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[ Abstract] Objective To investigate the associatiojn of body mass index (BMI) at different stages of life and
weight gain in adulthood with obesity-related breast cancer risk biomarkers and to provide evidence for formulating
policies concerning the prevention and control of breast cancer. Methods A cross-sectional study was designed based on
the follow-up cohort of southwest China community-based breast cancer screening of women. Using sequential sampling,
eligible participants were enrolled from the cohort as the subjects of the study. Information on the basic risk factors was
collected and the height, weight, and plasma biomarker levels were measured. Multiple linear regression model was
applied to analyze the associations of early adulthood BMI (defined as the BMI of the participant at age 20), adulthood
BMI (defined as the BMI measured at the time of enrollment), and weight gain in adulthood with the biomarkers. The
concentrations of the biomarkers were incorporated in the model after log transformation. Results The average age of
the 442 participants was 49 (45, 54) years old, the average early adulthood BMI and adulthood BMI were 21.47 (19.56,
23.11) and 24.10 (22.59, 25.97) kg/m’, respectively, and the average weight gain in adulthood was 6.60 (2.00, 11.00) kg.
Adulthood BMI was negatively associated with adiponectin level (8=-0.026, 95% CI: —0.045--0.008, P=0.006), and
positively associated with C-reactive protein level ($=0.095, 95% CI: 0.054-0.137, P<0.001) and leptin receptor level
(8=0.090, 95% CI: 0.063-0.117, P<0.001). No association was found between adulthood BMI and resistin levels or between
adulthood BMI and insulin-like growth factor-binding protein-3 levels. BMI in early adulthood was found to be negatively
associated with only insulin-like growth factor-binding protein-3 levels (8=—0.039, 95% CI: —0.068--0.010, P=0.009).

Further analysis of adulthood weight gain after the age of 20 revealed that average annual weight gain in adulthood was
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negatively associated with adiponectin levels and positively associated with 4 other biomarkers. Furthermore, compared

with those of women whose weight remained stable, the adiponectin level of women whose weight gain in adulthood
exceeded 5.00 kg was much lower (8=-0.185, 95% CI: —0.320--0.049, P=0.008), while their insulin-like growth factor-
binding protein-3 ($=0.389, 95% CI: 0.183-0.594, P<0.001) and leptin receptor ($=0.245, 95% CI: 0.048-0.442, P=0.015)

levels were higher. Conclusion Weight gain in adulthood is strongly associated with the changes in obesity-related

breast cancer risk biomarkers. Women should maintain a stable weight throughout adulthood and it is preferred that their

weight gain should not exceed 5.00 kg.
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20204 H [ Lo P FL I BT A e Bk 4207, Jm 2ok
R AR E AL RIS, AR 2 R A R R A
20024 1930.30%I K 2 20124F/141.60% . 1 H A4
SR FFIAT A Sk AT R 5 (B 1) S o i B g s
ZHAUHERR, IR FLA Ay 45 228 J FL I () WA A B PR R
RE W7 20 ZAT 3 WA K et B A= 3 1 1 i D 40 R PR -,
WA BRIR R | PR | R NSRS IR D5 4 A
-3 B D RERE AT A A SR AL A A FLR R ) S A
Z—, HAGAIKT- 1 U8 RE B A8 75 L Wi 0 XU, T
VAT A DG ) LR KU R k. H TR N AR 2 A0E
9 O 3R B i 1 LR o et DA 901 7 LIS , (H DG A i 4
T B I AT U R A R B o TC I 4508 . PRI, AR
R FH] v T 8 i e X L Mt i it 17 BA S ) R e e
TAVGEORE, 23 SR B 511/ 5 A BT i 48 5k (body mass
index, BMI) M 04T 1138 7 5 110 A DG ZL i KU A i )
PR SEER, AT oA UL PR A DG 1) 2L s 7 44 SR s 24 i o i it
2%,

1 MNR5FE

1.1 AR

e [ VG R A DX 2 L i O A Bt 17 BA 37 e 20194
4-6 J 5 AR T L B B 2 0 PR i A s A 1935 ~ 648 &
PR, ARWFE P BN A 4424 5 5 8V 58 %t
G, BRI AR 2 B AR IR B4 i S %8 AR AR G F
FEAEI, SR ST IREAS B LR AR A ST A 5K, TR
B2 S B LA R 19 25 5 B R BT B TR, P T
BN REA R 1 221, L BT 2400 FEA . #E
ARG HEBEFREI T : O ASRE: HIES5AR5E
FEHE3Z ()26 A RN 2 e LR 4, DU Lo, AR i Js 3
LI, QHEBRbRE: RGP B | RS PR L A
Wi R PR 25 R & . AR @ ik DO 1R 24
PGSR DU 2= e (A PG A JE DA 2B ) 1R B2 B3 25 W A, T
Xt G 55 B S R A5 .
1.2 BHERE

