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[ Abstract | Background and purpose: Currently, several studies have demonstrated that body mass index (BMI) is a prognostic
factor in breast cancer. The study aimed to assess the association pattern of BMI with mortality risk among patients of different age
groups. Methods: This retrospective cohort study included the clinical characteristics and survival status of 25 629 patients diagnosed
with breast cancer and subsequently hospitalized in Fudan University Shanghai Cancer Center between January 1, 2008 and
December 31, 2016. The association between BMI and prognosis of breast cancer patients in different age subgroups was analyzed
using Cox proportional hazards regression model with restricted cubic splines adjusting the main prognostic factors. Results: BMI

and age were both influencing factors of breast cancer prognosis, and there was a significant interaction (P=0.011). The pattern of
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association between risk of death and BMI differed among different age groups. A "J-shaped" association between risk of death and
BMI was observed in the patients younger than 35 years, with a BMI of 20.16 kg/m” corresponding to the lowest risk of death. In
the age group of 35-60 years, no significant change in the risk of death was observed in patients with BMI below 23 kg/m’, and the
risk of death in patients with BMI above 23 kg/m’ increased with increasing BMI; A "U-shaped" association between risk of death
and BMI was observed in the patients older than 60 years, with a BMI of 23.86 kg/m’ being the lowest. The risk of death was more
sensitive to changes in BMI in patients aged less than 35 years than in those aged 35-60 years and those aged more than 60 years.
Conclusion: BMI and age have a significant interaction in the prognosis of breast cancer when adjusted for potential confounding
factors. The association pattern between the risk of death and BMI of patients in different age groups is different. For patients under

35 years old, the lowest risk of death corresponds to BMI at diagnosis of about 20 kg/m’, while for patients over 60 years old, the

lowest risk of death corresponds to a BMI at diagnosis of about 24 kg/m’.
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Tab.1 Distribution of clinicopathological features of patients with breast cancer between the different BMI groups

BMI (kg/m’) )
Item x P value
<185 18.5<BMI<24.0 24<BMI<28.0 =28.0

Agel/year 981.443 <<0.001
<35 187 (18.44%) 1112 (7.70%) 222 (3.05%) 50 (2.79%)
35-59 637 (62.82%) 10 575 (73.24%) 4800 (65.99%) 1046 (58.37%)
=60 190 (18.74%) 2751 (19.05%) 2252 (30.96%) 696 (38.84%)

Menopause 715.483 <<0.001
No 585 (57.69%) 7690 (53.26%) 2766 (38.03%) 538 (30.02%)
Yes 429 (42.31%) 6 748 (46.74%) 4508 (61.97%) 1254 (69.98%)

Side” 7.092 0.069
Right 464 (46.03%) 6 889 (48.09%) 3392 (46.90%) 805 (45.38%)
Left 544 (53.97%) 7437 (51.91%) 3 841 (53.10%) 969 (54.62%)

Invasive 19.340 <0.001
In situ 92 (9.07%) 1215 (8.42%) 528 (7.26%) 109 (6.08%)
Invasive 922 (90.93%) 13223 (91.58%) 6 746 (92.74%) 1683 (93.92%)

Multi® 0.788 0.852
No 971 (95.76%) 13 865 (96.04%) 6 980 (95.98%) 1727 (96.37%)
Yes 43 (4.24%) 572 (3.96%) 292 (4.02%) 65 (3.63%)

Ki-67" 2.167 0.539
Low 289 (35.68%) 4552 (37.62%) 2327 (38.20%) 560 (37.38%)
High 521 (64.32%) 7549 (62.38%) 3764 (61.80%) 938 (62.62%)

ER* 8.950 0.030
Negative 293 (30.05%) 3957 (28.17%) 1959 (27.55%) 448 (25.34%)
Positive 682 (69.95%) 10088 (71.83%) 5152 (72.45%) 1 320 (74.66%)

PR” 13.627 0.003
Negative 388 (39.75%) 4956 (35.30%) 2 480 (34.88%) 579 (32.82%)
Positive 588 (60.25%) 9 082 (64.70%) 4630 (65.12%) 1185 (67.18%)

HER2" 15.476 0.001
Negative 622 (70.52%) 9191 (71.86%) 4837 (73.53%) 1247 (75.53%)
Positive 260 (29.48%) 3600 (28.14%) 1741 (26.47%) 404 (24.47%)

T 179.136 <0.001
T, 17 (1.99%) 255 (1.99%) 189 (2.85%) 42 (2.58%)
T, 92 (10.77%) 1215 (9.48%) 528 (7.96%) 109 (6.70%)
T, 465 (54.45%) 6887 (53.72%) 3149 (47.47%) 748 (45.95%)
T, 249 (29.16%) 4 183 (32.63%) 2612 (39.37%) 684 (42.01%)
T, 31 (3.63%) 279 (2.18%) 156 (2.35%) 45 (2.76%)

