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AR 12 1 DCHC AR B ARG (0 oA B s (2 58 4 303 Bl g HE, b 2 A W) [ AF 5 B il i FT K22 5 AR T FT /K7
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Study on serum free testosterone level and its relevant factors in adult male

patients with type 2 diabetes mellitus
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(Department of Endocrinology and Metabolic Diseases , The First Affiliated Hospital of Zhengzhou University )
[ Abstract ] Objective : To evaluate the level of serum free testosterone (FT) and to investigate the relevant factors of FT in male patients
with type 2 diabetes mellitus (T2DM ). Methods : A retrospective study was conducted on 303 male patients with T2DM aged between
18-70 years and another age—matched 303 healthy individuals were selected as controls. We compared the difference of demographic
and clinical indicators in different FT levels. According to the serum FT level, T2DM patients were divided into Q1 group, Q2 group,
Q3 group and Q4 group by quartile method. Spearman rank correlation analysis and logistic regression analysis was conducted to ana-
lyze the revalent factors of the decrease of serum FT in T2DM patients. Results : The level of serum FT in men with T2DM was signifi-
cantly lower than that in control group, and decreased with age. Spearman rank correlation analysis showed that FT was negatively cor-
related with age (r=-0.402, P<0.001) , BMI(r=0.215, P=0.001) , duration of diabetes (r=—0.121, P=0.035) , and positively correlated
with total cholesterol (TC) (r=0.115,P=0.049),25-(0H)D,(r=0.340,P<0.001) , and thyroid—stimulating hormone (TSH ) (r=0.231, P=
0.025). Multivariate logistic regression analysis showed that after adjustment for age , distribution , history of diabetes ,smoking and alco-
hol consumption, high BMI(OR=1.101,95%CI=1.023-1.183, P=0.009) , high HbA1c(OR=1.175,95%CI=1.060-1.302, P=0.002) , low
25-(0H) D,(0OR=0.937, 95%C1=0.900-0.975, P=0.001) , and low
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of FT than healthy men and the low of serum FT level may be re-

lated to high BMI, high HbAlc,low 25-(OH) D, and low TSH.
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mellitus, T2DM) 8 3 % AE PR IR DI e GR # 7 32%,
5 [ = 3k 339", MR I RE IR J2 LA I S A 2K
SRR AP AR BRI RE R R AR 0GR A I IR
TR IR, BERE R, B4 T2DM 3
L V7 e 52 ) Az U 25 S2 5 (free testosterone, FT) 7K 3F
SRR T AR MR R 55 M, 5 1 T2DM AR S S
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T SRR 7K 1340 5 Al P 4 AR AR DG 114 1 PR 35 30
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i 7K SF- 0k e g SRR AT 8520, 5 1 T2DM B 1
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1.1 ARAT%

ARWFFTA 2018 4E 2 F Z 2019 4E 2  FHRM K245 —
W IR 15 B PN 0 b B B 11 18~70 %2 3 1 T2DM 8 3% 3t 303
B, B BB A 1999 4- 1 Bt DA HZUR IRAG IS Wb of 5
T3 A FRAF A 12 1 DG JC T D) DA A G 4% e k-2 B[] 45 45 fit
RS PEAE A IR HEBRARE : D2 A2 HEAFE IR A4 ;@00
NREAR 4 B s OB IR Ak IT RE ; @A PERRZ R S, a0
E 4L W FhE DI AERET , © 20012 i HA IR IR T iy v g
IREAR T AE (TEAR D) REAR T AR 4 B3R R 38 T 350 g 3l
I RERGR | Kallmann 255 4F  Klinefelter 545 1E 25 ) ; &4 Bif
HIRRBE IR S 5 @ B M B e e o s O RS MBI
s S 3 @R s QA ™ B A4S M (12 1k BH ZEME g i
) o FTAIIFERT S IS I R E
12 F#
12,0 — M HaAn i i B s AR BT, T BMI= KR
it (kg) /SR 2 (m?) .
122 AEAfsPR A SR THR6:00 ~ 7:00 %5 17
(5B 8 ~ 10 h) il 7 ok afi A% 0 A £ 1l 21 25 5 (glycosylated
hemoglobin, HbA 1c) . & JH [E [ (total cholesterol, TC) , H i =
fig (triglyceride, TG ) A% % £ B £ 1 JH [E B (low density lipo-

