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Abstract 

Background: Whereas biochemical response is often used as a primary study outcome, 
improvement in symptoms and health-related quality of life (HRQoL) is the relevant goal 
for patients to consider treatment successful. We performed a systematic review and 
meta-analysis to assess the effect of treatment on symptoms and HRQoL in acromegaly.
Methods:  Seven electronic databases were searched for longitudinal studies assessing 
patient-reported symptoms or HRQoL in acromegaly. Meta-analyses were performed to 
assess differences during treatment for the Acromegaly Quality of Life Questionnaire 
(AcroQoL) and Patient-Assessed Acromegaly Symptom Questionnaire (PASQ), and 
standardized mean difference (SMD) for individual symptoms (interpretation: 0.2 small, 
0.5 moderate, and 0.8 large effect). Treatment-naive and previously treated patients were 
assessed separately.
Results:  Forty-six studies with 3301 patients were included; 24 contributed to quantitative 
analyses. Thirty-six studies used medication as main treatment, 1  transsphenoidal 
adenomectomy, and 9 various treatments. Symptoms and HRQoL both improved: 
AcroQoL increased 2.9 points (95% CI, 0.5 to 5.3 points), PASQ decreased –2.3 points 
(95% CI, –1.3 to –3.3 points), and individual symptom scores decreased for paresthesia 
–0.9 (95% CI, –0.6 to –1.2), hyperhidrosis –0.4 (95% CI, –0.1 to –0.6), fatigue –0.3 (95% CI, 
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–0.1 to –0.6), arthralgia –0.3 (95% CI, –0.1 to –0.5), headache –0.3 (95% CI, 0.0 to –0.6), and 
soft-tissue swelling –0.2 (95% CI, 0.0 to –0.4).
Conclusion:  Symptoms and HRQoL improved during acromegaly treatment. Consensus 
is needed on which symptoms should be included in a potential core outcome set, taking 
into account symptom frequency, severity, and sensitivity to change, which can be used 
in clinical practice and as outcome in trials.

Freeform/Key Words:  acromegaly, quality of life, symptoms, trials, cohort studies

Acromegaly results from an excess secretion of growth hor-
mone (GH), which is usually produced by somatotroph cells 
in a GH-secreting pituitary adenoma (1). Hypersecretion of 
GH, and the resulting excess of insulin-like growth factor 1 
(IGF-1), leads to multisystem morbidity, including diabetes 
mellitus (2), increased risk of cardiovascular diseases (3), 
and increased mortality risk (4).

Clinical symptoms of acromegaly include among others 
acral overgrowth, soft-tissue swelling, arthralgia, head-
ache, fatigue, and symptoms due to local tumor effects (5). 
Patients with acromegaly report impaired health-related 
quality of life (HRQoL), which improves in a subset of pa-
tients when biochemical remission is achieved, although 
complete recovery is often not reached (6). To evaluate dis-
ease status during treatment, traditionally only biochem-
ical parameters are evaluated (1), whereas improvement 
in symptoms and HRQoL is eventually the ultimate goal 
for all patients, and thus essential to consider a treatment 
as successful (7). Symptom status or HRQoL may respond 
congruently to biochemical status, but also incongruently 
(8). The necessity of using patient-reported outcomes is fur-
ther accentuated by evidence that patients’ perception of 
their HRQoL might differ substantially from the percep-
tion of their physicians (9).

HRQoL can be described as a comprehensive outcome 
model, assessing outcomes at different levels from symp-
toms and bodily limitations to participation restrictions 
(10). The measurement of symptoms might be of extra 
interest, as they may be more directly responsive to acro-
megaly treatment, and often targetable treatment exists to 
relieve patients’ symptoms. To monitor symptom severity, 
the Patient-Assessed Acromegaly Symptom Questionnaire 
(PASQ) has been developed (11). The PASQ and variations 
of symptom lists based on the PASQ are frequently used in 
research, although these instruments have not been valid-
ated (12, 13). The PASQ consists of 5 acromegaly-related 
symptoms (soft-tissue swelling, arthralgia, headache, exces-
sive perspiration, and fatigue), which are measured on a 
scale of 0 to 8 points (a higher score indicating more severe 
symptoms), and a cumulative score (scale 0 to 40 points) can 
be calculated by adding the individual components (11). To 
evaluate HRQoL, the disease-specific Acromegaly Quality 
of Life Questionnaire (AcroQoL) has been developed (14). 

