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Abstract
The purpose of this paper was to systematically review the contemporary literature on coach
development programs (CDPs). Three questions guided this review: (a) What types of CDPs have
been studied? (b) What research methods have been used to study CDPs? (c) What types of
program evaluation assessment questions have researchers used to investigate CDPs? Using
electronic databases, articles (𝑛 = 56) were identified. The inclusion criteria required articles to
be printed in English, peer-reviewed, databased, published between 2015 and 2019, and examine
one CDP. The findings indicate that majority of CDPs studied during this time period were
delivered in-person to a collective group of coaches by a national governing body. Furthermore,
CDPs were most commonly delivered to coaches in less than a day and tend to target coaches
working in multiple sports and various contexts (children/adolescents, participation/performance).
Sixty-three percent of the articles in this review used a qualitative approach, twenty-one percent
used a mixed-method approach, and sixteen percent used a quantitative approach. Semi-structured
interviews of coaches were the most popular data collection technique. Process assessment
evaluation questions were asked the most by researchers, followed by outcome and program design
questions.
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Introduction
Each decade has shown a marked increase in coaching literature (Gilbert & Trudel, 2004;
Griffo, Jensen, Anthony, Baghurst, & Kulinna, 2019; McCullick et al., 2009). One of the
prominent areas of interest in coaching literature is coach development programs (CDPs) (Griffo
et al., 2019). CDPs can be defined as, “learning activities applied systematically through education,
social interaction, and/or personal reflection with the goal of changing coach behaviors” (Evans,
McGuckin, Gainforth, Bruner, & Côté, 2015, p. 871). Despite the popularity of CDPs in research,
a review of literature related to CDPs over the last five years is yet to be performed. This study
addresses this gap by building on the previous literature reviews in coaching and coach education.
A recent review conducted by Lefebvre, Evans, Turnnidge, Gainforth, & Côté (2016)
constructed a classification system which categorizes CDPs according to their domain of focus,
organizational context, coaching context and mode of delivery. This classification system can be
used to group CDPs and distinguish which types of programs are associated with which outcomes.
However, the literature review conducted by Lefebvre et al. classified CDPs examined between
1980-2014. Therefore, there is a need to review the most recent literature on CDPs in order to
identify trends and gaps in the types of programs being studied.
In addition to updating the types of CDPs that literature has focused on, there is also a need
to examine the research methods used to study CDPs. Meaningful trends can be established when
diverse methodological approaches show similar findings. A recent review describing the methods
used in the general field of sport coaching literature from 2005 to 2015 revealed
that 7% of the studies were mixed-methods, 44% were qualitative, and 49% were quantitative
(Griffo et al., 2019). This review examined methods used to study sport coaching in general but
did not disclose the methods used to examine CDPs.
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McCullick et al. (2009) however, did analyze specific research methods used to study CDP
scholarship published between 1995 and 2007. Of the 28 studies included in the review, 64% used
qualitative methods and 35% used quantitative methods. Furthermore, it was found that studies
during this time period overemphasized coach perceptions, providing a one-sided account of CDPs.
These results call for further inquiry into the specific participants and data collection techniques
used in recent CDP literature.
Lefebvre et al. (2016) and McCullick et al. (2009) have provided a foundation to establish
trends in CDP literature, but the field of program evaluation offers a novel line of inquiry. Program
evaluation is “the systematic collection of information about the activities, characteristics, and
outcomes of programs to make judgments about the program, improve program effectiveness,
and/or inform decisions about future program development” (Patton, 2012, p. 12). While the
primary goal of research is to inform the academic realm, program evaluation is tailored to inform
the program or the program stakeholders. More specifically, there are five types of assessment
questions program evaluation asks:
1) Needs assessment: Questions about the social conditions a program is intended to
ameliorate and the need for the program.
2) Assessment of program theory: Questions about program conceptualization and design.
3) Assessment of program process: Questions about program operations, implementation,
and service delivery.
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4) Outcome assessment: Questions about program outcomes and impacts.
5) Efficiency assessment: Questions about program cost and cost effectiveness (Rossi,
Lipsey, & Freeman, 2004, p. 54).
Each CDP is unique in terms of its content, structure, pedagogical approach, and desired
outcomes. An understanding of the evaluation questions asked by scholars, and the answers to
those questions, can provide a comprehensive picture of the assessment levels scholars have
focused on. For example, when studying a CDP, Gilbert & Trudel (1999) found the CDP was not
implemented as planned (assessment of program process), and therefore, resulted in only small
changes in coach behavior (outcome assessment). Here, assessment of both program process and
outcome were examined, allowing practitioners to address the fidelity issues which resulted in a
lack of behavior change. This example displays how the different types of program evaluation
assessment questions are linked. Program outcomes can often be explained by an assessment of
the program process, or implementation. Likewise, an assessment of the program process (i.e.
fidelity), often relies on an understanding of the program theory.
CDPs bring together coaches to share ideas and experiences. CDPs also help to bridge the
gap between research and practice as they disseminate competencies and educational standards,
making them key to the establishment of coaching as a profession. Moreover, they have a farreaching impact since organizations often require coaches to obtain a certification or degree to be
employed. Given the importance of CDPs and their prominence in the literature, the purpose of
this paper was to systematically review the contemporary literature on CDPs. Three primary
questions guided the review
(a) What types of CDPs have been recently studied?
(b) What specific research methods have been used to study CDPs?
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(c) What types of program evaluation assessment questions have researchers used to
investigate CDPs?

Method
Article Identification
This systematic review was guided by the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines (Moher, Liberati, Tetzlaff, Altman, & Group,
2009). The process of article identification, screening, eligibility, and inclusion can be seen in
Figure 1. To avoid bias reporting, a protocol for each phase was created in advance of the search.
The inclusion criteria required articles to be written in English, data-based, and published
between 2015 to 2019. The researchers also required articles to examine only one CDP. This
allowed for the CDP to be classified by its characteristics. Articles which examined multiple CDPs
were excluded. In this review, CDPs were defined as, “learning activities applied systematically
through education, social interaction, and/or personal reflection with the goal of changing coach
behaviors” (Evans et al., 2015, p. 871).
The first phase of data collection was article identification. In this phase, the interface
EBSCOHost was used to search the databases ERIC, MEDLINE, PsycINFO, and SPORTDiscus.
The search for relevant articles was performed on November 22, 2019 using the following keyword
combinations; “coach education” OR “coach development program” NOT “executive coaching”.
Filters were applied to meet the inclusion criteria. Duplicates were identified and removed.
In the next phase of data collection, the first author read the title and abstract of each article.
Articles were excluded from the review if they were not applicable to the topic (did not
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investigate a CDP). For example, a number of studies examined how coaches learn or develop
throughout their career (online videos, experiential learning, books). While informative, these
studies did not investigate a single CDP and were therefore omitted. A number of other articles
were removed because they examined athlete outcomes in strength and condition programs.
Twenty-four duplicates were found in this phase. These duplicates were not recognized by the
interface in the first phase because they came from two different databases, one of which
capitalized the title for each article, while the other did not. Position statements and commentaries
were also removed in this phase, as these did not fit the inclusion criteria of data-based. Last,
literature reviews were removed as they did not examine one CDP.
In the third phase of data collection, the first author read the full text of the remaining
articles (𝑛 = 84) to identify articles to be included in the review. One aim of this review was to
identify the types of assessment questions researchers have used to investigate CDPs. Needs
assessment questions ask if there is a need for a program. A number of articles which underwent
the full-text reading examined coach knowledge (or lack of) in relations to topics such as antidoping, athlete depression, female athlete triad, and positive youth development. These articles
provide evidence that there is a need for CDPs related to these topics, but they do not examine one
CDP, making it difficult to classify them as a type of program. Therefore, these articles were
eliminated because they did not fit the inclusion criteria which required articles to examine a single
CDP. Additionally, one article was deemed a duplicate as it was printed under two slightly
different titles. Inclusion criteria were applied systematically to remaining articles. Fifty-six
articles were found to fit the inclusion criteria. The fifty-six articles included in this review can be
found in Appendix A
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Articles identified through
search
(n = 404)

Duplicates removed (n = 117)

Article title and abstract
screened
(n = 287)

• Not applicable to the topic (n = 147)
• Duplicates (n = 24)
• Position statement/commentary (n = 17)
• Literature review (n = 15)

Eligibility

Full-Text Records excluded (n = 28)
Article full-text assessed for
eligibility
(n = 84)

Included

Screening

Records excluded (n = 203)

Articles included in the
literature review
(n = 56)

•
•
•
•

Examined multiple programs (n = 15)
Examined need for program (n = 10)
Position statement/commentary (n = 2)
Duplicate (n = 1)

Data Extraction Reliability (n = 14)
• 25% of the articles reviewed by second
author.

