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BHLS . s 50 H 6 At SD K RBEHL A MbriEtRFEd]l (SDAL, #=20) M lgiAsEdl (HFD4l, »=30), HFD 4]
MR 8 R ST AR AR BB A, FFBEALIR % ) 20 HBRE R RE T2 8h T 1. SD 411 HFD 20 2 5 BEHL 43 A br Xt HRAL (CC
4). ifEEsid (CE4D) . MEREXTIRAL (OC4l) . NEftizzhdl (OE4l), A4l 10 K. Hor CEZH M OF 41kfT 8 Jil v 45 i
HGZH T, 60mind, 5d/JF, HAPTALERRFERFRRM . EiRJa— I shZ5 R 48 h)m, K5 R BUE IS IRREE, FRi, HUK
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1 (Western blot) 22 i 202 H p62. LC3II. LC3I. BCL-2. Bax fl AMPK & (13535 1144 LC3I/LC3T A, R s
PN EEILP LC3 MBCL2 HE HFANIE . R HCCHMIL, OCHRREIAEEFRMT, AR/ /M H2 BFMEMI (P<
0.01), WTaifadl, BAMHLPEIRHIRIG, 2420 p62 Fl Bax i 3Rk B3 THm (P<0.01), AMPK. LC3II/
LC3I HAB A BCL-2 2 A £k B E AR (P<0.01), A5 T4 [ LC3 & A% i b . s3T5, 5 0C4iMfi, OE4l
KRBT R, A/ NEHER (P<0.01) FKERAMEEE (P<0.05) BETHE, AM/NESHNEE, S2AHE I p62 Al
Bax 1K £ 5 B E ML (P<0.01), AMPK, LC3I/LC3IHL{EM BCL-2 HE AR IKXBE T (P<0.01), KEUREHEAIIRANE 741
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BRI Fws U BT IR IR B IR AT g 2>
Ik 0 R R S A6 R H B (AMP-activated
protein kinase, AMPK) P& {bFN3E i FL ol W
M % E # %5 [ (mammalian target of rapamycin,
mTOR) K il il UNC-51 B # % 1 (ULK-51-like
kinase 1, ULK1), Mi#pifil A mEr A4t
FERI, NEIH/INELSE AL B AR R U A R i
5 H 3 (microtubule-associated protein 1-light chain
3, LC3) B W Mok B A omERE L E A
(sequestosome-1, SQSTMI1/p62) R /> ', 2
B JE T BRI S L A M R A B B IR
J W R S R R 1) [ B 2 0 S A T 4 i O
TS0 B R s 4R B A T Bk T 4 R 2
(B-cell lymphoma-2, BCL-2) %, LM
Y BCL-2 #15¢ X (BCL 2-associated X, Bax) #HH
OBt KX & H B¥ (cysteinyl aspartate specific
proteinase, Caspase) 331k, ‘FEUAFH 0L ETH
T U Il SO A g M R e T, SR
GrUBREZ AZ BB 2

AMPK 1F hy — il RE f: JE% I 84 1 P] 4% ATP JH A
WO, HAEBOE AW . A T R v A R E
A FEI RO . — 5T, BERR ALY AMPK R
Bl wk R ik ULK LB AW a8l ». 75—
i, AMPK B3 AR AT LA 1k & s Ess
JIEE 177555 %) XL A7 PN g 48 AR JUTL 200 R 0040 1 240 P A
To 2Bl FEEALASH, AMPK Itk B
SEALM AR T AT Y B SR U BE SR THFE
AR X T A S D RE B TR T RE ), AR S2 S
BCAE 5 T AR R RIS P AR R — R,
A8 ) 75 38 3 T AMPK K 5% i T IR B S 20
BAAVESRT R, il SIS RS
e HETM AT H . ABFoE s & IRk g SR
AT B RS, JEXT AT 8 il vh A5 i is By
T, WSS SRS R BRA RS /NE S5 S H
AT AHOCHEE A BTIEENR , 575 iz S NE A
RS2 ILH B . A FE T g R A 00 B9 50 PR
FHEA

1 MRERE

1.1 WK SHA

TG 6 JAIE SD MM AR R B 50 X (W1 hR ik
Hh (220.6£5.3) g), WF W4 A AR S5 )
WHEARBRAF, AEF=FnES A SMCXK  (#7)
2019-0001, &M PEGAFR G, KK REEHL N

