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2 

 

 

1.1  -    

1.1.2 ,      

  ( )  ,  ,    

  ( )        

      ,      . 

      ђ       

 .     18.      

ђ  β0.  40. ,     10.   50.   ђ  (1). 

             

,      .     

         β.5  ( 1,2). 

          β.5 . 

       ,    

    (5/100 000)       

   (> γ0/100 000).       

   8γ/100 000,          4.γ/100 000 

(2).      ,   , 

         ,  

          

    , ђ     

       . 

     ђ       

,   ђ          

    (3).       

            

           

         .     

           

    ( ,  )      

 ђ        (  

) (4). 
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ђ      ( ,  )   

            

ђ    je  je    

  (4).   

             

           

         

    (5).  

     ,  .   

ђ   ,     ђ  

          .  

        β0%.    

           

β.77%        0.γ% (6,7).   

     β5  γ0%       

 5%     ђ     3% (8,9).     

    ,          

           

ђ          . 

             

  HLA( . HuЦКn ХОuФoМвtО КntТРОn)      

6,        (MHC) .  

HLADR2         HLA-DRB1 * 15.01  (7,10). 

        HLA    

  ,          

   (10).         

     ,     

.            

         ,   

    (11). 



4 

 

            

 .         

    ,   15.  ,   

      .       

         (10). 

         , 

  ,         

:  -  ( ) ,   ,  

,    . 

           

         . 

         ,   

   .    

        .   

         

 ,         ,    

  (12). 

            

.        

    (13). 

           

HLA-DRB1*1501  (14)        

   ,           

 .        25-hydroxy-vitamin 

D           ( )   

   (14,15). 

            

  .        

          ,   

     .    

  . 

  Epstein–Barr  (EBV)     ,  

           (16). 
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(mRNA)             

     .   ђ  EBV   

             

     (13,16). 

   ,       , 

           

           

          

 (17). 

  ђ            

 ,       ,    

  ,   .   

 (NO)    ,    

  (18). 

       ( )     

   .    ,  

   .        

           

    .  ,  

CD4+    ,      С1  С17 , 

       ,  

  ( )      (19). 

      ( )       

 , ,    

          

    - .      

  ,         

,     . ,   

 ,    -      

    (20).  , ,    

    (   , TNF- alfa; 

, IL12, IL23; , IFN- РКЦК),      

  ( ,  , , - ) (21). 



6 

 

          ,  

   CD4+   hβ      

  (IL4, IL5, IL1γ,   - TGF). 

  Th2         (21, 

22). 

          

      (23). 

    ,    , 

        ,  

          

   (24). 

           

,              

 ђ .            

    . 

       .    

,    ,   

     ,    

     (25). 

ђ ,            

              

,          (26).  

       ( )     

      ( ).     

        ,   

( ) .        ,    

      ,      , 

       (27). 

  ђ        ,   

           

(28). 

1.1.3  ,      

        , , 

,  .         



7 

 

   ,          

          

. 

  80%        

 ( ).           

      ,  ,  , 

     (29). 

            

              

   (30). 

        ,  

.  

      ,  ,  

          

     . 

             

       - ,  

      . 

      β010.   ,  

      (31). 

     ( )      

     : 

          : 

1.   

2.    

3.    

4.  

 

  ђ      : 

1.   β  /           

  ђ   ; 

β.    β        

            

 



8 

 

        2010. . 

 

      

β   ;   

  

      

  

       

 

 

  

β   ;   

  

  

    

(     ): 

1.    

              

β.     

Ј    ( ) 

      

 

 

 

    

(     ): 

1.   

              

β.     

1   

     

 ( ) 

    

               

    

 

      

   

    

(   )  

 β  γ : 

1.  1 β    1  

    

β.      

   β   β  

  

γ.    

(   

   ) 
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    ђ      ,      

 β0       . 

         

          

   .   

 

     . 

-   ,  ,    

           

        

          

. 

-          

        

.  

-     , . disease-modifying therapy, ( )   

      ,    

    . 

 

              

  ,           

    .     

          . 

   ,       

   ,        

  ,          

.  

1.          

 ,         

.  

-      :   (IFN )  1 , IFN  1 , 

  ( ),    . 

-       IFN  1 , IFN  1 ,   (β6),   

IFN   1-   IFN  -          .  
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-              

 (20, 32). 

 

              

         

             

( , , ,  ( 20,32). 

 

               

          . 

         

        

(33). 

1.1.4       

          

.  IFN        .  

   IFN        

       , 

     -   ( )  

         . 

    1 – IFN      

           (10). 

IFN            

     MHC   e II    -

   ( . IntОrМОХХuХКr МОХХ КНСОsТon ЦoХОМuХО, ICAM-1, vascular cell 

adhesion molecule-1,VCAM-1, very late activation antigen-4, VLA-4)     

 .  (34) IFN       IFN    

 ekspresije MHC    II. 

           

        .      

IFN  : 
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-      mRNA      

  IFN- ,       . 

-          

h 17  .  

-  -         

. 

IFN    h1   -   

(IL 17, , IFN  ,TNF α)   hβ    -

 (IL10, IL4).  

   IFN            

  (34,35). 

       IFN     CD56 NK  

( . natural killer)   ,      IL-

10 -  . CD 56 NK  ђ    

    -      (35). 

            

     .   - -   9 

(MMP-9)    ,   ,    

        

 .  IFN         

    MHC  II      

,   VLA-4    VCAM-1    

VLA-4      (36). 

Ш      , IFN       ( .  

B-cell survival factor –BAAF)           

    IFN         

  ,          

    (37). 

.   IFN           

        6 (38). 

  IFN        ђ    

      (39). 
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1.2        

        . 

          

            

  β0%  65%. (40,41)        

,  ,      

            

.          

 ,         

   (41,42).  

              

       .      

         

            

 10 .     ,   

          (41, 

43,44).             

            

             . 

