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Correlates of Cognitive Impairment of Rheumatic Disease: Systematic Review and Meta—analysis
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*Department of Nursing, Inha University Hospital, Incheon
Department of Nursing, Inha University, Incheon, Korea

Purpose: This study was conducted to synthesis the results of research on relationships of cognitive impairment with multi-dimen-
sional correlates of rheumatic disease through a systematic literature review and meta-analysis. Methods: For the study purpose, 23
studies were selected through a systematic process of searching the literature. Results: The study results showed that among gen-
eral characteristics, age and education were the variables having a significant relationship with cognitive impairment. Among health
risk factors, obesity appeared to have a significant positive relationship with cognitive impairment. For past history, diabetes and hy-
pertension were shown to have a significant positive relationship with cognitive impairment. It was noted also that aPL, one of the
physiological factor, had significant association with cognitive impairment. None of the medication related factors had a significant
relationship with cognitive impairment. Results showed that among disease related factors, disease activity had the highest relation-
ship with cognitive impairment. Depression, among psychological factors, was the only variable having a significant relationship with
cognitive impairment. Conclusion: The findings indicate that the variables strongly impacting on cognitive impairment in rheumatic
disease are depression and disease activity.
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Figure 1. Flow diagram for study selection.
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ole] BRYS BAR AT 4TATAWOIGOR F2 RO ] MRS, 5 NP W, WY, G, UEF 534 AXER A
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Table 1. General Characteristics of Studies included in Meta-analysis (N=3,487)
Author (yr) Design n MAJ?ED Gezder Diagnosis Scale Correlates included in the study Quality
Abdul-Sattar ~ Corr 84 3094117 M:5/F 79 Lupus  MMSE 1) Education, 2) Age, 3) Gender, 4) Disease activity, 8

(2013) 5) Disease duration, 6) Medication (Cyclo)

Fava (2013) Corr 48 53.0+72 M:33/F63 FM MMSE 1) Age, 2) Education, 3) BMI, 4) Hb1Ac, 5) Pain, 6) Fatigue, 8
7) Anxiety, 8) Depression, 9) Stress

Can (2012) Corr 63 33.5+64 F.63 M Watson 1) Age, 2) Education 3) Pain, 4) Fatigue, 5) Disease activity, 9
6) Depression, 7) Anxiety
El-Shafey Corr 30 3456+6.0 F:50 Lupus  MoCA 1) Education, 2) Disease activity, 3) Disease duration, 8
(2012) 4) Medication (Cyclo)
Reyes (2011)  Case 35 50.5+6.7 M:5/F59 FM SCID-I 1) Pain, 2) Anxiety 9
de Melo (2012) Corr 37 3754+59 M:1/F:36  Lupus MMSE 1) Age, 2) Education 9
Vogel (2011)  Cohort 57 41.8+96 F57 Lupus  PDQ 1) Disease activity, 2) Disease duration, 3) Depression 8
Appenzelle Corr 40 372+32 M:5/F35 RA MMSE 1) Disease duration 7
(2004)
Tomeietto Case 72 41.0+£10.0 M:5/F 15 RA Battery 1) Age, 2) Education, 3) Hypertension, 8
(2007) 4) Physiologic parameter (aPL), 5) Disease activity
Kozora (2006) Case 14 443499 F 14 Lupus  Battery 1) Physiologic parameter (Ch/Cr)
Katz (2012) Corr 138 47.8+125 F: 138 Lupus  Battery 1) Age, 2) Education, 3) Obesity, 4) Stroke, 10
5) Disease activity, 6) Disease duration,
7) Medication (Aspirin), 8) Depression
Conti (2012)  Corr 58 38.1+126 M:7/F:51  Lupus  GCDs 1) Education, 2) Physiologic parameter (Anti-cardiolipin 6
IgM), 3) Disease activity
Kim (2012) Corr 23 374471 F23 FM WAIS-R 1) Fatigue, 2) Depression 10
Ramirez (2006) Corr 21 388+98 M:1/F:20 Lupus  Attention 1) Stress 9
Petri (2008)  Corr 111 38.0£12.1 M:3/F109 Lupus  Battery 1) Age, 2) Disease duration 12
Sauer (2011)  Corr 93 4174127 M:5/F:88 Lupus  WAIS-R 1) Age, 2) Education, 3) Employment, 4) Disease duration, 10