FHIE 20 5 00 2L R WL A s DX 3R

Weight gain in adulthood

Breast cancer Biomarker

2, G — 55N 8 2 5% TADGT T ) ) AFF 5% % 52 A A
B LG TR (AR | ST B ) | A5
A B COIARRS | AR T AN RAIE T M
(WA TGS ) B 20 AR TS 5045 . SR e R GE— i, T
HEE . RFE, 5 BMI, RIBMI={AR B/ 5w, R
AN Akg, B R A A m, BMIEA Arkg/m’,
1.3 HARESZWERN

T2 H AR, RAES mL2s I MK FEA TEDTAL
BER, SO LR MK, BT -80 CORAF . AT H 21 fif
IR R G LRI R U S s (960 BRAIF S, B0 TR0
1 2R B 5 HE PR A DG L I e XU A S, B i EB
FOIBR. B ERFEARKBEFESSHEMA-3. CRMAEN
FIE 2R AR L SR FH BT AAR I 0 Tl R 3 W82 A I 5 12
(enzyme-linked immunosorbent assay, ELISA) &l Fr &5 4
W, B0 &l ARV SRR E MR R A R R
FEEFR AL (I E Thermo2 &l ) A6 I 52 N FLAR £ 450 nm
WA 5% BE(EL(OD ) {BL, SR HICurve Expert 1.450{44:
RN IR R FRIB K-
14 TEEX

AR JEABMIZHIE 204 I . AL I
BMI. HETH [ A (088 F 0 PR 2 pm o™, B B 5 A B
HRPEBMIA 53k DU 2H ;I AA BT 140 (<18.50 kg/m?) | 1EH
TR 4 (18.50 ~ <23.90 kg/m?*) |, #BH 41 (23.90 ~ <
28.00 kg/m?) S AEFELL(=28.00 kg/m?) o AF] I
SCR AL IR 5 5520 47 I A4 5 65 19 2546, AR 90 25 (6
H =4 S IR (R R AR AE2.50 kgPN ), 2.50 ~ <5.00 kg4l
(M E# 2,50 kgfH AN £5.00 kg) . =5.00 kg2l (3 &
5.00 kg & DL b)) o H PRI S AR AC B R (n=7),
FMG L BAE DN AFEAEAE 3 M S BMIS AE JHE AR SEFL AR
I KU, B a5 0 e B 1 SRR 43 A 5 AR S D B B K T
2.50 kgMYBIFFEXT G (n=33) , NN AIG 534 Hhr Pk
FER IR 3 HT
1.5 FitFEHE

ABIFFEIE T HE LR A R T T A A DR EA T 0T . X T
IEARL RN TE 25 43 A1 (1 7 1 PERER I X + s BEATH 34, AN [F]



980 PUNT S22 (B2 )

5 544

HEJHE 73 2H A8 2H T PR I 7 22 20 #rs 3T A IR IE 2843
A A2 T GEORER 7 85 (IO 37 2R R ) A T4 R, 41
] Fb 8k FHMann-Whitney UK S5 & PEZORHH E 73 1
(%) K7, 21 IA] HAER AR B R AAF G E A1 1Y
BRSOk, 2 AR BCR A S BR800, #EmiR A7
22T HEATLRLIA) LB . bR Wk B S EA T A AR Bt
JE AT BT, R Z 02 P N FBERL, 43 Bt i AE B
BMIUHI AT 5 91 B M-S 45 s 49 ¥ J3E 6 AL TA] 7 O AR
BMIS3 31| LA % S AU 1 1532870 i L N AREAY , [)
i, SR FH 22 o0t [ml VR, 4 1 o A2 28 AR i F1 4328
A5 i BB 53 AN ATEERY, T — 20 3 B AT S 1 i g4
TN kg FUAS [) A5 B85 1) 34 75320 5 45 A i 1 Wk B2 0T 451 )
HYICFR o AP IR AE H 1 Hh (R4 G /i) 8] 2647 53
Bro DAt i 2 o s Al AL 8 A ZH B4R
W5 AN 2. AR AL LAY A b i — 2D RV A TR A%
ENR ORI E o & N AR AN 71 b RS (L (Y 7 A NN 2
T« WA R F2 2027 B BMI (A 3 5 4 #8280 o
1E) o a8 BH K H95% ¥ {7 X [H] (confidence interval,
CD RV BMIS & AR b PR FE X R T 1 C &R, B AH X

