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Abstract
Objective We examined the effects of fixe-dose combinations (FDCs) versus loose-dose combinations (LDCs) on costs 
from the payer and patient perspective and investigated potential channels contributing to differences in costs between the 
two modes of treatment.
Methods We investigated administrative data from 2017 to 2020 on diabetes patients in Germany. After using prospensity-
score matching to remove dissimilarities between FDC and LDC patients, we compared changes in costs with a difference-
in-differences approach. We analyzed pharmaceutical costs, inpatient and outpatient costs, other costs and total healthcare 
costs from the payer perspective, and co-payments from the patient perspective.
Results The sample comprised 1117 FDC and 1272 LDC patients. Regression analysis revealed that FDC therapy signifi-
cantly increased antidiabetic pharmaceutical spending in the first year by 5.5% (p < 0.01), but decreased co-payments by 33% 
(p < 0.01) in the first and 44% (p < 0.01) in the second year. We also observed a trend towards higher outpatient spending 
in the first year. No significant differences were found with respect to inpatient or other costs. The increase in antidiabetic 
pharmaceutical spending did not contribute to a significant increase in total healthcare expenditure. We identified a shift of 
co-payments to the payer and higher adherence as possible mechanisms behind the increase in antidiabetic pharmaceutical 
spending.
Conclusion Although FDC therapy increased disease-specific pharmaceutical spending in the short term, this increase did 
not lead to differences in total healthcare costs from the payer perspective. From the patient perspective, FDC therapy may be 
the preferred treatment approach, because of significant saving in co-payments, which is likely attributable to the elimination 
of one co-payment and therefore a shift in costs to the payer.

Key Points for Decision Makers 

Fixed-dose combinations decrease co-payments for type 
2 diabetes patients compared to loose-dose combina-
tions.

Fixed-dose combinations for type 2 diabetes do not lead 
to higher total healthcare spending compared to loose-
dose combinations during the study period.

In the short term, fixed-dose combinations increase 
antidiabetic pharmaceutical spending, reflecting a shift 
in co-payments from the patient to the payer, as well as 
an increase in medication adherence.
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1 Introduction

Fixed-dose combinations (FDCs) contain multiple sub-
stances in a single dosage form and aim at improving med-
ication adherence through a reduction in pill burden [1]. 
While the positive effect of FDCs on medication adherence 
has been widely studied, little is known about their economic 
effects [2]. On the one hand, the improvements in adherence 
achieved through FDCs may result in higher pharmaceutical 
spending because of more regular refills. Additionally, phar-
maceutical companies might use FDCs for “evergreening”, 
i.e., the practice of seeking further patents on variations of 
the original drug, which might also result in higher costs 
to payers [3]. On the other hand, these costs may be offset 
by improved health outcomes and lower costs of disease 
progression in the long run [4]. Moreover, because FDCs 
must compete for market share with loose-dose combina-
tions (LDCs), incremental innovation does not always result 
in increased costs [5]. Indeed, in cases where the costs of 
FDC products are less than the combined costs of the indi-
vidual substances, FDCs might offer a financial advantage 
for the healthcare system. From the patient perspective in 
Germany, being prescribed an FDC may have the benefit of 
reducing co-payments because these are levied on individual 
packages and not on substances [6]. Yet this, in turn, might 
improve medication adherence because out-of-pocket spend-
ing was found to be a contributing factor to non-adherence 
[7]. In short, it remains unclear whether FDCs result in lower 
or higher expenditure for patients and payers compared to 
LDCs. Therefore, it was the aim of this study to investigate 
the economic effects of FDC therapy compared to LDC 
therapy in type 2 diabetes mellitus (T2D) from the payer 
and patient perspective. Moreover, we investigated potential 
channels contributing to differences in costs between the two 
modes of treatment.

