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Background: Iron-deficiency anemia and iron deficiency are common comorbidities associated 

with inflammatory bowel disease (IBD) resulting in impaired quality of life and high health care 

costs. Intravenous iron has shown clinical benefit compared to oral iron therapy. 

Aim: This study aimed to compare health care outcomes and costs after oral vs intravenous iron 

treatment for IBD patients with iron deficiency or iron deficiency anemia (ID/A) in Germany.

Methods: IBD patients with ID/A were identified by ICD-10-GM codes and newly com-

menced iron treatment via ATC codes in 2013 within the InGef (formerly Health Risk Institute) 

research claims database. Propensity score matching was performed to balance both treatment 

groups. Non-observable covariates were adjusted by applying the difference-in-differences 

(DID) approach.

Results: In 2013, 589 IBD patients with ID/A began oral and 442 intravenous iron treatment. 

After matching, 380 patients in each treatment group were analyzed. The intravenous group 

had fewer all-cause hospitalizations (37% vs 48%) and ID/A-related hospitalizations (5% vs 

14%) than the oral iron group. The 1-year preobservation period comparison revealed significant 

health care cost differences between both groups. After adjusting for cost differences by DID 

method, total health care cost savings in the intravenous iron group were calculated to be €367. 

While higher expenditure for medication (€1,876) was observed in the intravenous iron group, 

the inpatient setting achieved most cost savings (€1,887).

Conclusion: IBD patients receiving intravenous iron were less frequently hospitalized and 

incurred lower total health care costs compared to patients receiving oral iron. Higher expendi-

tures for pharmaceuticals were compensated by cost savings in other domains.

Keywords: inflammatory bowel disease, iron-deficiency anemia, claims data, iron treatment, 

health care cost, Germany

Introduction
Iron deficiency anemia (IDA) is the most common form of anemia worldwide1 and 

the most frequent extraintestinal complication of inflammatory bowel disease (IBD), 

a group of systemic inflammatory conditions including Crohn’s disease and ulcerative 

colitis.2–8 Although the cause of anemia in IBD is multifactorial, iron deficiency (ID) 

is one of the most prevalent underlying factors, caused by poor iron intake, chronic 

blood loss, or impaired absorption.9 ID without anemia may cause an array of clini-

cal symptoms including fatigue, sleeping disorders, restless legs syndrome, attention 

deficit, discontentment, agitation, and female infertility.10,11
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Diagnostic criteria for ID depend on the level of inflam-

