
1 

 

 
Population-based analysis of patients with COPD in Catalonia: 

a cohort study with implications for clinical management 
 
 

Emili Vela et al.  
 

  
ONLINE SUPPLEMENTARY MATERIAL  

 

The current document has two different Sections. Section I provides a summary 

of the logics of the Adjusted Morbidity Grouper (GMA) algorithm (Figure 1S). 

Additional information on methodological aspects of the GMA including clinical 

validation of the GMA are described in references [10, 11] of the main 

document. Section II of the current document provides supplementary Tables 

1S (ICD9 coding of diagnosis for inclusion in the study), 2S (Health service 

utilization in 2015), Figures 2S to 7S (Graphical representation of the predictive 

models depicted in Table 2) and Tables 3S to 8S (detailed information on the 

six predictive models depicted in Table 2). 

 

Section I - Summary of the Adjusted Morbidity Grouper (GMA) algorithm 
 
Basic concepts - The input for the GMA algorithm is a text file, which contains 
information about the health problems (diagnoses) of the insured. Each record 
in the input file corresponds to a health problem. The required fields are: 

• identification of the insured 

• diagnostic classification used 

• code of the health problem 

• date of diagnosis 

• birthdate 

• sex of the insured 

The fields related to date of birth and sex are not considered for grouping but to 
carry out prior validation of diagnostic codes and avoid inconsistencies by these 
factors. 
Note that we use the date of diagnosis and not the date of the contact. In fact, in 
the GMA what interests us is to know the morbidity of the insured and not the 
complexity of the admission. 
There are different classifications and versions of diagnostic coding. The GMA 
grouper is prepared to work with codes of the international classifications ICD-9 
MC, ICD-10, CIAP-1 and CIAP-2. The system can handle the usage of different 
classifications simultaneously, for example when one classification is used in 
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primary care and another type in the specialized care. That is why the coding is 
needed to be identified at each case (record). 
The level of specificity depends on the classification used and may exceed 
10,000 codes. The GMA algorithm uses Diagnostic Code Groups (ACDs) with 
the intention of reducing the number of codes and associating it with disease, 
e.g. all COPD diagnosis codes is linked to one ACD group. For the grouping, a 
modified version of the Clinical Classification Software of the H-CUP is used 
[https://www.hcup-us.ahrq.gov/toolssoftware/ccs/ccs.jsp]. 
Chronic diseases bear with a special importance in the GMA algorithm. 
Therefore, this attribute is needed to be identified for all diagnostic codes. To 
this end, we use a modification of the Chronic Condition Indicator of the H-CUP 
[https://www.hcup-us.ahrq.gov/toolssoftware/chronic/chronic.jsp]. 
Oncological disease and pregnancy and/or childbirth are also treated in a 
distinct way, and just as in the case of chronic diseases, it is identified 
separately. For these diagnoses, the identifications of the diagnostic codes 
were carried out and reviewed one-by-one for each of the four classification 
systems used. 
Finally, at the level of diagnostic codes, it is also important to identify the 
affected organ system. This will be of vital importance when analysing the 
multimorbidity of insured persons with chronic diseases. In the case of the 
GMA, it is particularly important to identify the different systems affected by 
chronic diseases and not so much to have different chronic diseases. As in the 
previous cases, each diagnostic code must be identified to the corresponding 
organ system. To this end, we use the classification of the CIE: Infections, 
neoplasms, digestive system, circulatory system, ... 
Thus, for each classification (ICD-9, ICD-10, CIAP-1 and CIAP-2) we generated 
a table with the previous diagnostic information associated with each diagnostic 
code: 

• Diagnostic code 

• Identification of chronicity 

• Identification of acute pathology 

• Identification of neoplasia 

• Identification of pregnancy and/or childbirth 

• Identification of the affected organ system 

• Identification of Diagnostic Code Grouping (ACD) 