2  Literature Review

Few studies to date have analyzed the economic effects of 
antidiabetic FDCs, but the results have been mainly in favor 
of FDC therapy, albeit predominantly in the context of the 
USA. Two studies analyzed the reimbursement amount paid 
to dispensing pharmacies by the state for Texas Medicaid 
patients, i.e., the perspective of the payer, based on prescrip-
tion claims from 1999 till 2005 [8] and from 2004 till 2007 
[9]. Both studies concluded that FDC products were less 
expensive than their LDC counterparts [8, 9]. Another ret-
rospective claims-based study from the USA investigated 
combined health plan and patient paid amounts in a managed 
care population during the year after dual therapy initiation 
in 2007 and 2008 [10]. The authors investigated all-cause 

costs and diabetes-related costs and distinguished between 
pharmacy costs, medical costs, and total costs. They found 
that FDC treatment was associated with lower all-cause and 
lower diabetes-related healthcare costs compared to LDC 
therapy. Mean diabetes-related pharmacy costs were higher 
for FDC treatment, but the difference was not statistically 
significant [10].

Similarly, Lokhandawala et al. [11] compared economic 
outcomes for FDC versus LDC in treatment-naïve T2D 
patients insured through employer-sponsored plans from 
2009 to 2013. Again, costs reflected all payments made to 
providers of care from both the health plan and the patient 
combined. The authors found that all-cause and T2D-related 
monthly costs were significantly lower when patients were 
treated with FDCs compared to LDCs, an exception being 
all-cause medical costs, for which there was no difference 
between the two groups. When outcomes were not adjusted, 
the authors observed significantly higher all-cause and dia-
betes-related monthly prescription costs, which contributed 
to significantly higher T2D-related total monthly costs [11].

Only one study specifically focused on costs to consum-
ers [6]. It was based on a survey of retail medication prices 
for consumers at four local pharmacies in Columbus, Geor-
gia, and two online pharmacies. Direct price comparisons 
showed that most FDCs cost the same or less than the retail 
purchase of the individual substances [6].

Aside from studies in the USA, there is only one study 
from Italy on this topic. In it, the authors compared gross 
expenditure on drugs from pharmacies, hospital costs, and 
examination costs in a descriptive statistical analysis using 
the ARNO Observatory claims database [12]. In line with 
the findings from the USA, they found that average expendi-
ture per patient/year for FDC therapy was lower than for 
LDC therapy. Only DRG mean expenditure/year was higher 
for FDC therapy [12]. The authors did not assess, however, 
whether the differences were statistically significant.

Our contribution to the literature is fourfold. First, by 
analyzing German data, we add evidence on the economic 
effects of FDC therapy in a more regulated and public 
healthcare market than that in the USA. Second, economic 
effects may relate to patients, payers, or the community as 
a whole. By using data from a statutory health insurer in 
Germany, we were able to distinguish between costs for 
the patient and for the payer, as well as between cost com-
ponents, such as pharmaceutical costs. Third, the studies 
published to date have not isolated the economic effects 
of FDCs. Establishing a causal relationship between treat-
ment alternatives and outcomes is difficult due to selection 
or omitted variable bias. To overcome this, we combined 
prospensity-score matching (PSM) with difference-in-differ-
ences (DiD) estimation and generated a quasi-experiment. 
Lastly, we investigated potential mechanisms for differences 
in changes in outcomes between the cohorts.
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3  Methods

3.1  Data and Study Cohorts

To compare the costs of dual therapy with FDCs to dual 
therapy with LDCs for T2D, we performed a retrospective 
cohort study. We used administrative data from the largest 
statutory health insurer in Germany, Techniker Kranken-
kasse, which provides coverage for more than 10 million 
people, i.e., about 15% of residents with statutory health 
insurance [13]. Almost 6% of those insured were T2D 
patients, which corresponds roughly to the nationwide rate 
of approximately 7% of the German population [14]. The 
data included longitudinal patient-level information on 
socio-demographics and all services provided to patients 
between 2017 and 2020. We analyzed T2D patients (ICD-
GM-10-diagnosis E11) whose blood glucose was no longer 
sufficiently controlled by metformin monotherapy, which is 
the first-choice substance in oral antidiabetic treatment. To 
maintain their blood glucose levels, patients added a second 
oral substance to metformin in 2018. The dual combina-
tion could be prescribed either as an FDC or as an LDC. 
To ensure valid comparisons, we included FDC and LDC 
medications only if the additive substance was the same. In 
accordance with the literature, we identified FDC therapy 
directly using the ATC fourth level code for combination 
products (A10BD). We defined LDC therapy as co-admin-
istration of metformin and a second oral antidiabetic drug 
(ATC three-level codes A10B, except A10BD) with at least 
two overlap periods of 15 days or more [8, 9]. The first fill 
of the additive substance was defined as the index date. To 
allow for risk adjustment, a pre-index period of 1 year prior 
to the index date was set as the basis for determining patient-
level risk profiles, whereas the follow-up period was 2 years. 
The study population was further restricted to patients who 
were (1) insulin-naïve, (2) not pregnant, (3) continuously 
enrolled (and did not die during the observation period), (4) 
had no antidiabetic prescription other than metformin in the 
pre-index period and metformin plus a second substance in 
the follow-up period, and (5) had been treated with met-
formin monotherapy for at least 6 months before the index 
date.

