
 

Supplementary material. Simulation of total cost for lost working days. 

The analysis is based on the original SHI data identifying a number of patients who have 

been diagnosed with NTM-PD during the years 2010 and 2011 in Germany. The follow-up 

time intervals of the study are 3 months, 12 months, 12 months, and 12 months, with a 

maximum of 39-month follow-up of monitoring, as detailed in Figure S1 for three patients. 

As a consequence of the timeline of the research, the cost generating process (i.e., lost 

working days) could begin on January 2010 and stretch to April 2013 (Patient A in Figure 
S1); however, it could also potentially stretch into March 2015 (Patient C in Figure S1) if 

the patient was infected in December 2011. Provided that cost data are time-dependent, 

as can be observed for employee compensation in Germany, detailed in Table S1, the 

timely manner of cost generation is of relevance. That is, the time of diagnosis and the 

year and month in which working days where lost have to be considered. Further, based 

on mortality rates, as observed during the study and detailed in Table 5, the patient might 

have died during the time of the study, thus, not have generated any cost in terms of lost 

working days after death (Patient B in Figure S1). Finally, the lost working days vary 

considerably across patients and time intervals, as illustrated by the descriptive statistics 

on lost working days detailed in Table S2. Notably, mean and median values differ 

significantly, thus indicating a heavily skewed distribution.  

As a consequence of the variance in lost working days, the change in employee compen-

sation across time, and mortality rates, there is great variance in the cost per NTM-PD 

patient and an evaluation of estimated average values does only convey an incomplete 

picture.  

Figure S1. Timeline of research and illustration of progression of three stylized NTM-PD 

patients. 

 
 

 

2010 2011 2012 2013 2014 2015

NTM	Patient	A

1st	check 2nd	check 3rd	check 4th	check

Time	in	month0 3 15 27 39

Time-period	of	study

NTM	Patient	B

1st	check 2nd	check 3rd	check 4th	check

Time	in	month0 3 15 27 39

NTM	Patient	C

1st	check 2nd	check 3rd	check 4th	check

Time	in	month0 3 15 27 39

deceased



 

Table S1. Average employee compensation for Germany per year and day  

Year	 Employee	compensation	for		
Germany	per	year	

Expressed	on	a	daily	basis	

2010	 €	35,091.00		 €	96.14	
2011	 €	36,129.00		 €	98.98	
2012	 €	37,045.00		 €	101.49	
2013	 €	37,718.00		 €	103.34	
2014	 €	38,709.00		 €	106.05	
2015	 €	39,767.00		 €	108.95	

Table S2. Descriptive statistics on reported missed work days  

Group	 Time	 N	 Total	days		 Mean	 STD	 Median	 IQR	 Minimum	 Maximum	
Control	 Diagnoses	 1,250	 4,080	 3.26	 12.60	 0.00	 0.00	 0.00	 92.00	
	 Year	1	 1,246	 12,337	 9.90	 34.88	 0.00	 5.00	 0.00	 366.00	
	 Year	2	 1,221	 8,422	 6.90	 22.18	 0.00	 4.00	 0.00	 317.00	
	 Year	3	 1,200	 8,430	 7.03	 22.24	 0.00	 4.00	 0.00	 301.00	
PNTM	 Diagnoses	 125	 2,467	 19.74	 27.16	 8.00	 28.00	 0.00	 92.00	
	 Year	1	 121	 3,662	 30.26	 65.22	 3.00	 29.00	 0.00	 366.00	
	 Year	2	 109	 1,760	 16.15	 37.50	 2.00	 17.00	 0.00	 256.00	
	 Year	3	 103	 1,007	 9.79	 21.90	 0.00	 7.00	 0.00	 121.00	

 

To extend traditional analysis we utilize Monte Carlo simulation to evaluate the marginal 

impact of lost working days of NTM-PD patients over a control group using empirical data 

to parameterize the model. We provide estimates per NTM-PD patient that can be 

extended to estimate overall cost for a known number of infections during 2010 to 2011. 

In the model we consider different times of infection, empirical mortality rates, changing 

cost over time of lost working days, and variance in lost working days per patient.  

In the simulation we aggregate the simulated cost data of 10,000 individuals from the 

control group and 10,000 NTM-PD patients; that is, we simulate 10,000 iterations. N = 

10,000 was selected to generate robust results; larger N did not yield significantly different 

results. Each individual was randomly associated to a particular month of either 2010 or 

2011 based on a uniform distribution ranging between 1 and 24 in integers.1 The follow-up 

time intervals were then determined according to the timelines illustrated in Figure S1. In 

the model each individual was exposed to a monthly premature exit probability based on 

the mortality rates from Table 5, where we assumed that mortality probability was equally 

distributed across month. Thus, mortality rates in Table 5 were converted to monthly 

mortality rates and implemented using a Bernoulli distribution, where 0 denoted death and 

1 the continuation in the study. Missed working days were simulated based on eight 

generalized beta distributions, separately estimated for the control group and the NTM-PD  

 
																																																													
1Provided that the empirical data do not allow for a unique identification of the time of infection we assume 

that probability of infection is equally distributed across the 24 months of the original sample period 2010 to 

2011. 



