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Relationship between psychological stress and hippocampus volume
through meta-analysis

Min-kyung Jo, Changhee Hong
Department of Psychology, Pusan National University
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Abstract This study was conducted to define hippocampal volume differences between a stress-laid group and normal
individual group via meta-analysis. This investigation included studies that contained hippocampal volume
measurements in association with stress from 1990 to 2016. Magnetic resonance imaging (MRI) measurements of
hippocampal volumes were used to determine the mean size, standard deviation and sample size. The pooled effect
size was measured by the standardized mean difference (SMD) with a 95% confidence interval. This meta-analysis
included 13 studies comprising 374 stress subjects and 439 normal subjects. Eight studies targeted war-related veterans
and holocaust survivors, while five targeted personal trauma associated with childhood abuse, rape, accident or
financial hardship. The overall mean effect size (Hedges' g) was -0.70 (-1.04; -0.37). Overall, the SMD value was
-0.70, with a moderate effect size, but high heterogeneity. Depending on the characteristics of the stressor, studies
were divided by subgroups of war-related veterans and subjects with personal trauma and then analyzed again. In the
war-related subgroup, the Hedges' g was -0.47 (-0.78; -0.16), while in the personal stressor-related subgroup it was
-0.91 (-1.57; -0.26). These results indicate that there was a significant negative correlation between psychological
stress and hippocampal volume.
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Table 1. Summary of the characteristics of studies included in the meta-analysis

study country  group classification type age number hippocampus Results Significant
of stress effect(p)
Bremner, J. D., el US.A Vietnam verterans with war 46.0 26 Lt.,Rt.Mean Rt.: Normal>PTSD Lt.:.28
al. (1995) PTSD Rt.:.03
normal control 445 22 Mean:.07
Gurvits, T. V., et al. U.S.A Vietnam verterans with war 444 7 Lt., Rt. Lt.:Combatcontrol, Lt.:<.001
(1996) PTSD N>P Rt.:<.001
Combat control 476 17 Re:CN>P
normal control 381 8
Bremner, J. D., el US.A childhood abuse survivors childhood 40.1 17 Lt.,Rt.Mean Lt.: N>P Lt.:.0077
al. (1997) abuse Rt.:.40
normal control 424 17 Mean:.07
Schuff, N, et al. U.S.A combat-related PTSD war 480 7 Rt. No significant Rt.: 31
(1997) normal control 424 17
Schuff, N, et al. U.S.A combat-related PTSD war 512 18 Lt., Rt No significant Lt..>5
(2001) normal control 51.8 19 Rt:>7
Gilbertson, M. W., U.S.A Vietnam verterans with war 53.1 17 Lt., Rt., total Rt.Diagnosisfactor: Lt.Diagnosis:.07
et al. (2002) PTSD one twin Non-P>P Rt.Diagnosis:.003
1o combat exposure co-twin 31 17 totalDiagnosisfactor totalDiagnosis:.004
: Lt.Exposure:.59
Vietnam venerans without 51.8 23 Non-P>P Rt.Exposure:.43
PTSD one twin totalExposure:.87
no combat exposure co-twin 51.8 23
Villarreal, G., et al. Mexico  PTSD personal 430 12 Lt., Rt Lt..N>P Rt.:.024
(2002) normal control trauma 440 10 Rt.:N>P Lt.:.044
Wignall, E. L., et UK. PTSD accident ~ 43.0 15 Lt., Rt, total Rt.. N>P Lt.:.089
al. (2004) Rt.:.038
normal control 29.0 11 total:.052
Golier, J. A, et al. US.A Holocaust survivors with  war 705 14 Lt., Rt. No significant Lt.:1.00
(2005) PTSD (Holocaust) Rt.:.78
Holocaust survivors without 68.5 13
PTSD
normal control 714 20
Jatzko, A., et al.  Germany PTSD accident 482 15 Lt., Rt., total No significant Lt.:.25
(2006) normal_control (air show 479 15 Rt.:.52
plane total:.35
crash)
Woodward, S. H.,, U.S.A veteranswithPTSD? war 493" 27 Lt., Rt., total total: N>P total: .002
et al. (2006) veteranswithoutPTSD' 468" 28
Pavi¢, L., et al. Croatia combat-related PTSD war 41.0° 15 Lt., Rt., total Rt.: N>P Lt.:>.05
(2007) normal control 15 Rt:<.05
total:>.05
Butterworth, P., Australia  hardship financial ~ 46.8 384 Lt., Rt. Rt.: Lt:.087
Cherbuin, N., No hardship hardship 467 19 No-Hardship>H Rt.:.025