Once the above information is obtained, ACD is used as the level of internal 
diagnostic analysis (minimum unit of analysis). 
At the level of the ACD, we analyse the care needs of the insured (complexity) 
using the Catalan information system. Specifically, we analyse the population 
insured by the Catalan Health Service in 2011 (7.5 million inhabitants). 
Several indicators are analysed when trying to measure complexity in terms of 
morbidity (ACD): mortality, admission (urgent, programmed, medical and 
surgical), primary care visits, outpatient visits, emergencies (primary - 
specialized care), prescription, hospital medication for outpatient services, day 
hospital, stays in social health centres, mental health, ... To summarise, we can 
say that complexity is gathered from three large blocks of information: 

• Mortality 

• Health care needs 
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• Prescriptions 

Bearing in mind that all of them refer to all areas and levels of care. 
By means of statistical modelling, the previous indicators are represented as a 
numerical value of complexity (relative weight) for each ACD. This relative 
weight or complexity index for ACD will allow us to assign to each insured a 
level of total complexity depending on their morbidity. 
Furthermore, we identify relevant ACDs. From the grouping of codes of relevant 
pathologies, we form clinical labels, whose objective is to summarize the set of 
relevant diseases present in an insured. 
In summary, at ACD level we assign two fields of vital importance: 

• Relative complexity weight 

• Relevant pathology label 

Label is kept empty when the pathology is not considered relevant. 
Finally, it should be mentioned that the grouping is carried out for a relatively 
long period (usually one year), so it is necessary to set a start and end date. 
 

 
Figure 1S. The figure shows a schematic as of the grouping algorithm. 

 

Diagnostic information - At this point, the grouping algorithm contains the 
necessary tables to obtain the diagnostic information for each health problem, 
regardless of the classification used (ICD-9 MC, ICD-10, CIAP-1, CIAP-2). For 
each diagnostic code, we have the following information: 

• Diagnostic code 
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• Identification of chronicity 

• Identification of acute pathology 

• Identification of neoplasm 

• Identification of pregnancy and/or childbirth 

• Identification of the affected organ system 

• Identification of Diagnostic Code Grouping (ACD) 

• Relative weight of complexity of ACD 

• Relevant pathology label 

 
Treatment of diagnostic registries of the input file - The grouper analyses 
each diagnostic code, registry to registry. 

• Validation of the diagnostic code based on the age and gender of the 

insured. If an inconsistency is found from age or sex in health problem in 

question this is not taken into account by the grouper. With the 

inconsistent diagnostic codes a validation file is created so that it can be 

revised later. 

• Identification of diagnostic information for each case based on the 

internal tables developed for the diagnoses (as explained above). From 

the code of the health problem and the classification used, we identify 

whether the diagnosis is chronic or acute, whether it corresponds to a 

neoplasm or pregnancy and/or childbirth, the organ system it affects, the 

ACD assigned, the relative weight of complexity and if it corresponds to a 

relevant pathology. 

• Verification of the diagnosis date. Health problems diagnosed after the 

end or acute health problems diagnosed prior to the beginning of the 

analysed period are excluded. 

 
Treatment of registries at the insured level - Having all the diagnostic 
information available (ACD, chronicity, neoplasia, organic system, ...) about all 
the health problems of an insured, we further process the registries following 
the steps below: 

• Identification of active neoplasia: It is checked if the insured presents 

any ACD associated to any diagnosis of neoplasm with a diagnosis date 

within the analysis period or a year before. 

• Identification of pregnancy and/or childbirth: It is checked if the 

insured has any ACD associated with a diagnosis of pregnancy and/or 

childbirth with a diagnosis date within the analysis period. 

• Identification of the acute pathology: It is checked if the insured has 

any ACD associated with an acute diagnosis with a diagnosis date within 

the analysis period. 

• Identification and treatment of chronic pathology: It is checked if the 

insured has any ACD associated with a chronic diagnosis either within 

the analysis period or as a previous diagnosis. In this case, both the total 

number of ACDs associated with chronic pathology (number of chronic 
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diseases) and the total number of systems affected by chronic diseases 

are analysed. 

• Assignment of complexity by insured (relative weight): The grouper 

assigns a numerical value as a relative measure of complexity at the 

individual level. This value is assigned for each ACD present in the 

insured, and not by diagnostic codes per se. 

