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Abstract

Breast cancer is uncommon in men and knowledge about its causation limited.
Obesity is a risk factor but there has been no investigation of whether weight change
is an independent risk factor, as it is in women. In a national case-control study, 1998
men with breast cancer incident in England and Wales during 2005 to 2017 and
1597 male controls were interviewed about risk factors for breast cancer including
anthropometric factors at several ages. Relative risks of breast cancer in relation to
changes in body mass index (BMI) and waist/height ratios at these ages were
obtained by logistic regression modelling. There were significant trends of increasing
breast cancer risk with increase in BMI from age 20 to 40 (odds ratio [OR] 1.11 [95%
confidence interval (CI) 1.05-1.17] per 2 kg/m? increase in BMI; P < .001), and from
age 40 to 60 (OR 1.12 [1.04-1.20]; P = .003), and with increase in self-reported adi-
posity compared to peers at age 11 to BMI compared with peers at age 20 (OR 1.19
[1.09-1.30]; P < .001). Increase in waist/height ratio from age 20 to 5 years before
diagnosis was also highly significantly associated with risk (OR 1.13 [1.08-1.19];
P < .001). The associations with increases in BMI and waist/height ratio were signifi-
cant independently of each other and of BMI or waist/height ratio at the start of the
period of change analysed, and effects were similar for invasive and in situ tumours
separately. Increases in BMI and abdominal obesity are each risk factors for breast
cancer in men, independently of obesity per se. These associations might relate to

increasing oestrogen levels with weight gain, but this needs investigation.
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What's new?

Although obesity is an established risk factor for breast cancer in men, there have been no
investigations of whether weight change is an independent risk factor, as it is in women. In an
interview case-control study including 1998 cases and 1597 controls, authors found that
increase in body mass index and in abdominal obesity are each significant risk factors for breast

cancer in men, independent of obesity per se.

Abbreviations: BMI, body mass index; Cl, confidence interval; ER, oestrogen receptor; HER-2, human epidermal growth factor receptor-2; IGF-1, insulin-like growth factor-1; OR, odds ratio.
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1 | INTRODUCTION
Breast cancer occurs infrequently in men, about 1% of the inci-
dence rate in women. Knowledge about its aetiology is sparse and
has been investigated in relatively small studies with limited vari-
ables.>® Raised risk in relation to obesity has been reported in sev-
eral studies®™ (Swerdlow et al, in press), and we have shown that
this applies to both invasive and in situ tumours and is stronger for
human epidermal growth factor receptor 2 (HER-2) positive than
HER-2 negative tumours (Swerdlow et al, in press), for reasons
unknown. We have also found that waist/height ratio is, indepen-
dently, a risk factor (Swerdlow et al, in press). There have been no
analyses, however, of risks in relation to changes in weight or waist
size in men.

In postmenopausal women, the female age group most hormon-
ally similar to men, increase in weight has been shown to be a risk fac-

tor for breast cancer,*0%®

and decrease in weight has been shown in
some studies to be associated with diminished risk, 2141717 at least
in women not taking exogenous hormones.

We have carried out a national interview-based case-control study
of breast cancers incident in men in England and Wales since 2005, a
far larger investigation than any previously. Here we analyse data from
our study for risk of breast cancer, and subdivisions of this cancer, in

relation to changes in both overall obesity and abdominal obesity.

2 | MATERIALS AND METHODS

We conducted a population-based case-control study in which the
potential cases were male residents of England and Wales diagnosed
with breast cancer, invasive or in situ, in these countries during 1 January
2005 to 31 August 2017 at ages <80 years. These cases were identified
comprehensively from population-based cancer registries providing
nationwide coverage and by notification to us by clinicians.

The study controls were derived from two sources, which
enabled comparison between them to assess potential bias. One
source was male non-blood relatives of the cases—we asked each
case whether we could approach their close non-blood male rela-
tives, and if so we selected one (or more) to interview based on
approximate frequency matching (not pair matching) in strata by age
and geographic region (in practice 1998 cases and 1597 controls).
The other source was ‘Generations Study controls’—husbands of

20 whom we

women taking part in the Generations cohort study,
approached via their wives, again based on frequency matching for
the cases overall. All analyses presented in this article gave results in
the same direction, and generally very similar, using each control
group separately, so the two groups were combined for the tables
presented.

