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AN RRBFWHIR, PHQ-9VFS = 10 ABEBEAING MEAERA . 4R HECR A 2% A Mann-
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FERZBIHIRER. 455 ZEKlogisticEAS T &R, SRMEBAH(QIME, ZKFAEQ3. Q4HI0R
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Abstract

Objective: To explore the relationship between dietary iron and copper intake and depressive
symptoms in obese people in the United States, and to provide dietary guidance for improving de-
pressive symptoms in obese people. Methods: Data from the NHANES from 2015 to 2018 were in-
tegrated, and PHQ-9 was used to assess whether the subjects had depressive symptoms. Patients
with PHQ-9 score = 10 were included in the group with depressive symptoms. 32 test and Mann-
Whitney U test were used for comparison between groups. Univariate, multivariate logistic re-
gression and restricted cubic spline curves were used to analyze the association between dietary
iron and copper intake and depressive symptoms. Results: Multivariate logistic regression analy-
sis showed that compared with the lowest intake group (Q1), the OR values and 95% confidence
intervals of iron intake Q3 and Q4 were 0.573 (0.422~0.778) and 0.698 (0.517~0.942), respec-
tively. The OR values and 95% confidence intervals of copper intake Q2, Q3 and Q4 were 0.717
(0.543~0.947), 0.651 (0.4866~0.873) and 0.695 (0.516~0.937), respectively. The results of the re-
stricted cubic spline model showed that there was a nonlinear dose-response relationship be-
tween dietary iron and copper intake and depressive symptoms in obese people (Pnonlinear = 0.045,
Phonlinear = 0.006). Conclusion: Intake of adequate dietary iron and copper can reduce the risk of
depressive symptoms in obese population, and there is a nonlinear dose-response relationship
between dietary iron and copper intake and depressive symptoms in obese population.
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1. 518

BURAL o bRag A R AN AL 2 22 B B G KA A TR R /KCF, BRI F ORI X, AR A
S, AMAE . AMERKIRETT A Z, EHALBZE LT RIEEFHMETE, ) 2030 4F, {5
NI 14%F0 J5 PR AT 20% A Lo Mok S IEREAE o NI CLe J g S BRVE Rl Y ™ B A SRAR R I R, 52
N LA E R GE[L], R AR i SR (1 B i) B ORI L o 5 R -2 i 1 90 565 = ik €310
FRRERYT SR MY R, EREAFEIERER K R % m, Rl LA BMI I 40 kg/m? (9 NBE. A
FAARAEIR A BRI O BRSPS A 57 I I, H 5 DA ZA(WHO) it 4Bk 2.8
ACNAAWASRER ,  Her 2okt BUIARE R ) J LR B S5 sy 500%, (HAER A A AL —F 1 B %2 A 200
71210 MEREANTE BT A RACE SR L AU SRR, somg AR TR ARl A ATEAE, £
TR T 1 AEREAE TO R B = Z AN 235 AHOGHE 3] [4]: T TR Bk S S0 . Fheis it
B FHETTHEEIE R, ELERF RN IE W A & ol EEE 5], SIMECEIR A A A Kk R VIA <. EH
HIR T8k M5 IACE IR A SRR e 48 R A — 20, HohZ 2T 1B B ATERORT T . Rk, A0F5
f# I NHANES 2015~2018 4 (%, #R 1 5& LA ARERE 8k AN SRR AR SC I, D9 IEREA
HELCEIIRBAE IR (08 TRiB T IR Lk R
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2. BRI A
2.1 HRMR

AWFFAINT K EH NHANES 2015~2016 F1 2017~2018 M4 A AR ARE, L3t 19,225 A, ikHH:
R > 20 B IR REAEE(BMI > 30 kg/m?)3Eit 4359 4. fEiX 4359 A, itk PHQ-9 £, AN
Guit BRI L R BBk BN B A e BRI SR I AMA, 2% 3867 A MBI ANATE L. AN
B B EEE AT LA NHANE Rk (https://www.cdc.gov/nchs/nhanes/) F35ER .

2.2. BARWER

WA RN DGt BEEMER . FER. Mk, HEAKTE. B, FKENDH. fBRR K K
WEPRI, R B E A B IRE A W B RE . BEEE. MA@ 24 /ANSHRE BB R SREL,
PR 5 [ AR08 B RS FR A e, P /N TSRO AR H . ORM RN AR 78 77 HR R T % 2878 97
R E AR Bk BB = DU 2 7 B0k N9 4 4 (RN QL: <P25, Btk A4 Q2: P25~P50
A1 Q3: P50~P75, Hmitk A4l Q4: >P75).