• Assignment of relevant disease label per insured: The grouper also 

assigns a summary label with the relevant diseases identified in the 

insured. In order to do so, the classification tables (CIE-9, ICD-10, CIAP-

1 and CIAP-2) identify 80 diseases that are considered relevant, with 

their respective labels. Whenever one of these pathologies is identified in 

the same insured, the grouper saves them to form the final label. In case 

the relevant disease corresponds to a neoplasia in the label, it is taken 

into account whether it is active or prior. 

 
Preparation of the output file with information at the insured level - The 
information at the insured level obtained at this point is as follows: 

• Identification of neoplasia 

• identification of disease associated with pregnancy and/or childbirth 

• identification of acute disease 

• number of chronic diseases 

• number of organ systems affected by chronic disease 

• total relative weight (complexity) 

• list of relevant disease labels (if any) 

 
From the information above, the following tasks are carried out on the insured 
level: 

• Assignment of the Morbidity Group (GM): The GM assignment is 

carried out by priority levels according to the following sequence (only 

the first fulfilled condition is considered): 

 

o If the insured is identified as ill with active neoplasia then this 

group of morbidity is assigned (GM = '40') 

o If the insured is identified with pregnancy and/or childbirth-related 

pathology then this morbidity group is assigned (GM = '20') 

o If the insured has 4 or more systems affected by chronic illness 

then this group of morbidity is assigned (GM = '33') 

o If the insured has 2 or 3 systems affected by chronic disease then 

this group of morbidity is assigned (GM = '32') 

o If the insured has 1 system affected by chronic illness then this 

group of morbidity is assigned (GM = '31') 

o If the insured has an acute illness (Acute = 1) identified then this 

group of morbidity is assigned (GM = '10') 

o Lastly, the healthy population morbidity group (GM = '00') is 

assigned 
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• Assignment of the level of complexity (C): The assignment of the 

level of complexity of the insured is carried out separately by groups of 

morbidity and taking into account the total complexity. Within each 

morbidity group, 4 cutoff points are identified from the 40, 70, 85, and 95 

percentiles obtained from the entire population used for the creation of 

the cluster. The above values are fixed in the algorithm. 

 

• Assignment of the GMA per insured: The GMA code consists of three 

digits and is assigned by combining the morbidity group (GM) and the 

complexity level (1 to 5): GMA = 'GM' + 'C' 

 

• Review and update of the insured's final clinical label: The insured's 

final label is formed by concatenating the tags identified in the insured's 

label listing. A priority (relevance) code is used for this purpose. 

However, in many insured people (including all of the healthy population) 

there is no identified label. If there is no relevant label identified and the 

morbidity group is the healthy population, acute pathology or pregnancy 

and/or childbirth (GM = '00', GM = '10', GM = '20' respectively) then is 

labeled 'No chronic pathology'. If the insured has chronic illness, but is 

not considered relevant, he is labeled "other chronic diseases". 

 

• Results returned per insured. The final fields that the grouper returns 

are: 

o Identity of the insured 

o Adjusted Morbidity Group Code 

o Number of chronic diseases present 

o Number of organic systems affected by chronic disease 

o Total relative weight of the insured (complexity) 

o Clinical label summary of the set of relevant diseases identified in the 

insured. 
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Section 2 – Supplementary Tables and Figures  
 

 

Table 1S – ICD9 coding considered for inclusion in the study 

Code Name 

491.2x Obstructive chronic bronchitis 

491.8 Other chronic bronchitis 

491.9 Unspecified chronic bronchitis 

492.x Emphysema 

493.2x Chronic obstructive asthma 

494.x Bronchiectasis 

496 Chronic airway obstruction, not elsewhere classified 
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Figure 2S – Predictive model of mortality. Graphical representation showing the 

magnitude of the odds ratio for each covariates of the model (yellow dots), 

together with the corresponding 95% confidence intervals of the odds ratios 

(blue rectangles). 
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Table 2S. Mortality 

 

Number of 

cases 

B E.T. Exp(B) 

I.C. 95% para 

EXP(B) 

