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Purpose: To assess the psychometric properties of the disease-specific Hypoparathyroidism Symptom Diary (HypoPT-SD) patient- 
reported outcome (PRO) tool, which consists of a 7-item symptom subscale, a 4-item impact subscale, a single item for anxiety, and a 
single item for sadness or depression, using data from the BALANCE randomized, placebo-controlled Phase 3b/4 study 
(NCT03324880).
Methods: Eligible patients had symptomatic hypoparathyroidism (HypoPT) at baseline and were aged 18–85 years (inclusive). 
Patients received recombinant human parathyroid hormone (1–84) or placebo. The HypoPT-SD was filled in daily; data recorded at 
baseline and Weeks 4, 12, and 26 (end of treatment [EOT]) were included in this analysis. Inter-item and item–total correlations were 
used to assess HypoPT-SD structure; Cronbach’s coefficient α was used to analyze the internal consistency and reliability, and 
intraclass correlations were used to measure test–retest reliability. Construct validity was determined using correlational analyses 
between HypoPT-SD scores and scores from other conceptually similar PRO tools. Ability to detect change was assessed and 
thresholds for meaningful within-patient change were established.
Results: The psychometric analysis population (N=93) was predominantly female (88.2%) and white (96.8%), with a mean age of 
48.5 years. Inter-item correlations ranged from 0.35 to 0.85 at baseline and from 0.49 to 0.93 at EOT. Item–total correlations ranged 
from 0.57 to 0.83 at baseline and from 0.69 to 0.88 at EOT. Cronbach’s α values at baseline were 0.90 (symptom subscale) and 0.88 
(impact subscale). Intraclass correlation coefficients for both subscales in stable patients exceeded 0.70. Significant cross-sectional 
correlations were observed with most of the conceptually linked PRO tools analyzed, and HypoPT-SD scores were responsive to 
change. Potential changes of 1.5 (symptom subscale) and 0.8 (impact subscale) were determined as meaningful change thresholds for 
within-patient improvements.
Conclusion: The HypoPT-SD is a reliable measure of key symptoms and impacts of HypoPT.
Keywords: hypoparathyroidism, patient-reported outcomes, psychometric, quality of life

Introduction
Hypoparathyroidism (HypoPT) is a rare condition – most frequently occurring as a post-surgical sequelae following 
thyroid procedures1 – characterized by absent or reduced levels of parathyroid hormone (PTH), leading to hypocalcemia 
and, often, hyperphosphatemia.2,3 In addition to the physical manifestations of the disease such as muscle cramps and 
spasms, paresthesia, numbness, and fatigue, HypoPT is also associated with depression, an inability to concentrate, 
memory loss, and anxiety.2,4,5

Studies have demonstrated that patients with HypoPT – the vast majority of whom were receiving conventional 
therapy with calcium or vitamin D – had lower health-related quality of life (HRQoL) than matched control populations 
without HypoPT or than the general population.6–9
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Many studies investigating symptom burden and HRQoL in patients with HypoPT have used validated but not 
disease-specific patient-reported outcome (PRO) tools.6–9 The unmet need for a validated, HypoPT-specific PRO tool has 
resulted in the development of disease-specific instruments.10–12 Previously, we have reported the development and 
psychometric evaluation of the HypoPT Symptom Diary (HypoPT-SD) – a disease-specific PRO instrument designed to 
measure the symptom burden and impact on daily life of HypoPT.13,14 The HypoPT-SD was initially evaluated using data 
from a cross-sectional, observational study of 52 patients with HypoPT receiving conventional therapy (vitamin D and 
calcium supplements).13

A subsequent analysis used data from two Phase 4 studies (52-week study: NCT03364738; 36-month study: 
NCT02910466) in which patients received recombinant human parathyroid hormone (1–84) (rhPTH[1–84]).15 In one 
of these Phase 4 studies (NCT02910466), HypoPT-SD data (with a recall period of the past 24 hours) were collected 
from 38 patients during a 36-month treatment period. The other Phase 4 study (NCT03364738) collected HypoPT-SD 
data (with a recall period of the past 7 days) from 22 patients during a 52-week treatment period. In both studies, the 
HypoPT-SD was administered at selected time points in a patient population with stable disease.15 This restricted the 
opportunity to investigate how HypoPT-SD scores performed across a range of disease symptom severities and impacts, 
and how well the HypoPT-SD scores reflected the changes experienced by patients.

The present study aimed to assess the psychometric properties of the HypoPT-SD when used as a daily diary with a 
24-hour recall period in a group of patients with a range of HypoPT disease severities.

Materials and Methods
PRO Tool Design
The HypoPT-SD was developed using the US Food and Drug Administration (FDA) guidance for PROs.16 It comprises a 
symptom subscale (items 1–7), single items for anxiety (item 8) and sadness or depression (item 9), and an impact 
subscale (items 10–13). Symptom subscale items and anxiety and sadness or depression items are scored on a 5-point 
scale. Impact subscale items are scored on a 3-point scale (Supplemental Material 1). A lower score indicates lower 
symptom severity or impact on daily living and a higher score indicates higher symptom severity or impact. Full details 
of the HypoPT-SD have been published previously.13,14

Data Source
Psychometric analyses were performed using data from a Phase 3b/4 randomized, double-blind, placebo-controlled study 
designed to evaluate symptom improvement and metabolic control among adult patients (18–85 years of age [inclusive]) 
with symptomatic HypoPT treated with rhPTH(1–84) (BALANCE; NCT03324880).17 The protocol, all protocol 
amendments, the final approved informed consent document, relevant supporting information, and all types of subject 
recruitment information were submitted to and approved by the relevant institutional review board or independent ethics 
committee (Supplemental Material 2).

Eligible patients (N=93) were randomized 1:1 to receive rhPTH(1–84) as an adjunctive treatment with active vitamin 
D and/or calcium supplements (n=45), or a placebo with active vitamin D and/or calcium supplements (n=48). The trial 
included a 3-week screening period, a 16-week dose-titration period, a 10-week maintenance-dosing period, and a 4- 
week safety follow-up period. The psychometric analyses focused on data collected at baseline, Week 4, Week 12, and 
Week 26 (end of treatment [EOT]). All patients with at least one non-missing item score at either baseline or EOT were 
included in the analyses (N=93).

For patients who discontinued or withdrew from the study, only data collected up to the point of withdrawal were 
included in the psychometric analyses. No imputation was performed for missing data after a patient’s withdrawal, and 
post-withdrawal data points were considered missing.

To ensure consistency and data integrity across all sites and time points, the study followed a harmonized protocol 
and statistical analysis plan, which specified the timing, administration, and data collection procedures for all PRO and 
psychometric tools.
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Response Scale and Scoring
Patients completed the HypoPT-SD at home on an electronic device at a consistent time each day (approximately 
5–12 hours after self-administration of rhPTH(1–84) or placebo, which occurred in the morning). Item scores at each 
visit (baseline, Week 4, Week 12, and EOT) were computed by taking the mean of the daily item responses for each item 
over the 14-day period before the visits at baseline, Week 4, Week 12, and EOT, respectively. If data were not available 
for at least 4 out of 7 days during both 7-day periods within the 14-day period, the individual item score was treated as 
missing.

The symptom subscale score at each visit (baseline, Week 4, Week 12, and EOT) was computed as the mean of the 
symptom item scores from each visit, with the score treated as missing if more than 3 of the 7 symptom item scores were 
missing. The impact subscale score at each visit was computed as the mean of the impact item scores from each visit, 
with the score treated as missing if any of the impact item scores were missing. Individual 14-day mean scores were 
calculated for the anxiety (item 8) and sadness or depression (item 9) items.

Response Distribution
Descriptive statistics for HypoPT-SD item and subscale scores were produced from data at baseline, Week 4, Week 12, 
and EOT to evaluate non-response, maximum (worst) and minimum (best) score effects, and patterns of change. Floor 
(minimum; best) and ceiling (maximum; worst) effects occur when 20% or more of the respondents record the minimum 
(best) or maximum (worst) score possible on the scale, respectively.

