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Bidirectional longitudinal associations of perceived
stress with anxiety and depressive symptoms among
medical students: A three-wave cross-lagged panel study

Chen Zhenhua', Shen Liying’, Wang Lin*, Xiao Qian’

(1. Xiangya Hospital, Central South University, Changsha 410008;

2. Clinical Psychology Center, Xiangya Hospital, Central South University, Changsha 410008, China)

ABSTRACT

Objective: Perceived stress, anxiety symptoms, and depressive symptoms may co-occur
among medical students, but their temporal ordering and bidirectional longitudinal
relationships remain unclear. Whether conventional cross-lagged panel model (CLPM)
adequately reflect within-person dynamic changes also requires examination through
sensitivity analyses. This study aims to examine changes in perceived stress, anxiety
symptoms, and depressive symptoms across 3 assessments among medical students and to
investigate the bidirectional longitudinal associations among these 3 variables.

Methods: A three-wave longitudinal design was used. Medical students were surveyed in
June, September, and December 2025, with valid sample sizes of 376, 361, and 343 at T1,
T2, and T3, respectively. Perceived stress, anxiety symptoms, and depressive symptoms
were assessed using the Chinese Perceived Stress Scale (CPSS), the Generalized Anxiety
Disorder Scale-7 (GAD-7), and the Patient Health Questionnaire-9 (PHQ-9), respectively.
Linear mixed models were used to examine changes in the main variables across the 3 time
points, with Bonferroni correction for pairwise comparisons. Pearson correlation analysis
was used to examine correlations among variables. The primary analysis used a three-
variable CLPM, in which CPSS, GAD-7, and PHQ-9 were simultaneously included to
examine bidirectional longitudinal statistical associations among perceived stress, anxiety
symptoms, and depressive symptoms. Based on the primary three-variable CLPM, two-
variable CLPMs for CPSS-GAD-7 and CPSS-PHQ-9 were additionally fitted as
supplementary analyses to examine the longitudinal associations of perceived stress with
anxiety and depressive symptoms separately. Random-intercept cross-lagged panel models
(RI-CLPMs) were further fitted as sensitivity analyses to examine the interpretive
boundaries of the conventional CLPM findings after distinguishing stable between-person
differences from within-person dynamic changes. All longitudinal models were adjusted for
sex and age, and parameters were estimated using robust maximum likelihood estimation.
Results: All 3 measures showed significant time effects, with scores being highest at T2,
followed by T3 and T1 (all P<0.001). The three-variable CLPM showed good model fit,
and CPSS, GAD-7, and PHQ-9 all demonstrated significant longitudinal stability ($=0.475
to 0.701, all P<0.001). After adjustment for sex and age and inclusion of autoregressive
paths and within-wave correlations, perceived stress at both T1 and T2 was positively
associated with anxiety and depressive symptoms at the subsequent wave (all P<0.05).
Anxiety symptoms at T1 and T2 were positively associated with perceived stress at the

subsequent wave, and depressive symptoms at T2 were positively associated with
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perceived stress at T3 (all P<0.05); however, the path from depressive symptoms at T1 to
perceived stress at T2 was not significant (P=0.417). Anxiety and depressive symptoms
showed bidirectional positive longitudinal associations across both time intervals (all P<
0.05). Except for the nonsignificant path from PHQ-9 T1 to CPSS T2, the standardized
coefficients of the main cross-lagged paths ranged from 0.082 to 0.232, indicating that the
associations were generally small in magnitude. The three-variable model explained 61.3%,
55.8%, 59.6%, 64.6%, 61.7%, and 51.0% of the variance in CPSS_T2, CPSS_T3, GAD-
7 T2, GAD-7_T3, PHQ-9 T2, and PHQ-9 T3, respectively. The supplementary two-
variable CLPMs yielded results generally consistent with those of the three-variable model.
In the RI-CLPM sensitivity analyses, both the three-variable RI-CLPM and the
unconstrained perceived stress-depressive symptoms RI-CLPM produced non-positive
definite latent covariance matrices. In contrast, the unconstrained perceived stress-anxiety
symptoms RI-CLPM yielded an admissible solution, with some cross-lagged paths
reaching statistical significance.