The AcroQoL assesses physical and psychological aspects 
of quality of life in 22 questions, with a score ranging from 
22 (worst) to 110 (best).

Study aim

The aim of the present study was to evaluate the impact 
of treatment for acromegaly on symptoms and HRQoL 
in longitudinal clinical studies in a systematic review and 
meta-analysis.

Materials and Methods

Eligibility criteria

Longitudinal clinical studies (ie, randomized or 
nonrandomized trials, and observational cohort studies) 
assessing patient-reported symptoms or HRQoL in adult 
patients with acromegaly were eligible for inclusion. Only 
comparative studies, measuring symptoms or HRQoL 
before and after study, were included. Studies assessing 
HRQoL were eligible for inclusion if HRQoL was assessed 
with a validated generic or disease-specific (for acromegaly, 
ie, AcroQoL) questionnaire. Studies assessing symptoms 
were eligible for inclusion if symptom questionnaires or 
symptom lists were used, provided that studies assessed 
symptoms in all included patients. There were no restric-
tions regarding treatment for acromegaly. At least 10 pa-
tients had to be included per study group to minimize risk 
of selection bias. Only articles written in the English lan-
guage were considered. If multiple studies described (par-
tially) overlapping populations, only the largest study was 
included. Three studies were not included because no full-
text version of the article could be retrieved (15-17).

Search strategy

PubMed, Embase, Web of Science, Cochrane Library, 
EMCare, PsychINFO, and Academic Search Premier were 
systematically searched in May 2019 in cooperation with 
a specialized librarian to identify potentially relevant art-
icles; see the data repository for the search strategy (18). 
PubMed was searched again in July 2020, but this did not 
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result in additional articles that could contribute to quanti-
tative analyses. The references of all included articles were 
searched for potentially eligible articles.

Data extraction

All identified references were entered in EndNote X9 
(Thomson Reuters). First, the studies were screened by title 
and abstract only. Two independent reviewers reviewed po-
tentially relevant articles in more detail.

The following data were extracted from all included 
studies: study design, number of patients, study treatment, 
previous treatment, treatment goal (improvement or no de-
terioration) in articles studying previously treated patients, 
age in years, sex (% male), tumor size (% macroadenoma), 
duration of follow-up in months, symptom questionnaires 
or symptom lists and HRQoL questionnaires used, out-
comes at the start and end of the study period, and the in-
terpretation of the outcomes according to the study. If data 
were presented only in a figure without numbers, we made 
an estimate from the figure (19-22).

If data were presented only according to patient 
categories (eg, sex), the data were combined into one out-
come score using a fixed-effects meta-analysis. For articles 
presenting a score before a study and a difference between 
before and after the study, we calculated the score after the 
study, imputing the SD from before the study as the best 
estimate of the SD after the study.

Risk of bias assessment

Risk of bias was assessed for all included studies using 
a component approach (23). We included the following 
components, that could potentially bias a reported asso-
ciation between treatment for acromegaly and symptoms 
or HRQoL:

	1.	 Loss to follow-up: Less than 5% was considered low 
risk of bias.

	2.	 Missing outcome data: Missing data in less than 5% of 
patients was considered low risk of bias.

	3.	 Inclusion of patients: Consecutive inclusion of all eligible 
patients or a random sample was considered low risk of 
bias.

	4.	 Criteria for diagnosis of acromegaly: For low risk 
of bias, at least an oral glucose tolerance test had to 
be performed because of its high specificity for the 
diagnosis of acromegaly and to ensure comparability 
between patient groups in the included studies.

	5.	 Assay for measurement of GH and/or IGF-1: Use 
of radioimmunoassay or immunoradiometric assay 
was considered low risk of bias because of their high 

sensitivity and specificity for detecting these hormones 
and to ensure comparability between hormone levels 
reported by the included studies.

We used the risk of bias assessment to explore potential 
heterogeneity. Because data were insufficient to estimate 
risk of confounding at the study level, baseline characteris-
tics were summarized for all included articles.

