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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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122 AEAfsPtl A 2R THR6:00 ~ 7:00 %5 17
(5B 8 ~ 10 h) il 7 ok afi 4G 00 M 4 1 21 25 15 (glycosylated
hemoglobin, HbA 1c) . & JH [ [ (total cholesterol , TC) , H ¥ =
fig (triglyceride, TG ) A% % £ B £ 1 HH [E B (low density lipo-

protein cholesterol, LDL—c) \%%Eﬂﬁﬁﬁlﬂﬂ@(high—density
lipoprotein cholesterol, HDL—c) PR R (uric acid, UA) 7 25—
Tl FFR I 5 2R (free triiodothyronine, FT3) (i 25 HUR R &
(free thyroxine, FT4) | e H AR IR i % (thyroid—stimulating hor-
mone, TSH) , IR 25 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 Y 2R (luteinizing
hormone, LH) }2 FT., HbA1c 2R B B 40 1L 48 L Yk 7L I e ([ A%
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TONEE Y G4 [ ST , FT3 FT4 TSH R H fk2#
K ACTED E ({288 35 [ Unicel DxI 800 b2 % J6A ; FT3
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Seuk i R0 & ph 38 [ 20 TN w0 ) | FT 2R RO S s
TR (A8 A ) DL e B R e B e TS0 o
13 “itsdam

ST 5 R SPSS 22.0 G i1 R Ab B, T2DM F8 35 1
T FT A 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 M 4 41, 73 5 & Q1 41
(FT<7.39 pg/mL) . Q2 4 (FT=7.39~9.72 pg/mL) . Q3 £ (FT=
9.72 ~12.27 pg/mL) Q4 4L (FT>12.27 pg/mL) . 1E 43R4t
ORER 3B £ bRife 22 (x £ 5) FR , 24118 LFER BN
T 20T AR IE S TR PORER F M, (P, Pry) TR , 2
21 [8] b 558K H Kruscal-Wallis 8556, 3150008 A B 202 8w,
ZA R R TR . A ICHE 8 R H Spearman Bk AR
M. LAIMSE FT /K432 R AR i, o438 bl AR i
SR £ 7t logistic [TEREAL AT FT K FREM MR 2,
557K E @=0.05 .

2.1 T2DM 4815 5 *F PR 4H FT K & 2 fl 35 47 49 ok

ARWFFE AL G4 A T M T2DM 2 & 303 #i] , 4F 5 (50.41 =
13.19)% o 76 T2DM 4UHG BRZL | il i FT7E 4 P4 &
AR K R R R 3 (3 P<0.01) . T2DM 411l FT /K
A A 4 VT BC Y 1 H 6 IR [9.72(7.39, 12.27) pg/mlL
vs. 11.66(8.85,14.57) pg/mL, P<0.001]. 7EF4E  H4E B4R
WZH A, T2DM 21 FT K- IR B AR F X IR, 25 57 G2
7 X (¥ P<0.05), A, T2DM 20 BMI.HbA1C . TG .LH 7K F-
Y0 W X B4, 1L 7 TC HDL—c . LDL~c. UA . TSH ,
PTH .25-(OH) D, 7K P B AR T BRZH (241 P<0.05) (£ 1) .
2.2 T2DM & # R F| FT KT 4 — g B A3 AR 09 rhik

4 T2DM JR A ML FT Y4300 5005 4 41, 4 21 [ A4
% UA FT3.25-(OH) D, W 22 R/ Gt 8 L, FTKTFH
T A R R AR /N AR IR TE Q1.Q2.Q3 . Q4 H Y {E 43 A1
(5555 12.07)% (51.39+11.28)% . (48.94 + 14.67) % |
(4577 £12.74) % | 22 T BEE FT /0438, FT3 &
25-(OH)DK-5 ETHEH(P<0.01)(5£2).
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®1 T2DMASEFEITERAFTKEREMIEIRLRx £ 5; M, ( Py, P,)]
Eis2 T2DM 21 (n=303) Xt BE 2 (n=303) Pla
R4 50.41 +13.19 48.45+12.81 0.064
WA 582 /9% 48.8 48.5 0.935
R 2 1% 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) 424 £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 : Xof BEZE AN [ 4 1% B FTKSF He 4%, P< 0.001
%2 T2DMARRE FTKER—MRELIEIRE L £ 5; M, (P, P,)]
F&hn 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 2.652 0.448
W 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
15 L5 5B /% 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) 3246  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 L, P< 0.05