Inferior Superior 

P

a

s

o

 

1

a

   

Sex       

  Males 169,518 1     

  Females 95,312 -0,355 0,019 0,701 0,676 0,728 

Age       

  40-54 years 32,805 1     

  55-64 years 49,601 0,527 0,064 1,693 1,493 1,921 

  65-74 years 73,968 0,744 0,060 2,103 1,869 2,367 

  75-84 years 74,141 1,322 0,059 3,749 3,341 4,207 

  >84 years 34,515 2,294 0,059 9,911 8,828 11,127 

Admissions       

  Group A 22,6891 1     

  Group B 25,922 0,332 0,024 1,394 1,331 1,461 

  Group C 12,017 0,313 0,030 1,368 1,291 1,450 

GMA grade       

  Very high 24,866 2,188 0,059 8,919 7,949 10,009 

  High 76,237 1,462 0,055 4,316 3,874 4,808 

  Moderate 121,918 0,602 0,055 1,826 1,640 2,034 

  Low 41,809 1     

Emergency room visits       

   0 158,288 1     

   1-2 78,336 0,101 0,022 1,106 1,060 1,154 

   3-5 22,513 0,244 0,029 1,276 1,205 1,351 

   >5 5,693 0,496 0,043 1,643 1,511 1,786 

Social support       

   No  253,373 1     

   Yes 11,457 0,828 ,026 2,289 2,176 2,408 

Intercept  -5,274 0,071 0,005   
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Figure 3S – Predictive model of hospitalization for all causes. Graphical 

representation showing the magnitude of the odds ratio for each covariates of 

the model (yellow dots), together with the corresponding 95% confidence 

intervals of the odds ratios (blue rectangles). 
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Table 3S. Hospitalization for all causes 

 

 

Number of 

cases 

B E.T. Exp(B) 

I.C. 95% para 

EXP(B) 

Inferior Superior 

Sex       

  Males 169,518 1     

  Females 95,312 -0,192 0,012 0,825 0,806 0,844 

Age       

  40-54 years 32,805 1     

  55-64 years 49,601 0,226 0,027 1,254 1,188 1,323 

  65-74 years 73,968 0,409 0,025 1,506 1,433 1,583 

  75-84 years 74,141 0,720 0,025 2,054 1,955 2,157 

  >84 years 34,515 1,039 0,027 2,827 2,683 2,979 

Admissions       

  Group A 22,6891 1     

  Group B 25,922 0,644 0,016 1,903 1,845 1,963 

  Group C 12,017 0,712 0,022 2,039 1,954 2,127 

GMA grade       

  Very high 24,866 2,061 0,031 7,851 7,382 8,351 

  High 76,237 1,386 0,027 3,998 3,789 4,219 

  Moderate 121,918 0,640 0,027 1,896 1,800 1,998 

  Low 41,809 1     

Emergency room visits       

   0 158,288 1     

   1-2 78,336 0,340 0,013 1,405 1,369 1,441 

   3-5 22,513 0,623 0,019 1,865 1,796 1,937 

   >5 5,693 0,961 0,032 2,615 2,455 2,785 

Social support       

   No  253,373 1     

   Yes 11,457 0,008 0,023 1,008 0,964 1,054 

Intercept  -3,433 0,031 0,032   
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Figure 4S – Predictive model of hospitalizations due to acute exacerbations of 

COPD (COPD-related). Graphical representation showing the magnitude of the 

odds ratio for each covariates of the model (yellow dots), together with the 

corresponding 95% confidence intervals of the odds ratios (blue rectangles). 
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Table 4S. Hospitalization COPD-related  

 

 

Number of 

cases 

B E.T. Exp(B) 

I.C. 95% para 

EXP(B) 