8] 422, 2 0 i FH BMI-S A i 4 e J TE 5, [) At 48 48 17 00l
K5 PAE, 987K HEa=0.05, T A Geit= /0 #r f# FHR-4.1.0%%
P5E R

2 #R

2.1 EAXFER

WL, AREMIEN RV Y40 49(45, 54) %, /N
BRI SCAC KT i H86.65%, IRIRB AL 1 E56.79%, ~F-
KIHEAE L 14(13, 15) %, 45.70% IR 4 B 4528, 98.87%
B XS G 2, BLAE R ARG 43 51 15 0.90% il
3.62%; ARG I BMISF-1424.10(22.59, 25.97) kg/m?, WA
FIBMIF 21.47(19.56, 23.11) kg/m’, SAFH -4 &
6.60(2.00, 11.00) kg; AREEZ | HLHIZR . C/ROMVEM . S
R K P25 6 8R -3 SO 2 52 R 0 S B TR A U Ry
8.42(5.93, 11.47) pg/mL, 10.73(4.61, 21.84) ng/mL,
0.79(0.31, 1.80) pug/mL. 0.36(0.20, 0.59) pg/mL.
12.18(6.30, 18.62) ng/mL. 4F#% . A FIBMI, BU4AFE )
W PRIRER . CRON R 1 S 2 AZ AR A A AN R A 5
I CEDAZH IR, ) BMIZH [H] (14 22 57 G 1272 3L (P<0.05) o

F1 ETHEFHBMIS HAX SEREHERIA
Table 1 Basic characteristics of participant groups of different adulthood BMI

Adulthood BMI group”
Characteristic Total (n=442) 18.50<BMI< 2390<BMI< BMI=28.00kg/m’ P
23.90 kg/m’ (n=205)28.00 kg/m’ (n=181) (n=156)

Age/yr., median (P,;, P.;) 49 (45, 54) 48 (44, 53) 50 (46, 54) 52 (47, 55) 0.008

Highest education attained/case (%) 0.471
Primary school or lower 19 (4.30) 9 (4.39) 8(4.42) 2 (4.08)

Primary and junior high school 383 (86.65) 175 (85.37) 157 (86.74) 46 (93.88)
Senior high school and college 40 (9.05) 21(10.24) 16 (8.84) 1(2.04)

Occupation 0.460
Administration/case (%) 16 (3.62) 6 (2.93) 10 (5.53) 0 (0.00)
Manufacturing, construction, service, business, and farming/case (%) 154 (34.84) 76 (37.07) 63 (34.81) 18 (36.74)
Unemployed, retired and others/case (%) 251 (56.79) 113 (55.12) 103 (56.91) 30 (61.22)

Age of menarche (median [P,, P;]) 14 (13, 15) 14 (13, 15) 14 (13, 15) 13 (12, 14) 0.182

Postmenopause/case (%) 202 (45.70) 85 (41.46) 87 (48.07) 27 (55.10) 0.162

Live birth(s)/case (%) 437 (98.87) 202 (99.02) 180 (100.00) 48 (97.96) 0.247

Smoking/case (%) 4(0.90) 3(1.49) 0 (0.00) 1(0.23) 0.175

Drinking/case (%) 16 (3.62) 5 (2.46) 8 (4.44) 3(6.12) 0.334

Anthropometric measures (median [P,;, P.;])
Adulthood BMI/ (kg/mz, at enrollment)
Early adulthood BMI/(kg/m’, at 20 yr.)