Inter-Item Correlation
Inter-item correlations within the HypoPT-SD symptom and impact subscales were computed from data at baseline and 
EOT using Pearson correlation coefficients (r). Values obtained are in the range of −1 to 1; −1 and 1 are the strongest 
possible negative and positive correlations, respectively, and a value of 0 indicates no correlation.

In general, items with low correlations (<|0.3|) may not be sufficiently related to warrant inclusion in a composite 
score designed to measure a single underlying construct, whereas items with high correlations (>|0.8|) may indicate 
possible redundancy.

Internal Consistency and Reliability
To assess the consistency and reliability of the HypoPT-SD, Cronbach’s coefficient α was computed for the subscale 
scores at baseline. Cronbach’s α values of 0 indicate that all items within a group are uncorrelated, whereas values of 1 
indicate perfectly correlated item scores. Optimum Cronbach’s α scores are in the range of 0.7–0.9.18,19

Test–Retest Reliability
Test–retest reliability was evaluated by calculating intraclass correlation coefficients (ICCs) using HypoPT-SD scores at 
baseline and Week 4 for all patients with sufficient data (n=86) and a subset of stable patients (n=26). Stability was 
defined as no change in the Patient Global Impression of Severity (PGI-S) scores. ICC estimates were computed using a 
2-way (patients and time) mixed-effects analysis of variance (ANOVA) with absolute agreement for single measures. 
ICCs exceeding 0.70 are generally accepted as indicating stability between measurements taken at different time points.20

Construct Validity
Cross-sectional correlational analyses and convergent and divergent validity hypotheses tests were conducted at baseline 
and EOT to explore the associations between HypoPT-SD item and subscale scores and the following conceptually linked 
measure scores: (1) PGI-S;21 (2) Work Productivity and Activity Impairment Questionnaire for HypoPT (WPAI: 
HypoPT);22 (3) EuroQol-5 dimension 5-level (EQ-5D-5L);23 (4) Functional Assessment of Chronic Illness Therapy – 
Fatigue Scale (FACIT-Fatigue);24 (5) Functional Assessment of Cancer Therapy – Cognitive Function (FACT-Cog);25 

and (6) the 36-item Short Form Health Survey version 2 (SF-36v2).26
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For the FACIT-Fatigue, FACT-Cog, SF-36v2, and EQ Visual Analogue Scale (VAS), higher scores indicate better 
outcomes, whereas higher scores for the HypoPT-SD, PGI-S, WPAI:HypoPT, and EQ-5D-5L indicate worse outcomes.20–26

Known-Groups Validity
To assess the ability of the HypoPT-SD to discriminate between patients with different disease severities, ANOVAs were 
conducted to compare HypoPT-SD symptom and impact subscale scores at baseline and EOT between groups of patients 
with different PGI-S responses.

Ability to Detect Change
Responsiveness was assessed by analyzing changes in HypoPT-SD item and subscale scores stratified by PGI-S and 
Patient Global Impression of Change (PGI-C) classifications21 and clinical composite responder designation. A clinical 
composite responder was defined as having all of: (1) albumin-corrected serum calcium (ACSC) between 1.87 mmol/L 
(7.5 mg/dL) and the upper limit of normal (ULN) for the central laboratory normal range; (2) dose of active vitamin D 
decreased by at least 50% from baseline; and (3) at least a 50% reduction from baseline in oral calcium supplement dose 
(this criterion was considered met if the patient’s baseline calcium dose was <1000 mg and did not increase during the 
study). Mean change from baseline in HypoPT-SD scores between groups defined by these external criteria was 
examined using ANOVA. An overall F-test and selected pairwise comparisons were reported.

Threshold for Meaningful Within-Patient Change
The changes from baseline to EOT in PGI-S scores, and PGI-C scores at EOT were proposed as potential anchor 
measures for determining the responder thresholds for the HypoPT-SD symptom and impact subscales. Correlations 
between changes in HypoPT-SD scores and in PGI-S and PGI-C scores were calculated. Correlations of change of 0.37 
or more in magnitude are often used to signify that the proposed anchor measures are acceptable, based on achieving a 
large effect size using Cohen’s rule of thumb.27–30

Patients were classified based on their degree of improvement using the anchor criterion (eg, a 2-point or 1-point 
improvement in the PGI-S, or “much improved” in the PGI-C). The following a priori anchors were considered as 
primary: meaningful within-patient change of a 2-point improvement on the PGI-S or “much improved” on the PGI-C.

The mean change in the HypoPT-SD symptom and impact subscales from baseline to EOT in the responder subgroup 
were computed and identified as the responder definitions, thus characterizing meaningful change in the HypoPT-SD 
symptom and impact subscales scores. Alongside anchor-based methods, two widely used distribution-based methods 
(the half-standard deviation [SD] and standard error [SE] of measurement) were computed and used to estimate 
meaningful within-patient change. Distribution-based estimates are often considered as the lower bound for estimating 
meaningful within-patient change.31

The FDA recommends that, for measures that are positioned as key trial endpoints, sponsors present probability 
density function (PDF) and empirical cumulative distribution function (CDF) plots of the distribution of PRO change 
scores by the levels of the selected anchor measure.32 The CDF plot aids in the identification of an appropriate threshold 
of meaningful within-patient change in the PRO scores based on the anchor using the 50th percentile (median) estimate 
for the selected anchor level.16

Results
Baseline Characteristics and Demographics
The psychometric analysis set comprised 93 patients, of whom 88.2% were female and 96.8% were white, and the mean 
(SD) age was 48.5 (11.3) years (Table 1).

HypoPT-SD Scores Distributions
The mean and median item-level scores for the symptom subscale items (items 1–7) and impact subscale items (items 
10–13) at baseline were above the midpoints of the 0–4 and 0–2 response scales, respectively (Figures 1A and B). The 
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Table 1 Patient Demographics and Characteristics at Screening17

Demographic or Characteristic Patients (N=93)

Age, years

n (%) 93 (100.0)

Mean (SD) 48.5 (11.3)

Median (range) 49.0 (23–76)

Sex, n (%)

Male 11 (11.8)

Female 82 (88.2)

Race, n (%)

White 90 (96.8)

Asian 3 (3.2)

Ethnicity, n (%)

Hispanic or Latino 7 (7.5)

Not Hispanic or Latino 70 (75.3)

Not reported 7 (7.5)

Unknown 9 (9.7)

Weight

Known (%) 91 (97.8)

Unknown (%) 2 (2.2)

Mean, Kg (SD) 78.4 (17.8)

Median, Kg (range) 76.0 (43.6–139.6)

Height, cm

Known (%) 90 (96.8)

Unknown (%) 3 (3.2)

Mean, cm (SD) 166.6 (8.2)

Median, cm (range) 167.3 (150.0–183.0)

Prescribed vitamin D dose, n (%)

High dose; >0.5 μg/day 55 (59.1)

Medium dose; >0.25–0.5 μg/day 25 (26.9)

Low dose; 0–0.25 μg/day 13 (14.0)

Prescribed calcium supplement, n (%)

>2000 mg/day 36 (38.7)

0–2000 mg/day 57 (61.3)

(Continued)
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mean (SD) HypoPT-SD symptom subscale score was 2.4 (0.7) at baseline and 1.3 (0.9) at EOT (Figure 1C). The mean 
(SD) impact subscale score was 1.3 (0.4) at baseline and 0.9 (0.5) at EOT (Figure 1D).

For the symptom subscale items (items 1–7), the minimum (best) possible scores were reported by 0.0–3.3% of 
patients at baseline, and 4.3–21.7% of patients at EOT. For the impact subscale items (items 10–13), the minimum (best) 
scores were reported by 0.0–5.4% of patients at baseline, and 11.6–29.0% of patients at EOT (Supplemental Material 3).

For the symptom subscale items (items 1–7), the maximum (worst) possible scores were reported by 0.0–15.2% of 
patients at baseline, and 0.0–5.8% of patients at EOT. For the impact subscale items (items 10–13), the maximum (worst) 
possible scores were reported by 15.2–23.9% of patients at baseline, and 5.8–14.5% of patients at EOT (Supplemental 
Material 3).

