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Abstract

Background: Porphyria cutanea tarda (PCT) is a skin disorder caused by a defect in the liver enzyme uroporphyrino-
gen decarboxylase and is associated with hepatitis C virus infection, high alcohol intake, smoking and iron overload.
Data on the long-term morbidity of PCT is lacking.

Methods: We conducted a nationwide matched cohort study over a 24-year period. The study sample included 534
persons aged 18-67 years with a biochemically confirmed PCT diagnosis and a sample of 21,360 persons randomly
selected from the working age population, matched on age, sex and educational attainment. We investigated if
persons with sporadic and familial PCT had an increased risk of long-term sick leave (LTSL) or disability pension. We
further assessed risk before (pre-PCT), during (during-PCT) and after (post-PCT) the typical period of first onset to
diagnosis, treatment and remission.

Results: Overall, persons with PCT had a 40% increased risk (hazard ratio [HR] = 1.4, 95% confidence interval
[Cl]=1.3,1.5) of LTSL and a 50% increased risk (HR=1.5, CI=1.3, 1.7) of disability pension. Risk of disability pension
was increased pre-PCT (HR=1.3,Cl1 1.3 (1.0, 1.6), during-PCT (HR 1.5, CI 1.0, 2.2) and post-PCT (HR=2.0,Cl 1.5, 2.6).

For LTSL, risk was increased pre-PCT (HR=1.3,Cl 1.1, 1.4) and during-PCT (HR=1.5,Cl 1.1, 2.1), but not post-PCT. Risk
was greatest in persons with sporadic than familial PCT. Diagnostic reasons for disability pension that were increased
compared to matched controls were PCT or skin disease in 11 of 199 cases (PCT: n=7, incident rate ratios [IRR] =49.2,
C1=38.38, 62.4; diseases of the skin and subcutaneous tissue, n=4, IRR=4.2, CI=1.6, 11.0). The vast majority of
diagnostic reasons for accessing disability pension were related to comorbidities, PCT susceptibility factors and more
general health issues such as: malignant neoplasms (n=12,IRR=2.4, CI=14, 4.2), substance and alcohol depend-
ence (hn=7,IRR=50, Cl=25, 10.1), neurotic and mood—disorders (n=21,IRR=1.7, CI=1.1, 2.6), and diseases of the
musculoskeletal system and connective tissue (n=71,IRR=2.5,C1=19,3.2).

Conclusions: Persons with PCT have an increased risk of LTSL and disability pension indicating significant morbid-
ity in this patient group. Appropriate long-term follow-up and monitoring for relapses and co-morbid diseases are
recommended.
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the blood stream to the skin, where they act as photo-
sensitisers. Symptoms arise in the form of bullae, fragile
skin, hypertrichosis and hyperpigmentation in the sun-
exposed areas, mostly of the hands and face [2]. Symp-
tom debut typically peaks in the 5th decade of life, but
can develop earlier, and has an approximate equal sex
ratio [3]. In Norway, the incidence of PCT is estimated
at 1 in 100,000, with about 50% being “acquired” (spo-
radic PCT) and 50% associated with a mutation in LUROD
gene (familial PCT) [3], due to two frequently occurring
mutations [3]. In most other populations, the familial
form makes up 20% of cases. Although familial UROD
activity is reduced by up to 50 per cent in familial PCT,
exposure to exogenous factors are required for clinical
disease [4] and only a small number of gene mutation
carriers develop symptoms [4]. The familial and sporadic
types are associated with the same types of susceptibil-
ity factors; such as hepatitis C and B virus infection, high
alcohol intake, smoking, iron overload including genetic
hemochromatosis and the use of oestrogens [3, 5-7].
Liver damage and some degree of iron overload are typi-
cally observed [8]. Treatment includes reduced exposure
to sunlight, the removal of precipitating factors, reduc-
tion of iron overload by repeated venesection and/or low
dose chloroquine treatment to increase the mobilization
of porphyrins from the liver [9, 10]. Such therapies usu-
ally result in prolonged remission in most patients, but
patients are at risk for relapses and annual follow-ups
are recommended [11, 12]. PCT is associated with an
increased risk of hepatocellular carcinoma (HCC) [13—
17] and diabetes mellitus [18].

Norway has a social assistance programme in which the
employer pays the first 16 days of sickness absence and
the social insurance scheme compensates beyond this
until 250 days/52 weeks. Persons thereafter may qualify
for disability pension if they are unable to return to work
following this period of sickness absence, if they have a
reduced earning capacity of at least 50% due to illness or
injury, they have attempted treatment and rehabilitation,
and are aged 18-66 years. Disability pension is paid until
67 years of age when persons transfer to age-retirement
pension. Early exit of the workforce due to poor health
is a burden for the individual, the workplace, society and
the economy [19].

Even though PCT is a hepatic disease, it is typically
seen by health care professionals as a treatable skin disor-
der. Patients, on the other hand, may perceive their illness
as chronic and systematic and that may cause a range of
health problems [20]. In a previous study, we found an
increased risk of premature death in persons with spo-
radic PCT, although not familial PCT, due mostly to liver
disease and alcohol and substance abuse [17]. However,
data on long-term morbidity of PCT is generally scarce
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and the effect of this disease on patients’ working ability
is little investigated. An increased rate of long-term sick
leave (LTSL) and disability pension is a good indicator of
ill health and decreased function within a patient popula-
tion during their working years.

