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Abstract

Background

Mitochondrial diseases/disorders (MDs), for decades, have been identified as a key underly-

ing condition for many chronic diseases globally. However, data on the knowledge and prev-

alence of MDs in many countries in sub-Saharan Africa are lacking. This study assessed

the knowledge, and awareness, of MDs among senior medical doctors in the five tertiary

hospitals in Ghana.

Method

Data were collected from one hundred and twenty-eight (128) medical doctors in the five

Tertiary Hospitals in Ghana using both closed and open-ended questionnaires and analysed

using descriptive statistics.

Results

Of the 128 respondents, 70.32% were senior medical officers and above, 87% of them indi-

cated that they were aware of MDs and over 90% said physicians do not often diagnose

MDs in Ghana. About 81% indicated that MDs are associated with chronic illnesses whilst

72% said the disease is diagnosed in both males and females. About 45% of the respon-

dents alluded to the fact that MDs are difficult to diagnose, are associated with mutations in

both the mitochondrial and the nuclear DNA, and are non-infectious diseases. Approxi-

mately 85% said nervous system dysfunction and muscle weakness are some of the symp-

toms associated with MDs whilst 77% said fatigue is also one of the symptoms. About 38%

of the respondents specified that they encounter myopathies. A majority (70%) did not know

about the availability of any consensus or standard diagnostic procedure and/or drugs for

MDs.
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Conclusion

There is a high level of knowledge and awareness of MDs among the respondents. How-

ever, there is a low disease encounter, which could be due to a lack of diagnostic protocols

or a low disease prevalence. It is, therefore recommend that a patient perspective study,

which looks at clinical records and laboratory data be conducted to fully ascertain the preva-

lence of MDs in Ghana and that appropriate educational strategies and interventions aimed

at improving the diagnosis of mitochondrial diseases in Ghana be put in place.

1. Introduction

Mitochondrial diseases/disorders (MDs) constitute a heterogeneous group of non-infectious

disorders characterized by impaired energy production caused by genetically based oxidative

phosphorylation malfunction [1, 2]. They are a group of chronic diseases that are now known

to be more common than initially thought, with increasing prevalence across the world,

although they were once considered rare and obscure diseases affecting about 1 or 2 people

per a million of the population [2]. Many MDs are so new that they have not yet been men-

tioned in medical textbooks or medical literature. Due to unpredictable epigenetic and genetic

and genotypic and phenotypic mito-nuclear relationships, these diseases are collectively

named “mystondria” (mysterious diseases of mitochondria) [3]. They can affect any organ in

the body at any age and are severely debilitating, often fatal, and characteristically complex in

nature [4, 5].

In recent times, the spectrum of MDs has increased, and are no rarer diseases but a group

of disorders that can affect 1 in 200–250 people with clinical features varying between children

and adults, and severity could range from asymptomatic mutation carriers to life-threatening

illnesses [1]. MDs affect any and multiple tissues and organs of the human body, but in most

cases, organs of higher energy demand such as the brain, heart, and skeletal muscle are greatly

affected [4, 6]. These genetically oriented diseases, in many cases, are caused by mitochondrial

DNA (mtDNA) mutations, with some contributions from mutations in nuclear DNA that

may directly or indirectly interfere with mitochondrial oxidative phosphorylation [5–8]. Mito-

chondrial DNAs are highly susceptible to mutations and are therefore heterogeneous with the

African populations harbouring the highest diversity [9, 10]. The presence of the slightest

mtDNA sequence variations or single nucleotide polymorphisms confers risk for diseases [6].

Point mutations in mitochondrial transfer RNA (tRNA) and protein-encoding genes are the

most common primary mutations associated with several MDs [11]. These primary mtDNA

defects form the basis for a wide spectrum of human neurological and non-neurological dis-

eases such as myopathy, peripheral neuropathy, seizures, dementia, stroke-like episodes, deaf-

ness, diabetes, kidney and liver dysfunctions, cardiomyopathy, endocrinopathies, skin

disorders, and haematological dysfunctions [10, 12].

