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1  | INTRODUC TION

Pyruvate kinase (PK) deficiency is a rare hemolytic anemia caused 
by mutations in the PKLR gene. This results in decreased activity 
of the erythrocyte isoform of PK which catalyzes the final step in 
glycolysis during which energy is released in the form of adenosine 
triphosphate (ATP).1 This enzyme deficiency shortens the lifespan 

of red blood cells, leading to lifelong non-spherocytic hemolytic 
anemia.2 Though the clinical features of PK deficiency in individual 
patients can vary substantially, common signs and symptoms may 
include: fatigue, dyspnea (shortness of breath), jaundice, and sple-
nomegaly.3,4 Patients with PK deficiency often present with signs 
of hemolytic anemia in the neonatal period, although presentation 
can occur later in life in less severe cases.1
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Abstract
Objectives: This study explored how signs and symptoms of pyruvate kinase (PK) 
deficiency, a rare hemolytic anemia caused by mutations in the PKLR gene, impacts 
patients’ health-related quality of life (HRQoL).
Methods: Interviews with 21 adults with PK deficiency in the United States, 
Netherlands, and Germany were conducted. Participants were asked to describe 
signs, symptoms, and impacts of the disease on their daily lives. Interviews were 
transcribed and analyzed using qualitative analysis methods.
Results: The most common signs and symptoms reported were yellow eyes (n = 19), 
tiredness (n = 18), yellow skin (n = 17), fatigue (n = 15), low energy (n = 13), and short-
ness of breath (n = 13). Furthermore, signs and symptoms of PK deficiency negatively 
impact the ability to perform physical activities, appearance, social activities, emo-
tional states, activities of daily living, leisure activities, work and/or school, sleep, and 
cognitive states of those living with PK deficiency. A conceptual model is presented 
that further demonstrates the profound impact that signs and symptoms of PK defi-
ciency have on dimensions of patients’ HRQoL.
Conclusions: This is the first study that provides patient perspective on the burden 
of living with PK deficiency and lays the foundation for future studies to examine the 
effect of pharmacologic interventions on overall HRQoL for patients living with PK 
deficiency.
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The prevalence of PK deficiency is not well known. Estimates 
based on genetic studies in northern Europe approximate a preva-
lence rate of one in 100 000 in the White population; however, PK 
deficiency may be under and/or misdiagnosed due to lack of aware-
ness and challenges in diagnostic testing.1,5-8 A high birth prevalence 
of PK deficiency, however, has been reported in the Amish communi-
ties of Pennsylvania and Ohio due to the founder effect.1,9

There are no current options that target the underlying enzyme 
defect or provide long term disease control except bone marrow 
transplant, which is associated with severe risks including death.10,11 
Therefore, treatments are currently supportive. Regular blood trans-
fusions may be necessary to maintain adequate hemoglobin levels 
and lessen the severity of anemia-related symptoms, but can lead to 
iron overload which presents additional monitoring and management 
challenges.1,12 Iron overload can also occur in PK deficiency patients 
who have not experienced regular transfusions; thus, iron chelation 
is often necessary both in transfused and non-regularly transfused 
patients to treat iron overload.13-15 While splenectomy during child-
hood is commonly recommended to decrease or eliminate the need 
for regular transfusions, patients may continue to have significant 
ongoing anemia, and splenectomy results in a lifelong increased risk 
of infection from encapsulated organisms.1,16,17

Due to the rarity of PK deficiency, an understanding of its burden 
on patients’ lives remains limited, and there is no published research 
that describes the overall experience of living with PK deficiency. 
The aim of this qualitative study was to explore how signs and symp-
toms of PK deficiency impact adult patients’ health-related quality 
of life (HRQoL).

2  | PATIENTS AND METHODS

2.1 | Ethics review committee approval

This study was conducted in the United States, the Netherlands, and 
Germany. Prior to engagement with study participants, ethics board 
approval was obtained (Copernicus Group Independent Review 
Board [CGIRB] or local/institutional IRB/ethics committee).