FruEE R (SLACOM, P1101F-25) fH3#4H (SD,
n=20) FlEetEkl (Research Diet, D12451, fE&
Be bb o 2 1 BT 20% . B KA G0 35% . BB T 45%)
R4l (HFD, n=30). Frf KRB RIE T
AR =B s B R b (5 K&, ot
M12 hd, =R (24+4) °C, XM E (50+
10) %, HHKRE. %8R, H HFD 4K E it
PRUEIR A 20%~30% (6175 20%) 7 5 AL JHE
K (n=20) ', # SD 20 K FL43 b o X 1R 2
(CC, n=10) Fkp#EiEsN4 (CE, n=10), HHAR
B A REBE K B M AT B2 (OC, n=10), AT
iz 34l (OE, n=10), Frfa K RAERRIRAT R 5%
P IF Xz B4 K Bt iz 2l .

AMF5E 2 B AR E B S s e B ZE 51 2t
e, FFA3RRME, HE542019-009,
1.2 BT

CE F1 OE 20 K B A7 01 8 Jal () rh A5 i iz 5y
T, ERXIZ ST T 3 diEREE S, 15 min/d,
TP B A 8 m/min, 1F Xz 3 B Be AT 60%~
70% VO, % FE I HH, 60 min/d, 5 d/fE. L5
Wa], 32 3h 3 B 2 % Leandro % 7 2t B iR,
VO, MR T 28 S AT AT BT HH VO, A S5
R, B2 R (5 1~2 8] =
1l m/min, %8 3~4 J& v=13 m/min, %5 5~6 J& +=
14 m/min, %8 7~8 )% v=15 m/min).
1.3 SCIGENHF

BT 8 AR, fEf e —IKizsh48 hm,
JIT A K B2 20% 1 i 30 5 W 1 A7 I I 3 SRR e
(1 ml/100 gfKTE), FrafAE A ki,
BEEEIIFFRE . R AR E M S AL E B S LTS
. SRR CRALTT fE/g)/( B R T f/g) >
100% . Horr— 52 00 8 T 4% 22 58 WP 361 e
T EEIUAEVK L BTRE A BURAEE T, BOARA T
BUR, HBURESREHF5 2 -80°CHRAEFFH
14 iR 5 A&
141 JRARKG-BHLL (HE) Jefn

4 22 R P 1 2 A — M S AL A3, TR
MYIR, RN S ume A1) 5 28 2R B g 2
W, CTERAEE B K AN BLS EARARE ARG, Y
J5 1% 3hR O WEsr ik, BRI, S H
LR (50%., 70%. 90%. 100%) 435l ik
S5min, “HIEW 2KE, MR EE . £
5 100 5% 200 1555 T RFFA T AL, THAHREHL
PEHES R, MR R R4 MR, FIH
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IR e BT N B AR PR B AR S /N HEA TR
i, R Imagel I G A HG /N HAR (B
um) SRR AN %L 2 I 20 4R /NS B
e, JFAE 20 N RREFTHEORS IR 40 M i .
1.4.2 FHHJEEI: (Western blot) Fiill]

20 mg S2ALAHZ 5 400 pl i 8 R 7Y
SR TR E T, SRR, B, BUETHR
BCA WL f Bk B . LBV FE S 10% F112.5%
i) SDS-PAGE i, [FE 8 wl, HkKfEET70V, 2
60 min J5 % 6 Jk 90 V 4k £ H1 K 75 min, 5% ik
PVDF JEHE[E 75 min 5, 5% i hE 4= 15344 60 min,
— 4 # B8 AMPK (Abcam, ab32047, 1: 6 000) .
p62 (Santa Cruz Biotechnology, sc-48402,
1:700) ., GAPDH (CST, 5174T, 1: 1000) .
BCL-2 (Proteintech, 60178-1-Ig, 1 : 8 000). Bax
(Proteintech, 50599-2-g, 1: 10000) . LC3
(Proteintech, 14600-1-AP, 1 :2000) B 44T
ik, 4°CHRERBERELIXR. KH, ZHERFT
60 min, Fi B It ] 4 b 3 $t /b B (HUBIO,
HA1006, 1: 1000) , U % #t & (HUBIO,
HA1006, 1:1000). fhi Ak GHBER G g % h
WEGB R . R Imaged 44X 8 5 2k AT K
JEM 8T, LLGAPDH NS, HINE MY EE
w=HIWE A KEA/ NS EAKEMH.