mation. In patients without clinical, endoscopic, or biochemi-

cal evidence of active disease, serum ferritin <30 μg/L is an 

appropriate criterion. In the presence of inflammation, serum 

ferritin up to 100 μg/L may still be consistent with ID.12 

The World Health Organization (WHO) currently defines 

anemia as a hemoglobin value <12.0 g/dL (7.45 mmol/L) in 

non-pregnant women and <13.0 g/dL (8.07 mmol/L) in men, 

or hematocrit levels of 36% and 39%, respectively.13 This 

definition applies equally to patients with IBD.12,14

Chronic fatigue, diarrhea, abdominal pain, headache, 

dizziness, shortness of breath, and tachycardia are com-

mon symptoms of anemia in IBD patients and can have a 

strong influence on the quality of life as the ability to per-

form normal daily activities is reduced.11,15–17 Furthermore, 

symptoms of anemia are associated with psychological 

and social consequences and can influence health care-

associated costs.18,19

IDA necessitates prompt management and treatment.5,12,20 

However, IBD patients with IDA still receive iron therapy 

relatively infrequently.2,21–23 Effective treatment includes 

identifying and treating the underlying cause and initiating 

iron therapy with either oral or intravenous (IV) iron. The 

goal of iron therapy is to normalize hemoglobin levels and 

replete iron stores.12

Treatment options for IDA include oral and paren-

teral iron, erythropoiesis-stimulating agents, and blood 

 transfusions.5 The administration of red blood cell transfu-

sion should be considered carefully as there is evidence 

of adverse clinical outcomes regarding morbidity and 

mortality after blood transfusions.24 Only in cases where 

hemoglobin concentrations are below 7 g/dL and in the 

presence of severe comorbidities and risk factors, or in 

life-threatening situations, should blood cell transfusions 

be considered.12 

Compared to oral iron, IV iron treatment has shown 

medical benefits for IBD patients who have severe or 

refractory anemia, or during active disease.5,9,12,25 However, 

as stated by Lee et al, only three studies have, to date, 

compared IV with oral iron replacement.26 Although all 

three studies showed favorable clinical outcomes for IV 

iron, there has been no discussion on the resulting complex 

economic impact.27

As mentioned earlier, ID affects a large number of patients 

with IBD, with an estimated prevalence from as low as 36% 

to as high as 90%. A similarly wide range is reported for 

anemia in IBD patients, with reported rates spanning from 6% 

to 74%.9,28,29 Few prevalence estimates exist for Germany.8,21 

However, Ott et al reported that, of the 279 patients with 

newly diagnosed IBD, 90 (32.3%) had anemia at any point 

during the study period, of whom 70% met the diagnostic 

criteria for IDA.21

A number of studies have assessed the prevalence of 

iron deficiency and iron deficiency anemia (ID/A) in IBD, 

yet clinical evidence, and particularly economic evidence, 

concerning the comparison between oral and IV iron, is very 

limited in this field. Therefore, this study was conducted to 

fill the research gap of clinical and economic outcomes of 

patients with IBD and ID/A in Germany.

Study objectives
The primary objectives of this claims database analysis were 

to identify patients with IBD and ID/A newly treated with IV 

or oral iron therapy, to match oral iron-treated patients with 

IBD to IV iron-treated patients with IBD, and to compare 

health care resource use and health care costs of both treat-

ment cohorts. Secondary objectives were to calculate the 

prevalence of ID/A in IBD, to identify potential undertreat-

ment of IBD patients with ID/A, and to compare demographic 

characteristics of both treatment cohorts.

Methods
This retrospective claims data analysis was conducted using 

data from InGef, the German “Institut für angewandte 

Gesundheitsforschung, Berlin” (formerly known as the 

Health Risk Institute) research database. All data generated 

or analyzed during this study are included in this published 

article. The InGef research database comprises claims data 

from ~75 of the 120 health insurance companies in Germany. 

The analysis sample includes the utilization and costs of 

services for ~4 million insured persons through 2014 on an 

anonymized individual level. This sample represents 4.8% 

of the German population and is considered representative 

of the total German population.30 Data from January 1, 2012, 

through September 30, 2014, were used for this analysis. 

The enrollment period for IBD patients with ID/A spanned 

from January 1, 2013, through December 31, 2013, to allow 

an individual pre-index period of four quarters (Q1/2012 to 

Q3/2013) as well as an individual post-index period of the 

index quarter and three consecutive quarters (Q1/2013 to 

Q3/2014) (Figure 1).

The analysis included all patients in the database with a 

diagnosis of IBD identified by the International Statistical 

Classification of Diseases and Related Health Problems, 10th 

revision, German Modification (ICD-10-GM) codes K50* 

or K51* between January 2013 and December 2013. As no 
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clinical data are available in claims data, the presence of ID 

and/or IDA was identified by ICD-10-GM codes D50* and 

E61.1 or iron treatment (via ATC codes) in the same time-

frame. The individual pre-observation period was required 

to identify newly iron-treated patients. 

Ethics
No ethical approval and consent were necessary as this is a 

retrospective database study based on anonymized claims 

data. The database is fully compliant with all data protection 

regulations in Germany and has been certified. Since the 

InGef (formerly HRI) research database includes verified 

accounting data of the participating insurance companies, 

these claims data are regularly audited by the insurance 

companies for reimbursement purposes and are prepared in 

accordance with German Social Law (paragraphs 287 SGB 

V and 75 SGB X). This study utilized an existing dataset in 

line with all data protection regulations and patients were not 

identified for the purpose of this study.

Outcomes
Patient characteristics were assessed by including demo-

graphics at the index quarter, and comorbidities were 

measured with the Deyo-Charlson comorbidity index in the 

pre-observation period of four quarters.

The outcomes consisted of health care resource use in terms 

of inpatient stays and sick leave – both all-cause and ID/A-

related – and mortality, during/after iron treatment. For the 

inpatient stays, ID/A-related visits were based on ICD-10-GM 

codes D50* or E61.1 as primary or secondary diagnosis.