The aims of our study were: (1) to investigate if patients
with PCT receive LTSL or disability pension due to their
PCT diagnosis or PCT-associated comorbidities, (2)
examine differences between patients who receive ben-
efits or did not and, (3) to assess differences between
persons with sporadic and familial PCT, and (4) to assess
the morbidity of PCT and the effect of this disease on
patients’ lives.

Methods

Data sources

Disbursements of LTSL and disability pension were
derived from the Forlgpsdatabasen-Trygd Database.
The database, maintained by the Norwegian Labour and
Welfare Administration and administered by Statistics
Norway, contains complete records regarding payment
of state benefits since 1992 [21]. The primary diagnosis
for the LTSL was coded according to the International
Classification for Primary Care, 2nd edition (ICPC-2)
for LTSL and the International Classification for Disease,
9th (ICD-9) and 10th (ICD-10) editions, from 1992—-1997
and 1998 to the present, respectively. All LTSL and dis-
ability pension diagnostic codes we investigated are pre-
sented in Additional file 1: Table S1.

Porphyria diagnoses, biochemical and clinical data was
derived from the Norwegian Porphyria Registry [22],
which was established in 2002 and is administered by the
Norwegian Porphyria Centre [23]. All individuals with
overt PCT are invited to participate [24]. At the time of
study the data comprised of patient-reported question-
naires and biochemical and genetic laboratory data. The
registry is based on informed consent [25].

Demographic information of all Norwegian residents
was derived from The National Population Register [26].
Individual-based educational attainment was derived
from the National Education Database [27]. Statics
Norway, producing a de-identified research database,
performed precise record linkage between the individual-
level data sources in 2018.

Study design, study population and matched controls

We conducted a population based, nationwide,
matched-cohort study using registry data. Data regard-
ing the exposure (PCT diagnosis) was collected previ-
ously to—and independent of—the outcome measures
(i.e., LTSL, disability pension). The study period was
from January 1992 to December 2016. Of the 811 per-
sons with a confirmed PCT diagnosis in Norway by
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December 2016, 631 persons participated in the cur-
rent study (78%), of whom 534 were eligible (sporadic
PCT, n=228; familial PCT, n=240, unclassified PCT,
n=66). The exclusion criteria are depicted in Fig. 1.

The reference population consisted of 4,951,586 eli-
gible adults aged 18-67 years (i.e,, working age in
Norway). We compared each person with PCT to 40
randomly selected controls from the reference popu-
lation, matched on exact year of birth, sex and educa-
tional attainment (no education, primary and middle
school education (1-10 years of education), interme-
diate education (11, 12, 13 years of education), tertiary
education (14 years or more of education), and unspec-
ified). This resulted in 21,360 controls.

Porphyrin analyses of urine, faeces and plasma,
required to establish the PCT diagnosis, were con-
ducted at the Department of Medical Biochem-
istry and Pharmacology, Haukeland University
Hospital [3], using algorithms described by Badmin-
ton and colleagues [28]. Sequencing of the L/IROD gene
was performed at the Center for Medical Genetics and
Molecular Medicine at Haukeland University Hospital
to establish if the patient had familial or sporadic PCT.
Where DNA analysis had not been performed, partici-
pants were registered as unclassified PCT.
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Statistical analyses

Annual incidence rates by person/years on study and
hazard ratios, calculated using Cox proportional regres-
sion models, were used to assess if persons with PCT
had an increased risk of first LTSL or disability pension.
A PCT diagnosis (yes/no) or PCT-subtype (familial PCT,
sporadic PCT, unclassified PCT) were the exposure vari-
ables, and first ever LTSL and disability pension (yes/
no) were the outcome variables. Age at event was the
timescale and we censored for time of death and when
assessing LTSL, time of disability pension. Persons were
enrolled into the study in 1992 or when turning 18 years,
and exited at the retirement age of 67 years, death, the
event of interest, or study termination in 2016—which-
ever occurred first. Risk was assessed over the entire
working-age, rather than after diagnosis, to better
describe the life course of these patients and indirect
effects of PCT related risk factors and comorbidities on
the outcomes. We calculated Kaplan—Meier curves to
plot increased risk over age. To investigate if persons with
PCT accessed LTSL more frequently and for a longer
duration, we explored differences to the matched con-
trols regarding the count of total days and episodes of
LTSL, divided by person-years. Predicted counts, inci-
dence-rate ratios (IRRs) and 95% confidence intervals
(CI) of annual LTSL days and episodes were calculated by
zero-inflated negative binominal regression models with

Confirmed PCT diagnosis
n=631
Died before 1992
n=6
Remaining
n=625
Younger than 18 years at time of death
n=0
Remaining
n=625
Younger than 18 years by study completion in December 2016
n=0
Remaining
n=625
Older than 67 years by study start in Jan 1992
n=27
Remaining
n=598
Persons who received disability pension prior to the start of the study
(Jan 1992), n=63
Remaining
n=535
Received disability pension before 18th birthday
n=1
Remaining
n=534
Fig. 1 Overview of eligibility criteria and study sample
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robust standard errors. The models are appropriate for
over dispersed data with excess zeros (i.e., no LTSL events
over follow-up) [29]. Day one of LTSL was counted from
the 17th day of consecutive sick leave absences. Separate
models were constructed for PCT overall and the sub-
groups. The proportionality assumption of the Cox mod-
els was assessed by inspecting Kaplan—Meier curves and
the log(—log(survival)) versus log(time) graphs for fixed
covariates, including time-dependent covariates in the
model for all covariates, and tests of the non-zero slope.
No major violations were detected.