 

group and the follow-up time. The density function of the utilized generalized beta 

distribution can be described as 
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where ( )⋅B  denotes the beta function. Distribution parameters (min , max , α1 , and α2 ) 

were estimated based on the empirical data from Table S2, where the minimum and 

maximum served as min  and max  in (1). Parameters α1  and α2  were estimated based 

on a sum of least squares fit between the empirically observed values for mean, standard 

deviation (STD), median, and interquartile range (IQR) and the analytical values for mean, 

STD, median, and IQR, as defined by (1) using numerical optimization techniques. Thus, 

we parameterized four generalized beta distributions for the control group and the NTM-

PD group each to simulate time-dependent lost working days for the control group and the 

PNTM group, where the estimated parameters and consequential distributional properties 

are detailed in Table S3 and can be compared for fit with the empirical data from Table 
S2.  
Having specified the distributions of lost working days we are now able to simulate time-

dependent lost working days. 

Finally, we utilize the cost data on employee compensation in Germany, as detailed in 
Table S1, to form a time-dependent estimate on cost per lost working day. We utilize 

identical daily cost estimates for each month of a particular year and assume that lost 

working days during the observed follow-up time periods are distributed equally over the 

corresponding month of the follow-up period. Note that, due to different times of infection, 

these follow-up periods do not necessarily follow calendar years.  

Table S3. Estimated specifications of estimated generalized beta distributions for NTM-

PD patients and control group including distributional properties of the distributions 

	 Specification	of	generalized	beta	
distribution	 Consequential	distributional	properties	of	estimated	

generalized	beta	distributions		 Estimated	
Parameters	

Empirically	
observed	

Group	 Time	 alpha1	 alpha2	 min	 max	 Mean	 STD	 p25	 p50	 p75	 IQR	
Control	 Diagnoses	 0.03	 0.79	 0.00	 92.00	 3.26	 12.60	 0.00	 0.00	 0.01	 0.01	
	 Year	1	 0.09	 2.57	 0.00	 366.00	 12.07	 34.15	 0.00	 0.04	 3.95	 3.95	
	 Year	2	 0.10	 4.06	 0.00	 317.00	 7.97	 21.84	 0.00	 0.07	 3.52	 3.52	
	 Year	3	 0.10	 3.80	 0.00	 301.00	 8.04	 21.91	 0.00	 0.07	 3.55	 3.55	
NTM-
PD	

Diagnoses	 0.26	 1.00	 0.00	 92.00	 18.89	 24.72	 0.43	 6.30	 30.21	 29.78	

	 Year	1	 0.14	 1.45	 0.00	 366.00	 32.18	 64.34	 0.01	 1.54	 28.64	 28.63	
	 Year	2	 0.16	 2.05	 0.00	 256.00	 18.14	 36.69	 0.01	 1.17	 16.50	 16.49	
	 Year	3	 0.11	 1.24	 0.00	 121.00	 10.06	 21.79	 0.00	 0.18	 6.90	 6.90	

 



 

Having specified the model and parameterized the required distributions we present the 

results as follows: First the cost distribution per individual of lost working days for 10,000 

simulated individuals for the NTM-PD sample and control sample in Figure S2 and the 

marginal difference between the PNTM sample and the control sample to identify 

marginal cost of NTM-PD patients in Figure S3. The descriptive statistics of the 

distribution are detailed in Table S4.  

Figure S2. Distribution of cumulative costs of lost working days across 39 months per 

individual, NTM-PD patient (black line) and control individual (grey line). The simulation 

includes 10,000 simulated individuals and considers different times of infection, changing 

mortality rates across time, time-dependent variable number of lost working days, and 

varying cost for a lost working day across time. 

 
 
Figure S3. Distribution of marginal cumulative costs of lost working days across 39 

months for one individual, including 10,000 simulated individuals with NTM-PD patient - 

control individual across 39 months. The simulation includes 10,000 simulated individuals 

and considers different times of infection, changing mortality rates across time, time-

dependent variable number of lost working days, and varying cost for a lost working day 

across time.

 



 

The results, based on individuals, can be aggregated to reflect estimated total cost to 

society by bootstrapping the number of infected individuals, here 125 in 2010 and 2011, 

from the distributions obtained for individual cost. The distributions obtained are illustrated 

in Figure S4, with corresponding descriptive statistics detailed in Table S4.  

Figure IVS4 Simulated total cost for 125 control individuals and 125 NTM-PD patients 

and the marginal cost.  

  

 
 

Table S4: Descriptive statistics for simulated cost of lost working days for one simulated 

individual across 39 months, including difference, as well as total cost for a sample of 125 

patients. 

	 Mean	 STD	 Min	 Median	(p50)	 Max	 IQR	
Control	patient		 €	3157.68	 €	4874.01	 €	0.00	 €	1006.01	 €	42,316.29	 €	4142.46	
NTM-PD	patient	 €	7126.08	 €	7853.05	 €	0.00	 €	4536.18	 €	58,479.91	 €	8634.29	
Per	patient	difference				
NTM-PD	-	control		 €	3968.40	 €	9238.08	 -€	37,704.02	 €	2298.24	 €	58,036.52	 €	8370.28	

Total	cost	of	125	
control	patients	 €	394,710.07		 €	54,162.66		 €	220,364.15	 €	393,282.92	 €	613,881.17	 €	73,238.06	

Total	cost	of	125	
NTM-PD	patients 	 €	890,760.29		 €	87,260.74		 €	576,124.27	 €	889,467.56	 €	1,268,858.93	 €	117,290.59	

Difference	125	NTM-
PD	-	125	control	
patients	

€	496,050.22		 €	102,847.77		 €	122,373.33	 €	495,907.48	 €	880,947.34	 €	138,403.65	

	