5) Pain, 6) Depression, 7) Anxiety
Shin-A (2013)  Corr 120 585+11.0 M:43/F:77 RA Battery 1) Fatigue, 2) Depression 10

Shin-B (2013)  Corr 115 586%10.8 M:42/F:73 RA Battery 1) Education, 2) Income, 3) Cardiovascular disease history, 4) 10
Disease activity, 5) Disease duration,
6) Medication (Aspirin), 7) Depression
Wallin (2012)  Corr 1314 51.6+57 M:501/F: 813 RA MMSE 1) Age, 2) Education, 3) Gender, 4) BMI, 5) Smoking, 12
6) Cardiovascular disease history, 7) DM history,
8) Disease activity

Appenzeller  Corr 167 32.1+11.0 M:9/F:158 Lupus  MMSE 1) Education, 2) Employment, 3) Disease activity, 4) Disease 10

(2009) duration, 5) Depression
Maneeton Corr 30 36.1+£12.0 F:30 Lupus  MMSE 1) Age, 2) Education, 3) Disease activity, 4) Disease duration, 9
(2010) 5) Medication (Prednisolon), 6) Depression, 7) Anxiety

Murray (2012) Corr 694 50.0+12.9 M:54/F:640 Lupus  Hopkins 1) Age, 2) Gender, 3) Obesity, 4) Smoking, 5) Hypertension, 10
6) DM, 7) Stroke, 8) CVD, 9) aPL, 10) Disease activity, 11)
Disease duration, 12) Depression

McLaurin Corr 123 415120 M:7/F:116 Lupus  ANAM 1) Age, 2) Education, 3) Hypertension, 4) DM, 5) aPL, 9
(2005) 6) Medication (Prednisolon, Aspirin), 7) Depression

Corr=Correlational study; Case=Case control study design; Lupus=Systemic lupus erythematousus; FM=Fibromyalgia; RA: Rheumatoid arthritis; MMSE =Mini
Mental State Examination; MoCA=Montreal Cognitive Assessment; SCID-I=Structured Clinical Interview for DSM-IV Axis |; PDQ=Perceived Deficit Questionnaire;
Battery=Neuropsychological Battery; GCDs=Global Cognitive Dysfunction score; WAIS-R=Wechsler Adult Intelligence Scale-Revised; Hopkins=Hopkins scale;
ANAM=Automated Neuropsychological Assessment Matrics.
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cardiolipin IgM, 18|11 6] &E ¢J&8 4= Q1= Choline/creatine (ch/ 4, ETHHI0]| CHSH A A

cr) [20] 5] B RS} RIS/ Aol eeddo] FAEHIIH.
KeX
=

) A% o ForeEl2~gh $ixte] QIxlEdat s 9915 it vebE A

+ & 199@2.6%)01 0 F= HH87IkY, &5 Y=, A ¥ 2 Funnel plot¥} SFAIGE 58 EHHAE HES & ARSI
B33t QXA Atole] TEdo] EAEIQILE oFE B 9013l of $A, deREAMS sl Eest 23He A ATLEd] sl &
K& Atole] HEde 6H(26.1%)9] AtollA BA=glon F2 HHERL Fo] o|Foixlon ofge] AWy B4, 1A49IdLl, 71
Aspirin, Prednisolon, Cyclophosphamid 583} QIX|&/4 Afole]  xEgh B2 g9, AW ¥ g9, oF= ¥ 89l FM-Aled
o] BAEQIE Algs @93} QXA Alolo] TS & Q91 5 719 QES 410 mehEAo] o|Roi5l7] wjel| 2}

