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Background: Familial chylomicronemia syndrome (FCS) is a rare metabolic disorder that impacts physical, emotional, social, and 
cognitive functioning. The FCS-Symptom and Impact Scale (FCS-SIS) patient-reported outcome (PRO) measure assesses common 
symptoms and impacts of FCS. This study was conducted to evaluate cross-sectional psychometric properties of the FCS-SIS and its 
scoring method.
Methods: This multisite, cross-sectional, observational study of individuals with FCS was conducted in the United States and Canada. 
Participants completed a survey composed of 7 PRO measures, including the FCS-SIS, and questions about clinical characteristics and 
demographics. The structure of the FCS-SIS was evaluated using inter-item and item-scale correlations and internal consistency 
reliability. Construct, known-groups, and criterion validity were evaluated by examining associations between FCS-SIS item and 
composite scores and other measures included within the survey.
Results: Most of the 33 participants were female (63.6%) and White (78.1%). On average, participants reported first noticing FCS 
symptoms at ~16 years, with abdominal pain the most frequently reported initial symptom (n=20). Participants reported 2.5 acute 
pancreatitis attacks on average over the past year. Average FCS-SIS symptom item scores ranged from 1.8 to 3.9 (on a 0-to-10 scale 
[none-to-worst-possible]) within the 24-hour recall period, with an average Symptom composite score of 2.7. The average impact item 
scores on the FCS-SIS ranged from 1.6 to 3.0 (on a 0-to-4 scale), with an average Impact composite score of 2.1. Inter-item 
correlations between the FCS-SIS Symptom items ranged from 0.32 to 0.78. Corrected item-total correlations were highly satisfactory 
for Impact items, ranging from 0.62 to 0.85. All a priori validity hypotheses were supported by observed correlations and score 
differences between known groups.
Conclusion: The results of this study support the structure, reliability, and validity of the FCS-SIS, laying the psychometric 
groundwork for longitudinal evaluation of its utility in assessing treatment benefit in FCS clinical studies.
Keywords: psychometric evaluation, FCS, validity, reliability, rare disease, patient reported outcome measure

Background
Familial chylomicronemia syndrome (FCS) is a rare metabolic disorder caused by inherited mutations in the lipoprotein 
lipase or genes that affect lipoprotein lipase function.1 The wide variance in the estimated FCS prevalence rate of 1–13 per 
1,000,000 individuals may be due to varying degrees of rigor in estimation methodology, vague symptom presentation,1,2 as 
well as availability of and access to genetic testing. Symptoms of FCS include repeated attacks of pancreatitis, abdominal 
pain, physical and mental fatigue, back pain, brain fog and other cognitive symptoms,3 numbness in the feet or legs, 
vomiting, and diarrhea.4,5 Many patients with FCS adhere to a strict diet of <20g fat/day to limit triglycerides in an attempt 
to manage FCS symptoms. However, even with strict adherence to a specialized diet, they can experience breakthrough 
symptoms and acute pancreatitis attacks. The manifestations of FCS impact the physical, emotional, social, and cognitive 
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health outcomes of people with FCS. The impacts of FCS on patients’ quality of life can go so far as to limit their 
employment and social interactions.6

It is important to capture and assess the symptoms and impacts of FCS in clinical studies to facilitate the evaluation of new 
treatments in development for these patients. However, no FCS-specific patient-reported outcome (PRO) measure, which could 
be used for this purpose, existed prior to the very recent development of the FCS-Symptom and Impact Scale (FCS-SIS).7 As 
previously described,7 development of the FCS-SIS relied heavily on input from patients with FCS, in accordance with United 
States Food and Drug Administration (FDA) guidance.8,9 This measure assesses the most common symptoms and impacts of 
FCS identified as most important and relevant to patients. Findings from qualitative concept elicitation and cognitive debriefing 
interviews with 10 patients resulted in a final selection of 17 items: 4 items assessing FCS symptoms and 13 items assessing 
impacts. Participants considered the FCS-SIS to be relevant and to contain important content with clear and appropriate response 
options. Despite the rigorous development process supporting the content validity of the FCS-SIS, further research is required to 
evaluate the instrument’s psychometric properties.

The primary objectives of the current quantitative study of patients with FCS were to (1) evaluate key cross-sectional 
psychometric properties of the FCS-SIS and (2) examine whether the approach for the scoring of this measure that emerged 
from qualitative research was supported as appropriate. In support of these objectives, the internal reliability and construct 
validity (including construct, known-groups/discriminant, and criterion validity) of 2 composite scores and 4 symptom- 
specific item scores were evaluated. In addition, descriptive analysis of cross-sectional survey data was conducted to provide 
information about the prevalence of FCS symptoms and the impact of FCS on study participants’ lives.

Methods
Study Design
This multisite, cross-sectional, observational study of individuals with FCS was conducted in the United States and Canada. 
Potential study participants were identified and screened for eligibility by staff at clinical sites and the FCS Focus patient 
advocacy group. Adults (at least 18 years of age) were eligible for the study if they reported having a diagnosis of FCS (from 
genetic confirmation, current or past qualification for an FCS clinical trial, or current or past use of volanesorsen) and were 
able to complete a survey in English or French. The survey content was initially developed in English and then translated into 
French, including existing official translations of the PROMIS measures and GSRS. The French translation of the FCS-SIS 
was developed for Canadian French speakers according to best practices.10 Potential participants then contacted medical 
recruiters at a collaborating research firm, who verified eligibility, reviewed the informed consent form, and invited 
participants to complete a mailed survey about their experiences with FCS. The study materials were reviewed by the 
Advarra Institutional Review Board (IRB) and subsequently received an exempt determination. Sites requiring a local or 
academic IRB were responsible for their own IRB submission based on the study materials.