„ “ .   ђ        

   ( ),         

            (45). 

ђ             

    .      

         (46,47,48). 

            80% 

,            

  ,       

 ,  57%     (49).     

            (50,51). 



13 

 

            

        .  

     ,    

 ђ      .  ђ  

      ,     

   .      

 ββ%  40 % .   ,   

,   ђ        ββ%  β5%, 

    , -      (43,44). 

            

             e  

    j     . 

           

   ,   ,   .  

            

    (52,53).  ђ ,  

      ,  

            

,         

 (54,55).       ,   

,   , ,     

  ,     (56,57,58). 

           

      ,    

  .    „Brief Repeatable Battery of 

NeuropsyМСoХoРТМКХ TОsts“ (BRB-N)     „MТnТЦКХ AssОssЦОnt oП CoРnitive 

FunМtТon Тn MS“ (MACFIMS) (59,60). 

       .    

     IFN     

          

          (61,62). 
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    ,      

 ,           

          

    . 

 

  

1.3. A   

 

  ( )  ,    19q1γ     

          .       

        (63).  

APOE    β99  .      

   ,       

  ,    .   ђ    

 ђ    11β.  158.       

( )   ( ). 1. 

 

 

 

 

 

 1.  εβ-      (  11β,  158), ), εγ -  

     (  11β, 158))  ε4 -     (  11β, 

 158)  

             

     ,     (A ). 
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    εβ, εγ  ε4      

.  εβ    5-10%,  εγ  65-70%,   ε4  15-20% 

(63,64,65). 

       . O     

            

        (65, 66, 67).  

             

.             

        .   4 

   ,     

         

 (68, 69). 

 -       ,     

      LDLR ( . Хoа-density lipoprotein receptor)  

          .   

     .   . 

 

1.3.1       

 

      , , 

        . 

 ε4             

   ( ),       

        ,      

      (70,71).  

        .  

       ,   

        ,    

 .         

.           

               

(72,73). 

               

     .    ε4  
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      εγ,         

      ,        

  (73,75).  

 ε4      A    ε3.      

           

  ,        A  (76). 

             

   A .   A       

          ε4 (71).     

        Pittsburgh compound B (PiB)  

    A   .  PiB-    

( )        A        

       ε4 (77).  

Ј          ε4  

              

  A  (68,70,75, 76). 

     ε4      

           

 . ђ      -   

 ε4.  

 ε4    A        εγ     

      A . ђ      εγ 

    A         ε4 

    .          A   

    (73,75). 

   εβ         . 

       90       

 (εβ  ε4)          

 εγ    .       εβ 

        (78). 

ђ       ε4       

microtubule-associated protein tau        

   ( ) (79,80,81). 
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        ε4      

            

   -    ,    

   (79,80).       ε4  

            

,         

   ε4        γ 

 (78,81).   ,     

,           

  (73,81). 

     .   ε4 

     ђ      ,   

           

    ε4   (82). 

           

 .          

        .  

            

  (83). 

         . 

        . 

           

    A ,         

  .  4     ,  

           

  (84). 

 ђ       4     

              

  -     (73,84). 
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1.3.2        

       ε4       

  ,  ,     

       

  ( , ) (85,86,87). 

           ε4   

      (87,88).  

         ε4        

      ,    

 ,        ,  

,  ,  ,  ,  

(73,88). 

 ђ        ε4     

          

        60     

  (89,90). 

  ,     

,          

,  ђ  (β9-γ9 )    ε4 ela (91).  

         

           

           

. 

 

1.3.3             

 

              

  ,         

   ε4     .   .   

           

      (67,92). ђ        

           

(67,93).             

 ε4             
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.               

ђ      ,     ђ   

 - ε4  (94). 

ђ                

 .   ε4 .  1     

 ,            

 . „  “ (  „black holes“)       

          (95,96).   

          

    1      „  “  

      ε4    ђ     

. ,          

,  ε4         

 (96).    ε4        

         „  “   

 N-   (NAA)/        

   (96, 97).                                                                                         

            

            

  ε4        (66, 98,99,100). 

          

  ,      

,       .  

     /   . 

           ε4     

,  ,      

          , 

      .                                                                                   

        - ε4   

          

   - ε4         

. 
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1.4.    

        -  .   

       „ “     

 ( ,  , )   ђ     

  .  

ђ          ,    . 

        .      

     , , , 

,     (101, 102).       

     , ,  , 

     .   

            

,          (103). 

           

    .     

      19  1γ.β-19 1γ.γ.    

               

 ,  .       

 ,        (102,103). 

           . 

,   o         

            

  ,        

  . 

   ђ   . NIRKO     ( )  

     e        , 

,       ,  , 

,         

   (104).          

           

   - ,     

  . 

           ?  



21 

 

               

 ,  -    (105). 

Њ               

         

      . ђ      mRNA  

,            (103,105). 

       .  

            

  ( ).   -     

    ,     

  10  β0       .      

          ( )   

    . (106,107)         

   ,           

      . 

     .        

 . 

             . 

       „ “  ђ   

    .         

   γ ,          1 

(108).        .  4   8 

      ђ      

      ( , 

,  ,  , ) (109,110). 

             

      ,   . 

  ,   ,   ,  

          , 

  ,     

    (103,111). 
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           -  

(112).           

,   ,     (113,114). 

          ,  

,  ,     , 

      (115). 

           

       (116). 

 

 

1.4.1   

 

     , ,     

             

  ( )  β . 

          

          (117).   

             

  .    . 

            

        .    

   .    c    ,  

 ,      .  

             

 ( )            

   (118) . 

           

 (119).  ђ , ,     

         . 

,         

  -  (120). 

            

 , , . ђ       
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     j      

      .     

             

     β (115). 

      ђ        . Ј  

                

       . 

            

   (115, 121). 

                

        .   

      ,      . 

            ђ     

           

   (122).        

.          