Figure 1. PRISMA Flow Diagram
Data Extraction
Below is a description of the data extraction protocol. To ensure reliability, 25% of the articles
were randomly selected and reviewed by both the first and second author. Data extraction values
were then compared. Only one of the 14 articles reviewed by both authors resulted in different
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data extraction values. Differences were discussed until an agreement was reached. After the
reliability check, the first author extracted data from the remaining articles. ª
The first objective of this review was to describe the types of CDPs which have been
studied. To accomplish this objective, a classification system was constructed based on the work
of Lefebvre et al. (2016). This classification system was used to extract data from each article
(see Figure 2).
Sport *
Organizational context
a.National accreditation: mandated or acknowledged as part of accreditation from
a sport governing body.
b.Educational curriculum: provided through an educational institution, such as a
university.
c.Private initiative: provided by a private organization (e.g. consulting business).
d.Community initiative: provided by a community or public organization (e.g.
not-for- profit; regional or governmental initiative).
e.Research initiative: provided, primarily, to advance theory or provide empirical
evidence.
Coaching context
a.Participation coach for children
b.Participation coach for adolescents and adults
c.Performance coach for young adolescents
d.Performance coach for older adolescents
Program domain/dicipline *
Length of program *
Mode of delivery *
a.Online
b.Hybrid
c.In-person
Classroom context *
a.Collective
b.Individualized
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Figure 2. CDP Classification System. *Denotes a modification or addition to “Describing and
classifying coach development programmes: A synthesis of empirical research and applied
practice,” by J. Lefebvre, M. Evans, J. Turnidge, H. Gainforth, and J. Cote, 2016, International
Journal of Sports Science & Coaching, 11, 6. Copyright 2016 by Sage Publications.

The second objective of this review was to synthesize the types of research methods used
to study CDPs. To accomplish this objective, the following data were extracted from each article
(see Figure 3).
Method
a.Qualitative
b.Quantitative
c.Mixed Method
Data Collection Technique
Participant Type

Figure 3. Methods Used to Study CDPs

Qualitative methods were defined as those that collect data in an unstructured or semistructured techniques including: focus groups, interviews, and observations (Griffo et al., 2019).
Quantitative methods collect data through measurement techniques and analyze data using
numerical comparisons and statistical inferences. Mixed-methods use a combination of both
qualitative and quantitative methods. Data collection techniques were defined as the specific
methods or instruments used to obtain data (interview, validated scale, observation etc.). The
participant type referenced where the data was obtained from (coaches, coach educators, athletes
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etc.). The term “coach developer” is commonly used in CDP literature to describe anyone who has
undergone training to develop, support and challenge coaches to improve their knowledge and
skills (International Council for Coaching Excellence, 2014). To extract more specific participant
details, participants were instead defined by as coach, coach educator, and CDP curriculum
designer. Curriculum designers were those who construct the CDP curriculum. Coach educators
were those who deliver the CDPs, or act as the mentor to the program participants.
The third objective of this study was to examine the types of program evaluation assessment
questions conducted on CDPs. To achieve this objective, articles were classified into four types of
assessment questions (Rossi et al., 2004, p. 54) (see Figure 4).
.
Theory/design assessment

a.Questions about program conceptualization and design.
Process assessment
a.Questions about program operations, activities, implementation, or service
delivery.
b.Process always refers to characteristics that can only be observed in
individuals or situations that have received the program.
Impact/outcome assessment
a.Questions about program outcomes and impacts.
b.Outcomes always refer to characteristics that can be observed for individuals
or situations that have or have not received the program.
Cost efficiency assessment
a.Questions about program cost and cost effectiveness.
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Figure 4. CDP Evaluation Assessment Question Classification. Adopted from “Evaluation: A
Systematic Approach,” by P. Rossi, M. Lipsey, H. Freeman, 2004, Copyright 2004 by Sage
Publications.

Results
Fifty-six articles met the inclusion criteria. Findings are presented in relation to the three
research questions; a) What types of CDPs have been recently studied? b) What research methods
have been used to study CDPs? c) What types of program evaluation assessment questions have
researchers used to investigate CDPs?

Types of CDPs Studied
Sport CDPs which focused on the sport of soccer were the most investigated by researchers.
However, 20 of the 56 articles identified in this review did not target coaches in a particular sport
and were therefore categorized as multi-sport (see Table 1). uti-sport CDPs most commonly
appeared in a university setting. Multi-sport CDPs tended to focus on topics such as injury
prevention, athlete motivation, or positive youth development. These types of CDPs were offered
to coaches working in a wide variety of sports. In addition, a number of studies examined the
structure or history of a CDP within a country. These CDPs provide structure for many national
governing bodies (NGBs) and therefore, have no affiliation to a single sport.

Table 1. Summary of CDP Sport Classification
Sport
Multi-sport/various
Soccer
Not available

Frequency (/56)
20
11
5

13

Percent
36%
20%
9%

Sara Campbell*, Sophie Waller.

Basketball
Ski
Rugby
Australian football
Football
Ice hockey
Cricket
Field hockey
Golf
Swimming
Volleyball

3
3
3
2
2
2
1
1
1
1
1

5%
5%
5%
4%
4%
4%
2%
2%
2%
2%
2%

Organizational Context The organizational context was determined by the institution
which provided the CDP. CDPs provided through a national accreditation account for 38% of the
studies (see Table 2). Most of these programs were offered through NGBs or sports federations.
For example, “Heads Up Football” trains coaches on injury prevention and recognition. This CDP
is offered through USA Football, a recognized NGB in the United States. Notably, seven of the 21
studies categorized under the national accreditation context were located in the United Kingdom.
Research initiatives were CDPs which aim to develop theory and provide empirical
evidence. A number of these programs were one-off CDPs designed to assess the program impact
on coach participants or athletes. These one-off CDPs were usually interventions delivered by
researchers to coaches located in sport clubs or academies. Other CDPs in this category were grant
funded projects. For example, three articles under the research context investigated the “PAPA
project”, an intervention developed at the University of Birmingham. The PAPA project is based
on self-determination theory and achievement goal theory and aims to train coaches to enhance
athlete motivation in soccer (Dohme, Rankin-Wright, & Lara-Bercial, 2019; Søvik, Tjomsland,
Larsen, Samdal, & Wold, 2017).
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All of the CDPs categorized under the education context were delivered in a university
setting. The majority of these programs used undergraduate students as participants. Some CDPs
in this review could not be grouped into a single organizational context. For example, studies
which examined the history or evolution of a CDP within a country were often grouped into the
various category. These studies discussed how governmental legislation often shifted the
responsibility to provide CDPs from the government to NGBs or into the education sector. The
single article grouped under the private initiative category examined “Project Score” an online
CDP aimed to teach coaches to deliver concepts of positive youth development (Strachan,
MacDonald, & Côté, 2016). Project Score is created and managed by researchers. but does not
appear to be run through a university or NGB, making it a private initiative. A formal coach mentor
program funded by the national lottery in England was the single study categorized under the
community initiative category

Table 2. Summary of CDP Organizational Context
Organizational Context
National accreditation
Research initiative
Educational curriculum
Various
Private initiative
Community initiative

Frequency (/56)
21
17
10
6
1
1

Percent
38%
30%
18%
11%
2%
2%

Coaching Context Coaching context describes the age group and environment the coach
participant performs in. Of the 56 articles examined, 19 were situated in more than one context
(see Table 3). Again, the historical studies of a nationwide CDP were grouped in the various
category as they often described an entire CDP structure from grassroots to elite coaches. Many of
the CDPs grouped under the participation coach for children category aimed to reduce injuries,
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provide nutrition education, promote positive youth development or improve physical activity and
motivation levels.
Performance coach was grouped into one age category because the age range was not
specified in many of the articles. Instead, athletes were described as highly competitive, elite or
performance based. Two of the studies grouped under the performance category described a highly
competitive or elite setting for coaches working with athletes as young as 10 and 11 years old
(Partington, Cushion, Cope, & Harvey, 2015; Wadsworth, Charnock, Russell, & Littlewood, 2018).
Nevertheless, these studies were categorized accordingly under the performance context. The
coaching context was not described for many of the university CDPs. Only one CDP targeted
coaches working with adults’ athletes. This was a warm-up injury prevention program (Donaldson,
Lloyd, Gabbe, Cook, & Finch, 2017).