Inferior Superior 

Sex       

  Males 169,518 1     

  Females 95,312 -0,122 0,022 0,885 0,848 0,924 

Age       

  40-54 years 32,805 1     

  55-64 years 49,601 0,361 0,055 1,435 1,289 1,599 

  65-74 years 73,968 0,516 0,051 1,675 1,515 1,853 

  75-84 years 74,141 0,702 0,051 2,017 1,826 2,228 

  >84 years 34,515 0,718 0,053 2,049 1,845 2,276 

Admissions       

  Group A 22,6891 1     

  Group B 25,922 1,547 0,025 4,699 4,478 4,931 

  Group C 12,017 2,151 0,028 8,592 8,130 9,079 

GMA grade       

  Very high 24,866 1,266 0,062 3,548 3,145 4,003 

  High 76,237 0,973 0,056 2,646 2,370 2,954 

  Moderate 121,918 0,497 0,055 1,644 1,477 1,831 

  Low 41,809 1     

Emergency room visits       

   0 158,288 1     

   1-2 78,336 0,315 0,026 1,370 1,303 1,441 

   3-5 22,513 0,521 0,034 1,684 1,575 1,801 

   >5 5,693 0,804 0,048 2,235 2,032 2,458 

Social support       

   No  253,373 1     

   Yes 11,457 -0,115 0,036 0,892 0,831 0,957 

Intercept  -5,135 0,064 0,006   
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Figure 5S – Predictive model of multiple admissions for all causes. Graphical 

representation showing the magnitude of the odds ratio for each covariates of 

the model (yellow dots), together with the corresponding 95% confidence 

intervals of the odds ratios (blue rectangles). 
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Table 5S. Multiple hospitalization All causes  

 

 

 

Number of 

cases 

B E.T. Exp(B) 

I.C. 95% para 

EXP(B) 

Inferior Superior 

Sex       

  Males 169,518 1     

  Females 95,312 -0,200 0,019 0,818 0,789 0,849 

Age       

  40-54 years 32,805 1     

  55-64 years 49,601 0,268 0,049 1,308 1,189 1,438 

  65-74 years 73,968 0,455 0,045 1,576 1,443 1,721 

  75-84 years 74,141 0,685 0,044 1,983 1,819 2,162 

  >84 years 34,515 0,848 0,046 2,335 2,134 2,555 

Admissions       

  Group A 22,6891 1     

  Group B 25,922 0,669 0,023 1,952 1,867 2,040 

  Group C 12,017 0,818 0,026 2,266 2,152 2,386 

GMA grade       

  Very high 24,866 2,402 0,060 11,042 9,817 12,419 

  High 76,237 1,690 0,057 5,419 4,849 6,055 

  Moderate 121,918 0,755 0,056 2,128 1,905 2,377 

  Low 41,809 1     

Emergency room visits       

   0 158,288 1     

   1-2 78,336 0,423 0,022 1,526 1,461 1,593 

   3-5 22,513 0,779 0,028 2,179 2,062 2,302 

   >5 5,693 1,210 0,039 3,354 3,107 3,621 

Social support       

   No  253,373 1     

   Yes 11,457 -0,086 0,029 0,917 0,866 0,971 

Intercept  -5,082 0,062 0,006   
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Figure 6S – Predictive model of multiple admissions due to acute 

exacerbations of COPD (COPD-related). Graphical representation showing the 

magnitude of the odds ratio for each covariates of the model (yellow dots), 

together with the corresponding 95% confidence intervals of the odds ratios 

(blue rectangles). 
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Table 6S. Multiple hospitalization COPD-related  

 

 

 

Number of 

cases 

B E.T. Exp(B) 

I.C. 95% para 

EXP(B) 