Health care costs (expressed in €) were calculated within 

the observation period of the index quarter and three consecu-

tive quarters, which included separate assessment of the sec-

tors inpatient, outpatient, pharmaceuticals, devices and aids, 

and sick leave payments. Health care utilization and costs 

during treatment were analyzed using descriptive statistics.

Matching
Comparative treatment groups constituted IBD patients 

treated with oral iron vs IBD patients treated with IV iron, to 

analyze differences in all-cause mortality, health care utiliza-

tion, and health care cost. A 1:1 propensity score matching 

was performed to directly balance both treatment groups. 

Propensity scores were calculated including the variables 

age, gender, and comorbidities, according to the updated 

Charlson Comorbidity Index (CCI) score, in a multivariate 

Figure 1 study design.
Abbreviations: IBD, inflammatory bowel disease; ID/A, iron deficiency/iron deficiency anemia; IV, intravenous.

Study period

Enrollment period

2012
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

Individual pre-index
period of 4 quarters

Pre-index period Enrollment period Index quarter

Post-index period
(after matching)

Mortality
Health care utilization
Health care cost

Demographic characteristicsDiagnosis of IBD in 2013
Diagnosis of prescription of ID/A in 2013

Index event
Prescription of oral/IV iron in 2013 in the
same quarter as IBD diagnosis
Diagnosis of ID/A in 2013 in the same
quarter as IBD diagnosis

Comorbidities

2013

Index event

Individual post-index period
of index quarter and 3
consecutive quarters

2014

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


ClinicoEconomics and Outcomes Research 2018:10submit your manuscript | www.dovepress.com

Dovepress 
96

Dovepressstein et al

logistic regression. Matching couples were identified by 

applying the nearest neighbor-matching technique, and a 

caliper of width allowing 0.05 of the standard deviation of 

the propensity score was determined.

Absolute standardized differences of the two cohorts were 

calculated for the matching variables (age, gender, comor-

bidities according to CCI, CCI scores, length of stay, and 

other resource utilization variables) before and after match-

ing to evaluate the matching performance of this technique.

The matching outcomes “all-cause mortality”, “health 

care utilization”, and “health care cost” between the two 

cohorts were compared with statistical tests (p-values). The 

McNemar’s test was applied for categorical variables and 

the Wilcoxon rank test was used for metric variables of two-

sided samples.

DiD in cost analysis
Unobservable covariates were adjusted using the difference-

in-differences (DID) approach. When estimating the treat-

ment effect, the treated units before and after treatment can 

be compared. However, this comparison might pick up effects 

of other factors that changed around the time of treatment. 

Therefore, a control group to “difference out” these con-

founding factors and isolate the treatment effect is used. With 

the DID approach, the mean value of each group’s outcome 

before and after treatment is taken into account and then the 

DIDs of the means are calculated.31 The DID method was 

applied in combination with propensity-score matching in 

many other studies, such as Zhou et al, Stokes et al, Stuart et 

al, and Gebel et al, showing that by adding the DID, a robust 

comparison of groups can be performed.32–35

Results
study population
In total, 29,331 patients with IBD were identified in 2013. 

This overall study group was further stratified by the number 

of patients with ID/A, identified by the respective ICD-

10-GM codes, in the same quarter in 2013. A total of 3,561 

IBD patients with ID/A were identified (12.1%). Of these, 

589 IBD patients with ID/A began oral and 442 IV iron treat-

ment. Of the 2,379 patients with IBD and ID/A, over 50% 

(n=1,348) revealed no prescription iron therapy at all in 2013. 

Bearing in mind the significant impact that even ID without 

anemia can have on quality of life,10 this implicit undertreat-

ment may be considered cause for concern.  Figure 2 depicts 

the sample selection process.

Figure 2 sample selection.
Abbreviations: InGef, Institut für angewandte Gesundheitsforschung Berlin; IV, intravenous; ID/A, iron deficiency/iron deficiency anemia.