Table 3. Summary of Coaching Context
Coaching Context
Various contexts
Participation coach for children
Performance coach
Data not available
Participation coach for adolescents
Participation coach for adults

Frequency (/56)
19
14
10
10
2
1

Percent
34%
25%
18%
18%
4%
2%

Domain/Discipline Injury prevention/safety (n=7), athlete motivation (n=6), and positive
youth development (n=5) were the most common domain of focus in CDPs. Four CDPs aimed to
develop coach intrapersonal skills such as reflection, while two CDPs had the goal to develop
coach interpersonal skills such as coach-athlete communication. Other studies examined CDPs
which aimed to improve physical activity levels of athletes or nutrition knowledge of coaches. One
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study stated its aim as providing support for female coaches. The remaining studies (n=27)
either did not divulged the program domain or targeted various discipline areas.

Length of Program The amount of time it took to deliver a CDP was described in various
formats, making it difficult to compare across CDPs. Some studies described the overall length of
the program, but did not provide details regarding classroom contact time (e.g. 3 workshops over
12 months). Other CDPs were delivered in formal mentor situations or online where contact time
was self-paced. Still others reported the number of sports seasons which the CDP occurred over.
In an attempt to collate intervention length, we have grouped CDPs according to the time
of intervention provided in the articles. If both the classroom contact time and total program length
were listed, we chose to report the total program length. For example, one CDP delivered two
weekend workshops over one month. This CDP length was reported as one month. We chose to
favor the total course time over the classroom contact time because we felt participants would be
completing coursework or practical experiences outside of the classroom contact time.
Many of the CDPs occurred in less than a day, with one CDP taking place in just 20minutes (nutrition education). Research initiatives and national accreditations tended to be
delivered in a shorter time period, while university programs tended to span between two to six
months (i.e. semester or academic year) (see Table 4).
Table 4. Summary of Length of Program
Sport
<1 day
1-2 days
1-3 months
4-6 months
7-11 months
>1 year
Data not available/applicable

Frequency (/56)
16
1
8
5
1
5
20

17

Percent
29%
2%
14%
9%
2%
9%
36%

Sara Campbell*, Sophie Waller.

Mode of Delivery/Classroom Context The CDP mode of delivery is reported alongside
the classroom context (see Table 5). Data shows that the majority of CDPs are delivered to a
collective group, in-person. However, 17 CDPs were delivered either online or through a hybrid
format showing there is an interest in online education.

Table 5. Summary of Mode of Delivery and Classroom Context

Online
Hybrid
In-person
Data not available
Total

Individualized
6
1
1
2
10

Collective Group
1
8
22
2
33

Data not available
1
0
0
12
13

Total
8
9
23
16
56

Types of Research Methods Used to Study CDPs
The second objective of this review was to provide details about the research methods used
to study CDPs. Thirty-five of the 56 studies used a qualitative approach (63%), twelve used a
mixed-method approach (21%), and nine used a quantitative approach (16%). Table 6, 7, and 8
provide an overview of the data collections techniques and participant types.

Table 6. Data Collection Techniques
Technique
Qualitative
Interview
Focus group

Frequency

Percent

28
17

25%
15%
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Historical description
Document analysis
Reflections
Field notes
Journal
Observation
Survey
Blog
Rubric
Observational rubric
Quantitative
Questionnaire
Validated scale
Systematic observation
Accelerometer/pedometer
SES status
Attendance record
Injury rate

9
6
6
5
4
4
4
2
2
1

8%
5%
5%
4%
4%
4%
4%
2%
2%
1%

9
6
6
1
1
1
1

8%
5%
5%
1%
1%
1%
1%

Note: Each article may have included more than one data collection technique. These studies were categorized
accordingly into multiple categories.

Table 7. Research Participant Type
Participant
Coaches
Coach educators
Athletes
Curriculum designer
Referees
Parents
Club director

Frequency
56
14
7
3
1
1
1

Percent
67%
17%
8%
4%
1%
1%
1%

Note: Each article may have included more than participant type. These studies were categorized accordingly into
multiple categories.

Table 8. Summary of Popular Data Collection Techniques and Participant Types

Qualitative
Interview
Focus Group

Coaches

Coach
Educator

Athletes

Total

18
12

5
2

0
2

23
16

19
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Journal
Observation
Survey (thematic)
Quantitative
Questionnaire
Systematic observation
Validated scale
Total

2
2
4

0
2
0

0
0
0

2
4
4

6
4
3
51

0
2
0
11

1
0
3
6

7
6
6
68

Note: Not all studies are included in this table. This table summarizes the most used collection techniques and
participant types. Articles in this table may have included more than one data collection technique or participant
type. These studies were categorized accordingly into multiple categories.

Types of Program Evaluation Assessments Questions Used
The third objective of this review was to categorize the types of evaluation assessment
questions used to examine CDPs. Process assessment questions ask about the program operations,
activities, implementation, or delivery (Rossi et al., 2004). Fifty-seven percent of the articles
examined process questions (see Table 9). The majority of these studies collected coach or coach
educator perceptions of the CDP. Examination of the instructional strategies used in the program
was also a popular process assessment topic. More specifically, a number of studies looked at the
utility of technology as a teaching tool (e.g. video feedback). Other process questions investigated
the implementation or fidelity of the program. One study asked if the CDP was reaching an
appropriate target audience, or if the service was only being provided to coaches in high
socioeconomic areas (Kroshus, Kerr, & Lee, 2017). One other process assessment asked if malecentered hegemony was prevalent in the CDP (Alsarve, 2018).
Outcome assessment questions accounted for 22% of the studies. Outcome assessment
questions examine characteristics that can be observed for individuals that have and have not
received the program (Rossi et al., 2004). These studies most commonly assessed changes in coach
knowledge, attitudes and behaviors and usually used a repeated measures design or
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included a control and experimental group. Athlete outcomes were also common in this category.
Athlete injury rates, knowledge of injury prevention, or motivation and physical activity levels
were some of the variables examined through outcome assessment questions.
Questions about the programs conceptualization or design accounted for 21% of the studies.
Historical studies examining the evolution of a CDP were grouped under this category. In addition,
some studies focused on how a CDP was designed. For example, one study described how a CDP
was developed using forward and backward curricular mapping model (Morris-Eyton & Roux,
2019).

Table 9. Frequency of Studies by Assessment Type
Assessment Type
Process
Outcome
Theory/design
Cost Efficiency

Frequency
38
15
14
0

Percentage
57%
22%
21%
0%

Note: Nine studies fit into two assessment categories. One study fit into three assessment categories. These studies
were categorized accordingly into multiple categories.