To investigate the temporal relationship between risk
of LTSL and disability pension with PCT, we conducted
separate Cox regression models and zero-inflated nega-
tive binominal models with robust standard errors for
the time before, during and following a PCT diagnosis.
This was defined accounting for likely diagnostic delay
and time from diagnosis to full clinical and biochemical
remission in the majority of patients. ‘Pre-PCT’ included
all events registered prior to 2 years before the diagno-
sis; ‘during-PCT’ referred to the two immediate years
prior to and following the PCT diagnosis (i.e., a 4 years
period); ‘post-PCT’ was classified as events occurring
later than 2 years after the diagnosis was established. Per-
son-time was defined separately for the three time cat-
egories accounting for working-age range (18—67 years),
study period (January 1992-December 2016), the event
of interest, retirement and death, or whichever came
first. When assessing risk in the period before, during
and after a PCT diagnosis, the 40 controls were matched
based on age in years at time of porphyria diagnosis,
rather than age at study start. Sex and educational attain-
ment were still accounted for in this matching.

The clinical and biochemical differences between per-
sons with PCT who accessed disability pension to those
who did not were assessed by Chi-square for categori-
cal outcome variables and independent samples t-tests
for continuous based outcome variables. To assess risk
of specific diagnostic codes of interest for LTSL and dis-
ability pension, we calculated IRRs and CIs using Pois-
son regression with robust standard errors and offset for
months on study. Not all disability pension events had a
corresponding diagnostic code (missing data for entire
population =8.9%; missing for PCT cases =3.4%).

We conducted a crude sensitivity analysis of the main
analyses to investigate the potential effect of consent bias.
The analysis included all cases known to have PCT in
Norway aged between 18 and 67 years to December 2016
(n=721). The rate of new LTSL or disability pension
cases was based on the same rate observed in matched
controls (i.e., assuming persons who did not consent
did not vary from the population). We then calculated a
crude relative risk point estimate (crude in that it does
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not account for person-years, censoring or differences
in sex, age or educational attainment in persons who did
not consent) and Cls using a subtraction method [30].

Stata&SE Version 16 for Windows was used for all sta-
tistical analyses (StataCorp Stata Statistical, Software,
College Station, TX, USA).

Ethical approval

The study was approved by the Western Regional Com-
mittee for Medical and Health Research Ethics, Norway
(reference number: 2012/753).

Results

Baseline characteristics

Persons with sporadic and familial PCT did not dif-
fer from the general population in relation to sex ratio,
although all PCT sub-groups were significantly older
at the study start (Table 1). Persons with sporadic and
unclassified PCT generally had less acquired years of
formal education than persons with familial PCT or the
general population (Table 1).

Risk of first ever LTSL and disability pension

80.9% of persons with PCT compared to 71.0% of the
matched controls accessed LTSL over 211,784.8 person-
years at risk under observation. The annual incidence
was 10.4% for persons with PCT compared to 7.3% in
matched controls, constituting a 1.4-fold increased risk
(HR=1.4, CI 1.3, 1.5) (Fig. 2). Risk was greatest in per-
sons with sporadic (HR=1.5, CI 1.3, 1.7) and unclassified
(HR=1.6, CI 1.2, 2.2) PCT, but also increased in persons
with familial PCT (HR=1.3, CI 1.2, 2.2) (Fig. 2).

37.3% of persons with PCT accessed disability pension
compared to 26.6% of matched controls resulting in a 1.5-
fold (HR=1.5, CI 1.3, 1.7) increased risk (Fig. 2). Within
subgroups, risk was increased 1.6 (HR=1.6, CI 1.4, 2.0)
in persons with sporadic PCT, 2.1 (HR=2.1, CI 1.5, 3.0)
in persons with unclassified PCT and 1.2 (HR=1.2, CI
0.9, 1.5) in persons with familial PCT (Fig. 2).

Excess risk of LTSL increased from 1.3 pre-PCT
(HR=1.3, CI 1.1, 1.4) to 1.5 during-PCT (HR=15, CI
1.1, 2.1), but then decreased post-PCT (HR=0.7, CI 0.5,
1.1). Excess risk of disability pension also increased from
1.3 pre-PCT (HR=1.3, CI 1.0, 1.6) to 1.5 during-PCT
(HR=1.5, CI 1.0, 2.2), and increased to 2.0 post-PCT
(HR=2.0-fold, CI 1.5, 2.6). However, overlapping Cls
suggest that these differences between pre-PCT, during-
PCT and post-PCT were non-significant (Additional
file 2: Table S2).

