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Abstract
Objectives The healthcare burden associated with porphyria remains unevaluated despite the associated increased risks of 
morbidity and mortality. We aimed to assess the healthcare utilization and cost burdens of porphyria in the United States 
(US) using real-world claims data.
Methods We performed a case–control analysis of adults in the Truven Health  MarketScan® Commercial Claims database 
(2010–2015). Using propensity scores, 2788 porphyria cases were matched 1:1 to porphyria-free controls with chronic 
liver disease. Total and service-specific parameters were quantified for the 12 months before porphyria diagnosis versus the 
12 months after diagnosis and over the 12 months following a randomly selected date for controls. Wilcoxon signed rank tests 
and McNemar tests were used to examine incremental differences in burden between cases and controls. Adjusted multivari-
able generalized linear regression models were used to compare healthcare burdens for cases versus controls.
Results Relative to the 12 months before porphyria diagnosis, the following 12 months had more claims per patient (35.94 
vs 39.67; p < 0.0001) and increased per-patient healthcare costs (US$21,308 vs US$27,270; p < 0.0001). Porphyria cases 
incurred US$7839 more in total unadjusted costs compared with controls in the 12 months after index date. Compared with 
controls, cases also had more claims (39.67 vs 34.81), primarily due to inpatient admissions (1.80 vs 0.78) and outpatient 
visits (21.41 vs 17.98). Cases also had higher healthcare costs for inpatient admissions (US$8882 vs US$4674) and outpa-
tient visits (US$12,378 vs US$9801).
Conclusion Porphyria is associated with significant healthcare costs and utilization burdens driven by increased inpatient 
admissions, outpatient visits, and pharmaceutical claims.
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1 Introduction

Porphyrias are a group of rare metabolic disorders caused 
by dysfunction along the heme biosynthesis pathway [1]. 
There are eight distinct porphyrias, each caused by enzyme 
deficiencies that lead to disturbances in the pattern of 

accumulation and excretion of porphyrin and porphyrin 
precursors along the pathway [2]. Typically, porphyrias are 
classified according to the primary site of overproduction 
of these heme precursors as either hepatic or erythropoietic 
[2, 3] and categorized as either acute or non-acute types [4]. 
Common clinical signs of porphyria include unexplained 
abdominal pain and neuropsychiatric symptoms, especially 
in acute hepatic porphyrias (AHP), while photosensitivity 
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Key Points for Decision Makers 

While quantifying the disease burden is essential in 
assessing the cost effectiveness of intervention strategies 
such as screening, the healthcare burden of porphyria in 
the United States is unknown.

Our results show that a new porphyria diagnosis results 
in excess annual healthcare utilization of 3.73 claims per 
patient and an additional US$6062 in per-patient health-
care costs. A new diagnosis of porphyria also resulted in 
an excess per-patient annual cost of US$7839 when com-
pared with porphyria-free chronic liver disease controls.

Porphyria is associated with significant healthcare cost 
and utilization burdens driven by increased inpatient 
admissions and outpatient visits.

PCT is recommended [21]. Heme therapy can be provided 
prophylactically to control symptoms of AHP after hospitali-
zation for an acute attack [22]. Recently, an approach using 
small interfering RNA was approved by the FDA [23]. Novel 
therapies that target specific sites of heme overproduction, 
which could offer promising options for some symptomatic 
patients, are also being developed [24].

Few studies have evaluated the economic and healthcare 
burdens of porphyria. A retrospective case–control study 
conducted in the Netherlands quantified porphyria disease 
burden in a sample of AIP patients with varying expressions 
of disease. In this study, data were collected from patient 
records and questionnaires between 1960 and 2016. Lifetime 
healthcare cost for patients with recurrent attacks was €5.5 
million greater than for those with symptomatic AIP without 
recurrent attacks (€0.3 million) [25]. These results, however, 
are limited to one small sample in a single center in the 
Netherlands, and do not represent the case for the economic 
and healthcare utilization burdens of porphyria in the US.

Porphyrias are a debilitating set of diseases with signifi-
cant clinical sequelae. Yet, the economic and healthcare uti-
lization burdens associated with porphyria in the US remain 
unevaluated. Health insurance claims comprise real-world 
data that can be used to estimate healthcare costs and utili-
zation for porphyria patients while adjusting for individu-
als’ demographics and disease characteristics. In this study, 
real-life claims data were used to conduct a propensity score 
matched case–control analysis to quantify the healthcare 
resource utilization and economic burdens of porphyria in 
commercially insured US adults. Evaluation of economic 
and healthcare burdens can facilitate assessment of interven-
tion strategies, such as determining the cost effectiveness 
of new therapies and enhancing resource allocation efforts.

2  Methods

2.1  Data Source

We conducted a case–control study using the Truven Health 
 MarketScan® Commercial Claims (MSCC) databases from 
January 1, 2010, to December 31, 2015. Data included in the 
MSCC databases represent national healthcare records from 
government and public organizations, large employers, and 
health plans from more than 350 million payers annually. 
The MSCC databases include longitudinal individual-level 
data for health insurance claims across inpatient, outpatient, 
and outpatient prescription drug services. Aggregate data on 
cost of care included in the MSCC represent the amounts 
eligible for payment before applying coordination of ben-
efits, deductibles, and copayments. All MSCC records are 
de-identified data that are compliant with all US patient 
confidentiality requirements. The Internal Review Board of 

is a hallmark of non-acute porphyrias, such as porphyria 
cutanea tarda (PCT) [4].