143H(60.9%)9] EFlolA FAEQlom F2 EQE 98 AEHA  QQlEo st SRR A% w5t o] FoiFict
o} QIX|&A Atole] #/Jo] RASITH(Table 2). EvhHRF RS Slol A, Funnel ploth} 42130l tids 0%
Table 2. Meta-Analysis of Correlates of Cognitive Impairment in Rheumatic Disease (N=3,487)
Homogeneity test i Significant test  Meta-ANOVA i
Variables Group k n _Tomogeney test Model Ffomt * g Fail safe
Q D estimate z 0 Q D n
General characteristics™ Overall 16/14 3,177/2,994 1,372.20 <.001 Random .12 2.89 004 10.14  .001 280
Lupus 11 1,569 2499 032 Random .16 3.09 .002
Others’ 3 1,425 2118 050 Random .04 0.46 644
Age Overall 11/10 2,696/2,648 1,006.73 <.001 Random .16 2.39 017 479 029
Lupus 8 1,271 13.15 .069 Fixed 13 445 <001
Others 3 1,425 462 099 Fixed 21 793 <.001
Gender Overall 3 2,092 036 .837 Fixed .03 1.29 198
Education Overall 14/13 2,300/2,270 154.65 <.001 Random ~-.12 -2.07 038 101.47 <.001
Lupus 10 875 1489 094 Fixed 18 536 <.001
Others 3 1,425 15.15 .001 Random -.08 -0.78 435
Health risk’ Overall 4 2,194 41500 <.001 Random .15 594 <.001 10
Excluded outliers 3 2,146 394 268 Fixed A7 6.89 <.001
Past history Overall 6 3,068 2883 .001 Random .13 3.68 <.001 164
CVD risk Overall 3 2,123 9.75 .008 Random .07 1.22 222
HTN Overall 3 889 7.01  .030 Random .20 238 018
DM Overall 4 2,179 6.44 092 Fixed .09 432 <.001
Physiological factor'  Overall 5 961 746 059 Fixed 24 3.53 <.001 31
aPL Overall 3 889 6.71 .035 Random .20 232 020
Arthritics related factor Overall 17 3,177 31114 <.001 Random .09 2.51 012 .03 872 121
Disease duration Overall 11 1,559 16.88 .077 Fixed .08 3.01 .003
Pain Overall 4 316 16.37 .001 Random .04 024 810
Fatigue Overall 4 302 16.16 .001 Random .25 157 117
Disease activity Overall 10 2,822 24848 <.001 Random .19 2.83 005
Drug related factor”  Overall 6 643 18.69 .008 Random .20 3.04 .002 22
Aspirine Overall 3 376 873 .013 Random .16 152 129
Psychological factor Overall 14 1,727 11847 <.001 Random .25 404 <.001 614
Depression Overall 12 1,671 89.85 <.001 Random .25 3.09 .002
Lupus 8 1,387 63.88 <.001 Random .27 2.85 .004 851 .004
Others 4 231 3.00 222 Fixed 21 3.29 .001
Anxiety Overall 5 269 546 .004 Random .18 1.40 161

*Mean weighted correlation coefficient; Rheumatoid arthritis and fibromyalgia; “The factor indicated age, sex, education, economic status, vocational level (economical
and vocational status were excluded in analysis because less than 3 studies included these variables); ‘The factor indicated smoking and obesity (measured with index
of BMI, waist circumference, muscle mass) (smoking was excluded in analysis because less than 3 studies included this variable); 'The factor included aPL, Ch/Cr, and
anti-cardiolipin IgM (Ch/Cr and anti-cardiolipin IgM were excluded in the analysis because less than 3 studies included these variables); "The factor included aspirine,
prednisolone, and cyclophosphamid (prednisolone and cyclophosphamid were excluded in the analysis because less than 3 studies included these variables); The factor
included anxiety, depression, and stress (stress was excluded in the analysis because less than 3 studies included this variable).
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Model

Random

Random

odel

Fixed

Fixed

Model

Fixed
Random

Fixed
Random

Grgl.ll-%by Study name| Outcome

Other
Other
Other
Other
Other
Other
Other
Other
SLE
SLE
SLE
SLE
SLE
SLE
SLE
SLE
SLE
SLE
SLE
SLE
SLE
SLE
SLE
SLE
SLE
SLE
SLE
SLE

