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The role of brain-derived neurotrophic factor (BDNF)
and the effects of exercise

Yu NOFUJI ", Masataka SUWA *, Haruka SASAKI ¥,
and Shuzo KUMAGAI®”

Abstract

Brain-derived neurotrophic factor (BDNF) is a member of the neurotrophin family of growth
factors and found in the nervous system and periphery. BDNF is known to promote the growth,
development, maintenance of functions, and survival of the neuronal system. In addition,
accumulating evidences suggest that BDNF may play important roles in memory, learning,
mood disorder, food intake, and energy metabolism. Recently, decreased level of BDNF in the
brain and blood has been reported in the patients with depression or Alzheimer’s disease. On
the other hand, exercise increased the expression of brain BDNF and its receptor
(high-affinity tyrosine protein kinase receptor; TrkB}), which mediated the improvement of
memory and learning in rodents. Moreover, administration of BDNF to the diabetic obese
mice suppressed the weight gain and improved the glucose metabolism. Those evidences raise
the possibility that exercise contributes to the prevention or improvement of dementia,
depression and diabetes through BDNF-trkB pathway. In this paper. we summarized the
functions of BDNF and also reviewed the effects of exercise on BDNF especially focused on
the circulating BDNF.
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MS HEICHEET AR TFRES<BESATY
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39, i, 2FEAN (VOomax) AR
BEAFEHE (VFA) ORBIZEBLTW5S, Ao
FATHFZR T, ESAIBIEISEIER T, ﬁfo%ﬁ
BHoERRBBEE LRI, MS HE L VO,max
¥ & U VFA EOBEME AR RI L. 2D
HE, VOmax B <, VFABRKEWEHO MS H
BRI, £ TROVWHICEERBIZAEVWI L 2#H
B, FICEKEND LIS, VFARKELT
t VO,max BEETHAIE, MS HEFZENZ
LHMELE D, LhrLisis, MS HEE CRP
L OEEMEIZ ST, VO,max % VFA BE BT 5
OHE I PRI L-HRIL, ZEEFLOHMBED
AN

FITAMRE T, REBHOBERRBERE
RIS, MS tHBE L CRP & OBEEMICRIET
VO,max & VFA DE %% BIFEICRE L,

2. MRAX

2-1. 8EF

RE R N IR A B AR & 1 5 BEIR R B A AR A
B UTE, stBEIE, 9B EOBEHR, 75g
ZOEAaRRR (OGTT) ZWEITL, TOKR,
BERAEERR (IGT, 18 4) ¥ 713 2 BB IR ¥R (T2D,
764) LHRIBHINERERHOBETH S,
IGT B LU T2D OB WAL, 1999 £ B RFER
RESTREINEERFNZHEE (ZHEKLE
& (FPG] 2 126mg/dl, ¥ & CM ¥ 2 Byl (2h-PG]
2200mg/dl) WCESVWTWD, IBREFNE, RED
EICLANABREEZTBBRARL, B,
BEERASCEELRETERALRAL WA
VN,

HREX, HEOERE, BW, BLUOFEIED
WTHBEZZZ 5 X THE~OSMZEE L,
A, WHKERERZE ¥ —mEBZERS
CEBEE,

2-2. QIEEBBIORESE
2-2-1. REHEE

MY ik, R ORKE TR AR
DB UL, R 2 ) (FIRD i, IRI
¥ v b (Pharmacia, Uppsala, Sweden) % BV \7oX
HEBEREELETHVW L, TELE (FPG), =
vAFu—/N (TC), MBI REHA VAT O

—/\ (HDL-¢) B LU HMHEER (TG) X, BRE
CEVWRIELR, ~EZ b Ale (HbAlc) i1,
EHEE s~ b5 74— (HPLC) KLV H|
FELF. 4 A Y O FEEL, homeostasis
model assessment of insulin resistance (HOMA-IR) %
AV, FIRI (WU/mL) X FPG (mmol/L)/ 22.5 DR Y &
DEH L%, CRPORIEE, &EE (hs-CRP) ¥
TRIEAERN-FT v 7 R'CRPIBEX v T
A rR=Y 7)) 2, F7=zxv A btk
ko THFLE,

2-2-2. FERER X UYEHRE

BEBIMEEIE, TN 0.1cm, 0.01kg B
{7 % THI® LJ-, body mass index (BMI) I, &
B (kg) HE (m) DR CRTBZLTEH
L7,