143  REESLYA

AT I 5 S AT TR NS R T
JRAEs, PBSIEVE 3 fEIENILFEim T, &R
1130 min. FE/EHATPURE, —PURBE LGN
BCL-2 (Proteintech, 60178-1-lg, 1: 500) , LC3
(Proteintech, 14600-1-AP, 1 : 300), —¥i 4°C¥
AR, WHEEPBSHEDE, #OL P E 2 h,
Mi B 1 % 1l 2F BT e (Abcam, ab150077,
1:500), 4/ (Abcam, ab150116, 1: 500)
FRREWF T 2 ho FJ 1 N2 DAPT BT EHE K
YRR R U REYLERE SR, AE R
5% 400 154955 T RESR UL BEALIE SR 5 >3k 1% Lol B i
W B A, . i FH Image] #4F % BCL-2 FTLC3 %,
PED AT R Sr N 1 BUR 50T o
1.5 HESITHH

A5 55832 FH SPSS 22.0 Fl R 15 75 #E 47 % 343
Mr, >R Shapiro-Wilk 2 X £ F8 bR g (25 1 7 1E A
K96, 45 A 1E A 5 A0 0 BUHE DLOT 39 B0 A ofE 25
(x+s) Fmmo VARINRIKEFNLZ ShE A m R R T
2 (THmfE) <2 (FIRKEREE 1) WHER

T 2253, SRR P ZR R F2 8500 Fn 58 BAE AT
Bonferroni /% ; & H 45 5 B BUA S R Fm R
Pearson ¢ %L, 5 R %L 0.8 DL AR 5HAH 5,
0.6~0.8 JIRAHE, 0.4~0.6 4R FEHI X, 0.2~
0.4 FFGHIF, 0.2 AT MM E M Co TEHI K, P<
0.05 M EAGI == L,

2 & R

21 KERPEREIEERIE T

KEFERATE R (220.6+£5.3) g, 43 5% SD
ZH AN HFD ZH - ThR e R R S R DRI 3 . PR 2
JElJ5 SD 4l K BURE K (349.79+£15.3) g, HFD 41
KEURE N (376.19+14.13) g; W34 55 SDA
KEARE R (435.73+30.84) g, HFD ZH KB4k
1 (529.58+34.9) g; MEFE6JHJG SD A K RIAH K
(487.49+28.68) g, HFD 4l K FUAEH K (573.06%
51.29) g; MEFES G SD KRR A (494.46+
28.04) g, HFD 41 K R/KHE S (641.68+43.37) ¢
(FE1). 7E8 ML 5, HFD 4 K [t SD
Hm29.77% (>20%), FHIREREEBRLT
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Fig.1 The change of body mass during the establishment
of obesity model

Body mass in the SD and HFD group after 2, 4, 6, 8-week raising. Data

represent mean valuestSD. #=20 in SD group, n=30 in HFD group.

"P<0.01 vs SD group.

22 ERTFXERE R RIEER ZE AN
T WG, S5 CCAMbiy, OCH K RIAE
Frim, CEALRBUAEREL, 5O0CHMILEL, OE
HRBRAERRL, WEASI =R EE L (F2a,
P<0.01), WHREFZSIEREN, SEIAE
(F (o =40.395, i #°=0.669, P<0.001) Fliz 5l
(F (5 =44.225, i 7’=0.689, P<0.001) 435I%fKk
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SRR TR SR ) AN RO B, H R R
AR HAEH (F () =1.314, 1fi5=0.062,
P=0.265). 5 CCHIHHILAE:, CE4LKMEEILFEEY
fn (P<0.05), OCHHKEEMIEEAFEMES, (H
TR FEMEZESR (P>0.05) (Kl2b). WHE T 250
Mres R IR (F (. =5.951, 1 #=0.229, P=
0.024) Fliz & (F, ,, =7.043, 1 =026, P=

@ 800 |- o
#

600 [

400 -

Body mass/g

200

CcC CE oC OE

0.015) XF 2 L5 HGE A AY E200 B3, HE Rk
B FIZ B 6 K RS2 LR B i AR A7 RS BAE
(F (. 2 =0.589, fn=0.029, P=0.452), ixFEMiz
S GIREXMAE S EAIREEIAEECHAEH,
BN AT 7R 8 315 e R IR 43 S R S LA
B sem B Gt

(®)

Testicular index
)
T

0 cC CE ocC OE

Fig. 2 Comparison of body mass and testis index in each group

(a) Body mass in the CC, CE, OC, and OE group. (b) Testis index in the CC, CE, OC, and OE group. Testis index MX]OO%. Data

body mass/g

represent mean values = SEM. n=10. "P < 0.05, "P < 0.01 vs CC group, “P < 0.01 vs OC group.