Survey Materials
The survey comprised 7 PRO measures, including the FCS-SIS, and additional questions about clinical characteristics 
and demographics, for a total of 93 items (Table 1). As shown in Figure 1, the 4 symptom items of the FCS-SIS address 
Abdominal Pain, Physical Fatigue, Difficulty Thinking, and Diarrhea. The 13 impact items address Emotions, Social 
Activity and Planning, Dietary Restrictions, Physical Activity, Financial Worries, and Productivity.7 The symptom items 
are rated on a numeric rating scale from 0 (none) to 10 (worst possible), with a 24-hour recall period. The impact items 
use a verbal rating scale with 5 ordered response options that reference the patient’s current status (ie, 0 = “Never”, 1 = 
“Rarely”, 2 = “Sometimes”, 3 = “Often”, 4 = “Always”). The Symptom and Impact composite scores are calculated as 
the average of scores across the 4 symptom and 13 impact items, respectively. Each of the individual symptom item 
scores can also be interpreted independently. Variants of the 4 symptom items were also administered using a 7-day recall 
period to provide additional information about symptom prevalence and to estimate values corresponding to weekly 
(7-day) averages of the FCS-SIS symptom items that can be computed within the context of clinical trials.

Three measures from the Patient-Reported Outcomes Measurement Information System (PROMIS) were included in 
the survey to measure generic health status/health-related quality of life.11 Each PROMIS item uses an ordered, verbal 
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response scale, and each measure can be scored using either a summed raw score or the T-score metric (preferred), with 
higher scores indicating more of the concept being measured. The PROMIS-29 v 2.0 consists of 29 items that cover 
Physical Function, Anxiety, Depression, Fatigue, Sleep Disturbance, Ability to Participate in Social Roles and Activities, 

Table 1 Survey Content

Content or Instrument Concept Measured or Purpose Number 
of Items

FCS-SIS FCS symptom severity in past 24 hours (4 items: Abdominal Pain, Physical Fatigue, Difficulty Thinking, 
and Diarrhea) and current impacts of FCS (13 items)

17

Symptom Items from FCS-SIS 
(adapted for 7-day recall)

Severity of FCS symptoms (abdominal pain, physical fatigue, difficulty thinking, and diarrhea) in the past 
week

4

PROMIS-29 v 2.0 General health status, including physical function, anxiety, depression, fatigue, sleep disturbance, ability 
to participate in social roles and activities, and pain interference/intensity in the past week/currently

29

PROMIS Cognitive Function v 2.0 Perceived cognitive deficits in the past week 4

PROMIS Global Health Overall evaluation of physical and mental health in the past week/currently 10

GSRS Common gastrointestinal symptoms: abdominal pain (3 items), constipation (3 items), diarrhea (3 
items), indigestion (2 items), and reflux (4 items) in the past week

15

PGIS Patient perception of overall FCS symptom severity in the past week 1

Clinical Information and 
Demographics

Select demographic and clinical information 13

Abbreviation: FCS = familial chylomicronemia syndrome; FCS-SIS = FCS Symptom and Impact Scale; GSRS = Gastrointestinal Symptom Rating Scale; NRS = numeric rating 
scale; PGIS = Patient Global Impression of Severity; PROMIS = Patient-Reported Outcomes Measurement Information System; PROMIS 29 = Patient-Reported Outcomes 
Measurement Information System 29 item.

Figure 1 Conceptual Framework for the FCS-SIS. aThe 4 FCS symptom items can be interpreted individually.
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Pain Interference, and Pain Intensity. Most of the PROMIS-29 v 2.0 items have a 7-day recall period except for the items 
measuring Physical Fatigue and the Ability to Participate in Social Activities, which have a current recall period. The 
PROMIS Cognitive Function measure (v 2.0) includes 4 items that cover mental acuity, concentration, and memory using 
a 7-day recall period. The PROMIS Global Health measure provides an overall evaluation of an individual’s physical and 
mental health using 10 items. Some PROMIS Global Health items use a 7-day recall period, and others use a current 
recall period.

The Gastrointestinal Symptom Rating Scale (GSRS) is a 15-item measure used to assess the severity of common 
symptoms of gastrointestinal disorders, including abdominal pain, constipation, diarrhea, indigestion, and reflux.12 The 
GSRS has good reliability and validity and is responsive to changes in symptoms.13 Each item has a 7-day recall period 
and is rated on a 7-point scale where 1 represents no discomfort and 7 represents very severe discomfort. The sum of the 
scores for all 15 items is regarded as the GSRS total score, with higher scores representing more severe symptoms.12 

Finally, a global item, the Patient Global Impression of Severity (PGIS), was included in the survey to measure patients’ 
overall impression of their FCS symptom severity. The PGIS includes 5 verbal options ranging from “No symptoms” to 
“Very severe symptoms”.

Statistical Analysis
All inferential statistical tests were 2-tailed, with a type I error rate pre-specified at 5% (ie, alpha = 0.05) applied to each 
individual hypothesis test. Missing survey responses were recorded and tallied, but not imputed. The PROMIS measures11 and 
GSRS12 were scored according to their user guidelines (including missing data rules). Descriptive statistics were tabulated for 
all survey items and all composite, domain, and total scores. For continuous values, we calculated n, mean, standard deviation, 
median, minimum, maximum, and number missing. For categorical variables, which included responses to FCS-SIS items, the 
sample size and percentage for each response option are presented, including missing responses. The percentages of 
participants with the lowest (floor) and highest (ceiling) response categories were included in the descriptive statistics for 
each item. Problematic floor or ceiling effects were defined as 2 times the expected probability of a response under the uniform 
distribution (eg, 18.2% and 40.0% of participants for the 11- and 5-point scales, respectively).

FCS-SIS Structure
The structure of the FCS-SIS, particularly the Symptom and Impact composite scores conceptualized during instrument 
development, was evaluated using inter-item and item-scale correlations and internal consistency reliability. Pearson correla
tions were computed between symptom items, and polychoric correlations were computed between impact items. Polyserial 
correlations were computed between symptom and impact items. Items assessing similar (or the same) constructs were 
expected to yield moderate correlations or higher (r ≥ 0.30).14 However, inter-item correlations more than 0.80 were 
considered potentially indicative of item redundancy. Corrected item-total correlations were also computed to examine the 
relationship between each item and its composite score. Given that the FCS-SIS items address different symptoms and impacts 
that may be experienced independently, correlations > 0.2 were considered satisfactory.15 To support internal consistency of 
the proposed composite scores, Cronbach’s coefficient alpha16 was computed (separately) for the 4 symptom items and the 13 
impact items. Coefficients between 0.70 and 0.90 indicate a set of items that are strongly related and capable of supporting 
a unidimensional scoring structure but are not redundant.17

Construct Validity
Construct, discriminant, and criterion validity of the FCS-SIS were evaluated by examining the associations between 
scores on this measure and others included within the survey.

