinical PhD theses.

Methods: A total of 841 PhD theses from the Department of Clinical Medicine, University of Copenhagen, were concluded in
2013-2017. These theses were examined, and all published manuscripts were identified in online databases. Thesis
bibliographics, publication activity and article/journal impact of the published manuscripts were obtained between 21 March
and 18 September 2019.

Results: Overall, 2,845 manuscripts were embedded in the theses (3.4 + 0.8 manuscripts/thesis, mean + standard deviation). A
total of 56% and 92% of the manuscripts were published at the time of thesis submission and observation, respectively. The
SCImago Journal Rank was 2.1 + 1.7 and 82% of the manuscripts were published in journals with a field-specific ranking in the
best quartile. The mean field-weighted citation impact of the published manuscripts was 102% higher than the world average.

Conclusions: The scientific outcome of clinical PhD theses was high as 92% of all manuscripts were published with a field-
weighted journal ranking and citation impact above the world average, indicating that the productivity and quality of the
clinical PhD theses are not compromised even though strategic motives is a driver for graduation.

Funding: This study was funded by the Graduate School of the Faculty of Health and Medical Sciences, University of
Copenhagen.

Trial registration: not relevant.

During the past two decades, the annual number of PhD graduates from Faculties of Health Science across all
Danish universities has increased by almost 200% [1]. Consequently, questions have been raised about the
quality of the PhD and about the motives behind initiating and concluding a PhD training programme - the latter
especially among medical doctors [2, 3]. Data from the Danish Ministry of Higher Education and Science revealed
that the majority of foreign assessment committee members rated the quality of Danish PhD theses higher than
the international standard [4]. Additionally, an evaluation of Danish Health Science PhD theses concluded in 2016
strongly demonstrated that the quality (i.e., journal impact factor) was, indeed, unchanged or slightly improved
from 2004 to 2010 [S] despite a substantial increase in the number of PhD graduates. Interestingly, the evaluation
showed that approximately 80% of all manuscripts embedded in PhD theses from 2004 and 2010, respectively,

were published in peer-reviewed journals, with no difference between these time points [5]. An investigation of
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the PhD theses concluded in the field of the pharmaceutical sciences reported that 13% of all manuscripts
embedded in PhD theses appeared to remain unpublished. Consequently, up to 20% of all research conducted

during PhD training programmes in the field of Health Sciences may never be published [5, 6].

It has recurrently been suggested that a substantial part of medical doctors primarily initiate a PhD training
programme for strategic motives, i.e. to advance their medical careers and not owing to an interest in clinical
research [2, 3]. However, as previous evaluations have investigated Health Sciences in general, it remains
somewhat unclear whether PhD graduates within clinical research areas in particular are prone to graduating
from PhD training programmes with inadequate scientific outcomes. Therefore, the aim of the present study
was to investigate the scientific outcome of PhD theses conducted at the Department of Clinical Medicine,

University of Copenhagen, Denmark, in terms of publication activity and scientific impact.

METHODS

The study was initiated and funded by the Graduate School of Health and Medical Sciences and was approved by
the Danish Data Protection Agency and the local ethics committee at Faculty of Health and Medical Sciences,
University of Copenhagen (504-0116/19-5000).

Data collection

A total of 848 clinical PhD theses were acquired via the University of Copenhagen journaling database (KMD
WorkZone) from a full list of PhD graduates from the Department of Clinical Medicine in the 2013-2017 period,
regardless of the graduates’ educational background. This list was provided by the Graduate School of the Faculty
of Health and Medical Sciences, University of Copenhagen. In the present analysis, only manuscripts and
publications that were an integrated part of the theses were included. Additional produced data and publications
during the PhD studies, which were not part of the integrated manuscripts, were not included. The study also
included theses in which all embedded data were generated without enrolment to the PhD training programme,
which is an option described in Section 15.2 of the Danish PhD Order (Section 15.2-theses). The number of
Section 15.2 theses was substantially higher among graduates from 2013 compared with the successive years.
Two monographic theses were identified and included in the bibliographic analyses of the theses but excluded in
analyses of publication status and bibliometrics. Civil registration number (CPR number) determined the gender

of the PhD graduates (female/male).
Identification of published manuscripts

Between 21 March and 18 September 2019, three databases (PubMed, Scopus and Google Scholar) were used for
identification of the published manuscripts. The database search principles applied were firstly a manuscript
search by title and author name in PubMed using field descriptors ([All fields], [Author], [title], etc.) either alone
or in combinations using Boolean operators (AND and OR). Secondly, a search was conducted by title and co-
author names using the same search procedures. Lastly, if no identification was made in PubMed, the
manuscript was searched in Scopus and/or Google Scholar by title and/or author names. If no identification was

made in any of the three databases, the manuscript was considered unpublished.

