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  BRIEF COMMUNICATION  

3.09) ( Table 1 ). Risk was particularly ele-
vated for individuals with an affected sister 
(RR = 2.25, 95% CI = 1.13 to 4.47), possibly 
refl ecting the infl uence of shared genetic and 
environmental risk factors. A particularly 
enhanced risk was found for those with both 
an affected mother and an affected sister 
(RR = 9.73, 95% CI = 3.96 to 23.96, n = 5).     

 Our results agree with others who have 
identifi ed familial relationships for male 
breast cancers ( 6 , 7 , 11 , 13 , 21  –  23 ), including 
one report showing an increased risk with 
multiple affected relatives ( 23 ). These asso-
ciations mirror patterns observed for female 
breast cancer; however, the role of specifi c 
genetic mutations (particularly in  BRCA2 ) 
appears to differ for the two diseases ( 24 , 25 ). 

 In both females and males, genetic 
mutations appear to explain only a small 
proportion of disease occurrence, leading 
to interest in other contributory factors, 
including various medical conditions. Of 
note is a very strong relationship for male 
breast cancer (50-fold increase) that has 
been observed with Klinefelter syndrome 
( 26 , 27 ), a condition associated with 
increased gonadotropin and decreased 
androgen levels, normal estrogen levels, 
and therefore a high ratio of estrogen to 
androgen ( 14 , 28 , 29 ). Studies have indicated 
relationships with other chronic conditions, 
including liver cirrhosis ( 22 , 30 ), hyperthy-
roidism ( 22 ), gallstones ( 22 ), and diabetes 
( 11 , 14 ), albeit usually on the basis of small 
numbers. We did not have information on 
liver or thyroid diseases, but we observed 
no increased risk related to diabetes, gall-
stones, heart diseases, or colorectal polyps. 

 Somewhat surprisingly, we observed a 
statistically signifi cant increased risk associ-
ated with bone fractures occurring after age 

         Male breast cancer is uncommon, account-
ing for only 0.7% of all breast cancers ( 1 ). It 
is dissimilar to female breast cancer, in that 
incidence rates are higher among African 
American men than white men and con-
tinue rising in men aged 55 years or older, 
resulting in a late average age at onset ( 2 , 3 ). 
Although numerous investigations empha-
size familial or genetic associations, less is 
known regarding environ  mental effects. 
Reports of increased risks of male breast 
cancer among atomic bomb survivors ( 4 ) 
and individuals who have received medical 
irradiation ( 5  –  7 ) or had occupational expo-
sure to electromagnetic fields ( 8  –  10 ) sup-
port a role for ionizing radiation. Hormonal 
factors have also been implicated, through 
relationships with obesity ( 6 , 11  –  14 ), physi-
cal inactivity ( 12 , 13 ), alcohol consumption 
( 7 , 15 ), and use of exogenous androgens 
( 16 , 17 ) or estrogens ( 18 , 19 ). 

 Given that many of the identifi ed risk 
factors may refl ect selective recall after 
disease onset, we prospectively evaluated 
risk factors within the large National 
Institutes of Health – AARP (formerly 
known as the American Association of 
Retired Persons) Diet and Health Study. 
This cohort was established in 1995 and 

1996, when a detailed questionnaire was 
sent to 3.5 million members aged 50 – 71 
years ( 20 ), with 567   169 (16.2%) satisfacto-
rily completing it. After various exclusions 
(deaths or having moved, n = 590; proxy 
respondents, n = 15   760; withdrawals, n = 6; 
duplicate questionnaires, n = 179; women, 
n = 225   468; and previous breast cancers, 
n = 246), 324   920 study subjects remained. 
Subjects were followed annually for changes 
of address. Incident cancers were identifi ed 
by linkage to 11 state cancer registries, and 
deaths were identifi ed through the National 
Death Index. From baseline through 
December 31, 2003, 2   313   988 person-years 
were contributed and 121 men (median age 
= 68 years) developed breast cancer (nine 
with in situ disease, 107 with invasive breast 
cancer, and fi ve with missing stage). The 
Special Studies Institutional Review Board 
of the National Cancer Institute approved 
this study, and written informed consent 
was obtained from study participants. 