There have been suggestions that mitochondrial disorders should be routinely considered

in chronic, progressive, and rare disease conditions [2, 3]. Unfortunately, a proper and

straightforward diagnosis of MDs is currently lacking due to the lack of specific and reliable

biomarkers [13, 14]. Even though diagnostic methods for MDs are available, there are limita-

tions in the diagnostic approach, including overlapping phenotypes, patient selection, disease

monitoring, and response to treatment, to name but a few [2, 7, 15, 16]. The current gold stan-

dard for the diagnosis of MDs is measuring the activity of the respiratory chain enzymes in tis-

sue biopsies plus complex V and functional tests if fresh samples are available, in combination
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with other assessments. These assessments include brain imaging, genetic testing for specific

mutations, histochemical investigations as well as exercise stress tests to determine the arterio-

venous oxygen difference (a-vO2 difference) [17–19]. Over the past 15 years, various scoring

systems for MDs have been developed (for both pediatric and adult patients) to assist physi-

cians in screening patients for the disease [2, 20–24]. Nevertheless, the absence of standard

diagnostic procedures makes it difficult for clinicians to diagnose patients with MDs all over

the world [25] resulting in many mitochondrial disease conditions being never diagnosed and

treated especially in resource-constrained countries [26].

Consequently, there is a paucity of data on MDs in Sub-Saharan Africa. Thus apart from

very few publications mainly from South Africa on paediatric patients [7, 27, 28], there is a

lack of data on the prevalence and incidence of MDs in many Sub-Saharan African countries.

In addition, data on knowledge and awareness of MDs are lacking. The present study, there-

fore, assessed the knowledge, and awareness, of MDs among senior medical doctors in the five

tertiary hospitals in Ghana. Medical doctors from these hospitals were assessed for their aware-

ness, knowledge, and perception of the prevalence of mitochondrial diseases among patients

in Ghana.

2. Materials and methods

2.1 Ethical consideration

The study was approved by the Ethics Committee of the College of Basic and Applied Sciences,

University of Ghana (ECBAS 012/20-21), Institutional Review Board of the Korle Bu Teaching

Hospital (KBTH-STC/IRB/00065/2021), the Ethical Review Committee of the Cape Coast

Teaching Hospital (CCTHERC/EC/2021/050) and the Institutional Review Board of the

Komfo Anokye Teaching Hospital (KATH IRB/CA/132/21). The ethical review certificates

were shown to the participants after which verbal consent was sought for their participation in

the study.

2.2 Study sites

The study sites were the Departments of Medicine or related departments that specialize in

chronic non-communicable diseases in the five tertiary hospitals in Ghana (Korle-Bu Teaching

Hospital (KBTH), Okomfo Anokye Teaching Hospital (KATH), Cape Coast Teaching Hospi-

tal (CCTH), Ho Teaching Hospital (HTH) and Tamale Teaching Hospital (TTH)). These five

hospitals were chosen because of their function as referral hospitals.

The KBTH is the biggest referral centre in Ghana and the third biggest referral centre in

Africa. It is located in the Capital city (Accra) of Ghana. It is the Teaching Hospital for the Uni-

versity of Ghana. It has 2,000 beds, 21 clinical and diagnostic departments, and three Centres

of Excellence. It also has an average outpatient attendance of 1,500 with about 250 inpatient

admissions daily.

The KATH is in the capital city (Kumasi) of the Ashanti region. It is the Teaching Hospital

for the Kwame Nkrumah University of Science and Technology. It is the second-largest hospi-

tal in Ghana and the only tertiary health institution in the middle belt of the country. It is the

main referral hospital for the Ashanti, Brong Ahafo (BA), Northern, Upper East, and Upper

West Regions. Statistical records from KATH show that about two-thirds of the patients are

from the Ashanti region, with BA and the three Northern regions sharing the remaining in a

two-to-one ratio.

The CCTH is located in the capital city (Cape Coast) of the central region of Ghana. It is the

teaching Hospital of the University of Cape Coast. The 400-bed hospital serves as the main

referral facility in the central and western parts of the country.
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The HTH is located in the capital city (Ho) of the Volta. It is the Teaching Hospital for the

University of Health and Allied Sciences, Ghana. It is a tertiary care facility with a staff strength

of about 1200, a bed capacity of 306 and 14 wards, and the main referral facility providing

health services to the people in both the Volta region and the Oti region.