 1 (IRS1), FTO ( . fat mass and obesity associated-FTO),    

  ЦОХКnoМortТn 4 rОМОptor (MC4R) РОn .     

     4  (115,123). 

               

 ,         .   

 

 

1.4.2    

 

            

              

      (124,125).  

           

      β      

 .    β      (1 26).   

  ђ         β     1. 

(120,127)           β,   
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 (127, 128).              

  β  .         

           β   

   .  

O                

      ,     

         (128). 

Ј         ,   

         (129). 

   a          

          

  . 

              

          

   . ђ       

           

  ,        ,  

    ,   

 (119,125). 
 

    j       :  

        ,   

  . 

          

   N-methyl-D-aspartate (NMDA)  .  

         

 ђ    ,  ,  

(       4   8) 

    ,       

. (130) 
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      -        

      ,    

  ,      .    

         

    ,      

 (A PP)   A       (128,131).  

    A       

   .      

  , ne    a - 

    -        

    (128).  

,  β         

 ,   (132). 

            

           

   (133). 

ђ         ,   

         

,      (134,135). 

           

         

 . 

1.4.3.     . 

            β     

,            , 

    1(136). 

            . 

             β   

            (137). 

          

      (138). 
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         40%     

    β1%          

  (139). 

         

        

       (140). 

  IFN        

.     IFN        

2 (141). IFN      . signal transducer and activator of the 

transcription (STAT1)/suppressor of cytokine signaling (SOCS).   SOCS 

 ,    u      

  ,  ђ        

    (IRS)-1  (141). 

   ,     ,      

        ,    

  , ,      

,           

   IFN . 

            

    (142). 

          

    .  

 ,          

    (143,144).  

          

             

      . 

               

,     β            

         

           ? 
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II 
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2.1   : 

         

          ε4     

. 

 

2.2    

         :  

1.         . 

2.            . 

3. ђ          . 

4. ђ       IFN  1  

( )      

5. ђ         

         

 ( ,    ,   ). 

6. ђ           

         

 ( ,    ,   ). 

7. ђ      ε4      

          

     ( ,    

,   ). 

8. ђ     ε4     /   

        .  

9.        

  ( DSS)      ( SSS) 

10.          

  ( DSS)      ( SSS). 
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2.3   : 

•          

  /  ε4     . 

•      ε4      

          . 
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III 

 

Ј    
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3.1     : 

3.1.1   

        .    

             

    ,       

 . 

    81        

 ,        β010. .  

      : 

-   50          

     1  ( )  

-   γ1             

     . 

    ,  ђ     

        . 

 

3.1.2      

 : 

1.      ђ  18  55  

2.     

3.           

      β010. . 

4. DSS  ≤ 6.0 

 

 : 

1.   -  (  ). 

2.       . 
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3.        γ .  

4.      γ . 

5.    ,  IFN    . 

6.      . 

7.    . 

8.   

9.     ( , ,  

.  >10  „BОМФ DОprОssТon InvОntorв“ (BDI-II) .  

10.    ,  ,   

     

11.      

12.  . 

13.    ≤75%. 

14.  . 

3.2  

3.2.1   

   . 

3.2.2  

 : 

        ,   

    .       

,      .  

  ,    ,     

        . 

      .  

   BDI-II,         

       . 

        (  ,  

). 



33 

 

         1β     

     . ђ     

             

.  

      γ      75g  

  β50 ml .  

            ,  

 γ0   1β0    - .         

 ,   . 

               

. 

      ђ  DSS  SSS .  

         . 

        . 

 

3.3      

3.3.1.     : 

 

1.      (I0)    1β  

.  -  ђ       γ0  (I30) 

 1β0  (I120).         

  ђ ( . chemiluminescence 

imunnoassay)    ( rchitect, Abbott Diagnostics Dicision, 

Wiesbaden, Germany)     . 

 

2.    (G0)      1β 

 ,   ,   

(Dimesion RxL Simens Health Care Diagnostics, Erlangen, Germany) 

      .  

 



34 

 

3.     .         

      N -       -20 

 Cᵒ.        

         

 .     PCR ( . polymerase chain 

reaction)    

 

3.3.2.            

: 

1. Homeostasis Model Assessment (HOMA)   , , 

          

           

       (145,146).   

HOMA1-IR        

  (I0 mU/ mL)    (G0 ЦЦoХ/L)  

 ββ.5 (19).      

   HOMA-IR  ≥ β.5 (147). 

 

2.  HOMA β      ђ     

(HOMA2-IR)    ђ   (HOMA2-%S)     

(HOMA 2-% )      .     

        100%,    ≤ 1 

(148).  (http://www.dtu.ox.ac.uk/Homacalculator/download.php)  

 

3.3.3       : 

1.  a,      ( )  

 G0 (5.6–6.9 mmol/l) /    βh  G120 (7.8–11.0 

mmol/l) (149). 

2.     γ0   (IGIγ0′ ),     

   ,      . 

         

       γ0  (146). 

 

http://www.dtu.ox.ac.uk/Homacalculator/download.php
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3.     , UCINS ( . area under the curve)  

    , AUCGLU,    

      .     

-  (0 ., γ0 ., 1β0. )       

(150,151).  

4.   : Cederholm index (ISICED)    

    Matsuda index (ISIMAT)  

   ,      

     (152,153,154). 

 

 

3.3.4     : 

 

1.  , ,  ,  . 

2.    (BMI)        (ФР)   

 (Ц2)  

3.    ( ),  ,   

,  ,   . 

 

4.        Kurtzke-  

 DSS ( . The Expanded Disability Status Scale).    

       0  10.   

           

 . (155)      

       ђ     

         

( ,  , , , ,  

, ); DSS= 5.5          

 100 ; DSS >6      

      . 

5.      SSS ( . Multiple Sclerosis Severity 

Score).           

   DSS    .  SSS  
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DSS           ђ  

 ,   (156).  

6.        „Beck Depression 

Inventory“ (BDI-II)      β1    

         . 