Discussion
The purpose of this systematic review was to answer the following research questions; a)
What types of CDPs have been recently studied? b) What research methods have been used to
study CDPs? c) What types of program evaluation assessment questions have researchers used to
investigate CDPs? A summary of the findings, general interpretations, and limitations is provided
below.
A classification system based on the work of Lefebvre et al. (2016) was used to describe
the types of CDPs investigated. The majority of CDPs in this study target coaches working in
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multiple sports and various contexts (children/adolescents, participation/performance). This
suggests that CDPs often fail to define a specific target population and may instead be casting a
wide net to attract coaches working in different settings. We encourage researchers and
practitioners to consider the implications of this; Do CDPs need to be tailored to meet the unique
needs of coaches working in different contexts?
Despite the ambiguity of many CDPs in this review, we were able to identify a number of
trends in the types of CDPs studied. For example, soccer was the most popular single-sport CDP
and 25% of the CDPs in this study were found to target participation coaches for children.
Surprisingly, CDPs which target coaches working in a performance environment stated working
with children as young as 10 years old. Only one CDP in this review provided education to coaches
working with adults. No CDPs in this study mentioned targeting para-sport coaches.
CDPs were also found to be most commonly delivered by an NGB. That said, university
programs and CDPs designed for research purposes were also highly investigated. Interestingly,
five articles stated that a CDP was provided by an NGB, but did not disclose the sport the NGB
was affiliated with. This hints that some NGBs may allow researchers to examine their program
provided they remain anonymous.
Twenty-nine percent of the CDPs in this study were delivered to participants in less than a
day. This may explain why previous literature has found CDPs to have a minimal impact on coach
development. University CDPs were delivered over longer periods of time, suggesting they may
have greater ability to influence coaches. CDPs were most commonly delivered in-person to a
collective group of coaches. However, CDPs with an online component were seen in 17 of the 56
studies. Likewise, 10 CDPs were individualized, usually delivered through a formal mentor
program
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Overall, this data demonstrations that CDPs are being delivered in a wide variety of formats,
making standardization of education difficult for the coaching profession. While this review
addressed the types of CDPs which have been studied, the effectiveness associated with specific
types of programs was not addressed. Future research may find, for example, an online CDP is just
as effective as an in-person course. These findings may allow an organization to improve
accessibility and affordability.
The second objective of this review was to provide details about the research methods used
to study CDPs. Of the 56 articles included in this review, 63% used a qualitative approach, 21%
used a mixed-method approach, and 16% used a quantitative approach. When reviewing CDP
scholarship between 1995 and 2007, McCullick et al. (2009) had similar methodological findings.
Therefore, researchers who investigate CDPs appear to continue to favor qualitative methods.
Semi-structured interviews were the most popular data collection technique. More
specifically, coaches were often retrospectively asked about their perception of a coaching course.
McCullick et al. (2009) also found scholars relied heavily on coaches as participants, providing a
“one sided account” of CDPs. While coaches are at the heart of CDPs, they are also usually
unaware of underlying curricular aims and intended instructional strategies. Consequently, they
are often naive to CDP fidelity. Therefore, an overreliance on their opinion regarding program
effectiveness may be of concern. While there appears to be recent interest in the voice of the coach
developer, few studies have considered the perspective of the athletes, parents, referees, and club
directors regarding CDPs.
The third objective of this review was to categorize the types of evaluation assessment
questions used to examine CDPs. Thirty-eight studies examined process assessment questions,
fifteen examined outcomes assessment questions and fourteen asked questions about the design of
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a CDP. None of the studies in this review asked questions about CDP cost and cost effectiveness.
Nine studies examined two assessment categories, while one study examined three assessment
categories.
Process assessment questions ask about the program operations, activities, implementation,
or delivery (Rossi et al., 2004). The majority of these studies collected coach or coach educator
perceptions of the CDP or examined the instructional strategies used in the CDP. Other process
questions investigated the implementation or fidelity of the program.
Outcome assessment questions examine characteristics that can be observed for individuals
that have not received the program (Rossi et al., 2004). These studies most commonly assessed
changes in coach knowledge, attitudes and behaviors. Athlete outcomes associated with CDPs
were also common in this category.
Questions about the programs conceptualization or design often occurred through historical
studies examining the evolution of a CDP. In addition, some studies focused on how a CDP was
designed. For example, one study described how a CDP was developed using forward and
backward curricular mapping model (Morris-Eyton & Roux, 2019).
None of the studies selected for this review used a cost efficiency assessment. This may be
because financial information often remains internal to an organization. Furthermore, financial
information is usually monitored by consultants or internal employees as opposed to researchers.
That said, very little seems to be known about how lucrative CDPs are. A better understanding of
this area may lead to reduced cost and improved program accessibility.
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Scholars often construct research questions based on the literature. While it is important to
continue the build on previous work, it is also important to consider how well the research question
aligns with the current state of the CDP. For example, a CDP in the developing stages may benefit
from questions which examine the need for the program or the program theory. On the other hand,
more developed and stable CDPs may benefit from questions which examine process (fidelity) and
outcomes.

Limitations
Many articles did not provide details needed to classify the CDP. Therefore, caution should
be taken when interpreting the results. In addition, there is a possibility that an article may have
failed to disclose pertinent facts about the CDP. For example, an article may express that a CDPs
was delivered in-person, yet fail to mention that an online component was also integrated into the
course. Only data provided in the articles was extracted for this review. Moving forward,
researchers should use this classification system to ensure all details of the program are specified.
When looking at the types of CDPs studied, it was tempting to compare the findings to
those of Lefebvre et al. (2016) who classified CDPs from 1980-2014. However, we did not feel
this was appropriate since Lefebvre’s review classified CDPs found online and in academic
literature, while this review only collected data from academic literature. Future researcher may
aim to expand on this review to include an online search of CDPs. A comparison might provide
details on how CDPs have evolved overtime.
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Effects of caffeine ergogenicity on short
intense aerobic exercise, prolactin, and
dopamine in sub-elite long-distance runners
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Abstract
The present study was designed to investigate the acute effect of caffeine on prolactin, dopamine,
thyroxine, and testosterone responses to 12 min running test. In addition, the effect of caffeine
intake on achieved distance during the test was determined. Eleven male sub-elite long-distance
runners (mean ± SD: age 23.17 ± 3.25 yrs; height 171.90 ± 3.43 m; body mass 65.73 ± 6.03 kg;
BMI 22.20 ± 1.31; training volume 9.27 ± 3.13 h/week, VO2max 49.60 ± 5.60 ml/kg/min) performed
two consecutive trials (7 days apart). Athletes were assigned randomly either to ingest 6 mg/kg of
caffeine 1 h prior to exercise or placebo using a double-blind, placebo-controlled crossover design.
During the test, participants were asked to run the farthest distance they could possibly achieve.
Blood and urine samples were collected immediately at the end of each trial. Using paired sample
t test, data showed significantly lower serum prolactin levels in the caffeine trial (20.427 ± 3.503
ng/ml) than in the placebo (22.690 ± 3.318 ng/ml) (P < 0.001), whereas dopamine was significantly
elevated with caffeine than with placebo (250.181 ± 69.697 μg/g; 217.363 ± 59.287 μg/g for
caffeine and placebo, respectively; P = 0.020). No differences existed between trials for
testosterone (P = 0.614). The achieved distance during 12 min running was significantly more
(3828.56 ± 153.47 min) with caffeine ingestion compared with the placebo (3787.81 ± 144.92 min)
(P = 0.002). In conclusion, 6 mg/kg of caffeine 1 hour prior to short intense aerobic exercise (12
min running test) had positively effect on achieved distance and hormonal responses in longdistance runners probably due to increased dopaminergic pathway activity.
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Introduction
Caffeine, a trimethylxanthine, is one of the most commonly consumed psychostimulant in
the world (Hsu Wang, & Chiu, 2010). Approximately 99% of ingested caffeine is relatively rapidly
absorbed (Goldstein et al., 2010) within 15-45 minutes (Camfield, Stough, Farrimond, & Scholey,
2014; Goldstein et al., 2010) and reaches its peak plasma concentration in about 30-90 minutes
(Desbrow et al., 2011). It lasts for as long as 5-6 hours after ingestion (Pesta, Angadi, Burtscher,
& Roberts, 2013). Due to its lipophilicity and hydrophilicity, caffeine can easily cross the bloodbrain barrier (BBB) and act as a central nervous system (CNS) stimulant (Davis et al., 2003). This
increases vigilance (Urquiza & Veiyra, 2013), which is required for athletic population. It has been
demonstrated that caffeine is used as an ergogenic aids by athletes (Lee, Lin, & Cheng, 2011) to
improve exercise capacity (Magko & Kavouras, 2005) and delay onset of fatigue (Wallman, Goh,
& Guelfi, 2010). In addition, caffeine has an ergogenic effect, particularly in aerobic exercise due
to free fatty acids (FFAs) mobilization and cells utilization (Tarnopolsky, 2010).
Several studies on the effect of caffeine have been focused on physical performance and
reported increased time to exhaustion (Cox et al., 2002; Lee et al., 2011; Glaister, Muniz-Pumares,
Patterson, Foley, & Mcinnes, 2016), decreased total sprint time (Abumoh'd, Matalqah, & Qasim,
2016), improved cycling work (Desbrow et al., 2011; Wallman et al., 2010), increased power
output (Coso et al., 2012), and decreased rating of perceived exertion (RPE) (Glaister et al., 2016).
On the cognitive level, the ergogenic effects of caffeine have been shown to enhance alertness,
mood, attention, and reaction time (Gonzalez et al., 2015; Urquiza & Veiyra, 2013). The
mechanism proposed to be responsible for caffeine ergogenicity involves the adenosine (A1 and
A2a) receptors antagonism (Graham, 2001).
Physiologically, when caffeine binds to adenosine receptors (Ferré, 2016), it can block
adenosine receptor signaling (Beaumont et al., 2017; Buck, Guelfi, Dawson, McNaughton, &
Wallman, 2015; Urquiza & Veiyra, 2013) in several brain regions (Beaumont et al., 2017), skeletal
muscle, adipose tissue, the heart, and smooth muscle. This can increase in perceptual speed, neural
firing rates (Buck et al., 2015), motor unit recruitment rates (Buck et al., 2015; Glaister et al.,
2015), and neurotransmitter release (Glaister et al., 2015; Roelands & Meeusen, 2012) with a
higher degree of dopamine neurotransmission (Roelands & Meeusen, 2012). Of importance,
elevation of dopamine concentration induces decreased circulating prolactin (Ferré, 2016),
preventing drowsiness and inactivity. In line, prolactin is stimulated by hypothalamic peptides,
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thyrotropin-releasing hormone (TRH), vasoactive intestinal peptide (VIP) (Majumdar &
Mangal, 2013), and serotonin A2 receptors (Inci Kenar & Sozeri Varma, 2014), which may affect
the dopaminergic system. In contrast, prolactin is inhibited by acetylcholine, norepinephrine,
metabolites of gamma aminobutyric acid (GABA) (Majumdar & Mangal, 2013), and dopamine
(Gulleroglu et al., 2012; Yancar-Demir & Sayin, 2014).
To our knowledge, there is a paucity research associated with the effects of caffeine on
prolactin and dopamine responses to short intense aerobic exercise, such as running for 12 min.
Beaumont et al. (2017) investigated the effects of low chronic caffeine ingestion (1.3 - 3 mg/kg
body weight for 28 days) on prolactin and cortisol during 60 min cycling (at 60% VO2peak) followed
by a 30 min of maximal external work (KJ) and reported no statistical differences between
participants in terms of either prolactin or cortisol in 18 healthy, recreationally active males.
However, the participants in that study were non-athletes. Consequently, the aim of the present
study was to investigate the acute effect of caffeine on prolactin, dopamine, thyroxine (FT4), and
testosterone responses to 12 min running test, and its effect on achieved distance during the test.
We hypothesized that caffeine ingestion 1 h prior to exercise may enhance performance by
triggering excretion of prolactin-inhibiting dopamine, and therefore sustained neuro-excitability.