The potential cases were approached via their consultants to take
part, and potential controls by mail. If they agreed, they were then vis-
ited by a trained research nurse who interviewed them using a struc-
tured questionnaire and took a blood (or failing that saliva) sample for

genetic analyses. The questionnaire asked about a wide range of
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demographic and potential risk factors, including height at age
20 years, weight at ages 20, 40 and 60 years, height and adiposity
compared with peers at age 11 (much thinner, a little thinner, about
the same, a little fatter, much fatter) and waist circumference based
on trouser size at age 20 and 5 years before interview (prediagnostic
time-points that we thought might be memorable for this more-
difficult to remember variable).

We analysed the data by standard methods for case-control
studies,?! calculating odds ratios (referred to below as relative risks)
adjusted for ‘index’ age (see below), marital status, socioeconomic sta-
tus, region of residence and year of interview using a logistic regres-
sion model. To provide an ‘index age’ for controls, equivalent to the
age at diagnosis for cases, to use in the above adjustment, we calcu-
lated for each calendar year of interview, the mean interval from can-
cer diagnosis to interview for cases and then subtracted this interval
from the age at interview of each control who had been interviewed
in the same year. To compare degree of adiposity at age 11, which
was based on reported comparison with peers, and at age 20, which
was based on body mass index (BMI), we categorised adiposity at age
11 according to percentile cut-offs derived from the distribution in the
control group, and then applied the same percentiles to the controls at
age 20 to provide BMI cut-offs at that older age. Thus, for instance,
69 (4.3%) controls reported that they had been in the lowest adiposity
category, ‘much thinner’, at age 11 and 458 (28.7%) reported that
they had been in the next category, ‘a little thinner’ at age 11. We
therefore demarcated the lowest BMI category at age 20 as the bot-
tom 4.3% of control BMls at that age, and the next category as the
control BMls at age 20 from 4.3% up to 33.0%, and so on; that is, the
lowest category comprised the same percentage of controls at age
11 (4.3%) as at age 20 (4.3%), and the same was true for each subse-
quent category.

We analysed linear trends in relative risks across exposure levels
as a continuous variable? and present z scores to compare the
strengths of these trends for exposures that were measured on differ-
ent scales, and case-case analyses to test for interaction. All analyses
were conducted with STATA 16.0.2

The study interviewers recorded at the end of the interview, their
opinion of the reliability of the participant's responses. We then con-
ducted sensitivity analyses in which we excluded subjects whose qual-
ity of responses were rated ‘not well’ or ‘very poorly’. We also
conducted sensitivity analyses excluding from analysis men with known
Klinefelter syndrome; excluding unmarried men rather than adjusting
for marital status (because one control group, the Generations Study
controls, was entirely married); and adjusting for factors that are known
or possible risk factors for breast cancer in men, although not clear con-
founders: chest radiotherapy, family history of breast cancer, testicular

conditions and use of exogenous oestrogens or androgens.

3 | RESULTS

In total, 3187 men diagnosed with breast cancer at ages under

80 years in England and Wales during the study period were reported
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to us by the cancer registries or consultants across the country. Four
hundred and twenty seven (13.4%) of these had died before we
could contact them, for 21 (0.7%) the consultant did not participate
or we could not ascertain the consultant, 28 (0.9%) were deemed by
their consultant as unsuitable to approach, 6 (0.2%) had emigrated
and 707 (22.2%) declined or did not reply to the invitation to take
part. This left 1998 (62.7%) who were interviewed and were the
study cases. Most (71%) were aged 60 or older, 92% of tumours were
invasive and the great majority (99% of known) were oestrogen

receptor (ER) positive (Table 1). The 1998 cases were similar to the

1189 non-participant eligible men with breast cancer in age (averages
63.9 and 65.1 years, respectively), diagnosis date (65.7% and 63.6%
from 2010 onward, respectively), percent of tumours invasive rather
than in situ (92.9% and 94.0%, respectively), but not socioeconomic
(ACORN) score (42.1% vs 25.7% from groups 1 plus 2). Similarly par-
ticipant controls were more often higher social class than men invited
to be controls who did not participate (57.9% vs 52.9%, respectively).

Of 828 men approached to be non-blood relative controls,
613 (74%) participated in the study and of 1109 men approached to
be Generations Study controls, 984 (89%) participated.