Group by
SLE

Other
Other
Other
Other
SLE
SLE
SLE
SLE
SLE
SLE
SLE
SLE
SLE

Group by
SLE

Other
Other
Other
Other
Other

SLE
SLE

SLE
SLE
SLE
SLE
SLE
SLE
SLE
SLE
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Fava 2013
Fava 2013
‘wallin 2012
Wallin 2012
‘Wallin 2012
Can 2012
Can 2012

ABdul-Satta
ABdul-Satta
ABdul-Satta
Shin-B 2013
El-Shafey
de Melo

de Melo
Katz 2012
Katz 2012
Conti 2012
Murray
Murray
Sauer 2011
Sauer 2011
Maneeton
Maneeton
Appenzeller
McLaurin
McLaurin

Study name

Fava 2013
Wallin 2012
Can 2012

ABdulSatta
de Melo
Katz 2012
Murray
Sauer 2011
Maneeton
Tomietta
MecLaurin

Study name

Fava 2013

Age
Education
Aoe
Education
Sex
Age
Education

Age
Education
Sex
Education
Education
Age
Education
Age
Education
Education
Age
Sex
Age
Education
Age
Education
Education
Age
Education

Outcome:

Age
Age
Age

Age
Age
Age
Age
Age
Age
Age
Age

Outcome

Education

Wallin 2012 Education

Can 2012

Education

ABdul-Satta Education
Shin-B 2013 Education

El-Shafey
de Melo
Katz 2012
Conti 2012
Sauer 2011
Maneeton
Appenzeller
McLaurin

Education
Education
Education
Education
Education
Education
Education
Education

Statistics for each study Sample size
Corelation | Lower limit | Upper limit ’ ZValue pValue Total -1.00
0.104 0377 0138 -0.700 0.484 48
0.180 0110 0.442 1.221 0.222 48
0.218 0166 0.269 8.022 0000 1314
0.275 D324 -0.224 10,220 oooo 1314
0.038 -0me 0.092 1.377 0169 1314
0.210 -0.040 0.435 1.651 0.099 63
0.050 -0.200 0.294 0.388 0.698 63
0.037 0120 0192 0462 0.644
0.248 0.035 0.433 2280 0.023 g4
0138 -0.079 0.342 1.250 0211 84
0.024 0191 0.237 0.218 0.828 84
0.185 0.002 0.356 1.981 0.043 115
0.336 0028 0.621 1.816 0.069 30
0.329 0.006 0.590 1.992 0.046 7
0.329 0.006 0.530 1.992 0.046 37
0.035 0133 0.2m 0407 0684 138
0.266 0103 0.415 3167 0.002 138
0.235 0029 0.508 2174 0.030 58
0.073 -0.001 0.147 1.922 0.055 694
0.010 D064 0.084 0.263 0793 634
0.054 0151 0.255 0513 0.608 93
-0.096 0294 0110 0914 0.361 93
0.216 0156 0.535 1.140 0.254 30
0.123 0463 0.248 -0.642 0.521 30
0.154 0.002 0.299 1.988 0.047 167
0.293 0122 0.447 3.307 0.001 123
0.293 0122 0.447 3307 0.001 123
0.156 0.057 0.251 3.080 0.002
Figure 3A. Forest plot of overall general factors
Statistics for each study Sample size
Correlation | Lower limit | Upper limit | 24 alue p-Value Total -1.00
-0.104 -0.377 0186 -0.700 0.484 48
0218 0.166 0.289 8.022 0000 1314
0.210 -0.040 0.435 1.651 0.039 63
0.208 0157 0.257 7.934 0.000
0.248 0.035 0.439 2.280 0.023 a4
0.329 0.006 0.590 1.992 0.046 kr
0.035 0133 0.201 0.407 0.684 138
0.073 -0.001 0.147 1.922 0.055 B34
0.054 0151 0.255 0513 0.608 93
0.21€ 0156 0535 1.140 0.254 30
0.316 0.091 0510 2718 0.007 72
0.293 0122 0.447 3.307 0.001 123
0125 0.070 0179 4.445 0.000
Figure 3B. Forest plot of age
Statistics for each study Sample size
Correlation | Lower limit | Upper limit ‘ ZMalue palue Total -1.00
0.180 0110 0.442 1.221 0222 48
0.275 0.324 0.224 10.220 0000 1314
0.050 0.200 0.294 0.388 0698 63
0.248 0.296 0.199 9537 0.000
0.079 0.270 0119 0.781 0.435
0.138 0.079 0.342 1.250 021 84
0.185 0.002 0.356 1.981 0.048 115
0.336 0.028 0.621 1.816 0.069 30
0.329 0.006 0,590 1.992 0.046 37
0.266 0103 0.415 3167 0.002 138
0.285 0.029 0.506 2174 0.030 58
0.096 0.294 0110 -0.914 0.361 93
0.123 0,463 0.248 -0.6a2 0.521 30
0.154 0.002 0,299 1.988 0.047 167
0.293 0122 0.447 2307 0.001 123
0182 0116 0.247 5.362 0.000
0.180 0.0e6 0.290 3.084 0.002