Construct validity was examined through Pearson correlations between the FCS-SIS scores (item- and composite- 
level) and the scores of other instruments, including the PROMIS scales, and the GSRS (total and subscale). Polyserial 
correlations were used between the FCS-SIS scores and the PGIS. The magnitude and direction of the resulting 
correlation coefficients were compared with specific a priori hypotheses (Box S-1 and Supplementary Material) and to 
Cohen’s guideline14 for interpreting correlation coefficients as follows: absolute values of correlations of 0.50 or greater 
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were considered strong, correlations that fell between 0.30 and 0.49 were considered moderate, and those that fell 
between 0.10 and 0.29 were considered small.

Known-groups analyses were conducted to provide support for the discriminating ability of the FCS-SIS. Specifically, 
analysis of variance (ANOVA) was used to examine mean differences in the FCS-SIS scores (4 symptom item scores and 
both composite scores) among patients classified into subgroups based on their PGIS responses (No/Mild symptoms 
versus Moderate/Severe/Very Severe symptoms). Cohen’s d (standardized mean difference) was also computed to assess 
the magnitude of differences between subgroups for each score. Values of 0.2, 0.5, and 0.8 were interpreted as small, 
moderate, and large effect sizes, respectively.18 We hypothesized the FCS-SIS scores would be higher for participants 
with Moderate/Severe/Very Severe symptoms than those with No/Mild symptoms.

Finally, criterion validity was examined using correlations between scores on the FCS-SIS and 2 patient-reported 
clinical characteristics: triglyceride levels (using Pearson correlations) and the frequency of acute pancreatitis attacks 
over the previous 12 months (using Spearman correlations, given the nonnormal frequency distribution of acute 
pancreatitis attacks). Responses to each of the symptom items (24-hour and 7-day recall), as well as the Symptom 
composite scores (24-hour and 7-day recall) and Impact composite scores, were compared with the number of acute 
pancreatitis attacks and with patients’ most recent fasting triglyceride levels experienced in the past year.

Results
Participant Characteristics
Key demographics and clinical characteristics for the 33 study participants are presented in Table 2. Twenty-two 
participants (66.7%) completed the English version of the FCS-SIS, and 11 (33.3%) completed the French version. 
The mean age of participants was 49.8 years. The majority of participants were female (63.6%), White (78.1%), and 
employed (59%). Participants reported first noticing FCS symptoms at 16.7 years of age, on average, with abdominal 
pain being the most common first symptom experienced (n = 20, 61%). Participants reported being diagnosed with FCS 
at a mean 24.8 years of age. The mean of the most recent fasting triglyceride level reported by study participants was 
1037 mg/dL, with the majority (n = 31, 93.9%) experiencing 1 or more FCS symptoms in the 30 days prior to 
participating in the study, most commonly physical fatigue (81.8%) and difficulty thinking (78.8%), followed by diarrhea 
(72.7%) and abdominal pain (51.5%). Participants reported experiencing an average of 2.5 acute pancreatitis attacks in 
the 12 months prior to study enrollment; however, this frequency was variable, with a standard deviation of 6.8.

Descriptive Analysis for PRO Measures
Descriptive statistics for the FCS-SIS items as well as supporting PRO measures are presented in Table 3. The average FCS- 
SIS symptom item scores ranged from 1.8 (Abdominal Pain) to 3.9 (Physical Fatigue), with an average Symptom composite 
score of 2.7, suggesting mild symptoms overall. Slightly higher values were obtained for the FCS symptom items with a 7-day 
recall period; these average scores ranged from 2.5 (Diarrhea) to 4.7 (Physical Fatigue), with an average weekly Symptom 
composite score of 3.4. The average impact item scores on the FCS-SIS ranged from 1.6 (Feeling Sad or Depressed, Feeling 
Judged by Others, Worry About Finances) to 3.0 (Worry About Future Health), with an average Impact composite score of 2.1; 
this is consistent with the generally infrequent, episodic nature of the condition.

The scores across the PROMIS 29 v 2.0 domains—Anxiety (mean = 57.0), Fatigue (mean = 54.2), and Pain Interference 
(mean = 54.0)—were slightly higher (worse) than the average T-score of 50.0 for the general population. The average scores 
for the PROMIS Cognitive Function, Global Physical Health, and Global Mental Health domains ranged from 44.7 to 46.3, 
which are slightly lower (worse) than the average for the general population. Finally, PGIS ratings showed that most study 
participants (66.7%) reported None/Mild symptoms, and the average GSRS total score was 2.5.

Floor effects ranging from 18.2% to 57.6% were seen for the FCS symptom items in the FCS-SIS (Table S-1 and 
Supplementary Material). These results suggest floor effects occurring for 3 of the 4 symptom items, as the percentage of 
patients selecting the lowest response option (0 = no symptom) was greater than 18.2% for all items except that 
measuring Physical Fatigue, which was exactly 18.2%. There were no ceiling effects observed for any symptom item. 
The relatively low symptom burden demonstrated by this cross-sectional sample was expected due to the episodic nature 
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of FCS symptoms. While no floor effect was observed for the impact items (< 40% of patients selected the lowest 
response category [0 = None] for all items), there was a ceiling effect for the impact item measuring Worry About Being 
a Burden, for which 42.4% of respondents selected the highest response option (4 = Always). Similar findings were seen 
in the descriptive statistics results for the FCS symptom items with a 7-day recall period (Table S-2 and Supplementary 
Material), for which all items except Physical Fatigue showed floor effects, and no ceiling effects were observed. 
Although floor effects were still observed with the 7-day symptom recall items, the degree of magnitude (ie, the 
proportion of people choosing 0) was smaller than with the 24-hour recall.