Method
Participants
Eleven male sub-elite long-distance runners who classified as 5000 m runners among
Jordanian Military Sports Federation were recruited in the present study. The sample size is 18.748
using (n=2(Zα+Z1-β)² σ² / Δ
̊ ²). Athletes were light coffee consumer (1 cup/day; < 75 mg/day). The
descriptive characteristics of the participants are presented in Table 1.
Women were excluded from the study due to menstruation and/or utilization of oral
contraceptive pills may affect caffeine clearance (Astorino, Rohmann, & Firth, 2008). Any athlete
who reported a history of injury such as sprain or trauma, or if they ingested any ergogenic aids
48 prior to beginning of the study that might have affected performance was excluded from
participation. Background information for medical vital factors was used to assess athletes for
inclusion. Prior to the commencement of the study trials, athletes provided informed consent. The
study protocol was approved by the Local Health Research Committe
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Table 1. Subjects demographic data
Variables

Mean ± SD

Age (years)

23.17±3.25

Height (m)

1.71 ± 3.04

Mass (kg)

65.73 ± 6.03

BMI (kg/m2)

22.20 ± 1.31

resting HR (bpm)

57.53 ± 3.34

VO2max (ml/kg/min)

49.60 ± 5.60

Training volume (h/week)

9.27 ± 3.13

Study design
A randomized, double-blind, placebo controlled, crossover design was used in this study.
The study consisted of two consecutive trials: the caffeine trial (6 mg/kg) and the placebo trial.
The separation period was one week between the two trials to allow for a complete recovery. The
trials began at 8:30 AM to maintain circadian rhythm. All athletes were instructed to intake 500
ml of water (18 ˚C) 2 h prior to beginning of a trial and refrain from eating and drinking thereafter
unless a trial procedure is indicated. Three days prior to the start of the trials, blood and urine
samples were collected from each participant at 8:45 - 8:50 AM after an overnight fast
(approximately 9 hours). These samples were taken to determine the baseline measurements of
hormonal parameters. The results of the baseline measurements are illustrated in Table 2. Each
trial consisted of 12 min running test.

Table 2. Baseline measurements (Mean ± SD).
Variables

Value

Normal range

Prolactin, serum (ng/ml)

11.26 ± 2.42

4.04 - 15.20

Dopamine, urine (μg/g)

177.45 ± 30.86

< 422.0

Free thyroxine, serum
(ng/dl)

1.17 ± 0.15

0.93 - 1.79

Testosterone, total
(ng/ml)

7.66 ± 0.68

2.49 - 8.36
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Study procedure
One hour prior to beginning of the trial, athletes ingested either 6 mg/kg of caffeine or
placebo. Then, they performed a standardized 10 min warm-up (jogging, joint mobilization, and
stretching). Afterthat, athletes started a period of short intense aerobic exercise (12 min running
test) in moderately warm conditions (22-24°C, 39-40% rh). The achieved distance was calculated
at the end of the exercise test. The track field (400 m) was divided into several regions using cones.
The distance between cones was 10 m, and each 10 m region was divided into 10 points. This
protocol was done to measure the real distance at the end of the exercise test. It is worth noting
that the participants who claimed any symptoms of adverse effects of caffeine, such as irritability,
nervousness, tachycardia, and tingling before and during trials were excluded. However, all of
participants appeared normal. All athletes were instructed to refrain from ingesting a coffee for 24
h prior to each trial, and to avoid breakfast or any snacks for at least 3 h prior. They were asked to
abstain from strenuous exercise for 72 h prior to each trial.

Caffeine and placebo Supplementation
Caffeine supplement was given at a dose of 6 mg/kg containing in capsule, with 150 mL of
water. This dose was chosen due to previous findings suggested that 3-6 mg/kg of caffeine can
raise the plasma caffeine levels and improve performance (Graham, 2001). For the placebo,
participants received one capsule of 500 mg lactose each. Capsules were ingested 60 minutes prior
to beginning of each trial. The different capsules were indistinguishable, so that the participants
did not determine whether they ingested caffeine or placebo.

Blood and urine analysis
Blood and urine samples were collected from each participant before (baseline), and
immediately after completion of each trial. The samples were centrifuged to perform biochemical
measurements. Blood samples for testosterone, prolactin, and free thyroxine were stored in a plain
tube, centrifuged at 4500 RPM/10 min and analyzed using a Cobas E411 (Roche, Germany), while
the urine samples were analyzed for dopamine levels by high performance liquid chromatography
(HPLC) device. All the samples were analyzed at MedLabs Consultancy Group, Jordan.
Statistical analysis
Shapiro-Wilk test was applied to check for normal distribution. All the analyzed variables
(prolactin, dopamine, free thyroxine, and total testosterone) were normally distributed (P > 0.05).
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A paired sample t test was then used to determine possible differences between trials in
hormonal responses and achieved distance during 12 min running. Statistical analyses were carried
out by SPSS version 23.0. Descriptive statistics are reported as Mean ± SD. Differences were
considered statistically significant at P < 0.05. Effect size was calculated by (Cohen's d = mean/SD).
The power of the study according to 95% Confidence Interval is 1.6449.

Results
Figure 1 illustrates that caffeine ingestion significantly enhanced the achieved distance
(3828.560 ± 153.473 m; effect size = 1.2) during 12 min running test, compared to the placebo
(3787.811 ± 144.929 m) (t = 4.177, P = 0.002).

Figure 1. Achieved distance during 12 min running test in both the caffeine and placebo trials. *Significantly
different from the placebo (P = 0.002). Mean values ± standard deviation (SD) are shown in the figure. Significance
level was set at P < 0.05.

Figures 2 to 5 illustrate the hormonal responses to 12 min running test in both trials. Ingestion
of caffeine significantly decreased serum prolactin level in the caffeine trial (effect size = 1.6)
compared to the placebo (20.427 ± 3.503; 22.690 ± 3.318 ng/ml for caffeine and placebo,
respectively; t = 5.415, P = 0.001) (Figure 2).
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Figure 2. Serum prolactin level after 12 min running in both the caffeine and placebo trials. *Significantly different
from the placebo (P = 0.001). Mean values ± standard deviation (SD) are shown in the figure. Significance level was
set at P < 0.05.