Conclusion: Perceived stress, anxiety symptoms, and depressive symptoms showed
longitudinal associations among medical students. The three-variable CLPM indicated that,
after accounting for the interrelations between anxiety and depressive symptoms, perceived
stress remained prospectively associated with subsequent anxiety and depressive
symptoms, and anxiety and depressive symptoms also showed bidirectional longitudinal
associations. RI-CLPM sensitivity analyses suggested that these findings should be
interpreted primarily as longitudinal statistical associations within the conventional CLPM
framework rather than as evidence of clear within-person causal effects; in particular, the
within-person dynamic relationship between perceived stress and depressive symptoms

requires further validation.

medical students; perceived stress; anxiety symptoms; depressive symptoms; cross-lagged
panel model; random-intercept cross-lagged panel model; longitudinal study; sensitivity

analysis

B2 A AR BT TR R E A it 45 L Sl gl o APRIER L IR SE ) SR

LB HEAR B0 AR R B A k2 S8 R
T, T AR Il e T % I IR 5 R k7
KNI, ML, BE R BT I 2
FE 1AL 22 TR 9 F 2 000, 0 B 4 B ) S 5
SO BEAE RS RIS AT, S
PP A TR ) % AL B RS A
SRR R BB R 75 TR 1 B, WA
YTE] Fi 448 D2 TR )RR 5 WS AR 2 T 5
B, T e T U U 2 B ELAT B
S

FE 1 515 5 55 L 1 Cohen 25094y, #84
A £ 5 T 0B S LRI R R . 85 K T
FE 3 AV 5 5 2 SR B I I G 3
T 0 A R R X0, % T B 27 B T

FEJ3i. R AR R, BRI RS T )
BRI Ty 2 Bl S A R R FE AR AR, AR I RS T By
BRI B I ) SBURILC IS I Y 2 4, [ Ah R
FHEVT PRI, R I B B AE H AR |
FRIE I TR S K HOR 7 0L 5 X SE P 3 5 A A £
JEFAR AT DA S, RN, BRAE G T
Fe e 55 45 AIRIAE IR O 2 B IE 5 2R R T
it R R AR Z ] A RARSC S A AR
HE LA — 25 ) Wy — 3 A e R AR Py 5
HRA

ARG T NI - R BEE, R IFE Sl
SRS , T R TS O SR b L
FE LA SR BHRAPEA T PR e AT
%« IR RN ZRECHR R S8 RPN X DL ], 5

©Journal of Central South University (Medical Science). All rights reserved.



BRI e S RS L IR AU A S . — IR =PSSO IR TS BRIRAE, 4% 1465

NN A B a] IR XTSRRI, A AT
ek e . Bk L JC Bl SR AR N RS 2
W I A AR B R R PR R R
JIRIAEZCE A O SRR IR 22 ] A 4 8 A T o
1 28 i R A T B8 5 A A5 S e 0 N v AR A A 56,
RIEGE I ORAF RS, MARRA RS . dERp iy &
BRI BEA BB, TR IR A2 O B R B
TR A S5 K ReARAT AN [l 4z, 40T 55 & 1
20 AR NI ARIE AR v] RE K R~ ) SN AT fE
R . B IS J0T £ 52 4k DA R A 2 SRR SRR R I A1 55 ] A
X IR AR AR RO BRI, AR R 2k
= SR 7R N | SO P P 1 & S /51 = K 1
2 R 22 (0] AT R I A fA7 BRL A B ) DG, TR A AE AR
HIRHK . SR shr shsd .