We found no evidence that effect of PCT on LTSL
differed between men and women (p value for interac-
tion sex#exposure=0.636). There was a trend, although
with considerable uncertainty, that the effect of PCT
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A. First ever LTSL event
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Over entire study period B —

Subgroup Hazard ratio (95% Cl)

Overall 7.3(7.2,7.4) 10.4 (9.4, 11.4) 1.4(1.3,1.5)
Sporadic PCT 7.5 (7.4,7.7) 11.1(9.6, 12.8) 1.5(1.3,1.7)
Familial PCT 6.9(6.7,7.1) 9.2 (8.0, 10.6) 1.3(1.1,1.5)
Unclassified 8.2(7.8,8.6) 13.6 (10.4,17.9) 1.6(1.2,2.2)

0.5 1.0 15 2.0 25
-—
Decreased  Increased
risk risk

Controls PCT Hazard ratio (95% ClI)

Over entire study period

Overall 15(1.4,15)  22(19,25) 15(1.3,1.7)
SporadicPCT ~ 1.7(16,17)  2.7(22,3.3) 1.6 (1.4,2.0)
Familial PCT ~ 12(1.2,13)  1.4(11,18) 12(0.9, 1.5)
Unclassified 19(17,20)  3.9(28 54— 2.1(15,3.0)

Fig. 2 Kaplan-Meier estimates and subgroup analyses of long-term sick leave (LTSL) and disability pension

Annual incidence per 100 (95% Cl)
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Decreased Increased
risk risk

on LTSL was stronger with higher education (primary
education [HR=1.3, CI 1.1, 1.6], upper secondary
school [HR=1.4, CI 1.2, 1.6] and university education
[HR=1.5, CI 1.2, 1.8]). However, this was not a statis-
tically significant interaction (p value for interaction
education#exposure = 0.420).

Sensitivity analysis of non-consent bias for main analyses
Including persons who did not consent with a known
diagnosis of PCT in Norway (n=187) with no additional
risk of LTSL or disability as matched controls in a crude
sensitivity analysis, would result in a relative risk estimate
of 1.1 (CI 1.1, 1.2) for LTSL and 1.3 (CI 1.2, 1.4) for dis-
ability pension. Therefore, if persons who did not consent
had, hypothetically, similar rates as matched controls,
rather than persons with PCT who did consent, this
would have reduced the effect sizes by 20% for LTSL and
30% for disability pension. The findings would, however,
remain statistically significant.

Days on sick leave and frequency of episodes

Overall, persons with PCT were on LTSL 1.3 more days
per year (IRR=1.3, CI=1.0, 1.5) and had 1.1 more
annual episodes than matched controls (IRR=1.1,
CI=1.0, 1.5) (Table 2). Excess LTSL days increased
from pre-PCT (IRR=1.4, CI=1.2, 1.7) to during PCT
(IRR=2.0, CI=1.4, 3.0), but were reduced post-PCT
(IRR=0.30, CI=0.1, 0.5) (Table 2). Excess LTSL events
decreased from pre-PCT (IRR=1.4, CI=1.2, 1.7) to
during-PCT (HR=1.3, CI=0.9, 1.8), and again in post-
PCT (HR=0.3, CI=0.1, 0.5) (Table 2). Overlapping Cls
suggest, however, that differences between pre and dur-
ing—PCT estimates for events and total days were non-
significant. Persons with sporadic disease had an increase

of annual LTSL days and events overall, pre-PCT and
during-PCT. This trend was less clear in persons with
familial PCT (Table 2).

LTSL and disability pension causes

Compared to matched controls, LTSL risk was increased
for general and unspecific symptoms in persons with
familial PCT (IRR=1.4, CI=1.0, 2.0), digestive issues
(IRR=2.5, CI=1.3, 4.8), and muscle and joint pain
(IRR=2.1, CI=1.3, 3.3) in persons with sporadic PCT,
and endocrine and metabolic disorders for both spo-
radic PCT (IRR=13.3, CI=9.5, 18.7), and familial PCT
(IRR=15.0, CI=10.1, 22.3). Compared to matched
controls, risk of disability pension in persons with PCT
was increased due to malignant neoplasms (IRR=2.4,
Cl=14, 4.2), PCT (IRR=49.2, CI=38.8, 62.4), heredi-
tary hemochromatosis (n=2, IRR=29.1, CI=10.8, 78.8),
cerebrovascular diseases (n=7, IRR=3.2, CI=1.6, 6.7),
substance and alcohol dependence (n=7, IRR=5.0,
CI=2.5, 10.1), neurotic and mood—disorders (n=21,
IRR=1.7, CI=1.1, 2.6), diseases of the skin and subcu-
taneous tissue (n=4, IRR=4.2, CI=1.6, 11.0), and dis-
eases of the musculoskeletal system & connective tissue
(IRR=2.5, CI=1.9, 3.2). In the subgroup analysis, risk
was only increased in persons with sporadic PCT for
malignant neoplasms (IRR=3.0, CI=1.4, 6.2), and neu-
rotic and mood disorders (IRR=2.2, CI=1.2, 3.9), and
increased in both persons with sporadic PCT (IRR=3.3,
2.4, 4.6) and familial PCT (IRR=1.6, CI=1.0, 2.6) for
diseases of the musculoskeletal system and connective
tissue. Prevalence rates and IRRs for LTSL and disability
pension diagnostic codes are depicted in Tables 3 and 4,
respectively.