3.2  Study Outcomes

We calculated direct medical costs from the payer perspec-
tive. We assessed all-cause total healthcare costs and dis-
tinguished between inpatient treatment costs, outpatient 
treatment costs, pharmaceutical costs, and other costs, such 
as those for aids and appliances. In addition, we analyzed 
patient co-payments for medications. For pharmaceutical 

costs and co-payments, we additionally identified costs due 
to T2D (ATC fourth level code A10B).

3.3  Statistical Analysis and Risk Adjustment

Because costs have highly right-skewed distributions and 
include zeros, we transformed outcomes by taking their 
natural logarithm plus one. Furthermore, to remove outli-
ers, we winsorized costs at 99th percentiles.

To isolate the causal effect of receiving FDCs on costs, 
we combined PSM with a DiD regression. By doing so, we 
addressed the non-randomized treatment allocation inherent 
to our study design. In the first step, PSM reduces confound-
ing by creating a sample of treated patients (the FDC cohort) 
that is comparable on observed covariates to a sample of 
untreated patients (the LDC cohort). We matched exactly on 
gender and 10-year age groups. To estimate the propensity 
score, we fitted a logistic regression in which the probabil-
ity of receiving an FDC was the dependent variable. We 
included a set of pre-specified covariates measured in the 
pre-index period that were considered to have a high pre-
dictive potential for receiving an FDC or an LDC and the 
outcomes. These covariates included socio-demographic 
variables (age, insurance status as a proxy for socio-eco-
nomic background1) as well as binary variables that indicate 
generic comorbidities (the Elixhauser groups and pharmacy-
based metrics) [15, 16], additional T2D-associated condi-
tions (eye complications, diabetic foot syndrome/neuropathy, 
myocardial infarction, ischemic heart disease, cerebrovas-
cular disease, renal complications, angina pectoris; the cor-
responding ICD-GM-10 diagnoses can be found in Table S1 
of the Online Supplementary Material (OSM)) [17], patients 
participating in a T2D DMP, and physicians treating any 
patients participating in a T2D DMP. We then applied a 2:1 
greedy nearest neighbor matching without replacement, i.e., 
each patient receiving an FDC in the post-index period was 
matched with the two closest patients receiving an LDC in 
the post-index period who satisfied the matching criteria. 
This 2:1 matching has been shown to result in optimal esti-
mation of treatment effects in the literature [18]. Matches 
were chosen within the recommended caliper width of 0.2 
standard deviations of the logit of the propensity-score and 
over the common support region only [19]. Although this 
may not result in all intervention patients being matched, it 
increases precision [20].

1 For historical reasons, higher-income individuals in Germany may 
choose between statutory health insurance and fully substitutive pri-
vate health insurance. Those who choose statutory health insurance 
are classified as being voluntarily insured in the statutory system. 
Below a certain income threshold, enrolment in statutory health 
insurance is mandatory.
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In the second step, differences in expenditure between the 
FDC and the LDC cohorts, due to time-constant unobserved 
factors, were eliminated through DiD estimation. The DiD 
estimator measures whether there is a differential change 
in costs before and after adding a second oral substance in 
the FDC group relative to the LDC group. We enriched the 
basic DiD specification by controlling for all conditioning 
variables used in the balancing step to reduce the standard 
error of the estimate. The structural equation of interest can 
be described as follows:

where Y
it
 are the cost outcomes of interest for individual 

i in period t  , Treat
i
 suggests whether patients received an 

FDC in the post-index period, Post
it
 indicates the period of 

dual therapy, i.e., after the index date, and X′
i
 is a vector of 

covariates. Thus, the DiD estimator of interest is �3 , indicat-
ing the average differences in changes in costs attributable 
to the treatment choice in the post-index period, called the 
average treatment effect on the treated.