The response distributions for the PGI-C for HypoPT (recorded at baseline, Week 12, and EOT) and PGI-S for 
HypoPT (recorded at baseline, Week 4, Week 12, and EOT) are shown in Supplemental Material 4.

Inter-Item Correlation
The structure of the HypoPT-SD was confirmed at baseline and EOT by computing inter-item correlations. The inter-item 
correlations for the symptom subscale items ranged from 0.35 to 0.85 at baseline (Table 2), and from 0.49 to 0.93 at EOT 
(Table 3). Specifically, correlations between item 7 (slowed or confused thinking) and some of the other items (ie, item 1 
[muscle cramps], item 4 [muscle spasms or twitching], and item 5 [feelings of heaviness in arms or legs]) tended to be 
slightly weaker in magnitude than correlations among the other item pairs, especially at baseline. At baseline, items 1 
(muscle cramps) and 4 (muscle spasms or twitching) (r=0.85), and items 2 (tingling) and 3 (numbness) (r=0.79) were the 
most strongly correlated item pairs. At EOT, items 1 (muscle cramps) and 4 (muscle spasms or twitching) (r=0.93), items 
1 (muscle cramps) and 2 (tingling) (r=0.84), and items 2 (tingling) and 4 (muscle spasms or twitching) (r=0.83) were the 
most strongly correlated pairs (Tables 2 and 3).

The HypoPT-SD impact subscale items tended to be more consistently correlated at both baseline and EOT than the 
symptom subscale items. The inter-item correlations for subscale items ranged from 0.56 to 0.84 at baseline (Table 2) and 
from 0.62 to 0.85 at EOT (Table 3). At both time points, item 11 (impact on exercise) and item 12 (impact on work) were 
the most strongly correlated items (r=0.84 at baseline, r=0.85 at EOT), whereas item 10 (impact on sleep) and item 13 
(impact on relationships) were the most weakly correlated items at both time points (r=0.56 at baseline, r=0.62 at EOT). 
Item 8 (anxiety) and item 9 (sadness or depression) were highly correlated with one another at baseline (r=0.88) and at 
EOT (r=0.94) (Tables 2 and 3).

Table 1 (Continued). 

Demographic or Characteristic Patients (N=93)

History of thyroid hormone replacement, years

n (%) 78 (83.9)

Mean (SD) 7.2 (7.4)

Median (range) 4.5 (0.3–38.8)

COVID-19 subgroup, n (%)

Noa 48 (51.6)

Yesb 45 (48.4)

Notes: aTreatment completed or discontinued before the COVID-19 pandemic. Defined as 
participants with treatment end date before the local start date of the pandemic. The start 
date of the COVID-19 pandemic was defined as the date of the first reported case in a 
specific country. bTreatment ongoing during COVID-19 pandemic. Defined as participants 
with treatment end date on or after local start date of the pandemic. 
Abbreviations: COVID-19, coronavirus disease 19; SD, standard deviation.
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Item–Total Correlation
In this section, “total” refers to the symptom subscale total score or the impact subscale total score.

Corrected symptom item–total correlations were between 0.57 and 0.82 at baseline and between 0.69 and 0.88 at EOT. All 
symptom items correlated more strongly with the symptom subscale total score than the impact subscale total score at baseline 
and EOT, with the exception that the item 7 (slowed or confused thinking) score correlated less strongly with the symptom 
subscale total score (r=0.57) than with the impact subscale total score (r=0.61) at baseline (Tables 2 and 3).
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HypoPT-SD item

Item 1. Muscle cramps

Item 2. Tingling

Item 3. Numbness

Item 4. Muscle spasms or twitching

Item 5. Feelings of heaviness in arms or legs

Item 6. Physical fatigue

Item 7. Slowed or confused thinking

Item 8. Anxiety

Item 9. Sadness or depression

Item 10. Impact on sleep

Item 11. Impact on exercise

Item 12. Impact on work

Item 13. Impact on relationships

HypoPT-SD items

HypoPT-SD item

Figure 1 HypoPT-SD item score and distributions at baseline (A) and EOT (B) and symptom (C) and impact (D) subscale scores at baseline and EOT. Data are mean ± SD. 
Abbreviations: EOT, end of treatment; HypoPT-SD, Hypoparathyroidism Symptom Diary; SD, standard deviation.
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Table 2 HypoPT-SD Inter-Item and Inter-Total Correlations at Baseline

HypoPT-SD Item Correlation Coefficient (r) (n=92)

1 2 3 4 5 6 7 8 9 10 11 12 13

Item 1. Muscle cramps –

Item 2. Tingling 0.66 –

Item 3. Numbness 0.66 0.79 –

Item 4. Muscle spasms or twitching 0.85 0.66 0.64 –

Item 5. Feelings of heaviness in arms or legs 0.43 0.56 0.65 0.46 –

Item 6. Physical fatigue 0.50 0.64 0.64 0.48 0.65 –

Item 7. Slowed or confused thinking 0.36 0.48 0.50 0.35 0.40 0.73 –

Item 8. Anxiety 0.52 0.57 0.57 0.47 0.54 0.56 0.50 –

Item 9. Sadness or depression 0.51 0.54 0.57 0.43 0.46 0.56 0.48 0.88 –

Item 10. Impact on sleep 0.47 0.42 0.50 0.51 0.43 0.63 0.47 0.46 0.53 –

Item 11. Impact on exercise 0.30 0.37 0.40 0.31 0.43 0.69 0.51 0.41 0.47 0.64 –

Item 12. Impact on work 0.32 0.42 0.45 0.32 0.44 0.70 0.60 0.46 0.52 0.61 0.84 –

Item 13. Impact on relationships 0.33 0.37 0.37 0.33 0.36 0.56 0.54 0.50 0.64 0.56 0.67 0.72 –

HypoPT-SD symptom subscale total 0.71 0.80 0.82 0.71 0.64 0.77 0.57 0.67 0.64 0.61 0.54 0.59 0.52

HypoPT-SD impact subscale total 0.41 0.45 0.49 0.42 0.47 0.74 0.61 0.53 0.63 0.66 0.82 0.83 0.73

Notes: Items 1–9 are rated on a 5-point scale and items 10–13 are rated on a 3-point scale, where higher scores represent worse symptoms or impacts. The HypoPT- 
SD symptom subscale is the mean of items 1–7 and the HypoPT-SD impact subscale is the mean of items 10–13. Green cells indicate items included in the HypoPT 
symptom subscale. Blue cells indicate items included in the HypoPT-SD impact subscale. Purple cells indicate corrected item–total correlations between the two 
subscales and the items that are included within each subscale. 
Abbreviation: HypoPT-SD, Hypoparathyroidism Symptom Diary.

Table 3 HypoPT-SD Inter-Item and Inter-Total Correlations at EOT

HypoPT-SD item Correlation Coefficient (r) (n=69)

1 2 3 4 5 6 7 8 9 10 11 12 13

Item 1. Muscle cramps –

Item 2. Tingling 0.84 –

Item 3. Numbness 0.73 0.76 –

Item 4. Muscle spasms or twitching 0.93 0.83 0.69 –

Item 5. Feelings of heaviness in arms or legs 0.58 0.56 0.76 0.53 –

Item 6. Physical fatigue 0.75 0.67 0.63 0.73 0.74 –

Item 7. Slowed or confused thinking 0.66 0.66 0.56 0.60 0.49 0.69 –

Item 8. Anxiety 0.53 0.59 0.61 0.48 0.61 0.50 0.57 –

Item 9. Sadness or depression 0.49 0.56 0.59 0.46 0.59 0.50 0.55 0.94 –

(Continued)
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The corrected item–total correlations for the impact items were between 0.66 and 0.83 at baseline and between 0.71 
and 0.85 at EOT. Each of the impact items correlated more strongly with the impact subscale total score than the 
symptom subscale total score at both time points (Tables 2 and 3).

