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Abstract 

The purpose of the research is analyze the possibility of using questionnaires: Clinical COPD Questionnaire, COPD 

Assessment Test and modified Medical Research Council Dyspnoea Scale - for remote assessment of the health 

status of patients with chronic obstructive pulmonary disease and their integration into a software package developed 

for the purpose of dynamic monitoring in an outpatient setting. 

Methods. The software system was developed using the Python programming language. Its architecture includes a 

real-time automated scoring module, a personal data de-identification system, and a local database. To ensure offline 

functionality, an offline version of the system was developed with a graphical user interface based on the Tkinter li-

brary. The algorithm incorporates mathematical models for interpreting the scales in accordance with international 

standards. 

Results. A functional software system was developed that enables the collection and structured storage of data on 

symptoms, functional status, and mental health status of patients. The system allows for the creation and mainte-

nance of long-term archives of parameters to assess disease progression. Internal testing confirms 100% reproduci-

bility of calculations and stability of data transfer. API integration ensures potential compatibility with state medical 

information systems. 

Conclusion. The developed software system aligns with the principles of lean healthcare and can reduce specialist 

physician time expenditure by 20–30% through the automation of routine calculations. Implementation of the system 

into outpatient practice facilitates a transition to a proactive model of COPD management, thereby enabling early de-

tection of exacerbations and reducing the rate of rehospitalizations. Adaptation to Russian regulatory requirements 

positions the system as a promising solution for national telemedicine. 
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?>\ 2>?@>A0<\ 4><5=0}{�>;8G5AB2>\ 2>-
?@>A>2\ 2\ 4><5=5} $, 
345 AC<<0 10;;>2 – AC<<0 7=0G5=89 >B-
25B>2 =0 2>?@>AK, 2E>4OI85 2 4><5= 
8;8 >1I89 >?@>A=8:. &0:8< >1@07><, 
>1I89 ?>:070B5;L ?@54AB02;O5B A>1>9 
7=0G5=85 >B 0 (>BACBAB285 ?@>O2;5=89 
A8<?B><>2) 4> 6 (<0:A8<0;L=0O 8E 2K-
@065==>ABL). �@8B5@88, >F5=8205<K5 
4;O @0AG5B0 >1I53> ?>:070B5;O, 2K3;O-
4OB A;54CNI8< >1@07><: 
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%8<?B><K (Symptoms): $ Symptoms = 
= \frac{(Q1 + Q2 + Q5 + Q6)}{4} $; 

(C=:F8>=0;L=>5 A>AB>O=85 (Func-
tional state): $  Functional = \frac{(Q7 + 
+ Q8 + Q9 + Q10)}{4} $; 

#A8E8G5A:>5 A>AB>O=85 (Mental 
state): $ Mental = \frac{(Q3 + Q4)}{2} $; 

"1I89 10;; CCQ: $ CCQ =  
= \frac{(Q1 + Q2 + Q3 + Q4 + Q5 + Q6 + 
+ Q7 + Q8 + Q9 + Q10)}{10} $.  

"?@>A=8: CAT 2:;NG05B 2 A51O 8 
:><?>=5=B>2, :064K9 87 :>B>@KE >F5=8-
205BAO >B 0 4> 5 10;;>2. #5@54 @0AG5B>< 
?>:070B5;59 >B25BK @5A?>=45=B>2 B0:65 
?@5>1@07CNBAO 2 A>>B25BAB288 A 7040=-
=K< :;NG>< 4;O 40==>3> >?@>A=8:0.  