InGef research
database

Diagnosis of inflammatory bowel disease (IBD)
in 2013

Diagnosis of IBD with iron
deficiency/anemia

in 2013

Exclusion:

Exclusion:

Prescription for oral iron
in the index quarter

Prescription for IV iron
in the index quarter

No iron treatment
in the index or consecutive 3

quarters
589 442

Oral iron vs IV iron

1,348

3,561

3,714

29,331

3,799,392

Study population

Exclusion criteria

Comparative analyses

Analysis
step 1

Analysis
step 2

Analysis
step 3

Analysis
step 4

No ID/A diagnosis or iron prescription in the same
quarter as IBD diagnosis

Iron prescription in the 4 quarters before index
Switch between oral and IV iron in the index or
three subsequent quarters

Diagnosis of IBD with iron
deficiency/anemia

in the same quarter in 2013 (index quarter)

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


ClinicoEconomics and Outcomes Research 2018:10 submit your manuscript | www.dovepress.com

Dovepress 
97

Dovepress Oral vs intravenous iron in iBD: health care costs

Patient characteristics
Oral iron patients were almost 10 years older on average com-

pared to patients newly treated with IV iron (50.13 vs 40.61 

years). In addition, 37% vs 40% were male, respectively. 

Most IV iron-treated patients (62.9%) received iron(III)

hydroxide-polymaltose complex, followed by 24.9% who 

received iron(III)sodium-gluconate complex.

after matching
After matching for age, gender, and CCI scores, 380 patients 

were included in each treatment group. Mean age was 

adjusted for oral and IV iron patients (42.3 vs 42.2 years) 

and 67% vs 61% were female, respectively. Comorbidities 

were equally prevalent in both cohorts (Table 1).

health care resource use during/after 
iron treatment
All-cause hospitalizations were significantly lower in the IV 

iron group compared to the oral iron cohort (37% vs 48%, 

p=0.0019). Also, fewer ID/A-related hospitalizations were 

observed in the IV group (5% vs 14%, p<0.001). Mean 

duration of all-cause hospitalizations was 8.5 days for the IV 

iron cohort and 7.9 days for the oral iron cohort (p=0.0016), 

whereas the duration of ID/A-related hospitalizations was 

considerably shorter for the IV cohort (7.0 vs 9.6 days, 

p<0.001).

health care costs during/after iron 
treatment
Mean total health care costs were significantly higher in the 

IV iron cohort (€13,365 vs €9,099, p<0.0001), whereas 

inpatient costs were significantly lower for patients treated 

with IV iron (€2,796 vs €4,397, p=0.006) (Figure 3).

Total pharmaceutical costs were over twofold higher in 

the IV cohort compared to the oral iron cohort (€8,629 vs 

€3,181). The higher medication costs in the IV iron-treated 

group were not caused by the IV iron preparations, which 

amounted to only 3.8% of the pharmaceutical cost. The 

highest proportion of these costs comprised prescriptions 

for biologic treatments (58.8%). Table 2 depicts the mean 

pharmaceutical cost distribution of the respective treatment 

cohorts.

The significant health care cost differences could not be 

explained by the different iron treatments. Therefore, it was 

investigated whether baseline differences in the different 

cohorts may have been unobserved or unaccounted for, i.e., 

patient conditions that may have caused an outcome bias. 

Using the DID approach, the mean value of each group’s 

Table 1 Cohort characteristics after matching

Patient characteristic Cohort 1
Group 4a: oral iron treatment
N=380

Cohort 2
Group 4b: intravenous iron treatment
N=380

age
Mean 42.33 42.17
sD 17.39 17.16
Median 40 40
Min 12 12
Max 92 89

gender n (%)
Male 126 (33.16) 148 (38.95)
Female 254 (66.84) 232 (61.05)

Comorbidities n (%)
Cancer 18 (4.74) 22 (5.79)
Chronic pulmonary disease 74 (19.47) 67 (17.63)
Congestive heart failure 14 (3.68) 12 (3.16)
Dementia <5 (na) <5 (na)
Diabetes with complications 11 (2.89) 11 (2.89)
Metastatic carcinoma <5 (na) <5 (na)
Mild liver disease 22 (5.79) 29 (7.63)
Paraplegia and hemiplegia 7 (1.84) <5 (na)
Renal disease 21 (5.53) 21 (5.53)
Rheumatic disease 15 (3.95) 15 (3.95)

Note: Patient counts below 5 are reported as <5 due to data protection regulations.
Abbreviations: SD, standard deviation; NA, not available.
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outcome before and after treatment was applied to calculate 

the DID of the means.