MENBIEERONMIE, BALTOR TN
EfE (SFA) BLUHNBIEHERE (VFA) AV
7. BUEEF, XtBRHITTE CIMEMLORIE S HEFF
LU, MIRISAAE A 100ecm* L ETH BB A
HANIRIESRIER & Uic, S48 1L, Computed
tomography BEIf@ /#7238 (HZ# M, Vogor Lau
Dator) # B -,

2-2-3. kAiEE

HBEFEORHFEROWMHME (SBP) L THK
BRHME (DBP) 1, A2 < &1 30 5 ORHE,
BBz A T A—4& (T —7 &8, Stockholm,
Sweden) IZEMORETRIEZ S, EHAFR
ROMBARNIL, HBEOH, FHBLIGHEL
ZELUTRE L, EBHAFTARTORELME
i3, BRBEBRE (VOmax) O 70%HY4 &
L, AFNRZEERZAVT4oB8EIZ 3 BN
L=, BIEMERT, JFRFOLALENR+
HTHhoHE, B4BEEIEBEMERES L, O
BEXrEHREHEINT, LEREREOKT 14
B b RE S K, DEBIT 15 BE» b RREN:,
#E VO,max i, £BEICH T30S,
Astrand & Ryhming ® /&7 5 A Y ITRAL, F
BREEY 2mIEHLE,
2-2-4. MS D2

R EHHE (WHO) WE%EZ L LI, FPG
110 mg/dL 12 2, ROOPHQ@D 5 b Fhid2
SPEREETAIE L L, OBMIZ25 kgm® H
AVMt WHR=0.9, @SBP=140 mmHg & DBP=
90 mmHg ® E¥HE50FE R RINF, @TG=150
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mg/dL & HDL-c<35mg/dL ® &b L E IR
TH D, WHO IZEKIT 5 BMI O EUEE Y 30 kg/m?
UETHBY, Ll, Feld, ABEEEREL
T Y, BAREBEFeODNEE D ERALE,
FAENEEL MS BEFESEE, HEOL » b
A7EICELCBROKMBH D Lizmz Y,
BHIMEEREERNEHREORRTHD I &0 D,
AR AAERBOFELERT D WHO ZEL
—EEIE L EERFEA LT,
2-2-5. HEHLE

MS OFE (MS B & non-MS B) 1B HHEH
ik, FEoRVLtREFAVTHER LR, BHE
DA, BEBITKEEORAE, CRE, £
7- 1% Fischer’s Exact Test # AV THE L, &0
2D 2 WETF L, Aspin-Welch BRE Z AV e,
XHBFED hs-CRP BEILX, ERSMThhoinl
W, MBEREEBETICAVW, hs-CRP BEEDE
WIZE B EREOERETRANT 2729, hs-CRP B
BEOEWGIEIC 1%, 28X L LTHERER

3 BEICA . HEMHOBREICIE, —xiE
D5 HT (One-way ANOVA) AV THEAT L 7=,
HEHIBOONEEB X, Tukey posthoc test &
Lo Lk, Eig, 1% 2B LT 39 B0 MS
HEREBILE, vPAT 4y 7RBRAFICL Y EH
EIhi=A4 v Xk (OR) & FD IS%IEHEEA (95%
Ch 2#AVWTHELE, AEKERTRT 5%k
WEL, BT AT A, MK ESRESEE .
F—DOHFEAEEB (SAS /A—Y =3 - 82, SAS
Institute, NC, USA) Z#FER L,

3.% &

3-1. MS B LU non-MS BIZ BT D ERFHEDO LR
MS B XU non-MS BHOERICITHEEERED
bhiehot-, MS Bt hs-CRP BEIX,
non-MS B L OMICFEREMELR DR o
(MS R : 1.1+0.1 mg/L, non-MS & : 1.2+0.2 mg/L,
p=0.452), MS B VFA, FIRI, HOMA-IR {Z,