Our empirical strategy relies on the assumption that in 
the absence of combination products (e.g., if they were not 
available), patients would have received the analogous LDC. 
This means that in the absence of treatment, the unobserved 
differences between the treatment and control group are the 
same over time. Although this assumption is not testable, we 
inspected the parallel trends of outcomes in the pre-index 
period (Fig. F1 of the OSM). Moreover, we ran an in-time 
placebo test by setting the index date to 6 months prior to 
the actual index date, resulting in a faked pre- and post-index 
period, each of which was limited to 6 months (Table S2 of 
the OSM).

3.4  Complementary Analyses

One explanation for differences in costs between the FDC 
and the LDC cohort may be differences in medication adher-
ence. To test whether there was empirical support for this 
mechanism, we divided the cohorts according to their adher-
ence rate in the pre-index period. We measured adherence 

(1)
Y
it
= �0 + �1Treat i + �2Post it + �3Treat i × Post

it
+ �X�

i
+ �

it
,

as the Proportion of Days Covered (PDC) with medication 
[21]. The PDC is calculated as the ratio of the number of 
days covered by the prescription fills (based on defined daily 
doses) divided by the number of days in the specified time 
interval (365 days). In line with literature on adherence, 
we defined individuals with PDC ≥ 0.8 as highly adherent, 
0.8 > PDC ≥ 0.5 as moderately adherent, and PDC < 0.5 
as non-adherent [22]. We repeated the DiD regression for 
each subgroup.

Another possible mechanism for differences in cost out-
comes between the two cohorts may be differences in co-
payments. If only one combination product is prescribed, 
patients may benefit from a reduction in co-payments. There-
fore, out-of-pocket spending may be a contributing factor to 
medical consumption or non-adherence. Moreover, reduc-
tions in co-payments could be shifted towards the payer. To 
test the role of co-payments, we identified patients who were 
exempt from these due to the hardship clause in German 
social law. In Germany, co-payments are made only up to an 
individual annual limit (1% of annual gross income for the 
chronically ill). If the limit is reached within a calendar year, 
no additional payments are made for the remainder of the 
year. For this purpose, our baseline specification (Eq. (1)) 
was enriched by a dummy variable, indicating co-payment-
exemption at index date as follows, whereby No copay

i
 indi-

cates whether an individual was exempt from co-payments at 
the index date, and �7 is the coefficient of interest:

4  Results

4.1  Matching Results and Descriptive Statistics

In total, 1117 individuals who received an FDC in the post-
index period were matched with 1272 individuals who 
received an LDC in the post-index period. Table 1 shows 

(2)

Y
it
= �0 + �1Treati + �2Postit + �3No copay

i
+ �4Treati × Post

it

+ �5Treati × No copay
i
+ �6Postit × No copay

i

+ �7Treati × Post
it
× No copay

i
+ �X�

it
+ �

it
.

Table 1  Frequency of 
substances added to metformin 
by cohort

Additive substance Frequency (%)

Added in fixed-dose 
combination

Added in loose-
dose combina-
tion

Sitagliptin (dipeptidyl peptidase 4 inhibitor) 955 (85.50%) 1,039 (81.68%)
Dapagliflozin (sodium-glucose co-transporter 2 inhibitor) 130 (11.64%) 220 (17.30%)
Saxagliptin (dipeptidyl peptidase 4 inhibitor) 25 (2.24%) 10 (0.79%)
Vildagliptin (dipeptidyl peptidase 4 inhibitor) 7 (0.63%) 3 (0.24%)
Total 1117 1272
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which second substance was used to supplement metformin 
in the two cohorts and at which frequency.

In both cohorts, most patients added sitagliptin as a sec-
ond substance to metformin (85.50% in the FDC cohort and 
81.68% in the LDC cohort). Other second substances were 
dapagliflozin (11.64% in the FDC cohort and 17.30% in the 
LDC cohort), saxagliptin (2.24% in the FDC cohort and 
0.79% in the LDC cohort), and vildagliptin (0.63% in the 
FDC cohort and 0.24% in the LDC cohort).2

Table 2 shows the mean of the covariates before and after 
applying PSM together with their standardized mean differ-
ence. After PSM, none of the covariates were significantly 
different between the two groups.