Internal Consistency and Reliability
Cronbach’s α values at baseline were 0.90 for the symptom subscale and 0.88 for the impact subscale (Supplemental 
Material 5). Removing any of the items from either of the subscales did not result in an increased Cronbach’s α value for 
either subscale (Supplemental Material 5).

Test–Retest Reliability
Most of the ICCs that were calculated from all patients with sufficient data (n=86) were below the 0.70 threshold (Table 4). 
Using patients with stable PGI-S scores (n=26) between baseline and Week 4, ICCs for all items exceeded 0.70, except for 
item 10 (impact on sleep; ICC=0.61 [95% confidence interval (CI) 0.20, 0.82]). The ICCs for both the symptom and impact 

Table 3 (Continued). 

HypoPT-SD item Correlation Coefficient (r) (n=69)

1 2 3 4 5 6 7 8 9 10 11 12 13

Item 10. Impact on sleep 0.61 0.53 0.46 0.63 0.56 0.74 0.44 0.47 0.46 –

Item 11. Impact on exercise 0.63 0.58 0.47 0.64 0.58 0.79 0.61 0.45 0.46 0.73 –

Item 12. Impact on work 0.58 0.52 0.46 0.55 0.53 0.73 0.64 0.40 0.42 0.66 0.85 –

Item 13. Impact on relationships 0.47 0.51 0.50 0.44 0.46 0.49 0.51 0.61 0.66 0.62 0.64 0.67 –

HypoPT-SD symptom subscale total 0.88 0.85 0.80 0.84 0.69 0.82 0.70 0.65 0.62 0.67 0.72 0.67 0.56

HypoPT-SD impact subscale total 0.65 0.61 0.54 0.64 0.61 0.78 0.63 0.55 0.57 0.74 0.85 0.83 0.71

Notes: Items 1–9 are rated on a 5-point scale and items 10–13 are rated on a 3-point scale, where higher scores represent worse symptoms or impacts. The HypoPT- 
SD symptom subscale is the mean of items 1–7 and the HypoPT-SD impact subscale is the mean of items 10–13. Green cells indicate items included in the HypoPT 
symptom subscale. Blue cells indicate items included in the HypoPT-SD impact subscale. Purple cells indicate corrected item–total correlations between the two 
subscales and the items that are included within each subscale. 
Abbreviations: EOT, end of treatment; HypoPT-SD, Hypoparathyroidism Symptom Diary.

Table 4 HypoPT-SD Test–Retest Reliability

HypoPT-SD Measure ICC (95% CI)a

Baseline to Week 4, 
all patients (n=86)

Baseline to Week 4, 
no change on PGI-S (n=26)

Item 1. Muscle cramps 0.49 (0.05, 0.73) 0.81 (0.44, 0.93)

Item 2. Tingling 0.42 (−0.03, 0.69) 0.77 (0.22, 0.92)

Item 3. Numbness 0.50 (0.05, 0.73) 0.72 (0.35, 0.88)

Item 4. Muscle spasms or twitching 0.42 (0.01, 0.67) 0.74 (0.39, 0.89)

Item 5. Feelings of heaviness in arms or legs 0.59 (0.09, 0.80) 0.78 (0.39, 0.91)

Item 6. Physical fatigue 0.54 (0.07, 0.76) 0.81 (0.37, 0.93)

Item 7. Slowed or confused thinking 0.59 (0.02, 0.82) 0.80 (0.13, 0.94)

(Continued)
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subscale total scores in stable patients exceeded 0.70, with estimates of 0.80 (95% CI 0.19, 0.93) for symptom subscale scores 
and 0.77 (95% CI 0.37, 0.91) for impact subscale scores (Table 4).

Construct Validity
At both baseline and EOT, HypoPT-SD item scores correlated positively with scores for the PGI-S (0.38–0.75 at baseline, 
0.28–0.73 at EOT) and EQ-5D-5L index domain scores (0.11–0.76 at baseline, 0.09–0.78 at EOT) (Tables 5 and 6). In 
general, HypoPT scores were also positively correlated with WPAI:HypoPT scores at both time points, although there 
were a few small negative correlations (Tables 5 and 6).

Almost all HypoPT-SD item scores correlated negatively with scores for the FACIT-Fatigue, FACT-Cog, SF-36v2, 
and EQ VAS at baseline and EOT. The only exceptions included small positive correlations between item 8 (anxiety) and 
item 9 (sadness or depression) of the HypoPT-SD and the SF-36v2 physical component score (PCS) at EOT (r=0.12 and 
r=0.09, respectively) (Tables 5 and 6).

The majority of the convergent validity hypotheses were supported, and all but two of the convergent validity 
correlations that did not achieve the |r| >0.50 cutoff were above |0.40|. Not all divergent validity hypotheses were 
supported, and most discrepancies resulted from items 7 (slowed or confused thinking), 11 (impact on exercise), 12 
(impact on work), and 13 (impact on relationships) not discriminating adequately between the FACIT-Fatigue and FACT- 
Cog measures (Tables 5 and 6).

Known-Groups Validity
The HypoPT symptom subscale mean scores showed significant overall differences across the PGI-S-defined severity 
groups at both baseline and EOT (p<0.0001) (Figures 2A and B). At baseline, there were significant pairwise differences 
in scores between the “moderate”, “severe” and “very severe” groups (p<0.001). However, the “no symptoms” group 
(n=1) (mean [SD] 2.90 [0.50]) did not have lower scores than the “moderate” (1.86 [0.09]) and “severe” (2.45 [0.08]) 
groups (Figure 2A). At EOT, there were no statistically significant differences in HypoPT-SD symptom subscale scores 
in any pairwise comparisons of the “mild”, “moderate” and “severe” PGI-S groups (Figure 2B).

Table 4 (Continued). 

HypoPT-SD Measure ICC (95% CI)a

Baseline to Week 4, 
all patients (n=86)

Baseline to Week 4, 
no change on PGI-S (n=26)

Item 8. Anxiety 0.67 (0.15, 0.85) 0.82 (0.55, 0.92)

Item 9. Sadness or depression 0.70 (0.25, 0.86) 0.82 (0.47, 0.93)

Item 10. Impact on sleep 0.51 (0.17, 0.71) 0.61 (0.20, 0.82)

Item 11. Impact on exercise 0.54 (0.21, 0.73) 0.80 (0.48, 0.91)

Item 12. Impact on work 0.48 (0.09, 0.70) 0.76 (0.35, 0.90)

Item 13. Impact on relationships 0.65 (0.26, 0.82) 0.85 (0.61, 0.93)

HypoPT-SD symptom subscale 0.45 (−0.05, 0.72) 0.80 (0.19, 0.93)

HypoPT-SD impact subscale 0.53 (0.10, 0.74) 0.77 (0.37, 0.91)

Notes: aICCs exceeding 0.70 are generally accepted as indicating stability between measurements taken at different time 
points.20. 

Abbreviations: CI, confidence interval; HypoPT-SD, Hypoparathyroidism Symptom Diary; ICC, intraclass correlation 
coefficient; PGI-S, Patient Global Impression of Severity.
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Table 5 Construct Validity Correlations Among the HypoPT-SD Symptom and Impact Subscale and Other Conceptually Linked Patient-Reported Outcome Tools at Baseline

Correlation Coefficient (r)

HypoPT-SD 

Item

PGI-S 

for 

HypoPT

FACIT- 

Fatigue

FACT-Cog 

impact on 

quality of 

life

FACT-Cog 

perceived 

cognitive 

impairments

SF- 

36v2 

MCS

SF- 

36v2 

PCS

WPAI:HypoPT, 

percent work time 

missed due to 

HypoPT

WPAI:HypoPT, percent 

impairment while 

working due to HypoPT

WPAI:HypoPT, percent 

overall work 

impairment due to 

HypoPT

WPAI:HypoPT, 

percent activity 

impairment due to 

HypoPT

EQ 

VAS

EQ-5D- 

5L 

mobility

EQ- 

5D- 

5L 

self- 

care

EQ-5D- 

5L usual 

activities

EQ-5D-5L 

pain/ 

discomfort

EQ-5D-5L 

anxiety/ 

depression

n=92 n=82 n=82 n=82 n=84 n=84 n=42 n=39 n=38 n=81 n=82 n=82 n=82 n=82 n=82 n=82

Item 1. Muscle 

cramps

0.39 −0.39 −0.12 −0.16 −0.31 −0.37 0.18 0.25 −0.20 0.26 −0.29 0.43 0.25 0.38 0.54 0.40

Item 2. Tingling 0.54 −0.48 −0.27 −0.23 −0.37 −0.44 0.25 0.44 −0.11 0.36 −0.36 0.38 0.14 0.49 0.53 0.40

Item 3. 