The TTH is located in the eastern part of the Tamale Metropolis in the capital city (Tamale)

of the Northern region. It is the Teaching Hospital for the University of Development Studies.

It serves as a major referral center for Northern Ghana. The Hospital also receives clients from

some parts of Burkina Faso and Togo. The Hospital currently has a bed capacity of four hun-

dred and eighty-four (484) beds. The Hospital provides its services to over a hundred thousand

patients every year.

2.3 Study population and sample size

The target study population was professional medical practitioners consisting of consultants,

specialists, and medical officers. The sample size was calculated using the sample size determi-

nation by Miller and Brewer [29]:

n ¼ N=½1þ Nða2Þ�

where n ¼ sample size; N ¼ target population and a ¼ error term:

The sample size was calculated using an estimated target population of 284, consisting of

consultants, doctors in residence, specialists, and medical officers in the five selected hospitals

and with an error term of 0.05.

n ¼ 284=½1þ 284ð0:052Þ�

n ¼ 166

Convenience proportionate sampling was used to collect the data from participants at each

of the study sites (Table 1) using the formula:

ns ¼ ðNs=NÞ x n

where ns = sample size at each site and Ns = target population at each site.

2.4 Data collection

The data were collected through the use of questionnaires that had been developed for the

study. To avoid putting undue pressure on the medical doctors due to their busy schedules,

the researchers identified staff at the facility who acted as contact persons. All the question-

naires were handed over to the contact person, who subsequently handed them out to the

medical practitioners and also retrieved the completed questionnaires.

Table 1. Estimated sample size per site.

Site Target population (Ns) Sample size (ns)

Cape Coast 12 7

Ho 12 7

Korle-Bu 168 98

Komfo Anokye 80 47

Tamale 12 7

Total 284 166

https://doi.org/10.1371/journal.pone.0276549.t001
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2.5 Inclusion and exclusion criteria

The present study included medical doctors, who specialized in handling chronic non-com-

municable diseases. Medical doctors who are not in active service and not specialized in man-

aging chronic non-communicable diseases and house officers were excluded.

2.6 Analysis of data

The data were analyzed using descriptive statistics, such as proportions and percentages using

STATA Version 15.

3. Results

3.1 Demographic characteristics of participants

Table 2 shows the demographic characteristics of the respondents. A total of 128 Physicians

were surveyed, which were made up of 9 consultants (senior specialists physicians involved in

the training of medical students), 21 specialists (specialist physicians involved in the training

of medical students), 60 senior medical officers (senior general physicians working in the

internal medicine or related department in the teaching hospital), and 38 medical officers

(general physicians working in the internal medicine or related department in the teaching

hospital). Thus majority (90/128; 70.32%) of respondents are senior medical officers and

above.

3.2 Awareness of MDs among the study participants

Table 3 summarizes the extent of awareness of MDs among the respondents. The majority

(111/128; 87%) of the respondents indicated that they are aware of MDs indicating a high level

of awareness among them. Over 90% (119/128) indicated that physicians do not often diag-

nose MDs in Ghana. About 81% (104/128) indicated that MDs are associated with chronic ill-

nesses whilst 72% indicated that the disease is diagnosed in both males and females. However,

a small proportion indicated that they were not aware of MDs (13%). In addition, 17% indi-

cated that they did not know whether MDs are associated with chronic illnesses or not.

Table 2. Demographics of participant physicians.

N/128 %

Gender

Male 76 59.38

Female 52 40.62

Years of medical practice

1–5 43 33.59

6–10 44 34.38

11–15 19 14.84

16–20 11 8.59

>20 11 8.59

Rank

Medical Officer 38 29.69

Senior Medical Officer 60 46.88

Specialist 21 16.41

Consultant 9 7.03

https://doi.org/10.1371/journal.pone.0276549.t002

PLOS ONE Knowledge and Awareness of mitochondrial diseases among physicians in Ghana

PLOS ONE | https://doi.org/10.1371/journal.pone.0276549 October 20, 2022 5 / 13

https://doi.org/10.1371/journal.pone.0276549.t002
https://doi.org/10.1371/journal.pone.0276549


3.3 Knowledge about the general description of and symptoms associated

with MDs

Table 4 summaries the knowledge of the respondents on the general description of MDs. Gen-

erally, the respondents demonstrated very good knowledge about the description of MDs. The

majority alluded to the fact that MDs are difficult to diagnose (58/128; 45%), are associated

with mutations in both the mitochondrial and the nuclear DNA (59/128; 46%), and are non-

infectious diseases (44%). The respondents also demonstrated very good knowledge about the

symptoms associated with MDs (Fig 1) as the majority specified that MDs are associated with

nervous system dysfunction (85%), muscle weakness (90%), and fatigue (77%).