TERFN A B B i R, H R e AR AT
RETFAN S8 AR R JAIRE R 9 I T 1R
PGERSIR | ORE T REFNTE E RPN AERY, MR
AR Z2 SRR BEHAE . ko % . e 3
FARAAAL BRSO AR BT R AR A AR R et
W, IARREAR 5 A2 e R B L, H =3 Z [A]
FETEW] WAL G, SR, SR AN AR B AR IR R &
B INFIE AR IE S Rk S s AR E IR A e ],
B HRRA I — S I, TREM S S R
JIE Z IR ) 22 SV OCHK o I I 28 A AT i o o Il 4
N, EIEREARFIIDARAE AR Z [ EARER R %), (HOR
() E AR TE ) 265 25 4 vh B9 AR I OF AN S8 4 m] . TR
TEBE SRR, A B0 5 5 T e 5 &
REAR L e 5 AR REAR Z [ 9N 1] SC 2, LAk
o X AN [F) I 2 RE AR T B T A RE o [R5 0K £
JEFIAMAS A R TSI VE 25, W] BE Z A% 260 MR
AR B X0 J 28 s A3 1) S AR

W5 R = aa R, A=A s A
{iff 5 T BB Y (cross-lagged panel model, CLPM){EHy
FE TR, BB A TR RN . AR R
FARAE IR Z [R] A XL ) [ OCHK , I3 i — 78 5 CLPM
FBEAIL A 22 S 1 AR 1527 (random-intercept cross-
lagged panel model, RI-CLPM)iF17#b 75 S f5U8E 43
B, DLt R e A s 45 R iR 5t . ARIESR &2
PRFLLT I, 55—, 2R . fRIEAE
ARFNINARREARATE 3 A ] S5 B A AE 8k 26
=, TEIRI AR SRR R R AR B S, R
HIE AR 5 Je S AR S AR IR AFAE P 1m] SCHK 5 5
=, FERIEAIARRE RS 5 5 SR R AETE R
YA e 550U, RI-CLPM SUEM: 7 B 78 o] Fl 7
JE E4E (LS8 CLPM 45 RN i Rl Bt . dad bk sy
B, AHFFE B 7E by B A0 BRAR B XU IR . )

P RH AR R T R A G IS
1 X&g5FH%

1.1 {£I2ARR

RIFFRATE NRIREAS B 2F AR, SRR
R 2 MR S e IS 2 40 PR 2 B A AL oE (R AL S
2025040543), AT BFFT X S35 8 i IR 2

1.2 g

ACHIFGE IR R 25 A OC L MY AR 13227 LR AR A ST
% KA RGEESEIE, T 2025456 H(T1, %),
9 H(T2). 12 AM3)i#kArmIEMAE . HARE: 1)iH
AW B A T AR B2 A, AR AS B A Fn bt
P4 2)REMEHRAR A BN AT SEMIES 5 3)H R
SRR B MG R B. HEbRAsiE: DIRGBIS
FETEW] 2 B 18 . FEEME AR 2 SR 220 o ) ] J
WH ) FEMR AR E . RIENAGIT
s

1.3 fAIRITR
1.3.1 —f&HF Lk

K H i — s O R B S St A0
SEGORPRURS MM R A OG5 2., I . AFlY . 2
HHEAFR . BFR)2 W BEARS #f 5 AR G [m) B K 5K
RS PRI B A5
132 ¥ SRE A f it S 4

H SC Rl ) 15 & 3% (Chinese Perceived Stress
Scale, CPSS)J& 4 i r [ F fie ) ¥ 1Y H 77 1o )
W, B RIFIEEERASERY, R Likert 50T
A, AR E R IR N 1~55r. B
I3 N 14~70, 153 E AR S AR E S e K R IE
HH1aM5E, Hh 74 mitsr. AUFsE iz
HEERTE T, T2 A1 T3 (9 52 8 UUbR o R0 0.884
0.826., 0.866.
133 iz Bsi

]z P £E JE i 3% (Generalized Anxiety Disorder
Scale-7, GAD-7)H TPl A7 &b VAL A FE T 2 2
JE P9 R, K RRA T TAKHE, XH
Likert 4 3Tk, ke, R EK P
TR NAd: 0~4, 5~9. 10~14, 15~21, Zl%t)
I R P EEMEE AR, AW % a R
T1. T2 HAIT3 A58 e bk a R 5053901 0917, 0.879.,
0.865.
1.3.4 B4 R %5

H & {8 FE 1] 48 (Patient Health Questionnaire-9,
PHQ-9) I T I-A A O B HEIR S, o HIZ AR

©Journal of Central South University (Medical Science). All rights reserved.