Numbness

0.49 −0.41 −0.27 −0.24 −0.41 −0.39 0.14 0.32 −0.10 0.26 −0.38 0.33 0.11 0.42 0.48 0.39

Item 4. Muscle 

spasms or 

twitching

0.38 −0.37 −0.14 −0.15 −0.31 −0.38 0.09 0.43 −0.15 0.28 −0.30 0.49 0.35 0.39 0.55 0.35

Item 5. 

Feelings of 

heaviness in 

arms or legs

0.40 −0.46 −0.25 −0.17 −0.33 −0.33 0.45 0.44 −0.07 0.29 −0.39 0.34 0.13 0.46 0.43 0.30

Item 6. Physical 

fatigue

0.75 −0.80 −0.58 −0.50 −0.50 −0.52 0.36 0.50 0.18 0.53 −0.62 0.42 0.35 0.73 0.69 0.44

Item 7. Slowed 

or confused 

thinking

0.66 −0.57 −0.51 −0.62 −0.46 −0.36 0.24 0.39 0.21 0.39 −0.50 0.21 0.37 0.57 0.42 0.41

Item 8. 

Anxiety

0.60 −0.52 −0.39 −0.39 −0.69 −0.26 0.40 0.34 −0.05 0.29 −0.39 0.39 0.24 0.45 0.41 0.76

Item 9. 

Sadness or 

depression

0.58 −0.54 −0.44 −0.45 −0.75 −0.22 0.34 0.35 −0.06 0.28 −0.40 0.35 0.32 0.44 0.44 0.74

Item 10. 

Impact on 

sleep

0.56 −0.60 −0.36 −0.40 −0.44 −0.56 0.44 0.46 −0.13 0.49 −0.54 0.48 0.45 0.57 0.61 0.41

Item 11. 

Impact on 

exercise

0.66 −0.62 −0.54 −0.46 −0.34 −0.59 0.46 0.42 0.05 0.54 −0.58 0.44 0.48 0.67 0.56 0.26

Item 12. 

Impact on 

work

0.71 −0.63 −0.55 −0.63 −0.48 −0.52 0.63 0.57 0.08 0.48 −0.61 0.34 0.47 0.69 0.49 0.35
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Table 5 (Continued). 

Correlation Coefficient (r)

HypoPT-SD 

Item

PGI-S 

for 

HypoPT

FACIT- 

Fatigue

FACT-Cog 

impact on 

quality of 

life

FACT-Cog 

perceived 

cognitive 

impairments

SF- 

36v2 

MCS

SF- 

36v2 

PCS

WPAI:HypoPT, 

percent work time 

missed due to 

HypoPT

WPAI:HypoPT, percent 

impairment while 

working due to HypoPT

WPAI:HypoPT, percent 

overall work 

impairment due to 

HypoPT

WPAI:HypoPT, 

percent activity 

impairment due to 

HypoPT

EQ 

VAS

EQ-5D- 

5L 

mobility

EQ- 

5D- 

5L 

self- 

care

EQ-5D- 

5L usual 

activities

EQ-5D-5L 

pain/ 

discomfort

EQ-5D-5L 

anxiety/ 

depression

n=92 n=82 n=82 n=82 n=84 n=84 n=42 n=39 n=38 n=81 n=82 n=82 n=82 n=82 n=82 n=82

Item 13. 

Impact on 

relationships

0.56 −0.59 −0.52 −0.58 −0.52 −0.44 0.39 0.50 0.06 0.42 −0.51 0.42 0.44 0.60 0.45 0.44

HypoPT-SD 

symptom 

subscale

0.63 −0.62 −0.38 −0.37 −0.48 −0.49 0.30 0.49 −0.05 0.42 −0.50 0.45 0.28 0.61 0.64 0.46

HypoPT-SD 

impact 

subscale

0.71 −0.70 −0.57 −0.60 −0.52 −0.59 0.54 0.57 0.03 0.55 −0.63 0.47 0.50 0.72 0.59 0.43

Notes: Higher scores on the HypoPT-SD items and subscales represent worse symptoms or impacts. Higher scores on the FACIT-Fatigue, FACT-Cog, and SF-36v2 measures indicate better functioning. For all EQ-5D-5L measures, higher 
scores indicate more problems with the symptom being assessed, whereas higher scores on the EQ VAS indicate better health. Higher scores on the PGI-S indicate increased severity. Blue cells indicate values for convergent validity 
hypotheses and yellow cells indicate values for divergent validity hypotheses. Green text indicates that the hypothesis was met, red text indicates that the hypothesis was not met, and black text indicates correlations whose strength 
were not hypothesized. 
Abbreviations: EQ-5D-5L, EuroQol-5 dimension 5-level; FACT-Cog, Functional Assessment of Cancer Therapy-Cognitive Function; FACIT-Fatigue, Functional Assessment of Chronic Illness Therapy-Fatigue; HypoPT, hypoparathyroid
ism; HypoPT-SD, Hypoparathyroidism Symptom Diary; MCS, mental component summary; PCS, physical component summary; PGI-S, Patient Global Impression of Severity; SF-36v2, 36-item Short Form Health Survey version 2; VAS, 
visual analogue scale; WPAI, Work Productivity and Activity Impairment.
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Table 6 Construct Validity Correlations Among the HypoPT-SD Symptom and Impact Subscale and Other Conceptually Linked Patient-Reported Outcome Tools at EOT

HypoPT- 
SD Item

Correlation Coefficient (r)

PGI- 
S

FACIT- 
Fatigue

FACT- 
Cog 

impact 
on 

quality 
of life

FACT-Cog 
impairments

SF- 
36v2 
MCS

SF- 
36v2 
PCS

WPAI:HypoPT, 
percent work 
time missed 

due to HypoPT

WPAI:HypoPT, 
percent 

impairment while 
working due to 

HypoPT

WPAI:HypoPT, 
percent overall 

work impairment 
due to HypoPT

WPAI:HypoPT, 
percent activity 
impairment due 

to HypoPT

EQ 
VAS

EQ-5D- 
5L 

mobility

EQ- 
5D- 
5L 

self- 
care

EQ-5D- 
5L usual 
activities

EQ-5D-5L 
pain/ 

discomfort

EQ-5D-5L 
anxiety/ 

depression

n=51 n=51 n=51 n=51 n=51 n=51 n=22 n=19 n=19 n=51 n=51 n=51 n=51 n=51 n=51 n=51

Item 1. 

Muscle 

cramps

0.57 −0.34 −0.10 −0.16 −0.12 −0.29 −0.09 0.50 0.31 0.26 −0.33 0.43 0.50 0.51 0.52 0.18

Item 2. 
Tingling

0.54 −0.28 −0.20 −0.17 −0.13 −0.15 −0.07 0.35 0.18 0.18 −0.20 0.29 0.38 0.52 0.37 0.22

Item 3. 
Numbness

0.50 −0.34 −0.25 −0.18 −0.28 −0.16 −0.07 0.47 0.40 0.20 −0.30 0.42 0.34 0.53 0.42 0.39

Item 4. 
Muscle 

spasms or 

twitching

0.62 −0.36 −0.15 −0.14 −0.17 −0.29 −0.06 0.48 0.29 0.26 −0.35 0.37 0.49 0.53 0.54 0.21

Item 5. 