    0  γ6;  >10       

  (157,158). 

7.        ,   

    TСО BrТОП RОpОКtКЛХО BКttОrв of Neuropsy-

МСoХoРТМКХ TОsts“ (BRB-N)-  ,     

  :  ,   

,       (159,160, 161).   

        .   

         ђ  

 .  

       : 

 

7.1 СО Selective Remanding Test (SRT)-      

       1β .   

           

    .      

        

(Long term storage-LTS, Consistence Long Term Retrieval-CLTR,Delay Recall-

DR).               

    (LTS)     ,   

        .       

  LTS       

  1β ,   6 ,     CLTR.    

  15       DR (159, 

160,162). 

7.2 СО 10/γ6 SpКtТКХ RОМКХХ TОst (SPART)-     

-    .        10 

    γ6     10   

ђ   .       
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  (     )     

          

 .       

   15  (159, 160, 162). 

7.3 The Symbol Digit Modalities Test (SDMT)-     

     ,   ,  

      .   

     .  

           

 .         

 .       , ,   

       .      

    90  (159, 160, 163,164). 

7.4 TСО PКМОН AuНТtorв SОrТКХ AННТtТon TОst (PASAT γ)    

        

,         

       .  

   60      -  

       γ .     

            

       

  (159, 160, 162). 

8.  SRT, SPART, SDMT, PASAT   ђ    

     , ђ     , 

     (164). 

            ≥ 1  

     . 

9.             

   : 

.   -    . 

.   -   1  4 . 

.  -   ≥ β .  
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3.4    

           
 .  ,      

ђ     (engl. gene counting method).    
            

χβ .  

  ,      
-  .  ђ      

    -     (ANOVA), 

        ,    
Mann–АСТtnОв U    Kruskal-Wallis   ANOVA-e    

          .   
        
 .        

   ,             (±SD).  

              
   (   ) OR (engl. OННs RКtТo),   

 (  ) 95%  (±95% CI, ОnРХ. ConПТНОnМО IntОrvКХ),    
     .     , 

    p<0.05   .       
ђ        "StКtТstТМК SoПtаКrО"    8.0 ( "Stat Soft Inc.")  

xcel . 
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IV 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



40 

 

4.1.         

  1.          

  .          

            (p=0.02) 

(  1.).         1.  

ђ    ђ    . 

 

 1.          

   

 

  

 

n=50 

 

 

 n=31 

  

 

n=81 

, /  n(%)$ 21(42.0 )/29 (58.0) 17 (54.8)/14 (45.2) 38 (46.9)/43 (53.1) 

 ( ) 38.14±9.27 35.19±9.92 37.01±9.57 

BMI (kg/m2) 23.81±3.66 23.71±3.61 23.77±3.62 

  ( ) 9.3±5.95 6.21±5.18* 8.12± 5.83 

  ( )# 58.7± 45.1   

, n (%)$ 30 (60.0)/20 (40.0) 20 (64.5)/11 (35.5) 30 (37.03) 

  13.63±2.15 13.45±2.20 13.56±2.16 

EDSS # 2.56±1.18 2.56±1.09 2.56±1.14 

MSSS# 3.59± 2.07 4.48±2.13 3.93±2.13 

 #  3.6±3.2 3.7±4.5 3.7 ±4.1 

HOMA1-IR, n (%) 13 (26.0) 6 (19.4) 19 (23.46) 

HOMA2-IR, n (%) 27 (54.0) 12 (38.7) 39 (48.14) 

 , n (%) 12 (24.0) 8 (25.8) 20 (24.69) 

       ±  

; n-  , BMI-   , EDSS - Expanded Disability 

Status Scale, MSSS-Multiple Sclerosis Severity Score, HOMA-IR- Homeostasis Model 

Assessment   , -  , t- ,$ χβ, 
#Mann-АСТtnОв U , *p<0.05 
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  β.          

      

 2.           

 
 

n=81 

HOMA1-IR  2.08 ± 1.29 

HOMA2-IR  1.18 ± 0.68 

ISIMAT 5.61±2.37 

ISICED 53.35±13.27 

AUCINS 90.11±47.84 

AUCGLU 14.70±2.63 

IGIγ0′ (mU/mmol) 17.35±29.51 

       ± 

 ; n-  , HOMA-IR-    , 

ISI-   , AUC-   , INS- , GLU- 

, IGIγ0′-    γ0. . 

   ђ         

    ,      

  AUCGLU         (sr. vr. ± SD 14.08±2.20  

  15.26± 2.87, p=0.046). 

4.2        

            

  ,          

      .  
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Tabela 3.               
 INF  1b 

  Th IFN beta 

n (%) 

NОХОčОnТ 

n (%) 

P   

n (%) 

  16 (32.00) 8 (25.81)  

0.70 

24 (29.63) 

 ,1  16 (32.00) 9 (29.03) 25 (30.86) 

  

≥ β tОstК 

18 (36.00) 14 (45.16) 32 (39.51) 

n-  , TС- , IFN- , p- χβ 

           

           ,   ђ   

    (  3.).        

            

 , ђ      . 

 

4.3          

        

(    , ,   ). 

 4.       ђ  

  IFN  1b     . 

    Th IFN  1b 

n (%) 

 

n (%) 

P  

SRT 18 (36.00) 14 (45.16) 0.41 

SPART 31 (62.00) 18 (58.06) 0.72 

SDMT 11 (22.00) 9 (29.03) 0.48 

PASAT 3 4 (8.33) 6 (19.35) 0.15 

n-  , Th- , IFN- , p- χβ, SRT-selective remanding test, 

SPART- spatial recall test, SDMT- symbol digit modalities test, PASAT 3- paced auditory 

serial addition test 3s. 

 ђ          

   ђ        

  (  4). 
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     70.37 %         

.           

