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Abstract: Objective  To explore the prefrontal cortex (PFC) activation levels in children with attention deficit
hyperactivity disorder (ADHD) during task states using functional near-infrared spectroscopy ({NIRS), and to evaluate the
diagnostic value of combining PFC activation with behavioral assessments for distinguishing ADHD, so as to provide a basis
for early diagnosis. Methods A total of 40 children diagnosed with ADHD and 30 healthy children undergoing routine
health check-ups at the Children's Health Department of Xi'an People's Hospital (Xi'an Fourth Hospital) from July 2023 to
July 2024 were recruited. A 22-channel {NIRS device was used to measure changes in oxygenated hemoglobin ( HbO,)
concentration in the PFC during a verbal fluency task (VFT). The Conners Parent Symptom Questionnaire (PSQ) was
administered, and correlations between PSQ scores and PFC HbO, levels were analyzed. Receiver operating characteristic
(ROC) curve analysis was performed to assess the sensitivity and specificity of combining HbO, levels with PSQ scores for
ADHD diagnosis.  Results Compared to healthy children, ADHD children exhibited significantly lower HbO, levels in the
right dorsolateral prefrontal cortex (rDLPFC), left dorsolateral prefrontal cortex (IDLPFC), right frontopolar cortex
(rFPC), medial prefrontal cortex (mFPC), and Brodmann area 8 (BA8) (Z=4.115, 2. 363, 3.591, 2.578, 2.936, P<
0.05). ADHD children also scored higher on the PSQ subscales for conduct problems, learning problems, impulsivity-
hyperactivity, and hyperactivity index (Z=3. 827, 4. 065, 5.531, 4.827, P<C0.05). Negative correlations were observed
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between learning problems and HbO, levels in the rDLPFC, rFPC, and mFPC (+= —0. 336,—0.412,—0. 310, P<{0.05),
between impulsivity-hyperactivity and HbO, levels in the mFPC (= —0. 382, P<C0.05), and between the hyperactivity
index and HbO, levels in the rDLPFC, rFPC, mFPC, and BA8 (r=—0.393,—0.445,—0.431,—0. 339, P<C0.05). The
area under the ROC curve (AUC) for the combined prediction of ADHD using HbO, levels in the rDLPFC, IDLPFC,
rFPC, IFPC, mFPC, and BAS8 along with the hyperactivity index was 0. 884, 0.877, 0.883, 0.900, 0.896, and 0. 884,
respectively, all of which were higher than the AUCs for HbO, levels or the hyperactivity index alone.  Conclusion

Children with ADHD exhibit impaired PFC function, and the combination of PFC HbO, levels and PSQ scores demonstrates

significant diagnostic value for ADHD.
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Fig. 2 Brain activation channels during the verbal fluency task(VFT)in children with ADHD compared to healthy controls

% 2 ADHD 4 54 REAJLEFH T AHbO, (mM « mm) HHE[M(Pys . Prs) ]
Tab. 2 Comparison of prefrontal cortex AHbO, (mM « mm)between children with
ADHD group and healthy group[ M(P,; , P75) ]

T X I ADHD(n=40) TR (n=40) VA P&
rDLPFC —0.000 72(—0. 002 39,0. 001 08) 0. 001 66¢0. 001 34,0.003 06) 4.115 <0. 001
IDLPFC —0. 000 17(0.003 41,0.002 19) 0. 000 81(0.000 04,0.002 40) 2.363 0.018
rFPC —0. 000 57(—0.002 32,0.000 96) 0. 001 54(0. 001 05,0.001 73) 3.591 <20.001
IFPC 0.001 42(—0.001 10,0. 002 83) 0. 001 56(0. 000 05,0. 001 56) 0. 030 0.976
mFPC —0.000 42(—0.001 81,0.001 82) 0.001 01¢0.000 46,0.001 01) 2.578 0.010
BAS —0.001 03(—0.001 62,0.000 84) 0. 000 187(0. 000 18,0.003 09) 2.936 0.003

& 3 ADHD JL# SRR LEM PSQ 45 R [M(Pys , Prs) ]
Tab. 3 Comparison of PSQ results between children with
ADHD group and healthy group [M(P,5 ,P:5) |

—0.336) .rFPC(r=—0.412) .mFPC(r= —0. 310)
B (P<C0. 05) s wh3-£ 51 5 mFPC & i #f %
(r=-—0.382,P<C0.05); £ 55 rDLPFC(r=

[zjqﬁ ADHD 41 (n=40) f#FE41(n=30) Z{§ Pf{4 — 0.393). rFPC (r = —0.445), mFPC (r =
AT 0.96(0.58,1.48) 0.42(0.25,0.69) 3.827 <0.001