In the United States (US), an estimated 200,000 indi-
viduals are afflicted by porphyrias [5]. Porphyrias are often 
misdiagnosed [6] or diagnosed late in the disease process 
[7]. When appropriately diagnosed, management commonly 
focuses on reduction of exposure to precipitating factors, 
such as porphyrinogenic medications, excess alcohol intake, 
rapid weight loss (fasting), stress, hormonal changes, acute 
illness/infection, and, in the case of photo-cutaneous por-
phyrias, exposure to sunlight [8].

European studies have found the prevalence of PCT, the 
most common porphyria, to be one in 10,000 individuals [5]. 
While most porphyrias are hereditary, 75–80% of PCT cases 
are acquired though exposure to exogenous factors [9] such 
as alcohol intake, iron overload (hemochromatosis) [10], and 
chronic hepatitis C virus (HCV) infection [11–13]. Although 
multiple forms of porphyria are associated with increased 
risk of hepatic complications [14, 15], patients with PCT, 
in particular, are at substantial risk of severe hepatic mani-
festations [16], including excess mortality from compen-
sated cirrhosis, decompensated cirrhosis (DCC) [17], and 
hepatocellular carcinoma (HCC) [18]. Evidence exists that 
individuals with AHP and acute intermittent porphyria (AIP) 
may also be at greater risk of developing HCC [17, 19]. The 
link between porphyria and HCC is of particular concern 
given the high prevalence and increasing incidence of HCC, 
especially among adults aged 60 years and older [20].

Early diagnosis and treatment of porphyria are neces-
sary to prevent increased morbidity and mortality risks due 
to hepatic complications [14]. Therapeutic phlebotomy or 
hydroxychloroquine to deplete iron stores is effective in 
PCT. In addition, eradication of HCV in all patients with 
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Rutgers Robert Wood Johnson Medical School approved the 
protocol of this study.

2.2  Study Sample

We used inpatient admissions and outpatient records from 
January 1, 2011 to December 31, 2014 to classify partici-
pants as either porphyria patients or chronic liver disease 
(CLD) patients without porphyria. Porphyria was identified 
as one primary or secondary record of International Clas-
sification of Disease, Ninth Revision (ICD-9) code 277.1 in 
either inpatient admissions or outpatient services. The CLD 
group included participants with one primary or secondary 
ICD-9 code for liver transplant, HCC, DCC, compensated 
cirrhosis, HCV, chronic hepatitis B (HBV), alcoholic fatty 
liver, hemochromatosis, non-alcoholic fatty liver disease 
(NAFLD), autoimmune hepatitis, hepatitis E virus, primary 
biliary cirrhosis (PBC), or primary sclerosing cholangitis 
(PSC). Due to small sample size, we combined patients with 
autoimmune hepatitis, hepatitis E virus, PBC, or PSC into 
one group (i.e., other chronic liver disease).

An index date was defined for each participant as either 
the earliest date of porphyria diagnosis, for potential cases, 
or a randomly selected date from all claim records starting 
with the earliest record with a CLD diagnosis, for potential 
porphyria-free controls. The random selection of an index 
date for controls allowed for the comparison between the 
burden of porphyria and the average CLD burden across 
all stages of disease spectrums. We then defined a baseline 
period for each participant as the 12 months prior to the 
selected index date, while the study follow-up period rep-
resented the 12 months following the defined index date. 
Only adult (18 + years) participants with at least 12 months 
of enrollment before and after the index date were included 
in the study.

Baseline demographics, including age, gender, the region 
of residence, and the type of health insurance plan, were 
obtained from the index date records. A comorbidity profile 
was measured for each participant during the baseline period 
using ICD-9 codes acquired from the inpatient admissions 
and outpatient services. The profile included participants’ 
statuses on alcohol abuse or dependence (AAD), liver trans-
plant, HCC, DCC, compensated cirrhosis, alcoholic fatty 
liver, HCV, HBV, hemochromatosis, NAFLD, and other 
chronic liver disease. In addition, a total weighted Charl-
son Comorbidity Index (CCI) score was estimated for each 
participant during the baseline period using algorithms pro-
vided by Quan et al. [26].

2.3  Matching Procedure

We used propensity score matching to ensure the compara-
bility between cases and controls on all observed baseline 

demographics and comorbidity profiles. A multivariate 
logistic regression model, with porphyria status as the 
outcome, that included age group, gender, the region of 
residence, the type of health insurance, hemochromatosis, 
CCI, AAD, liver transplant, HCC, DCC, compensated cir-
rhosis, alcoholic fatty liver, HBV, HCV, hemochromatosis, 
NAFLD, and other CLD, was used to estimate the propen-
sity score for each participant (Supplementary Table S1, 
see electronic supplementary material [ESM]). In turn, 
the estimated propensity scores were used to match por-
phyria cases 1:1 to porphyria-free controls using the near-
est neighbor matching without replacement strategy (i.e., 
GREEDY algorithm), while matching exactly on age group 
and gender [27].