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

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

995 9 A2 (r=—0.121, P=0.035) 5 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)
BIEME(FE3) ., REIMHATE RS FTIEEM M.
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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

2.4 FBHET2DM & & ik FT K F 55 & 3547 49 logistic = )2
2 HF

PLFT 7K - U 43057 325 %) T2DM BB 25 047 202, B A7k
K P<0.05 IR FHA FF logistic [T, 45 R L% 4. 7EXFAERE
BEATAZIE ), 5 BMI, 5 HbAle i 25— (OH) D, I& FT3 &A%
TSH 5K FT/K PG, i — B A TEAR IR (3K 2 43 A W 4
s PR S BRI RS L ' 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)
EARFTKTPAHC (58 4)

3 3t it

PR VSR AE 2 TPk T2DM B 255 WLk &
it o BRAtSs LOBRRI RS AN HERR = 85
HCAE FHASRE IE 5 A& 45 2 53 M 1 R o R s 11y 3= 22
JEPRIM R X S5 1 e R T R AR A F 5 22 X
SRR, X T FT AR 4/ o SR, 1038 L S e T
ZHWMEREGEREAFEZ R R, I K
B FME. BARIMK P FT H 5 BB 19%~4% , H)
A AR s, O RE R A R RS
BE IS FT A PEAS R MR T eGR4, ARF
G R FHBC B 38 % L300 22 T2DM £ 35 L3 FT K
e I DU A vk A R 55 % T2DM R FT K
S 78 Al B HAH S 2, b W8 s 5B M R T e

PR 1 i R B v BAT B R S

AHFFE R I, ¢ T2DM 2R3 13 FT /K71
I T4 1% DT C A9 ft B 55 R X R 21 (9.72 pg/ml vs.
11.66 pg/mL) , H FT /K75 2 2H v S4B 4F % 15 g
WG, X S BEAEME IR A5 R — 0, SRR ARG
L 52 B ACF T BRI 5 o i~ R e AR
VAR Tl 00 D RE DR 3 1A B AR A iR R R S
A B H I | Leydig 40 &5 H sl J2 D g T B 55
A,

BRAE WS SN, T2DM H 3 I 52 B K7 T Rk A
MREZZWH R . BRIEATTE SR BRI AL JHE B A
HER A AR 5 PERR D BB GR BAA W R, — 7
T, WF 5% 2 B 1ML 97 52 B BE 2 5 AR AR 138 Y 74
T, AR SRR KT 7T 3 A A i A L L AR A
JIG A SR D A0 BEARFR G /)N, 51 T2DM A i
RUNERENS 55— 07 T, BIFFE K 3055 1 1 52 I 7K
SRR B S SRR OC , IR AL B 5 B 52 R KO & FT
KPR A X SRR AR — B, AR
B TERCIE AR S IR 2 I A WE PR R TR 00 Bk
WL H T, 51 T2DM 4 FT /K5 5 BMI
HbATe /KRR . KPR BA TN T T2DM B3
T ARURK A T 1t A v, R BB A B T Dy B S
JRIIREE . AT T2DM [ FT /KPR 19 7] fig
BLHNNR «—J7 T, AE B AR N 6 i 07 2L 288 o
55 T ALK Vi L A BT VAR e 3R R T A o e
VR BETMER R KT s 55— 7 T, MEGR K F
T 2 E T B — 3 R - B Bl Chypothalamic—
pituitary—gonadal axis, HPG) , T~ Fr i 12 14 i U 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 .
Ko, 2R LR s e