2.2 | Recruitment and eligibility criteria

Participants were primarily recruited through a network of United 
States- and European-based sites participating in the Pyruvate Kinase 
Natural History Study (NHS; NCT02053480).12 NHS investigators 
distributed a recruitment flyer to study participants. Participants 
were also recruited through a patient advisory board, a PK deficiency 
patient advocacy/support website, and a Facebook support page. 
Participants were responsible for the initial contact; there was no 
prior relationship between interviewers and participants.

Eligibility criteria included: ≥18 years old, a diagnosis of PK defi-
ciency confirmed by molecular testing for NHS participants (n = 20) 
or a diagnosis confirmed in writing by a patient’s physician (n = 1), 
current experience with at least one anemia symptom (eg, tiredness, 

weakness, exhaustion, fatigue, low energy, lethargy, dizziness/faint-
ing, shortness of breath, loss of appetite), and past experience with 
a second anemia symptom distinct from the first or another PK de-
ficiency symptom (eg, jaundice, pallor, abdominal pain). Information 
used to determine the symptomatic criteria was collected via a 
scripted screening form. Participants’ transfusion and splenectomy 
status was collected but not used to determine eligibility. All eligible 
participants were scheduled for interviews.

2.3 | Data collection

One-hour interviews were conducted to better understand the burden 
of PK deficiency in terms of signs, symptoms and impact of the disease 
on participants’ HRQoL. All interviews were conducted in person or via 
telephone by trained, local interviewers using a semi-structured inter-
view guide in the participants’ native language. Interviews were based 
on non-leading questions/statements such as “Describe a typical day 
for you in terms of your PK deficiency”, and targeted probes, such as 
“Describe how PK deficiency has impacted your life” were used after 
the initial open-ended question to clarify concepts of interest.

Interviews were audio-recorded except for those conducted 
with three of the four Amish participants for whom a note taker 
was used. All audio-recordings were transcribed verbatim and an-
onymized; German and Dutch transcripts were forward-translated 
into English. German and Dutch interviewers not only conducted 
the interviews, but also assisted during analysis to ensure accuracy 
across languages when naming concepts.

2.4 | Qualitative data analysis

All transcripts were coded using processes guided by established 
qualitative research methods, including grounded theory and constant 
comparison method.18-22 In grounded theory, inductive yet systematic 
analytic strategies are applied to qualitative data to conceptually ana-
lyze participants’ experiences.22 Specific grounded theory methods 
that were applied to this research included collecting and analyzing 
data in parallel, letting the coding scheme be dictated by the data and 
not preconceived notions, and constantly comparing and contrasting 
concepts to inform relationships among the data (ie, constant com-
parative method).18,19,22 The coding scheme was applied using ATLAS.
ti, a software program designed specifically for qualitative analysis.23

Reported concepts were classified as signs and symptoms or im-
pacts based on how proximal or distal participants described each 
concept to the pathophysiology of PK deficiency, as well as cause 
and effect relationships between reported concepts. Impacts di-
rectly related to signs and symptoms of PK deficiency were consid-
ered proximal (eg, need for additional rest), while less closely related 
impacts mediated by more proximal concepts were considered distal 
impacts (eg, negative impact on social activities due to difficulty with 
exercise/sports).

The qualitative data were assessed for conceptual saturation 
which was considered achieved at the point when it appeared that 
additional interviews were unlikely to yield any new concepts of 
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relevance or importance to the study sample.24 To evaluate concep-
tual saturation, concepts spontaneously emerging from the inter-
views were analyzed in consecutive sets based on the order in which 
the interviews were conducted. Conceptual saturation is commonly 
used in qualitative research to determine adequate sample size, as 
the sample size is deemed adequate if no new concepts emerge in 
the final set of interviews.22

Following quantitative analysis, the concepts identified as most 
salient to participants’ experiences with PK deficiency were used to 
develop a conceptual model. The conceptual model demonstrates 
how signs, symptoms, and impacts of PK deficiency relate to one 
another and further depicts how proximal or distal concepts were 
considered based on participant report.21,22

2.5 | Expert advisors

Two clinical experts (RG, RK), one measurement specialist (SS), and 
one patient advocate with PK deficiency (JC) participated as con-
sultants to the study team, advising on study design (eg, interview 
guide) and data interpretation (eg, helping determine if a concept 
is a symptom or impact of PK deficiency). Refer to Figure S1 for an 
overview of all methods as well as additional information about eth-
ics approval, the consent process, and data collection.