2.4  Healthcare Utilization and Costs

The healthcare utilization parameters included the number 
of claims per patient for inpatient admissions, emergency 
department (ED) visits, outpatient visits, and pharmaceuti-
cal prescriptions. As for the economic burden, we aggre-
gated the total annual service-specific healthcare charges 
over claims related to inpatient admissions, ED visits, out-
patient visits, and pharmaceutical prescriptions. To assess 
the burden associated with a new porphyria diagnosis, we 
aggregated the healthcare utilization and cost parameters 
over the 12 months before and the 12 months after first 
porphyria diagnosis. In addition, we quantified all utiliza-
tion and cost parameters over the 12 months following the 
randomly selected index date for porphyria-free controls to 
compare the burden of porphyria with that of matched CLD 
patients without porphyria.

Measures of healthcare utilization included the mean, 
median, and 25th/75th percentiles of the number of claims 
per patient for inpatient admissions, ED visits, outpatient 
visits, and pharmaceutical prescriptions. We also estimated 
the prevalence of having at least one inpatient admission, 
ED visit, and outpatient visit. An ED visit denoted emer-
gency services that did not result in a hospital admission. 
The average lengths of inpatient stay per patient for all par-
ticipants were also calculated for all cases before and after 
first diagnosis and during the 12 months following index 
date for controls.

The mean, median, and 25th/75th percentiles of the 
healthcare expenditures were calculated for both the overall 
and service-specific costs before and after first diagnosis for 
cases and during the 12 months following the index date for 
controls. In a sub-analysis, we quantified age-group-specific 
healthcare cost comparisons between the 12 months before 
and after first porphyria diagnosis for all five expenditure 
variables. All costs were adjusted to 2019 United States Dol-
lars (US$) using the medical care commodities component 
of the Consumer Price Index [28].
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2.5  Statistical Analysis

We compared baseline characteristics and comorbidity pro-
files for those with and without porphyria before and after 
matching using the standardized differences of means and 
proportions. We used standardized difference cutoffs of 0.2, 
0.5, and 0.8 to indicate small, medium, and large differ-
ences between means and proportions of the two compari-
son groups (Table 1) [29, 30]. Wald Chi-square tests were 
performed to test the associations between porphyria status, 
patients’ categorical characteristics, and comorbidity pro-
files in the unmatched sample. Wilcoxon signed rank tests 
were used to compare all continuous measures of healthcare 
costs and utilization.

McNemar tests were used to compare dichotomous 
parameters of healthcare utilization in both the pre/post-first 
porphyria diagnosis and in the case versus control analyses.

To quantify the burden of porphyria amongst CLD 
patients, we conducted secondary multivariable regression 
analyses using generalized linear models (GLM) models 
with negative binomial distributions for healthcare uti-
lization rates and gamma distributions for cost estimates. 
We used generalized estimation equation (GEE) with 
an exchangeable structure to account for the correlation 
between cases and controls. All GLM models were adjusted 
for age group, gender, the region of residence, the type of 
health insurance, CCI category, AAD, liver transplant, HCC, 
DCC, compensated cirrhosis, alcoholic fatty liver, HBV, 
HCV, hemochromatosis, NAFLD, and other CLD. The 
results of the GLM analyses represented adjusted incidence 
rate ratios (aIRR) stratified by CLD group for utilization 
and cost comparisons between cases with porphyria and 
porphyria-free controls (Supplementary Tables S2–S7, see 
ESM). In a sensitivity analysis, we restricted our healthcare 
cost and utilization assessment to cases with at least two 
records of porphyria diagnosis and controls with at least 
two records of chronic liver disease diagnosis. p values and 
95% confidence intervals (CIs) were calculated for mean 
differences and all aIRR estimates. A p value (p) of < 0.05 
was considered statistically significant. All analyses were 
performed using the SAS 9.4 software (SAS Institute, NC, 
USA).

3  Results

3.1  Sample Characteristics

The study sample included 2.04 million participants in 
MSCC databases who had at least one primary or second-
ary CLD or porphyria diagnosis in either inpatient admission 
or outpatient services (Fig. 1). Of all CLD and porphyria 
patients, 626,604 were adults who met the inclusion criteria 

of continuous enrollment for 12 months before and after the 
index date. A total of 2788 porphyria patients who met the 
inclusion criteria were identified during the study period, 
all of whom were matched 1:1 using propensity scores to 
CLD controls. The incidence of porphyria in the unmatched 
sample was found to be 0.44%.

Between-group differences in the unmatched and matched 
samples are summarized in Table 1. Compared with those 
without, porphyria patients were slightly younger (48.28 vs 
48.82 years; p = 0.0178) with a higher proportion of females 
(55.13% vs 52.31%; p = 0.0029) and a lower CCI (1.10 vs 
1.45; p < 0.0001). Porphyria patients had a lower prevalence 
of NAFLD (4.59% vs 58.68%; p < 0.0001), hemochromato-
sis (1.83% vs 6.87%; p < 0.0001), HBV (0.25% vs 2.96%; 
p < 0.0001), DCC (1.94% vs 12.49; p < 0.0001), compen-
sated cirrhosis (1.22% vs 23.77%; p < 0.0001), HCC (0.18% 
vs 0.78%; p = 0.0003), and liver transplant (0.14% vs 0.84%; 
p < 0.0001) compared with the porphyria-free CLD cohort. 
The distribution of all baseline characteristics was balanced 
between the matched porphyria cases and controls (standard-
ized difference < 0.2) (Table 1).

