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[ Abstract |

function in schizophrenia (SCZ) patients with metabolic syndrome (MetS), as well as the mediating role of

Objective To investigate the correlation between thyroid hormone levels and cognitive

thyroid hormones in the relationship between MetS-related indicators and cognitive function. Methods A
cross-sectional trial was conducted on 120 SCZ inpatients and outpatients (40 cases of MetS and 80 cases of
non-MetS) and 80 healthy controls admitted in the Chongqing Mental Health Center from August 2023 to
December 2024. Thyroid function indicators [Thyroid-stimulating hormone (TSH), triiodothyronine (T3),
thyroxine (T4), free triiodothyronine (FT3), and free thyroxine (FT4)], MetS-related parameters [blood glucose,
triglycerides (TG), high-density lipoprotein cholesterol (HDL-C), and waist circumference], Positive and
Negative Syndrome Scale (PANSS) score, and Montreal Cognitive Assessment (MoCA) scores were collected.
One-way ANOVA or Kruskal-Wallis rank sum test was applied to analyze the differences among the 3 groups,
and LSD test or Bonferroni correction was performed for post hoc analysis. Pearson correlation analysis was
conducted to assess the relationship between thyroid hormone levels and metabolic parameters as well as
cognitive/clinical scale scores (MoCA, PANSS) in the MetS group. Results The MetS group exhibited
significantly lower FT4 level (P<0.05) and MoCA score (P=0.001), but higher TSH level (P<0. 05) and
PANSS negative symptom score (P<0.001) when compared to the non-MetS group. Correlation analysis
indicated that in the MetS group, TSH level was positively correlated with TG (r=0. 672, P<0. 001) and PANSS
negative symptom score (r=0. 458, P<0.05), and negatively with HDL-C (r=-0. 377, P=0.017) and MoCA
score (r=—0. 667, P<0. 001); FT4 level was positively correlated with MoCA score (r=0. 534, P<0. 001). In the
non-MetS group, TSH level was positively correlated with PANSS negative symptom score (r=0. 267, P=0. 017)
and negatively with HDL-C (r=-0. 236, P=0.036), T3 was positively with waist circumference (r=0. 268,
P=0.017). No correlation was observed in FT4 level with HDL-C (r=—0. 207, P=0.067) or MoCA score
(r=0. 216, P=0.055). Mediation analysis revealed that TSH partially mediated the association between TG
and MoCA score, with a mediation effect accounting for 29. 91% of the total effect. The mediating effect was
not significant in the non-MetS group. Conclusion Abnormal elevation of TSH may serve as a critical link
between MetS and cognitive impairment in SCZ patients, which providing novel insights into the mechanisms
underlying cognitive dysfunction in the patients.
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(r=—0.377, P=0.017) . MoCA % i #1 & & & (=
-0. 667,P<0.001), FT4 518 . TG HDL-C JE | FH
P CBATEY JCAH & 5 R (P>0.05) ., FT4 5 MoCA £ 1F
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Table 1 General characteristics of the 3 groups of participants [%+s, n(%), M( P, P,,) |
Factors MetS group(n=40) Non-MetS group(n=80) Control group(n=80) XIF/H P
Gender 4.912 0. 086
Male 36(90.0) 58(72.5) 60(75.0)
Female 4(10.0) 22(27.5) 20(25.0)
Agelyears 41.45+8. 82 41.01+10. 86 41.61+8. 86 0. 080 0.923
Ach 13(32.5) 30(37.5) 29(36.3) 0.293 0. 864
Sh 9(22.5) 21(26.3) 19(23. 8) 0.243 0. 885
Years of Education/years 9.00(9. 00,12. 00) 9.00(7.25,9.00) 12.00(10. 00, 14. 00)™ 35.157 <0. 001
Ethnicity - 0.524
Han 39(97.5) 76(95.0) 74(92.5)
Ethnic minorities 1(2.5) 4(5.0) 6(7.5)
Marital status 5.269 0. 261
Never married 23(57.5) 36(45.0) 35(43.7)
Married 9(22.5) 34(42.5) 32(40.0)
Divorced/Widowed 8(20.0) 10(12.5) 13(16.3)
BMI/(kg/m”) 25.34+2.59 23,2442, 79" 22.96+2. 83" 10. 708 <0. 001
TSH 3.20(2.49,4.12) 2.88(2.09,3.63) 2.52(2.11,3.15)* 10.375 0. 006
T3 1.00(0.94,1. 11) 0.98(0.89,1. 10) 1.06(0.90,1. 17) 3.801 0.150
T4 7.92(6.61,8.93) 7.51(6.42,8.77) 7.77(7.23,8.99) 4.822 0. 090
FT3 3.03(2.90,3.24) 3.04(2.78,3.32) 3.17(2. 84,3.49) 4.016 0.134
FT4 1.16(1.04,1.26) 1.24(1.10,1.33) 1.26(1.16,1.34)" 9. 067 0.011