Table 3. Awareness of MDs among physicians.

Questions Responses N/128 %

Are you aware of MDs? Yes 111 86.72

No 17 13.28

Are MDs common among Ghanaians? Yes 18 14.06

No 100 78.13

Do not know 10 7.81

How often do Physicians diagnose patients with MD? Not at all 29 22.66

Not very often 90 70.31

Often 6 4.69

Very Often 0 0.00

Do not know 3 2.34

Are MDs associated with chronic illness? Yes 104 81.25

No 2 1.56

Do not know 22 17.19

Which gender is usually diagnosed with MDs? Male 20 15.63

Female 16 12.50

Both male and female 92 71.88

What age categories are usually diagnosed with MDs? <10 40 31.25

10–20 26 20.31

21–40 35 27.34

41–60 17 13.28

>60 10 7.81

https://doi.org/10.1371/journal.pone.0276549.t003

Table 4. General description of MDs.

Description Responses %

(out of 128 participants)

MDs are infectious diseases 4 3.23

MDs are non-infectious diseases 56 43.75

MDs are easy to diagnose 2 1.56

MDs are difficult to diagnose 58 45.31

MDs are genetic diseases associated with only the mitochondrial DNA 45 35.16

MDs are associated with both nuclear and the mitochondrial DNA 59 46.09

Participants were allowed to select multiple descriptions

https://doi.org/10.1371/journal.pone.0276549.t004
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3.4 Frequency of encounters with mitochondria-related disorders

Fig 2 collated the frequency of encounters with mitochondria-related disorders by the respon-

dents. Expectedly, seizures, peripheral neuropathy, and rheumatoid arthritis are the most com-

mon conditions encountered. Intriguingly, 38% of the respondents indicated that they

encounter myopathies.

3.5 Availability of diagnostic protocols, approved drugs, and consensus

treatment and/or management procedures for MDs

The responses of the participants to questions regarding the availability of MDs’ diagnostic

protocols, approved drugs, and consensus treatment and/or management procedures are sum-

marised in Fig 3. The majority (70%) of the respondents did not know about the availability of

any consensus or standard diagnostic procedure, about 70% did not know about the availabil-

ity of any drug for MDs and about 50% indicated that there were no consensus treatment/

management procedures.

3.6 Patient education and level of understanding of MDs

Fig 4 summarises the responses to questions regarding the education of patients by physicians

about MDs and their level of understanding. About 50% of the respondents specified that

patients are regularly educated on MDs and about 40% indicated that patients do not mostly

understand the issues regarding mitochondrial diseases.

4. Discussion

The present study assessed the knowledge, and awareness, of MDs among senior medical doc-

tors in the five tertiary hospitals in Ghana. To our knowledge, this is the first study that directly

assessed knowledge and awareness of MD among physicians in sub-Saharan Africa. This study

has become even more important because the COVID-19 pandemic has demonstrated a

higher vulnerability of patients with chronic illnesses to opportunistic infections, resulting in a

significant level of morbidity and mortality in that clinical evidence has shown that individuals

Fig 1. Knowledge of symptoms associated with mitochondrial diseases.

https://doi.org/10.1371/journal.pone.0276549.g001
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with underlying disease conditions were more at risk of experiencing complications from

COVID-19 infection [30]. Although there is no data on the extent of severity of COVID-19

complications among MD individuals, recent studies have shown possible dysfunction of

mitochondrial oxidative function during COVID-19 pathogenesis [31], and for decades, mito-

chondrial dysfunction has been identified as a key underlying disease condition for many

chronic diseases we know of today [1–3].