DiD
The assessment of incremental baseline differences after 

matching revealed significant health care cost differ-

ences in terms of outpatient care, pharmaceuticals, and 

total costs (Figure 4). Furthermore, no significant incre-

mental differences were found in terms of all-cause or 

ID/A-related hospitalization in the pre-index period. The 

comparison of the means in the baseline period (Table 3) 

showed that the performed matching could not balance 

baseline differences in health care cost, as the incremen-

tal baseline total cost difference after matching was still 

€4634.67, suggesting bias due to unobserved variables/

heterogeneity, possibly related to unobservable differences 

in IBD severity. 

To calculate the DID, pre-index and post-index outcomes 

were compared for the matched cohorts. Before treatment, 

patients in the IV iron cohort had higher costs in all assessed 

health care cost sectors. After/during treatment (post-index 

period), however, lower costs were observed for inpatient 

care, devices, and aids as well as sick leave payments com-

pared to patients on oral treatment.

Figure 3 health care cost during/after iron treatment.
Note: *Statistically significant differences (p<0.05).

€9,099 

€4,397

€3,181 

€1,113 
€134 €273

€13,365 

€2,796 

€8,629 
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2,000 €

4,000 €

6,000 €

8,000 €

10,000 €

12,000 €

14,000 €

16,000 €

Total costs Inpatient care Pharmaceuticals Outpatient care Devices and aids Sick leave
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Cohort 1 oral iron Cohort 2 intravenous iron

*
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*

Table 2 Mean pharmaceutical cost distribution

Pharmaceutical type Cohort 1
Group 4a: oral iron  
treatment
N=380

Cohort 2
Group 4b: intravenous iron 
treatment
N=380

Oral iron 32.5 (1.0%) 0 (0.0%)
iV iron 0 (0.0%) 327.0 (3.8%)
Biologic treatment TnF alpha (aTC code l04aB*) 1,518.4 (47.7%) 5,074.6 (58.8%)
Other 1,630.4 (51.3%) 3,226.3 (37.4%)
Mean pharmaceutical cost (in €) 3,181.3 (100%) 8,628.8 (100%)

Abbreviation: iV, intravenous.
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After adjusting for expenditure differences by DID, total 

health care cost savings per patient in the IV iron group were 

calculated to be €369. While expenditure on pharmaceuti-

cals was higher in the IV iron group (€1,876), the inpatient 

setting achieved most cost savings (€1,887). The calculated 

differences for the pre-index and post-index period as well 

as the DID are shown in Table 4.

Discussion
This retrospective German claims data analysis is the first 

comprehensive analysis of this type to compare different 

iron treatments in IBD patients in the German health care 

system. The underlying data sample of this study comprises 

health insurances operating nationwide and is representative 

in terms of age and gender of the German population. The 

Figure 4 Difference-in-differences approach.

Negative values:

Sick leave payments

Devices and aids

Pharmaceuticals

Outpatient care

Inpatient care

Total costs

Positive values:
Cost savings for intravenous
iron patients compared to
oral iron patients

Cost savings for intravenous
iron patients compared to
oral iron patients

–€ 299

€ 1,876

€ 29

–€ 1,887

–€ 369

– € 2,000

Total costs Inpatient care Outpatient care

Sick leave paymentsDevices and aidsPharmaceuticals

– € 1,500 – € 1,000 – € 500 € 0 € 500 € 1,000 € 1,500 € 2,000

–€ 87

Table 3 Comparison of mean baseline outcomes after matching

Healthcare cost sector Cohort 1
Group 4a: oral iron  
treatment
N=380

Cohort 2
Group 4b: intravenous  
iron treatment
N=380

Incremental  
difference

p-value

inpatient care (in €) 2,701.29 2,986.90 285.61 0.4226
Outpatient care (in €) 880.36 1,343.13 462.77 <0.001
Pharmaceuticals (in €) 2,314.63 5,886.21 3,571.58 <0.001
Devices and aids (in €) 61.92 119.01 57.09 0.1892
sick leave payments (in €) 109.42 367.06 257.64 0.0607
Total costs (in €) 6,067.63 10,702.30 4634.67 <0.001
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InGef database correlates well with German reference data 

with respect to hospitalization rates, overall mortality rate, 

and prescription rates for the 20 most frequently reimbursed 

drug classes.30 Hence, the database can be considered to have 

external validity and the results represent real-world evidence 

for the German state health insurance (SHI) population.