3.2  Healthcare Utilization

Healthcare utilization was compared between the 
12-month baseline period (pre-porphyria) and 12 months 
following the index date (post-porphyria) in the 2788 
patients with a record of porphyria (Table 2). The total 
number of claims per patient was significantly higher 
in the post-porphyria period than in the pre-porphyria 
baseline period (pre vs post, 35.94 vs 39.67; p < 0.0001), 
representing an increase of 3.73 (95% CI 2.84–4.62) 
claims per patient post-diagnosis. The post-porphyria 
period was characterized by significantly higher num-
bers of inpatient admissions (1.42 vs 1.75; p < 0.0001), 
outpatient visits (19.36 vs 21.41; p < 0.0001), and phar-
maceutical claims (14.48 vs 15.84; p < 0.0001) compared 
with the pre-porphyria period. The prevalence of at least 
one inpatient admission was significantly higher after 
the first porphyria diagnosis compared with the pre-por-
phyria baseline period (14.38% vs 17.07%; p = 0.0003). 
The average length of inpatient stay for porphyria patients 
was slightly higher after first diagnosis than in the pre-
diagnosis period, but the difference was not statistically 
significant (1.66 days vs 1.80 days; p = 0.612).

Healthcare utilization was next compared between 
matched porphyria cases and CLD controls (Supplemen-
tary Table S8, see ESM). The total number of claims per 
patient over the 12 months following index date was sig-
nificantly higher in the case group than in the control group 
(case vs control, 39.67 vs 34.81; p < 0.0001). The increase 
in the total annual number of claims in porphyria cases 
compared with controls was related to a higher number 
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Table 1  Baseline characteristics of the study sample of patients by porphyria status before and after matching, 2011–2014

Patient  characteristicsa Porphyria (n = 2788) No porphyria (n = 623,816) Standardized 
difference before 
 matchingb

Matchedc no 
porphyria controls 
(n = 2788)

Standardized 
difference after 
 matchingb

Age, mean (SD) 48.28 (11.40) 48.82 (10.77) 0.0462 48.38 (11.18) 0.0088
Age group, n (%) 0.0663 N/A
 18–34 years 388 (13.92) 73,854 (11.84) 388 (13.92)
 35–44 years 487 (17.47) 117,040 (18.76) 487 (17.47)
 45–54 years 886 (31.78) 201,835 (32.46) 886 (31.78)
 55 + years 1027 (36.84) 231,087 (37.04) 1027 (36.84)

Gender, n (%) 0.0566 N/A
 Male 1251 (44.87) 297,522 (47.69) 1251 (44.87)
 Female 1537 (55.13) 326,294 (52.31) 1537 (55.13)

US region of residence, 
n (%)

0.0474 0.1125

 Northeast 569 (20.41) 138,754 (22.24) 672 (24.10)
 North Central 503 (18.04) 111,794 (17.92) 485 (17.40)
 South 1122 (40.24) 244,103 (39.13) 1134 (40.67)
 West 539 (19.33) 118,254 (18.96) 450 (16.14)
 Unknown 55 (1.97) 10,911 (1.75) 47 (1.69)

Type of health insurance, 
n (%)

0.0522 0.1597

 Preferred provider 
organization

1754 (62.91) 381,649 (61.18) 1540 (55.24)

 Health maintenance 
organization

314 (11.26) 79,954 (12.82) 394 (14.13)

 Comprehensive 85 (3.05) 17,670 (2.83) 110 (3.95)
 Point of service 219 (7.86) 50,270 (8.06) 271 (9.72)
 Other 416 (14.92) 94,273 (15.11) 473 (16.97)

Comorbidity  profiled

Charlson comorbidity 
index, mean (SD)

1.10 (1.77) 1.45 (2.09) 0.1821 1.18 (1.81) 0.0467

Charlson comorbidity 
index, n (%)

0.1967 0.0599

 0 1440 (51.65) 271,497 (43.52) 1379 (49.46)
 1 661 (23.71) 153,450 (24.60) 655 (23.49)
 2 283 (10.15) 73,971 (11.86) 317 (11.37)
 3 193 (6.92) 50,345 (8.07) 199 (7.14)
 4 + 211 (7.57) 74,553 (11.95) 238 (8.54)

Alcohol abuse or depend-
ence, n (%)

22 (0.79) 11,311 (1.81) 0.0905 27 (0.97) 0.0192

Liver transplant, n (%) 4 (0.14) 5239 (0.84) 0.0997 4 (0.14) N/A
Hepatocellular carcinoma, 
n (%)

5 (0.18) 4846 (0.78) 0.0867 4 (0.14) 0.0894

Decompensated cirrhosis, 
n (%)

54 (1.94) 77,927 (12.49) 0.4167 54 (1.94) N/A

Compensated cirrhosis, 
n (%)