Study end points

Symptom scores were analyzed separately for all symp-
toms reported by at least 2 studies: arthralgia, soft-tissue 
swelling, headache, hyperhidrosis, paresthesia, and fatigue. 
Furthermore, PASQ total scores were pooled for those 
studies using a scale of 0 to 40  points only, with higher 
scores representing more severe symptoms, because this is 
the original and most used way of calculating the PASQ 
total score. For this analysis 2 studies were excluded using 
a scale of 0 to 10 points (20, 24). HRQoL scores were 
pooled for AcroQoL total score, with a scale of 0 to 100 
points, where a higher score represents a better HRQoL.

Stratified analyses were performed for studies with 
treatment-naive patients, patients who were treated pre-
viously and who were not in remission at the start of 
the study (categorized by us as “improvement as treat-
ment goal”), and patients treated previously who were in 
remission at the start of the study (categorized by us as 
“no deterioration as treatment goal”). Mixed groups of 
treatment-naive and treated patients were coded as treated 
previously. For studies including a placebo group, results 
of placebo-treated patients after the study period were ex-
cluded from this meta-analysis.

Statistical analysis and reporting

Primary study outcome was the pooled standardized mean 
difference (SMD) before vs after study for symptoms for 
active treatment groups. Secondary study outcome was the 
pooled (nonstandardized) difference before vs after each 
study for AcroQoL and PASQ for active treatment groups. 
For AcroQoL and PASQ, a random-effects model was used 
if the questionnaire was used by at least 5 studies. A fixed-
effects model was used for analyses including fewer than 
5 studies, because in this case the between-study variance 
cannot be estimated reliably. For interpreting the SMD, 
as a rule of thumb an effect size of 0.2 represents a small 
effect, 0.5 a moderate effect, and 0.8 a large effect (25). 
A  random-effects model was used for pooling individual 
symptom scores, as no fixed effect could be assumed be-
cause of heterogeneity in scale and the use of nonvalidated 
symptom lists.
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Sensitivity analyses were performed for all studies 
using at least an oral glucose tolerance test to diag-
nose acromegaly, and for all studies using only a radio-
immunoassay or immunoradiometric assay to measure 
GH and/or IGF-1. All outcomes were accompanied by a 
95% CI. All analyses were performed in Stata 16.0 (Stata 
Corp). For reporting, the PRISMA (preferred reporting 
items for systematic reviews and meta-analyses) state-
ment was used (26).

Results

Study selection

A total of 1451 unique articles were screened for title and 
abstract, of which 281 articles were screened in full text. 
After searching through the references of the included art-
icles, another 5 articles could be included. In total, 46 art-
icles were included for systematic review and meta-analysis, 
of which 24 reported on symptoms only, 10 on HRQoL 
only, and 12 reported on both symptoms and HRQoL. 
Reasons for exclusion are summarized in Fig. 1.

Study characteristics

We included 11 cohort studies (13, 21, 27-35), 24 
nonrandomized trials (20, 22, 24, 36-56), and 11 random-
ized trials (11, 12, 19, 57-64), of which 2 were placebo 

controlled (11, 12). Studies were published between 1990 
and 2019. In total, included studies described 3301 patients.

Baseline characteristics varied between included studies. 
Studies’ reported mean or median age ranged from 41.4 
to 61.8  years, studies’ reported percentage male patients 
ranged from 20% to 70%, studies’ reported duration of 
follow-up ranged from 2 to 85  months, and studies’ re-
ported percentage of pituitary macroadenomas ranged 
from 24% to 100%. Thirty-six studies used medication as 
the main treatment, 1 used transsphenoidal adenomectomy, 
and 9 used various treatments. A  detailed overview of 
study characteristics of all included studies can be found in 
Supplementary Table 1 (18).

Risk of bias assessment

Loss to follow-up was reported by 24 studies (52%), with 
a range of 0% to 55% loss to follow-up. Eleven studies 
(24% of 46 studies) reported a loss to follow-up of less 
than 5%. There were 6 studies (13%) reporting missing 
outcome data of less than 5%. Seven articles (15%) ex-
plicitly reported recruiting consecutive patients. To estab-
lish the diagnosis acromegaly, 26 studies (57%) used at 
least an oral glucose tolerance test. To measure GH and/
or IGF-1, 16 studies (35%) used only a radioimmunoassay 
or immunoradiometric assay. A  detailed risk of bias as-
sessment at the study level can be found in Supplementary 
Table 2 (18).