TABLE 1 Descriptive characteristics of cases and controls
Generations Study husband Non-blood relative
Cases controls controls All controls
Characteristic No. % No. % No. % No. %
Index age (years)?
<40 47 24 8 0.8 76 124 84 5.3
40-49 159 8.0 13 1.3 135 221 148 9.3
50-59 385 19.2 118 12.0 165 26.9 283 17.7
60-69 729 365 564 57.3 162 264 726 455
70-79 678 339 281 28.6 75 12.2 356 223
Region of residence
North 375 188 172 17.5 91 14.5 263 16.5
North-West 368 184 193 19.6 98 15.6 291 18.2
Mids and E (incl Wales) 379 189 154 15.7 131 20.9 285 17.8
London and SE 465 233 270 274 159 253 429 26.9
South West 411 206 195 19.8 149 237 344 21.6
Socio-economic group (ACORN)?
1 (highest) 710 355 594 60.4 271 44.2 865 54.2
2 120 6.0 35 3.5 25 41 60 3.8
3 633 322 279 284 204 333 483 30.2
4 318 15.9 57 58 77 125 134 8.4
5 (lowest) 183 9.2 12 1.2 32 52 44 2.7
Uncategorised® 24 1.2 7 0.7 4 0.7 11 0.7
Year of interview
2007-2009 447 224 214 217 229 374 443 27.7
2010-2014 807 404 533 54.2 245 40.0 778 48.7
2015-2020 744 372 237 241 139 227 376 23.6
Invasiveness of breast cancer
Invasive 1838 92.0
In situ 160 8.0
Oestrogen receptor status of breast cancer
+ve 1844 92.3
—ve 28 14
Not known® 126 6.3
Total 1998 100 984 100 613 100 1597 100

?Age at diagnosis of cases; equivalent age for controls (see Section 2).
bAcorn score based on postcode of residence (CACI, 2019).

“Geographic areas not covered by Acorn (Isle of Man, Channel Islands), and residence in an institution or other non-domestic situation.

497.2% of invasive; 53.1% of in situ.
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Risk of breast cancer increased significantly with increase in
BMI from age 20 to 40 (OR 1.11 [1.05-1.17]; P <.001) and from
age 40 to 60 (OR 1.12 [1.04-1.20]; P = .003) (Table 2). There was
also a highly significant association of rising risk with increasing
degree of adiposity from age 11 to 20 (OR 1.19 [1.09-1.30];
P <.001; see Section 2). The trends with change in adiposity/BMI
in Table 2 were slightly stronger when adjustment was added for
initial adiposity/BMI category at the start of the age period
analysed (Table S1).

Change in waist/height ratio from age 20 to 5 years before
interview was also related to risk (Table 3): there was a strong gra-
dient of increasing risk with greater waist/height ratio gain
(OR 1.13 [1.08-1.19]; P < .001), with a stronger effect (z = 4.91)
than for any of the above BMI changes (z = 3.77, 3.77 and 3.01 for
changes from ages 11 to 20, 20 to 40 and 40 to 60 respectively).

TABLE 2 Risk of breast cancer in
men in relation to change in relative

Cases

adiposity/body mass index from ages 11 Change in relative adiposity,
to 20, 20 to 40 and 40 to 60 years <0 366
0 865
1 475
22 102
Not known 190
Trend®
Change in BMI, age 20 to 40
<0 65
0 390
1-2 539
3-4 392
25 366
Not known 199
Not yet age 40 47
Trend®
Change in BMI, age 40 to 60
<0 135
0 438
1-2 397
3-4 189
25 156
Not known 92
Not yet age 60 591
Trend®

Abbreviations: BMI, body mass
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Adjustment for initial waist/height ratio increased this association
(Table S2).

When we adjusted BMI change for waist/height ratio change,
and vice versa, taking BMI change from age 20 to 60 as the most
comparable to the waist/height ratio time points, change in waist/
height ratio (OR 1.11 [1.04-1.19]; P = .002), and BMI (OR 1.07
[1.01-1.13]; P = .03) remained independently significant (Table 4).