Feelings of 
heaviness in 

arms or legs

0.45 −0.43 −0.26 −0.15 −0.38 −0.25 0.19 0.51 0.32 0.35 −0.30 0.55 0.36 0.53 0.54 0.37

Item 6. 

Physical 

fatigue

0.73 −0.63 −0.30 −0.31 −0.20 −0.54 0.40 0.64 0.38 0.45 −0.53 0.58 0.55 0.67 0.65 0.12

Item 7. 

Slowed or 
confused 

thinking

0.54 −0.45 −0.42 −0.56 −0.28 −0.27 0.09 0.68 0.49 0.37 −0.41 0.35 0.44 0.45 0.40 0.25

Item 8. 

Anxiety

0.28 −0.24 −0.31 −0.25 −0.62 0.12 0.00 0.68 0.59 0.21 −0.17 0.29 0.42 0.36 0.41 0.70

Item 9. 

Sadness or 

depression

0.30 −0.27 −0.33 −0.30 −0.62 0.09 0.06 0.59 0.53 0.19 −0.21 0.31 0.46 0.40 0.44 0.68

Item 10. 

Impact on 
sleep

0.63 −0.52 −0.31 −0.29 −0.27 −0.45 0.47 0.59 0.36 0.35 −0.44 0.60 0.67 0.51 0.53 0.14
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Table 6 (Continued). 

HypoPT- 
SD Item

Correlation Coefficient (r)

PGI- 
S

FACIT- 
Fatigue

FACT- 
Cog 

impact 
on 

quality 
of life

FACT-Cog 
impairments

SF- 
36v2 
MCS

SF- 
36v2 
PCS

WPAI:HypoPT, 
percent work 
time missed 

due to HypoPT

WPAI:HypoPT, 
percent 

impairment while 
working due to 

HypoPT

WPAI:HypoPT, 
percent overall 

work impairment 
due to HypoPT

WPAI:HypoPT, 
percent activity 
impairment due 

to HypoPT

EQ 
VAS

EQ-5D- 
5L 

mobility

EQ- 
5D- 
5L 

self- 
care

EQ-5D- 
5L usual 
activities

EQ-5D-5L 
pain/ 

discomfort

EQ-5D-5L 
anxiety/ 

depression

n=51 n=51 n=51 n=51 n=51 n=51 n=22 n=19 n=19 n=51 n=51 n=51 n=51 n=51 n=51 n=51

Item 11. 

Impact on 
exercise

0.71 −0.64 −0.47 −0.50 −0.18 −0.61 0.33 0.76 0.62 0.57 −0.54 0.63 0.67 0.78 0.71 0.09

Item 12. 
Impact on 

work

0.59 −0.61 −0.50 −0.60 −0.21 −0.50 0.41 0.67 0.49 0.52 −0.59 0.56 0.64 0.67 0.59 0.11

Item 13. 

Impact on 

relationships

0.49 −0.55 −0.58 −0.59 −0.39 −0.34 0.31 0.77 0.72 0.41 −0.43 0.49 0.60 0.66 0.55 0.38

HypoPT-SD 

symptom 
subscale

0.65 −0.46 −0.27 −0.28 −0.25 −0.32 0.07 0.61 0.40 0.34 −0.39 0.48 0.49 0.61 0.57 0.28

HypoPT-SD 

impact 

subscale

0.69 −0.65 −0.53 −0.56 −0.30 −0.54 0.41 0.81 0.63 0.52 −0.57 0.64 0.71 0.74 0.67 0.20

Notes: Higher scores for the HypoPT-SD items and subscales represent worse symptoms or impacts. Higher scores on the FACIT-Fatigue, FACT-Cog, and SF-36v2 measures indicate better functioning. For all EQ-5D-5L measures, 
higher scores indicate more problems with the symptom being assessed, whereas higher scores on the EQ VAS indicate better health. Higher scores on the PGI-S indicate increased severity. Blue cells indicate values for convergent 
validity hypotheses and yellow cells indicate values for divergent validity hypotheses. Green text indicates that the hypothesis was met, red text indicates that the hypothesis was not met, and black text indicates correlations whose 
strength were not hypothesized. 
Abbreviations: EOT, end of treatment; EQ-5D-5L, EuroQol-5 dimension 5-level; FACT-Cog, Functional Assessment of Cancer Therapy-Cognitive Function; FACIT-Fatigue, Functional Assessment of Chronic Illness Therapy-Fatigue; 
HypoPT, hypoparathyroidism; HypoPT-SD, Hypoparathyroidism Symptom Diary; MCS, mental component summary; PCS, physical component summary; PGI-S, Patient Global Impression of Severity; SF-36v2, 36-item Short Form Health 
Survey version 2; VAS, visual analogue scale; WPAI, Work Productivity and Activity Impairment.
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The impact subscale mean scores for the PGI-S-defined severity group followed the expected pattern at baseline and 
EOT, with significant (p<0.0001) overall differences across all groups at both time points (Figures 2C and 2D). 
Furthermore, at baseline, all pairwise comparisons were statistically significant (p<0.0001) (Figure 2C). At EOT, only 
the pairwise comparison between the “mild” and “severe” groups was statistically significant (p=0.011) (Figure 2D).
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Figure 2 HypoPT-SD subscale scores by PGI-S classification at baseline (A [symptom] and C [impact]) and EOT (B [symptom] and D [impact]). LS mean differences were 
compared using ANOVA. X axes show the responses from the PGI-S. Overall adjusted p values for A–D: p<0.0001; pairwise comparisons are only reported for groups with 
≥5 patients. *p<0.05, ***p<0.001, ****p<0.0001. 
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Global Impression of Severity; SEM, standard error of the mean.

Patient Related Outcome Measures 2025:16                                                                                    https://doi.org/10.2147/PROM.S539994                                                                                                                                                                                                                                                                                                                                                                                                    299

Wang et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Ability to Detect Change
Greater changes in HypoPT-SD symptom and impact subscale scores from baseline to EOT were observed in groups of 
patients who reported improvements in PGI-S or PGI-C scores than in groups who did not report improvements 
(Figures 3 and 4, Tables 7 and 8).

Changes in each subscale score across groups defined by the PGI-C and changes in the PGI-S score were all found to 
be statistically significant (p<0.05). This applies to both subscales and both grouping variables. However, despite some 
relatively large effect sizes (eg, Cohen’s d of −1.18 comparing 2-point improvement with no change), none of the tests of 
pairwise differences in change in symptom scores were statistically significant using the PGI-S or PGI-C response 
categories. Although there were also some large effect sizes for the impact subscale, the only significant mean difference 
(p=0.0011) in scores was observed when comparing the 2-point improvement (mean −0.81) with the no change (−0.09) 
groups for the change in PGI-S (Figures 3 and 4, Tables 7 and 8).

The observed differences in changes from baseline to EOT in HypoPT-SD scores were minimal for both subscales in 
patients categorized as responders or non-responders using the clinical composite criteria (symptom subscale least- 
squares [LS] mean [SE]; responder −0.97 [0.21] vs non-responder −1.10 [0.13]) (impact subscale LS mean [SE]; 
responder −0.55 [0.12] vs non-responder −0.43 [0.08]). There were no significant differences in mean change in the 
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symptom subscale scores in responders compared with non-responders (p=0.60). There was also no significant difference 
in mean change on the impact subscale scores in responders compared with non-responders (p=0.40) (Tables 7 and 8).

The relationship between the change in the HypoPT-SD symptom and impact subscales and the PGI-C and change in 
PGI-S are particularly important because the PGI-C and PGI-S are potential anchors for estimating thresholds of 
meaningful change. The potential anchors and subscale scores were strongly correlated (|r|≥0.50). The symptom subscale 
score correlated more strongly with the PGI-C groups (r=0.71) than with change in PGI-S (r=0.58), whereas the 
correlation between the impact subscale score and the change in PGI-S (r=0.64) was slightly stronger than the correlation 
between the impact subscale score and the PGI-C (r=0.58) (Supplemental Material 6).