24.10 (22.59, 25.97) 22.44 (21.26, 23.18) 25.51 (24.65, 26.44) 29.14 (28.60, 30.30) <0.001
21.47 (19.56, 23.11) 20.45 (18.97, 22.22) 22.03 (20.31, 23.50) 23.81 (21.93, 25.30) <0.001
Adulthood weight gain/(kg, weight at enrollment— weight at 20 yr.)  6.60 (2.00, 11.00)  3.40 (0.00, 7.50) 8.50 (5.00, 12.60) 13.60 (8.40, 19.00) <0.001
Biomarkers (median [P, P,;])
8.42(5.93,11.47) 8.79(6.41,11.76)  8.35(5.63,11.16) 7.53(5.11,10.37) 0.009
10.73 (4.61,21.84) 10.07 (3.78,20.70) 10.16 (5.06, 23.41) 11.87 (5.40,20.42) 0.210
0.79 (0.31,1.80)  0.52(0.24, 1.20) 0.86 (0.41,1.84)  1.54(0.88,3.06) <0.001
0.36 (0.20,0.59)  0.35(0.20,0.59)  0.37(0.19,0.60)  0.36(0.24,0.53)  0.508
12.18 (6.30, 18.62) 9.24 (5.01,15.43)  14.50 (8.40, 20.67) 24.16 (10.92, 27.59) <0.001

Adiponectin/(ug/mL)

Resistin/(ng/mL)

C-reactive protein/(ug/mL)

Insulin-like growth factor binding protein-3/(ug/mL)
Soluble leptin receptor/(ng/mL)
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Table2 Associations of adulthood BMI with the concentration of obesity-related breast cancer risk biomarkers

Insulin-like growth

Model Adiponectin Resistin C-reactive protein factor binding protein-3 Soluble leptin receptor
B (95% CI) P B (95% CI) B (95% CI) P B (95% CI) P B (95% CI) P
Model 1
Normal weight Reference Reference Reference Reference Reference

Overweight —-0.102 (-0.207,0.003)  0.056 0.010 (-0.213,0.232) 0.933

Obese —0.236 (-0.399, —0.073) 0.005 0.017 (-0.328,0.363) 0.921

ABMI (per 1 kg/mz) —0.028 (-0.045, —0.010) 0.002 0.013 (-0.025, 0.050) 0.502
Model 2°

Normal weight Reference Reference

Overweight -0.109 (-0.217,-0.001) 0.049 0.008 (-0.201, 0.217) 0.938

Obese —0.231 (-0.399, —0.063) 0.007 0.011 (-0.312,0.334) 0.947

ABMI (per 1 kg/m?)

—0.026 (-0.045, —0.008) 0.006

0.015 (—0.020, 0.051)

0.398

0.410 (0.174, 0.647) 0.001

Reference

0.405 (0.164, 0.647) 0.001

0.021 (-0.144, 0.185) 0.805

0.902 (0.535, 1.268) <0.001 0.068 (-0.187, 0.322) 0.602
0.103 (0.063, 0.143) <0.001 0.011 (-0.016, 0.039) 0.424

Reference

0.024 (-0.143, 0.191) 0.776

0.832 (0.459, 1.206) <0.001 0.023 (-0.234, 0.281) 0.858
0.095 (0.054, 0.137) <0.001 0.008 (-0.020, 0.037) 0.573

0.338 (0.177, 0.498) <0.001

0.592 (0.343, 0.840) <0.001
0.093 (0.067, 0.120) <0.001

Reference
0.333(0.171, 0.496) <0.001

0.548 (0.297, 0.799) <0.001
0.090 (0.063, 0.117) <0.001

* Low weight group (=7) was not included in this analysis. Model 1 was adjusted for age at enrollment (continuous); Model 2 was adjusted for age at enrollment

(continuous), highest education attained (primary school or lower, primary and junior high school, and senior high school and college), occupation (administration;

manufacturing, construction, service, business, and farming; unemployed, retired and others), age of menarche (<14 or =14 years old), menopause status (premenopausal or

postmenopausal), history of livebirth(s) (yes or no), smoking (yes or no) and drinking (yes or no).
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Table 3 Associations of early adulthood BMI with the concentration of obesity-related breast cancer risk biomarkers