"1I89 ?>:070B5;L 2KG8A;O5BAO ?> 
A;54CNI5<C >1I5<C 0;3>@8B<C:  

$  #>:070B5;L = %C<<0\ 10;;>2\ ?>\ 
2A5<\ 8\ 2>?@>A0<  $,  
345 AC<<0 10;;>2 – AC<<0 7=0G5=89, 
A:;04K20NI0OAO 87 >B25B>2 =0 2>?@>-
AK, 2E>4OI85 2 >?@>A=8:. "1I89 ?>:0-
70B5;L, :>B>@K9 <>6=> ?>;CG8BL ?> 
>?@>A=8:C CAT A>AB02;O5B >B 0 (>BACB-
AB285 A8<?B><>2) 4> 40 (<0:A8<0;L=0O 
2K@065==>ABL A8<?B><>2). #>:070B5;8 
4;O @0AG5B0 >1I59 AC<<K: 

�0H5;L (Cough): $  Q1  $ (10;; >B 0 
4> 5); 

 >:@>B0 (Phlegm): $  Q2  $ (10;; >B 
0 4> 5); 

&O65ABL 2 3@C48 (Chest tightness): $  
Q3  $ (10;; >B 0 4> 5); 

"4KH:0 ?@8 ?>4J5<5 ?> ;5AB=8F5 
(Breathlessness going up hills/stairs): $  
Q4  $ (10;; >B 0 4> 5);  

"3@0=8G5=85 0:B82=>AB8 (Activity 
limitation at home): $  Q5  $ (10;; >B 0 
4> 5);  

�KE>4 87 4><0 (=0?@O65=85, BO-
65ABL, AB@0E) (Confidence leaving home): 
$  Q6  $ (10;; >B 0 4> 5);  

%>= (Sleep): $  Q7  $ (10;; >B 0 4> 5);  

-=5@38G=>ABL (Energy): $  Q8  $ 
(10;; >B 0 4> 5). 

"1I89 10;; CAT: $  CAT = Q1 + 
Q2 + Q3 + Q4 + Q5 + Q6 + Q7 + Q8  $. 

,:0;0 mMRC 2:;NG05B >48= :><-
?>=5=B (>F5=:0 >4KH:8), >F5=8205<K9 
?> H:0;5 >B 0 4> 4 10;;>2. #5@54 @0AG5-
B>< ?>:070B5;L B0:65 ?@5>1@07C5BAO 2 
A>>B25BAB288 A :;NG><. "1I89 ?>:070-
B5;L 2KG8A;O5BAO =0?@O<CN :0: 2K-
1@0==K9 C@>25=L >4KH:8:  

$  #>:070B5;L = '@>25=L\ >4KH:8  $,  
345 C@>25=L >4KH:8 – 7=0G5=85 >B 0 
(>4KH:0 B>;L:> ?@8 8=B5=A82=>9 
=03@C7:5) 4> 4 (>4KH:0 2 ?>:>5 8;8 ?@8 
<8=8<0;L=>9 0:B82=>AB8). #>:070B5;L 
H:0;K mMRC ?@54AB02;O5B A>1>9 7=0-
G5=85 >B 0 (<8=8<0;L=0O >4KH:0) 4> 4 
(<0:A8<0;L=0O >4KH:0). �@8B5@88 @0A-
G5B0 ?>:070B5;O 2K3;O4OB A;54CNI8< 
>1@07><: 

0: "4KH:0 B>;L:> ?@8 8=B5=A82=>9 
D878G5A:>9 =03@C7:5; 

1: "4KH:0 ?@8 1KAB@>9 E>4L15 ?> 
@>2=>9 ?>25@E=>AB8 8;8 ?>4J5<5 =0 =5-
1>;LH>9 C:;>=; 

2: !5>1E>48<>ABL >AB0=>2>: ?@8 
E>4L15 2 A2>5< B5<?5; 

3: "AB0=>2:0 ?@8 E>4L15 87-70 
>4KH:8 :064K5 ~100 <5B@>2 8;8 =5-
A:>;L:8E <8=CB E>4L1K ?> @>2=>9 ?>-
25@E=>AB8; 

4: "4KH:0 ?@8 1KB>2>9 0:B82=>AB8, 
70B@C4=5=8O ?@8 >4520=88 / @074520=88, 
70B@C4=5=8O ?@8 2KE>45 87 4><0. 