2.3. HPEBAEK HOFRIA

PHQ-9 =R H 9 N HARL, 2427 47, &AL N0 5. W4 N 5. 10, 15 fil 20 7 AR E R .
R, R E A E AR UL SRR o DA T N VTR O PRHE, PHQ-9 7E 10 43 At ik, B
B 1 RABUE AR S FE[6] . A FUARHE LLE 2> > 10 43 AFIARSE R BH 4 FHE 43 o

24. G FRE

AT SPSS 27.0 il R.4.2.3 BTG MG #. W FAINIAR R, 72485 BIE(E o
o)k, IR BRI R 2 K REF & IE A0 A (R 420 & o 7 i (P25~P75) %54, 4RI ELEER:
Fi Mann-Whitney U £ 58 . SR AN R BEATAT Vi 2% 5 32 (W S R 2R logistic [BIAFITREEAEES . MR, FiiE. 2
BT WEIIRES . KEAN . KEE PIR. R 1) 2 K 3% logistic [R5 HT G B8k 44 AP (B Ak ds
AH QL. Bt N4 Q2 F1 Q3. s B A\ ZH Q4) 5 HNAIREIR 2 4] (1) Sk o PR 14 3777 % 2% (Restricted cubic
spline, RCS)7# IE i ABERE Bk BTN SHABAEIR K A G JEZe 1K &, RCS LA P5. P35, P65,
P95 AT M, P5S NZHTT M, BOARKRARE R HENE, HABKRONMAEER & 24 XK OR 1.

3. &R
3.1. MR RE—AEA OFHHE

AWETESLAIN 3867 HAEE KT 20 & HINERENGENIETEXT B, HR4E PHQ-9 > 10 70K AF A A A AR HE R
NG NTCANAERIEIRZE (n = 3458) FAG HIARAEIRZE (n = 409), WAEMZHM A M2 B khd AT LR . 45 R R
PRZLLE BMIL P 208 K SR DL ZXRE N I E0 8 PR ik L SN B 1 2 3% 72 72 (P < 0.05).
SR L.

Table 1. General demographic characteristics of the subjects studied
= 1. MRIKI—MRA O FHFHE

TIERAEIRA (PHQ-9 < 10) A AR IR (PHQ-9 > 10) Az P&
N H(%) 3458 (89.4) 409 (10.6)
R (R) 51 (36~63) 54 (39~63) -1.338 0.181
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Continued
BMI (kg/m*) 34.6 (32.0~38.7) 35.5 (32.5~40.9) -3.417 <0.001
PER (%) 25.752 <0.001
5 1589 (46.0) 134 (32.8)
'8 1869 (54.0) 275 (67.2)
PR (%) 7.928 0.094
EPEEEEA 647 (18.7) 67 (16.4)
HALTEEE T 377 (10.7) 58 (14.2)
JEFPEF WA A 1211 (35.0) 152 (37.2)
AT HFEA 913 (26.4) 91 (22.2)
FHoAth 310 (9.0) 41 (10.0)
HE K (%) 14.358 <0.001
KT KT 687 (19.9) 113 (27.6)
1= K 839 (24.3) 98 (24.0)
T KT 1932 (55.9) 198 (48.4)
WA (%) 31.605 <0.001
@R/ 1768 (51.1) 149 (36.4)
ERE 1690 (48.9) 260 (63.6)
FEEN (%) 8.687 0.003
<=3 A 2170 (62.8) 287 (70.2)
>3 A 1288 (37.2) 122 (29.8)
B PR (%) 21.994 <0.001
= 701 (20.3) 124 (30.3)
i 2757 (79.7) 285 (69.7)
%(mg/K) 12.17 (8.26~16.98) 10.18 (7.06~15.13) -5.122 <0.001
Hil(mgl k) 1.024 (0.726~1.405) 0.909 (0.611~1.306) —4.759 <0.001

3.2. PR ABBERSK. WIBA SR Logistic Y547

AW T R R AL K E W logistic [Al AR, BRL 1 KR REAR B, A 2 HAERAERS . PRSI P
Wiy BE KT SR FENCH. BRR. BMI. FETF e aifBsa, S5RREA4QLMLE,
BRERNE Q3. Q4 1 OR fE 1 95% 1 {5 [X [A] 43 /& 0.573 (0.422~0.778). 0.698 (0.517~0.942); #HifHk N\ &
Q2.Q3.Q4 it OR {8 1 95% A 13 [X [f] 43 5 & 0.717 (0.543~0.947).0.651 (0.486~0.873).0.695 (0.516~0.937).

SR 2.