34 (1.22) 23,542 (3.77) 0.1643 33 (1.18) 0.0329

Alcoholic fatty liver, n (%) 9 (0.32) 11,061 (1.77) 0.1428 9 (0.32) N/A
Hepatitis C virus, n (%) 116 (4.16) 60,019 (9.62) 0.2168 147 (5.27) 0.5247
Hepatitis B virus, n (%) 7 (0.25) 18,464 (2.96) 0.2168 7 (0.25) N/A
Hemochromatosis, n (%) 51 (1.83) 42,886 (6.87) 0.2492 52 (1.87) 0.0027
Non-alcoholic fatty liver, 
n (%)

128 (4.59) 366,071 (58.68) 1.4298 128 (4.59) N/A
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of inpatient admissions (case vs control, 1.75 vs 0.87; 
p < 0.0001) and outpatient visits (case vs control, 21.41 vs 
17.98; p < 0.0001). The prevalence of at least one inpatient 

admission was significantly higher for porphyria cases com-
pared with controls (17.07% vs 11.66%; p < 0.0001). We also 
observed a significant higher average length of inpatient 

N/A exactly matched or identical number of cases and controls, SD standard deviation
a All demographics data were obtained on index date (first diagnosis date of porphyria for cases and a randomly selected date from all claim 
records for controls) for chronic liver disease adult participants with continuous enrollment during the 12 months prior and the 12 months fol-
lowing index date
b Difference in means or proportions divided by the standard error. Smaller values indicate better balance between cases and controls
c Porphyria cases and porphyria-free controls with chronic liver disease were matched 1:1 using propensity score. The logistic regression model 
used to estimate the propensity scores included age group, region of residence, gender, type of health insurance, Charlson comorbidity index, 
alcohol abuse or dependence liver transplant, hepatocellular carcinoma, decompensated cirrhosis, compensated cirrhosis, alcoholic fatty liver, 
hepatitis C virus, hepatitis B virus, hemochromatosis, non-alcoholic fatty liver, and other chronic liver disease. In turn, cases and controls were 
exactly matched on age group and gender
d Was estimated during the 12 months prior to the index date
e Included patients with autoimmune hepatitis, hepatitis E virus, primary biliary cirrhosis, or primary sclerosing cholangitis

Table 1  (continued)

Patient  characteristicsa Porphyria (n = 2788) No porphyria (n = 623,816) Standardized 
difference before 
 matchingb

Matchedc no 
porphyria controls 
(n = 2788)

Standardized 
difference after 
 matchingb

Other chronic liver 
 diseasese, n (%)

5 (0.18) 11,294 (1.81) 0.1649 5 (0.18) N/A

Fig. 1  Diagram for study sample selection
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stay between cases and controls (1.80 days vs 0.78 days; 
p < 0.0001).

3.3  Healthcare Costs

In the pre- versus post-diagnosis analysis, the per-patient 
total costs of healthcare services were US$21,308 and 
US$27,370 for pre-porphyria and post-porphyria, respec-
tively (Table 3). The difference in the total unadjusted cost 
was significant with post-diagnosis cases costing US$6062 
(95% CI 3686–8439) more than pre-diagnosis cases. The 
incremental difference in annual healthcare cost after ver-
sus before first porphyria diagnosis was related to US$1482 
(24.45%) in inpatient costs, US$26 (0.43%) from ED costs, 
US$2919 (48.15%) from the costs of outpatient visits, and 
US$1635 (26.97%) from outpatient prescription costs.

Healthcare costs were then compared between matched 
porphyria cases and CLD controls without porphyria 
(Table  4). The total costs of healthcare services over 
the 12 months following index dates were significantly 
higher in porphyria cases than in controls (case vs control, 

US$27,370 vs US$19,531; p < 0.0001), an excess per-
patient annual cost of US$7839 (95% CI 4826–10,852). 
Incremental annual cost in porphyria compared with 
controls was related to higher expenditures for inpatient 
admissions (US$8882 vs US$4674; p < 0.0001) and outpa-
tient visits (US$12,378 vs US$9801; p < 0.0001).

The differences in total annual healthcare costs for por-
phyria patients between pre-diagnosis and post-diagnosis 
were significant among all age groups except for those 
18–34 years old (Fig. 2). The highest difference of US$7610 
(95% CI 3888–11,333) in annual total cost between pre-
diagnosis and post-diagnosis was observed in patients aged 
45–54 years. Relative to pre-diagnosis, the cost of inpa-
tient services post-diagnosis was significantly higher in 
ages 45–54 years (US$5372 vs US$7696; p = 0.0031) and 
55 + years (US$5963 vs US$7840; p = 0.027). The annual 
costs related to outpatient visits were significantly higher 
for patients post-diagnosis in ages 35–44 years (US$8277 
vs US$10,334; p = 0.0164), 45–54  years (US$8949 vs 
US$11,939; p < 0.0001), and 55 + years (US$10,231 vs 
US$12,936; p = 0.0003) compared with pre-diagnosis. 

