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Objectives  Local gyrification reflects the early neural development of cortical connectivity, and is regarded as a potential neural en-
dophenotype in psychiatric disorders. Several studies have suggested altered local gyrification in patients with bipolar I disorder (BD-I).
The purpose of the present study was to investigate the alterations in the cortical gyrification of whole brain cortices in patients with
BD-L

Methods Twenty-two patients with BD-I and age and sex-matched 22 healthy controls (HC) were included in this study. All partici-
pants underwent T1-weighted structural magnetic resonance imaging (MRI). The local gyrification index (LGI) of 66 cortical regions
were analyzed using the FreeSurfer (Athinoula A. Martinos Center for Biomedical Imaging). One-way analysis of covariance (ANCO-
VA) was used to analyze the difference of LGI values between two groups adjusting for age and sex as covariates.

Results  The patients with BD-I showed significant hypogyria in the left pars opercularis (uncorrected-p = 0.049), the left rostral an-
terior cingulate gyrus (uncorrected-p = 0.012), the left caudal anterior cingulate gyrus (uncorrected-p = 0.033). However, these findings
were not significant after applying the multiple comparison correction. Severity or duration of illness were not significantly correlated
with LGI in the patients with BD-1.

Conclusions  Our results of lower LGI in the anterior cingulate cortex and the ventrolateral prefrontal cortex in the BD-I group im-
plicate that altered cortical gyrification in neural circuits involved in emotion-processing may contribute to pathophysiology of BD-1.

Key Words  Local gyrification index - Bipolar disorder - Ventrolateral prefrontal cortex - Anterior cingulate cortex -
Emotion-processing neural circuit.
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Table 1. Demographic and clinical characteristics of BD-| patients and HC

Clinical characteristics BD-l (n =22) HC (n=22) t, o2 p value
Age 36.41 = 12.48 36.23 + 12.31 1=0.049 0.961
Sex
Male 12 12 ¥’=0 1.000
Female 10 10
Handedness, n (% right) 22 (100) 22 (100) ¥=0 1.000
Education level
Elementary and middle school 0 2 =3.111 0.211
High school or college/university 20 16
Above graduate school 4
HDRS17 score 3.86 + 3.26 2.36 + 2.19 t=1.792 0.080
YMRS score 2.36 £ 2.65 Na Na
Duration of illness (months) 78.27 + 87.31 Na Na
Medication status, n, current 22
Mood stabilizer (n = 19) Lithium (n = ¢) Na
Valproic acid (n = 15)
Lamotrigine (n = 1)
Carbamazepine (n = 1)
Antidepressant (n = 5) Escitalopram (n = 3) Na
Bupropion (n = 2)
Antipsychotics (n = 19) Aripiprazole (n = 12) Na
Quetiapine (n = 10)
Risperidone (n = 4)
Olanzapine (n = 2)
Haloperidol (n = 1)
Benzodiazepine (n =7) Clonazepam (n = 6) Na

Lorazepam (n = 2)

Data represent mean +

standard deviation for age, HDRS-17 scores, and duration of illness. The p values for distribution of sex

and education were obtained by chi-square test. The p values for comparisons for age and HDRS-17 were obtained by indepen-
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Mania Rating Scale
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Table 2. Difference of LGI between patients with BD-l1 and HC