In analyses separately for invasive and in situ cancers
(Tables S3 and S4), odds ratios for each of these categories were
similar to those for breast cancer overall, but significance levels
were far greater for invasive tumours, which were the great major-
ity, and sometimes not significant for in situ tumours, which were
only 8% of the total. Likewise, in separate analyses for HER-2
negative and positive tumours (Tables S5 and Sé), odds ratios were

not significantly different between them, but trends were highly

no. Controls no. OR? 95% Cl P
age 11 to 20°

357 0.85 0.70-1.03 .09

736 1.00 Baseline

350 1.18 0.98-1.42 .08
53 1.65 1.14-2.38 .008

101 1.48 1.11-1.96 .006

1.19 1.09-1.30 <.001 z=23.77

44 1.28 0.82-2.01 .27

312 1.00 Baseline

527 0.87 0.71-1.07 19

309 1.09 0.87-1.37 45

214 1.35 1.06-1.73 .02

107 1.40 1.04-1.90 .03
84

111 1.05-1.17 <.001 z=3.77

115 0.94 0.69-1.29 74
362 1.00 Baseline
352 1.02 0.82-1.27 .84
144 1.12 0.84-1.49 43

64 1.95 1.37-2.79 <.001

45 1.35 0.88-2.07 A7
515

1.12 1.04-1.20 .003 z=3.01

index, kg/mz; Cl, confidence interval; OR, odds ratio.

2Adjusted for age, socioeconomic status (Acorn score [CACI, 2019]), region of residence, year of

interview and marital status.

bAdiposity at age 11 in five categories of comparison with peers. BMI at age 20 was split into categories
with the percentile cut-offs between the categories matching those for controls at age 11. The change
values represent moves between these categories, rather than a numerical change in BMI. Linear trend
excludes ‘Not known’ category and is per unit increase in category.

“Linear trend excludes ‘Not known’ category, and is per 2 unit increase in BMI (ie, per 1 category in the table).
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TABLE 3 Risk of breast cancer in

Cases no. Controls no. OR? 95% Cl P R . X . .
men in relation to change in waist/height
Change in waist/height ratio, age 20 to 5 years before interview ratio from age 20 to 5 years before
<0.00 25 22 0.99 0.50-1.95 97 interview
0.00 150 143 1.00 Baseline
0.01-0.03 360 350 1.12 0.83-1.51 45
0.04-0.06 394 389 1.12 0.83-1.50 46
0.07-0.09 260 224 1.25 0.90-1.71 .18
=0.10 371 192 1.78 1.29-2.43 <.001
Not known 438 277 1.53 1.07-2.20 .02
Trend® 1.13 1.08-1.19 <.001 z=491

Abbreviations: ClI, confidence interval; OR, odds ratio.

2Adjusted for age, socioeconomic status (Acorn score [CACI, 2019]), region of residence, year of
interview and marital status.

BLinear trend, excluding ‘Not known’ category, per 0.03 units increase in waist to height ratio (ie, per 1
category increase in the table).

TABLE 4 Risk of breast cancer in men in relation to change in body mass index (BMI) between ages 20 and 60 years, and to change in waist/
height ratio between age 20 and 5 years before interview, with and without mutual adjustment

Mutually unadjusted® Mutually adjusted®
Cases no. Control no. OR* 95% Cl P OR° 95% ClI P
Change in BMI
<0 70 44 1.37 0.84-2.25 21 1.54 0.91-2.59 .10
0 156 131 1.00 Baseline 1.00 Baseline
1-2 264 266 0.95 0.69-1.30 .75 0.89 0.64-1.23 .50
3-4 252 253 0.96 0.70-1.32 .81 0.86 0.62-1.21 .38
25 514 318 1.47 1.09-1.98 .01 121 0.87-1.69 25
Not known 151 70 1.90 1.27-2.84 .002 1.70 1.11-2.62 .02
Not yet age 60 591 515
Trend® 1.11 1.05-1.16 <.001 z=23.82 1.07 1.01-1.13 .03 z=212
Change in waist/height ratio®
<0.00 15 15 0.92 0.39-2.16 .85 0.68 0.28-1.65 .39
0.00 97 95 1.00 Baseline 1.00 Baseline
0.01-0.03 223 231 1.10 0.76-1.60 .61 1.18 0.81-1.74 .39
0.04-0.06 278 265 1.27 0.88-1.82 .20 1.33 0.90-1.96 .15
0.07-0.09 180 167 131 0.89-1.93 17 1.31 0.86-2.00 .20
=0.10 289 150 1.86 1.27-2.73 .001 1.76 1.15-2.68 .009
Not known 325 159 1.62 1.06-2.49 .03 1.38 0.87-2.20 17
Not yet age 60 591 515
Trend® 1.13 1.07-1.20 <.001 z=4.23 1.11 1.04-1.19 .002 z=23.04

Abbreviations: BMI, body mass index, kg/m?; Cl, confidence interval; OR, odds ratio.

2Adjusted for age, socioeconomic status (Acorn score [CACI, 2019]), region of residence, year of interview and marital status.