1466

PR AR (BE2EI ), 2026, 51(7)  https://xbyxb.csu.edu.cn

SER, (REE . R P, PHQ-9 AL 9/ A,
K H Likert 4 9411537, Y5 0~27 73 B,
FORIWARAE () RS . TP N S AL 0~4,
5~9. 10~14. 15~19, 20~27, ZFBIXF R iEH . BB
W P EE R AR . AR P R AE T
T2 1 T3 /) 52 I8 Ik o 5 2053 %1 2 0.850. 0.821,
0.813,

1.4 GEitFEAbE

% JH SPSS 26.0 #l Mplus 8.3 #4647 48 1143 #r o
XS e R L BRI AR R A R IE R A T
KA o A5G s AT A IS 43 A BT PERR
Babrif 28R, ARFAIES A0 BT SRR
LB 1 Ui 8, 50 3 Ui B0 %R rekAr it
SR HECRIAG B b 67 o B4R I A AR DL &
IEAMER S . R DR N E T R BEAT R . X T
AN TR R] i 32 B AR f AR AR 3, SR TR PEIR A
HIEAT 387, 32K Bonferroni B E4 7 W He A, 2%
SR A SR FH Pearson AT . T A et 561y
ARG, P P<0.05 M EFAGHFE X,

K Mplus 8.3 #% — i CLPM, AAF5E LI =48
it CLPMAE N FZEH m Mk Y, ¥ CPSS. GAD-7
F1PHQ-9 [F] I 44 A [F]— B 7Y, B HY v iy A 4575 2 A
LRI A] R 2 [R] 68 Il A o R I IS ] A [] 28
Z 0] A2 SUHE S BR AR . T[] — B i) 78 e ) 4 G
PAR T2, T3 [ —H[a] i 5k 25 A0 G . A A B 35 Pk
SIRIAEREAE AR B A, LA LX) 32 22 AE B
] 5 2 VARSI . E = A8 it CLPM 400 24 1,
HE— 4 ¥ & CPSS-GAD-7 #l CPSS-PHQ-9 — 7% &
CLPMAENANFE ST, DAB LT 158 53 ) 5 £5 FhE
AR IAISRE AR Z 1] PR 2 ) DG

g i — 2 PEAL 4 55 CLPM 45 B 7 X 43 A~ 1 (i) Fa
EEFSMRNEBENRRAR, AT
R4 £ RI-CLPM R U 23 A58 . RI-CLPM
I N A AR T E REALEREE , MR R S 2 R 5 A
(A PN I s () 0 sl R o EA T X 43 1 Se i [l e 7
CPSS. GAD-7 flPHQ-9 f) =A¢ it RI-CLPM., Fifi/5 43
] ¥ # CPSS-GAD-7 #11 CPSS-PHQ-9 — 7¢ # RI-
CLPM, Jf B TCAF i 2 oA 29 R R g Atk
DR FEHERLER,

YT B AR B R B T Re A — e AR IEA A
A FR AR, B R SR AR A A K ARLAR Aili 31 75 (robust
maximum likelihood estimation, MLR)JEFTZ U],
X Bl 7 3 R A S BdlE . Mplus 7E MLR il TH4E
IR R A T B R AR 0 AT A A Ty ik iR A T
RIfEit, PR CLPM il RI-CLPM 2 [ 4 51 44 A 23 #r

MY FELEFEA 5 376 N o 124k B8 5 5L T Rl AL Bk G
(missing at random, MAR)fE %, BITEGNABIRIFIE
WL AR 6 BRI M B i AR AR, SRR
EARWEIM 25 Ry TC 3¢ o Tt 2R AL ) S v S e e
B 58 A 50k, ASWE S0 B8 58 4l B AR B AL Bk 2K
(missing not at random, MNAR)A T fiE, Z&PEIR A1
Y[R A AT F A e U800 St AT A AR A
WA RH AR B ALG $8 8 (comparative fit
index, CFI). Tucker-Lewis $§%§ (Tucker-Lewis index,
TLI), T Bl #% 2 ¥ J5 #2 (root mean square error of
approximation, RMSEA) & #r #f 1k ¥ 5 #R 5% 22
(standardized root mean square residual, SRMR)i# 17
LAV S