Baravelli et al. Orphanet Journal of Rare Diseases

(2022) 17:72

Table 2 Days on sick leave and frequency of episodes—by years on study and days on sick leave per episode
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Social benefit type/group

Total number at

Predicted count divided by years

Yearly difference (95% Cl)

Incident rate

risk on study (95% Cl) ratio (95% Cl)
Annual LTSL days
Reference 21,360 237 (22.7,24.7) 0.0 1.0
PCT (total) 534 30.7 (26.6,34.9) 70(2.7,11.3) 1.3(1.1,1.5)
Reference 9120 258(243,27.3) 0.0 1.0
Sporadic PCT 228 36.7 (29.8,43.5) 10.9(3.8,17.9) 14(01.2,1.7)
Reference 9600 20.9(19.8, 22.0) 0.0 1.0
Familial PCT 240 23.7(18.0,294) 2.8(—=3.0,86) 1.1(09,1.5)
Reference 2640 269(226,31.2) 0.0 1.0
Unclassified 66 35.8(25.1,46.4) 89(—26,203) 1.3(09,1.9)
Pre-PCT
Reference 19,359 24.8 (24.1,25.4) 0.0 1.0
PCT (total) 484 35.7(30.1,414) 11.0(5.3,16.6) 14(01.2,1.7)
Reference 8884 234(22.7,24.2) 0.0 1.0
Sporadic PCT 222 347 (284,41.1) 11.3(49,17.7) 15(1.2,1.8)
Reference 8280 1(24.1,26.2) 0.0 1.0
Familial PCT 207 31.0(23.7,3823) 59(—15,133) 12(1.0,1.6)
Reference 2195 28.7(26.0,31.3) 0.0 1.0
Unclassified 55 57.6(25.7,89.4) 289(5.2,61.3) 20(1.1,35)
During-PCT
Matched cohort 15,916 .1(5.6,6.6) 0.0 1.0
PCT (total) 392 124(7.8,16.9) 6.3(1.7,10.8) 20(14,3.0)
Reference 6060 7(4.0,5.3) 0.0 1.0
Sporadic PCT 142 12.5(5.1,19.8) 7.8(03,15.2) 27 (14,49
Reference 7735 2(5.5,6.9) 0.0 1.0
Familial PCT 201 10.2 (44 16.1) 40(—1.8,99) 1.7(0.9,3.0)
Reference 2121 9(8.2,11.5) 0.0 1.0
Unclassified 49 209 (38 (3.8,37.9) 11.0(—6.1,28.1) 2.1(0.9,4.9)
Post-PCT
Matched cohort 13,868 15.9(11.2,20.6) 0.0 1.0
PCT (total) 335 4(1.9,6.8) —116(—168,—6.4) 0.3(0.1,0.5)
Reference 5102 7(3.1,44) 0.0 1.0
Sporadic PCT 115 ( 1.1,4.0) —23(—49,04) 04(0.1,2.3)
Reference 6969 16.7 (10.1, 23.3) 0.0 1.0
Familial PCT 100 5(1.0,80) —122(=197,—-47) 0.3(0.1,06)
Reference 1797 474 (22.3,72.5) 0.0 1.0
Unclassified 40 123(14,23.2) —35.1(—624,—-728) 0.3(0.1,0.7)
Annual LTSL episodes
Matched controls 21,360 0.30(0.29,0.31) 0.0 1.0
PCT (total) 534 0.34(0.30,0.38) 0.04 (= 0.01,0.08) 1.1(1.0,1.3)
Matched controls 9120 31(0.30,0.33) 0.0 1.0
Sporadic PCT 228 0.39(0.30,0.33) 0.07 (0.00,0.15) 1.2(1.0,1.5)
Matched controls 9600 0.27 (0.25,0.28) 0.0 1.0
Familial PCT 240 0.26 (0.21,0.31) 0.01 (—0.49,0.48) 1.0(0.8,1.2)
Matched controls 2640 0.38(0.34,043) 0.0 1.0
Unclassified 66 41(0.31,0.51) 0.3 (—0.08,0.13) 1.1(0.8,1.4)
Pre-PCT
Reference 19,359 0.24(0.23,0.24) 0.0 1.0
PCT (total) 484 0.33(0.27,0.39) 0.02 (—0.01, 1.05) 14(1.2,1.7)
Reference 8884 0.24(0.23,0.25) 0.0 1.0
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Social benefit type/group

Total number at

Predicted count divided by years

Yearly difference (95% Cl)

Incident rate

risk on study (95% Cl) ratio (95% Cl)
Sporadic PCT 222 0.34(0.26,041) 0.10(0.03,0.17) 14(1.1,1.8)
Reference 8280 0.23(0.22,0.24) 0.0 1.0
Familial PCT 207 0.29(0.20,0.38) 0.06 (—0.03,0.15) 1.3(09,1.7)
Reference 2195 0.25(0.22,0.27) 0.0 1.0
Unclassified 55 042 (0.19,0.66) 0.17 (—0.06,0.41) 1.7(1.0,3.0)
During-PCT

