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Visualizing Bias Effects

Toshio MORIZANE' ™ and Noriko KOJIMAHARA"*
'Japan Council for Quality Health Care

*Toho University School of Medicine
*Ofuna Chuo Hospital
'Department of Public Health, School of Medicine, Tokyo Women's Medical University

In systematic reviews, the evaluation of the risk of bias and indirectness on effect estimates is essential to as-

sess the certainty of the body of evidence. A program in the programming language R was developed to execute

a meta-analysis adjusting for the effects of biases after assessing bias magnitudes, directions, and uncertainty.

The program visualizes the effects of biases by creating an overlayered forest plot of bias-adjusted and

-unadjusted values. When performing meta-analyses and sensitivity analyses, this helps assess the certainty of

the body of evidence by setting various estimates for biases and indirectness of individual studies as risk ratios

and standard deviations or 95 % confidence intervals.

Key Words: bias, indirectness, meta-analysis, randomized controlled trial, forest plot
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Table 1 Data prepared on Excel for analysis

author nc rc nt rt label bias biasusd
Salminen P 2015 273 272 257 186 Author Year 1 1.1
Vons C 2011 119 104 120 72 Surgery 1 11
Hansson ] 2009 167 142 202 83 Antibiotics 0.65 1
Styrud J 2006 124 124 128 97 Healing 0.8 0.95
Eriksson S 1995 20 20 20 13 Risk Ratio 0.8 0.95
RR

Author: Research ID; nc: total number of patients in the control group; rc: number of
risk events in the control group, nt: total number of patients in the treatment group;
rt: number of risk (event) in the treatment group label: Research ID to be displayed in
a forest plot; bias: the degree of indirectness and risk that is expressed as a risk ratio;
biasusd: the value of +1 standard deviation, the value of risk ratio before logarithmic
transformation.

The value obtained by subtracting the logarithm of the bias value from that of the bi-
asusd value corresponds to one standard deviation of the normal distribution on a log-
arithmic scale. The value of -1 standard deviation is the exponential of the value ob-
tained by subtracting that value from the logarithm of the bias value, which is
calculated from the values of bias and biasusd. Furthermore, the probability of falling
within the range of+1 standard deviation is twice that of falling within any other
range. On the other hand, when using the upper limit value of the 95% confidence in-
terval, the label used is biasuci. The pre-logarithmic-transformation value of the risk
ratio is used in this case as well. Subtracting the logarithm of biasuci from the loga-
rithm of bias and dividing the resulting value by 1.96 yields a value equivalent to one
standard deviation of the normal distribution on a logarithmic scale. The difference be-
tween the value of bias and the values of both biasusd and biasuci could be interpret-

ed as an index of the uncertainty of the bias effect.

2. BBITRAT — 2 D%l
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M HE -y, Styrud ], Eriksson SU IR R ML W T
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AHEFEMEITE N EHE L7258 TH S (Table 2).
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Table 2 Results on evaluation of indirectness and risk of bias among five randomized controlled trials (low (0)
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Antibiotics Surgery
Author Year Number Healing Number Healing Risk Ratio 95% Cl lower 95% Cl upper Weight(%)
Salminen P 2015 257 186 273 272 . 0.726 0.673 0.784 242
Vons C 2011 120 72 119 104 | 0.687 0.584 0.807 204
Hansson J 2009 202 83 167 142 0.483 0.405 0577 196
Styrud J 2006 128 97 124 124 | 0.759 0.688 0.838 233
Eriksson S 1995 20 13 20 20 ] 0.659 0.475 0912 12.5
Summary ‘ 0.662 0.563 0.778 100
[2=857% tau2=00265 Q=205 p=4e04 Z=501 p=0.0001
T T T 1
0.35 0.50 0.71 1.0
Risk Ratio
Fig. 1 Forest plots of meta-analysis based on the random-effects model
Antibiotics Surgery
Author Year Number Healing Number Healing Risk Ratio 95% Cllower 95% Cl upper Weight(%)
Salminen P 2015 257 186 273 272 ] 0726 0.594 0889 447
Vons C 2011 120 72 119 104 | 0.687 0.536 0.879 298
Hansson J 2009 202 83 167 142 u 0.743 0314 1.762 24
Styrud J 2006 128 97 124 124 | 0.949 0.668 1.347 147
Eriksson S 1995 20 13 20 20 = 0.823 0515 1.315 8.3
Summary ’ 0.751 0.656 0.859 100
12=0.0% tau2=0.0000 Q=25 p=06515 7=-4.16 p=0.0001
T T T 1
035 050 0.71 176
Risk Ratio

Fig. 2 Forest plots of the meta-analysis after bias adjustment
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Tw5. 72k Z21E, Baseline imbalances D—2& L
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FIEEN R > Tz ) LA, T3 7 o b
HRZED LD ITEET LO0EHET L DITHRE
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Antibiotics Surgery
Author Year Number Healing Number Healing Risk Ratio 95% Cl lower 95% Cl upper Weight(%)
Salminen P 2015 257 186 273 272 - 0.726 0673 0.784 242 447
Vons C 2011 120 72 119 104 = 0.687 0.584 0.807 204 298
Hansson J 2009 202 83 167 142 L 0.483 0.405 0.577 196 24
Styrud J 2006 128 97 124 124 HIH 0759 0688 0838 233 147
Eriksson S 1995 20 13 20 20 - 0.659 0.475 0912 125 8.3
Summa Z2=-5.01 = =4e- -
ry X p<0.0001 Q=20.5 p=4e-04 0.662 0.563 0.778 100
(£=-4.16 p=0.0001 Q=25 p=0.6513) 0.751 0656 0.859
12=857% tau2=00265 (12=00% tau2=0.0000)
I T T !
035 050 071 176
Risk Ratio
Fig. 3 Forest plots of the meta-analysis before and after bias adjustment