EIERXG AT, SR Harman PR 46 5637
LRI TR ZE o B FRZR(THITA IS4 H AR E
RO, SRR, FHMEERT 1R F3Es
AL BN TR RN 38.52%, KT 40%
0w TFUE bR UE, SRR AR TEAAAAE W] il 3 ] 7 12
M2E . WAk, AR =GN ia R it, AN
N [R] i B B s W AR AE AR P A B TR AR [ O v
i 22 X BIFFE 45 R B

24 B

2.1 MRIFKHAOZSFER FETERHIRMES T

AR LRI A B2 A2 376 45, Horp 34 A (]
SRR N 343 44, T2 RN T3 A S bE DT A B4
R 361 44 F1343 %4, A3 AL BT 253 5124 96.01% Fil
91.22%, FELEREA T, 129 4 (34.31%), Ltk
247 £4(65.69%); AF- 1% A7 £0°h 21.00(20.00, 23.00)
%, ZHEAERPAIEON 15.50(14.00, 17.00)4FE, 4%
BHAE 271 £4(72.07%), 584 105 44(27.93%). %K
WFFEXT 5 B PR ARG P g B AR DG R8T, i
BB AR G 0] B 12 44 (3.19%). 45 FE& AH 5K W] [ 10 44
(2.66%) . SRIEAHICIA] L3 £4(0.80%) . BURHAH S [7) 5 2
£(0.53%) . AFEFA 1 44 (0.27%) ., T B Bk &
BIAHIC IR 1 44 (0.27%) 5 A RS BB ZR 1 s 35 20 44
(5.32%)c b IR BEATHE i £t BREAH OC [ R T 58 %oF
SZHMME, K8 UTIR S P 5k — 20
155

BT 45 B[] A5 SRR AT 3 ) SR LR SR P B
gER N, T1. T2 M1 T3 (K CPSS 154343 1k 40.99+
8.91. 44.43+10.06 F1142.21+9.44, GAD-713434> %N
5.114£3.46. 6.76+3.93 Fil 5.86+3.96, PHQ-9 1543435
9 6.14+4.15, 8.73+4.81 F116.69+4.54.,

©Journal of Central South University (Medical Science). All rights reserved.



BRI e S RS L IR AU A S . — IR =PSSO IR TS BRIRAE, 4%

1467

22 EhEE. EEFMINEERH=HETHHEE

LR AEAIE R W, KA . IR
FAAIRE AR B B ) 2800 35 B G2 B (3 P<
0.001, 1),

2% Bonferroni {1 TP LL#L S5, CPSS. GAD-
7HIPHQ-9 /RN T2 & T TIAT3, T3 R
EFEET T, Z2RYEASIEE X P<0.001), &
AT, AR IIAGE AR R R AR S R Y
TE T2 IR B R K, T3EE T2 A FAf R, B8 T
T1AF(E 1),

23 EMRTENHEXSTER

Pearson FH G/ T45 5 (6 2) B8, CPSS. GAD-7
FIPHQ-9 7 3 N[ g Z [A] 1 52 1 35 IEARDG, AHOCR
B L R 0.399~0.760(F P<0.001), 4% 75 [ B 75 AH
L B 1) o5 22 B A R OC MR s, b CPSS_T1 5

x1

EFEENMBE., REMMEPERN = HELESZ ST

CPSS_T2. CPSS_T2 5 CPSS T3 iy4H % 250439 K
0.758 F110.696; GAD-7_T1 5 GAD-7_T2. GAD-7_T2
5 GAD-7_T3 [ A ¢ & % 41 5l 2 0.710 #1 0.760;
PHQ-9 T15 PHQ-9 T2. PHQ-9 T2 5 PHQ-9 T3 i
AR B0 0.701 F10.649, H-/RIE S A5 . HEIE
SR A ARRE AR Y HAT — s B AR e o RIS, &
35050 5 A& AR IR AE (7] — B [ 5 S AN [] B ]
RUZ A 5 I 2 IE AR DG (F P<0.001) . iR 45 R o ik
— - FF R CLPM 2T 3t 1440

24 ZTE CLPMBIETHER

ARG Sk =255 CLPM, ¥ CPSS. GAD-
7 FIPHQ-9 [F) I 4N A [l — B RY - K P 31 FAF I8 £
SRR AN, ERER, SRS R
[/(15)=21.363, P=0.126, RMSEA=0.034, 90% CI
0.000~0.064, CFI=0.996, TLI=0.989, SRMR=0.031].