Thresholds for Minimum Meaningful Change
Using the anchor-based method for the HypoPT-SD symptom subscale, a 2-point improvement in the PGI-S score and 
“much improved” on the PGI-C scale both corresponded to a mean change in score of 1.5 (median 1.5). For the impact 
subscale, a 2-point improvement in the PGI-S score and “much improved” on the PGI-C scale both corresponded to a 
mean change in score of 0.8 (Supplemental Materials 7 and 8).

One PDF plot and one empirical CDF plot were produced for each subscale and anchor (PGI-C or change in PGI-S), 
resulting in eight plots (Supplemental Materials 7 and 8). For the CDF plots using the PGI-C as the anchor measure 
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Table 7 HypoPT-SD Symptom Subscale Ability to Detect Change

Ability to Detect Change Group Changes in HypoPT-SD Symptom Subscale from Baseline to 
EOT

Change in PGI-S n LS mean (SE) 95% CI Min, median, max

4-point improvement 1 −3.10 (0.82) −4.75, −1.45 −3.1, −3.1, −3.1

3-point improvement 4 −1.80 (0.41) −2.63, −0.97 −2.7, −2.0, −0.5

2-point improvement 11 −1.48 (0.25) −1.98, −0.98 −2.7, −1.5, 0.0

1-point improvement 16 −1.18 (0.20) −1.59, −0.77 −3.5, −1.0, 0.0

No change 16 −0.52 (0.20) −0.93, −0.11 −1.5, −0.6, 1.2

1-point worsening 2 0.20 (0.58) −0.97, 1.37 −0.7, 0.2, 1.1

2-point worsening 0 – – –

3-point worsening 0 – – –

4-point worsening 0 – – –

ANOVA Cohen’s d F/t Adjusted p value

Overall – 4.89 0.0012

2-point improvement vs 1-point improvement −0.37 −0.94 0.9986

2-point improvement vs no change −1.18 −3.00 0.0642

1-point improvement vs no change −0.81 −2.29 0.3370

PGI-C n LS mean (SE) 95% CI Min, median, max

Very much improved 3 −2.97 (0.39) −3.76, −2.18 −3.5, −3.1, −2.3

Much improved 11 −1.49 (0.20) −1.90, −1.08 −2.7, −1.5, −0.5

Minimally improved 14 −1.17 (0.18) −1.54, −0.81 −2.7, −0.9, −0.1

No change 17 −0.71 (0.16) −1.04, −0.38 −2.1, −0.8, 0.3

Minimally worse 2 −0.95 (0.48) −1.92, 0.02 −1.2, −1.0, −0.7

Much worse 1 0.00 (0.68) −1.37, 1.37 0.0, 0.0, 0.0

Very much worse 2 1.15 (0.48) 0.18, 2.12 1.1, 1.1, 1.2

ANOVA Cohen’s d F/t Adjusted p value

Overall – 9.43 <0.0001

Much improved vs minimally improved −0.47 −1.17 0.9976

Much improved vs no change −1.15 −2.96 0.0985

Minimally improved vs no change −0.68 −1.88 0.7697

Clinical compositea n LS mean (SE) 95% CI Min, median, max

Responder 19 −0.97 (0.21) −1.39, −0.55 −3.1, −0.9, 1.2

Non-responder 47 −1.10 (0.13) −1.37, −0.83 −3.5, −0.9, 0.3

(Continued)
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Table 7 (Continued). 

Ability to Detect Change Group Changes in HypoPT-SD Symptom Subscale from Baseline to 
EOT

ANOVA Cohen’s d F/t Adjusted p value

Overall – 0.28 0.5997

Responder vs non-responder 0.14 0.53 0.5997

Notes: Negative change scores represent a decrease (ie, improvement) in symptoms. Pairwise comparisons are only reported for groups with 
n≥5. aA patient is defined as a responder if they achieve all of the following: (1) ACSC between 1.87 mmol/L (7.5 mg/dL) and the ULN; (2) dose 
of active vitamin D decreased by at least 50% from baseline; and (3) at least a 50% reduction from baseline oral calcium supplement dose. 
Abbreviations: ACSC, albumin-corrected serum calcium; ANOVA, analysis of variance; CI, confidence interval; EOT, end of treatment; F, F- 
statistic; HypoPT-SD, Hypoparathyroidism Symptom Diary; LS, least-squares; max, maximum; min, minimum; PGI-C, Patient Global Impression of 
Change; PGI-S, Patient Global Impression of Severity; SE, standard error; t, t-statistic; ULN, upper limit of normal.

Table 8 HypoPT-SD Impact Subscale Ability to Detect Change

Ability To Detect Change Group Changes in HypoPT-SD Impact Subscale from Baseline to EOT

Change in PGI-S n LS mean (SE) 95% CI Min, median, max

4-point improvement 1 −1.80 (0.42) −2.65, −0.95 −1.8, −1.8, −1.8

3-point improvement 4 −0.92 (0.21) −1.35, −0.50 −1.4, −1.0, −0.3

2-point improvement 11 −0.81 (0.13) −1.07, −0.55 −1.8, −0.8, 0.0

1-point improvement 16 −0.52 (0.11) −0.73, −0.31 −1.2, −0.4, 0.2

No change 16 −0.09 (0.11) −0.30, 0.12 −0.9, −0.1, 0.6

1-point worsening 2 −0.20 (0.30) −0.80, 0.40 −0.4, −0.2, 0.0

2-point worsening 0 – – –

3-point worsening 0 – – –

4-point worsening 0 – – –

ANOVA Cohen’s d F/t Adjusted p value

Overall – 7.17 <0.0001

2-point improvement vs 1-point improvement −0.69 −1.76 0.7388

2-point improvement vs no change −1.71 −4.37 0.0011

1-point improvement vs no change −1.02 −2.89 0.0850

PGI-C n LS mean (SE) 95% CI Min, median, max

Very much improved 3 −1.43 (0.26) −1.96, −0.91 −1.8, −1.4, −1.1

Much improved 11 −0.76 (0.14) −1.04, −0.49 −1.4, −0.8, −0.1

Minimally improved 14 −0.39 (0.12) −0.63, −0.14 −1.0, −0.3, 0.5

No change 17 −0.39 (0.11) −0.61, −0.17 −1.8, −0.2, 0.2

Minimally worse 2 −0.10 (0.32) −0.74, 0.54 −0.3, −0.1, 0.1

Much worse 1 −0.20 (0.45) −1.11, 0.71 −0.2, −0.2, −0.2

Very much worse 2 0.30 (0.32) −0.34, 0.94 0.0, 0.3, 0.6

(Continued)
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(Supplementary Materials 7A and 7C), curves for stronger anchor measures did not overlap, except at the extreme values. 
The 50th percentile (median) value for the “much improved” curve shown in Supplemental Materials 7A and 7B 
indicates a value of 1.5 as meaningful within-patient improvement (responder threshold) for change in the HypoPT-SD 
symptom subscale. Similarly, the median value for the “much improved” curve in Supplemental Materials 7C and 7D 
indicates a value of 0.8 as meaningful within-patient improvement (responder threshold) for change in the HypoPT-SD 
impact subscale.

Within the PDF plots for the symptom subscale (Supplemental Materials 8A and 8B), there was substantial overlap 
between the “no change” and “minimally improved” groups (especially with the PGI-C anchor), although the “minimally 
improved” group had a cluster of change scores that were more extreme (negative) than the “no change” group, leading 
to a larger mean change score. The distribution for the “much improved” group was more distinct (especially with the 
PGI-C anchor), which provides additional support for the use of this group when estimating the threshold (Supplemental 
Materials 8A and 8B). A similar pattern was seen for the PDF plots for the impact subscale score (Supplemental 
Materials 8C and 8D).