) . LGl Uncorrected- FDR-corrected
Cortical regions Fa.49
BD-l (n =22) HC (n=22) p value p value
L caudal anterior cingulate gyrus 1.91 = 0.09 1.98 £ 0.11 4.892 0.033* 0.135
L caudal middle frontal gyrus 3.21 +£0.18 3.26 £ 0.14 1.429 0.239 0.307
L cuneus 3.08 = 0.20 3.22 +£0.18 5.601 0.023* 0.126
L entorhinal gyrus 2.58 + 0.11 2.65 + 0.12 4.273 0.045* 0.148
L fusiform gyrus 2.79 £0.12 2.83 £ 0.09 2.158 0.150 0.249
L inferior parietal gyrus 3.42 £ 0.17 3.48 £ 0.18 1.445 0.236 0.307
L inferior temporal gyrus 2.86 £0.12 2.88 £ 0.10 0.445 0.509 0.560
L isthmus cingulate gyrus 2.85 = 0.20 2.93 £0.20 1.643 0.207 0.307
L lateral occipital gyrus 2.76 £ 0.14 2.83 £ 0.14 2.444 0.126 0.249
L lateral orbitofrontal gyrus 2.75 £ 0.16 2.81 £ 0.15 1.510 0.226 0.307
L lingual gyrus 2.87 £0.15 2.99 £0.15 7.399 0.010* 0.126
L medial orbitofrontal gyrus 2.18 £ 0.08 2.24 £ 0.13 3.570 0.066 0.168
L middle temporal gyrus 3.55 £ 0.20 3.59 £ 0.20 0.539 0.467 0.535
L parahippocampal gyrus 2.84 £ 0.17 2.87 £0.14 0.531 0.470 0.535
L paracentral gyrus 2.40 = 0.11 2.45 + 0.13 2.145 0.151 0.249
L pars opercularis 4.30 £ 0.35 4.49 + 0.27 4.124 0.049* 0.148
L pars orbitalis 3.22 £ 0.24 3.22 +£0.23 0.000 0.985 0.985
L pars triangularis 3.94 + 0.31 4.04 + 0.24 1.409 0.242 0.307
L pericalcarine gyrus 291 £0.18 3.07 + 0.16 9.291 0.004* 0.126
L postcentral gyrus 3.57 £ 0.18 3.65 + 0.09 4913 0.032* 0.135
L posterior cingulate gyrus 2.27 £0.12 2.32 £ 0.15 1.632 0.209 0.307
L precentral gyrus 3.50 £ 0.19 3.61 £0.12 5.939 0.019* 0.126
L precuneus 3.00 £ 0.17 3.12 £ 0.17 5.684 0.022* 0.126
L rostral anterior cingulate gyrus 2.08 = 0.08 2.16 £0.12 6.978 0.012* 0.126
L rostral middle frontal gyrus 2.88 = 0.15 291 +£0.14 0.609 0.440 0.535
L superior frontal gyrus 2.23 +£0.10 2.27 +0.08 2.167 0.149 0.249
L superior parietal gyrus 3.15 + 0.15 3.17 £ 0.10 0.393 0.534 0.569
L superior temporal gyrus 4.28 + 0.25 4.40 + 0.23 2.400 0.129 0.249
L supramarginal gyrus 3.67 £ 0.17 3.76 £ 0.14 4,104 0.049* 0.148
L frontal pole 2.21 £0.10 222 £0.11 0.099 0.755 0.779
L temporal pole 2.46 £ 0.15 2.52 £0.12 2.467 0.124 0.249
L fransverse temporal gyrus 487 + 0.35 5.03 = 0.24 3.135 0.084 0.199
Linsula 4.50 = 0.31 4.65 = 0.20 3.713 0.061 0.168
R caudal anterior cingulate gyrus 1.99 £ 0.11 2.04 £ 0.12 2.290 0.138 0.304
R caudal middle frontal gyrus 3.18 + 0.20 3.26 £ 0.13 3.806 0.058 0.304
R cuneus 3.36 £ 0.21 3.42 = 0.14 1.334 0.255 0.421
R entorhinal gyrus 2.60 £ 0.13 2.65 + 0.11 1.679 0.202 0.371
R fusiform gyrus 2.73 £0.12 2.77 = 0.09 1.010 0.321 0.454
R inferior parietal gyrus 3.40 £ 0.16 3.48 £ 0.17 2.647 0.112 0.304
R inferior temporal gyrus 274 £0.16 2.80 £ 0.10 2.291 0.138 0.304
R isthmus cingulate gyrus 2.96 £ 0.24 3.01 £0.13 0.750 0.392 0.497
R lateral occipital gyrus 2.81 £ 0.11 2.83 £ 0.13 0.548 0.463 0.523
R lateral orbitofrontal gyrus 2.67 £ 0.14 2.74 £ 0.14 3.074 0.087 0.304
R lingual gyrus 2.98 £ 0.21 3.06 = 0.13 2.099 0.155 0.320
R medial orbitofrontal gyrus 221 £0.12 2.24 £ 0.12 0.688 0.412 0.503
R middle temporal gyrus 3.40 = 0.21 3.51 =£0.20 3.143 0.084 0.304
R parahippocampal gyrus 2.80 = 0.16 2.85 +0.15 1.064 0.308 0.454
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Table 2. Difference of LGl between patients with BD-l and HC (continued)

. . LGl Uncorrected- FDR-corrected
Cortical regions Fo.4)
BD-I (n=22) HC (n =22) p value p value
R paracentral gyrus 2.44 + 0.13 2.46 = 0.11 0.382 0.540 0.575
R pars opercularis 4,32 £ 0.30 4.49 + 0.34 3.629 0.064 0.304
R pars orbitalis 3.10 £ 0.20 3.16 = 0.27 0.625 0.434 0.511
R pars triangularis 3.94 + 0.29 4.05 + 0.28 1.739 0.195 0.371
R pericalcarine gyrus 3.16 £ 0.24 3.26 £ 0.17 2.763 0.104 0.304
R postcentral gyrus 3.54 £ 0.21 3.62 £ 0.09 3.691 0.062 0.304
R posterior cingulate gyrus 229 £ 0.17 2.34 £ 0.15 0.971 0.330 0.454
R precentral gyrus 3.44 £ 0.19 3.54 £ 0.12 6.424 0.015* 0.304
R precuneus 3.21 £ 0.21 3.27 £ 0.17 1.091 0.303 0.454
R rostral anterior cingulate gyrus 2.15 £ 0.11 2.18 £ 0.12 1.482 0.231 0.400
R rostral middle frontal gyrus 2.86 £ 0.17 2.88 £ 0.17 0.205 0.653 0.674
R superior frontal gyrus 2.30 £ 0.11 2.31 £ 0.09 0.011 0.918 0.918
R superior parietal gyrus 3.15 £ 0.14 3.18 £ 0.09 0.519 0.476 0.523
R superior temporal gyrus 424 + 0.22 4.37 + 0.22 4.584 0.038* 0.304
R supramarginal gyrus 3.67 £0.19 3.77 £ 0.15 4.272 0.045* 0.304
R frontal pole 2.24 +0.12 221 £0.13 0.756 0.390 0.497
R temporal pole 2.45 £ 0.15 2.53 £ 0.17 3.582 0.066 0.304
R transverse femporal gyrus 491 +£0.28 5.03 £ 0.28 2.348 0.133 0.304
R insula 4.38 = 0.28 4.50 = 0.25 2.295 0.138 0.304

Data represent mean + standard deviation for LGI. Uncorrected-P values with < 0.05 were presented with an asterisk. The F and
P values were obtained using one-way analysis of covariance (ANCOVA) adjusted for age and sex as covariates. The FDR was

applied within each hemisphere (33 cortical regions). LGl :
FDR : false discovery rate, L : left hemisphere, R :
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