 Using multivariable Cox proportional 
hazards regression to estimate relative risks 
(RRs) and 95% confi dence intervals (CIs), 
we found an increased risk associated with 
the reporting of a fi rst-degree relative with 
breast cancer (RR = 1.92, 95% CI = 1.19 to 
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45 years (RR = 2.20, 95% CI = 1.24 to 
3.91). This new fi nding was unexpected 
because breast cancers are less likely to 
occur among women with fractures ( 31 ) 
and such fractures have generally been 
attributed to low estrogen levels. Although 
estrogens are important for bone mainte-
nance in males ( 32 , 33 ), gonadal insuffi -
ciency and low testosterone levels also 
contribute to bone density and osteoporo-
sis ( 34 ). Given decreasing testosterone lev-
els with age, bone fractures may relate to 

male breast cancer through alterations in 
the bioavailable ratio of estrogen to testos-
terone ( 33 , 35 ) and would be consistent 
with the link between breast cancer and 
Klinefelter syndrome, a condition also 
associated with low bone density ( 36 ). 

 In terms of lifestyle factors, we found 
that body mass index was statistically signifi -
cantly associated with male breast cancer 
(for  ≥ 30 vs <25 kg/m 2 , RR = 1.79, 95% CI = 
1.10 to 2.91) ( Table 2 ), in agreement with 
case – control studies ( 11  –  13 , 37 ). Male obe-
sity is often associated with gynecomastia, 
which has previously been linked with 
male breast cancer ( 29 , 38 ). However, we did 
not collect information on gynecomastia. 

Obesity is associated with an increased risk 
of postmenopausal female breast cancer 
( 39 ), presumably through peripheral conver-
sion of androgens to estrogens ( 40 ). In men, 
obesity is associated with decreased testos-
terone ( 41  –  43 ) and sex hormone – binding 
globulin (41,43) levels but increased estro-
gen levels ( 33 , 44 , 45 ), leading to greater 
estrogen bioavailability.     

 As with female breast cancers ( 46 ), we 
found a relationship of risk with physical 
inactivity that persisted after adjustment 
for body mass index. Current physical 
activity was unrelated to the risk of male 
breast cancer, but physical activity during 
adolescence was inversely associated with 

 Table 1  .    Associations of male breast cancer with family and medical histories: National 
Institutes of Health – AARP Diet and Health Study *   

  Characteristic

No. of patients 

(n = 121)

No. of 

person-years  †  RR  ‡   (95% CI)  

  Family history    
     Any cancer    
         No 40 1   091   455 1.00 (referent) 
         Yes 72 1   108   921 1.74 (1.19 to 2.57) 
         Unknown 9 113   613 1.84 (0.88 to 3.84) 
     Breast cancer    
         No 91 1   966   058 1.00 (referent) 
         Yes 21 234   318 1.92 (1.19 to 3.09) 
            Mother alone 7 135   964 1.15 (0.53 to 2.49) 
           Sister alone 9 81   512 2.25 (1.13 to 4.47) 
           Mother and sister 5 11   045 9.73 (3.96 to 23.96) 
            Unknown 9 113   613 1.47 (0.73 to 2.96) 
     Other cancers    
         No 67 1   442   163 1.00 (referent) 
         Yes 45 758   212 1.26 (0.86 to 1.83) 
         Unknown 9 113   613 1.46 (0.72 to 2.96) 
     Prostate cancer    
         No 97 1   998   520 1.00 (referent) 
         Yes 15 201   855 1.51 (0.88 to 2.61) 
         Unknown 9 113   613 1.40 (0.70 to 2.81) 
 Diagnosis (ever)   
     Gallbladder stones or disease   
         No 112 2   159   287 1.00 (referent) 
         Yes 9 154   700 1.00 (0.50 to 1.97) 
     Diabetes    
         No 109 2   086   968 1.00 (referent) 
         Yes 12 227   020 0.88 (0.48 to 1.61) 
     Heart disease    
         No 96 1   917   789 1.00 (referent) 
         Yes 25 396   199 1.12 (0.72 to 1.75) 
     Bone fracture after age 45 y   
         No 108 2   200   376 1.00 (referent) 
         Yes 13 113   612 2.20 (1.24 to 3.91) 
     Polyps of the colon or rectum   
         No 111 2   035   852 1.00 (referent) 
         Yes 10 278   136 0.62 (0.32 to 1.19)  

  *   RR = relative risk; CI = confidence interval.  

   †    Mean durations of follow-up (and ranges) were 1292 days (87.6 – 2778 days) for those who developed 
breast cancer and 2599 days (1 – 2986 days) for those who did not.  

   ‡    RRs were adjusted for age (continuous), ethnicity/race (white vs nonwhite), years of education, and body 
mass index (per categories shown in  Table 2 ).   