In both cohorts, patients were about the same age at the 
index date, averaging 63.11 years in the FDC cohort and 

63.63 years in the LDC cohort. In both cohorts, 30% of the 
patients were female. The proportion of patients with vol-
untary insurance status and thus potentially higher income 
was 15% in the FDC cohort and 17% in the LDC cohort. 
Total healthcare costs were € 3323.31 in the FDC cohort 
and € 3599.76 in the LDC cohort. Adherence, expressed as 
the PDC with medication, was 69% in the FDC cohort and 
71% in the LDC cohort in the pre-index period. In total, 74% 
of the patients were participating in a DMP, and 92% of the 
physicians were involved in DMPs, regardless of the cohort. 
Although there were significant differences (d > 0.10) for 
two Elixhauser groups and one T2D-associated comorbid-
ity group before PSM, no significant differences remained 
after matching.

4.2  Regression Results

The results of the in-time placebo regression and figures 
showing pre-index trends for the outcomes for both cohorts 
are provided in Table S2 and Fig. F1 of OSM. When we 
artificially set the time of intervention in a placebo regres-
sion, the DiD estimators were significant at the five percent 
level only for T2D-related co-payments and inpatient costs. 
Our additional graphical inspection of common trends in the 

Table 2  Descriptive statistics 
(means and standardized mean 
differences) of covariates for the 
fixed-dose combination and the 
loose-dose combination cohort 
before and after matching

FDC fixed-dose combination, LDC loose-dose combination, SMD standardized mean difference, PSM pro-
pensity score matching, DMP disease management program, T2D type 2 diabetes mellitus
a For historical reasons, higher-income individuals in Germany may choose between statutory health insur-
ance and fully substitutive private health insurance, whereas enrolment in statutory health insurance is 
mandatory below a certain income threshold

Variable FDC LDC SMD

Raw PSM Raw PSM Raw PSM

Socio-demographic variables
Age 63.39 63.61 64.54 63.63 − 0.11 − 0.02
Gender (female = 1) 0.31 0.30 0.36 0.30 − 0.10 0.00
Voluntarily  insureda 0.15 0.15 0.16 0.17 0.04 0.05
Healthcare consumption
Total costs in € 3319.40 3323.31 4137.12 3599.76 − 0.12 − 0.04
Adherence 0.69 0.69 0.71 0.71 − 0.09 − 0.06
Participation in DMP 0.74 0.74 0.74 0.74 0.04 0.04
Physician involved in DMP 0.92 0.92 0.92 0.92 − 0.01 0.00
Elixhauser comorbidity groups
Raw 2 out of 31 groups significantly different (d > 0.10)
PSM 0 out of 31 groups significantly different (d > 0.10)
Pharmay-based classes
Raw 0 out of 32 groups significantly different (d > 0.10)
PSM 0 out of 32 groups significantly different (d > 0.10)
T2D-associated comorbidity groups
Raw 1 out of 7 groups significantly different (d > 0.10)
PSM 0 out of 7 groups significantly different (d > 0.10)
Observations 1144 1117 1319 1272

2 By law, if new pharmaceuticals do not have an added therapeu-
tic benefit over the current standard of care, they should not lead to 
annual treatment costs higher than those of the comparator in Ger-
many [23]. The low number of observations for vildagliptin and saxa-
gliptin may be due to the fact that no added benefit was determined 
for those substances by the Federal Joint Committee (Gemeinsamer 
Bundesausschuss) [24, 25]. For dapagliflozin, the assessment varied 
depending on patient subgroups [26].
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pre-index period suggests that the LDC cohort is an adequate 
control group.