Dopamine detected in the urine was significantly higher in the caffeine trial (effect size =
0.8) than in the placebo (250.181 ± 69.697; 217.363± 59.287 μg/g for caffeine and placebo,
respectively; t = 2.758, P = 0.020) (Figure 3).

Figure 3. Dopamine detected in urine after 12 min running in both the caffeine and placebo trials.
*Significantly different from the placebo (P = 0.020). Mean values ± standard deviation (SD) are shown in the
figure. Significance level was set at P < 0.05.
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Figure 4 illustrates a slight but significant increase in FT4 in the caffeine trial (1.494 ±
0.113 ng/dl; effect size = 0.9) compared to the placebo (1.374 ± 0.152 ng/dL) (P = 0.013).

Figure 4. Free thyroxine levels after 12 min running in both the caffeine and placebo trials. *Significantly different
from the placebo (P = 0.013). Mean values ± standard deviation (SD) are shown in the figure. Significance level was
set at P < 0.05.

No differences existed between trials for testosterone (8.387 ± 1.372; 8.300 ± 0.925 ng/ml
for caffeine and placebo, respectively; t = 0.520, P = 0.614), with low effect size (0.1) in response
to caffeine (Figure 5).
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Figure 5. Total testosterone levels after 12 min running in both the caffeine and placebo trials. Testosterone is not
significantly different between trials (P = 0.614). Mean values ± standard deviation (SD) are shown in the figure.
Significance level was set at P < 0.05

Discussion
The results of this study indicated that an acute ingestion of 6 mg/kg of caffeine increased
achieved distance during short intense aerobic exercise (12 min running test). In addition, prolactin,
dopamine, and FT4 responses to the test were better with caffeine than with placebo. We
hypothesized that caffeine ingestion 1 h prior to exercise may enhance performance by triggering
excretion of prolactin-inhibiting dopamine, and therefore sustained neuro-excitability.
This study revealed that the achieved distance during 12 min running was significantly
increased with caffeine ingestion, which could be explained by ergogenic effect of caffeine in
dampened pain sensation (Glaister et al., 2015; Wallman et al., 2010), decreased perceived
exertion and thus delayed the onset of fatigue (Gonzales et al., 2015). Molt et al. (2006) found that
the ingestion of 5 mg/kg of caffeine reduced leg muscle pain in 11 female cyclists who performed
30 min of cycling with an ergometer (60% VO2peak) compared to ingestion of 10 mg/kg of caffeine
and placebo. Glaister et al. (2016) reported that the ingestion of 5 mg/kg of caffeine 1 h prior to a
six-stage incremental test (3 min stages) followed by 30 min of passive recovery reduced RPE in
16 endurance male cyclists. With regard to performance, the results of the present study agrees
with Desbrow et al. (2011) who found that 6 mg/kg of caffeine enhanced (2.9%) cycling work
(equivalent to 75% of peak power output) for 60 min in 16 well-trained male cyclists. Additionally,
Coso et al. (2012) reported that 60 min after ingestion of 3 mg/kg of caffeine contained in an
energy drink (630 ± 52 ml of sugar-free Red Bull) increased total distance and the number of
sprints during a simulated soccer game compared to control drink in 19 soccer players. However,
our result disagrees with Wallman and colleagues (2010) who found that 6 mg/kg of caffeine did
not enhance performance during 10 min of cycling performed as quickly as sedentary females
could achieve.
What is more important that β-endorphin, which is known to provide pain relief, is excreted
in high concentrations as a result of caffeine ingestion (Goldstein et al., 2010). Subsequently, we
suggest that athletes had higher pain reliefer via administered caffeine and thereby covered greater
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distance in the caffeine trial compared to the placebo. In line with this, Laurent et al. (2000)
concluded that 6 mg/kg of caffeine elicited β-endorphin secretion following 2 hours of cycling at
65% VO2peak.
In addition, our finding might attributed to the ergogenic effect of caffeine by the inhibition
of brain adenosine receptors (Goldstein et al., 2010; Urquiza & Vieyra, 2013). This could lead to
heightened dopamine concentrations, acetylcholine release, (Camfield et al., 2014), and arousal
(Davis et al., 2003). In this regard, Davis and colleagues (2003) suggested that caffeine could delay
fatigue and increase energy expenditure through the blockage of adenosine receptors.
Another explanation by which caffeine increased the achieved distance during 12 min
running test is that caffeine could inhibit phosphodiesterase isoenzyme activity (Magkos &
Kavouras, 2005), resulting in heightened intracellular AMP, which increases ATP supply and
stimulates lipolysis from adipose tissues (Magkos & Kavouras, 2005; Tarnopolsky, 2010). This
may result in an increased utilization of plasma FFAs (Cox et al., 2002; Spriet, 2014) and
triacylglycerol by working muscles, and therefore delays intramuscular glycogenolysis (Cox et al.,
2002). Consequently, we suggest that the athletes in the caffeine trial could reliance on spared
muscle glycogen in the final minutes of the test (12 min running), resulting in lengthen their strides
and thus cover a greater distance.
The main highlight of the current study was that serum prolactin level was significantly
lower in the caffeine trial than in the placebo immediately at the end of the test. This result might
be explained by the ergogenic effect of caffeine by the reduction of prolactin release from
lactotrophic cells in the anterior lobe of the pituitary gland. Importantly, physical stress is one of
the several factors that induce prolactin release (Palubska et al., 2017). For instance, serum
prolactin levels in both trials were exceeded the baseline and normal range values. Furthermore,
A1 receptors could play a crucial egrogenic role in mediating tolerance to performance in the
caffeine trial as a result of administered caffeine. This result disagrees with the findings of
Beaumont et al. (2017), who reported no statistical significance in prolactin between trials. They
found that prolactin levels were elevated after 90 min of exercise and reached nearly 20 ng/ml in
both trials. However, the participants in our study reached roughly the same value solely after short
intense aerobic exercise. This discrepancy may be attributed to the participants characteristics in
that study who were healthy, recreationally activ
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Compared to the placebo, dopamine concentrations were significantly higher at the end of
the test in the caffeine trial rather than the placebo. This result could be explained by increased
secretion of dopamine during exercise (Hsu et al., 2010), which may be caused by stimulation of
the tuberoinfundibular dopamine system. Dopamine, a pituitary hormone, is known to suppress
prolactin levels. Additionally, the inhibition of adenosine receptors by caffeine may stimulate the
secretion of dopamine (Reolands & Meeusen, 2012; Ferré, 2016). This response might increased
athlete's stamina and thus achieve more distance during the test in the caffeine trial compared to
the placebo.
There was a significantly higher FT4 level in the caffeine trial compared to the placebo. This
result could be explained by the ergogenicity of caffeine on increasing the body metabolic ratio by
high excretion of thyroid hormones. This result concurs with a study conducted by Abumoh'd and
colleagues (2016) who assessed the effect of caffeine contained in a sports drink on hormones and
energy production following a sprint test (7 × 30 m) in 16 soccer players. They found that caffeine
significantly elicited higher FT4 levels after the seventh repetition in sports drink containing
caffeine trial (21.450 ± 3.048 pmol/l) compared to decaffeinated sports drink trial (18.742 ± 1.151
pmol/l) and placebo (16.983 ± 1.783 pmol/l), and these values were higher than the baseline value
(15.87 ± 1.00 pmol/l). In the present study, FT 4 values in both trials were also higher than the
baseline value, but were still within normal range (0.93-1.79 ng/dl). For this reason, we can suggest
that the role of excreted FT4 in energy expenditure and therefore improve performance is
insufficient.
Total testosterone was not significantly different between trials, but the values were close to
upper limit of the normal range (2.49-8.360 ng/ml). This result might be attributed to short duration
of exercise. Chemically, compared to amines, steroid hormones such as testosterone need a longer
period of time to reach a steady state in plasma. Abumoh'd and colleagues (2016) also showed no
significant differences in testosterone between trials after a sprint test. Wedick et al. (2012)
suggested that caffeinated coffee could increase testosterone levels in men. However, the secretion
of testosterone after caffeine ingestion might differ when exercise is performed by athletes and
varies between aerobic and anaerobic exercise.
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Conclusion
The ingestion of 6 mg/kg of caffeine 1 hour prior to short intense aerobic exercise (12 min
running test) had a positive effect in terms of achieving more distance by sub-elite long-distance
male runners. This was attributed to the ergogenicity of caffeine. Importantly, no adverse effects
occurred during the trials. Therefore, we can suggest that the dose of ingested caffeine slightly but
significantly increases performance in runners, and at the same time, the levels of prolactin and
dopamine are changed.