Table 2  Healthcare resource 
utilization for porphyria patients 
during the 12 months before 
versus the 12 months after first 
diagnosis date, 2011–2014

N/A not applicable
*For the comparisons between pre- and post-first porphyria diagnosis, all p values were obtained from Wil-
coxon signed rank tests for continuous variables and McNemar tests for binary variables

Healthcare utilization Pre-diagnosis (n = 2788) Post-diagnosis (n = 2788) p value*

Total number of claims
 Mean (SD) 35.94 (33.74) 39.67 (35.92)  < 0.0001
 Median [25th, 75th percentile] 26 [13, 49] 30 [15, 52.5]

Inpatient admissions
 Prevalence of at least one visit, n (%) 401 (14.38) 476 (17.07) 0.0003
 Number of admissions
  Mean (SD) 1.42 (8.17) 1.75 (8.44)  < 0.0001
  Median [25th, 75th percentile] 0 [0, 0] 0 [0, 0]

 Total length of stay, days
  Mean (SD) 1.66 (10.50) 1.80 (10.07) 0.0612
  Median [25th, 75th percentile] 0 [0, 0] 0 [0, 0]

Emergency department visits
 Prevalence of at least one visit, n (%) 741 (26.58) 693 (24.86) 0.0752
 Number of visits
  Mean (SD) 0.68 (2.58) 0.67 (2.61) 0.1752
  Median [25th, 75th percentile] 0 [0, 1] 0 [0, 0]

Outpatient visits
 Prevalence of at least one visit, n (%) 2785 (99.89) 2786 (99.93) 0.6547
 Number of visits
  Mean (SD) 19.36 (19.84) 21.41 (20.95)  < 0.0001
  Median [25th, 75th percentile] 13 [7, 25] 15 [8, 28]

Pharmaceutical claims
 Number of claims
  Mean (SD) 14.48 (16.73) 15.84 (17.38)  < 0.0001
  Median [25th, 75th percentile] 10 [1, 22] 11 [2, 23]
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Post-diagnosis cases aged 18–34, 35–44, 45–54, and 
55 + years incurred US$771 (95% CI 138–1404), US$902 
(95% CI 118–1685), US$1982 (95% CI 966–2998), and 
US$2010 (95% CI 1035–2984) higher pharmaceutical costs 
compared with pre-diagnosis, respectively (data not shown).

3.4  Secondary Analysis

In patients with NAFLD and DCC, porphyria cases had 
aIRR 1.41 (95% CI 1.15–1.72) and aIRR 2.19 (95% CI 
1.66–2.90) times the total numbers of claims per patient 

Table 3  Annual per-person 
all-cause healthcare  costa 
comparisons for porphyria 
patients during the 12 months 
before versus the 12 months 
after first diagnosis date, 
2011–2014

SD standard deviation
a All costs were adjusted to the 2019 United States Dollar (US$) using the medical care component of the 
Consumer Price Index
b Wilcoxon signed rank test for cost differences before and after first porphyria diagnosis

Healthcare  costa ($US) Pre-diagnosis (n = 2788) Post-diagnosis (n = 2788) p  valueb

Total cost
 Mean (SD) 21,308 (52,775) 27,370 (70,674)  < 0.0001
 Median [25th, 75th percentile] 6497 (2360, 18,298) 7842 (3041, 21,997)

Inpatient admissions
 Mean (SD) 7400 (39,244) 8882 (43,876) 0.0020
 Median [25th, 75th percentile] 0 (0, 0) 0 (0, 0)

Emergency department visits
 Mean (SD) 1370 (7082) 1396 (5950) 0.8863
 Median [25th, 75th percentile] 0 (0, 263) 0 (0, 0)

Outpatient visits
 Mean (SD) 9459 (22,834) 12,378 (41,774)  < 0.0001
 Median [25th, 75th percentile] 3740 (1390, 9522) 4241 (1662, 10,581)

Pharmaceutical claims
 Mean (SD) 3079 (8728) 4714 (15,672)  < 0.0001
 Median [25th, 75th percentile] 559 (11, 2742) 718 (24, 3153)

Table 4  Annual per-person 
all-cause healthcare  costa 
comparisons between porphyria 
cases and matched chronic 
liver disease controls without 
porphyria, 2011–2014

SD standard deviation
a All costs were adjusted to the 2019 United States Dollar (US$) using the medical care component of the 
Consumer Price Index. Costs were calculated for the 12 months after first diagnosis of porphyria for cases 
and for the 12 months following a randomly selected index date for porphyria-free controls
b Wilcoxon signed rank test for cost difference between porphyria cases and porphyria-free controls

Healthcare  costa (US$) Porphyria (n = 2788) No porphyria (n = 2788) p  valueb

Total cost of claims
 Mean (SD) 27,370 (70,674) 19,531 (46,287)  < 0.0001
 Median [25th, 75th percentile] 7842 (3041, 21,997) 6765 (2188, 17,569)

Inpatient admissions
 Mean (SD) 8882 (43,876) 4674 (28,461)  < 0.0001
 Median [25th, 75th percentile] 0 (0, 0) 0 (0, 0)

Emergency department visits
 Mean (SD) 1396 (5950) 1294 (4456) 0.0697
 Median [25th, 75th percentile] 0 (0, 0) 0 (0, 562)

Outpatient visits
 Mean (SD) 12,378 (41,774) 9801 (27,039)  < 0.0001
 Median [25th, 75th percentile] 4241 (1662, 10,581) 3284 (1146, 8643)