FCS Structure and Reliability
Inter-item correlations between the FCS-SIS Symptom items ranged from 0.32 (Difficulty Thinking and Diarrhea) to 0.78 
(Physical Fatigue and Difficulty Thinking), providing evidence that some symptoms, particularly physical fatigue and 

Table 2 Participant Characteristics

Participant Characteristic N = 33

Age at survey completion, mean ± SD (range) 49.8 ± 12.2 (24–72)
Age at diagnosis, mean ± SD (range) 24.8 ± 22.0 (0–65)

Reported most recent fasting triglyceride level (mg/dL), mean ± SD (range) 1037.1 ± 1008.8 (45–4127)

Acute pancreatitis attacks in the past 12 months, mean ± SD 2.5 ± 6.8
Sex, n (%)

Male 12 (36.4)

Female 21 (63.6)
Ethnicity, n (%)

American Indian 1 (3.1)
Asian 5 (15.6)

Black 1 (3.1)

Hispanic 1 (3.1)
White 25 (78.1)

Employment, n (%)
Employed, full or part time 19 (59.4)
Not currently employed 1 (3.1)

Retired 4 (12.5)

Disabled/unable to work 8 (25.0)
Prefer not to answer 1 (3.0)

Survey language, n (%)
English 22 (66.7)
French 11 (33.3)

Abdominal pain in the past 30 days, n (%) 17 (51.5)

Physical fatigue in the past 30 days, n (%) 27 (81.8)
Difficulty thinking in the past 30 days, n (%) 26 (78.8)

Diarrhea in the past 30 days, n (%) 24 (72.7)

Comorbidity, n (%)
Inflammatory bowel disease 0 (0.0)

Irritable bowel syndrome 1 (3.0)

Heart disease 3 (9.1)
Stroke 2 (6.1)

Pulmonary or respiratory disease 3 (9.1)

Diabetes 13 (39.4)
Kidney disease 3 (9.1)

Liver disease 3 (9.1)

Other 10 (30.3)
None 14 (42.4)

Abbreviation: SD, standard deviation.

https://doi.org/10.2147/PROM.S441583                                                                                                                                                                                                                               

DovePress                                                                                                                                             

Patient Related Outcome Measures 2024:15 50

Brown et al                                                                                                                                                           Dovepress

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

https://www.dovepress.com/get_supplementary_file.php?f=441583.docx
https://www.dovepress.com/get_supplementary_file.php?f=441583.docx
https://www.dovepress.com/get_supplementary_file.php?f=441583.docx
https://www.dovepress.com
https://www.dovepress.com


Table 3 Descriptive Statistics of Patient-Reported Outcome Scores

Measure Mean (SD) Median Range Score Min %/Max % Missing (%)

FCS-SIS
Symptom items (24-hour recall; 0-to-10 NRS)

Abdominal Pain 1.8 (2.40) 0.0 0.0 to 8.0 54.5/0.0 0 (0.0)

Physical Fatigue 3.9 (2.93) 3.0 0.0 to 9.0 18.2/0.0 0 (0.0)
Difficulty Thinking 2.8 (2.83) 2.0 0.0 to 10.0 33.3/3.0 0 (0.0)

Diarrhea 2.1 (2.90) 0.0 0.0 to 9.0 57.6/0.0 0 (0.0)

Symptom composite score 2.7 (2.27) 2.3 0.0 to 7.5 15.2/0.0 0 (0.0)
Impact items (7-day recall, 5-point VRS)

Worry About Pancreatitis Attack 2.5 (1.44) 3.0 0.0 to 4.0 12.1/36.4 0 (0.0)
Avoid Making Plans 1.7 (1.29) 2.0 0.0 to 4.0 24.2/9.1 0 (0.0)

Feel Anxious in Social Situations Involving Food 2.3 (1.65) 3.0 0.0 to 4.0 24.2/36.4 0 (0.0)

Avoid Social Situations Involving Food 1.8 (1.32) 2.0 0.0 to 4.0 27.3/6.1 0 (0.0)
Worry About Eating Food Prepared by Someone Else 2.2 (1.57) 2.0 0.0 to 4.0 21.2/33.3 0 (0.0)

Worry About Going Over Dietary Fat Limit 2.6 (1.30) 3.0 0.0 to 4.0 3.0/36.4 0 (0.0)

Worry About Future Health 3.0 (0.95) 3.0 1.0 to 4.0 0.0/39.4 0 (0.0)
Worry About Being a Burden 2.5 (1.50) 2.0 0.0 to 4.0 15.2/42.4 0 (0.0)

Less Physically Attractive 1.8 (1.36) 2.0 0.0 to 4.0 24.2/12.1 0 (0.0)

Feel Sad or Depressed 1.6 (1.22) 2.0 0.0 to 4.0 21.2/12.1 0 (0.0)
Feel Judged by Others 1.6 (1.37) 1.0 0.0 to 4.0 27.3/12.1 0 (0.0)

Worry About Finances 1.6 (1.54) 1.0 0.0 to 4.0 36.4/15.2 0 (0.0)

Less Productive 1.8 (1.19) 2.0 0.0 to 4.0 15.6/6.3 1 (3.0)
Impact composite score 2.1 (1.09) 2.2 0.2 to 3.6 0.0/0.0 0 (0.0)

FCS symptoms (7-day recall; 0-to-10 NRS)
Symptom item scores (7-day recall)

Abdominal Pain 2.9 (3.31) 2.0 0.0 to 10.0 48.5/3.0 0 (0.0)

Physical Fatigue 4.7 (3.09) 5.0 0.0 to 9.0 15.2/0.0 0 (0.0)

Difficulty Thinking 3.5 (3.06) 2.0 0.0 to 9.0 21.2/0.0 0 (0.0)
Diarrhea 2.5 (2.91) 1.0 0.0 to 10.0 39.4/3.0 0 (0.0)