PAdditionally adjusted for change in waist/height ratio or for change in BMI, as appropriate.

“Linear trend excluding ‘Not known’ category, per 2 unit increase in BMI or 0.03 increase in waist/height ratio (ie, per 1 category in the table).
dRestricted to men age =60, in order that they can have a value for the adjustment variable.

significant for the former, which were the great majority, and mainly Sensitivity analyses excluding men with Klinefelter syndrome, or
not significant for the latter, which were <10% of the total excluding non-married men, or excluding men whose responses were
(Table S5). There were too few ER negative tumours to analyse by rated by the interviewer as ‘not well’ or ‘very poorly’, or adjusting for

ER status. the potential confounders described in the Section 2, made no
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material difference to the Results (not in table). Addition of adjust-
ment for smoking and alcohol consumption, as possible confounders,
although there is no established evidence for them as risk factors for
breast cancer in men, made no material difference to the results: for
instance the linear trend odds ratios in Tables 2 to 4 were unchanged
or at most altered by 0.01.

4 | DISCUSSION
Obesity is an important risk factor for breast cancer in men?”
(Swerdlow et al, in press), but we have found here that gain in BMI,
and more so gain in waist/height ratio, are also independent risk
factors. There have not to our knowledge been any previous analyses
of male breast cancer risk in relation to weight change, but in post-
menopausal women weight gain has been associated with increased
risk in most'®® but not all*®?® studies. As in the men in our study,
the association in women has been found independent of initial
weight.1¥"” There do not appear to be previous analyses of the effect
of change in waist circumference on breast cancer risk in men or in
women. Our results suggest that this change has a greater effect than
does change in BMI. This accords with our previous finding that
breast cancer risk in men relates more closely to waist circumference
than it does to BMI, reinforcing the importance of abdominal fat to
risk (Swerdlow et al, in press).

A likely mechanism for the effect of weight change on risk is
changes in sex hormone levels. Half or more of circulating oestradiol
in men derives from aromatisation of testosterone in adipose tissue,?*

and obese men have higher oestrogen levels?>~*°

and oestrogen pro-
duction levels?® than non-obese men. Decreases in weight of obese
men through bariatric surgery®? or a fasting programme®? lead to
decreased serum levels of oestradiol, so it seems likely that increased
weight would lead to increased oestradiol levels.

We are not aware of any studies of oestradiol levels in relation
to changes in waist circumference, but free circulating oestradiol
levels in men are associated with waist circumference,?®2? so it is
plausible that increases in waist circumference might lead to
increased oestradiol levels. The stronger independent effect of waist
circumference change than BMI change might reflect the greater
metabolic activity of abdominal visceral adipocytes than other
adipocytes.®®

In postmenopausal women, IGF-1 levels as well as oestrogen
levels have been posited as potential links between obesity and breast

k.34

cancer ris However, this seems unlikely to explain our findings on

changes in obesity in men because reduction in visceral obesity has
been found to be associated with increased IGF-1 levels in men.® In
postmenopausal women, insulin resistance is associated with breast
cancer risk,%¢ so might be relevant in men, although we know of no
evidence for it. In women insulin resistance is particularly associated
with visceral obesity, but this is not so in men.%”

In women testosterone levels are associated with subsequent
breast cancer risk,3® testosterone levels in men are inversely related

29,30,39

to BMI and central obesity, so, although we cannot find any
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evidence on the effect of changes in male obesity on testosterone
levels, it seems unlikely that testosterone level changes could explain
our findings.

Our study has the strengths of large numbers of cases (the pre-
vious individual studies of male breast cancer have included less
than 12% of the number of cases? and none have analysed changes
in weight/BMI or waist circumference), national systematic ascer-
tainment of cases and exposure information from personal inter-
view. However, because, like almost all of the literature, it is a case-
control study (a cohort study of this size would not be practical), it
is potentially at risk of the biases that can arise with this design.?*
The inclusion of two control sources, with similar results from each,
and with high response rates, reduces the likelihood of the pres-
ence of control selection bias. The exposure measures used in the
study were self-reported, but such reports have been shown to be
well correlated with measured weight and waist circumference
in men.*°

In summary, this analysis from a large case-control study shows
that increase in BMI and independently increase in waist/height ratio
are associated with raised risk of breast cancer in men, with waist/
height ratio being the stronger association. Effects via circulating

oestrogen levels are a potential mechanism.
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