In order to be considered published, manuscripts had to be published in a peer-reviewed journal. Identification
of a published manuscript was achieved by comparing methods (in terms of study design, number of

participants and measurements), results and main conclusion.
Bibliometric data

In order to evaluate the impact of the PhD theses, both journal and paper bibliometrics were assessed. The
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SCImago Journal Rank (SJR) and Quartile ranking covered by the Scopus database were applied for evaluation of
journal impact. The SJR measures the scientific influence or “prestige” of a journal through the quantity of
citations in a given year compared with publications in a three-year publication timeframe. Importantly, the SJR
adjusts the influence of these citations based on the importance of the journals from which the citations
originated [7-9]. The Quartile ranking divides journals into four quartiles (Q1-Q4) according to their SJR. Q1
represents the highest quarter, whereas Q4 represents the lowest quarter of SJR. Journals are categorised into
several specified research fields, which each have a Quartile ranking attached. Regardless of research field, the

best Quartile ranking for each journal was used in the present analysis.

Furthermore, the SJR limits self-citations and includes more journals than Impact Factor (IF, Web of Science

database) [9]. Consequently, the SJR was chosen as an indicator of journal impact.

Additionally, the Danish Bibliometric Research Indicator (BFI) provided by the Danish Ministry of Higher
Education and Science was applied to further evaluate journal impact. BFI ranks the journals in any given
research field 1, 2 or 3, with 3 being the best journals in their respective research field, thereby making
comparison between research fields easier. Since BFI 3 was not introduced until 2018, BFI ranking was restricted

to1and 2 in the present study.

To evaluate paper bibliometrics of the published manuscripts from each thesis, the snowball metrics were
registered from the Scopus database at the time of observation (from 21 March to 18 September 2019). The data
included citations with and without self-citations, citations/year and a Field-Weighted Citation Impact (FWCI).
FWCI represents the ratio between the citations of a publication and the average number of citations received by
all similar publications indexed in the Scopus database over a three-year period [10]. An FWCI value greater than
1.00 indicates that the publication is more cited than the world average for publications within its research field.

Publications lacking journal and/or paper bibliometrics were excluded from the respective analyses.
Statistics

Data are presented as mean + + standard deviation with range, or as counts with percentages. Systematic
differences between years were analysed using one-way analysis of variance (ANOVA) with post-hoc Tukey’s
multiple comparisons test and distributions were evaluated by descriptive statistics (i.e., boxplots). Differences
between years in the distribution of categorical data were analysed with a non-parametric Kruskal-Wallis test by
ranks with post-hoc Dunn’s multiple comparisons test. Significance was set at an a-level of 0.05. Statistical

analyses were performed and figures constructed in GraphPad Prism 8.2.1.

Trial registration: not relevant.

RESULTS

In total, 841 PhD theses (99%) including 2,845 manuscripts (Table 1) were identified, corresponding to an
average of 3.4 manuscripts per thesis (Figure 1A). In total, 60% of the theses were written by female graduates,
and overall the graduates spent an average of 3.4 years from enrolment to submission of thesis, including leave
of absence (Table 1).
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TABLE 1 [ pata from 841 PhD theses completed at the Department of Clinical Medicine at the University of Copenhagen, Denmark, 2013-2017.

2013-2017,

2013 2014 2015 2016 2017 total p-value

Bibliographic data from 841 PhD theses

PhD graduates, n 148 170 166 162 194 841 -

Females/males, n (%) 93/56 97173 91/75 99/63 123/71 503/338 0.430°
(62/38) (57/43) (55/45) (61/39) (63/37) (60/40)

Duration of PhD theses, yrs, mean + SD (range)? 32+10 34+09 3312 33111 35+1.1 3410 0.070°
(0.0-6.3) (0.1-6.2) (0.0-9.3) (0.0-5.0) (0.0-8.5) (0.0-9.3)

Embedded manuscripts, n 515 571 550 546 663 2,845

Publication status of manuscripts from 839 PhO theses

At time of thesis submission:

Published manuscripts/thesis, n, mean + SD (range) 21212 18+1.1 1.8+1.2 19211 19412 1.9+1.2 0.056°
(0-6) (0-5) (0-6) (0-5) (0-6) (0-6)