Poten�ally relevant published 
ar�cles iden�fied (n=1451), 
screened by �tle and abstract

Ar�cles with full-text 
screening (n=281)

Ar�cles included (n=41)

Ar�cles excluded (n=1170)
- No original data: 193
- Wrong popula�on: 733
- N<10: 43
- Language other than English: 19
- Children only: 164
- No human subjects: 16
- Duplicate: 2

Ar�cles excluded (n=240)
- No pa�ent-reported outcome: 153
- No longitudinal study or no data 

before and a�er study: 5
- Pa�ent-reported outcome not 

assessed in all pa�ents: 65
- Wrong popula�on: 3
- N<10: 1
- Same popula�on: 10
- No full-text: 3

Addi�onal ar�cles a�er 
screening references from 
included studies by �tle and 
full-text if relevant (n=5) Ar�cles included in total (n=46)

Figure 1.  Flowchart of study inclusion.
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Study outcomes

In the 36 studies reporting on symptoms of acromegaly, 
symptoms improved in 30 (83%) and remained similar 
in 6 (17%) studies. In the 22 studies reporting HRQoL, 
HRQoL improved in 12 (55%) and remained similar in 10 
(45%) studies. Of the 12 studies comparing symptoms and 
HRQoL both before and after a study, only one showed a 
different outcome for HRQoL (remained similar) and symp-
toms (improved). The 2 placebo-controlled trials showed an 
improvement in symptoms and HRQoL for the treatment 
groups and a deterioration for the placebo group during 
the study period. Detailed study outcomes can be found in 
Supplementary Table 3 (18) and an overview of abbreviated 
questionnaire names in Supplementary Table 4 (18).

Meta-analyses of symptoms and health-related 
quality of life in patients with acromegaly

There were 24 papers that contributed data for quanti-
tative analyses. Symptoms and HRQoL improved during 
treatment. The primary outcome, SMD for individual 
symptoms, showed a decrease in symptom scores during 
treatment: –0.9 (95% CI, –0.6 to –1.2) for paresthesia, 
–0.4 (95% CI, –0.1 to –0.6) for hyperhidrosis, –0.3 (95% 
CI, –0.1 to –0.6) for fatigue, –0.3 (95% CI, –0.1 to –0.5) 
for arthralgia, –0.3 (95% CI, 0.0 to –0.6) for headache, 
and –0.2 (95% CI, 0.0 to –0.4) for soft-tissue swelling; see 
Fig. 2. Total PASQ score decreased –2.3 points (95% CI, 
–1.3 to –3.3  points); see Fig.  3. AcroQoL increased: 2.9 
points (95% CI, 0.5 to 5.3), see Fig. 4. For all outcomes, a 
larger effect size was seen in treatment-naive patients and in 
previously treated patients with improvement as the treat-
ment goal, than in previously treated patients with a treat-
ment goal of no further deterioration (eg, hyperhidrosis 
SMD –0.5 vs 0.1; AcroQoL 4.4 and 5.5  points vs –0.9 
points); see Figs.  2-4. Sensitivity analyses for all studies 
using at least an oral glucose tolerance test to diagnose ac-
romegaly, and for all studies using only a radioimmuno-
assay or immunoradiometric assay to measure GH and/or 
IGF-1, showed similar results to the main analyses; see the 
Supplementary Data (18).

Discussion

Our systematic review and meta-analysis indicates that ac-
romegaly symptoms improve during longitudinal clinical 
studies in patients with acromegaly consistent with HRQoL 
outcomes. There is a larger effect for treatment-naive pa-
tients and previously treated patients with improvement as 
the treatment goal than for previously treated patients with 
a treatment goal of no further deterioration. Although there 

is no consensus yet on the method to evaluate symptoms, 
given the large variation described in the included studies, 
it is extremely valuable for patients that symptoms and 
HRQoL be evaluated as key treatment outcome parameters 
in clinical practice, in addition to biochemical outcomes.