23 1.56(1.00.2.00) 0.75(0.43,1.00) 4.065 <0.001 —0.431) \BA8(r= —0.339) 2 A X (P<C0.05)
B 0.20(0.00,0.71) 0.00(0.00,0.25) 1.837  0.066 L% 4,

W o s om0 no om0 WIUTHBO RS PSQ b 5 it &
LZHER 1.250.97,1.61) 0.500.30,0.85) 4.827 <0.001 REIEFIEME 7 PSQ . ZHIFEHE -1
x4 PSQ & HFSHIHM HbO, M KP4 41
Tab. 4 Correlation analysis between PSQ factors and prefrontal cortex HbO, concentrations
Ea rDLPFC IDLPFC FPC IFPC mFPC BAS
AT —0.143 —0.132 —0.181 —0.041 —0.194 —0.306
2% > [n) —0. 336" —0. 200 —0.412* —0.302 —0.310" —0. 311
Hib 0.077 0. 241 0. 098 —0.029 0.171 0. 020
Eh-Z B —0. 149 0.024 —0.116 —0.020 —0.382" —0. 249
& —0. 284 —0.011 —0. 264 0.028 0.036 —0.079
£ N5 —0. 393" —0.234 —0. 445 —0.133 —0.431" —0.339"

. P<<0.05,* P<<0.01,

O P a0 SRz e Eony DT 4 8 i SE (1.5 43 )
RUZIFEAAAE BEZ 1T e . B 2 348 8.
A i DX R HbO, Y B DL K — 35 856 6 5 48 b 43 )
373 B T AE 5 AE Bl £k (Receiver Operating Char-
acteristic Curve, ROCO) 3 #r. FH X #iFRR 1-45 57
PECERBAPEZ) Y 3R R stk L IHPE R & T

TR CAUC) 8K, 36 W1 1% 48 A5 1912 W hE 77 8o
WK 3~ 5, rDLPFC,IDLPFC,rFPC,IFPC,mF-
PC.BAS iy ROC ) AUC {4(0. 516~0. 695) HA —
JE W X 43 BE 1 F2 Wi 8KRE . PSQ i) £ Bl 48 £
AUC 2 0. 837, {H Hij #i M 2% i X HbO, ¥ B BX 45
PSQ #F #r 19 AUC (0. 883 ~ 0. 900) ¥ K T 5 it



+ 406 -

TR LB PR A K 2025 4F 4 55 33 B4 4 )

Chin J Child Health Care, Apr. 2025, Vol. 33,No. 4

HbO, ¥ & J H4h £ 2 45 iy AUC. Br IDLPFC
Sh . HbO, Bk & PSQ By R AL K T #gh HbO, {6
MRE., WS,

100 |
80F
g 60
=
# L
= Yo J '8
i i --IDEEFC
(e 4 ——IFPC
201 ,___/ —--mFPC
! ——rDLPFC
=) —rFPC
') | sl L 1 L 1 1
0 20 40 60 80 100
14574k (%)

B3 #&MWX HbO, ) ROC

Fig. 3 ROC curves for HbO, concentrations in

various brain regions

100

80
2 60
&
S 40
20
i N T S
0 20 40 60 80 100
L-F 5 (%)

B4 ZahisEn ROC
Fig. 4 ROC curve for the hyperactivity index

=1
801 =
SEITS
—_ T
2 |
S 60F A
s Al
# i —BAB+Z Bl K
2 40} AB+ZB)J 9 .
B i ——IDLPFC+Z A5 %
i ~=IFPC+Z ik KL
20H —--mFPC+Z ‘hkl'ﬁ(
] ——rDLPFC+Z 8135
—rFPC+Z A5 AL
: A

| ! |
0~ 20 40 60 80 100
L5571 (%)

B 5 MK HbO, 454 £ 881 ROC
Fig. 5 ROC curves for HbO, concentrations combined with

the hyperactivity index across various brain regions

3 8

RE AR Al LA % W b B ke oK Ml B2 JZ #Y 2 RE AR
AL MAT HIFAL BE 6% it b ADHD [tk R 8L, 6T
IIRE AR S AT VA FH 45 5 10 22 B8 2504l SR s, A
WEFEH INIRS 5 PSQ — & k4 . R & HAE ADHD
LR RRE. 4R BoR . 7EE 55T . ADHD L
# %) IDLPFC, rDLPFC, rFPC, mFPC,BAS [X 1 ¥
HbO, i & I 25 A% T e L2 . W] ADHD iy PFC

% 5 HbO, 52 3h#E%M ROC i
Tab. 5 ROC values for HbO, concentrations

and hyperactivity index

HH AUC  RfERAE RBED  HRECD
tDLPFC+ £ 338 4k 0. 884 0.518 80.0 83.3
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