&0:65 1K; @07@01>B0= DC=:F8>=0; 
«>157;8G820=8O» 40==KE A F5;LN ?>4-
45@60=8O :>=D845=F80;L=>AB8 ?0F8-
5=B>2. 
$9;G?PF4FO < <I B5EG:89A<9 

� =0AB>OI5< 8AA;54>20=88 02B>@0-
<8 1K; @07@01>B0= ?@>3@0<<=K9 :><-
?;5:A, 8=B53@8@CNI89 2 A51O >?@>A=8:8 
CCQ, CAT 8 mMRC (@8A. 1–4). $07@01>-
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B0==K9 ?@>3@0<<=K9 :><?;5:A 2:;NG0-
5B 2 A51O: ?@>3@0<<C-:0;L:C;OB>@, :>B>-
@K9 ?>72>;O5B 2KAG8BK20BL ?>;CG5==>5 
:>;8G5AB2> 10;;>2 4;O >F5=:8 AB0BCA0 
?0F85=B>2 =5?>A@54AB25==> ?@8 @01>B5 
A ?0F85=B>< 2 @568<5 @50;L=>3> 2@5-
<5=8, ?@>3@0<<K A 0??0@0B=K< >=;09=-
:><?;5:A><, :>B>@0O ?>72>;O5B ?5@540-
20BL, >1@010BK20BL 8 A>E@0=OBL 8=D>@-
<0F8N =0 C40;5==>< A5@25@5 2 @538>-
=0;L=>< F5=B@5 48AB0=F8>==>9 <548-
F8=K, A 2>7<>6=>ABLN 8=B53@0F88 2 
?@>D8;L=>5 CG@5645=85, 0 B0:65 ?@>-
3@0<<K A >D;09=-107>9, :>B>@0O ?>72>-
;O5B A>18@0BL 25AL <0AA82 40==KE 
=5?>A@54AB25==> 2 ?@>AB@0=AB25==>9 
?0<OB8 M;5:B@>==>9 2KG8A;8B5;L=>9 
<0H8=5 (-� ), =0 :>B>@>9 ?@>8AE>48B 
2=5A5=85 40==KE. 

 
$<E. 1. �;02=>5 <5=N ?@>3@0<<K A 2K1>@><  
             >?@>A=8:0 (CCQ, CAT, mMRC) 

Fig. 1. Main menu of the software with questionnaire  
           selection (CCQ, CAT, mMRC) 

� >A=>25 ?@>3@0<<=>3> :><?;5:A0 
;568B 0;3>@8B<, =0?8A0==K9 =0 O7K:5 
?@>3@0<<8@>20=8O Python, :>B>@K9 A>-
18@05B, A8AB5<0B878@C5B, AB0B8AB8G5A:8 
>1@010BK205B 8 E@0=8B 8=D>@<0F8N > 
?0F85=B0E =0 ;>:0;L=>< 8;8 >1;0G=>< 
A5@25@5. #@8 =5>1E>48<>AB8 ?5@540G8 
40==KE, =0?@8<5@ ?@8 A1>@5 AB0B8AB8-
G5A:>9 8=D>@<0F88 2 F5=B@5 48AB0=F8-
>==>9 <548F8=K, M;5:B@>==K9 ?><>I-
=8: «>157;8G8205B» 40==K5 > ?0F85=B5 
A F5;LN 157>?0A=>3> E@0=5=8O <0AA820 
40==KE. 

 
$<E. 2. ":=> 22>40 40==KE >?@>A=8:0 CAT:  
             2>?@>A Q1 «�0H5;L» A 287C0;L=K<  
             ?>;7C=:>< 4;O >F5=:8 2K@065==>AB8  
             A8<?B><0 >B 0 4> 5 10;;>21 

Fig. 2. Data entry window for the CAT  
            questionnaire: question Q1 "Cough"  
            with a visual slider for assessing symptom  
            severity from 0 to 5 points1 

 
$<E. 3. $57C;LB0BK >?@>A0 ?> H:0;5 mMRC:  
             >B@065=85 2K1@0==>3> C@>2=O >4KH:8  
             (2 ?@8<5@5 – C@>25=L 3) A :=>?:>9 «!0704»  
             4;O 2>72@0B0 : 2K1>@C >?@>A=8:0  
             8;8 ?>2B>@=><C ?@>E>645=8N 