3.3 MBREARERSK. WBASHIHERNFIER NS

BRIV G BEARR T (T 550N 4, BERLREEAERS . Pk, ZE K. PR FEN DL, R
i BMIER, AEFEABERE B2 RN SRR 2 [AIAFE RBRORBAPER S P = 0.001, P < 0.001),
H 2L MERE - RMKRP pun = 0.045, P ypun = 0.006). ALREANTERE BN /N T 10.84 mg/k
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i, BEESIRN BN, RS A A A 2 T RS MR il 10.84 mg/ K 5 S HIHIAE IR 22 H]
MRS 2 3 AL AR R EA RN T 0.83 mglRiY, BE&EHIRAEIE I, fMHGER A A
P2 T RS SR R 0.83 mg/ KA SRR Z 8] ORI E St T 24 L. Wils] 1.

Table 2. Logistic regression analysis of dietary iron and copper intake and depressive symptoms in obese population

T2 BBREEABBERK. RIBANSHIERAEIREY logistic YA HT

PR 1 Y 2
OR 95% Cl P{A OR 95% Cl P1H
:(mgl k)

Q1: <8.1 (fK) 1 Ref. 1 Ref.

Q2: 8.2~11.96 0.837 0.642~1.091 0.189 0.918 0.700~1.203 0.535
Q3: 11.97~16.88 0.508 0.377~0.684 <0.001 0.573 0.422~0.778 <0.001
Q4: >16.89 (&) 0.576 0.431~0.769 <0.001 0.698 0.517~0.942 0.019

il (mg/ k)
Q1: <0.712 (%) 1 Ref. 1 Ref.
Q2: 0.713~1.011 0.671 0.511~0.882 0.004 0.717 0.543~0.947 0.019
Q3: 1.012~1.393 0.553 0.16~0.737 <0.001 0.651 0.486~0.873 0.004
Q4: >1.394 (&) 0.547 0.411~0.729 <0.001 0.695 0.516~0.937 0.017
s o§
. ! !
- I =3 l
@) | @) :
X2 ! X !
V) ! v 1
N ! @/ 1
~ | 2 I
% ! & :
iR e R LR T LT L LRTPPERLPED :
! lr------ et Ll bk ldelutadataiuiatuie
0 I 20 40 0 I 1 2 3 4
iron (mg/d) copper (mg/d)

Figure 1. Dose-response analysis of trace element intake and depressive symptoms in obese population

E 1 ABRE AR E T RIEN SRR AF B R RS
4. g

B NSRRI ENMETE, S5 SEAEYS R, BahkEEE Y, §
FI+ 4805 - i 40 T (ko SR Fe® i Uk Fe?, Tt — 36 th — M &R LB 1 (DMTL)EIEE
iy R P, SRS R4 DA R FI IO AT, 5 — 3 43 ot R FS ) ) B 3 A (FPN) 62 B I 2K . %

B& MK RS EA(THE S, LR Tf-Fe E-A (7], L5 58k 5 A 1268k 22 1M1 ix 5# 1% (BBB), 5 BBB
R 4EM E ) TERL 45 & A 4%, TE-TIR1 &Y A/ MER UL R 2 Fe?, X5 Fe? 4 DMTL A&
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FREN A /IMATEEE N Y AU P, 548 FPN S SR A5 [8]. 7EMG AR P, Fe®*ilid DMTL #liphs
JLE A AN AL D ER 4 Fe* WIS R AN Fe¥ 5 5 TE 454, UL TRTRL Z 4RIyl 4
PEREL[9] - Fe™ /2 55 7 BR (AR TH &R « i R B A (L U IR ) R AL B 1 0 75l DK 1 IX = PRI 22 (DAY
FLHE EIRERNA)R 52 UL (5-HT) & i 24 75 1 [8], MIARAEHIAREE 14 i, DA NA. 5-HT 21
LTI R AT A, 1E S INEIAME 28 A DS I L X, BRI IR 1 ok 2278 72 K - (BDNF) /K,
IS S HERREAR S s & e, B A o e B, I AEHIARAE AR FH[10]