Table 1 Three-wave changes in perceived stress, anxiety symptoms, and depressive symptoms among medical students

T1 estimated marginal
mean (95% CI)

Variables

T2 estimated marginal
mean (95% CI)

T3 estimated marginal
mean (95% CI)

Time effect

CPSS scores
GAD-7 scores
PHQ-9 scores

40.99(40.02 to 41.96)
5.11(4.71 to 5.50)
6.14(5.67 to 6.60)

44.81(43.83 to 45.79)
6.96(6.56 to 7.35)
8.94(8.47 to 9.41)

42.93(41.94 to 43.92)
6.23(5.83 t0 6.63)
7.10(6.62 to 7.58)

F(2,701.568)=47.059, P<0.001
F(2,693.740)=70.856, P<0.001
F(2,693.854)=99.120, P<0.001

Data are presented as estimated marginal means and 95% CI derived from linear mixed models. Time point was included as a

fixed effect, and participant was included as a random effect. Pairwise comparisons were adjusted using the Bonferroni correction.

For all 3 measures, pairwise comparisons showed that scores at T2 were significantly higher than those at T1 and T3, and scores at

T3 were significantly higher than those at T1, all P<0.001. CPSS: Chinese Perceived Stress Scale; GAD-7: Generalized Anxiety

Disorder Scale-7; PHQ-9: Patient Health Questionnaire-9. T1, T2, and T3 indicate the first, second, and third survey time points,

respectively.
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Figure 1 Three-wave changes in perceived stress, anxiety symptoms, and depressive symptoms among medical students

A: Three-wave change trend of perceived stress (CPSS). B: Three-wave change trend of anxiety symptoms (GAD-7). C: Three-wave
change trend of depressive symptoms (PHQ-9). Dots represent estimated marginal means, and error bars represent 95% CI. CPSS:
Chinese Perceived Stress Scale; GAD-7: Generalized Anxiety Disorder Scale-7; PHQ-9: Patient Health Questionnaire-9. T1, T2, and

T3 indicate the first, second, and third survey time points, respectively.
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Table 2 Correlations among study variables across 3 time points

Variable CPSS_TI CPSS. T2 CPSS T3 GAD-7 Tl GAD-7 T2 GAD-7 T3 PHQ-9 TI PHQ-9 T2 PHQ-9 T3
CPSS T1 1 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
CPSS T2 0.758** | <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
CPSS T3 0.589%**  0.696*** | <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
GAD-7. Tl 0.516%**  0.435%%x  (.399%** | <0.001 <0.001 <0.001 <0.001 <0.001
GAD-7 T2 0.480%**  0437%%x  0476%**  0.710%%* | <0.001 <0.001 <0.001 <0.001
GAD-7 T3 0.464%%*  (0425%%%  0433%%%  (565%%%  (.760%%* | <0.001 <0.001 <0.001
PHQ-9 T1  0.520%%%  (431%%x  0437%8%  (651%%%  (.551%%x  510%* | <0.001 <0.001
PHQ-9 T2  0.527%FF  (470%%%  (472%%%  (.5095%%%  (.550%%%  (527%%%  (701%%* | <0.001
PHQ-9 T3  0.478%%F  0.456%**  (0459%%%  (476%%%  (.502%%%  (4]2%%%  (.5]4%%x  ( 649%** 1

Values below the diagonal are Pearson correlation coefficients, values above the diagonal are P values, and diagonal values are 1.

Correlations represent descriptive zero-order associations. *P<0.05, **P<(.01, ***P<0.001.