Inferior Superior 

Sex       

  Males 169,518      

  Females 95,312 -0,195 0,043 0,823 0,757 0,895 

Age       

  40-54 years 32,805      

  55-64 years 49,601 0,356 0,108 1,428 1,155 1,766 

  65-74 years 73,968 0,531 0,101 1,700 1,395 2,072 

  75-84 years 74,141 0,491 0,100 1,634 1,342 1,988 

  >84 years 34,515 0,241 0,107 1,272 1,032 1,569 

Admissions       

  Group A 22,6891      

  Group B 25,922 1,939 0,051 6,952 6,290 7,685 

  Group C 12,017 2,722 0,052 15,214 13,731 16,857 

GMA grade       

  Very high 24,866 1,359 0,137 3,891 2,975 5,091 

  High 76,237 1,048 0,130 2,852 2,210 3,680 

  Moderate 121,918 0,500 0,129 1,649 1,281 2,123 

  Low 41,809      

Emergency room visits       

   0 158,288      

   1-2 78,336 0,409 0,054 1,505 1,354 1,674 

   3-5 22,513 0,699 0,066 2,013 1,770 2,289 

   >5 5,693 1,109 0,081 3,032 2,585 3,557 

Social support       

   No  253,373      

   Yes 11,457 -0,082 0,060 0,922 0,819 1,037 

Intercept  -6,925 0,142 ,001   
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Figure 7S – Predictive model of users with high healthcare costs (PCT85). 

Graphical representation showing the magnitude of the odds ratio for each 

covariates of the model (yellow dots), together with the corresponding 95% 

confidence intervals of the odds ratios (blue rectangles). 
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Table 7S. Users with high healthcare costs 

 

 

 

Number 

of cases 

B E.T. Exp(B) 

I.C. 95% para 

EXP(B) 

Inferior Superior 

P

a

s

o

 

1

a 

Sex       

  Males 169,518      

  Females 95,312 -,174 ,012 ,840 ,820 ,861 

Age       

  40-54 years 32,805      

  55-64 years 49,601 -,124 ,025 ,884 ,841 ,928 

  65-74 years 73,968 -,095 ,023 ,910 ,869 ,952 

  75-84 years 74,141 -,107 ,023 ,898 ,858 ,940 

  >84 years 34,515 -,384 ,026 ,681 ,647 ,717 

Admissions       

  Group A 22,6891      

  Group B 25,922 ,463 ,017 1,590 1,538 1,643 

  Group C 12,017 ,456 ,022 1,577 1,511 1,646 

GMA grade       

  Very high 24,866 3,010 ,037 20,285 18,873 21,803 

  High 76,237 2,181 ,033 8,858 8,299 9,455 

  Moderate 121,918 1,139 ,033 3,125 2,931 3,331 

  Low 41,809      

Emergency room visits       

   0 158,288      

   1-2 78,336 ,302 ,014 1,353 1,317 1,391 

   3-5 22,513 ,572 ,020 1,771 1,704 1,841 

   >5 5,693 ,887 ,032 2,428 2,281 2,584 

Social support       

   No  253,373      

   Yes 11,457 -,131 ,024 ,877 ,838 ,919 

Intercept  -3,525 ,034 ,029   
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Table 8S – Health services utilization in 2015 by the study group 

(*) ANOVA among GMA groups (p< 0.01) 

 

 

  
Low risk 
stratrum 

Moderate 
risk stratum 

High risk 
stratum 

Very high-
risk 

stratum 
Global 

Cases 41,809 121,918 76,237 24,866 264,830 

Admission rate (x100)* 11.8 27.9 61.0 127.1 44.2 

Average length of hospitalization (days)*  0.6 1.4 3.7 9.6 2.7 

Unplanned admission rate  (x100)* 5.5 13.9 39.4 99.2 27.9 

Patients with unplanned admission (%)* 4.3 10.2 25.5 50.3 17.4 

Patients >1 unplanned admission (%)* 0.9 2.5 8.8 24.3 6.1 

Emergency visit rates (x100)* 33.7 63.3 125.0 228.3 91.9 

Patients with emergency visit (%)* 21.2 34.2 54.0 72.2 41.4 

Patients with >1 emergency visits (%)* 7.2 14.6 29.8 49.1 21.0 

Hospital outpatient visits  (average) 1.5 3.4 5.8 7.0 4.2 

Primary Care visits  (average)* 6.6 13.1 21.0 28.5 15.8 

Users of a skilled nursing facility (%)* 0.7 2.7 9.7 26.2 6.6 

Average of medications (ATC5)* 4.7 9.4 13.6 16.3 10.5 

Pharmacy expenditure (per person/year in €)* 455 1,009 1,779 2,638 1,273 

Health expenditure (per person/year in €)* 1,284 2,944 5,933 11,536 4,238 