3  | RESULTS

3.1 | Demographic characteristics of the study 
participants

A total of 21 participants were recruited into the study and sub-
sequently interviewed. To the author’s knowledge, no invited 
eligible persons declined to participate in the study. Participant 
demographics and self-reported health information can be found 
in Table S1.

3.2 | Conceptual saturation

Concept accumulation over the course of the interviews indicated 
that the sample size was sufficient to characterize the burden of PK 
deficiency; conceptual saturation was achieved for nearly all con-
cepts across the entire sample. New concepts introduced in the last 
cohort of interviews were not similar enough to merge with other 
concepts, nor notable enough to warrant conduct of additional in-
terviews to explore the concepts further.

Due to sample size limitations, saturation was not evaluated by 
subgroups (eg, by Amish or by country of enrollment). However, a 
subgroup analysis of signs, symptoms and impacts revealed that 
there were no major differences between participants in the Amish 
vs non-Amish community. Additionally, among the signs, symptoms 
and impacts reported by more than approximately a third of partici-
pants (n = 6, 28.6%), there were no differences between the United 
States, Germany, and the Netherlands.

A graphical representation summarizing concept accumulation 
and subsequent saturation can be found in Figure S2.

3.3 | Summary of concepts reported

3.3.1 | Signs and symptoms

Thirty-eight signs and symptoms of PK deficiency were reported 
by participants (Figure 1). The most frequently reported signs and 
symptoms included yellow eyes, tiredness, yellow skin, fatigue, low 
energy, and shortness of breath.

Collectively, energy-related symptoms (tiredness, fatigue, low 
energy, exhaustion, decreased stamina) were a major component of 
the PK deficiency symptom experience. Tiredness (n = 18, 85.7%) 
was most commonly named as the most important symptom. Study 
participants reported a general sense of tiredness, the onset of 
which could occur rapidly (especially after exertion), and that would 

F i g u r e  1 . Signs and Symptoms 
Reported by At Least Three Participants. 
Percentage of the total number of 
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sign or symptom is noted above each bar
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worsen throughout the day, particularly during busy or long days. 
The study participants also commonly reported feeling too tired to 
perform daily activities or tasks. In addition, participants reported 
feeling more tired after certain activities (eg, traveling, working, 
walking, or other activities that require physical exertion). In distinc-
tion to tiredness, fatigue (n = 15, 71.4%) was described as a level of 
tiredness not relieved by sufficient sleep, which can be considered 
the defining characteristic of this concept.

Well, I feel tired. I go through bouts every day where 
I’ll feel tired, just about every single day, and espe-
cially—I tend to have more energy in the morning, 
and then as the day goes on, then I get more tired. 
� (Participant 01-03)

Shortness of breath (n = 13, 61.9%) was also commonly experi-
enced. This was primarily reported during moderate (eg, walking on 
an incline or upstairs) to strenuous (eg, running) exercise. Participants 
described shortness of breath as huffing and puffing, feeling very 
winded, and straining to breathe.

A complete summary of all signs and symptoms reported by 
participants, as well as a summary of signs and symptoms that were 
most frequently considered in the top three most bothersome by 
participants can be found in Tables S2 and S3, respectively.

3.4 | Impacts

Fifty-nine impacts of PK deficiency were reported and divided into 
nine major themes: physical, appearance, social, emotional, activi-
ties of daily living (ADL), leisure activities, work (or school), sleep, 
and cognitive deficit. A complete summary of all impacts reported by 
participants, organized by domain, can be found in Table S4.