  55     67. 9 % .    32  

(39.51%)       ,  49 (60.49%)    

     (  4).  ђ         

           

 (76.32 vs. 46.,51, p=0.006).  

             

  ,        ( , 

 ,     )   ђ    

 ђ    . 

  5.          

           
   ,    (164).  

 5.          
   

 

     

 

 

 

 

 

 

 

 

 

 

  $-     ±      

     (164). SRTLTS- selective remanding test-long 

term storage, SRTCLTR- selective remanding test-consistent long term retrieval, SRTDR 

selective remanding test-delayed recall, SPART spatial recall test, SDMT- symbol digit 

modalities test, PASAT 3- paced auditory serial addition test 3s. 

 

 
 

n=81 

 $  

n=120 

SRTLTS 48.69 ± 11.59 44.9±8.6 

SRTCTRL 38.80 ± 15.09 40.2±9.3 

SRTDR 8.95 ±1.90 8.6±1.4 

SPART 19.26 ±4.27 20.6±2.6 

SPARTD 6.60±2.21 7.6±0.9 

SDMT 50.28±14.84 49.8±7.3 

PASAT3 46.79±14.34 36.4±6.6 
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4.4         

 

4.4.1         
  

            

           . 

 

 6.                                                                                                                          

            

  

  

   .   

 

p 

, /  n(%)
$
 9 (23.68)/12 (34.88) 13 (34.21)/12 (27.91) 16(42.11)/16 (37.21) 0.54 

 32.96 ±7.13 35.40±7.23 41.31±11.15* 0.002 

  # 13.92±2.15 

 

14.16±2.01 

 

12.81±2.12€ 0.03 

.   6.68±4.15 7.96±5.48 9.31±6.98 0.15 

EDSS# 1.81±0.79 2.58±1.12 3.11±1.10 0.001 

MSSS 2.93±1.44 4.13±2.24 4.54±2.26 0.014 

 # 3.58±4.29 3.08 ±2.87 4.22±4.66 0.52 

 # 72.38 47.87 56.22 0.7 

       ±  

, EDSS - Expanded Disability Status Scale, MSSS-Multiple Sclerosis Severity Score 

,$  χβ, #Mann-АСТtnОв U , ANOVA, *LSD post-СoМ,   vs.  

, p=0.001;   vs.   , p= 0.016; € LSD 

post-hoc,   vs.   , p=0.02 

ђ              

       .   

          

,        (  1.)  

  (  β.). 
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 1.     EDSS 

 Mean 

 Mean±SE 

 Mean±SD 

bez ostecenja

blagi kognitivni deficit

kognitivno ostecenje

Kognitivni status

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

E
D

S
S

 

Kruskall Wallis ANOVA p=0.001,   vs.  . , p=0.04$;  

 vs.  , p=0.00007€ 

 

 2.     MSSS 

 Mean 

 Mean±SE 

 Mean±1.96*SE 

bez ostecenja

blagi kognitiv ni def icit

kognitiv no ostecenje

Kognitiv ni status

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

M
S

S
S

 

ANOVA p=0.015, LSD post-hoc,   vs.   , p=0.04$;                       

  vs.  , p=0 0.004€ 

$ 

€ 

$ 

€ 
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4.4.2        

   

          

  .      8.  

 7.        

   

 
  

 

R 

SRT LTS 

R 

SRT 

CTRL 

SRT DR SPART SPART D SDMT PASAT 

 -0.43*** -0.40** -0.33** -0.26* -0.32** -0.24* ns 

 
 

ns ns 0.31** 0.32** ns 0.30** 0.40** 

.  
 

-0.38** -0.30** -0.24* ns ns ns ns 

EDSS -0.31** -0.39** -0.32** -0.33** -0.26* -0.45*** -0.31* 

MSSS ns ns ns ns ns -0.33** -0.34** 

     -R, ns-   ђ  

  ђ       , 

EDSS - Expanded Disability Status Scale, MSSS-Multiple Sclerosis Severity Score,SRTLTS- 

selective remanding test-long term storage, SRTCLTR- selective remanding test-consistent 

long term retrieval, SRTDR- selective remanding test-delayed recall, SPART spatial recall 

test, SDMT- symbol digit modalities test, PASAT 3- paced auditory serial addition test 3s. 

Spearman test, *p<0.05, **p<0.01, ***p<0.0001 

          

  (  8).        

   . EDSS       

  . MSSS      

SDMT  PASAT3 .          

         

(   ).        

 PASAT3  (n=50,   0.44, p=0.0015).  
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4.4.3.   (IFNβ 1 )                                                            

ђ            

  (IFN  1b). ђ         

     PASAT 3  (  8.) 

 8.         IFN  1b 

       ± 

 , t- , #Mann-АСТtnОв U .  

4.5           
  

4.5.1            

       

             

     .       

         (  γ.)     

  ђ     (194). 

 3.            

 

22 23 24 33 34 44

ApoE genotip

0

10

20

30

40

50

60

B
ro

j 
p
a

c
ije

n
a

ta

Th IFN  

1b 
SRTLTS SRTCLTR SRTDR# SPART SPARTD SDMT# PASAT3# 

 48.92±11.59 39.38±13.64 8.98±1.68 18.98±4.80 6.64±2.32 51.22±14.45 49.59±13.61 

 48.32±13.29 37.87 ±17.37 8.90±2.23 19.71±3.26 6.54±2.06 48.77±15.57 42.35±14.56 

p 0.82 0.66 0.78 0.46 0.86 0.31 0.03 

 
 n % 

22 4 5.3 
23 2 2.7 
24 1 1.4 
33 53 70.6 
34 13 17.4 
44 2 2.6 
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 4.    4      

Frekvencija odsustva/prisustva alela ApoE4

ApoE4+

ApoE4-

ApoE4+

ApoE4-

 

        4        

  0.12. 

 

 9.           