Anchor- and distribution-based methods (half-SD and SE) were used to estimate the meaningful within-patient 
change. For these computations, baseline SDs (symptom SD=0.7, impact SD=0.4; Supplemental Material 3) and test– 
retest ICCs for the PGI-S stable group (symptom ICC=0.80, impact ICC=0.77; Table 4) were used. The half-SD and SE 
for the symptom subscale were estimated to be 0.33 and 0.30, respectively, and the half-SD and SE for the impact 
subscale were estimated to be 0.21 and 0.20, respectively. These estimates are well below the 1.5 and 0.8 improvement 
anchor-based threshold values and provide evidence that the thresholds may be reasonable estimates in comparison to a 
moderate effect size and the SEs of the scores.

Discussion
This study evaluated the psychometric properties of the HypoPT-SD when administered as a daily diary to 93 patients 
with symptomatic HypoPT. In contrast to previous studies, this analysis included patients with a wide range of HypoPT 
severities at baseline and at EOT. This inclusion of patients who experienced changes in disease severity and impact 

Table 8 (Continued). 

Ability To Detect Change Group Changes in HypoPT-SD Impact Subscale from Baseline to EOT

ANOVA Cohen’s d F/t Adjusted p value

Overall – 4.48 0.0013

Much improved vs minimally improved −0.84 −2.08 0.6055

Much improved vs no change −0.83 −2.15 0.5463

Minimally improved vs no change 0.01 0.02 1.0000

Clinical compositea n LS mean (SE) 95% CI Min, median, max

Responder 19 −0.55 (0.12) −0.79, −0.30 −1.8, −0.4, 0.6

Non-responder 47 −0.43 (0.08) −0.58, −0.27 −2.0, −0.3, 0.5

ANOVA Cohen’s d F/t Adjusted p value

Overall – 0.71 0.4035

Responder vs non-responder −0.23 −0.84 0.4035

Notes: Negative change scores represent a decrease (ie, improvement) in symptoms. Pairwise comparisons are only reported for groups with 
n≥5. aA patient is defined as a responder if they achieve all of the following: (1) ACSC between 1.87 mmol/L (7.5 mg/dL) and the ULN; (2) dose 
of active vitamin D decreased by at least 50% from baseline; and (3) at least a 50% reduction from baseline oral calcium supplement dose. 
Abbreviations: ACSC, albumin-corrected serum calcium; ANOVA, analysis of variance; CI, confidence interval; EOT, end of treatment; F, F- 
statistic; HypoPT-SD, Hypoparathyroidism Symptom Diary; LS, least-squares; max, maximum; min, minimum; PGI-C, Patient Global Impression of 
Change; PGI-S, Patient Global Impression of Severity; SE, standard error; t, t-statistic; ULN, upper limit of normal.
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throughout the study facilitated a thorough assessment of the measure’s capacity to detect changes and establish a within- 
patient meaningful change threshold.13–15 Overall, both the HypoPT-SD symptom and impact subscales demonstrated 
adequate psychometric properties. There was substantial variability in the individual item and subscale scores across the 
study period. Although there were some observed floor (minimum) and ceiling (maximum) effects, typically it is not as 
problematic for patients to have the maximum (worst) score at baseline (because this leaves room for improvement) and 
the minimum (best) score at EOT (because this may be due to an effective treatment). Therefore, none of the observed 
floor or ceiling effects were concerning.

Individual item scores in both subscales correlated with one another and the total subscale scores, supporting the 
internal consistency of the HypoPT-SD. The estimated internal consistency reliability was within the optimal range 
(Cronbach’s α values of 0.90 and 0.88 for the symptom and impact subscale, respectively) as suggested by Streiner et al 
and Bland and Altman.18,19 Furthermore, removing any of the items from either subscale did not result in an increased 
Cronbach’s α value for either subscale, which provides strong support for the internal consistency reliability of both 
subscales. Additionally, the estimated test–retest reliability ICC exceeded the 0.70 cutoff in patients with stable PGI-S 
scores.

Construct validity of the HypoPT-SD symptom and impact subscales was demonstrated by significant cross-sectional 
correlations with most of the conceptually linked PRO tools analyzed. Small negative correlations observed for scores for 
the HypoPT-SD and WPAI:HypoPT were unexpected. However, the WPAI:HypoPT correlation analysis contained the 
smallest sample size in the study. Within this measure, the percent work time missed, percent impairment while working 
and percent overall work impairment due to HypoPT scores had substantially more missing data (≥54.8%) than the 
percent activity impairment score (11.8%) and the other supporting measures (≤10.8%). This is likely because most 
questions in the WPAI are work-specific and not everyone in this study was working. The majority of convergent validity 
hypotheses were supported. Not all divergent validity hypotheses were supported, and most discrepancies arose from 
items 7 (slowed or confused thinking), 11 (impact on exercise), 12 (impact on work), and 13 (impact on relationships) not 
discriminating adequately between the FACIT-Fatigue and FACT-Cog measures. This is not surprising given that slowed 
or confused thinking (ie, brain fog, as assessed in item 7), as well as impacts on exercise, work, and relationships (as 
assessed in items 11–13), can be associated with both fatigue and cognitive dysfunction. Taken together, the results 
suggest strong support for the construct validity of the HypoPT-SD item and subscale scores.

This analysis demonstrated that the HypoPT-SD scores were responsive to change. Significant mean differences in 
change in HypoPT-SD scores across groups defined by PGI-C and change in PGI-S were observed. Furthermore, because 
the data in this analysis were taken from patients with a range of disease severities that changed between baseline and 
EOT, thresholds for meaningful within-patient improvement could be characterized for the first time. Findings from this 
study, in which the HypoPT-SD was administered as a daily diary, are aligned with and support the findings of a 
previously published psychometric evaluation in patients with stable HypoPT.15

Other HypoPT-specific PRO tools have been developed. The Hypoparathyroidism Patient Experience Scale (HPES) 
has undergone psychometric evaluation using data from an observational study and a Phase 2 trial, and has been used for 
symptom evaluation in a Phase 3 trial.11,33 HPES also includes symptom and impact measures, but comprises a total of 
43 items compared with only 13 items in the HypoPT-SD.11,12,33,34 The HypoPT questionnaire (HPQ) is a 28-item 
questionnaire that spans five domains and was developed through an analytical–empirical approach. The psychometric 
properties of the initial 40-item questionnaire were tested using data from a German cross-sectional study, but the revised 
28-item questionnaire has not yet been evaluated.10 To date, the HypoPT-SD has not been compared directly with these 
HypoPT-specific PRO tools.

Strengths and Limitations
The strengths of this analysis include the variability of disease severity and the change in disease severity during the 
observation period. This study has also proposed two thresholds for meaningful within-patient change for both the 
HypoPT-SD symptom and impact subscale scores, which could be used as disease-specific PRO endpoint targets in 
future clinical trials of patients with HypoPT.
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The results of this discussion should be considered in the context of the following limitations. 1. The 4-week period 
between test and retest was long in the context of this analysis. Some participants may have experienced changes in their 
symptom severity or overall health status during the 4-week period, which could lead to an underestimation of the true 
test–retest reliability of the instrument. It should be noted, however, that subgroup analysis restricted to patients whose 
PGI-S scores remained stable between baseline and Week 4 did show good test–retest reliability for the HypoPT-SD. 2. 
The difference in data collection periods between the HypoPT-SD (daily data collection for 14 days before each visit at 
baseline, Week 4, Week 12, and EOT) and PRO tools used to support the analysis (one data collection for each PRO tool 
within 2 days before every visit at baseline, Week 4, Week 12, and EOT). These differences may have affected the direct 
comparability of outcomes between tools. Specifically, the HypoPT-SD’s daily data collection may have been more 
sensitive to short-term changes or day-to-day variability in symptoms, whereas the other PROs may be less influenced by 
transient fluctuations and more reflective of the patient’s overall status at the time of assessment. As a result, correlations 
between the HypoPT-SD and other PROs may be attenuated, and interpretation of cross-sectional associations should be 
considered in the context of the different recall periods and data collection frequencies.

Conclusion
The cumulative evidence from this study indicates that the HypoPT-SD is a reliable and valid measure of key symptoms 
and impacts of HypoPT. These analyses lay the psychometric groundwork for the use of the HypoPT-SD in future clinical 
trials in adults with HypoPT.
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