Fig. 3. Results of the mMRC scale: display  
            of the selected dyspnea level (in the example,  
            level 3) with a <Back= button to return  
            to questionnaire selection or to retake  
            the assessment 

#@>3@0<<0 8=B53@8@C5<0 2 8=B5@-
D59A ;N1>3> 1@0C75@0, :>B>@K9 =07=0-
G5= ?> C<>;G0=8N C ?>;L7>20B5;O =0 
:><?LNB5@5. #@8 MB>< A?5F80;8AB <>-
65B ?@>2>48BL A5@8N 8AA;54>20=89 =0 

 
1 �=B5@D59A ?@>3@0<<K ?>72>;O5B ?@>-

E>48BL 2A5 8 2>?@>A>2. 
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3@C??5 ?0F85=B>2, D>@<8@CO B5< A0<K< 
107C 40==KE =0 A2>5< :><?LNB5@5, 0 70-
B5< ?@>2>48BL 0=0;87 A>AB>O=8O ?0F8-
5=B>2 2 :>=:@5B=>9 :>3>@B5 1>;L=KE 
8;8 2 ?>?C;OF88. #><8<> 2KH5>?8-
A0==>3> ?@>3@0<<0 ?>72>;O5B C40;5==> 
>F5=820BL AB0BCA ?0F85=B>2 AB>@>==5<C 
=01;N40B5;N, C :>B>@>3> 8<5NBAO 4;O 
MB>3> ?@020 8 4>ABC? : >1;0:C E@0=5=8O 
40==KE, A ;N1>9 B>G:8, ?>4:;NG5==>9 
: A5B8 �=B5@=5B, GB> ?>72>;O5B ?@>2>-
48BL <0AA>2K9 C40;5==K9 <>=8B>@8=3 
?0F85=B>2 A )"�� 2 ;N1>9 B>G:5 
=0H59 AB@0=K. 

 
$<E. 4. $57C;LB0BK >?@>A0 ?> >?@>A=8:C CCQ:  
             2K2>4 @57C;LB0B>2 ?> 4><5=0<  
             (%8<?B><K: 0,50; #A8E8G5A:>5 A>AB>O=85:  
             1,00; (C=:F8>=0;L=>5 A>AB>O=85: 2,25)  
             8 >1I5<C 10;;C (1,30)1  

Fig. 4. Results of the CCQ questionnaire:  
            domain-specific scores (Symptoms: 0.50;  
            Mental State: 1.00; Functional State: 2.25)  
            and total score (1.30)1 

"D;09=-25@A8O @07@01>B0==>3> :><-
?;5:A0 (8=B53@8@C5<0O 2 251-?;0BD>@<C 
8 ?@>E>4OI0O :;8=8G5A:CN 20;840-
F8N) @50;87>20=0 2 2845 A0<>AB>OB5;L-
=>3> ?@8;>65=8O A 3@0D8G5A:8< 8=-
B5@D59A>< A 8A?>;L7>20=85< 181;8>-
B5:8 Tkinter (Python) 4;O 45<>=AB@0F88 
DC=:F8>=0;0. �0==0O 25@A8O 02B>=><=0 

 
1 #>72>;O5B 2@0GC-A?5F80;8ABC 8=B5@-

?@5B8@>20BL 2K@065==>ABL A8<?B><>2 8 AB5-
?5=L >3@0=8G5=89 687=545OB5;L=>AB8 ?0F85=B0. 

8 @01>B05B 157 A5B8 �=B5@=5B, 2:;NG0O: 
2K1>@ >?@>A=8:0, ?>;5 22>40 >B25B>2 A 
?><>ILN ?>;7C=:0 (scale), 0 B0:65 DC=:-
F8N @0AG5B0 @57C;LB0B>2 2 @50;L=>< 2@5-
<5=8 8 >B>1@065=85 @57C;LB0B>2. 

#>;L7>20B5;L 2K18@05B >48= 87 
B@5E 8=AB@C<5=B>2 >F5=:8 AB0BCA0 ?0-
F85=B0 A )"�� 8 ?@>E>48B ?>A;54>20-
B5;L=> :064K9 87 ?@54;>65==KE 
>?@>A=8:>2, @57C;LB0BK :>B>@KE M:A-
?>@B8@CNBAO 2 107C 40==KE. 