Matched cohort 15916 0.07 (0.06, 0.08) 0.0 1.0

PCT (total) 392 0.09 (0.06,0.12) 0.02 (—=0.01,1.05) 1.3(09,1.8)
Reference 6060 0.04 (0.04, 0.05) 0.0 1.0
Sporadic PCT 142 0.08(0.03,0.13) 0.04 (= 0.01,0.08) 1.8(1.0,33)
Reference 7735 0.07 (0.06, 0.08) 0.0 1.0
Familial PCT 201 0.07 (0.03,0.11) 0.00 (—0.04, 0.04) 1.0 (0.6,1.8)
Reference 2121 0.14(0.11,0.17) 0.0 1.0
Unclassified 49 0.19 (0.05,0.34) 0.05 (—0.09, 0.20) 14(06,3.0)

After-PCT

Matched cohort 13,868 0.17(0.11,0.22) 0.0 1.0

PCT (total) 335 0.04 (0.01,0.07) —0.12(—=0.18, —0.06) 0.3(0.1,0.5)
Reference 5102 0.04 (0.03,0.05) 0.0 1.0
Sporadic PCT 115 01 (0.00,0.02) —0.03 (—0.05, —0.02) 0.2 (0.0,0.8)
Reference 6969 0.20(0.11,0.29) 0.0 1.0
Familial PCT 100 0.06 (0.01,0.11) —0.14(—0.24, — 0.04) 0.3(0.1,0.7)
Reference 1797 0.39(0.16,0.62) 0.0 1.0
Unclassified 40 0.08 (0.00,0.15) —0.32(—0.56, —0.08) 0.2 (0.1,06)

Models and predicted counts based on a zero-inflated negative binominal model with robust standard errors. Day one of long-term sick leave is counted from the
17th day of consecutive sick leave absences. Sick leave days and episodeswere divided by person-years on study, either for the entire study period, 2 years or more
before (pre-PCT), within 2 years (during-PCT) and more than 2 after (post-PCT)—the age at the porphyria diagnosis. Estimates include 0 counts (i.e., no sick leave
episode during period of study). Persons who accessed disability pension, retired, or died before these time periods were excluded from the time at risk cases.

LTSL, long-term sick leave

Characteristics of disability pension receivers

Persons who accessed disability pension were more likely
to have sporadic or unclassified PCT and less likely to
have familial PCT, be female, were on average 4 years
older, have lower educational attainment, die over the
study period, have a liver disease or Type II diabetes and
report sore/fragile skin as a symptom of their PCT (Addi-
tional file 3: Table S3). On the other hand, no significant
differences were observed for self-reported alcohol con-
sumption, smoking, BMI, frequency of C282Y homozy-
gosity, oestrogen use, other symptoms of PCT or total
porphyrins or uroporphyrins (Additional file 3: Table S3).

Discussion

Main findings

In a nationwide matched-cohort study with a 24-year
follow-up period, we found that persons with PCT had
a 1.4-fold increased risk of a LTSL event and a 1.5-fold
increased risk of disability pension during their working
life compared to controls. Risk of disability pension was
increased 1.3-times pre-PCT, 1.5-times during-PCT and

2.0-times after-PCT. Persons with sporadic and unclassi-
fied PCT had the greatest increased risk for both LTSL
and disability pension.

Contribution and interpretation

To our knowledge, no previous study has investigated the
association between PCT and LTSL or disability pension,
which are good indicators of morbidity during the work-
ing age of a patient group compared to the general popu-
lation. We expected that PCT in itself, and independent
of comorbidities, may result in increased access to LTSL
during symptom onset, treatment and through to remis-
sion, and indeed our findings support this hypothesis.
However, we also found that risk of disability pension
was increased both before and mostly following a PCT
diagnosis.

Susceptibility factors of PCT include excessive alcohol
intake, hepatitis B and C infection and human immuno-
deficiency virus, especially in persons with sporadic PCT.
Therefore, our findings of an increased risk of LTSL and
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Table 3 (continued)