   CONTEXT AND CAVEATS 

  Prior knowledge 

 Many risk factors for male breast cancer 
have been identified in studies that may 
suffer from the selective recall of 
participants.  

  Study design 

 Prospective cohort study of more than 
300   000 men in the National Institutes of 
Health – AARP Diet and Health Study, who 
submitted a completed questionnaire and 
of whom 121 developed breast cancer.  

  Contribution 

 Having a first-degree relative with breast 
cancer, having a bone fracture after the age 
of 45 years, and being obese were associ-
ated with an increased risk of male breast 
cancer. Physical activity, after adjustment 
for body mass index, was inversely related 
to risk. Alcohol consumption was not 
related to risk.  

  Implications 

 Commonalities between risk factors for 
male and female breast cancer indicate that 
hormonal mechanisms may be important, 
whereas differences may reflect unique 
mechanisms that may be associated with 
androgens. Because of the small number of 
patients with male breast cancer in this and 
other studies, however, risk factors for 
male breast cancer should be investigated 
further in pooled analyses across many 
studies.  

  Limitations 

 This study had relatively few participants 
who developed male breast cancer, which 
limited its power to detect rare exposures. 
The generalizability of the results is unclear 
because the findings were based on self-
reported information and the response rate 
to the questionnaire was low. 

  From the Editors        
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 Table 2  .    Associations of male breast cancer with body mass index, physical activity, cigarette smoking, and alcohol consumption: 
National Institutes of Health – AARP Diet and Health Study *   

  

No. of patients 

(n = 121)

No. of 

person-years RR  †   (95% CI)

 P  for 

trend  ‡    

  Current body mass index, kg/m 2     
     <25 30 667   975 1.00 (referent)  
     25 – <30 53 1   122   408 1.07 (0.68 to 1.67)  
      ≥ 30 37 480   509 1.79 (1.10 to 2.91) .02 
     Unknown 1 43   096 0.43 (0.06 to 3.14)  
 Frequency of current physical activity     
     Never or rarely 22 340   273 1.00 (referent)  
     1 – 3 times per month 10 299   644 0.55 (0.26 to 1.16)  
     1 – 2 times per week 25 505   969 0.82 (0.46 to 1.46)  
     3 – 4 times per week 31 650   631 0.79 (0.46 to 1.38)  
      ≥ 5 times per week 27 495   244 0.91 (0.52 to 1.62) .91 
     Unknown 6 22   227 2.18 (0.71 to 6.67)  
 Physical activity between ages 15 and 18 years     
     Never or rarely 11 149   447 1.00 (referent)  
     1 – 3 times per month 8 121   968 0.91 (0.37 to 2.26)  
     1 – 2 times per week 16 304   593 0.72 (0.33 to 1.55)  
     3 – 4 times per week 29 569   350 0.68 (0.34 to 1.37)  
      ≥ 5 times per week 51 1   149   713 0.59 (0.31 to 1.13) .07 
     Unknown 6 18   917 2.16 (0.65 to 7.18)  
 Current physical activity routine     
     All day sitting or mostly sitting 56 907   672 1.00 (referent)  
     Walking around a lot but no lifting 40 868   592 0.69 (0.46 to 1.05)  
     Lifting light – heavy loads, heavy work, or 
  climbing stairs or hills