� @57C;LB0B5 ?@>2545=8O >?@>A0 =0 
M:@0= 2K2>48BAO @57C;LB0B 0=:5B8@>20-
=8O >1A;54C5<>3>, @0AAG8B0==K9 A ?>-
<>ILN 8=B53@8@>20==KE 2 O4@> ?@>-
3@0<<K <0B5<0B8G5A:8E D>@<C; 2 A>>B-
25BAB288 A : 0;3>@8B<0< 8=B5@?@5B0F88 
@57C;LB0B>2 >?@>A=8:>2 CCQ, CAT 8 
mMRC (A<. @8A. 2, 4). "A=>2=K< ?@5-
8<CI5AB2>< =0AB>OI53> ?@>3@0<<=>3> 
:><?;5:A0 O2;O5BAO 8=B53@0F8O 20;848-
@>20==KE H:0; CCQ, CAT 8 mMRC. 
-B> >15A?5G8205B 2KA>:CN AB5?5=L 4>-
AB>25@=>AB8 ?>;CG05<KE 40==KE. #@>-
3@0<<0 30@0=B8@C5B 2>A?@>872>48<>ABL 
@57C;LB0B>2 8 ?@54>AB02;O5B 2>7<>6-
=>ABL >1@0I5=8O : M;5:B@>==><C 0@E8-
2C ?>:070B5;59, ?>;CG5==KE @0=55, 4;O 
>F5=:8 8E 2 48=0<8:5. "D;09=-25@A8O 
:><?;5:A0 CA?5H=> ?@>H;0 2=CB@5==55 
B5AB8@>20=85 =0 2>A?@>872>48<>ABL 
@0AG5B>2 8 C4>1AB2> 8A?>;L7>20=8O 8 2 
=0AB>OI55 2@5<O ?@>E>48B 20;840F8N 
8=B53@8@>20==>9 >=;09=-25@A88 =0 251-
?;0BD>@<5 =0CG=>-?@0:B8G5A:>3> F5=-
B@0 48AB0=F8>==>9 <548F8=K. 

$07@01>B0==K9 ?@>3@0<<=K9 :><-
?;5:A ?@54AB02;O5B A>1>9 ?@0:B8G5-
A:89 ?>4E>4 : >?B8<870F88 2545=8O 
1>;L=KE 2 0<1C;0B>@=KE CA;>28OE 8 
8=B53@8@C5B 2 A51O 20;848@>20==K5 
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<564C=0@>4=K5 >?@>A=8:8 Clinical 
COPD Questionnaire (CCQ), COPD 

Assessment Test (CAT) 8 modified 
Medical Research Council Dyspnoea Scale 

(mMRC) 2 548=CN F8D@>2CN ?;0BD>@-
<C, >A=0I5==CN <>4C;O<8 4;O @0AG5B0 
?>:070B5;59 2 @50;L=>< 2@5<5=8, 157-
>?0A=>3> E@0=5=8O 8 ?>A;54CNI53> 
0=0;870 40==KE. #>;=>F5==0O >F5=:0 
A8<?B><>2 =0 A53>4=OH=89 45=L O2;O-
5BAO 206=>9 A>AB02;ONI59 ?@>F5AA0 
;5G5=8O 2 A@02=5=88 A ?@>ABK< 87<5@5-
=85< 2K@065==>AB8 =0@CH5=89 DC=:-
F88 4KE0=8O [6]. 