MetS: Metabolic syndrome; non-MetS: Non-metabolic syndrome; Ach: Alcohol consumption history; Sh: Smoking history.

a: P<0.05, compared with the MetS group; b: P<0. 05, compared with the non-MetS group

2 MetS HF non-MetS 51X & MoCA  FH1% | BA 1 RER B9

te%&
Table 2 Comparison of MoCA score and PANSS positive
and negative symptom scores between the MetS

and non-MetS groups

MetS group Non-MetS group
(n=40) (n=80)

Ttems Z value P value

MoCAscore 19.00(18.00,21.00) 22.00(19. 00,23.00) -3.469 0.001
PPSS 11. 00(9. 00,14. 00) ~ 10. 00(9. 00,12. 00) —1.453 0. 146
PNSS 20. 00(14. 00,25. 00) 12.00(9.00,17.00) —4.912 <0. 001

MoCA: Montreal cognitive assessment; PPSS: Positive and
negative symptoms scale; MetS: Metabolic syndrome; non-MetS:
Non-metabolic syndrome; PPSS: PANSS positive symptom score;
PNSS: PANSS negative symptom score

K FR , TSH 5 HDL-C (r=-0. 374, P=0. 019) \MoCA
(r==0.651,P<0.001) & 1 K K R ; FT4 5 MoCA £
IEAEK R (7=0. 523, P=0. 001) .
2.4 non-MetS 28 TSH.T3.T4.FT3.FT4 5 A #& | TG,
HDL-C B2 E \MoCA | Fa/BE | [ V5 64 48 56 P 47
2% Pearson A CHE /AT & B, T4 FT3 435 55 1l 4%

TG HDL-C JEFE \MoCA \FHE | BAPESS LA & & (P>
0.05). TSH 51 # TG JEH .MoCA | FHPEICAHH ¢
# (P>0.05) ; TSH 5 B 4 15 43 22 1E M X 56 & (=
0.236, P=0.035) ; TSH 5 HDL-C & i #H )¢ 3¢ & (=
-0.262,P=0.019) . T3 51 k% . TG .HDL-C ,MoCA . FH
PECBAE A E K Z T3 5 F 2 IEAH LK R (=
0.263,P=0.018) . FT4 51k TG JEE | BHE B
I LM 2% & . FT4 5 HDL-C & i 4 56 56 & (=
-0.225, P=0.045) ; FT4 5 MoCA 2 iE 41 )& 3¢ & (=
0.223,P=0.0047), W% 4,

DUAEAS PRSI Z BE A i AR A 2%
SR AR AT AR &S BT, 45 SR & B, TSH 5 HDL-C &
A 5 2 (r=—-0. 236, P=0. 036) , TSH 5 {114 & 1F AH
KA (r=0.267,P=0.017) ; T3 SHEF £ IEH KL R
(r=0.268, P=0.017) ; FT4 5 HDL-C (r=-0.207, P=
0. 067) F1 MoCA JoAH A& & (r=0. 216, P=0. 055) .
2.5 MetSZTG-TSH-MoCA # 4~k 5L K& 7 5 H7
2.5.1 LLTSH iy H 4 i) TG 1l MoCA 1Y 3¢ & A
MoCA 1E A AR, TG /0 A A8 ik 47 2 otk vk [l 19
AT, 4R R TG X MoCA A i I i & 52 1 (B =
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+£3 MetSEATSH.T3.T4.FT3.FT4 5m#%. TG .HDL-C.FEEl .MoCA . PEE  FB 14 R X 1547

Table 3

Correlation analyses of TSH, T3, T4, FT3, and FT4 with blood glucose, TG, HDL-C, waist circumference

(WC), MoCA score, and PANSS positive and negative symptom scores in the MetS group

TSH T3 T4 FT3 FT4
Variable
r P r P r P r P r P

BG -0.215 0.183 -0.298 0. 062 0. 145 0.372 -0.139 0.392 0. 106 0.514
TG 0.672 <0.001 -0.171 0.292 -0.107 0.511 0.017 0.915 -0.292 0. 068
HDL-C -0.377 0.017 -0. 127 0.436 0.231 0.152 -0.165 0.309 0.083 0. 609
we -0.127 0. 434 0.023 0. 888 0.032 0. 845 -0.010 0.952 -0. 151 0.352
MoCA 0. 667 <0.001 0.001 0. 994 0. 063 0.701 -0.211 0.192 0. 534 <0.001
PPSS 0.112 0.492 0.114 0.483 0. 006 0.971 -0.013 0.937 0. 089 0. 584
PNSS 0.458 0. 003 0. 002 0. 990 -0.129 0.427 0.249 0.121 -0.278 0.082