protein cholesterol, LDL—c) \%%Eﬂﬁﬁﬂﬂﬂﬁ(high—density
lipoprotein cholesterol, HDL—c) PR R (uric acid, UA) 7 25 =
Tl FFR I 5 20 R (free triiodothyronine, FT3) (i 55 HUR R
(free thyroxine, FT4) | e IR IR i % (thyroid—stimulating hor-
mone, TSH) , IR 35 I 2 (parathyroid hormone, PTH) ,25-3%
4t 1}: % D,[25-hydroxyl vitamin D,, 25—(OH)D, | 5P 1 3 i %
(follicle—stimulating hormone , FSH) | R A YR (luteinizing
hormone, LH) & FT. HbATc R B0 L4 AL Ik ik I i ([ 2%
RFE ALK , TC . TG .LDL-c . HDL-c R FHEFA I & (1X
S [ A S A0, FT3 (T4 TSH R b2
KA E (LA H 35 [ Unicel DxT 800 16245 & AL FT3:
3.28~6.47 pmol/L) ,PTH .25—(OH)D, FSH . LH 5 Jfl F fb. 2% %
e (5 &l 36 E B G w4, FT 2R RN %%
0 (S A i ] DL e e R G B B A 30 o
1.3 sitgas

JIT A B R 1 SPSS 22.0 GE i+ L. T2DM A4 IfiL
T FT AR5 Y 437 25 19 3 A4 D) A58 (25%: 7.39 pg/ml,
50%:9.72 pg/mL, 75%:12.27 pg/mL) 53 A 4 4, 43 5 & Q1 41
(FT<7.39 pg/mL) . Q2 41 (FT=7.39~9.72 pg/mL) . Q3 4 (FT=
9.72 ~12.27 pg/mL) \Q4 4L (FT>12.27 pg/mL) . 1E 4344t
VERLR FHIEL + R (o £ 5) TR, 24110 LSRR 3
D5 2203 M AR IR AT TR SRR I M (P, P ) R, 2
21 [8] b 558K F Kruscal-Wallis 8556, 37150008 A B 2028w,
ZA WBCRH R TR . A ICHE 8 R H Spearman Bk AR
I3HT e LAMLYE FT K20 20 0 AR & AR A48 bn o AR &,
K7t logistic [MHREAL 38T FT KT NI R 2 F
57Kk a=0.05.

2.1 T2DM 48X 5 2t PB4 FT K B 2 fl 35 47 49 h 3k

ARWFFE AL 94 A T M T2DM 2 % 303 #i] , 45 i (50.41 =
13.19)% o 76 T2DM 4UHG BREL il i FT7E & 4F P 4F &
AR K R 2 R 3 (3 P<0.01) . T2DM 4Ll FT /K
A A 4 VT FC Y 1 H 6 IR [9.72(7.39, 12.27) pg/mL
vs. 11.66(8.85,14.57) pg/mL, P<0.001]. 7EF4E  H4E B4R
WZHH, T2DM 21 FT K- IR B AR F X IR, 22 57 A G il 2
7 X (¥ P<0.05) . 4, T2DM 20 BMI.HbA1C . TG .LH 7K F-
Y90 W5 X B4, 1 17 TC.HDL—c . LDL~c. UA . TSH ,
PTH .25-(OH) D, 7K F- I B AR T B2 (341 P<0.05) (£ 1) .
2.2 T2DM & # R F| FT KT 4 — A B A3 AR 09tk