Sachdev, P., &
Anstey, K. J. (2012)

*without alcohol abuse/dependence

Pall veterans estimate

‘enrolled age

230



WEEAS B9 Aed AEd e

aukg 7o) A

Stress group

Control group Standardised mean difference

Study Total Mean SD Total Mean sD SMD 95%—ClI
Bremner, J. D., et al.(1995)-Lt. 26 1186 138.00 22 1233 163.00 -3 -0.31 [-0.88; 0.26]
Bremner, J. D_, et al.(1995)-Rt. 26 1184 142.00 22 1286 175.00 -0.64 [-1.22; -0.05]
Gurvits, T. V., et al. (1996)-Lt. 7 3200 300.00 8 4400 300.00 -3.76 [-5.63; -1.90]
Gurvits, T. V., et al. (1996)-Rt. 7 3200 600.00 8 4600 400.00 -2.62 [-4.11;-1.13]
Bremner, J. D., et al.(1997)-Lt. 17 1050 152.00 17 1193 142.00 -0.95 [-1.66; -0.24]
Bremner, J. D, et al.(1997)-Rt. 17 1062 169.00 17 1116 190.00 -0.29 [-0.97; 0.38]
Schuff, N.; etal. (1997)-Rt. 7 3279 338.66 7 3488 251.35 -0.66 [-1.74; 0.43]
Schuff, N, et al. (2001)-Lt. 18 3240 417.00 19 3292 399.00 -0.12 [-0.77; 0.52]
Schuff, N., et al. (2001)-Rt. 18 3460 424.00 19 3364 384.00 0.23 [-0.41; 0.88]
Gilbertson, M. W., et al. (2002)-Lt. 12 3340 460.00 23 3630 450.00 -0.63 [-1.34; 0.09]
Gilbertson, M. W, et al. (2002)-Rt. 12 3320 590.00 23 3610 480.00 -0.55 [-1.26; 0.17]
Villarreal, G., et al. (2002)-Lt. 12 2950 310.00 10 3380 490.00 -1.03 [-1.94; -0.13]
Villarreal. G.. et al. (2002)-Rt. 12 3010 290.00 10 3350 370.00 -1.00 [-1.90: -0.10]
Wignall, E. L., et al. (2004)-Lt. 15 1474 325.00 11 1703 328.00 -0.68 [-1.48; 0.12]
Wignall, E. L., et al. (2004)-Rt. 15 1567 278.00 11 1835 345.00 -0.84 [-1.66; -0.03]
Golier, J. A, et al. (2005)-Lt. 14 1780 260.00 20 1780 250.00 0.00 [-0.68; 0.68]
Golier, J. A., et al. (2005)-Rt. 14 1890 260.00 20 1890 270.00 0.00 [-0.68; 0.68]
Jatzko, A, et al. (2006~-Lt. 15 3700 400.00 15 3500 400.00 0.49 [-0.24; 1.21]
Jatzko, A., et al. (2006)-Rt. 15 3700 500.00 15 3600 400.00 0.21 [-0.50; 0.93]
Woodward, S. H., et al. (2006)-total 27 8970 760.00 28 9260 1130.00 -0.30 [-0.83; 0.24]
Pavic, L., et al. (2007)-Lt. 15 4390 537.00 15 4440 562.00 -0.09 [-0.80; 0.63]
Pavic, L., et al. (2007)-Rt. 15 4070 513.00 15 4620 623.00 -0.94 [-1.70; -0.18]
Butterworth, P_, et al. (2012)-Lt. 19 3619 9220 42 3756 50.10 -2.05 [-2.71; -1.39]
Butterworth, P_, et al. (2012)-Rt. 19 3850 8520 42 4057 58.10 -3.03 [-3.80; -2.25]
Random effects model 374 439 -0.70 [-1.04; -0.37]
Heterogeneity: I-squared=79.2%, tau-squared=0.5307, p<0.0001
Fig. 2. Meta-analysis of results for all included studies.
a. Stress group Control group Standardised mean difference
Study Total Mean SD Total Mean SD SMD 95%-ClI