MoCA : Montreal cognitive assessment; PPSS: Positive and negative symptoms scale;

Positive Symptom Score; PNSS: PANSS Negative Symptom score

MetS: Metabolic Syndrome; PPSS: PANSS
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Figure 1 Scatter plots of correlations among TSH, FT4 and TG, HDL-C, MoCA, and PANSS negative symptom score
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Table 4 Partial correlation analysis of TSH, T3, T4, FT3, and FT4 with blood glucose, TG, HDL-C, waist circumference
(WC), MoCA score, and PANSS positive and negative symptom scores in the non-MetS group
TSH T3 T4 FT3 FT4
Variable
r P r P r P r P r P
BG -0.217 0. 054 -0.018 0. 871 0.058 0. 609 -0.193 0.087 -0.132 0.242
TG -0. 040 0.723 0.011 0.920 —-0. 005 0. 966 0.183 0. 104 0.061 0. 588
HDL-C -0. 262 0.019 -0. 149 0. 187 0. 006 0. 960 -0. 135 0.233 -0. 225 0. 045
wC 0.179 0.113 0.263 0.018 -0. 029 0. 796 -0.119 0.291 0.173 0.126
MoCA -0.116 0. 306 -0. 117 0.300 0.199 0.077 0.200 0.075 0.223 0. 047
PPSS 0.097 0.391 0. 080 0.478 0. 048 0. 674 -0. 205 0. 068 -0. 207 0. 065
PNSS 0.236 0.035 0. 186 0. 099 -0.110 0.331 -0. 047 0. 681 -0. 052 0. 648

MoCA: montreal cognitive assessment; PPSS: positive and negative symptoms scale; MetS: metabolic syndrome; PPSS: PANSS

positive symptom score ; PNSS: PANSS negative symptom score

x5
Table 5

L TSH 4 14y Bt TG 1 MoCA B % &
Mediating role of TSH in the relationship
between TG and MoCA

%6 MetS ZH TG-TSH-MoCA B £ 3L R #4616
Table 6 Mediation-effect test for the TG-TSH-MoCA
pathway in the MetS group

Dependent  Independent R
Step B SE T R?
variable variable change
Step 1 MoCA TG -1.518 0.232 -6.545° 0.530 0.518
Step 2 TSH TG 0.623 0.112 5.588° 0.451 0.437
Step 3 MoCA TG -1.064 0.297 -3.580" 0.588 0.565
TSH -0.729 0.320 -2.277°

95% CI
Effect Effect ratio
Effect size Boot SE  Lower Upper
relationship 1%
limit limit
Total effect -1.518 0.232 -1.987 -1.048 100. 00%
Direct effect -1.064 0.297 -1.665 -0.462 70. 09%
Indirect effect  -0.454  0.200 -0.870 -0.077 29.91%

MoCA : montreal cognitive assessment. a: P<0.05,b: P<

0.01,c: P<0.001

TSH
0.623 -0.729
TG MoCA
-1.064
-1.518
TG MoCA

2 TSHZE TG #1 MoCA B 5 4\ 30N 45 77 = = Bl

Figure 2 Schematic diagram of the mediating effect of TSH
on the relationship between TG and MoCA
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2.6.2 non-MetS ZH TG-TSH-MoCA ) i 41 2% 1 46 56
ik — 45K ] SPSS 2 )5 Y Process ffi {455 AU 4 X5} [a] 322

BN BE AT “TG-TSH-MoCA " HEAT FR AU K 56, & W 1%

MoCA : montreal cognitive assessment; MetS: metabolic syndrome

&7 non-MetS A TSH 25 # 71 B TG #1 MoCA #15% &
Table 7 Mediating role of TSH in the relationship between
TG and MoCA in the non-MetS group

Dependent Independent R
Step B SE T R
variable variable change
Step 1 MoCA TG -0.568 1.044 -0.544 0.004 0.004
Step 2 TSH TG -0.175 0.491 -0.356 0.002 0.002
Step 3 MoCA TG -0.612 1.044 -0.586 0.018 0.018
TSH -0.252 0.241 -1.049

MoCA : montreal cognitive assessment
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Figure 3 Schematic diagram of the mediating effect of TSH
on the relationship between TG and MoCA

&8 TG-TSH-MoCA W I %R 46 36
Table8 Mediation-effect test for the TG-TSH-MoCA pathway

95% CI
Effect Effect —— LEffect ratio
) . ) Boot SE  Lower Upper
relationship size 1%

limit limit
Total effect -0.568 1.044 -2.646 1.510 100. 00
Direct effect -0.612 1.044 -2.690 1.467 93.29
Indirect effect 0.044 0.197 -0.197  0.750 6.71

MoCA : montreal cognitive assessment
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