Antibiotics Surgery
Author Year Number Healing Number Healing Risk Ratio 95% Cl lower 95% Cl upper Weight(%)
Salminen P 2015 257 186 273 272 . 1.000 0.830 1.205 242
Vons C 2011 120 72 119 104 . 1.000 0.830 1.205 204
Hansson J 2009 202 83 167 142 n 0.650 0.279 1512 196
Styrud J 2006 128 97 124 124 | 0.800 0.571 1.120 233
Eriksson S 1995 20 13 20 20 | 0.800 0.571 1.120 125

100
I T T 1
035 050 071 1.51
Risk Ratio

Fig. 4 The bias effect expressed as risk ratio and 95 % confidence interval limits
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7 D4 K A A »% High, Unclear, Low ® 3 34T
Mg 51 & E 0, Fl 213 High &g Sz
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HE BGAIIE, Z OWFZEHE R ORYFHE 2 1L
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High CHEEINZ R AL U220 NiE, ke L
T, ZOWM%ED/INAL 7 A1) A 271X High L HESh
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Antibiotics Surgery
Author Year Number Healing Number Healing Risk Ratio 95% Cl lower 95% Cl upper Weight(%)
Salminen P 2015 257 186 273 272 . 1.000 0.830 1.205 242
Vons C 2011 120 72 119 104 . 1.000 0.830 1.205 204
Hansson J 2009 202 83 167 142 ] 1.000 0.452 2214 19.6
Styrud J 2006 128 97 124 124 | 1.000 0.700 1430 233
Eriksson S 1995 20 13 20 20 | 1.000 0.700 1.430 12.5

100
T T 1
050 071 193
Risk Ratio
Fig. 5 Visualized bias effect
When only the effect on the uncertainty to the estimated value was assessed, without
evaluating the direction and magnitude of the bias, we visualized the bias effect expressed
by the risk ratio and the value of +1 SD by using a forest plot.
Antibiotics Surgery
Author Year Number Healing  Number Healing Risk Ratio 95% Cl lower 95% Cl upper Weight(%)
SalminenP 2015 257 186 273 272 HE 0.726 0673 0.784 242 455
Vaons C 2011 120 72 119 104 n 0.687 0.584 0.807 204 304
Hansson J 2009 202 83 167 142 ol 0483 0.405 0577 196 28
Styrud J 2006 128 97 124 124 HiH 0.759 0.688 0.838 233 135
Eriksson S 1995 20 13 20 20 = 0.659 0.475 0912 125 79
Summary =-5.01 p<0.0001 Q=205 p=de-04 - 0.662 0.563 0.778 100
(Z=505  p<00001 Q=12  p=08808) 0.705 0615 0807
12=85.7% tau2=0.0265 (2=0.0% tau2=0.0000)
L
035 050 071 1.1
Risk Ratio
Fig. 6 Forest plots of meta-analysis before and after bias adjustment
If the bias effect is perceived only as an effect on uncertainty, the value of the effective-
ness indicators of each study will not change, and the confidence interval will expand. The
grey colour indicates having been bias-adjusted, and in this example, based on the use of
the random effect model, the integration value approaches 1.0 and the confidence interval
narrows.
I N, T AL D EOEP HRE LS THAPAEL ARCTRLZFEEHWDL 2 EI2X->T, ONA

TWBEEZLEDVLENTHAS. L L, R T ADOMEOKE S L F I HETE LA (U
EMEIZHET, FHEEEOANIKEL 2513 T A 7 WO ASFEE T E A ORI H>1.0 £ 7213
H5. <10IZH2¥H) b, OKRXXEIHETEXD29HM
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Antibiotics Surgery

Author Year Number Healing  Number Healing
Salminen P 2015 257 186 273 272
Vons C 2011 120 72 119 104
Styrud J 2006 128 97 124 124
Eriksson S 1995 20 13 20 20
Summary Z=-11.13 p<0.0001 Q=15 p=0.6710

(Z=482 p<0.0001 Q=03  p=09533)

12=0.0%  tau2=0.0000 (12=0.0% 1tau2=0.0000)

45

Risk Ratio 95% Cl lower 95% Cl upper Weight(%)

HIlH 0.726 0.673 0.784 536 468
i 0.687 0.584 0.807 19 312
HEH 0.759 0.688 0.838 317 138
L — 0.659 0.475 0.912 29 8.1
* 0.730 0.690 0.771 100
0712 0.621 0818

I
035

T 1
071 11

Risk Ratio

Fig. 7 Results of the sensitivity analysis of the meta-analysis
Excluding Hansson J 2009, when only the effect on the uncertainty of each study was
evaluated, the integrated value decreased from 0.730 (95 %CI 0.690-0.771) to 0.712 (0.621-
0.818) following bias adjustment. Thus, the confidence interval expanded and uncertainty

increased.
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