4 T2DM R ML FT U430 500 4 41, 4 21 [ A4
% UA FT3.25-(OH)D, W 22 R/ Gt 8 L, FTKTPH
T 4 R R AR /N AR IR TE Q1.Q2.Q3 . Q4 H A {EL 43 A1
JE(55.55+12.07)% . (51.39+11.28) % . (48.94 + 14.67) % |
(4577 £12.74) % | 2R TS BEHE FT /4380, FT3 &
25-(OH)DKF-5 BT (P<0.01)(5£2),
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®1 T2DMASEFEIIRAFTKEREMIEIRLRx £ 5; M, ( Py, P,)]
eIt T2DM 21 (n=303) Xt B4 (n=303) PAH
AR 1% 50.41 +13.19 4845+ 12.81 0.064
WS HA 582 /9% 48.8 48.5 0.935
R H21% 43.6 5.0 <0.001
BMI/(kg-m™) 25.61 £ 3.44 2491 +2.99 0.013
HbA1C/% 8.80(7.60,10.50) 5.50(5.30,5.70) <0.001
TC/(mmol - L") 4.24£0.98 471 £0.94 <0.001
TG/(mmol - L") 1.53(1.08,2.66) 1.26(0.90,1.86) <0.001
HDL-¢/(mmol - L") 0.97(0.83,1.16) 1.26(1.06,1.48) <0.001
LDL-¢/(mmol - L") 2.59 +0.85 2.93+0.76 <0.001
UA/(pmol - L") 301.72 + 96.32 317.34 + 67.93 0.022
TSH/(wIU-mL™") 1.67(1.07,2.61) 2.01(1.42,2.93) <0.001
PTH/(pg-mL™") 25.47(17.61,36.77) 29.70(21.90,37.30) 0.022
25-(OH)D,/(ng-mL™") 20.20(18.57,24.69) 37.40(28.10,45.35) <0.001
FSH/(mIU-mL™") 5.19(3.72,7.35) 5.34(3.73,7.65) 0.941
LH/(mlIU-mL™") 5.42(3.98,6.72) 3.74(2.80,5.77) <0.001
FT/(pg-mL™) 9.72(7.39,12.27) 11.66(8.85,14.57) <0.001
HAEFT(<45 % ,n=215) 10.72(8.95,13.47) 13.09(10.53,16.14) <0.001
HAEFT(45~% ,n=258) 9.56(7.24,12.28) 10.93(8.40,13.85) 0.016
BAEFT(60~% ,n=133) 8.32(6.22,10.34)" 9.27(7.65,12.55)" 0.013
1 ra, T2DM AN AR B FT /KK FLAR , P=0.001 3 b : Xif BEZH AN [) 4 % B FT/KSF He 42, P< 0.001
%2 T2DMARRE FTKEM—MRENMIEIRE L £ 5; M, (P, P,)]
F&bn Q1(n=75) 02(n=76) Q3(n=77) Q4(n=75) FIY {4 Pl
STk 55.55 £12.07 51.39 +11.28" 48.94 + 14.67* 4577 + 12.74" 7.842  <0.001
W% o3 (Wi %) 33/42 40/36 33/43 30/45 2652  0.448
WA A 84(24,168) 84(36,120) 78(36,132) 48(12,120) 3.695 0.296
WA 52 /% 40.0 47.4 52.2 54.7 4.029 0.258
R /% 32.0 50.0 48.1 44.0 5996  0.112
BMI/(kg-m™) 26.18 +3.16 26.25+3.73 25.25+3.19 24.90 + 3.60 2.109  0.100
150 I 95 58 /1% 45.3 44.7 37.7 40.0 1.293 0.731
HbA1C/% 9.48 2.09 9.24+2.12 8.95 +2.01 8.85+2.07 1.387  0.247
TC/(mmol - L") 4.11£0.93 4.17£0.96 436 £1.01 431£1.03 1.097  0.351
TG/(mmol - L") 1.54(1.05,2.50) 1.40(1.03,2.64) 1.58(1.18,2.56) 1.98(1.05,2.95) 2235 0.525
HDL-¢/(mmol - L") 1.00 £ 0.39 1.07 £0.40 1.06 = 0.30 1.01£0.33 0.817  0.485
LDL-¢/(mmol - L") 246 +0.84 2.58 +0.87 2.69 +0.86 2.62+0.85 0.948 0418
UA/(pmol/L) 278.64 + 95.27 325.17 + 88.87" 309.38 + 101.56° 292.93 + 94.54" 3337 0.020
FT3/(pmol - L") 4.26(3.78,4.86) 4.13(4.48,5.02) 4.33(4.71,5.03)" 4.48(4.72,5.12)* 14730  0.002
FT4/(pmol - L") 12.45(11.14,13.77)  11.95(10.83,12.86) 12.00(11.02,13.46) 11.71(10.28,14.16)  2.608  0.456
TSH/(wIU-mL™") 1.43(0.88,2.46) 1.67(1.05,2.60) 1.93(1.19,3.01) 1.77(1.09,2.73) 5.221 0.156
PTH/(pg-mL™") 25.16(19.25,35.14)  24.47(16.64,34.32) 26.63(17.95,38.31) 25.6(17.3,37.26) 0.739  0.864
25-(OH)D,/(ng-mL™")  20.10(18.20,21.64)  20.10(18.10,23.83) 20.10(18.60,26.85) 21.7(19.18,28.17)" 8972  0.030
FSH/(mIU-mL™") 5.61(4.42,6.83) 4.58(3.75,8.58) 6.96(4.28,8.80) 4.45(3.41,7.17) 3.246  0.355
LH/(mIU-mL™") 5.01(4.05,6.07) 4.75(3.53,8.53) 5.83(4.12,8.43) 5.74(4.12,6.35) 1.506  0.681

a5 QIZMLL, P<0.05;:b: 5 Q240 , P< 0.05

23 BHT2DM & fik FT 5 &35 474948 % o7
Spearman BRAH I HTEE R R, T2DM B 1L FT K

AR (r=-0.402, P<0.001) \BMI(r=—0.215, P=0.001) .}

995 9 A2 (r=—0.121, P=0.035) 5 7 A1 5 , 5 TC (+=0.115, P=
0.049) .25-(0H)D,(r=0.340,P<0.001) .TSH(r=0.231,P=0.025)
BIFMIE(FR3) . REMHATRRS FTALEA e
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*3 B T2DMEE FTKEHMEXES