Pharmaceutical claims
 Mean (SD) 4714 (15,672) 3762 (11,386) 0.0621
 Median [25th, 75th percentile] 718 (24, 3153) 553 (21, 2902)
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compared with controls in the 12 months following the 
index date. Similarly, among NAFLD and DCC patients, the 
adjusted cost in the 12 months following index date for por-
phyria cases was aIRR 1.91 (95% CI 1.36–2.69) and aIRR 
4.40 (95% CI 2.92–6.65), respectively, times the cost for 
controls. Among patients with alcoholic fatty liver disease 
and those with liver transplant, the total adjusted annual cost 
for porphyria cases was aIRR 4.99 (95% CI 1.56–15.93) and 
aIRR 2.61 (95% CI 1.36–5.03), respectively, times the cost 
for controls with alcoholic liver disease and liver transplant.

3.5  Sensitivity Analysis

The results of the sensitivity analysis were consistent with 
the main findings of significantly higher cost and utilization 
burdens in porphyria cases versus CLD controls without 
porphyria. The total number of claims per patient over the 
12 months following index date was significantly higher in 
the case group than in the control group (case vs control, 
44.62 vs 37.48; p < 0.0001). The increase in the total annual 
number of claims in porphyria cases compared with con-
trols was related to a higher number of inpatient admissions 
and outpatient visits. Similarly, the total costs of healthcare 

services over the 12 months following index dates were 
significantly higher in porphyria cases than in controls 
(case vs control, US$35,604 vs US$25,577; p < 0.0001), 
an excess per patient annual cost of US$10,026 (95% CI 
4021–16,031).

4  Discussion

To our knowledge, this is the first study to utilize real-life 
claims data to estimate the healthcare utilization and cost 
burdens related to porphyria diagnosis in commercially 
insured US adults. Our case–control analysis highlights the 
higher cost burden and healthcare utilization by patients 
diagnosed with porphyria. Findings show that a new por-
phyria diagnosis results in excess annual healthcare utiliza-
tion of 3.73 claims per patient and an additional US$6062 in 
per-patient healthcare costs. A new diagnosis of porphyria 
also resulted in an excess per-patient annual cost of US$7839 
when compared with porphyria-free CLD controls.

In our study, increases in the incremental difference in 
annual per-person healthcare costs post-versus pre-first 
porphyria diagnosis were primarily due to inpatient costs, 

* Wilcoxon Signed Rank Tests P-value <0.05 for the total difference in annual per person healthcare cost pre- versus post- First porphyria 
diagnosis in patients with the same age group. 
† All costs were adjusted to 2019 United States Dollar ($) Using the Medical Care Component of the Consumer Price Index 

All 18-34 35-44 45-54 55+
Pre-Diagnosis $21,308 $32,000 $19,711 $18,408 $20,529
Post-Diagnosis $27,370 $38,776 $21,182 $26,019 $27,162
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Fig. 2  Annual per-patient total healthcare  costs† for porphyria 
patients pre- versus post-first diagnosis by age group (years). *Wil-
coxon signed rank tests p value < 0.05 for the total difference in 
annual per-person healthcare cost pre- versus post-first porphyria 

diagnosis in patients within the same age group. †All costs were 
adjusted to 2019 United States Dollars ($) Using the Medical Care 
Component of the Consumer Price Index
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outpatient visits, and prescription costs. These results may 
reflect increased costs attributable to initial porphyria diag-
nosis and evaluation. Similar results were demonstrated in a 
study of hemochromatosis where a new diagnosis was asso-
ciated with excess outpatient visits and prescription costs, 
potentially attributable to the need for phlebotomy sessions 
[31]. Phlebotomy sessions are accepted first-line therapy 
for PCT [14]. Outpatient phlebotomy sessions can cost 
US$400–US$1400 per visit [32]. As PCT is the most com-
mon porphyria, this would be in line with a post-diagnosis 
increase in outpatient costs. Other therapies depend on the 
type of porphyria but include adequate carbohydrate intake 
and avoiding triggers such as alcohol or certain hormones. 
Givosiran, a double-stranded small interfering RNA thera-
peutic targeting delta-aminolevulinic acid synthase 1, was 
approved in 2019 for treating AIP [23, 33]. At the time of 
approval, givosiran had a suggested net price of US$442,000 
after discounts [34].

The prevalence of at least one inpatient admission was 
significantly higher after the first porphyria diagnosis com-
pared with the pre-porphyria baseline period. Except for 
pharmaceutical claims, similar results of increased utiliza-
tion burden in porphyria were obtained in the case versus 
control analysis. These findings may be explained by the fact 
that once a diagnosis of porphyria is established, hospitaliza-
tion is indicated, especially for acute porphyric attacks, to 
prevent deterioration of patient status and to permit intrave-
nous administration of hemin or glucose [35, 36].

Total annual healthcare costs related to a new porphyria 
diagnosis were significantly higher in all age groups, except 
the youngest (18–34 years old). The highest difference of 
US$7610 in annual total cost between pre-diagnosis and 
post-diagnosis was found in patients aged 45–54 years. 
Costs for outpatient visits were also significantly higher for 
those 35 + years old and the costs of inpatient admission 
were higher in ages 45 + years. Higher pharmaceutical costs 
existed for post-diagnosis compared with pre-diagnosis in 
all age groups.