Figure 3C. Forest plot of education

Figure 3. Forest plot of each correlates of cognitive impairment.
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Model | Study name| Outcome Statistics for each study Correlation and 95% Cl
Correlation | Lower limit | Upper imit | ZValue p-Value -1.00 -0.50 0.00 0.50 1.00
Fava 2013 BMI 0.286 0.002 0.527 1.974 0.048
Fava 2013 'Waist 0.051 -0.237 0.330 0.342 0.732 —_—
Wallin 2012 BMI 0161 0108 0.213 5.881 0.000 —+
Katz 2012  Obesty 02983 0133 0.444 3584 0.000 —
Fixed 0174 0125 0.222 6.892 0.000 —+
Figure 3D. Forest plot of obesity
Model Study name| Outcome Statistics for each study Correlation and 95% CI
Correlation ‘ Lower limit | Upper limit ’ ZWalue p¥alue -1.00 -0.50 0.00 0.50 1.00
Fava2013 DM 0.216 -0.073 0.471 1.472 0141 S B
Wallin 2012 DM 0.077 0.023 013 2794 0.005 —+
Murray Did 0.07e 0.004 0152 2055 0.040 ——
McLauin DM 0.293 0122 0.447 3.307 0.001 —
Fixed 0.093 0.051 0.134 4,323 0.000 —+
Figure 3E. Forest plot of past history of diabetes mellitus
Model | Study name| Outcome Statistics for each study Corelation and 95% CI
Correlation | Lawer lirnit | Upper limit | Z-Value pValue -1.00 -0.50 0.00 0.50 1.00
Murray aPL 0.083 noil4 0161 2319 0.020
Tomietto aPL 0.380 0163 0.562 3323 0.001
MeclLaurin  aPL 019 o4 0.356 2118 0.034
Random 0195 0.031 0.349 2323 0.020 —
Figure 3F. Forest plot of aPL
Model G[gll"_%b"" Study name Outcome Statistics for sach study Correlation and 957% Cl
Correlation ‘ Lower limit | Upper limit | Z4/alue pWalue -1.00 -0.50 0.00 0.50 1.00
SLE ABdul-Satta Disease duration 0.289 0.080 0.474 2877 0.007 —_—
SLE Appenzeller Disease duration 0.361 0.056 0.605 2.299 0.021 —_—
SLE Appenzeler Disease duration 0.042 011 0193 0.538 0.590 —_—
SLE ElShafey  Disease duration 0.164 -0.209 0.495 0.860 0,330
SLE Katz 2012 Disease duration -0.019 -0.186 0.148 -0.221 0.825 —
SLE Maneeton  Disease duration -0.227 0543 0.145 -1.200 0.230
SLE Murray Disease duration 0.093 0.025 0172 2611 0.009 —
SLE Peti 2008  Disease duration 0.095 -0.033 0.276 0.990 0322 ——
SLE Sauer 2017 Disease duration 0112 -0.094 0.308 1.067 0.236 S
SLE Shin-B 2013 Disease duration -0.130 -0.306 0.054 -1.384 0166 —_—
SLE Yogel 2010 Disease duration 0.050 0.213 0.307 0.368 0713 —_—
Fired SLE 0.077 0.027 0127 3014 0.003 ==
Figure 3G. Forest plot of disease duration
Model | Study name Outcome Statistics for each study Correlation and 95% CI
Correlation | Lower limit ‘ Upper limit | ZValue palue -1.00 -0.50 0.00 0.50 1.00
Shin-B 2013 Disease activity 0.020 -0.164 0.202 0212 0.832 —
‘Whallin 2012 Disease activity 0.054 -0.000 0.108 1.957 0.050 B
Can2012  Disease activity -0.030 -0.276 0219 0.232 0.816 —_——
El-Shafey  Disease activity 0.148 0.224 0.483 0.775 0.439
Katz 2012  Disease activity 0.155 -0.012 0314 1.816 0.069 T—
Conti 2012 Disease activity 0.283 0.027 0.504 2158 0.031
Yogel 2010 Dizease activity 0.070 0194 0.325 0515 0.606 —_— T
Maneeton Disease activity 0.386 0.030 0.655 2115 0.034
Appenzeller Disease activity 0119 -0.033 0.266 153 0126 +——
Tomietto Dizease activity 0.660 0,506 0.773 6.586 0.000 ——
Random 0.185 0.058 0.307 2829 0.005 —