Theses with 2 1 published manuscripts, n (%) 137 149 145 147 169 747 0.488°
(92) (88) (87) (1) (87) (89)

Theses with all manuscripts published, n (%) 38 23 29 28 28 146 0.045¢
(26) (14)* (18) (17) (14) (18)

Theses with 2 1 published manuscripts prior to enrolment, n (%) 17 14 19 20 16 86 0.571°
(1 (8) (11) (12) (8) (10)

At time of observation, 21 Mar - 18 Sep 2019:

Published manuscripts/thesis, n, mean + SD (range) 32:11 3109 3.1+10 31:1.0 31110 31z1.0 0.523°
(1-7) (1-8) (0-6) (1-5) (0-8) 0-7)

Theses with 2 1 published manuscripts between submission 100 140 127 119 148 634 0.034¢

and observation, n (%) (67) (82)* (77) (74) (76) (75)

Authors/manuscript, n, mean + 50 (range) 7.7+64 71135 7343 76:45 74452 74149 0.308°
(2-58) (1-27) (1-47) (2-49) (2-107) (1-107)

First authorships, n (%) 458 516 489 489 582 2,534 0.055¢
(95) (97) (97 (98) (98) (97)

Co-authorships, n (%) 24 (5) 16 (3) 14(3) 11(2) 13(2) 78(3)

Senior authorships, n (%) 1(0) 0 3(1) 0 1(0) 5(0)

ANOVA = analysis of variance; SD = standard deviation.

*) p € 0.05 compared to 2013.

a) From enralment to submission of thesis incl. leave of absence.

b) 1-way ANOVA with post-hoc Tukey's multiple comparisons test.

¢) Kruskal-Wallis test with post-hoc Dunn's multiple comparisons test.

At the time of submission, 56% of all manuscripts were published (Figure 1B) and 89% of all theses included at

least one published manuscript (Table 1). Interestingly, 10% of the theses included at least one or more

manuscripts published prior to enrolment. On average, the theses included 1.9 published manuscripts at

submission (Table 1). At the time of observation, this increased to 3.1 published manuscripts (Table 1), and 92%

of all manuscripts were published with no differences between the studied years (p = 0.116) (Figure 1B). Only

three theses included no published manuscripts. On average, the manuscripts were written by 7.4 authors, with

the PhD graduate serving as first author in 97% of the cases (Table 1). Overall, the author status of the PhD

graduate was different in six published manuscripts when compared to the draft version embedded in the

respective theses.
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FIGURE 1 [ Productivity and publication activity of clinical PhD graduates. A, The number of manuscripts embedded in 841 clinical
PhD theses from the University of Copenhagen, Denmark, for each yearin the 2013-2017 period ( ) and summarised for all years (m).
Data are shown as means (columns) with standard deviation (bars). B. The publication status of the embedded manuscripts (n = 2,845)
at the time of thesis submission and at the time of observation (21 March to 18 September 20189, grey columns) for each yearin the
2013-2017 period and summarised for all years.
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The mean SJR was 2.016, with a lower mean SJR in 2017 compared with 2015 (p = 0.027), whereas no differences
were observed between the other years (Figure 2A). Overall, 98% of the manuscripts were published in journals
ranked in the best half of their respective research fields, and there was no difference in this distribution
between years (p = 0.472) (Figure 2B). Furthermore, 71% and 29% of the manuscripts were published in journals
with an BFI ranking of 1 or 2, respectively (Figure 2C). On average, the published manuscripts were cited 3.9
times/year across the five-year period (3.1 + 5.9 (0.0-134.4) citations/year excluding self-citations), and this
decreased systematically throughout the period (Figure 3A). On average, FWCI was 102% higher than the world
average, and it was higher for the published manuscripts submitted by 2013-graduates than for all subsequent
years (p < 0.05) (Figure 3B).
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FIGURE 2 [ joumal impact and field-weighted journal ranking. A. The distribution of SCImago Journal Rank (SIR) for the published manuscripts embedded in
839 clinical PhD theses from the University of Copenhagen, Denmark, for each year in the 2013-2017 period ( ) and summarised for all years (m). B. The distribution
of the best field-weighted journal rank of the published manuscripts divided into quartiles (Q1-04) where Q1 is best. The distribution is visualised for each yearin the
2013-2017 period and summarised for all years. The best quartile ranking is provided by SCimago. C. The distribution of the field-weighted Bibliometric Research
Indicator (BFI)® of the published manuscripts divided into two rankings (1 and 2) where 2 is best. The distribution is shown for each year in the 2013-2017 period and
summarised for all years.
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*) p < 0.05 compared to 2015.
+: Mean SIR.
a) BFl is provided by the Danish Ministry of Higher Education and Science.
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FIGURE 3 [ Number of citations and field-weighted citation impact. A. The distribution of citations per year (n = 2,522). B. The distribution of the Field-Weighted
Citation Impact (I1 = 2,5(]7) for the published manuscfipts embedded in clinical PhD theses from the University of Capenhagen, Denmark. The distribution is visualised
for each yearin the 2013-2017 period ( ) and summarised for all years (m).
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FWCI = Field-Weighted Citation Impact; SIR = SCImago Journal Rank.
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"2 p ¢ 0.05 compared to 2013.