 4       

  
  

A E4- A E4+ P 

 / , % $ 80/77.5 20/22.5 ns 

 36.418±9.34 39.94±9.92 0.19 

  13.29±2.01 14.13±2.68 0.20 

   8.42±6.33 7.880±3.76 0.78 

EDSS# 2.62± 1.2 2.41± 1.04 0.65 

MSSS 3.91±2.11 3.74±1.96 0.78 

 # 3.59±4.15 4.38±4.45 0.58 

 # 54.15±45.02 77.00±42.84 0.12 

BMI 23.89±3.75 23.30±3.26 0.55 

       ± 

 , EDSS - Expanded Disability Status Scale, MSSS-Multiple Sclerosis 

Severity Score , t- , $ χβ, #Mann-АСТtnОв U .                                                                                    

          ,  

    4,      9. 

0.12 
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4.5.2   ε4          

    4         

         

 (    , ,   )  

   . 

 10.          

 4 

n=75 SRTLTS SRTCLTR SRTDR# SPART SPARTD SDMT# PASAT3# 

ApoE4  - 48.5±11.92 38.57±15.00 8.88±1.94 19.65±4.28 6.67±2.33 50.20±15.37 46.74±14.71 

ApoE4 + 48.37±9.79 38.25±12.92 8.94±1.73 18.44±3.91 6.12±1.50 50.81±14.85 48.38±12.44 

p 0.97 0.94 0.76 0.31 0.38 0.75 0.63 

     ±  , n-  

, t- , # Mann-Whitney U  

 ђ          

       4     (  10.). 

           

  ђ        

  4, ђ   ђ     (  

 ).   

 

      4        

   (    , ,  

 ).   ђ        

   4       . 

 

4.6         

          

          

  IFN  1b,        

 .  
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4.6.1        

 11.           
   

       ± 

 , BMI-   , EDSS - Expanded Disability Status 

Scale, MSSS-Multiple Sclerosis Severity Score , t- , $ χβ, #Mann-АСТtnОв U  

            

          EDSS.  

12.           

   INF  1b. 

   

  

        

  

 p 

Th INF  1b,n (%) 38 (76.00) 12 (24.00) 50 (61.7)  

0.85 
, n (%) 23 (74.19) 8 (25.81) 31 (38.3) 

n-  , Th- , IFN- , p- χβ 

 ђ         

           

. 

      (G0, G30, G120, AUCGLU)    

 INF  1b   ђ    (   ). 

  

  

  

 

  

 

p 

, / , %
$
 76.32/74.42 23.68/25.58 0.85 

 35.25±9.11 42.40±9.12 0.003 

.   7.89±5.78 8.80±6.10 0.55 

EDSS# 2.41±1.10 3.03±1.19 0.05 

MSSS 3.71±1.95 4.61±2.51 0.10 

 # 3.64±3.64 3.80±5.22 0.97 

 # 60.37±45.74 53.50±44.62 0.61 

, (%)
$
 28.00 22.60 0.42 

BMI 23.74±3.82 23.86±2.98 0.90 
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4.6.2        

 13.          

  

 

  

 

  

 

p 

, /  %
$
 73.68/79.07 26.32/20.93 0.57 

 36.90±9.97 37.37±8.38 0.85 

.   7.75±5.93 9.32±5.49 0.31 

EDSS
#
 2.55±1.17 2.61±1.09 0.74 

MSSS 3.99±2.22 3.75±1.80 0.68 

 #
 3.50±3.60 4.26±5.35 0.72 

 #
 57.78±46.10 61.38±43.86 0.62 

BMI 23.43±3.33 24.83±4.33 0.14 

       ± 

 , BMI-   , EDSS - Expanded Disability Status 

Scale, MSSS-Multiple Sclerosis Severity Score , t- , $ χβ, #Mann-АСТtnОв U  .              

             

             .  

     (EDSS, MSSS,     

 ).          
  HOMA1-IR (Spearman R=0.24, p=0.03)     
    HOMA1-IR  (Spearman R=0.20, p=0.06).   

 

 14.           

   
 

  
 

 p 

Th INF  1b, n (%) 37 (75.5) 13 (25.5)   50 (61.7) 

0.49 

, n (%) 25 (80.6) 6 (19.4)    31 (38.3) 

n-  , Th- , IFN- , p- χβ 

 ђ         

          . 

       (I0, I30, I120, AUCINS, 

ISICED index, ISIMAT)         ђ    

(   ). 
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( h x ,  p=0.28)      ( h x , p= 0.86)   

   ђ          

    (  ,    EDSS  

MSSS). 

 

4.6.3         
 

 15.        . 

 

     ±  , n-  
, -  , - , # Mann-Whitney U test 

         ,    

             

    14. ђ        SPART 

 SPARTD           

.  

 

          

   (    , ,  

 ). ђ          

              

            

(80% vs. 54.10%,  p=0.04, Grafik 5).  

 

 SRTLTS SRTCLTR SRTDR# SPART SPARTD SDMT# PASAT3# 

 

n=61 

48.87±12.31 39.85±15.95 8.95±2.04 19.82±4.01 6.92±2.19 51.54±15.06 45.90±13.79 

 
n=20 

48.15±9.27 35.6 ±11.90 8.95±1.39 17.55±4.66 5.65±2.03 46.45±13.83 49.63±16.04 

p 0.81 0.28 0.81 0.038 0.02 0.11 0.87 
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 5.          

 

 

 

* χβ, p=0.04 

         

,             

,           

 16. 

 16.         

 SRTLTS SRTCLTR SRTDR # SPART SPARTD SDMT # PASAT3 # 

  
n=62 

48.65±11.51 39.35±15.20 9.02±2.06 19.35±4.21 6.69±2.15 51.23±15.27 46.43±15.33 

 
n=19 

48.845±12.15 37±14.98 8.741.24 18.95±4.56 6.32±2.43 47.21±13.27 47.95±10.81 

p 0.95 0.56 0.44 0.72 0.52 0.45 0.97 

     ±  , -

 , n-  , t- , # Mann-Whitney U  

           

. 