23 BEEHFHTEMEXRZAESEHHZN
WM S ILUHE e gh R (F3) kB, 5
CCH AL, OC 2H 52 JLLH 2145 G 0 Al i HE SR
BiL, AR AR 2 BRI AN B A, IR
RV AN (51 D5 i R S S R 0 G = T A A = - VAN
BWHRDERK (K4a, P<0.05)., i) THi)q,
55 OC 4141 He %5 OE 21 K BRlA= K 4 e 2 50cA Bk,
YA Rl BRI ORI D , [a) S AR B A SCRr A  ES  f
FIPBETIN, ARE/INGE ELAR ORGSR A 50 T

(4, P<0.05), WHE 2R ER, mig
REE (F 4 =0.073, fli7’=0.001, P<0.001) Fliz
B (F 4 =158.92, 1 7°=0.623, P<0.001) %%
XFTARE/INE AR BN RO B3, (HFAF
R HEAER (F o =2.501, 1% 7=0.025, P=
0.117), XFFHimAuEsaEm s (K4b), mlgik
B RN BRALE (F | =0.073, Q=
0.001, P=0.787), iz &M ERN WE (F | 4 =
158.92, i 7°=0.623, P<0.001), 3 X} KA IR

Fig.3 HE staining in each group

Morphological changes of rat testicular tissue. =20 shooting views of hematoxylin-eosin results.
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AN B S A AE S HAER (F (o =2.501,
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Comparison of seminiferous tubules diameter and number of spermatogonia in each group

(a) Seminiferous tubules diameter in the CC, CE, OC, and OE group. (b) The number of spermatogonia in the CC, CE, OC, and OE group. Data

represent mean values + SEM. n=20 shooting views. "P < 0.05, "P < 0.01 vs CC group, “P < 0.05 vs OC group, “P < 0.01 vs OC group,.

24 EBEHTFHXEREAREAALAp2FILCIEH
E3vy:0p-A1|

5CCHMtL, OCHL AL p62 Fik KT+
i, LC3I/LC3IR#G, CE4H KRS p62 F£ik
HOEFEAL, 5 OCHM I, OE#H KR p62 %
KK BEAIE LC3I/LC3T T, W HEA G
B (ES, P<0.01), WHEZREI22mras L,
g B X SN p62 (F (. L, =54.36, 1 n’=
0.731, P<0.001) FILC3 (F, ,, =19.445, i n’=
0.493, P<0.001) & [13FRKEM ERONHIRR B2,
iz 3 T WA S AL p62 (F (. ) =208.968, i =
0.913, P<0.001) F1LC3 (F ., =7.144, fi 5=
0.263, P=0.015) FHFAFREMWEIN I EE, =ik
IR FNZ S0 52 ALY p62 25 R IR A2 I HA 22 5
YEF (F (4, =26.407, 1l 7=0.569, P<0.001), {H
X LC3 8 R MM AAFAESCHAE R (F () =
3.891, i #*=0.163, P=0.063). H/REIEAE iz
ST A R 2% A WA OC B (T B
iz 3 T WAL B & FIRALRE R BB L p62 A %
ik, 25 LC3I/LC3IE KA,

wE 6 iR, FHGBESS AN AL 2
LC3 & HIATEN G AP, LC3 EEEATAHR /N
EBRE RN, RS T 40 LA BORS TS5 A RS 40 i
H, SEOLR AN R >, 5 CC AR, OC
HLCIHEA I 5O0CHMILE, OE4 K
FEEAL LC3 S R A, HAER B3R
PR 0 . RS Bh T 32 v AR K RS
TR P ) F TR