Our results are in line with a previously performed sys-
tematic review on predictors of quality of life in patients 
with acromegaly (8). This study showed improved HRQoL 
after treatment with somatostatin receptor ligands, al-
though there was insufficient evidence to state that bio-
chemical control or treatment of acromegaly in general was 
associated with improved HRQoL, and other associated 
factors such as body mass index and depression were iden-
tified. Hence, the authors suggested focusing on treatment 
strategies to improve HRQoL in addition to normalizing 
biochemical markers, for example, by using alternative 
interventions such as psychosocial or weight-lowering 
interventions (8). Our findings are also in line with another 
systematic review on impairments in quality of life in pa-
tients with a pituitary adenoma (65). This study found an 
improvement in SF-36 health survey scores for patients 
with acromegaly after treatment compared with before 
treatment, but no normalization compared to a healthy 
control population. After patients with Cushing disease, 
patients with acromegaly showed the worst quality of life 
(65). We have performed a similar study for patients with 
Cushing disease, also showing an improvement of quality 
of life after treatment compared to before treatment (66). 
This suggests that our study results might be applicable to 
other chronic conditions, and highlights the importance 
of evaluating symptoms and HRQoL in all patients with 
chronic conditions, in clinical practice as well as in research 
settings.

Although HRQoL has been studied in systematic re-
views before, there is no previous systematic review and 
meta-analysis on patient-reported symptoms, which also 
is an important outcome measure for the patient, and 
which is probably more responsive to acromegaly treat-
ment. Therefore, a direct comparison between our study 
and a similar previous study was impossible to perform. 
Further strengths of our study are the inclusion of only lon-
gitudinal studies in our meta-analysis with measurement 
of symptoms or HRQoL both before and after the study 
period, and our separate analyses for treatment-naive 
and previously treated patients. The following study limi-
tations need to be taken into account when interpreting 
our study results. Regarding the symptoms, most included 
symptom lists have not been validated, including the fre-
quently used PASQ. However, because the PASQ is the 
most frequently used symptom questionnaire, and there is 
a need for consensus on which questionnaire to use, we 
suggest proceeding with the PASQ. Unfortunately, owing 
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to a lack of individual patient data, no separate analyses 
could be performed per treatment method. Therefore, it 
remains unknown which treatment option should be pre-
ferred when aiming for the best possible HRQoL and the 
lowest symptom burden for patients with acromegaly. We 
see no clear difference in study outcomes over time that 
could correspond with a shift in treatment strategies, but 
this effect may be masked by the different years during 
which different centers shifted their treatment strategy, and 
sometimes the long periods during which patients were re-
cruited for each study. Future studies comparing different 

treatment methods head to head are needed to provide a 
definitive answer to the question of what is the optimal 
treatment method.

Included studies showed risk of bias, mainly through 
loss to follow-up, and potential confounding through 
study heterogeneity (eg, percentage macroadenomas, treat-
ment with surgery and radiotherapy). Adjustment of ana-
lyses was impossible because of a lack of individual patient 
data. Unfortunately, no separate sensitivity analyses with 
only low-risk-of-bias studies could be performed, because 
there were no studies with a low risk of bias on all items. 