Estimation results from the DiD regression are presented 
in Table 3. We did not observe any differences in changes 
in inpatient costs, other costs, or total healthcare costs from 
the payer perspective between the two cohorts in either year. 
There was a trend towards lower outpatient costs for the 
FDC cohort compared to the LDC cohort in the first year 
of the post-index period (− 0.065, p < 0.10), but the effect 
was no longer significant in the second year. We also did not 
observe any significant difference in changes in all-cause 
pharmaceutical spending between the two cohorts. However, 
pharmaceutical costs due to T2D significantly increased for 
the FDC cohort compared to the LDC cohort in year one 

(0.055, p < 0.01). From the perspective of the patient, we 
observed a significant decrease in co-payments in the FDC 
cohort compared to the LDC cohort in both years (− 0.160, 
p < 0.01; − 0.248, p < 0.01), this decrease was due mostly 
to antidiabetic prescriptions (− 0.330, p < 0.01; − 0.438, 
p < 0.01).

4.3  Complementary Analyses

Table 4 shows the results of our subgroup analysis, in which 
we divided the sample into three groups according to their 
medication adherence in the pre-index period. We found a 
significant increase in T2D-related pharmaceutical costs 
in the FDC cohort compared to the LDC cohort among 

Table 3  Difference-in-differences regression results

ATT  average treatment effect on the treated, SE standard error, T2D type 2 diabetes mellitus
*p < 0.10, **p < 0.05, ***p < 0.01
a Log-level model estimates proxy of percentage change. Exact percentage change is calculated as ( exp(ATT) − 1) × 100%

b For pharmaceutical costs, for example, the absolute change in year 1 is computed as follows: (0.008 × 1016.13)∕(1 + 0.008) , where 1016.13 
refers to the mean pharmaceutical cost for the fixed-dose combination cohort in year 1. The corresponding mean values can be found in Table S3 
of the OSM

Year 1 Year 2

ATT SE %a Absoluteb ATT SE %a Absoluteb

Cost outcomes
Third party payer
Pharmaceutical costs 0.008 0.038 0.803 8.065 − 0.040 0.043 − 3.921 − 41.503
Of these due to T2D 0.055*** 0.018 5.654 24.173 0.001 0.035 0.100 31.582
Outpatient costs − 0.065* 0.036 − 6.293 − 53.241 − 0.024 0.039 − 2.371 − 18.909
Inpatient costs 0.058 0.166 5.971 − 47.053 0.002 0.168 0.200 1.788
Other costs − 0.091 0.143 − 8.698 − 128.662 − 0.114 0.146 − 10.774 − 184.358
Total costs − 0.047 0.030 − 4.591 − 184.686 − 0.033 0.032 − 3.246 − 136.302
Patients
Co-payments − 0.160*** 0.023 − 14.786 − 20.179 − 0.248*** 0.042 − 21.964 − 26.925
Of these due to T2D − 0.330*** 0.016 − 28.108 − 16.881 − 0.438*** 0.036 − 35.467 − 16.931
Observations 2389 2389

Table 4  Difference-in-differences regression results for T2D-associated outcomes grouped by adherence

ATT  average treatment effect on the treated, T2D type 2 diabetes mellitus
*p < 0.10, **p < 0.05, ***p < 0.01; standard errors in parantheses

ATT 

Highly adherent Moderately adherent Non-adherent

Year 1 Year 2 Year 1 Year2 Year 1 Year 2

T2D-associated outcomes
Pharmaceutical 

costs
0.084*** (0.020) 0.109*** (0.036) 0.014 (0.028) − 0.065 (0.066) 0.010 (0.041) − 0.141 (0.089)

Copayments − 0.313*** 
(0.017)

− 0.363*** 
(0.045)

− 0.352*** 
(0.026)

− 0.457*** 
(0.068)

− 0.366*** 
(0.038)

− 0.576*** (0.076)

Observations 1045 726 618
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individuals who were highly adherent in the pre-index 
period, whereas no significant differences could be found for 
patients with low or moderate medication adherence. In con-
trast, we observed a significant decrease in co-payments for 
antidiabetic medication in the FDC cohort compared to the 
LDC cohort, regardless of the patients’ level of adherence.

Table 5 presents the regression results after accounting 
for whether individuals were exempt from co-payments. As 
expected, if patients were exempt from co-payments, no sig-
nificant differences in changes in antidiabetic prescription 
costs were found (–0.027 (0.067); 0.181 (0.154)).