         

   (    , ,  

 ).  ђ        

          

. 

0

10

20

30

40

50

60

70

80

90

у пеш н те т неу пеш н те т 

до  ГТ 

оштећен  ГТ 

* 
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4.6.4         

   . 

    ,    

    - ,      

            

 ,   ,      

.  

       SDMT      

 CОНОrСoХЦ-ovoР  (p=0.04).                                                                                                     

            

      . 

     ,   ,  

       

      ђ    

           . , 

       SRTLTS  SRTCTRL  

 G120 ( 6). 

 

 6.   SRTLTS Т SRTCLTR    G120 

GLU120

SRTLTS

SRTCLTR

 

SRTLTS,Spearman R=-0.21, p=0.06; SRTCLTR, Spearman R=-0.20, p=0.07 
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4.7   ,  ,  4   
     

  ,  ,     
4             

     (   ,  
 ,  ). 

 

 17.        , 

    4 

n-  , -  , -  , p- χβ 

 

ђ          4  

      ,    4   

     (  16).  

 

           

 4         

 .  ђ       

     . 

 

 

4.8      

            

   ђ      

      . 

   

 

n (%) 

  

 

n (%) 

 

 

n (%) 

p 

 +/- 3 (15.00)/21 (34.43) 7 (35.00)/18 (29.51) 10 (50.00)/22 (36.07) 0.25 

 +/- 6 (31.58)/18 (29.03) 6 (31.58)/19(30.65) 7 (36.84)/25 (40.32) 0.96 

4 +/-  

n=75 

2 (12.50)/19 (32.20) 9 (56.25)/15 (25.42) 5 (31.25)/25 (42.37) 0.05 
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 18.      , 

     ε4        

  . 

OR-  , 95% CI-  , -  , -  

, p-   . 

   ,      

4         ђ    

          

,  ђ          

        ђ       

       . 

         ε4     

      (OR=5.55, 95% CI, 0.96-32.25, p=0.049, 

           (  18). 

 

           

   ,      

        

        . 

 

 

 

   
vs.  

  
 

  . 
 vs. 

  
 

  
vs.  

 

 OR (95% CI) p OR (95% CI) p OR (95% CI) p 
A E4 5.55 (0.96-32.25) 0.049 0.32 (0.1-1.20) 0.08 1.50 (0.22-10.19) 0.70 

 3.75(0.59-23.83) 0.15 1.06 (0.3-3.68) 0.93 3.86 (0.69-21.52) 0.11 
 1.02(0.22-4.69) 0.98 0.77 (0.20-2.93 0.69 1.12 (0.27-4.61) 0.87 
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 19.       

 

 
Beta St. Gr. Beta p 

 -0.25 0.12 0.04 

   0.50 0.15 0.002 

   -0.35 0.13 0.017 

MSSSS 0.63 0.14 0.0001 

E4 + 0.42 0.13 0.002 

ISIMAT 0.24 0.13 0.08 

R²=0 .49,  K  R²=0 .40,  p=0.0003, MSSS-Multiple Sclerosis Severity Score, ISIMAT 

-    (Matsuda) 

  19.        

         . 

            

40%     . 

 

 20.       

 

 
Beta St.Gr. Beta p 

 -0.20 0.11 0.07 

D  0.19 0.14 0.18 

   0.38 0.15 0.01 

MSSS 0.50 0.13 0.0004 

ISICED -0.07 0.12 0.56 

    

      R²=0.39, K  R²= 0.γγ, p<0.0011, MSSS-Multiple Sclerosis Severity Score,    

ISICED-    (Cedelhorm). 

  20.        

         .   

          γγ%  

 . 
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 21.       

 
Beta Sr. Gr. Beta p 

  -0.33 0.10 0.002 
.    0.50 0.12 0.0001 

   -0.23 0.11 0.043 
MSSS 0.59 0.11 0.000004 

E4+ 0.17 0.10 0.09 
IGIγ0’ 0.20 0.12 0.09 
AUCINS -0.30 0.11 0.01 

R²= 0.38, K  R²=0 .31, p<0.00006, MSSS-Multiple Sclerosis Severity Score,          

IGI30'-   (γ0 ), AUCINS-     . 

  β1.        

         .    

         31%  

 . 
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V 
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5.1      . 

           

            

       .     

           

 . ђ        

           

      (42). 

             

   .      

ђ  40%-70%           

         

      (165,166,167). 

             

           

        (41,45,46,50).   

 ,          

      (166,168).     

 ,           

          . 

             

          

   ,     , ,   

  ,  EDSS  β.56 (SD± 1.14),  

    37.01 (SD ±9.57),     8.12  

(SD ± 5.83) (  1).  

    (n=81)    ђ   ,  

              . 

    (n=50)        

 IFNbeta 1b ( ),     (n=31)    

  ,          
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.          

         

     6.21 . (SD ±5.18)    

 ,  9.3 . (SD ±5.95)    

   ( 1) . 

     ,        

   e ,     ђ  

ђ         

        (61,62, 169,170).  ђ    

        ,  

    ,          

   .  

           

 γ9.51%           

       40-70%    (165,167). 

(  γ).             

           

 .    (Portaccio  . 2009.)   

ђ           

,        

  15.9  (SD ± 9.3). ,     

,            

  (  )      

        .   

   44,8 %,  Portaccio-  ,       

,            - 

           

  γ7.6 %  (171,172,173).  

          .  

            

  . ,         

   ,          , 
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      4   BRB-N       

 ,          

ђ      (164).       

    SRT  SPART ,   ,   

     SDMT   PASAT 3 .  

            

     ,        

 (167,174).         PASAT 2 ,  

             

    PASAT γ      (167). 

         

     e     

           (175).  

  Portaccio       ,   BRB-

N      (SRT, SDMT, PASAT 3)    

 BRB-N + Stroop test,          BRB-N 

          (  

  94%,   84%,    89 %) (171). 