2.5 IE@h R BE R K BR 22 4L 4 ABCL-2F1Bax
EARIEHZN

HcCcH Mk, oCH KR AT BCL-2 &
R IR K FERRAK, Bax fEH R EKFEFE, 50C
A ELE, OE4l KM EE AL 4 BCL-2 & KA
IKF-THE, Bax 85 A FRIAK TR, HEASIT#
BEE Y (B 7a~c, P<0.01). MHZET 2045
R, BB X BCL-2 (F, ,, =4.362, 1
7’=0.179, P=0.049) FIBax (F  ,, =84.486, 1y’
=0.809, P=0.001) & Ik m Ay £ 8500 0%
BE TN BCL-2 (F () =15.913, 1 7°=0.443,
P=0.001) #1Bax (F ,, =15.873, 1k n°=0.442,
P=0.001) HHFRIXZWAEL WE, HHx
BCL-2 (F ., =11.627, & #=0.368, P=0.003)
Ml Bax (F, 5, =13.512, 1 #°=0.442, P=0.001)
A RB A AR . s m IR IR
iz 3 FHU T BCL-2 Ml Bax 25 (A W &0, iz
ol T TR HS b 25 T = e KBRS L BCL-2 3%
ik, FifBaxE MR,

WE 8 Fr, FI Sy o E AR XS 52 4L 20 21
BCL-2 & #7205 &30, BCL-2 8k [ F 2 3RIA
TR /NE ARG, 5 CCAmtbiL, mig
KBTS OC ARG /NVE N BCL-2 £ R B i
Bk ; 5 OCHIAHILEL, OF 4 K Bl AL E RS /N
H BCL-2 & R A EE i, JUHEAES BE 40 Mg
Gt , BRI . UiRH IS 3T B i
kA RS2 AU R AN ARG T4l P A PR T e
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Fig.5 Comparison of p62 and LC3II/LC3I in each group
(a) Electrophoretic band for p62, LC31, LC31I, and GAPDH. (b) The protein levels of p62 in each group. (c¢) The protein levels of LC3II/LC3I in each
group. Data represent mean values + SEM. n=6 times Western blot results. **P < 0.01 vs CC group, “P < 0.01 vs OC group.

20 um

20 um 0 20 pum

Fig. 6 Immunofluorescence of LC3 protein in testicular tissue in each group
Autophagy of LC3 determined by immunofluorescence in the testicular tissue in CC, CE, OC, and OE group. n=25 shooting views of

immunofluorescence results.
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Fig.7 Comparison of BCL-2 and Bax in each group
(a) Electrophoretic band for BCL-2 and Bax. (b) The protein levels of BCL-2 in each group. (c) the protein levels of Bax in each group. Data
represent mean values = SEM. n=6 times Western blot results. **P < 0.01 vs CC group, “P < 0.01 vs OC group.
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Fig. 8 Immunofluorescence of BCL-2 protein in testicular tissue in each group
Apoptosis of BCL-2 determined by immunofluorescence in the testicular tissue in CC, CE, OC, and OE group. n=25 shooting views of

immunofluorescence results.
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26 EIHTFHXEHEXREHALAMPKERAR
e bl
H5CcCcHMIE, oCH KR EAHAA

AMPK £k KV B E L, 5 OCHMILE, OE
20 AMPK R IA K B, WEASI
BEEY (K9a, b, P<0.01), WHE LML
WFEKW, EIERE (F ) =237.192, fi5=0.922,
P<0.001) R 8l (F ) =95.644, 1 °=0.827,
P<0.001) X2 ILN AMPK 5 [ 35 A9 ER0V
RORYI R, H F XS IL AMPK 8 F 3R 3k 1)
Y E A ZHAEM (F ., =0.456, i n’=0.182,
P=0.048) .

(@ cc CE oc OE
AMPK D S SHED SHD SHB e S e G
GAPDH s s e s, . S s s 37

® 20l

\
.

CC CE OC OE

AMPK/GAPDH
S

.

Fig.9 Comparison of AMPK in each group
(a) Electrophoretic band for AMPK. (b) The protein levels of AMPK in
each group. Data represent mean values + SEM. n=6 times Western blot

results. “P<0.01 vs CC group, #P<0.01 vs OC group.