Symptom composite score (7-day recall) 3.4 (2.57) 3.5 0.0 to 8.0 12.1/0.0 0 (0.0)

PROMIS
PROMIS-29

Physical Function 46.5 (9.08) 45.3 29.1 to 56.9 0.0/36.4 0 (0.0)

Anxiety 57.0 (10.75) 57.7 40.3 to 81.6 18.2/3.0 0 (0.0)
Depression 52.8 (9.51) 53.9 41.0 to 71.2 30.3/0.0 0 (0.0)

Fatigue 54.2 (11.48) 55.1 33.7 to 75.8 12.1/6.1 0 (0.0)

Sleep Disturbance 51.0 (9.25) 50.5 32.0 to 73.3 6.1/3.0 0 (0.0)
Social Roles and Activities 47.6 (10.02) 44.2 27.5 to 64.2 3.0/15.2 0 (0.0)

Pain Interference 54.0 (11.74) 55.6 41.6 to 69.7 42.4/0.0 0 (0.0)

Pain Intensity 3.0 (2.97) 2.0 0.0 to 8.0 34.4/0.0 1 (3.0)
Cognitive Function 44.7 (10.09) 43.9 25.0 to 61.1 3.0/18.2 0 (0.0)

Global Health – Physical 45.2 (10.51) 46.3 26.7 to 67.7 0.0/3.1 1 (3.0)

Global Health – Mental 46.3 (9.92) 45.8 28.4 to 67.6 0.0/9.1 0 (0.0)
GSRS (range 1 to 7)
Total 2.5 (0.95) 2.3 1.2 to 4.4 0.0/0.0 0 (0.0)

Abdominal Pain 2.4 (1.13) 2.3 1.0 to 5.0 9.1/0.0 0 (0.0)
Constipation 2.3 (1.34) 2.0 1.0 to 6.3 15.2/0.0 0 (0.0)

Diarrhea 2.4 (1.46) 2.3 1.0 to 6.3 21.2/0.0 0 (0.0)

Reflux 2.0 (1.47) 1.5 1.0 to 6.0 48.5/0.0 0 (0.0)
Indigestion 3.1 (1.19) 3.3 1.0 to 5.8 3.0/0.0 0 (0.0)

(Continued)
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difficulty thinking, may co-occur with similar levels of severity (Table 4). Several symptom items were more strongly 
related to the impact items than the other symptom items. For example, Abdominal Pain was more strongly related to 
Worry About Pancreatitis Attack (r = 0.84) than the other symptom items. Corrected item-total correlations, which 
examined the relations between each symptom item and the symptom composite (with the target item removed), were 
satisfactory for all items, ranging from 0.45 (Diarrhea) to 0.82 (Physical Fatigue).

Among the impact items, the strongest correlations were observed between Worry About Finances and Less 
Productive (r = 0.92) and between Worry About Being a Burden and Feeling Anxious in Social Situations Involving 
Food (r = 0.92). Several were greater than 0.80; however, the strong correlations generally observed among the impact 
items reflect the floor/ceiling effects previously described, rather than redundancy in the item content. Corrected item- 
total correlations, which examined the relations between each impact item and the impact composite (with the target item 
removed), were highly satisfactory for all items, ranging from 0.62 (Less Physically Attractive) to 0.85 (Feel Anxious in 
Social Situations Involving Food). The large Cronbach’s alpha coefficients for the FCS-SIS Symptom composite (0.84) 
and Impact composite (0.95) scores provided further evidence to support the internal consistency reliability of these 
composite scores.

Validity
Construct Validity
All a priori hypotheses regarding construct validity were supported by observed correlations (Box S-1 and 
Supplementary Material). Correlations between the FCS-SIS (symptom item and composite scores) and other PRO 
measures are presented in Table 5. Correlations between the 7-day recall FCS symptom items and other PRO measures 
are presented in Table 6.

The FCS-SIS symptom items were highly correlated with the 7-day recall symptom items measuring the same 
constructs, with correlations ranging from 0.87 to 0.93 (Table 5). Strong positive correlations were observed between the 
FCS-SIS Abdominal Pain item and the GSRS Abdominal Pain subscale score (0.60), and between the FCS-SIS Diarrhea 
item and the GSRS Diarrhea subscale score (0.85) (Table 5). Weak-to-moderate correlations (ranging from 0.25 to 0.39) 
were seen between the FCS-SIS Abdominal Pain and Diarrhea item scores and the GSRS Constipation, Indigestion, and 
Reflux subscale scores (Table 5). A similar trend was seen with the 7-day recall FCS Symptom items for Abdominal Pain 
and Diarrhea (Table 6), and the magnitude of the correlations was generally higher than that of the 24-hour recall items as 
expected due to the match of recall period with other measures.

Strong negative correlations were seen between the Difficulty Thinking items and the PROMIS Cognitive Function 
score, with a correlation of −0.84 observed for the 7-day recall item and a correlation of −0.72 observed for the FCS-SIS 
(24-hour recall) item. Correlations of slightly smaller magnitudes (range of absolute values: 0.68 to 0.75) were seen 
between the Difficulty Thinking item scores (FCS-SIS and 7-day recall) and other PROMIS and GSRS scores compared 
with that between the Difficulty Thinking item scores and the PROMIS Cognitive Function score. As expected, strong 
positive correlations were observed between the Physical Fatigue items and the PROMIS-29 Fatigue score, with 

Table 3 (Continued). 