AWFFLH) 2 K 3R logistic [H1VA 73 AT 7 AR AN B B8N I 2t 110 6 4 R AR AMATOE DR i 2B XU, L PR o
SRS BRI RN B SRR 2 AR E SRR & - IRG R, UIEAR R SR E
/NT10.84 mg/ R I, BEEERIGANEIGI, AR R A KRS 2R Bt . B TS T2RAHIAR 2 18] 1) 56 R
WHALEE R A—E BOA— 0 Meta 287 27 i & SRR 5 00 KU 2 A G [11] . — TAE H ASTT 1)
KAEARE WA 72 043 HARMUL S 18, BBkt 3T M AP ERRE IR A 5 [12] o 4RTT, WhaE A 2 SR % B A
PRI £ RO 5 R DLV 26 3 M P9 110 S o R URR 18] s b, RS R K S B R Z M4 B
BILE, HAMMERAESZHREEF ST BT W 4 P g B /& SRR 218
105 PR T i T B R AR T B 2 A, RS MEA(ROS) A A, BEIRER AR AR RIZ R, W S8
MUBET:[14]. DRk, BRASESSTYERF IE R M ThRE SO0 E B . IO A BER N K T80 RE RS, 5T
hepcidin i 2 #3%, hepcidin A2 HIEH =4 1) —MU K, 158 FPN RS, 5 FPN 454 330 FPN (A 4L
MR, I FBERREBORD , HZUER[15]. BRELZ R i LIS 7RREhg, IR Fas R, Jo
12 B ARG BRI

B NS e R, RVF 2R E BN . RS W/ Ngd sk 1 (CTRL)
Bl b AR, SRIG 4 ATPTA BRI TERIKIGER, KM AR & B2 s ma s, (TR
[16]. #i% CTR1 fl ATP7A #%iziEid BBB A B AFIMGX , A W B2 i 75 8 vk 3 e v 119 X
WP I 4o EE A T4 NA [17]. ZRINEIES CTRL -S40, M)5@d ATP7B LA
TR W BB, S HE AN 16]. BF 7R, SR B AR “ AL - PLEAL” ThREIHA,
FERIUNE E IR E T = DGRBS M 58 R R LR 3 R S B R e - A
AL EF(CuZn-SOD) AT 75 1, 75— i il PN 32 i B RN = P A 2032 =y CuZn-SOD i, AT 38 s AL 1A
Pt TigE, REEITELMIEA[L8]. H4h, ikl LIRS B Fiii 478 7% K 7 13 M. BDNF FIfp &A=
KK F(NGF) [19].

HET DA FRIRE T NS AKCE SHELZ [RIBCR, HERA SN KRR, MiEHKF
SRR 2 A7 AE IEAH G [20] [21], 17 Hofth— e tft 58 R WA GHk[22] . 34h, Sl ff)—3 Meta 73 #7 s
A R RN R S HIAL R AR C[23], REARH AL R 8. AFAKZHEK logistic [F1)H 547 &R
JIES PR AR N 2 1D T 4 P AL DR 2B XURS: L BR )P 37 7 R 2R A Y 2 7 i 4 N B 5 AR iE
R AFEIRLRME R R - RBOCR, LM ARERE @R N /N T 0.83 mg/ R, Bl Hi e N =38,
FIRRER R AR R 2 R e s o R — A BEBT R 38 B, B 7S IR INAS 4887 7T R 2 0 K i &
FSCE SEREA, A P 2 A DR L AR AR FH T S SO A BRI A 22 A8 P, DT 40 B AN 4 23 (1 i 7K S
TR Ah, BEFURBUIE R B L T R AR BT =i [24]. BR T S 5PUALETE, B AR 4
PR P PR R T AR, T P = K A il e MR R fr S A Bl (SSAO) S 1T B 1) SSAO AR
R H 2 SR AR U R R AR M IR AR, 5 BUIR D 4 B AE AN g 5 B AR [25] o 30— THUBA B BF 72 S s
A S PR A0 8 T e PR 184 1 5 6 £ B S N BAIRAT SR [26] 0 PRI, 3 2% 78 s B I B N AN PRI IS AE IR
AR, AR TS R
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H TS TAEMR B T B AR B RbL s AN IR, (HBRREREMRE, Bk M= o &4
FIRE S BUR MRS, R, ABTFURIE 1E S ya B N INER . A E N & AR L AR AE IR A& A2 X
B ENE, FERTRENRE k. SN RN AMBREIRMEANERES . 2R, A TAAE 2R
RAAE: B, AWMU NREBIIOTTT, TovAiE RIRKC R, W7 EI Rt P RriE w7, Hix,
EIRAWE FCMN PP AR B BRI BEAT IR AL, (BT AT RN BT AEIR 2R R B T 46 R 38, At
FORHI PHQ-9 B3R, AREAE I ARISWHIHCAE 1Ot (L BERTD I & AT S RS S A MARAEIR; e A
WETCAMANBIFEA LR F 55 [ NHANES i, W 7ai Ra — e Frifntt, AaeraRd BAEE, ARRib 2
TE R SRR B S IR RO B R VR — 2B S o T

5. B4

i EPTd, RN G R R k. e R ARAIACE IR A AR, FLAEE NS Bk A
B IAER Z AR R - RNV K AR
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