*4 BMET2DM E& FTKFERMEZEM logistic EJA4r 47

o A 1 Bl 2

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

E: PAQ4AZH NS IR R ARG IE AR s Y 2 I IEAE I IR & A3 A AR s G sk I PR s it



BERERKFZR 2022 £55 47 5 11 # (Journal of Chongging Medical University 2022.Vol.47 No.11 )

— 1357 —

Ak, HOR B 2 i UEBE 2 B 4R AR 2R D L AR
Z e —E T . AWFIE R ILTEIR B 1 52
FJURE N AT I RS AF e R A 2 D 24 X4 R 2 A
ZDATHES 5T Fo i — 2 K — M R 08 3R 43 W 1 o
TR A 2 E K 3 369 44 4F i 40~79 %
PE ) Z2 U R BT AT & B0, R R AR IR J  INL T 25—
(OH) D, /K -5 (R Py B S2 i K FT /K- IEAHSG, H
Y D = 5 a4k K PE R A T R ) R R 2
YIFI ™, BN A58 R, 25-(OH) D, A T i fik
VY o357 5 A 1) 55 e R i T R DR 1) XU 2 e
VU r B ) 1.54 65 LR A3 R 1E 5
Bk, M 55 PE T2DM B i TE 25-(0H) D, 5 FT ¢
AWM KRB . E AN — oY kB, TE B P
T2DM f & P4 A K D k= & 20 KPR 2
R R 2 33— TR A 367 41 58 PE T2DM B 2 () iF
FENLAN , L3 25-(OH) D, /K 15 5 S i 7K 7 5 1E A
X BEAEA SRS & I GE A D Al i kg
SR I AT R T S P e PR v R R
PRD)REMGR", AF5Y & BL5 P T2DM &2 17 Ui
SR T PS5 25-(OH) D, /K& VA ¢, HAGIE
AP B A TR 2% IR 25 3 P OC RATSRAEAE o ik 4
TNIE MM AR R D AT AT RE L R B 1 T2DM AR Il
8 FTK-, B0 R U 55 1 T2DM B35 & A R )
REVIR SR AL i

WEAE A 52 & 36T FCIR R 005 V6 97 T 0
T P D RE R A5, HPG AT 3 i FFIR R
PR U2 FT3 5 il S H R R R 2 AR X T
HPG Yjfig =52 ma . HUR IR R 7KF 5% ml B AIG
AR M R R 0 R T R RS ER
mRNA FeUE 1 587 B8 e A B KT 52 e A 4 3%
PECS RIS, BB AR B EE 0 S 5 S8 AL T o 4 e ) 2
FhIRE , ] fioh & 52 L8] 0T 40 M P A e SR E
T DR 95 2 0 1 i 52 o 7 ELAAR AR AL A 1 S B
W AE B e — BB . BEAERFSE W, B4 T2DM
BH T TSH /K5 FT/KOF 2 IE AR, AWF5EAR
i M3 FTAE DU 545 53 XA T 430 BT , B IEAH TR 4%
HZE 5, TSHK -5 FT 21EA G, 3% 5 A58 —
O AEIEABEDL I TSH B R, FT k.

W R g £ A S I S R R T e DR
FEAERIIGE . SR, AR /K- S5 HES R Z A0 6 &

MRS T . ZEHRINH, ML 20K S
HDL-c F IEAH T 5 TC TG & FAH &30, SR1A
WA R BLINE FT /K- 5 MG Z B YR & , 7% 18
Al RE 5 A G SR R E B g R AR R
BORIT R R A XK,

g LT AR WF5E & Bl BMI, 5 HbAle fIK
25-(OH) D, M I TSH /2 57 T4F % 19 55 1 T2DM f&
HARMLE FT AP AW E . B, X F 54
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