Szt rfH PAH

1 -0.402 <0.001
BMI/(kg-m™) -0.215 0.001
R TR -0.121 0.035
TC/(mmol - L") 0.115 0.049
25-(OH)D,/(ng-mL™") 0.340 <0.001
TSH/(pIU-mL™") 0.231 0.025

24 B HAT2DM & o i FT K -F 5 &35 4% 49 logistic = )2
i

PLFT 7K SF-$82 TU 43037 325 %) T2DM BB 5 9047202, B 471k
K9 P<0.05 IR AT 5 logistic 1A, 25 5 W36 4, FEXTAE R
BEATALIE )T, 5 BMI, 5 HbAlc i 25— (OH) D, i& FT3 &A%
TSH 54K FT/K-FAHC . #E— B A TEAR IR 3k 2 40 A W 4
s PR S BRI ,  BMI(OR=1.101,95%CI=1.023~
1.183, P=0.009) . & HbAlc (OR=1.175,95%CI=1.060~1.302,
P=0.002) ik 25- (OH) D, (OR=0.937, 95%C1=0.900~0.975 ,
P=0.001) }fik TSH(OR=0.838,95%C1=0.710~0.989, P=0.037)
EARFTKTPAHIC(FR4),

3 3t it

PR e VRE AE 2 TPk T2DM B 25 WLk &
it o BRAtSs LOBRRI RS AN HERCR k= 8B
HCAE FHASRE IE 5 A& 45 2 53 M 1 R 2 R s 1y 3= 22
JERPRIM R X S 1 e R T R AR ) F 5 22 A X
SRR, X T FT AR 4/ o SRTMT, 1038 L S T
Z MRS EREAFEZ R R W, I K E
B FFE. BARIMT P FT H 5 RSB 1Y 19%~4% , H)
A AR s O RE R A R RS
BEILE FT APPSR IR T e IsGR 1 228 ARF
G R PO B 3 % L300 22 T2DM £ 35 L3 FT K
e I DU A vk A R 55 % T2DM R FT K
S (78 Al R HAH S 2, b W s 5B M R T e

YR 4 i R B A BAT B R S

AHFFE R I, J 4 T2DM B3 13 FT /K71
I T4 1% DT C A ft B 55 PR X R ZH (9.72 pg/mlL vs.
11.66 pg/mL) , H FT /K75 2 2H v S4B 4F % 15 g
WG, X S BEAEMT R A5 R — 80, SRR ARG
L 52 B A T BB 5 Fo i~ R e 1 AR
VAR Tl 0 D RE DR 3 A B A A iR R R S
A B H I | Leydig 40 &5 H sl J2 D g T B 55
AL,

BRAE WS SN, T2DM H 3 10T 52 B K7 F Rk A
MREZZWPE R . BRIEATTE SR BRI AL B A
HERAEY 5 PERR D BB UR BAA W R, — 7
T, AT 5% 2 B I 97 52 B BE 2 5 AR AR 138 Y 74
T, AR SR TR KT 7T 3 A A i A 3L L AR A
JI oA SR D A0 BEAR ARG /)N, 51 T2DM A il
RURERENS 55— 07 T, BIFE K 3055 1 1 S 1 7K
SRR B S RO OC , IR AL B S 2 R KO & FT
KPR A X SRR AR B, AR
B TERCIE AR R IR 2 I A WE PRI R IR 00 58k
WL HF G, 51 T2DM 4 FT/KSF75 5 BMI
HbATe /KRR . KR BA TN T T2DM B3
T ARURK A T 1t A el e, T BB A B T Dy B S
JRIIRERE . AT T2DM [ FT /KPR /9 7] fg
PLENNT —J7 i, AE B AR N 6 i 07 2L 288
55 T AR ZK Vi L A BT VAR e 3R R T A o e
VR BEMTMER R KF T s s 55— 7 T, MEGR K F
T & E R B i — 3 R - B Bl Chypothalamic—
pituitary—gonadal axis, HPG) , T~ Fr il {12 14 B 3 25 B
T &= (gonadotropin—releasing hormone, GnRH) L} }&
5 /& 4= 1 & (luteinizing hormone, LH) /i P i % 2
(follicle—stimulating hormone , FSH) Jjk {87 i BH 2.
Ko, 2R LR e