Paresthesia Hyperhidrosis

Fa�gue Arthralgia

Headache

So
 �ssue swelling

Figure 2.  Meta-analysis of individual symptoms in patients with acromegaly.
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Figure 3.  Meta-analysis of the Patient-Assessed Acromegaly Symptom Questionnaire (PASQ) in patients with acromegaly.
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Figure 4.  Meta-analysis of the Acromegaly Quality of Life Questionnaire (AcroQoL) in patients with acromegaly.
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Sensitivity analyses for all studies using at least an oral glu-
cose tolerance test, and for all studies using only a radio-
immunoassay or immunoradiometric assay showed results 
similar to the main analyses. Loss to follow-up could have 
resulted in a too large observed difference (ie, more im-
provement in symptoms and HRQoL in our meta-analyses 
than in reality) if mainly the worst patients were lost to 
follow-up. However, it is more likely that patients who per-
form worse find it most important to participate in quality-
of-life research, leading to overparticipation of the worst 
patients. Therefore our results might be too pessimistic, 
and improvement in symptoms and HRQoL may actually 
be larger than observed. Risk of publication bias was min-
imized by searching for otherwise-unpublished meeting ab-
stracts in Embase, Web of Science, and Cochrane Library, 
which did not result in additional included studies. Three 
studies were not found in full-text form and could not 
be included based on the abstract only (15-17). In total, 
these 3 studies included 136 patients, and they all describe 
improvement in symptoms without reporting individual 
symptoms in the abstract. Most likely, our results would 
have remained similar had we been able to include these 
3 articles. Differences in total length of treatment are un-
likely to have caused bias because one would expect a 
larger effect after a longer total duration of treatment for 
studies lasting less than 2 years, or studies offering patients 
multiple treatment options during the course of the study, 
because the treatment needs time to show effect and be-
cause if the treatment is ineffective, other treatments could 
be tried. The fact that our meta-analysis showed a larger 
effect for patients with improvement as the treatment 
goal than for patients with no further deterioration as the 
treatment goal suggests that differences in symptoms and 
HRQoL are due to the treatment itself and not the total 
length of treatment or the passing of more time.

Acromegaly symptoms result mainly from an excess of 
GH and IGF-1 (1). Treatment of acromegaly is generally 
aimed at biochemical disease control (1). By controlling GH 
and IGF-1, symptom load will be reduced with immediate 
beneficial effect for the patient. However, a correlation be-
tween biochemical control and symptoms or HRQoL is not 
always seen in research or clinical practice (8). There are 
several reasons for this. First, symptoms may be only partly 
caused by GH overproduction or may be only partly revers-
ible, for example, because of irreversible damage caused by 
prolonged GH and IGF-1 excess, such as on joints. Which 
symptoms are more sensitive to change after prolonged GH 
and IGF-1 excess is still unclear. Second, biochemical cutoff 
values in trials may not reflect the individual set point of 
“homeostasis,” and an IGF-I level within the normal refer-
ence ranges, even when adjusted for age and sex, may still 
be too high for the individual patient, resulting in ongoing 

symptoms. HRQoL is a complex model and only treating 
acromegaly, albeit beneficial, may not be detectable in 
HRQoL measures. So, all outcome measures have their in-
trinsic shortcomings, which is an extra reason to measure 
all of them. A  reduction in symptom load (and poten-
tially also GH and IGF-1) is likely to induce an improved 
HRQoL. Treatment-naive patients and patients treated pre-
viously with improvement as the treatment goal showed a 
larger effect, which is likely due to the worse situation at 
the start of the study, which gives more room for improve-
ment. However, for some outcomes (paresthesia, arthralgia, 
headache) patients who were effectively treated before the 
start of the study showed improvement, meaning that a 
change in treatment might be beneficial for patients willing 
to participate in a clinical study despite previous treatment 
results. This also suggests that even in biochemically con-
trolled patients, improvement is still possible regarding 
symptoms and HRQoL. A  detailed comparison between 
biochemistry and patient-reported outcomes such as symp-
toms and HRQoL is needed to effectively implement these 
patient-reported outcomes in research and clinical practice.

In conclusion, symptoms and HRQoL improve during 
clinical studies both in treatment-naive and previously 
treated patients with acromegaly. The correlation between 
these patient-reported outcomes and biochemistry is a 
topic that requires further study, meaning clinicians should 
pay attention to symptoms and HRQoL even after bio-
chemical disease control is established. Normalization in 
symptom scores and HRQoL compared to a healthy con-
trol population is also still unknown and should be investi-
gated further in future studies to estimate the potential for 
further improvement. The optimal treatment method for 
improvement in symptoms and HRQoL should be investi-
gated in head-to-head trials, and consists ideally of a multi-
disciplinary approach including treatment and follow-up 
by endocrinologists, neurosurgeons, and psychologists, 
as well as early diagnosis to minimize risk of irreversible 
organ damage. Ultimately, a core outcome set should be de-
veloped and validated, including symptoms in addition to 
traditional biochemical outcomes. Such a core outcome set 
could be used in clinical trials, ensuring standardized out-
come measurement. In clinical practice this could be used 
to optimally monitor patients over time. For the time being, 
we suggest using the PASQ in addition to biochemistry be-
cause to date this is the most frequently used symptom 
questionnaire and therefore comparable between studies.
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