Bremner, J. D., et al.{1995)-Lt. 26 1186 138.00 22 1233 163.00 - -0.31 [-0.88; 0.26]
Bremner, J. D., et al (1995)-Rt. 26 1184 142.00 22 1286 175.00 -0.64 [-1.22; -0.05]
Gurvits, T. V., et al. (1996)-Lt. 7 3200 300.00 8 4400 300.00 —=—— -3.76 [-5.63; -1.90]
Gurvits, T. V., et al. (1996)-Rt. 7 3200 600.00 & 4600 400.00 —_— -2.62 [-4.11,-1.13]
Schuff, N., et al. (1997)-Rt. T 3279 338.66 7 3488 251.35 -0.66 [-1.74; 0.43]
Schuff, N., et al. (2001)-Lt. 18 3240 417.00 19 3292 399.00 .= -0.12 [-0.77; 0.52]
Schuff, N., et al. (2001)-Rt. 18 3460 424.00 19 3364 384.00 - 0.23 [-0.41; 0.88)
Gilbertson, M. W., et al. (2002)-Lt. 12 3340 460.00 23 3630 450.00 j -0.63 [-1.34; 0.09]
Gilbertson, M. W., et al. {2002)-Rt. 12 3320 590.00 23 3610 480.00 -0.55 [-1.26; 0.17]
Golier, J. A., et al. (2005)-Lt. 14 1780 260.00 20 1780 250.00 - 0.00 [-0.68: 0.68]
Golier, J. A, et al. (2005)-Rt. 14 1890 260.00 20 1890 270.00 - 0.00 [-0.68; 0.68]
Woodward, S. H., et al. (2006)-total 27 8970 760.00 28 9260 1130.00 . 3 -0.30 [-0.83: 0.24]
Pavic, L., et al. (2007)-Lt. 15 4390 537.00 15 4440 562.00 — -0.09 [-0.80; 0.63]
Pavic, L., et al. (2007)-Rt. 15 4070 513.00 15 4620 623.00 — -0.94 [-1.70; -0.18]
Random effects model 218 249 <o -0.47 [-0.78; —-0.16]
Heter ity: I-squared=59.7%, 1au-squared=0.1969, p=0.0022
-4 -2 0 2 4
b.
Stress group Control group Standardised mean difference
Study Total Mean SD Total Mean SD SMD 95%=ClI
Bremner, J. D, et al.(1997)-Lt. 17 1050 152.0 17 1193 1420 —— -0.95 [-1.65;-024]
Bremner, J. D., et al.(1997)-Rt. 17 1062 169.0 17 1116 190.0 — -0.29 [-0.97; 0.38]
Villarreal, G_, et al. (2002)-Lt. 12 2950 3100 10 3380 490.0 — -1.03 [-1.94; -0.13]
Villarreal, G, et al. (2002)-Rt. 12 3010 290.0 10 3350 370.0 —— -1.00 [-1.90; -0.10]
Wignall, E. L., et al. (2004)-Lt 15 1474 325.0 11 1703 328.0 —T -0.68 [-1.48; 0.12]
Wignall, E. L., et al. (2004)-Rt. 15 1567 278.0 11 1835 345.0 -0.84 [-1.65; -0.03]
Jatzko, A., et al. (2006-Lt. 15 3700 400.0 15 3500 400.0 H— 0.49 [-0.24; 1.21]
Jatzko, A, et al. (2006)-Rt. 15 3700 500.0 15 3600 400.0 - 0.21 [-0.50; 0.93]
Butterworth, P, et al. (2012)-Lt 19 3619 922 42 3756 50.1 — -2.05 [-2.71;,-1.39]
Butterwortn, P_, et al. (2012)-Rt. 19 3850 852 42 4057 58.1 —+=— -3.03 [-3.80; -2.25]
Random effects model 156 190 - -0.91 [-1.57; -0.26]
Heterogeneity: I-squared=86.6%, tau-squared=0.9719, p<0.0001
| — T 1T 1
-3-2-1 0 1 2 3

Fig. 3. Subgroup analyses: the characteristics of stressor. a. war-related subgroup, b. personal trauma related subgroup.
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