*4 BMET2DM E& FTKFERMEZM logistic EJA45 47

o A 1 B2

OR(95%CI) P OR(95%CI) P
BMI/(kg-m™) 1.094(1.018~1.176) 0.014 1.101(1.023~1.183) 0.009
HbAlc/% 1.168(1.054~1.292) 0.003 1.175(1.060~1.302) 0.002
25-(OH)D/(ng-mL™") 0.941(0.905~0.978) 0.002 0.937(0.900~0.975) 0.001
FT3/(pmol-L™") 0.741(0.988~0.556) 0.041 0.751(0.562~1.005) 0.054
TSH/(pIU-mL™") 0.899(0.715~0.994) 0.042 0.838(0.710~0.989) 0.037

VE: DA QAZH NS R B RL ARG IE AR s Y 2 I IE AR IR & 43 A AR s G sk Wl R it
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ATk, HOR B 2 i UEBE 2 B 4R 2E 2R D L AR
Z e —E k. AWFIE R PLIEIR P 1 52
FJUEE N AT I BRI A el 2 2 D 24 X4 R 4 A
EDATHES 5T Fr i — 1 K — M R 8 3R 43 W 1 o
L TR A 2 E 5K 3 369 44 4F i 40~79 %
PE ) Z2 U R BT TR & B0, SR AR S N7 25—
(OH) D, /K -5 (R Py B S2 i & FT /K2 IEAH G, H
Yer: D = 5 a4k K Pk R T R ) e GE 2
YIF ™, BN HF5E R, 25- (OH) D, A T i fik
VY o357 52 1) 55 e R i T R DR ) XU 2 e
U r B ) 1.54 65 LRGN A 3 R 1E 5
G, 95 T2DM & rh i 25-(0H)D, 5 FT %
AWM KB o A — oY kB, TE B P
T2DM f & H A R D = & S2 KPR 2
R R 2 33— TR A 367 41 58 PE T2DM H 2 (BT
FENLAN , L3 25— (OH ) D, /K15 5 S i 7K 7 5 1E A
K REAEA SRS & I GE AR D AT i kg
SR I AT 0 T S P R W PR v R R
PRDJREMGR", AF5Y & BL5 P T2DM &2 17 Ui
BERTR T FE 5K 25-(OH) D, /K& VA ¢, HAIE
AP B A TR % IR 25 i P OC RATSRAEAE o ik 4
TNIE MM AR R D AT AT RE L R U 1 T2DM FR A Il
T8 FT K-, B0 R U8 55 P T2DM B3 & A R )
REVRIR SR i

REAE A 52 & 30 6F FECIR R 005 V6 97 T 0
T P D REFE A5, HPG AT 3 i FIR iR
PR U2 FT3 5l S H R B R 32 AR X T
HPG Yjfig = A5 ma . HUR IR R 7KOF 58 ml IS
A AR M R R 0 RN T R R R R
mRNA FE 1 587 B8 I A B KT 52 e A 4 3%
PECS RIS, B AR B3 A S 5 S8 AL T o 4 ) 22
FhIRE , ] fioh & 52 AL B) 0 40 P A e, SR E
T DR 3 2 0 52 o 7 ELAAR AR AL A 1 S B
W AE R e — BB . BEAERTESE W, B4 T2DM
BH T TSH /K5 FT/KOF 2 IE ARG, AW AR
i M3 FTAE DU 545 53 DX AT 43 BT, 1 IEAH TR 4%
HZE 5, TSHK -5 FT 21EA G, X 5 A58 —
O AEIEABEDL I TSH B R, FT Ak .

B R g £ A S I S R R T e DR
FEAERIIRGE . SR, AR /K- 5 HES R Z A0 6 &=

MRS T . ZEHRINH, ML 20 KFES
HDL-c F IEA T 5 TC TG & FAH &30, SRA
WA R BLINE FT /K- 5 IS Z B AR & , 7% &
ISR e W[ 2 7 R e ([ AW 3 R €
BORIT R R A K,

g L RTR AR WF5E & Bl BMI, 5 HbAle fIK
25-(OH) D, J Ik TSH /2 57 T4F % 19 55 14 T2DM f&
HARMLE FT A AW E . I, XFF 5 4
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