�;O A8AB5<K 74@02>>E@0=5=8O ?@5-
8<CI5AB20 =0AB>OI53> :><?;5:A0 70-
:;NG0NBAO 2 @50;870F88 ?@8=F8?>2 15-
@56;82>3> ?@>872>4AB20, ?@8 :>B>@>9 
02B><0B870F8O @CB8==>3> A1>@0 40==KE 
?>72>;O5B A>:@0B8BL 2@5<5==K5 70B@0BK 
B@C40 A?5F80;8AB0 =0 20-30% 70 AG5B 
02B><0B878@>20==>9 >1@01>B:8 40==KE. 
"BACBAB285 2708<>459AB28O A8AB5< 
2=CB@8 <548F8=A:8E >@30=870F89 8 
<564C =8<8 G0AB> ?@82>48B : 4>?>;=8-
B5;L=K< D8=0=A>2K< 70B@0B0< 8 ?>-
2B>@=K< >1A;54>20=8O<, GB> 3>2>@8B > 
=5>1E>48<>AB8 @07@01>B:8 548=>9 A8-
AB5<K >1<5=0 40==K<8 [7]. �A?>;L7>-
20=85 02B><0B878@>20==KE A8AB5< ?>7-
2>;O5B ?@>2>48BL ?@>D8;0:B8:C ?>-
2B>@=KE 3>A?8B0;870F89 ?CB5< @0==53> 
2KO2;5=8O @5F8482>2, GB> ?>4B25@640-
5BAO :>@@5;OF859 ?>:070B5;59 CCQ A 
@8A:>< >1>AB@5=89. #@8 MB>< CAB0=>2-
;5=>, GB> >1I89 10;; CCQ, 2 G0AB=>AB8 
53> DC=:F8>=0;L=K9 8 A8<?B><0B8G5-
A:89 4><5=K, O2;O5BAO =57028A8<K< 
D0:B>@>< @8A:0 ?>2B>@=KE 3>A?8B0;8-
70F89 2 B5G5=85 3 ;5B. (C=:F8>=0;L=K9 
4><5= CCQ (Q10) 8<55B =081>;55 2KA>-

:CN B>G=>ABL 2 ?@>3=>78@>20=88 ?>-
2B>@=KE 3>A?8B0;870F89 2 A@02=5=88 A 
A8<?B><0B8G5A:8< 4><5=>< (Q1-Q5) 

[8]. #@>3=>AB8G5A:0O A?>A>1=>ABL 
DC=:F8>=0;L=>3> 4><5=0 7=0G8B5;L=> 
2KH5, G5< C A8<?B><0B8G5A:>3> 8;8 
<5=B0;L=>3> 4><5=>2, 8 53> 8A?>;L7>-
20=85 2 :0G5AB25 4>?>;=5=8O : =01;N-
45=8N 48=0<8:8 >1>AB@5=89 ACI5-
AB25==> ?>2KH05B B>G=>ABL ?@54A:070-
B5;L=KE <>45;59 [9]. �0==0O A8AB5<0 
A=8605B M:>=><8G5A:CN =03@C7:C =0 
A8AB5<C " % 70 AG5B 8=B53@0F88 2 
@0<:8 ?@>5:B>2, =0?@02;5==KE =0 ?>-
2KH5=85 4>ABC?=>AB8 >:070=8O <548-
F8=A:>9 ?><>I8. #><8<> MB>3>, ?@>-
3@0<<=K9 :><?;5:A ?>72>;O5B ?@>2>-
48BL 0C48B :0G5AB20 =0 >A=>25 A>18@05-
<>9 107K 40==KE. 

� :>=B5:AB5 @01>BK 2@0G59-

A?5F80;8AB>2 =0AB>OI89 :><?;5:A 
AB0=40@B878@C5B ?@>F54C@C >F5=:8 ?C-
B5< 02B><0B870F88 @0AG5B0 10;;>2 ?> 
2:;NG5==K< >?@>A=8:0< 2 ?>;=>< A>-
>B25BAB288 A> AB0=40@B=K<8 >?5@0F8-
>==K<8 ?@>F54C@0<8 (%"#). !03;O4=0O 
45<>=AB@0F8O 287C0;870F88 48=0<8:8 
A>AB>O=8O 2 @50;L=>< 2@5<5=8 G5@57 
3@0D8G5A:89 8=B5@D59A Tkinter O2;O5B-
AO 8=AB@C<5=B>< 4;O ?@8=OB8O >1>A=>-
20==KE @5H5=89 > :>@@5:F88 B5@0?88, 
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