F* 1 General characteristics of subjects with or without MS
MS nan-MS p
T2D/{GT number® 39/4 37/14 0.004
hs-CRP (mg/L)® 1.1 (0.1) 12 (0.2) 0.452
VO,max (ml/kg/min) 32.3 (0.8) 35.3 (0.9) 0.014
VFA (cm?)® 2025 (11.3) 1485 (7.7) <0.001
Age (yrs) 506 (1.7) 53.3 (1.8) 0.293
BMI (kg/mz) 26.1 (0.6) 242 (0.7) 0.043
SBP (mmHg)° 137.7 (2.8) 1248 (1.9) <0.001
DBP (mmHg) 88.1 (1.7) 779 (1.2) <0.001
HbA1¢ (%) 7.1 (0.2) 6.4 (0.2) 0.024
TC (mg/dL) 2243 (5.9 20586 (5.0) 0.016
TG (mg/dL)® 2156 (19.9) 122.7 (9.6) <0.001
HDL-c {mg/dL) 46.8 (1.6) 51.8 (1.8) 0.044
FPG (mg/dL) 153.5 (5.0) 131.3 (4.8) 0.002
2-h PG (mg/dL) 297.4 (11.3) 250.0 (12.6) 0.007
FIR! (MU/mL)° 96 (1.4) 59 (0.8) 0.019
2-h IRI (pU/mL) 50.3 (8.4) 493 (8.9) 0.939
SFA (cm?)P 1509 (11.8) 139.0 (15.2) 0.549
HOMA-IR® 3.8 (0.8) 1.8 (0.2) 0.002
Alcohol n(%)* 18 (41.9) 19 (37.3) 0.677
Smoking n(%)? 12 (27.9) 8 (15.7) 0.206
Number of MS risk factors 4.4 (0.2) 2.1 (0.1) <0.001

Mean (SE) .p <0.05 by Student’s t-test. *, x * or Fisher's exact test; b Aspin-Welch test.

BMI; body mass index, VO,;max; maximal oxygen uptake, SBP; systolic blood pressure, DBP; diastolic
blood pressure, HbAlc; hemoglobin Alc, TC; total cholesterol, HDL-c; high density lipoprotein cholesterol,
TG; triglyceride, FPG; fasting plasma glucose, FIRI; fasting immunoreactive insulin, VFA; visceral fat area,
SFA.: subcutaneous fat area, HOMA-IR; homeostasis mode!} assessment of insulin resistance.
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non-MS B & B L THRICE» o 7243, \‘/Ozmax
REZICE N (£ 1),

3-2. hs-CRP BE DEWNZ L 2D LE
%% %, hs-CRP BEOEWEIL 19, 2¥B &
V3BT Sy I THEAT L 7=, 1%, 2M B X UF3VEED
L4 hs-CRP BEEIEX, TN EH 0.28£0.0 mg/L,
0.72£0.0 mg/L, ¥ L£182.42+02mg/L THoT7, 3
BEOER, ¥ - FEENRBIEE, VFA, SFA, A1
vRY IR, BER L URESEEICE, FE
BEMERED ORI o7, 3ED BMI T,
PRLEELTEECE, k. 19, 2 BIT
34 FED VO,max KL, F N E I 36.0£1.0 mL/kg/min,
33.9+0.9 mL/kg/min ¥ & T} 31.9%1.2 mL/kg/min T
$»Y, hs-CRP BEOEVWHIIVFRIE,L- -
(% 2),

33, 1% 2YBLOIBIKRIT D MS HER O
MS HE D OR B L L 95%CI DEHIZIX, Fib
FRELEETV (ERAEET L) TRV
EHFBETNICLD MS HHEHO OR (95%CI)
i3, 1IMBED OR 2 1 & L7854, 2 BT 2.93(1.003

~8.577), 3BT 5.33 (1.622~17.548) LHEIK
Bhol, ERHTEEFNMICVFAZEMNLEED
MS HE® OR TiX, 2™# T 1.38 (0.444~4.302)
CHBMRMBEERLEY, 3BT 374 (1122~
12.438) EHFBHERMRINT, —%, FERE
EF VI VOmax ZBMLBED MS HER D OR
i, 2% BE T 2.09(0.633~6.928), 3 BE T 3.06 (0.781
~11.996) ¢RF L LIABHMNHEE L, £
FEE 7 LIT VFA & VOymax O 2 B F & R
A LD MS HEO OR X, 2B T 1.15 (0.361
~3.674), 3“BET 2.45 (0.727~8.280) L RHFDEH
EMHRHEELE (F3),

4. & =

AR TR, BEABENRERE S RER
HOWRBBE TV T, MS HEE C RIGER
BE (CRP) & D EEMEIZIL, 28 /A S (VO,max)
BIUOABEBERE (VFA) BEETI0E0%
BETRICRS LR TH D, TOHER, LT
IRBHLNE ST,