2.5 ZTECLPMETERRER

7E A [IHEE#E )71, CPSS. GAD-7 #il PHQ-9 &
AHER IS ] 55 2 (R A AE S A FR e P . CPSS_T1—
CPSS T2 P& # (B =0.701, P<0.001). CPSS T2—
CPSS_T3 [ #& (8 =0.564, P<0.001). GAD-7 Tl—
GAD-7_T2 %4 (£=0.569, P<0.001), GAD-7_T2—
GAD-7 T3 % 4 (5=0.668, P<0.001), PHQ-9 T1—
PHQ-9 T2 % 4% (4=0.475, P<0.001), PHQ-9 T2—
PHQ-9 T3 J&42(8=0.495, P<0.001)JAa 55 X,

TE TR 3 058 6] I 2217 26 R 0 4 1) SCHK Dy T
CPSS_T1—GAD-7_T2 4% (5=0.159, 95% CI 0.082~
0.235, P<0.001). CPSS T1—PHQ-9 T2 i 4% (5 =
0.204, 95% CI 0.126~0.281, P<0.001). CPSS T2—
GAD-7_T3 4% (5=0.082, 95% CI 0.015~0.149, P=
0.017). CPSS_T2—PHQ-9 T3 4% (=0.159, 95% CI
0.071~0.247, P<0.00)¥JH Giit2F L,

TEAR 2800 IR 0T I 282 0 R 1) 4 T SG K Dy T
GAD-7_T1—CPSS_T2 4% (8=0.102, 95% CI 0.016~
0.188, P=0.020). GAD-7 T2—CPSS T3 i #& (8 =
0.168, 95% CI0.079~0.256, P<0.001). PHQ-9 T2—
CPSS T3 %42 (8=0.129, 95% CI 0.043~0.216, P=
0.003) ¥ 48117 & X, {HPHQ-9_T1—CPSS_T2 it
RIS 5 L (B=0.037, 95% CI -0.052~0.127, P=
0.417)

WAL, AR IEREIR 5 AR RE IR 22 18] 77 A Sk 3 0L w)
20 18] i & & . GAD-7_T1—PHQ-9 T2 ¥ 4% (8=
0.232, 95% CI0.139~0.325, P<0.001). PHQ-9 T1—
GAD-7_T2 4% ($=0.144, 95% CI 0.055~0.232, P=

0.001). GAD-7_T2—PHQ-9 T3 §§#%(5=0.172, 95% CI
0.079~0.265, P<0.001). PHQ-9 T2—GAD-7_T3 fi%
2(p=0.140, 95% CI 0.052~0.227, P=0.002)}J4 451t
2 Y, BRI CPSS T2, CPSS T3, GAD-7 T2,
GAD-7_T3. PHQ-9 T2 F1PHQ-9 T3 WSR3
61.3%. 55.8%. 59.6%. 64.6%. 61.7%F151.0%. M
WO SR E, ARG CLPM 28k 858 U s i
12 B hR AL R EAL T 0.082~0.204 Z 8], #AKJE T/)N
BNEJEFE . Hih, CPSS T2—GAD-7 T3 HyAnfEfL %
HHRECH0.082, BHEAAGIAE S, AR RN,
AR E CLPM MY 5E SRR R LR 2, TRANIE AR R AU
[} & 1(https://doi.org/10.57760/sciencedb. 45089).

2.6 %= CLPM M E 0T

fE =78 5 CLPM F 3 A B aily b, A5 — 20
F4 2 CPSS-GAD-7 Fll CPSS-PHQ-9 — 75 £ CLPM /£ Ky
ANFESAT, A SR ) R0 53 i) 5 A TR R L B
SR Z B GA I I, 455 R, CPSS-GAD-7#i%!
PIA B 44(8)=14.098, P=0.079, RMSEA=0.045,
90% CI0.000~0.083, CFI=0.995, TLI=0.986, SRMR=
0.035. CPSS-PHQ-9BRIHA AT 257 . (8)=21.031,
P=0.007, RMSEA=0.066, 90% CI 0.032~0.101, CFI=
0.988, TLI=0.967, SRMR=0.043. %5 & RMSEA.
CFI, TLIFISRMR 4548tr2i4HIWr, CPSS-PHQ-9 15
RILAATAE T ] 4323

A& S I AR 45 R, CPSS-GAD-7 45 B Al
CPSS-PHQ-9 #27 [f) = ZL }% A% Iy [m] 5 =78 £ CLPM i
k—%, HEARMS, 7€ CPSS-GAD-7 &%, CPSS

©Journal of Central South University (Medical Science). All rights reserved.