NA4 73.100 <0.001
N, 641 (67.19%) 9242 (66.29%) 4423 (63.01%) 1014 (59.68%)
N, 210 (22.01%) 2895 (20.77%) 1510 (21.51%) 372 (21.90%)
N, 61 (6.39%) 1120 (8.03%) 647 (9.22%) 195 (11.48%)
N, 42 (4.40%) 684 (4.91%) 439 (6.25%) 118 (6.95%)

M 17.461 0.001
M, 992 (97.83%) 14 256 (98.74%) 7 165 (98.50%) 1750 (97.66%)
M, 22 (2.17%) 182 (1.26%) 109 (1.50%) 42 (2.34%)

2 708 cases of data missing; ““: 2 673 cases of data missing; **: 995 cases of data missing.

"1 182 cases of data missing; “: 4 cases of data missing; “: 4 169 cases of data missing; *: 658 cases of data missing; "': 670 cases of data missing; *:
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Tab. 2 Analysis of the interaction between BMI and age

Characteristic HR (95% CI) P value
Age <<0.001
<35 1
=35 and <60 0.831 (0.597-1.158) 0.274
=60 1.746 (1.233-2.473) 0.002
BMI (kg/m’) 0.002
<185 1.166 (0.521-2.609) 0.709
>18.5 and <24 1
=24 and <28 1.329 (0.721-2.450) 0.361
=28 4.247 (2.054-8.778) <0.001
BMI (kg/m’) " age 0.011
BMI (=18.5 and <24)age (<35) 1
BMI (< 18.5)"age (=35 and <60) 0.842 (0.367-1.932) 0.686
BMI (=24 and <<28) age (=35 and <60) 0.704 (0.277-1.789) 0.461
BMI (=28) age (=35 and <60) 0.299 (0.106-0.842) 0.022
BMI (<18.5)"age (=60) 0.777 (0.314-1.923) 0.586
BMI (=24 and <28)"age (=60) 0.524 (0.193-1.424) 0.205
BMI (=28) age (=60) 0.193 (0.064-0.580) 0.003

": Adjusted by Ki-67, ER, PR, HER2, T stage, N stage, M stage.
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HBEBE T XU Bt 25 BT 38 i 386 Jin o i 78 4
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o T VPAS A5 45 % 21 Lo M R 8 T XU X BMI
AL B SBURFE S, 20 LIBMIN22.94 kg/m® ( f
fr%R ) FNASAF I 21 e IR A T AU XF 1 i BMIA
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PIFET- KB L (%3) o SRR, FER/NT
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AT J3 AL 0y, HBMISE 99 | 43 i 4K
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(95% CI: 0.980~3.243) Fl11.420 (95% CI:
0.999~2.019) .
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Fig. 1 Association of BMI and hazard ratio of mortality of breast cancer patients grouped by age

" Reference was defined as the median value of BMI 22.94; *: Adjusted by Ki-67, ER, PR, HER2,

35<age<<60; C: Age=60.
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Tab.3 Hazard ratios of mortality of breast cancer patients for different value of BMI compared to the median BMI grouped by age

T stage, N stage and M stage. A: Age<<35; B:

< >
BMI BMI value Age<35 35<age<<60 Age=60
. . . 2

implication (kg/m’) R (95% CI) HR (95% CI)' HR (95% CI)’ HR (95% CI)’ HR (95% CI)’ HR (95% CI)’

Lt sercentile 10 1.258 2.016 0.921 1.005 1.482 1.497
P : (0.674-2.347)  (1.059-3.836)  (0.652-1.301)  (0.826-1.222) (0.976-2.250) (1.003-2.236)

. 0.825 1322 0.924 1.008 1.333 1.347
Cut-off of underweight and normal - 18.50 (500 1 363)  (0.996-1.755) (0.737-1.157) (0.727-1398) (0.993-1.788) (1.013-1.791)

_ 1.181 1.893 1.054 1.150 0.990 1.000
Cut-off of normal and overweight - 2400 | o) | 789)  (1.095-3274)  (0.984-1.129) (0.694-1.906) (0.914-1.072) (0.989-1.012)

. . 1.816 2911 1.334 1.456 1.145 1.157
Cut-off of overweight and obesity  28.00 | 1455 ga1)  (1.669-5.076) (1.142-1.559) (0.880-2.409) (0.921-1422) (0.975-1.372)

90th percenile 315 2.493 3.996 1.634 1.783 1.405 1.420

(1.056-5.884)

(1.836-8.695)

(1.192-2.240)

(0.980-3.243)

(1.001-1.974)

(0.999-2.019)

" Reference was defined as the median value of BMI of 22.94; ": Reference was defined as the BMI value with the lowest hazard in different groups:
20.16 (age<<35), 15.23 (35<tage<<60), and 23.86 (age=60).
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