The majority of respondents in this study are senior medical officers and above. The

respondents expressed a high level of awareness and knowledge about MDs as most of them

alluded to the fact that they are aware of MDs and that MDs are associated with chronic

Fig 2. Frequency of encountering patients with specific mitochondrial-related disorders.

https://doi.org/10.1371/journal.pone.0276549.g002
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Fig 3. Mitochondrial disease diagnosis and treatment.

https://doi.org/10.1371/journal.pone.0276549.g003

Fig 4. Patient education and level of understanding of mitochondrial diseases.

https://doi.org/10.1371/journal.pone.0276549.g004
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illnesses and are diagnosed among both males and females. The respondents also demon-

strated an impressive knowledge about the symptoms associated with MDs such that, most of

them indicated that MDs are associated with nervous system dysfunction, muscle weakness,

and fatigue among others. Most of the respondents thought MDs are not common among

Ghanaians and almost all of them indicated that they do not diagnose MDs at all or not very

often (Tables 3 & 4).

MDs are difficult to diagnose reliably, because of their wide clinical and genetic heterogene-

ity, and require a detailed medical history and extensive knowledge and expertise on behalf of

the diagnosing physician [32]. Anecdotal evidence from clinicians, researchers, and patients

suggests that before finally receiving a diagnosis of mitochondrial disease, many patients go

through extensive clinical reviews, visit numerous clinical specialists, receive other conflicting

diagnoses, and endure repeated and sometimes invasive testing [25, 33]. In addition, misdiag-

noses and underdiagnoses are not uncommon [32]. This is especially true for resource-con-

strained settings as alluded to in a recent systematic review by Hettiarachchi and co-workers

[26]. The exact prevalence and incidence of MDs in the world are also difficult to estimate. It is

therefore not surprising that respondents noted that MDs are not common among Ghanaians

and almost all of them indicated that they do not diagnose MDs at all or not very often. This is

most likely because the facilities in Ghana lack the resources to diagnose MDs. Indeed, this is

confirmed by the respondents in their responses to questions on the availability of MDs diag-

nostic protocols, where most indicated that there are no consensus diagnostic protocols or do

not know about any. Conversely, the low encounter with MDs as indicated by the respondents

could be a result of a low prevalence of MDs among Africans. Although MDs are now more

common than initially thought affecting about 1 in 200–250 people [1] with a current mini-

mum prevalence of one in every 5000 live births [33], data on incidence and prevalence in

Africa is lacking.

MDs comprises a group of rare, about 1 in 4,300, debilitating genetic disorders [34]. The

disorders feature a wide array of multisystemic manifestations that frequently include develop-

mental abnormalities or regression, myopathy, seizures, dementia, hearing loss, blindness,

strokes, diabetes mellitus, and premature death affecting both children and adults. Expectedly,

in addition to seizures, peripheral neuropathy, and rheumatoid arthritis are the most common

conditions encountered by the respondents in their practice in this study. This observation

seems to suggest that the involvement of the mitochondria in some clinical cases in the various

hospitals in Ghana cannot be ignored and needs to be thoroughly investigated.

5. Conclusion

In conclusion, the study revealed that the physicians in the selected teaching hospitals in

Ghana are very much aware of MDs. They also demonstrated very good knowledge of the

description of and symptoms associated with MDs. They are however of the view that MDs are

not commonly diagnosed in Ghana and that there are no available MD diagnosis protocols.

Thus suggesting that the low diagnosis is likely to be a result of a lack of diagnostic protocols

or low disease prevalence. It is, therefore recommended that a patient perspective study, which

looks at clinical records and laboratory data be conducted to fully ascertain the prevalence of

MDs in Ghana. Additionally, we recommend that appropriate educational strategies and inter-

ventions aimed at improving the diagnosis of mitochondrial diseases in Ghana be put in place.

6. Limitations of this study

The limitations of the study include the fact that the participants were allowed to go home

with the questionnaire and some of them could have referred to books or the internet before
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responding to the questionnaire. This will preclude genuine knowledge and awareness of

MDs. Secondly, the participants were not asked to indicate their estimated percentage preva-

lence of MDs in Ghana. Thirdly, due to the busy nature of their schedule, verbal informed con-

sent was obtained rather than written informed consent. Finally, the response rate of 77% (128

out of 166) is relatively low.
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