Brp A TR E S R AAREE R B XL 5] SCH . — I =AU gY R IIRTE, 46 1469

554 GAD-7 28] . GAD-7 5)54% CPSS Z Al ¥171E
iE A JEHE ;. 7E CPSS-PHQ-9 Bl th | CPSS 5 )5
£ PHQ-9 2 [ . PHQ-9 554 CPSS Z M ¥ £ 7E IE

A DCHE, — A8 CLPM (RS RU B AR UL 3, 1
1Y A2 SO R A AR 80U B 2R 2(https://doi.org/10.
57760/sciencedb.45089),

Tl T2 3
sdekok skeksk
] 0.701 ) 0.564 — ]

CPSS_T2

[ CPSS_TI

[ GAD-7 Tl GAD-7_T2 GAD-7_T3 ]

PHQ-9 T3 ]

[ PHQ-9 TI |
B2 EF£EHNME. ERERFIESERN =T X EEmREE

Figure 2 Three-variable cross-lagged panel model of perceived stress, anxiety symptoms, and depressive symptoms

PHQ-9 T2
)

0.475%** 0.495%**

Solid lines indicate significant paths; the dashed line indicates a nonsignificant path. Values are standardized path coefficients S
using the Mplus STDYX standardization (i.e., standardization with respect to the variances of both predictor and outcome variables),

adjusted for gender and age. T1, T2, and T3 indicate the first, second, and third survey time points, respectively. *P<0.05, **P<0.01,

**%P<(.001.
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Figure 3 Supplementary two-variable cross-lagged panel models of perceived stress with anxiety and depressive symptoms
among medical students

A: Cross-lagged panel model of perceived stress and anxiety symptoms. B: Cross-lagged panel model of perceived stress and
depressive symptoms. Values in the figure are standardized path coefficients f adjusted for gender and age. Solid lines indicate
statistically significant paths. T1, T2, and T3 indicate the first, second, and third survey time points, respectively. *P<0.05, **P<
0.01, ***P<0.001.

#3 RI-CLPM B MES RSB SRR S RS
Table 3 Model fit indices and estimation status of RI-CLPM sensitivity analyses

Model x(dp P RMSEA(90% CI) CFI TLI SRMR
Three-variable RI-CLPM: CPSS, GAD-7, and PHQ-9 15.064(15)  0.447  0.003(0.000 to 0.049) 1.000 1.000 0.017

Two-variable RI-CLPM: CPSS-GAD-7, unconstrained 14.788(9) 0.097  0.041(0.000 to 0.078) 0.995 0.986 0.022

Two-variable RI-CLPM: CPSS-PHQ-9, unconstrained 4.265(9) 0.893  0.000(0.000 to 0.026) 1.000 1.012 0.011

Two-variable RI-CLPM: CPSS-PHQ-9, constrained 32.006(13)  0.002  0.062(0.035 to 0.090) 0.984 0.968 0.060
Two-variable RI-CLPM: CPSS-GAD-7, constrained 32.281(13)  0.002  0.063(0.036 to 0.090) 0.985 0.969 0.061

Model Estimation status

Three-variable RI-CLPM: CPSS, GAD-7, and PHQ-9 PSI was not positive definite; random intercept correlations exceeded 1
Two-variable RI-CLPM: CPSS-GAD-7, unconstrained Converged normally; no non-positive definite PSI was observed

Two-variable RI-CLPM: CPSS-PHQ-9, unconstrained PSI was not positive definite; random intercept correlations exceeded 1
Two-variable RI-CLPM: CPSS-PHQ-9, constrained Converged normally; no non-positive definite PSI was observed
Two-variable RI-CLPM: CPSS-GAD-7, constrained Converged normally; no non-positive definite PSI was observed

RI-CLPM: Random-intercept cross-lagged panel model; RMSEA: Root mean square error of approximation; CFI: Comparative fit
index; TLI: Tucker-Lewis index; SRMR: Standardized root mean square residual; PSI: Latent variable covariance matrix. The values
in parentheses for RMSEA are 90% CI.
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