Measure Mean (SD) Median Range Score Min %/Max % Missing (%)

PGIS, n (%) 0 (0.0)

No symptoms 9 (27.3)
Mild symptoms 13 (39.4)

Moderate symptoms 8 (24.2)

Severe symptoms 3 (9.1)
Very Severe symptoms 0 (0.0)

Abbreviations: FCS, familial chylomicronemia syndrome; FCS-SIS, FCS Symptom and Impact Scale; GSRS, Gastrointestinal Symptom Rating Scale; NRS, numeric rating 
scale; PGIS, Patient Global Impression of Severity; PROMIS, Patient-Reported Outcomes Measurement Information System; PROMIS 29, Patient-Reported Outcomes 
Measurement Information System 29 item; SD, standard deviation; VRS, verbal response scale.
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Table 4 Familial Chylomicronemia Syndrome Symptom and Impact Scale Item Correlations (N = 32 to 33)

Items Inter-item Correlations

FCS Symptom Items (24-Hour 
Recall)

FCS Impact Item

S1 S2 S3 S4 I1 I2 I3 I4 I5 I6 I7 I8 I9 I10 I11 I12 I13

FCS Symptom items (24-hour recall)
S1. Abdominal Pain -

S2. Physical Fatigue 0.75 -

S3. Difficulty Thinking 0.64 0.78 -
S4. Diarrhea 0.46 0.46 0.32 -

Item-total correlations 0.75 0.82 0.69 0.45

FCS Impact Items (7-day recall)
I1. Worry About Pancreatitis Attack 0.84 0.76 0.77 0.49 -

I2. Avoid Making Plans 0.61 0.67 0.58 0.31 0.66 -
I3. Feel Anxious in Social Situations Involving Food 0.49 0.57 0.67 0.42 0.85 0.71 -

I4. Avoid Social Situations Involving Food 0.40 0.42 0.38 0.38 0.65 0.59 0.83 -

I5. Worry About Eating Food Prepared by Someone Else 0.20 0.39 0.43 0.23 0.58 0.61 0.84 0.83 -
I6. Worry About Going Over Dietary Fat Limit 0.39 0.58 0.40 0.32 0.73 0.66 0.84 0.84 0.76 -

I7. Worry About Future Health 0.78 0.65 0.62 0.56 0.84 0.62 0.71 0.69 0.52 0.77 -

I8. Worry About Being a Burden 0.57 0.59 0.69 0.40 0.83 0.62 0.92 0.75 0.75 0.71 0.79 -
I9. Less Physically Attractive 0.59 0.69 0.40 0.49 0.61 0.69 0.43 0.48 0.33 0.56 0.72 0.38 -

I10. Feel Sad or Depressed 0.75 0.76 0.69 0.49 0.85 0.65 0.75 0.63 0.49 0.59 0.87 0.81 0.75 -
I11. Feel Judged by Others 0.46 0.55 0.57 0.38 0.78 0.45 0.68 0.77 0.78 0.55 0.74 0.80 0.55 0.79 -

I12. Worry About Finances 0.42 0.52 0.39 0.36 0.68 0.72 0.63 0.64 0.66 0.60 0.70 0.67 0.71 0.78 0.69 -

I13. Less Productive 0.55 0.65 0.52 0.35 0.76 0.86 0.69 0.54 0.56 0.57 0.78 0.73 0.82 0.87 0.67 0.92 -
Item-total correlations 0.83 0.74 0.85 0.79 0.69 0.76 0.78 0.79 0.62 0.78 0.74 0.75 0.82

Notes: Pearson correlation was computed between symptom items. Polychoric correlation was computed between impact items. Polyserial correlation was computed between every symptom item and every impact item. Italicized text 
indicates inter-item correlations < 0.30. Bolded text indicates inter-item correlations > 0.80. 
Abbreviation: FCS, familial chylomicronemia syndrome.
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a correlation of 0.87 observed with the 7-day recall item and a correlation of 0.82 observed with the FCS-SIS item. 
Smaller correlations (range of absolute values: 0.76 to 0.77) were seen between the Physical Fatigue item scores (7-day 
recall and FCS-SIS) and other PROMIS and GSRS scores than between the Physical Fatigue item scores and the 
PROMIS-29 Fatigue score.

Strong positive correlations were seen between the FCS symptom composite scores and the PGIS score, with 
a correlation of 0.81 observed with the composite based on the 7-day recall items and a correlation of 0.72 observed 
with the FCS-SIS Symptom composite. The FCS-SIS Symptom composite score (24-hour recall) was also strongly 
correlated with other PROMIS scores, including Global Physical Health (−0.73), Pain Interference (0.74), Pain Intensity 
(0.77), Fatigue (0.77), and Anxiety (0.78). Similar strong correlations were seen between the symptom composite score 
based on the 7-day recall items and these PROMIS scores. Finally, there were strong negative correlations between the 
FCS-SIS Impact composite score and the PROMIS Global Physical Health score (−0.67) and Global Mental Health Score 
(−0.83). Similar strong correlations in expected directions were seen between the FCS-SIS Impact composite score and 
the PROMIS 29 Anxiety (0.82), Depression (0.70), and Social Roles and Activities scores (−0.91).

Known Groups Validity
The known-groups validity results for the FCS-SIS and the 7-day recall versions of the FCS symptom items are presented 
in Table 7. As hypothesized, the symptom composite scores (FCS-SIS and 7-day recall) were significantly higher 

Table 5 Correlation Coefficients for Construct Validity for the Familial Chylomicronemia Syndrome Symptom and Impact 
Scale

FCS Symptom Item Scores Composite Scores

Abdominal 
Pain

Physical 
Fatigue

Difficulty 
Thinking

Diarrhea Symptom 
Composite

Impact 
Composite

PROMISa

Physical Function −0.60 −0.57 −0.36 −0.33 −0.56 −0.51

Anxiety 0.64 0.70 0.70 0.52 0.78 0.82
Depression 0.57 0.56 0.57 0.51 0.68 0.70

Fatigue 0.68 0.82 0.63 0.39 0.77 0.57

Sleep Disturbance 0.56 0.57 0.45 0.33 0.58 0.65
Social Roles and Activities −0.61 −0.68 −0.57 −0.35 −0.67 −0.91

Pain Interference 0.82 0.72 0.58 0.34 0.74 0.57

Pain Intensity (n=32) 0.84 0.71 0.60 0.41 0.77 0.58
Cognitive Function −0.44 −0.59 −0.72 −0.26 −0.62 −0.66