5  Discussion

In this paper, we examined the economic effects of the mode 
of drug administration on healthcare costs from the perspec-
tives of the payer and the patient. To do so, we compared 
FDCs with LDCs in the treatment of T2D. To reduce con-
founding, we implemented a two-stage risk adjustment and 
combined a matching approach with a DiD regression. We 
found that compared to receiving an LDC, FDC therapy 
significantly increased antidiabetic prescription costs in 
year one. The increase in pharmaceutical costs was, how-
ever, observable only in patients with high adherence and 
in patients who were subject to co-payments. This means 
the choice of dual therapy made no difference in terms of 
costs for patients who were already taking their medication 
infrequently before the index date.

Because we did not find any significant differences in 
pharmaceutical spending in the second year, the higher 
costs of FDC treatment seem to matter only in the short run. 

Moreover, the increase in pharmaceutical spending did not 
contribute to a significant increase in total healthcare spend-
ing for the payer. Hospital costs and other costs were also 
not significantly different between the two cohorts. From the 
perspective of the patient, however, we found a significant 
decrease in all-cause and diabetes-related co-payments for 
patients treated with FDCs compared to patients treated with 
LDCs. This was partly to be expected because co-payments 
generally fall between € 5 and € 10 per package in Germany. 
This implies that co-payments for FDCs (one package) are 
about half of the co-payments of LDCs (two separate pack-
ages) for each pharmacy refill. In fact, average antidiabetic 
co-payment was € 40.25 per year for the FDC cohort and 
€ 60.42 per year for the LDC cohort. Therefore, eliminat-
ing one co-payment offers a financial advantage to patients 
treated with FDCs.

Most of the previous literature on this subject has focused 
exclusively on the USA. Although patients there face par-
ticularly high out-of-pocket costs, owing to the large unin-
sured population and the often burdensome cost-sharing 
requirements for those who do have coverage [27], these 
studies have only analyzed costs to the payer [8, 9] or com-
bined costs for the payer and patients [10, 11]. In contrast 
to the results of our analysis, all four studies reported sig-
nificantly lower costs for FDC therapy compared to LDC 
therapy. Two of the four studies found weak indicators of 
higher pharmaceutical expenditure attributable to FDC treat-
ment [10, 11]. However, in one study, the difference between 
the two groups was not statistically significant [10], and in 
the other study, the results were not robust after adjusting 
for covariates [11].

We provide three possible explanations for the higher 
pharmaceutical costs in the FDC cohort revealed in this 
study. First, these might be caused by higher medication 
adherence due to a reduction in pill burden. If patients 
take their medication more regularly, refills will naturally 
increase pharmaceutical spending in the short run. Previ-
ous literature suggests that compared to LDC therapy, FDC 
therapy significantly improves adherence to antidiabetic 
medication [28]. A higher medication adherence could also 
explain the observed trend towards higher outpatient costs 
if patients receiving FDCs visited their physicians more 
regularly than did patients receiving LDCs. Indeed, in our 
sample, the average adherence rate of the FDC cohort was 
90.37%, indicating that patients were highly adherent in the 
first year of dual therapy. In contrast, the average adherence 
rate for metformin was 68.82% and for the second substance 
80.33% in the LDC cohort. Counting only days when both 
substances were available for the patient, this results in a 
combined adherence rate of 56.39% in the LDC cohort in 
the first year of the post-index period. In the FDC cohort, 
943 patients were highly adherent in the first year of dual 
therapy with an average PDC of 95.77%, compared with 

Table 5  Difference-in-difference-in-difference estimation incorporat-
ing individuals who are exempt from co-payments

T2D type 2 diabetes mellitus, Est estimate, SE standard error, FDC 
fixed-dose combination
*p < 0.10, **p < 0.05, ***p < 0.01

T2D-associated pharmaceutical costs

Year 1 Year 2

Est. (SE) Est. (SE)

Variables
Treat (yes/no) − 0.062*** (0.011) − 0.058*** (0.010)
Post (yes/no) 2.363*** (0.014) 2.115*** (0.021)
No copay (yes/no) 0.302*** (0.033) 0.292*** (0.036)
Treat × Post 0.058*** (0.018) − 0.012 (0.036)
Treat × No copay 0.011 (0.047) 0.012 (0.046)
Post × No copay − 0.165*** (0.049) − 0.375*** (0.116)
Treat × Post × No copay − 0.027 (0.067) 0.181 (0.154)
Observations 2389
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281 patients in the LDC cohort with an average PDC of 
90.04% among those highly adherent. In the long run, how-
ever, higher adherence could improve health outcomes and 
reduce costs of disease progression, resulting in a net reduc-
tion of overall health care costs [4].