Limitations
A limitation of the present study was that plasma caffeine levels, serotonin, urine caffeine
concentrations, and endorphin levels were not measured, so that a further research to measure those
variables is recommended.

Key points
1. Ingestion of 6 mg/kg of caffeine 1 hour prior to short intense aerobic exercise (12 min
running test) increases achieved (covered) distance in sub-elite long-distance male runners.
2. Ingestion of 6 mg/kg of caffeine improves performance, probably due to decreased serum
prolactin levels and increased dopamine in sub-elite long-distance male runners.
3. Ingestion of caffeine did not affect the levels of total testosterone.
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Abstract
Pituitary apoplexy is a rare, life-threatening clinical syndrome caused by infarction and/or
haemorrhage of the tumour. Resistance to cabergoline is rare, but it has been described in a small
percentage of patients with macroprolactinoma. We report a case of apoplexy within a
macroprolactinoma, with subsequent shrinkage of the adenoma but without prolactin
normalisation. The patient, a 33-year-old male soccer player with a 5-year history of a
macroprolactinoma, was admitted to the hospital with a severe frontal headache, hypotension and
muscle stiffness lasting 7 days. Magnetic resonance imaging (MRI) showed obvious pituitary
macroprolactinoma (1.8 × 1.8 × 2.0 cm) with azoospermia. He started treatment with cabergoline
(0.5 mg thrice a week). 3.5 years later, MRI of the pituitary demonstrated an increase in the
adenoma size with haemorrhage, and approximately 8 months later zoospermia was achieved. The
patient then affected by pituitary apoplexy coinciding with adenoma shrinkage. Although he
continued intake of medication and some symptoms were disappeared, his PRL level did not return
to the normal range. He decided to continue cabergoline therapy without surgery. Follow-up was
discontinued by the patient.
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Introduction
Macroprolactinoma (≥10 mm in diameter) is an autonomous prolactin-secreting pituitary
tumour, representing one of the most common types of benign neuroendocrine adenoma. Patients
can present with several symptoms (Galhom & Osama, 2013), but hyperprolactinaemia,
hypogonadism and their clinical manifestations are commonly observed (Sinha, Sharma, &
Mahapatra, 2011). Dopamine receptor agonists, such as cabergoline and bromocriptine, represent
the initial choice of therapy for the treatment of macroprolactinoma. These medications suppress
hyperprolactinaemia and reduce the tumour size (Galhom & Osama, 2013; Kumar & Prusty, 2013)
by inhibiting the proliferation of lactotroph cells (Liu, Baker, Sundmark, & Elsholtz, 2002).
However, some patients are intolerant and/or resistant to dopamine agonists and in this case
surgery becomes considered. Medically, pituitary adenomas may trend toward infarction and/or
haemorrhage. The incidence of intratumoural haemorrhage in the pituitary gland is higher
compared to other central nervous system tumours (Albani et al., 2016).
Pituitary adenoma apoplexy is a rare, life-threatening clinical syndrome which arises from
the pituitary gland, characterised by haemorrhage and/or infarction of the adenoma. The
prevalence of pituitary adenoma apoplexy is approximately 6.2 cases per 100,000 people in the
general population (Albani et al., 2016), and usually presents during the fifth and sixth decades of
life (Nagure, Nikam, & Garud, 2018). Sudden onset of acute headache (Zhu et al., 2015; Aydin,
Aksu, Asci, Kayan, & Korkmaz, 2018) isthe most common clinical manifestation due to the
elevated intracranial pressure (Nagure et al., 2018; Albani et al., 2016). Pituitary apoplexy is also
characterised by nausea, vomiting, visual field disturbances, diplopia, ophthalmoplegia, meningeal
irritation (Satyarthee & Mahapatra, 2016), ocular motor palsy (Abdulbaki & Kanaan, 2017) and
changes in mental status.
Pituitary apoplexy often occurs spontaneously, but several precipitating factors can play an
important role in its occurrence. These factors including recent surgery, namely cardiac surgery
(Ricciuti et al., 2018), spinal anaesthesia (Nagure et al., 2018), diabetes mellitus (Ghadirian,
Shirani, Ghazi-Mirsaeed, Mohebi, & Alimohamadi, 2018), radiotherapy (Satyarthee & Mahapatra,
2016), treatment with anticoagulants (Ricciuti, Nocchi, Arnaldi, Polonara, & Lizi, 2018),
medications such as dopamine receptor agonists (Ricciuti et al., 2018; Ghadirian et al., 2018;
Satyarthee & Mhapatra, 2016) and head trauma (Satyarthee & Mahapatra, 2016; Al-Sharafi &
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Nassar, 2013). Of relevance, physical stress during exercise can also induce intratumoural
bleeding (Ricciuti et al., 2018). Indeed, soccer players are predisposed to frequent head trauma as
a result of external impact, falling during a game and heading the ball. We report the case of a
male soccer player who showed a reduction in tumour size followed by intralesional haemorrhage,
but his prolactin level did not return to the normal range over 5 years despite prolonged cabergoline
(1.5–2.5 mg per week) therapy.

Case report
The patient was a 33-year-old, educated, former soccer player who was divorced. He was
referred to the fitness centre to determine his ability for retraining, and presented to the laboratory
for seminal fluid evaluation. The patient had been infertile for 3.2 years, and suffered from
azoospermia and resistant prolactinoma. The patient had never been hospitalised. He first
presented to the emergency centre of the hospital in November 2013 with general weakness, acute
drowsiness, and pectoralis major and gastrocnemius muscles stiffness lasting 7 days. However, the
patient reported acute stressful situations one month before his complaints started. The patient was
hospitalised for monitoring of his vital indices and for testing free thyroxine (FT 4) hormone. The
initial evaluation showed abnormally low T4levels at 0.60 ng/dl (reference range 0.93–1.7 ng/dl)
and blood pressure of 104/63 mmHg. The patient was then referred to the Department of
Endocrinology for examination of hormones associated with the pituitary gland. The results
revealed abnormal values for all hormones, with a PRL level of 670 ng/ml (reference range 4.04–
15.20 ng/ml), follicle-stimulating hormone (FSH) of 0.20 mIU/ml (reference range 1.5–12.40
mIU/ml), luteinizing hormone (LH) of 0.465 mIU/ml (reference range 1.7–8.6 mIU/ml) and total
testosterone of 18.7 ng/dl (reference range 249–836 ng/dl). Thyrotropin-releasing hormone (TSH)
was abnormally low at 0.005 μIU/ml (reference range 0.27–4.2 μIU/ml), with no evidence of
thyroid cancer or goitre. Liver and kidney function were normal. The lipid profile was normal
except for triglycerides (345 mg/dl; <150 mg/dl is optimal). Insulin-like growth factor-1 and
growth hormone levels were normal. He was found to be deficient in 25-hydroxy vitamin D (7
ng/ml; 30–100 ng/ml is sufficient). His adrenocorticotropic hormone (ACTH) level was within the
normal range (32.0 pg/ml), whereas his morning cortisol hormone level was 0.24 ng/dl (reference
range 6.2–19.4 ng/dl in the morning). The increased serum PRL level prompted the
endocrinologist to carry out further investigation with magnetic resonance imaging (MRI) of the
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pituitary, which revealed a pituitary macroadenoma measuring 1.8× 1.8 × 2.0 cm with
extension into the intrasellar cistern (Figure 1).

Figure1. Sagittal view of the brain MRI performed in November 2013 showing a pituitary macroprolactinoma
measuring 1.8× 1.8 × 2.0 cm.