Global Health – Physical (n=32) −0.74 −0.73 −0.51 −0.44 −0.73 −0.67

Global Health - Mental −0.54 −0.71 −0.62 −0.33 −0.67 −0.83
GSRSa

Total 0.50 0.51 0.50 0.63 0.65 0.53

Abdominal Pain 0.60 0.57 0.60 0.37 0.65 0.59
Constipation 0.35 0.28 0.29 0.31 0.37 0.29

Diarrhea 0.25 0.30 0.17 0.85 0.49 0.39

Reflux 0.37 0.23 0.42 0.30 0.40 0.26
Indigestion 0.30 0.45 0.41 0.39 0.48 0.42

PGISb 0.76 0.66 0.53 0.44 0.72 0.55

FCS Symptoms (7-day recall)a

Abdominal Pain 0.87 0.72 0.62 0.40 0.78 0.65

Physical Fatigue 0.74 0.93 0.82 0.47 0.90 0.71
Difficulty Thinking 0.54 0.77 0.88 0.25 0.75 0.64

Diarrhea 0.37 0.53 0.34 0.93 0.67 0.45

Notes: n=33 unless otherwise noted. aPearson correlation. bPolyserial correlation. 
Abbreviations: FCS, familial chylomicronemia syndrome; GSRS, Gastrointestinal Symptom Rating Scale; PGIS, Patient Global Impression of Severity; PROMIS, 
Patient-Reported Outcomes Measurement Information System.
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(P < 0.0001) among participants who reported Moderate/Severe/Very Severe symptoms on the PGIS than they were for 
those who reported No/Mild symptoms. Very large effect sizes (Cohen’s ds of 1.76 and 2.14 for the FCS-SIS and 7-day 
recall versions, respectively) supported the discriminating ability of the symptom composite scores. Also, as hypothe
sized, the Impact composite score was significantly higher (P = 0.0083) among participants who reported Moderate/ 
Severe/Very Severe symptoms on the PGIS than it was among those who reported No/Mild symptoms. A Cohen’s d of 
1.12 also demonstrated that the magnitude of differences between the 2 groups was large for the Impact composite score.

Criterion Validity
Correlations between retrospective clinical markers of FCS severity and both FCS-SIS and 7-day recall symptom item 
scores are presented in Table 8. The number of participant-reported pancreatitis attacks in the past year was most strongly 
correlated (ρ = 0.77) with the 7-day recall item addressing the severity of abdominal pain. Additionally, the most recent 
participant-reported triglyceride level was more strongly correlated with the FCS-SIS Impact composite score (0.65) than 
with the FCS-SIS Symptom composite score (0.36).

Discussion
To facilitate its use in FCS clinical studies, the FCS-SIS7 was developed in accordance with FDA guidance for the use of 
PRO measures to support product approval and labeling claims.8,9 To our knowledge, the FCS-SIS is the first FCS- 
specific PRO measure designed based on patient input as recommended for best practice. The findings presented here 
provide support for the scoring, reliability, and validity of the FCS-SIS in capturing the severity and impacts of FCS 
symptoms.

The computation of both the Symptom and Impact composite scores is supported not only by the measure’s 
conceptual framework (Figure 1) but also by the results of internal consistency analyses. The correlational analyses of 

Table 6 Correlation Coefficients for Construct Validity Results for the 7-Day Recall Familial Chylomicronemia Syndrome Symptom 
Scores

Measures FCS Symptom Item Scores (7-Day Recall)

Abdominal Pain Physical Fatigue Difficulty Thinking Diarrhea Symptom composite

PROMISa

Physical Function −0.62 −0.59 −0.50 −0.35 −0.62

Anxiety 0.65 0.74 0.62 0.54 0.77

Depression 0.65 0.65 0.59 0.51 0.73
Fatigue 0.75 0.87 0.75 0.43 0.85

Sleep Disturbance 0.68 0.62 0.53 0.35 0.66

Social Roles and Activities −0.67 −0.69 −0.62 −0.36 −0.71
Pain Interference 0.88 0.74 0.63 0.29 0.78

Pain Intensity (n=32) 0.91 0.76 0.67 0.35 0.82

Cognitive Function −0.61 −0.74 −0.84 −0.30 −0.75
Global Health – Physical (n=32) −0.82 −0.77 −0.61 −0.43 −0.80

Global Health - Mental −0.64 −0.72 −0.68 −0.39 −0.73

GSRSa

Total 0.68 0.61 0.50 0.63 0.73

Abdominal Pain 0.80 0.70 0.68 0.40 0.78

Constipation 0.51 0.38 0.27 0.32 0.45
Diarrhea 0.24 0.30 0.16 0.84 0.45

Reflux 0.54 0.36 0.38 0.30 0.48

Indigestion 0.49 0.50 0.42 0.39 0.54
PGISb 0.97 0.75 0.59 0.40 0.81

Notes: n=33 unless otherwise specified. aPearson correlation. bPolyserial correlation. 
Abbreviations: FCS, familial chylomicronemia syndrome; GSRS, Gastrointestinal Symptom Rating Scale; PGIS, Patient Global Impression of Severity; PROMIS, Patient- 
Reported Outcomes Measurement Information System.
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Table 7 Known Groups Results for the Familial Chylomicronemia Syndrome Symptom and Impact Scale

Measures Abdominal 
Pain

Physical 
Fatigue

Difficulty 
Thinking

Diarrhea Symptom 
Composite

Impact 
Composite

FCS Symptom Items (24-Hour Recall)

PGIS, Mean (SD), n

No symptoms/Mild symptoms 0.6 (1.40), 22 2.8 (2.67), 22 2.1 (2.71), 22 1.1 (1.93), 22 1.6 (1.70), 22 1.7 (1.09), 22
Moderate symptoms/Severe symptoms/Very Severe symptoms 4.4 (1.96), 11 6.2 (1.99), 11 4.3 (2.61), 11 4.0 (3.61), 11 4.7 (1.88), 11 2.8 (0.72), 11

ANOVA results
F-statistic (P value) 40.52 (< 0.0001) 13.94 (0.0008) 4.87 (0.0348) 8.94 (0.0054) 22.06 (< 0.0001) 7.94 (0.0083)
No symptoms/Mild symptoms vs Moderate symptoms/Severe symptoms/ 