P 1ABI, MSOFETRS INERA

F+ 2  General characteristics of subjects divided by tertile of CRP

hs-CRP categories 1% (n=32) 2™ (n=31) 3" (n=31) p
T2DNGT number® 22710 28/3 2615 0.124
hs-CRP (mg/L) 0.28 (0.0 0.72 (0.0) 2.42 (0.2)# <0.001
VO,max (ml/kg/min) 36.0 (1.0) 33.9 (0.9) 319 (1.2)* 0.024
VFA (cm?) 154,7 (13.6) 170.5 (9.9) 195.3 (11.7) 0.063
Age (yrs) 483 (1.9) 55.0 (2.0) 530 (2.4) 0.073
BMI (kg/m?) 236 (0.5) 24.8 (0.6) 26.8 (1.1)" 0.015
SBP (mmHg) 128.4 (2.8) 132.6 (3.0) 131.4 (3.3) 0.612
DBP (mmHg) 821 (1.9) 83.5 (2.1) 822 (2.0) 0.867
HbA1c (%) 6.4 (0.3) 6.7 (0.2) 7.0 (0.3) 0.391
TC (mg/dL) 211.4 (7.5) 212.3 (5.1) 218.8 (7.5) 0.701
TG (mgfdL) 161.6 (14.7) 167.4 (20.4) 166.6 (24.3) 0.975
HDL (mg/dL) 492 (2.2) 513 (2.1) 481 (22) 0.583
FPG (mg/dL) 1336 (5.8) 1441 (5.3) 147.0 (7.6) 0.285
2-h PG (mg/dL) 2431 (15.8) 285.5 (11.9) 2875 (17.2) 0.066
FIRI (uU/mL) 6.7 (1.4) 7.4 (1.0) 8.7 (1.4) 0.535
2-h IR! (WU/mL) 395 (3.9) 412 (5.8) 68.8 (17.0) 0.091
SFA (cm?) 122.9 (9.9) 133.6 (9.6) 177.0 (24.3) 0.054
HOMA-IR 2.39 (0.6) 2.74 (0.4) 3.05 (0.5) 0.691
Alicohol n (%)? 12 (37.5) 13 (42.0) 12 (38.7) 0.965
Smoking n (%) g (28.1) 5 (16.1) 6 (19.4) 0.539

Mean (SE). p <0.05 by One-way ANOVA. ® x % or Fisher's exact test.
* Comparison of 1* group; #Comparison of 2™ group examined by Tukey posthoc test.

Abbreviations see Table 1.
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% 3 Proportions of MS divided by tertile of CRP

2nd 3rd
Adjusting factors OR 95% Cl OR 95% ClI
Age 2.93 1.003 - 8.577 5.33 1.622 - 17.548
Age + VFA 1.38 0.444 - 4.302 374 1.122 - 12.438
Age + VO,max 2.09 0.633 - 6.928 3.06 0.781 - 11.996
Age + VFA+VO,max 1.15 0.361 - 3.674 245 0.727 - 8.280

OR; odds ratio, 95%CI; 95% confidence interval.

BE D hs-CRP BEILIE, FELZHEMENRTEDL
ninwz bt Tthote (£ 1), Tk, Ishikawa

LY DRA—BERICBITOREERR -7, [u
i CRP BE#EDIERIZIE, MS, f AU
\EaE, BRAE, B (FCNBEBER, 8L
VBT F 4RI A bhA v RWEZEOBES R
L£EXRTND P9, Fe OXFRE T, non-MS
BEICHE~, MS BED VFA, THEFME, ¥ - BH
RBEEBICAS 2RV VERERARREVIC
LhanbhbT, P CRPEEIZII2HOERDLR
HoENin, —REMIEIT 5 MS B XU non-MS
Biof$ CRPBEX, ¥¥03mg/L, 0.1mgL
LHRADMBELIVBEBTH- D, Lisdio
T, REBRBOBERFBED L 52 CRP RE
LRADOEWERICEBWT, [ CRP BEORE
Wik, MS, A 2 Y Rt R L CRIBIE EHE
USNOEROBE SRR I T,