In our study, the prevalence of IBD patients with ID/A 

was ~12%, taking an ID/A and IBD diagnosis in the same 

quarter to be a proxy for related disease. For a diagnosis 

coded within the same calendar year, the prevalence was 

12.6%. Our prevalence was within the lower range of preva-

lence rates reported in other studies. In a review by Gisbert 

and Gomollon, the frequency of anemia ranged from 16% 

in outpatients to 68% in hospitalized patients.36 Based on 

the available studies, mean prevalences of 45% for ID and 

17% for IDA in IBD were calculated,36 whereas Kulnigg and 

Gasche estimated a prevalence interval of anemia between 

6% and 74% in their systematic review.29 Ershler et al ana-

lyzed the largest sample size, including 7,200 IBD patients, 

and reported findings comparable to our study, with anemia 

occurring in about 13% of IBD patients.37 Reasons for the 

observed variances in the literature concerning the prevalence 

of ID and/or anemia are differences in inclusion and exclusion 

criteria, patient populations, considered settings, and study 

sizes. In general, it should be noted that our study considered 

both ID/A, which in turn might limit the comparability of 

the prevalence estimates.

In our study, patients treated with IV iron were on average 

10 years younger than patients receiving oral iron treatment, 

and 40% were male. These findings are in line with Bager 

and Dahlerup, who reported a mean age of 41 years at the 

time of the first iron dose and a percentage of 45% males in 

a sample of IBD patients treated with IV iron in Denmark.19

Furthermore, the health care utilization analysis showed 

that patients treated with IV iron incurred significantly fewer 

hospitalizations in terms of both all-cause (37% vs 48%, 

p=0.0019) and ID/A-related hospitalizations (5% vs 14%, 

p<0.001), suggesting that IV iron therapy is associated with 

improved health care outcomes. As found by Baumgart 

and le Claire in their analysis of IBD patients in a German 

hospital, many patients experienced disease- and treatment-

related complications such as anemia due to bleeding and/or 

ID, which were coded as secondary diagnoses.27 Our study 

has shown that if patients are treated with IV iron therapy, 

then both all-cause and ID/A-related hospitalizations of IBD 

patients will be reduced.

The performed propensity-score matching was evaluated 

by calculating incremental differences for health care utiliza-

tion and health care costs in the pre-index period. Baseline 

health care costs after matching showed significant incre-

mental cost differences in terms of outpatient care (p<0.001), 

pharmaceuticals (p<0.001), and total costs (p<0.001). 

Consequently, the performed matching could not balance 

baseline differences in health care costs, suggesting bias 

due to unobserved variables or heterogeneity, such as IBD 

severity which was not observable on the basis of the avail-

able data. DID is a validated method used to take account of 

unobservable differences in baseline variables. When apply-

ing DID, it is assumed that parallel trends occur, implying 

that trends in the outcomes between the treatment groups are 

equal before the intervention was implemented. In addition, 

unexpected or unpredictable events and spillover effects 

which depend, for example, on policy, are assumed to affect 

both observed treatment groups equally.31 This technique was 

adopted by Zhou et al, who applied the DID approach in a 

comparative effectiveness analysis in order to compare two 

unbalanced cohorts after propensity-score matching. Their 

study showed that DID offered a more adequate comparison 

than propensity-score matching.32 Stokes et al applied DID 

when analyzing hospital admission data stratified by risk 

level.33 The study groups of both Patel et al and Rajaram et al 

applied the DID approach by using the Medicare US claims 

Table 4 Difference-in-differences approach

Expenditure sector  Pre-index period
Intravenous–oral  
(after matching)
N=380

Post-index period
Intravenous–oral  
(after matching)
N=380

Difference-in- 
differences 
(post-index period– 
pre-index period)

inpatient care (in €) 285.61 −1,601.02 −1,886.63
Outpatient care (in €) 462.77 491.49 28.72
Pharmaceuticals (in €) 3,571.58 5,447.51 1,875.93
Devices and aids (in €) 57.09 −30.06 −87.15
sick leave payments (in €) 257.64 −41.82 −299.46
Total costs (in €) 4,634.67 4,266.09 −368.58
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database and the ACS NSQIP (American College of Surgeons 