Insulin-like growth

Model Adiponectin Resistin C-reactive protein factor binding protein-3 Soluble leptin receptor
B (95% CI) p B (95% CI) P B (95% CI) p B (95% CI) p B (95% CI) p
Model 1
Normal weight Reference Reference Reference Reference Reference
Low weight —0.035(-0.199, 0.128) 0.669  0.084 (-0.256, 0.424) 0.627  0.457 (0.090,0.824) 0.015 0.193 (-0.055,0.441) 0.127 0.162 (-0.088, 0.412) 0.205
Overweight 0.001 (-0.136,0.138) 0.990 0.076 (-0.213,0.364) 0.606 0.121 (-0.191,0.432) 0.447 —0.304 (—0.515,-0.094) 0.005 0.128 (—-0.084, 0.340) 0.235
Obese 0.072 (-0.356, 0.500) 0.742 —0.438 (-1.329,0.453) 0.335 0.378 (-0.584, 1.340) 0.440 0.374 (-0.276,1.025) 0.259 0.158 (-0.498, 0.813) 0.637
ABMI (per 1 kg/mz) 0.007 (-0.012, 0.026) 0.457 —0.030 (-0.069, 0.009) 0.135 -0.007 (-0.050, 0.036) 0.746 —0.040 (—-0.069, —0.011) 0.007 0.007 (-0.022, 0.036) 0.638
Model 2

Normal weight

Low weight —0.027 (-0.195, 0.140) 0.748  0.139 (-0.185, 0.463) 0.399
Overweight 0.012 (-0.128,0.152) 0.865 0.088 (-0.185,0.361) 0.526
Obese 0.077 (-0.359,0.513) 0.730 -0.471 (-1.313,0.370) 0.271

ABMI (per 1 kg/mz)

Reference

0.009 (-0.010, 0.029) 0.330

Reference

—0.031 (-0.068, 0.006) 0.106

Reference

0.503 (0.128,0.878)  0.009

0.110 (-0.206, 0.425) 0.495

0.306 (-0.668, 1.279) 0.538

-0.013 (-0.056, 0.031) 0.568

Reference

0.173 (-0.079, 0.425) 0.179
-0.298 (-0.510, —0.086) 0.006

0.421 (-0.233,1.076) 0.206
-0.039 (-0.068, —0.010) 0.009

Reference
0.158 (—0.095, 0.411) 0.220
0.126 (—0.087, 0.339) 0.246

0.136 (-0.522, 0.794) 0.685
0.006 (-0.023, 0.035) 0.701

Model 1, Adjusted for age at enrollment (continuous); Model 2, adjusted for age at enrollment (continuous), education (less than primary school, primary and junior high

school, and senior high school and college), occupation (administration; manufacturing, construction, service, business, and farming; unemployed, retired, and others), age of

menarche (<14 or =14 years old), menopause status (premenopausal, postmenopausal), history of livebirth (yes or no), smoking (yes or no) and drinking (yes or no).
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Table4 Associations of adulthood weight gain with the concentration of obesity-related breast cancer risk biomarkers”

Insulin-like growth

Variable Adiponectin Resistin C-reactive protein factor binding protein-3 Soluble leptin receptor
B (95% CI) p B (95% CI) B (95% CI) P B (95% CI) P B (95% CI) P

—-2.50-<2.50 kg Reference Reference Reference Reference Reference

2.50-<5.00 kg -0.189 (-0.383, 0.057 0.202 (-0.170,0.286 0.179 (-0.257, 0.420 0.176 (-0.116, 0.237 0.152 (-0.127, 0.285
0.006) 0.573) 0.615) 0.468) 0.432)

=5.00 kg -0.185 (-0.320, 0.008 0.212 (-0.049,0.111 0.171 (-0.136, 0.275  0.389 (0.183,  <0.001 0.245 (0.048,  0.015
-0.049) 0.474) 0.478) 0.594) 0.442)

Continuous (per 1 kg) -0.012 (-0.021, 0.006  0.019 (0.001, 0.036 0.026 (0.006, 0.012  0.023 (0.010, 0.001 0.020 (0.007,  0.003
-0.004) 0.036) 0.046) 0.037) 0.033)

Average annual weight -0.338 (-0.591, 0.009 0.717 (0.220, 0.005 0.595(0.024, 0.041  0.739 (0.351, <0.001 0.508 (0.139,  0.007

gain (per 1 kg/year) —0.084) 1.213) 1.167) 1.128) 0.877)

* Adjusted for age at enrollment (continuous), highest education attained (primary school or lower, primary and junior high school, senior high school, and
college), occupation (administration; manufacturing, construction, service, business, and farming; unemployed, retired, and others), age of menarche (<14 or =

14 years old), menopause status (premenopausal or postmenopausal), history of livebirth(s) (yes or no), smoking (yes or no), drinking (yes or no) and BMI at

20 years old (continuous).
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