2 A HIE, hs-CRP BEDEWIEIC 1%, 2MB &
V3EED 3 B - FICEB W T, hs-CRP &
EERTEVEEIE ¥ VO,max DABF BN o7 2
Ehb (2, Kuw b iz, B 5% CRP B
EER O 4 B4 1T T VO,max &R L, % CRP
ERED VO,max A EICEV T & 2 8E LTV 5,
F 7=, Aronson b ' HLEL L, \./Ozmax DEKIZ
LoTld CRP BERARICELRDIZLEHE
LTW3, LaL, MEOCHE T, RBATFL
LToE#EEER BMI B8HWbh, VFAK LD
BEii S Tuwivy, KR T, EREERL
LT BMIIZHNZ VFA 23l L7=, EOFKR, M
1 CRP EE® 1%, 2MBL U 3BIZEBITS VFA
D - EERBBEICIAELEMENRDLN
TR o o, B OO EBNVIREE T O E IR EENT,
CRP ¥ Lo HiRIEHR Y A MU A v e s
¥, BIAEOLRRLEZEDD D, oz b,
BIGEBAE, T2bb VOmax LV AE
VVRBE T, CRP BMMEBE LA TELFHASIND

7, mPLATIHMECFAEERD D, BEED
DEBHIRY, Az T 5 CRP & VO,max & D
HEEERFLEMREIEOA TV RN &0 D,
Fa ORER, REv—D—Lt2BRALEOH
BEHEEERLEAERARBREBEZ S,

3 B, MS HEIX, CRP X L 2HFFAR
PABEPERICEELTWEZEThols (F
N ZTHOZ LI, AMEORELRMRA CHD, M
t hs-CRP B 1%, 2B X 39U REICEIT D MS
HE OR DHFEML, VFA ZREETIIMR 52
L C—HMEBEL, VOomax P HETI L TTS
THELE, Thicky, MSHBE L CRP &L O
WM D VFA & VO;max OMXTHERE L,
VO,max DIEH R EDMNT ERTB ST,
VO,max 13, HBANOEETSH S & R,
BERFICBT SR —HEBRES2HKBTS
ZHHERBEOHRETLH D P, iz, hL—
=7k B vozmax oML, 1oAY R
HRERFORED, WEVKT ™, k&E- &
EEORDY P 20 bT I ERELOHRIC
FoTEFENTWE, LEB-T, BRERHO
EREFEBRZFICBVWT2HFAARE N L, &
LXHNBIEWEBEIBEVRETHL>TH, MS
BIzx U THFIMICIER T2 Z L3RI 5,

AHEOBRIL, R THDLZE, 2 b
O—ABERREINTWARNI LML, CRP 4
WICEE T AREMY A MDAV ORIENRZEN
TWRNWIETHD, 5%, MiMEHIVETA
BF%C & - T hs-CRP 35 X U} VO,max DEALE &
MS HEREOE(, BIUHEORTNLLETS
53,

AR OkERE LT, BRERHOBREBER
FiIcBITAMS B, P CRPEFE LY LS
BASPABIEEREICEKE L TV 2 AR
®wahi,
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Relationship between Metabolic Syndrome and C-reactive Protein in Japanese
Diabetic Men: Impacts of Cardiorespiratory Fitness and Visceral Fat Area

Hiroyo Kishimoto ", Haruka Sasaki ¥, and Shuzo Kumagai ?

Abstract

Background: It is still unknown whether relationship between prevalence of metabolic syndrome (MS) and
C-reactive protein (CRP) is affected by caridorespiratory fitness (VOmax) and/or visceral fat area (VFA) .

Methods: Ninety-four Japanese men with visceral fat accumulation were participated in this study. They were
newly diagnosed patients with either impaired glucose tolerance (IGT, n=18) or type 2 diabetes mellitus (T2D,
n=76) . They have not been received any medical and interventional therapies before participation of this study.
High sensitivity CRP (hs-CRP) was measured by immunonephelometry. \}Ozmax was estimated by indirectly
multistage exercise test using cycle ergometer. VFA was measured using CT scanner. Definition of MS was used a
modified WHO criteria.

Results: Concentrations of hs-CRP did not significantly differ in the MS and non-.MS groups. All subjects were
divided three groups (1%, 2%, and 3" groups) based on the hs-CRP concentrations. VO,max differed significantly
among three groups, while visceral fat area did not. Odds ratio for the prevalence of MS was significantly higher
in the 2* and 3" groups than that of 1* group as reference. VFA as adjusting factor disappeared a part of these
significances, moreover, \}Ozmax disappeared all of those.

Conclusions: Our study suggested that prevalence of MS might be depend on cardiorespiratory fitness and/or

yisceral fat area more than CRP.

Key words: newly diagnosed diabetic patient, estimated VO,max, metabolic syndrome, C-reactive protein
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