National Surgical Quality Improvement Program) registry of 

the ACGME (Accreditation Council for Graduate Medical 

Education) to control for background trends in measuring 

health-related outcomes of patients.38,39 In the present study, 

to calculate the DID, pre-index and post-index outcomes 

were compared for the matched cohorts.31 After adjusting for 

expenditure differences by DID, total per patient health care 

cost savings of €369 were calculated in the IV iron group. 

While higher expenditures occurred in the IV iron group 

for pharmaceuticals (€1,876) and outpatient care (€29), 

the inpatient setting achieved most cost savings (€1,887), 

followed by savings in sick leave payments (€300), and 

devices and aids (€87).

Limitations
Claims databases constitute a suitable tool for studies ana-

lyzing epidemiological measures, health care utilization and 

health care costs, as data are recorded independently of any 

study purposes or clinical research recruiting participants. 

Nevertheless, claims data analyses present limitations that 

need to be addressed. One limitation is that administrative 

data are primarily collected for accounting purposes and not 

for clinical or research purposes. Therefore, clinical param-

eters including lab tests are not recorded in the database, 

thus precluding the additional verification of ID/A diagnosis 

via laboratory parameters such as hemoglobin or ferritin 

values. Furthermore, diagnoses in the outpatient setting are 

only available on a quarterly basis so that the exact date of 

diagnosis cannot be elucidated. In addition, only the first year 

following the start of iron therapy was analyzed for outcome 

measures. Long-term effects on clinical outcome and health 

care costs several years after iron treatment initiation could, 

therefore, not be considered.

A general limitation of claims data analyses in assess-

ing medication intake is the inability to observe whether 

actual intake and dosage of medications were in accordance 

with the package insert. In addition, off-label and non-

reimbursed prescription drugs are not recorded in claims 

data. Furthermore, the indication for the prescription is not 

captured. The analyses are, therefore, based on assumptions 

about the behavior of the identified patients, which in turn 

might lead to under-/overestimation of relevant endpoints. 

Additionally, other important cost factors, e.g., costs of 

time lost from work, are difficult to assess from claims 

data. As the data analyzed in this study derive from statu-

tory health insurance companies only, the private sector 

was not included.

Concerning the performed matching, it cannot be ruled 

out that unobserved variables were unequally distributed in 

both groups, leading to biased results. Furthermore, the study 

cohorts constituted relatively small sample sizes that must be 

considered when interpreting the study findings. In addition, 

with the DID approach, it is assumed that parallel trends 

occur, i.e., trends in the outcomes between the observed 

treatment groups are the same before the intervention was 

implemented. Furthermore, it is assumed that unexpected or 

unpredictable events affect both treatment groups equally, 

which in turn, may limit a calculated cost benefit for the IV 

iron group.31

Conclusion
A total of 29,331 IBD patients were identified in the database 

analysis, of whom ~15% had confirmed ID/A. Over 50% of 

IBD patients with ID/A received no prescription iron replace-

ment therapy. Patients who received IV iron treatment were 

on average 10 years younger than patients on oral iron, and 

40% were male.

Analysis of health care utilization costs during the 

year following therapy initiation showed that IBD patients 

receiving IV iron treatment incurred fewer all-cause and 

ID/A-related hospitalizations and had lower total health 

care expenditure compared to patients treated with oral iron. 

Higher pharmaceutical costs in the group of patients treated 

with IV iron, comprising a minor share for the iron treatment 

itself, were compensated by cost savings in other health care 

sectors when compared to patients treated with oral iron. 

Further studies are needed to examine the long-term effect 

of IV vs oral iron therapy on health care utilization costs in 

IBD patients with ID/A. 
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