When left untreated, some forms of porphyria can result 
in long-term sequelae, including severe hepatic manifesta-
tions such as HCC [14]. HCC incidence increases with age 
and amelioration of HCC risk factors, such as eradication of 
HCV infection, has less of an effect on hepatocarcinogen-
esis in older patients [37]. Due to its association with other 
chronic illnesses, net cost of care for HCC is higher than 
for other cancers [38]. The significant increase in cost of 
inpatient admissions in those aged 45 + years suggests that 
the higher burden we found in older age cohorts may result 
from delayed diagnoses, with elevated costs associated with 
disease progression.

In patients with NAFLD, porphyria cases in our study 
had 1.41 times the total number of claims and 1.91 times 
the total adjusted annual cost compared with controls in the 

12 months following the index date. Ergen et al. suggest that 
NAFLD, specifically nonalcoholic steatohepatitis (NASH), 
is a predisposing factor in triggering porphyria [39]. This 
is of particular importance given that NAFLD is one of the 
leading causes of liver disease in the US, and continues to 
rise in prevalence [40].

Alcohol is a known porphyrinogenic agent and even rela-
tively modest consumption of alcohol (> 60 g) can result 
in an acute attack [41]. In general, alcohol use has been 
associated with high healthcare utilization costs and hepatic 
disease [42]. Alcohol-related liver disease, in particular, is 
responsible for disproportionate healthcare and cost burdens. 
In one study, alcoholic cirrhosis comprised over half of total 
direct healthcare costs for cirrhosis, though it represented 
only 36% of all cirrhosis cases. The same study found that in 
patients with cirrhosis, post-diagnosis per-person costs were 
nearly twice as much for those with alcoholic cirrhosis ver-
sus non-alcoholic cirrhosis (US$44,835 vs US$23,319) [43]. 
This correlates with our finding of higher costs amongst 
patients with alcoholic fatty liver, where the total adjusted 
annual cost for porphyria cases were 4.99 times the cost for 
controls.

Porphyria cases with cirrhosis, both compensated and 
decompensated, had significantly higher healthcare bur-
dens relative to patients with only DCC. Higher numbers 
of claims and increased costs for porphyria cases in cirrho-
sis patients may be explained by increased disease severity 
among porphyria patients. A cohort study in Denmark found 
that patients with PCT had more comorbidities and higher 
risk of mortality than controls [44]. In a large observational 
study of acute porphyria in the US, patients reported receiv-
ing a diagnosis an average of 15 years after experiencing 
initial symptoms [7]. Due to the potential severity and irre-
versibility of damage that can be caused by porphyria, man-
agement of comorbid conditions, avoidance of triggers, and 
timely provision of appropriate therapeutics are key compo-
nents of disease management. This, however, necessitates 
enhancing provider recognition of the condition to allow 
early identification of porphyria [8]. Furthermore, although 
treatment for most porphyrias has not always been optimal 
[24], early intervention with new therapeutic approaches 
(such as those targeting specific disturbances in the heme 
biosynthesis pathway) may prevent the cascade of debilitat-
ing disease that can often be associated with this condition.

Our study is not without limitations. The MSCC data-
base is based on ICD-9 codes, which might underestimate 
the prevalence of some comorbid conditions. Furthermore, 
the disease diagnostic codes do not contain information on 
disease severity. Coding errors during the time of claims 
data entry may lead to misclassifications. However, our find-
ings were confirmed by the sensitivity analysis results in 
which we limited our sample to cases and controls with at 
least two confirmed records. The findings of this study may 
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not represent the US population, since the MSCC database 
only covers commercially insured subjects. Our analysis was 
based on claims data from 2010–2015. However, clinical 
practices related to porphyria and chronic liver disease have 
not significantly changed during recent years; hence, use 
of more recent data is unlikely to alter our main findings. 
In order to quantify the annual healthcare of porphyria we 
limited our analysis to patients with 12 months of continuous 
enrolment before and after porphyria diagnosis. Hence, our 
results might not represent patients who disenrolled or died 
within the first year after porphyria diagnosis.

The study has several strengths. This is the first study in 
the US to utilize real-world claims data to quantify health-
care resource utilization and economic burdens of porphyria. 
The analysis included a large sample size (N = 617,896) and 
a matched control group to allow for the estimation of incre-
mental differences in healthcare utilization and cost param-
eters. The use of propensity score matching ensured high 
comparability between cases and controls. Finally, multiple 
analyses (pre-first diagnosis vs post-first diagnosis and cases 
vs controls) ensured accurate estimates of attributable utili-
zation and cost burdens.

5  Conclusions

This is the first comprehensive cohort analysis estimating the 
healthcare cost and burden of porphyria. Our retrospective, 
population-based claims analysis suggests that porphyria 
imposes substantially higher healthcare cost and utilization 
burdens compared with matched controls within a year of 
disease diagnosis. The burden is mostly due to increased 
inpatient admissions, outpatient visits, and pharmaceutical 
claims. Additional research is needed to identify the cost 
burden of the various types of porphyria to assist providers 
and payors in further identifying risk based on the specific 
genotypic/phenotypic expressions of the disease.
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