Very Severe symptoms

−6.37 (< 0.0001) −3.73 (0.0008) −2.21 (0.0348) −2.99 (0.0054) −4.70 (< 0.0001) −2.82 (0.0083)

Cohen’s d 2.37 1.38 0.82 1.12 1.76 1.12

FCS Symptoms (7-day recall)

PGIS, Mean (SD), n

No symptoms/Mild symptoms 1.0 (1.77), 22 3.3 (2.77), 22 2.5 (2.70), 22 1.7 (2.19), 22 2.1 (1.91), 22
Moderate symptoms/Severe symptoms/Very Severe symptoms 6.8 (1.89), 11 7.4 (1.57), 11 5.6 (2.73), 11 4.1 (3.56), 11 6.0 (1.61), 11

ANOVA results
F-statistic (P value) 75.72 (< 0.0001) 20.08 (< 0.0001) 9.81 (0.0038) 5.79 (0.0222) 32.91 (< 0.0001)
No symptoms/Mild symptoms vs. Moderate symptoms/Severe symptoms/ 

Very Severe symptoms

−8.70 (< 0.0001) −4.48 (< 0.0001) −3.13 (0.0038) −2.41 (0.0222) −5.74 (< 0.0001)

Cohen’s d 3.21 1.67 1.14 0.89 2.14

Note: Cohen’s d = (mean group 2 – mean group 1)/pooled SD. 
Abbreviations: ANOVA, analysis of variance; FCS, familial chylomicronemia syndrome; PGIS, Patient Global Impression of Severity; SD, standard deviation.
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the FCS-SIS with other PRO measures for FCS provided solid support for the construct validity of both the item and 
composite FCS-SIS scores. Composite scores based on both the FCS-SIS 24-hour recall and 7-day recall variants of the 
symptom items (estimates of FCS-SIS weekly average scores) were significantly and substantially higher among 
participants who reported Moderate/Severe/Very Severe symptoms on the PGIS compared with those who reported 
No/Mild symptoms. The findings from the known-groups validity analyses supported the discriminating ability of the 
item and composite scores, while the correlations between FCS-SIS items and clinical events or outcomes (pancreatitis 
attacks and triglyceride level) provided initial support for the criterion validity of these scores.

Although the study sample was not large enough to produce generalizable results regarding symptom prevalence, the 
results are consistent with those of prior research. While in Fox et al,3 the mean age of participants was younger (44.2 
versus our 49.8 years), T-scores for PROMIS measures were relatively similar, with no differences in scores exceeding 3 
points. Participants in both Fox et al3 and in our study presented with multiple symptoms that showed increased fatigue 
and abdominal pain and detriments in cognitive function in patients with FCS compared with the general population. The 
small sample size is also a limitation of the psychometric evaluation; however, the use of multiple PRO measures 
allowed the testing of numerous hypotheses through the collection of multiple data points per participant. Future research 
would support additional validation properties, such as factor analysis to further test the structure of the measure.

While most item-level descriptive statistics revealed no concerns and frequency distributions supported the appro
priateness of the response categories, several symptom items displayed floor effects that could potentially compromise 
their responsiveness to detect deterioration in FCS symptoms. Although the symptoms experienced were mild, these 
symptoms were experienced on a daily basis, with 93.9% of patients reporting at least 1 symptom in the past 30 days and 
84.9% reporting at least 2 symptoms in the past 30 days. Additionally, 75.8% of patients said they had at least 2 
symptoms in the last 24 hours regardless of severity. Furthermore, the FCS-SIS is intended for use in clinical studies 
likely to involve patients with FCS symptoms at study initiation, and these items were initially developed based on input 
from patients who described these symptoms as important. As such, item reduction based solely on the results of this 
cross-sectional evaluation would not be prudent.

Table 8 Correlations Between Familial Chylomicronemia Syndrome Symptom and Impact 
Composite Scores and Clinical Characteristics

Measures Spearman 
Correlation 

Coefficient (ρ)a

Pearson 
Correlation 

Coefficient (r)b

Number of 
Pancreatitis Attacks 

in Past Year

Most Recent 
Triglyceride 

Level

FCS symptoms (24-hour recall)
Abdominal Pain 0.72 0.35

Physical Fatigue 0.67 0.38
Difficulty Thinking 0.54 0.35

Diarrhea 0.42 0.12

Symptom composite score (24-hour recall) 0.69 0.36
FCS symptoms (7-day recall)

Abdominal Pain 0.77 0.47

Physical Fatigue 0.70 0.34
Difficulty Thinking 0.51 0.42

Diarrhea 0.40 0.10

Symptom composite score (7-day recall) 0.74 0.41
FCS impacts

Impact composite score 0.62 0.65

Note: an = 33. bn =32. 
Abbreviation: FCS, familial chylomicronemia syndrome.
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To further support use of this measure in regulatory decision making, an additional psychometric evaluation using 
longitudinal data should be conducted to confirm and extend the evidence presented here regarding the measurement 
properties of the FCS-SIS. Various approaches for using the FCS-SIS item- and composite-level scores could be explored 
and their responsiveness compared. Such an evaluation could also include the estimation of thresholds for meaningful 
within-patient change (responder thresholds) to facilitate the interpretation of changes in individual symptom and 
composite-level scores. There may also be value in examining the impact of a new treatment on individual symptoms 
of FCS.

Conclusion
This study provides evidence to support the reliability and validity of both item- and composite-level scores derived from 
the FCS-SIS. Coupled with the existing qualitative data and rigorous development process,7 the quantitative evidence 
generated in this study provides preliminary support for use of the FCS-SIS to evaluate disease impact and the efficacy of 
new treatments for FCS. A longitudinal psychometric evaluation, intended to confirm the measure’s responsiveness and 
identify thresholds for meaningful within-patient change using clinical trial data, would be beneficial to support use of 
the FCS-SIS in drug development and real-world evidence generation.
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