27 BEHALAMPKEERMATHXIXEATK
E

H R Bl 2 AL 2 AMPK 5 [ W AR T4 6
EEFMEERE (F10) nlAL, PRRE
BB, MR . K DA R R A G
PR, SRR, WEMIEADC, X TR
AL 41+ AMPK 5 p62. LC3II/LC31, BCL-2
1 Bax £ [ 3R I8 W AHOCHE 43 Hr . &K 3 AMPK 5
p62. LC3IVLC3I, Bax [ FREYIHEAMIL (P<
0.001).

1.0

-1.0
Fig. 10 The correlation between AMPK and Bax, p62,
BCL-2, and LC3 in the testicular tissue
The color of red represents a negative correlation and the blue
represents a positive correlation; the larger the color area in the pie

chart, the higher the correlation.

3 W i

IR EAER AL DB AR TR T R R EUE R &
R EENE, R RRR IR S B T B AE
Py, T A AR B i [ i 350 AR Bl D) e
5. BV R eI iR e Bz —, X
JHENH 2L 40 A Bl Dy e ) i A B AR T, Tk
— A AT R e A A AT T B (AL
W ASBAH . AN X R G BRI A T 8 S v A
FEia s i, s MERARE /NE R, IERE B)
B v S TS FRAR R E AR, RSB S xR
JRE R RSB AL L S AR e R G mT BRI

NERE S S IR IR ESSRIRAAT, IRIHER S 28
AFEARE L I B LEER IR I L 2L 4 DT
SECLIRERERT Y, ARSI, mIBIRESE T
B A Ji R R A o S S B i A TR, SR %
Ik, SILHSP BRI, AR /INVE PR 5k
TR B WA R 2R AR AT B AR Y
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Abstract Objective To investigated the effects of obesity on the structure of seminiferous tubules, autophagy
and apoptosis-related proteins in testes tissue, and the effect of exercise on autophagy and apoptosis in testis and
regulatory mechanism. Methods Fifty 6-week-old SD male rats were randomly divided into the standard diet
group (SD, n=20) and the high-fat diet group (HFD, »=30). HFD group was fed 8 weeks to establish an obesity

model of rats, and 20 rats were randomly selected to exercise intervention. Rats in SD and HFD groups were
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randomly divided into normal diet control group (CC), normal diet+exercise group (CE), high-fat diet control
group (OC), and high-fat diet+exercise group (OE), 10 rats in each group. The rats in the CE and OE groups
underwent moderate intensity treadmill training for 60 min/d, 5 d/week. CC and OC groups maintained the same
feeding conditions. After 48 h of the last exercise, the rats were anesthetized intraperitoneally and weighed, the
testes were taken from both sides of the rats, weighed and the testicular index was calculated. Paraffin sections of
the testes were prepared to discover the testicular tissue structure by HE staining. Western blot was used to detect
the protein expression of p62, LC3II, LC3I, BCL-2, Bax, and AMPK in testicular tissue, and the ratio of LC3II/
LC3I was calculated. Immunofluorescence was used to detect LC3 and BCL-2 protein expression positions in the
testis. Results The testicular index was reduced; HE staining revealed a significant decrease in the diameter of
the seminiferous tubules (P<0.01), spermatocytes, and lipid droplet deposition in the testicular tissue; the protein
expression of p62 and Bax were significantly increased (P<0.01), AMPK, LC3II/LC3I ratio, and BCL-2 were
significantly decreased (P<0.01), and the number of LC3 proteins on sperm cells were significantly reduced in the
testis tissue of rats in the OC group compared with the CC group. After exercise intervention, the testicular index
was increased in the OE group; HE staining showed that the diameter of seminiferous tubules (P<0.01) and the
number of spermatogonia (P<0.05) were significantly increased, and the structure of seminiferous tubules was
improved; the protein expression of p62 and Bax were significantly decreased (P<0.01), AMPK, LC3II/LC3I
ratio, and BCL-2 were significantly increased (P<0.01); the level of BCL-2 proteins on spermatocytes and sperm
cells increased significantly in the OE group compared with OC group. AMPK was strongly correlated with p62,
LC3II/LC31, and Bax in all rat testicular tissue. Conclusion High-fat diet-induced obesity inhibits autophagy
and promotes apoptosis in rat testes; 8 weeks of moderate-intensity exercise may activate autophagy and inhibit

apoptosis in testis tissue via AMPK, correcting the adverse changes in spermatogenesis caused by obesity.
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