"2013.2014) b ( 0,05 compared to 2013 and 2014,

"201%,2014.201%) 0 ¢ 0.05 compared to 2013, 2014 and 2015.

DISCUSSION

The main finding was that the publication activity among the clinical PhD graduates from the University of
Copenhagen in the 2013-2017 period was very high, as 92% of all manuscripts were published when examined
between 21 March and 18 September 2019.

Furthermore, the quality of the research conducted by the clinical PhD graduates was above the world average
within their specific research fields, as 82% of all manuscripts were published in journals with Q1 rankings and
as the FWCI was between 71% and 175% above the world average.

Compared to previous reports, the publication activity among the clinical PhD graduates was higher than that of
Health Science PhD graduates in general [5, 6], which may also be explained by different traditions and practices
in the research areas. Nonetheless, this finding together with the observation of a high embedded manuscript
publication activity post thesis submission is indicative of a high interest in publication of research among
clinical PhD graduates. Indeed, there may also be a change of opinion about achieving a PhD and about
publishing, where more emphasis may now be directed towards ensuring that papers are published and not just
prepared in draft version. In addition, the results suggest that the graduates were main contributors to the
research conducted as they were first authors in 97% of all published manuscripts [11]; and only in six occasions,
the author status changed from the manuscript in the thesis to the published manuscript. However, it remains
elusive whether the apparent interest in research is driven by a profound research interest and/or career-

advancing motives.

In terms of impact, Figure 2A shows that 75% of all manuscripts were published in journals with an SJR between

Dan Med J 2020;67(5):A12090731 Side 7 af 9



VIDENSKAB

0.0 and 2.5, with an equal distribution between the studied years. Nonetheless, the highest SJR varied from
13.951 to 21.979, which may indicate that there is some variation in research quality between years. However,
based solely on SJR, it is impossible to compare the research quality between research fields. Thus, the best
quartile and BFI-ranking systems are important in order to evaluate research quality; and based on the results
from the present study, the quality of the research conducted by clinical PhD graduates was high and remained
unaltered during the five-year study period. The number of citations decreased systematically from 2013 to 2017,
also when self-citations were excluded. However, this is unsurprising, as it is well known that the majority of
citations are achieved several years after a manuscript has been published. This provides a negative bias for the
manuscripts published in the latter part of the five-year period. Additionally, it is inadequate to evaluate
scientific impact solely based on the number of citations. The citation practices differ between research fields,
which makes between-field comparisons difficult if not impossible [12]. The FWCI provides a field-weighted
citation score, and hence it is a more qualified measure of the scientific impact of articles. As the FWCI of the
published manuscripts investigated in the present study is, on average, more than double of the world average,
the scientific impact of the clinical PhD theses seems rather solid. The mean FWCI was higher in 2013 than in
the successive years; however, as illustrated in Figure 3B, the median is similar between years and hence the

difference is mainly driven by a few very high values in 2013.

CONCLUSIONS

Overall, the present findings suggest that the scientific outcome of clinical PhD theses conducted at the
University of Copenhagen was high, as 92% of all manuscripts were published in peer-reviewed journals with a
fieldweighted journal ranking and citation impact above the world average. This indicates that the strategic

motives behind graduation are not compromising the scientific productivity and quality of the theses.
Future research

From the present study it is not possible to evaluate whether the graduates continue publishing new research
after obtaining their PhD. However, a previous study reported that approximately 26% of Health Science PhD
graduates were still active publishers five years post-graduation [2], and a similar study on the present

population is warranted to establish if publication activity is continued.
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