Across categories, the most frequently reported impacts in-
cluded a need for additional rest, difficulty with exercise or sports, 
susceptibility to illness, negative impact on appearance, receiving 
unwanted attention, and negative impact on social activities. In ad-
dition, participants also noted a negative impact on various ADLs. 
While no individual ADL concepts were reported by more than a 
third of the sample, given the variation in responses associated with 
the study participants’ daily activities, a general negative impact on 
ADL has been noted.

3.4.1 | Effect of energy-related symptoms and 
shortness of breath on physical activities

The impact of difficulty exercising or participating in sports (n = 16, 
76.2%) was most commonly (but not exclusively) attributed to tired-
ness, weakness, and/or experiencing shortness of breath during 
the activity. Participants reported that running, biking, and cardio-
oriented sports, such as soccer and basketball, were particularly 
problematic and either challenging or impossible to perform.

In addition to difficulty with sports or exercise, the study partic-
ipants also reported difficulties with every day physical activities, 

such as walking (n = 9, 42.9%), climbing stairs or walking uphill (n = 8, 
31.8%). They most commonly described feeling too tired, exhausted, 
or lacking the energy to walk even short distances. In addition to 
feeling tired and/or lacking energy, shortness of breath frequently 
resulted in difficulty climbing stairs or walking uphill. As a result, 
they reported needing a break to catch their breath and also avoided 
climbing stairs or walking uphill when possible.

… like having to stop after walking or not being able to 
make it up the stairs of my house. � (Participant 01-14)

As an extension of both the pervasive lack of energy or feelings 
of tiredness, the study participants commonly described a reoccurring 
need for additional rest (n = 18, 85.7%). Those who described more se-
vere degrees of tiredness or fatigue described this need to rest as man-
datory (ie, they “must” rest) and noted that on average they required 
multiple breaks or rests throughout a given day. The study participants 
also noted that taking additional rest to combat their low levels of en-
ergy negatively impacted their ADLs and motivation.

3.4.2 | Negative impact on appearance

A negative impact on appearance was reported by 13 study partici-
pants (61.9%), attributing it to signs and symptoms of PK deficiency 
which caused them to look jaundiced, pale, tired, or generally unwell.

As a result of this impact on appearance, the study participants 
further described some degree of unwanted attention received from 
others (n = 12, 57.1%), most commonly in the form of unsolicited 
questions or comments regarding their appearance. They also noted 
they were victims of bullying when younger due to their jaundice. 
While participants reported that many instances of unwanted at-
tention did not consist of receiving negative comments, they still 
expressed that any sort of attention related to their jaundice was 
unwanted.

3.4.3 | Impact on self-perception and social life

The study participants clearly indicated a general negative impact 
on their ability to maintain a fulfilling social life (n = 11, 52.4%). 
They described missing social events or gatherings because they 
felt too tired. They also described instances in which they had to 
leave events or gatherings early because they were too tired and 
required additional rest or knew that if they stayed their energy 
levels would suffer the following day. Some study participants pri-
marily focused on missing physical activities of a social nature, such 
as hiking or working out in groups, due to low energy levels and an 
inability to keep up.

My social life slowly became less because I just could 
not keep up … On all sides I was doing everything half, 
with an energy level of 0 … my social life is a lot less 
because you just cannot keep up so it has gradually 
faded away. � (Participant 03-01)
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Eight participants (33.1%) reported that symptoms of PK de-
ficiency had a negative impact on their relationships with family 
and friends, and primarily attributed this to tiredness or fatigue. 
With respect to family, they expressed concern about the effect 
of mood disturbances (eg, irritability), missing out on physically 
demanding activities and shared experiences (eg, group hiking or 
exercise classes), and an inability to give others the attention they 
deserve (eg, playing with their child). With respect to their relation-
ships with friends and acquaintances, participants expressed con-
cerns mainly in the context of a loss of connection due to avoiding 
an active lifestyle, deciding when to discuss their condition when 
meeting someone new, and regularly canceling or missing out on 
planned activities.