              

    .  

        IFN  1Л ђ     

 ,         , 

 γ6%       45.16%     

    .  ,     

,          

 .    , ђ       

   (     )     

 β5,8%       γβ%      

 . (  γ). 

Patti             

         

.        COGIMUS,   

      IFN  1 .                      
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  ,  ββ%        

,           , 

ђ           5.0 . (SD ± 

5.γ)   EDSS  1.8 (SD ±  1.0)       

  (176). 

Amato  , β010.        

,      ,       IFN  1  

K     u     γ0.6%   

  (46). 

ђ    70, γ7%          

,     ,     

           

 .     ђ     

      ,       

      ,    

56%      (    1  BRB-N 

).           

         .  ,   

          

 ,     ,    

 ,      

(165,177,178).  

     , K ,   

            

  (50).  ђ       80 %    

  ,  57%        (179). 

       ,   

 ,     . 
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5.2    

    ,       

     (167).  

    67%        

 . e          , 

       60,49 % .     

   γ9.51%  (  4).  

            40-60 %  

         . 

   (  , ,  , 

)    ђ    M  (180). 

  Amato  ,          

        PASAT , ђ  

  , -   γ ,    

           

   PASAT   (46).         

          .   

          

         1  β   

  (176). 

         

            

.       ђ    

            (167).  

ђ          SDMT   

 ,     ,    

 β4, 69%        .  PASAT 3 

        ,   

 ,     ,  

 1β,γ4%  (43). (  4).        

 PASAT 3            

 .           
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   ,           

           (164).  (  5)                                 

 

5.3      

            

     (44, 165, 172, 174).                                                           

           

           

  ,         

(  6). 

  ђ ,          

          . 

           - 

            

   ,   ,  

 (  6).         

.             

,         

 ,     „ “   . 

           ,  

          ђ  

 .            

            

   (175,181,182). 

           ,     

,   ,      

           

        . 

,         

            . 

           

    -     
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       .  

  .            

    ,    , 

        

,            

   . 

        ,  

             

.        . 

           

      (167).          

           

          ђ  

   ,           

      (43,167).  

ђ                

         

,          

 .   

EDSS            

      (165, 168,174,183).  

   Archion  .    EDSS     

    (43).  o      EDSS   

           (165,184). 

EDSS            

         (155). 

          

  .       

 .         

           

 .           

       (47,184,185). 
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    EDSS        

         

  .       

  SDMT       MSSS  (    

  ) (  7) 

SDMT             

, o      ,   

  ,            

  (174,185).                               

 
       ,   

           

 ,           

           

(  1). 

           

          

           

          

 ,             

      (46,167). (  7) 

,   ,    MSSS      

    DSS      ,     

           

          (  β). 

     ,   ,     

           

     . 

            

   DMT     IFN   

         

(165,170,186,187).         

            

 . 
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   e         

     /        

   PASATγ         (  8).  

PASAT 3            

    (188,189). 

 

    ђ         

 PASAT .       e  ,  

,  PASAT 3 .         BENEFIT 

         IFN  1 b  

  .  ,     5    

      PASAT 3 ,    

     IFN  1          

(170).  

           

      .  

 

5.4          

 

             

  ђ  a  (190).  

ђ           . 

 ε4                , 

          ,     

  ђ          
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МШrrОlatОН аТtС tСО prОsОЧМО ШП ТЧsulТЧ rОsТstaЧМО aЧН / Шr ε4 allОlО ШП tСО APOE РОЧО. 

Methods: Clinical observational cross-sectional study includes 81 patients diagnosed 

with clinically definite MS with RR disease course. The total group of respondents is 

composed of subgroups:  50 patients are receiving the immunomodulatory therapy 

IFNβ1b (Betaferon) from the moment of diagnosis and 31 patients did not, until the 

beginning of the study, receive any therapy that modifies the natural course of the 

disease. In all subjects we determined: the presence of insulin resistance (HOMA 

index); glucose intolerance using an oral glucose tolerance test (OGTT); the APOE 



gene polymorphisms; cognitive status using four neuropsychological tests taken from 

a neuropsychological battery, "The Brief Repeatable Battery of Neuropsychological 

Tests", which examined the most frequently impaired cognitive domains. 

 Results: The presence of cognitive impairment was 39.51.The most common is episodic 

memory impairment, in 67% of patients. Significantly higher incidence of patients with 

poor achievements in the visual memory test was in the group with an impaired glucose 

tolerance. (80% vs. 54.10%, p = 0.04). We determined a significant independent negative 
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represents 5.5 times the risk that the patient will develop a mild cognitive deficit 

independently from the presence of IR indicators. It was found that the predictors of mild 

cognitive deficits and memory impairment were female sex, longer illness duration, fewer 

relapses and more progressive course of the disease. The predictors of cognitive 

impairment are longer and more progressive course of the disease. Application of the 

immunomodulatory therapy IFNβ1 sСШаОН ЧШ assШМТatТШЧ аТtС aЧв ШП tСО tОstОН 
parameters. 

Conclusion: This study examines for the first time the association between glucose 

and insulin metabolic disorders with the presence and characteristics of cognitive 

impairment in RR MS, indepenНОЧtlв aЧН assШМТatОН аТtС tСО ОбТstОЧМО ШП ε4 allОlОs 
ТЧ tСО APOE РОЧО. A ЦШrО ПrОquОЧt prОsОЧМО ШП ε4 allОlО aЦШЧР patТОЧts аТtС ЦТlН 
cognitive deficit in comparison to the cognitively preserved ones makes them a 

group of interest for further observation because of the possible greater vulnerability 

to future cognitive impairment. The study contributes to the early detection and 

better understanding of cognitive impairment in MS which is present from the 

earliest stages of the disease. This is important in predicting the course of the disease, 

the degree of functional disability and represents an important factor in determining 

the therapy that alters the natural course of the disease. 
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