Diagnosis (ICPC- Cases (one count Crude Incidence rate Diagnosis (ICPC-  Cases (one count Crude Incidence rate
2) per person per prevalence ratios (95% Cl) 2) per person per prevalence  ratios (95% Cl)
diagnosis) per 100 diagnosis) per 100
General and unspecific (ICPC2: A) Familial PCT 14/240 58 0.7(04,1.2)
Reference (total) 19,215/21,360 10.0 1.0 Feeling depressed/depressive disorders (ICPC2: P03)
PCT (total) 68/534 12.7 1.1(09,14) Reference (total) 2612/21,360 12.2 1.0
Reference 877/9120 9.6 1.0 PCT (total) 73/534 13.7 1.0(0.8,1.3)
Sporadic PCT 34/228 14.9 14(1.0,20) Reference 1074/9120 11.8 1.0
Reference 1065/9600 1.1 1.0 Sporadic PCT 35/217 154 1.2(0.8,1.7)
Familial PCT 31/240 129 1.0(0.7,1.5) Reference 1277/9600 133 1.0
Weakness (ICPC2: A04) Familial PCT 34/240 14.2 1.0(0.7,14)
Reference (total) 809/21,360 38 1.0 Endocrine, metabolism, disorders (ICPC2:T99)
PCT (total) 29/534 54 1.2(08,1.8) Reference (total) 87/21,360 04 1.0
Reference 305/9120 33 1.0 PCT (total) 48/534 9.0 13.1(10.2,16.8)
Sporadic PCT ~ 11/217 48 12(07,22) Reference 25/9120 03 1.0
Reference 423/9600 44 1.0 Sporadic PCT 18/217 79 15.0(10.1,22.3)
Familial PCT 17/240 7.1 14(09,23) Reference 52/9600 0.5 1.0
Digestive (ICPC2: D) Familial PCT 11/240 10.8 13.3(9.5,18.7)
Reference (total) 280/21,360 13 1.0 Urological disorder/symptoms (ICPC2: U14)
PCT (total) 15/534 28 1.9(1.1,3.0) Reference (total) 386/21,360 1.8 1.0
Reference 120/9120 13 1.0 PCT (total) 11/534 2.1 1.0(06,19)
Sporadic PCT 9/217 4.0 2.5(1.3,4.8) Reference 173/9120 19 1.0
Reference 130/ 9600 14 10 Sporadic PCT  6/217 26 1.3(06,2.8)
Familial PCT 5/240 2.1 14(0.6,34) Reference 171/9600 18 10
Hypertension/ elevated blood pressure (ICPC2: K85-K87) Familial PCT 4/240 1.7 09(03,23)
Reference (total) ~ 657/21,360 3.1 1.0 Incident rate ratios calculated by Poisson regression with robust standard errors
PCT (total) 14/534 26 08(05,13) and offset for the natural log of months on study. Persons with unclassified PCT
were removed due to small numbers. ICPC-2 = International Classification of
Reference 291/9120 32 10 Primary Care, 2nd edition. ICPC-2 codes reflect the diagnostic reason for long-
Sporadic PCT 8/217 35 1.1(05,2.1) term sick leave. Other diagnoses that were investigated, but had counts less
peeence o500 3010
Familial PCT 3/240 13 02(0.1,12) PO1); affective disorder, n=4 (ICPC2: P73) anxiety disorder, n=3 (ICPC2: P74),
Ischemic heart disease (ICPC2: K74) :Ju]i%de attempt, n=0 (ICPC2:P77), kidney symptom/ complaint, n=0 (ICPC2:
Reference (total) 297/21,360 14 1.0
PCT (total) 3/534 0.6 04(0.1,14)
Reference 142/9120 16 10 disability pension likely reflect, in part, the role of comor-
Sporadic PCT  0/217 00 00 (00,0.0) bidities. In Norway, diagnostic delay is typically no longer
Reference 113/9600 12 10 than one to two years. So increased rates of disability
Familial PCT 1/240 04 04(0.1,26) pension two years or more before a diagnosis is likely due
Muscle sympt/pain, joint sympt/pain (ICPC2: L18,-L20) to comorbidities. This was reinforced by our finding of
Reference (total)  801/21,360 38 10 an effect in persons with sporadic but not familial PCT
PCT (total) 31/534 g 1401.0,2.1) two years or more before a PCT diagnosis, given as a sub-
Reference 345/9120 38 10 group they generally have less comorbidities than per-
Sporadic PCT ~ 19/217 83 2.1(13,33) sons with sporadic PCT.
Reference 376/9600 39 10 Although many persons with PCT are treated and
Familial PCT 11/240 46 11 (06,2.0) managed successfully, a number of patients experi-
Acute stress reaction (anxiety) (ICPC2: P02) ence relapses, especially if not followed up adequately.
Reference (total)  1209/21,360 57 10 Therefore, one explanation for the excess risk of dis-
PCT (total) 33/534 6 09(06,12) ability pension following the typical period of remis-
Reference 464/9120 5 10 sion, may be due to a subset of patients who experience
Sporadic PCT  16/217 70 1107.18) ongoing relapses or for whom remission is not reached.
Reference 642/9600 6.7 10 A recent meta-analysis reported a relapse rate between

5 to 17 per 100 person-years after remission for PCT
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[12]. Some patients also report diffuse long-term mor-
bidity and a range of health problems they relate to
their PCT diagnosis, despite successful treatment [20].
A report by the Norwegian Porphyria Registry found
that the proportion of PCT patients who attended
their annual medical check-up and fulfilled the rec-
ommended procedures was 66% in 2017 and only 53%
had performed assessment of their porphyrin levels
[25]. Analysis of porphyrins in urine and/or plasma is
important in PCT because porphyrin concentrations
indicate whether the patient is in remission or should
start treatment to avoid new symptoms.