3.4.4 | Emotional: concerns about future

The study participants also expressed an overall concern about their 
future living with PK deficiency (n = 10, 47.6%), especially about 
their estimated lifespan and prognosis, worsening of current symp-
toms, and development of new symptoms. In addition, concerns 
about other PK deficiency-related impacts such as developing rela-
tionships, developing treatment-related side effects, and maintain-
ing their job, were reported.

3.4.5 | Impact of symptoms on daily life

According to the study participants, PK deficiency symptoms 
have a profound impact on their abilities to perform and man-
age ADL. Across a variety of activities considered, participants 
commonly described a direct, or proximal, relationship between 
PK deficiency-related symptoms and their inability to per-
form a given activity. Study participants described difficulties 

performing household chores (n = 7, 33.3%), such as cleaning 
or doing laundry, and attributed this difficulty to a lack of en-
ergy or weakness. Additionally, participants described a desire 
to complete a given household activity, but that the severity of 
their symptoms delayed when they could start or complete the 
activity.

A general lack of motivation was also reported by six participants 
(28.6%). Overall, they did not describe a lack of motivation to do 
specific activities, but instead noted a general lack of motivation to 
do anything at all. Additional terminology was sometimes used to 
describe this feeling, such as an overall sense of apathy, decreased 
drive, or lack of interest. When a connection to specific symptoms 
was mentioned, they reported feeling tired, sick or unwell as the 
main reason for their lack of motivation.

The study participants also reported that they felt less productive 
regarding their ability to perform ADLs (n = 5, 23.8%). They largely 
viewed themselves as unable to do or accomplish as much compared 
to other people who do not have PK deficiency. Furthermore, they 
described their productivity proportional to their level of exertion 
during activities completed earlier in the day or week. Others noted 
that if they exert themselves too much or beyond their means they 
can become sick or unwell. When a connection to specific symptoms 
was mentioned, they noted a lack of productivity due to feeling sore 
or stiff, fatigued or tired, or simply not being able to physically per-
form the activity.

… in the end I somehow found out that I actually can 
only do one or two things each day, as to say, in the 
sense of going somewhere, an appointment with 
a doctor or, let’s say, doing errands, let’s say in the 
morning and in the afternoon, something else. The 
rest is just taking it easy… � (Participant 03-04)

F i g u r e  2 . Conceptual Model for PK Deficiency. PK, pyruvate kinase
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3.4.6 | Susceptibility to illness

Susceptibility to illness was reported by the majority of the study 
participants (n = 14, 66.7%), attributing it to a weakened immune 
system as a result of their PK deficiency. While this could be consid-
ered a challenging concept to appropriately attribute due to a range 
of possible confounding factors, participants clearly noted that they 
tended to get sick very quickly and experienced more severe symp-
toms compared to those without their condition.

3.5 | Conceptual model

A conceptual model was developed to help understand the re-
lationships between the concepts and how they have been 
classified in this research (Figure 2). The conceptual model dem-
onstrates the burden of living with PK deficiency based on the 
signs, symptoms, and impacts reported by participants through-
out interviews.22 This conceptual model shows relevant concepts 
organized by type, with signs and symptoms on the left and im-
pacts on the right. All signs and symptoms reported by three or 
more participants, and impacts found to be most proximal (ie, 
directly related) to participants’ symptom experience have been 
included in this conceptual model. In addition, impacts have been 
arranged from left to right to indicate how closely related, or how 
proximal or distal, each was found to be in relation to the signs 
and symptoms of PK deficiency.