Surprisingly, ophthalmological examination displayed a normal visual field. During that
period, the patient was treated with 0.5 mg cabergoline thrice per week for 6 months, as well as 50
mg euthyrox per day, 20 mg hydrocortisone per day and a vitamin D supplement (50,000 μg, one
tablet per week).
Six months after the initiation of cabergoline therapy, the patient’s PRL level had decreased
to 88.3 ng/ml, and another 6 months later (in October 2014) it had continued to gradually decrease
to 64.0 ng/ml, while his total testosterone level had gradually risen to 25.8 ng/dl. During this period,
the patient was asked to take 0.5 mg cabergoline twice per week and the same dose of
hydrocortisone, as his morning cortisol level was 2.0 μg/dl. He was also instructed to take 25 mg
euthyrox per day due to his TSH level, which was still abnormally low at 0.1 μIU/ml. He was
asked to cease intake of VD supplement because the value had returned to the normal range (40
ng/ml), as well as hydrocortisone as the morning level was 18.57 ng/dl. The cessation of
hydrocortisone was performed gradually.
In March 2015, the PRL level was reduced to 38.45 ng/ml and total testosterone was elevated
to 382 ng/dl. Follow-up was subsequently ceased by the patient for a long period (roughly 1.5
year). Surprisingly, in August 2016, the patient was hospitalised with a severe headache. During
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this period, the PRL test revealed an abnormally high value of 222.60 ng/ml, FSH level was
0.645 mIU/ml, and LH was 0.45 mIU/ml. A follow-up MRI revealed a significant increase in the
size of the mass to 1.8 × 2.0 × 2.4 cm, which was slightly hyperintense on TiWI (Figure 2).

Figure 2. Posterior view of the brain MRI performed in August 2016 showing an increase in the adenoma size (1.8
× 2.0 × 2.4 cm) with intratumoural haemorrhage.

These results prompted the endocrinologist to increase the dose of cabergoline to 0.5 mg five
times per week. In February 2017, the PRL level was decreased to 175.70 ng/ml with the patient
taking the same dose of cabergoline, and 5 months later, it had gradually reduced to 60.04 ng/ml.
A third follow-up MRI in May 2017 revealed a significant reduction in pituitary lesion
enhancement, with a decrease in the size of the mass (1.4 × 1.4 × 1.6 cm) due to pituitary apoplexy
(Figure 3).
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Figure3. Sagittal view of the brain MRI performed in May 2017showing a poorly enhanced pituitary lesion (1.4 ×
1.4 × 1.6 cm).

However, in October 2017, the PRL level was again elevated to 164.50 ng/ml. At that point,
the patient had elected to undergo surgery, and decided to continue treatment with cabergoline
because of diabetes insipidus that may occur as a result of the operation. A repeated PRL test 4
months later was 67.33 ng/ml with a cabergoline dose of 0.5 mg five times per week. A final
follow-up hormone test performed in April 2018 showed increased PRL level of 85.05 ng/ml.
However, FSH and LH levels were both within the normal range (3.16 mIU/ml and 2.5 mIU/ml,
respectively), along with total testosterone (388 ng/dl) and normalised sperm number (13 million
per ejaculation). The patient continued therapy with cabergoline for macroprolactinoma but did
not respond to the therapy for PRL normalisation. During this period, he was back to training
without any symptoms related to macroparolactinoma. Further follow-up was discontinued by the
patient.

Discussion
To the best of our knowledge, this is the first reported case of a male soccer player with
pituitary apoplexy with a subsequent decrease in tumour size coinciding with resistance to a
dopamine receptor agonist, namely cabergoline, in the medical and sports medicine literature.
Prolactinoma tumorigenesis is caused by a genetic mutation in the lactotroph cells (Huang et al.,
2017; Kumar & Prusty, 2013), and can also occur as the result of hypothalamic dysregulation
which, in turn, induces lactotrophic hyperplasia (Kumar & Prusty, 2013). Treatment for
prolactinoma aims to inhibit hyperprolactinaemia and shrink the tumour, enabling removal of the
mass, as well as the prevention of tumour proliferation and/or recurrence (Sinha et al., 2011).
Dopamine receptor agonists can reduce the tumour size, but some prolactinomas are resistant to
cabergoline, in which case surgery should be considered. Resistant prolactinoma refers to a failure
to reduce the adenoma size and/or normalise the PRL level (Kumar & Prusty, 2013).
Importantly, resistance to cabergoline therapy is infrequent when compared to bromocriptine
(Venkatesh, Kothari, Manchanda, Taneja, & Kulshreshtha, 2012). In addition to this, cabergoline
is more effective and has fewer side effects when compared to bromocriptine in the treatment of
prolactinoma (Ghadirian et al., 2018; Aydin et al., 2018). However, the incidence of pituitary
apoplexy is strongly linked to cabergoline. For instance, Ghadirian et al. (2018) revealed that the
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only precipitating factor for development of apoplexy in a 34-year-old male pituitary
adenoma patient was the oral intake of cabergoline (1 mg twice per week). These authors showed
that after 1 year of initiation of cabergoline the patient developed sudden visual deterioration, and
massive intratumoural haemorrhage was discovered on brain MRI, but his visual status recovered
after endoscopic transsphenoidal surgery. Furthermore, the symptoms of apoplexy are more
dangerous than those of pituitary adenoma without apoplexy, and the surgery performed for
patients with pituitary adenoma and those with pituitary apoplexy is significant different. Indeed,
Zhu and colleagues (2015) showed that pituitary adenoma and pituitary apoplexy have similar
symptoms, such as visual deterioration, acromegaly and galactorrhea, but ptosis, diplopia and
blindness were more frequently observed in apoplexy. They also showed that 97 of 2021 pituitary
adenoma patients were affected by apoplexy.
The exact pathomechanisms of pituitary apoplexy remain unclear. However, intratumoural
haemorrhage canoccur, likely due to decreased blood flow (Salehi, Firek, & Munir, 2018; Zijlker
et al., 2017), high intratumoural metabolic demands, elevated intralesional pressure (Albani et al.,
2017; Zijlker et al., 2017), intrinsic inherent fragility of tumour blood vessels (Salehi et al., 2018)
and decreased tumour blood perfusion (Albani et al., 2017). In addition, third cranial nerve palsy
is the most frequently affected as a result of apoplexy. Recently, Salehi et al. (2018) reported a
case of large pituitary macroadenoma which led to apoplexy in a 78-year-old man who denied
having an acute headache and nausea, but third cranial nerve palsy, fourth cranial nerve palsy and
ptosis of the right eye were noted. However, after transsphenoidal resection of the mass on the
right side, the patient’ sophthalmoplegia and mental status were recovered.
Additionally, pituitary apoplexy can occur regardless of the size of the tumour (i.e., even in
microprolactinoma). In this regard, Ricciuti and colleagues (2018) recently reported the results of
17 patients with pituitary apoplexy who underwent transsphenoidal surgery, six of whom had a
residual mass <1 cm and four patients were treated without surgery. They demonstrated that the
clinical symptoms of patients were resolved between 1 week and 6 months after the operation.
More importantly, surgery is necessary when the patient becomes unconscious. Aydin and
colleagues (2018) reported the case of a 49-year-old male patient with macroprolactinoma 2.4 cm
in diameter, with a PRL level of 436 ng/ml, who underwent transsphenoidal surgery 16 weeks
after initiation of cabergoline treatment (0.5 mg a week). Reoperation was performed for this
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patient due to a sudden loss of consciousness, but 8 hours following the second operation he
developed apoplexy and died.
It is important to note that the optic chiasm is located roughly 8–13 mm above the pituitary
gland (Sowka & Kabat, 2015), therefore, acute headache and visual disturbances, and sometimes
even ophthalmoplegia, could occur due to impingement of the growing mass on the optic chiasm.

Conclusion
Here, we report a unique case of pituitary macroprolactinoma with the development of
pituitary apoplexy in a male soccer player, which resulted in shrinkage of the tumour but without
prolactin normalisation. Our patient continued cabergoline treatment until zoospermia was
achieved, and this may have assisted in further decreasing the size of the adenoma. He decided to
continue cabergoline therapy without surgery. Follow-up was discontinued by the patient.

Practice Points
(1) Macroprolactinoma can present with general weakness associated with vitamin D deficiency
and muscle spasms in an athlete.
(2) Severe headaches can decrease and even disappear after the incidence of pituitary adenoma
apoplexy.
(3) Sudden vitamin D deficiency is a good indicator for pituitary adenoma, especially in an athlete.
(4) Tumor proliferation following the incidence of pituitary apoplexy may occur, so the patient
must be regularly followed up to monitor the size of the adenoma.
(5) There is no definitive relationship between adenoma apoplexy and prolactin normalization.
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