Diagnostic reasons for LTSL were generally similar to
matched controls, such as muscle and joint pain, anxi-
ety and depression, and was only increased compared to
controls for digestive symptoms/disorders, general and
unspecific symptoms and muscle and joint pain as well
as endocrine and metabolic disorders, which includes the
diagnosis of PCT. This may be explained in part by PCT
itself or treatment for PCT, such as digestive issues as a
known side-effect of chloroquine, used for treatment of
PCT or related to for example hepatitis C, iron overload
or other co-morbidities. Diagnostic reasons for disability
pension also included substance and alcohol dependence,
further supporting the role of comorbid diseases. Persons
with PCT also had an increased risk of disability pension
due to malignant neoplasms and diseases of the musculo-
skeletal system and connective tissue. In a previous study
of the same cohort, we found that PCT was also associ-
ated with risk of early death and risk of hepatocellular
carcinoma and gallbladder and biliary tract cancer [17].
Only seven persons were placed on a disability pension
due to their PCT itself and four persons due to diseases
of the skin & subcutaneous tissue, which is likely related
to their PCT.

We observed a reduced risk of LTSL after the PCT
diagnosis. However, during this time-period most per-
sons with PCT were censored from the analysis due
to a very high proportion having already had a LTSL
event, having transitioned to disability pension or turned
67 years of age, transitioning to an old age pension. Addi-
tionally, the small subset of persons who had never had
a LTSL event before or during their PCT diagnosis may
also have differed from persons with PCT in general
and, for a variety of reasons, may be less inclined to take
LTSL. Estimates derived after a PCT diagnosis for LTSL
are, therefore, likely unreliable. It is probable that this was
less of an issue for disability pension given this is a less
common event which typically occurs later in life and
therefore, a larger proportion of persons remained in the
analysis following their PCT diagnosis.

Page 10 of 12

Strengths and limitations

Strengths of the current study included the prospective
nation-wide cohort design with a 24-year study follow-
up. Data for outcomes and cofactors were drawn from
national compulsory registries or administrative data-
bases. To account in part for residual confounding we
matched persons with PCT to controls of the same age,
sex and educational attainment randomly selected from
the entire population. We further investigated differences
between persons with sporadic PCT and familial PCT as
an indication of confounding by comorbidities. We fur-
ther adjusted for education as a proxy of socioeconomic
position and lifestyle.

The diagnosis of PCT is in most patients established in
the 5th or 6th decade of life [20]. Therefore, comparing
this patient group to the entire population will inevitably
include comparisons to larger proportions of younger
people. Even after adjusting for age in our models, this
may lead to residual confounding and bias our estimates.
We therefore used a ratio of 40 controls per case to
ensure exact matching and sufficient statistical power for
our main analyses. The controls were selected at random
from the target population, reducing potential selection
bias.

A limitation of the current study was that we were
unable to include all persons with a PCT diagnosis across
Norway. Except for persons who were deceased at the
design phase of the study, participation was consent
based and persons who did not participate may differ to
persons who did. However, the participation rate of all
known persons in Norway with a confirmed diagnosis of
overt PCT was relatively high at 77.8% and we were able
to investigate for potential bias by conducting a crude
sensitivity analysis. In this analysis we included all known
eligible persons in the main analysis and assessed the
effect on risk ratios by specifying, hypothetically, that the
additional members had a similar rate to matched con-
trols. We find it reassuring that although the sensitivity
analysis decreased the effect size, it did not change the
overall study findings.

Another limitation of the study was the lack of some
potentially important confounders at the level of the
population, such as alcohol use and liver disease. We
used clinical questionnaires from the Norwegian Por-
phyria Registry for persons with PCT, which provided
some indication of differences between our sub-groups
and persons with PCT who accessed disability pen-
sion compared to those who did not. However, this
data did contain some missing data and is subjective,
and therefore, there is some potential for information
bias, especially in regards to lifestyle items. Given that
confounding by lifestyle factors is likely in the current
study, we also adjusted for educational attainment as
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a proxy of socioeconomic position and lifestyle, which
was available for both cases and controls. However,
despite our best efforts and use of a matched control
group, residual confounding remains a potential source
of bias in the current study.

Lastly, welfare systems across the world vary con-
siderably and the rates in LTSL and disability pension
in Norway are likely to be different compared to other
countries. As discussed previously, Norway has a gener-
ous welfare system in which all residents who are reduced
in their capacity to work due to illness or disability have,
in principle, fair access to social security. In countries
where such systems may be more difficult to access, ill-
ness due to PCT and comorbidities may result in a loss
of employment, earlier access to age-retirement pension,
or persons may have to continue working despite their
morbidities. LTSL and disability leave can be considered
proxy measures of morbidity in this patient group, which
is likely to be similar across countries regardless of the
welfare system.

Conclusion

We found that persons with PCT had an increased risk
of LTSL and disability pension. The risk for LTSL was
increased before and during the typical time-period from
first symptom onset, through to a diagnosis, treatment
and remission. Risk for disability pension was increased
over the entire study period, but was greatest following
the typical period of remission for a porphyria diagnosis.
The risk for disability pension was generally greater for
persons with sporadic PCT than familial PCT, support-
ing the role of comorbidities. Overall, these outcomes
indicate increased morbidity amongst PCT patients and,
consequently, a decreased participation in the work-
force. This is likely due to a number of factors such as
PCT comorbid diseases and associated precipitating fac-
tors, PCT related symptoms, treatment side-effects and
relapse. This highlights the importance of providing ade-
quate follow-up of patients for their PCT and the associ-
ated comorbidities, not only until clinical remission but
following this period as well.
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