Second, costs may be driven by pharmaceutical prices. 
Thus, higher pharmaceutical costs may simply reflect higher 
product prices if one FDC is more expensive than the sum 
of the costs of its components. Often, FDCs are launched 
just before one component loses its exclusivity protection, 
while the other is still in the early product life cycle. This 
can keep the cost of the FDC high while the LDC is replaced 
by cheaper generics. However, this approach does not apply 
to the analyzed antidiabetic drugs since metformin has long 
been exposed to generic competition and the added sub-
stances lose market exclusivity at the same time. In fact, 
according to official list prices, the FDCs in question were 
less expensive than the combined prices for metformin and 
sitagliptin, which was the most widely prescribed combina-
tion in our sample. This is in line with findings from previ-
ous studies that reported that FDCs for T2D cost less than 
the sum of the individual substances [6, 29]. Thus, higher 
prices are not the reason for increased costs, but have an 
effect in the opposite direction.

Finally, the increased cost could mark a shift in expend-
iture from patients to the payer, as we observed decreas-
ing patient co-payments at the same time. Moreover, this 
explanation is supported by the fact that we did not observe 
differences in pharmaceutical expenditure when patients 
were exempt from co-payments. Results from the main DiD 
regression showed that the absolute increase in antidiabetic 
pharmaceutical spending in the FDC cohort relative to the 
LDC cohort was € 24.17, whereas the absolute decrease in 
antidiabetic co-payments was € 16.88. Therefore, a shift in 
expenditure from patients to the payer can explain two-thirds 
of the total increase in antidiabetic pharmaceutical spending. 
The remaining increase can then be explained by a differ-
ence in adherence between the two cohorts.

5.1  Limitations

Limitations must be considered when interpreting our 
results. First, our identification strategy relies on the assump-
tion that in the absence of FDCs, patients would have been 
treated with two separate pills. This assumption is not test-
able, and there is limited information available on why phy-
sicians choose to prescribe one type of medical treatment 
over another for a given patient. Reasons may include pref-
erences, adherence, drug tolerability, costs, or guidelines. 
Although the results of the placebo test could not reveal zero 
effects for all outcomes, we believe that the LDC cohort is a 
suitable control group in our setting. Even before matching, 
the covariates’ means were quite similar in both cohorts, 

which indicates that the LDC cohort is appropriate. To 
minimize the bias due to confounding, we accounted for all 
observable and unobservable time-invariant differences by 
combining PSM with DiD estimation.

Moreover, our study investigates a period of only 2 years. 
However, T2D-associated complications attributable to dif-
ferent treatments might occur in later years. In this context, it 
would be of interest to include costs of claims due to chronic 
micro- and macrovascular complications of T2D. In the 
long run, higher adherence achieved by FDC therapy might 
postpone or eliminate treatment of comorbidities, resulting 
in lower healthcare spending. One approach to achieve an 
extended time horizon could be a Markov model that simu-
lates long-term benefits.

Finally, since diabetes patients may differ from patients 
with other diseases, for example, in terms of their health 
behavior and adherence, the results of this study cannot be 
generalized.

6  Conclusions

We found that, from the payer perspective, antidiabetic FDC 
therapy increased disease-specific pharmaceutical spending 
in the first year of dual therapy compared to LDC therapy, 
but did not lead to differences in total healthcare costs. From 
the patient perspective, FDC therapy resulted in a decrease 
in co-payments compared to LDC therapy, a finding that 
is probably attributable to the elimination of co-payment 
for one product. We found that the increase in antidiabetic 
pharmaceutical spending for the payer could be explained 
in roughly two-thirds by a shift in co-payments to the payer, 
and the remainder may be explained by a higher medica-
tion adherence of the FDC cohort. However, the increase is 
mitigated by lower prices of the FDC product.
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