4  | DISCUSSION

The primary purpose of this research was to better understand 
the experience of adults living with PK deficiency by exploring 
how signs and symptoms of PK deficiency impact HRQoL. Results 
indicate that the signs and symptoms of PK deficiency—jaundice, 
energy-related symptoms (eg, tiredness and fatigue), shortness 
of breath, among others—negatively impact a patient’s HRQoL. 
The participants with PK deficiency reported that energy-related 
symptoms and shortness of breath negatively affect physical ac-
tivities, while jaundice was described as having a negative impact 
on appearance and drawing unwanted attention. Findings demon-
strate that PK deficiency shares similar symptoms and impacts with 
other types of anemia, such as fatigue, weakness, and poor work 
productivity.25-27

Overall, PK deficiency-related signs and symptoms impacted 
various aspects of participants’ lives, including ADLs, leisure ac-
tivities, work or school, and sleeping. Further, the impact of vari-
ous signs and symptoms on daily, physical, and social activities all 
contributed to participants’ concerns about their future quality of 
life. While the impact on HRQoL of other types of anemia has pre-
viously been studied, it has not been examined in the PK deficiency 
population. Therefore, this research provides novel insight into 

how the signs and symptoms of PK deficiency may impact adult 
patients’ HRQoL.

The impact of energy-related concepts on participants’ lives was 
clear. The participants used a variety of terms to discuss their levels 
of energy and were not always individually consistent with the ter-
minology used. As a result, concepts such as tiredness, fatigue, and 
low energy, were analyzed by participants’ contextual description of 
the concept, not necessarily by the specific term they used (eg, if a 
participant used the term “tired” to describe feeling fatigued when 
he/she wakes up in the morning, it was coded as fatigue). When par-
ticipants used multiple energy-related terms to describe the same 
or similar experience, they were asked whether they considered the 
terms used to be the same or conceptually different. These que-
ries revealed that tiredness and fatigue were most often reported 
as being different, the distinction being that tiredness could be 
ameliorated with sleep whereas fatigue could not. Low energy was 
most commonly described as the same as fatigue and different than 
tiredness.

Reports of bone pain (n = 8, 38.0%) and joint pain (n = 3, 14.3%) 
represent a potentially new finding in that these are not recognized 
symptoms of PK deficiency. Similarly, difficulty concentrating (n = 4, 
19.0%) and memory loss (n = 2, 9.5%) are of interest given the rela-
tively young age of the cohort of participants in this study (median 
38.9, range 19-58). Age-related cognitive decline typically does not 
begin until 60 years of age.28 Whether the cognitive issues reported 
by the participants in this study are attributable to age, anemia,29 or 
both, warrants additional research.

Patients living with a chronic disease such as PK deficiency 
often describe a “new normal” way of living borne from acceptance 
of—and adjustments to—living with their condition. Although this 
study demonstrated a significant impact of PK deficiency on patient 
HRQoL, it is possible that this normalization phenomenon may result 
in an underestimation of the true impact of the participants’ symp-
tom experience.

The sample size used for this study is typical of concept 
elicitation interview studies.22,30,31 Achievement of concep-
tual saturation in this study indicates that the sample size was 
sufficient to characterize the burden of PK deficiency from the 
perspective of patients. It also indicates that it is unlikely any 
comorbidities or misdiagnoses were the cause of concepts such 
as jaundice that were reported and also appear in other condi-
tions. The sample size did not allow for meaningful subgroup 
analyses. Given this limitation on drawing of inferences, the re-
sults of this study suggest no differences in signs, symptoms or 
impacts of PK deficiency reported by the Amish or non-Amish 
participants, or by participants from the three countries in-
cluded in this study. Further, the fact there was no prior re-
lationship between interviewers and participants eliminated 
the risk of bias influencing data collection.32,33 A larger cohort 
of patients will need to be studied to verify these preliminary 
observations.
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5  | CONCLUSIONS

In distinction to prior research that has focused on defining the 
genetic variation, manifestations, and complications of PK defi-
ciency,13,34,35 this study is the first to systematically solicit patient 
perception of the burden of living with PK deficiency. The develop-
ment of tools to capture patient-report of signs and symptoms of PK 
deficiency and their impact on HRQoL will lead to greater appre-
ciation of the challenges that living with PK deficiency presents and 
allow future examination of the effects of pharmacologic interven-
tions on HRQoL of patients with PK deficiency.
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