Figure 3H. Forest plot of disease activity

Figure 3. Forest plot of each correlates of cognitive impairment (Continued).
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Model Study name Outcome Statistics for each study Correlation and 95% C|
Correlation | Lower limit ‘ Upper limit ‘ Z alue pYalue -1.00 0.50 0.00 0,50 1.00
ABdul-Satta Cyclophosphamid 0.308 0.098 0.488 2.845 0.004 —
Shin-B 2013 Aspirin 0.240 0.060 0.405 2.530 ooao —
El-Shafey  Cyclophosphamid 0.030 -0.334 0.386 0.156 0.876 e
Katz 2012 Aspirin -0.042 -0.208 0126 -0.488 0.625 s
McLaurin  Aspirin 0.293 0122 0.447 3307 0.001 —
McLawin  Prednisolone 0.293 0122 0.447 3.307 0.001 —_—
Randarn o0.z2m 0072 0323 3033 0.002 —
Figure 3I. Forest plot of overall drug related factors
I odel Grml'l_% by Study name| Outcome Statistics for each study Correlation and 95% CI
Correlation | Lower limit | Upper limit ‘ 24 alue pValue -1.00 -0.50 0.00 050 1.00
Other Can 2012  Depression 0.030 -0.219 0.276 0.232 0816 —_—
Other Fava 2013 Depression 0.037 -0.250 0.318 0.248 0.804 —_—
Other Kim2012  Depression 0.679 0.370 0.853 3.700 0.000 —_—t—
Other Shin-A 2013 Depression 0.260 0.085 0.420 2.878 0.004 —_—
Fixed Other 0.208 0.085 0.325 3.288 0.001 —
Random Other 0.242 -0.018 0472 1.827 0.068 T
SLE Appenzeler Depression 0.154 0.002 0.299 1.988 0.047 ——
SLE Katz 2012  Depression 0.108 -0.060 0.270 1.260 0.208 .
SLE Maneeton  Depression -0.059 0411 0.308 -0.307 0.759 —_—
SLE McLaurin  Depression 0.293 0122 0.447 3.307 0.001 —
SLE Murray Depression 0.549 0.495 0539 16.218 0.000 H
SLE Sauer 2011 Depression 0.437 0.256 0.588 4.445 0.000 —t
SLE Shin-B 2013 Depression 012 -0.073 0.289 1.190 0.234 —1—
SLE Wogel 2010 Depression 0.380 0133 0.583 2.940 0.003 —_—
Fixed SLE 0.392 0.347 0.436 16.470 0.000 -
Random SLE 0.269 0.086 0435 2.854 0.004 =
Figure 3J. Forest plot of depression
Figure 3. Forest plot of each correlates of cognitive impairment (Continued).
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