16 493   277 0.49 (0.28 to 0.87) .01 

    Unknown 9 44447 1.96 (0.87 – 4.41)
 Current smoking status     
     Never 27 678   464 1.00 (referent)  
     Former 72 1   313   008 1.26 (0.80 to 1.96)  
     Current 15 231   537 1.67 (0.88 to 3.16)  
     Unknown 7 90   979 1.43 (0.61 to 3.37)  
 No. of cigarettes per day     
     Never 27 678   464 1.00 (referent)  
     1 – 10 cigarettes per day 15 309   892 1.19 (0.63 to 2.24)  
     11 – 20 cigarettes per day 21 491   106 1.01 (0.57 to 1.79)  
     21 – 30 cigarettes per day 28 333   583 1.96 (1.15 to 3.33)  
      ≥ 31 cigarettes per day 23 409   965 1.24 (0.71 to 2.18) .14 
     Unknown 7 90   979 1.43 (0.60 to 3.36)  
 Smoking status and duration of cigarette smoking     
     Never 27 678   464 1.00 (referent)  
     Former,  ≤ 20 cigarettes per day 31 667   816 1.10 (0.65 to 1.84)  
     Former,  > 20 cigarettes per day 41 645   192 1.42 (0.87 to 2.32)  
     Current,  ≤ 20 cigarettes per day 5 133   182 0.97 (0.37 to 2.52)  
     Current,  > 20 cigarettes per day 10 98   356 2.62 (1.26 to 5.47)  
     Unknown 7 90   979 1.43 (0.61 to 3.36)  
 Ever smoked pipes or cigars     
     Never 89 1   596   069 1.00 (referent)  
     Pipes and cigars 9 290   106 0.51 (0.26 to 1.01)  
     Pipes only 10 234   901 0.75 (0.39 to 1.45)  
     Cigars only 8 140   707 0.92 (0.45 to 1.90)  
     Unknown 5 52   204 1.32 (0.53 to 3.34)  
 Alcoholic drink consumption (any kind) §     
     Never 27 479   038 1.00 (referent)  
     <1 drink per day 59 1   144   516 0.99 (0.62 to 1.56)  
     1 – 3 drinks per day 19 435   099 0.86 (0.47 to 1.55)  
      ≥ 3 drinks per day 16 255   334 1.21 (0.65 to 2.25) .79  

  *   RR = relative risk; CI = confidence interval.  

   †    RRs were adjusted for age, ethnicity/race, years of education, and BMI (as appropriate). BMI was also adjusted for physical activity at ages 15 – 18.  

   ‡    Tests for linear trends across the exposure categories were calculated by treating these categorical variables as ordinal variables. All statistical tests were 
two-sided.  

  §   Separate examination of number of drinks per day of beer, wine, or liquor also showed no relationships with risk.   
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risk (for activity  ≥ 5 times per week, RR = 
0.59, 95% CI = 0.31 to 1.13). This fi nding 
may refl ect the importance of sustained 
physical activity, although imprecise expo-
sure assessment or small numbers must also 
be considered. Subjects who had a physi-
cally active routine were at a statistically 
signifi cant low risk of male breast can cer 
(RR = 0.49, 95% CI = 0.28 to 0.87). 

 Several ( 7 , 15 , 47 ), although not all 
( 6 , 12 , 13 , 23 , 48 , 49 ), studies have suggested 
that excessive consumption of alcohol may 
increase male breast cancer risk. We found 
no evidence for such a relationship, even 
when we considered specifi c types of bever-
ages. However, few individuals reported 
drinking three drinks per day or more, 
preventing assessment of previous reports 
of excess risks among alcoholics ( 7 , 47 ). 

 Cigarette smokers in our study were at 
somewhat elevated risk, but there were no 
convincing trends with intensity or duration 
of smoking. A statistically signifi cant elevated 
risk of male breast cancer among current 
smokers of more than 20 cigarettes per day  
could have arisen by chance. The absence of 
a strong effect of smoking is consistent with 
previous investigations of male ( 6 , 48 , 49 ), as 
well as female ( 50 ), breast cancer. 

 Despite its strengths as a prospective 
investigation, our study had several limita-
tions. Like most previous case – control inves-
tigations, our study had relatively few events, 
limiting our power to detect effects. For 
more common exposures, such as obesity 
and physical activity, we had adequate (80%) 
power to detect relative risks, but for the less 
common exposures we had much more lim-
ited power (roughly 60%), underscoring the 
need to examine risk factors across multiple 
studies in pooled analyses. Further, the 
extent to which our results are generalizable 
to all male breast cancers is uncertain because 
the fi ndings were based on self-reported 
exposures from questionnaires with limited 
response rates. We were also unable to 
evaluate all of the proposed hypotheses for 
male breast cancer, including having late 
puberty ( 14 ); being single, infertile, or child-
less ( 6 , 12 , 14 , 22 , 37 ); having undescended tes-
tes; suffering testicular trauma or infections 
causing orchitis ( 14 , 48 ); and being employed 
in occupations involving exposure to high 
temperatures ( 22 , 48 , 51  –  54 ) or polycyclic 
aromatic hydrocarbons ( 22 , 55 ). However, 
presumably most of these factors would have 
a limited impact on risk. 

 Our fi ndings of increased risk associated 
with obesity and physical inactivity raise con-
cerns about future male breast cancer trends, 
particularly given recent reports of increas-
ing incidence ( 56 , 57 ). It is unclear, however, 
whether these reports foreshadow future 
changes or refl ect earlier detection ( 58 ). A 
need for further surveillance, as well as a 
focus on the role of endogenous hormones 
that may be associated with these factors, 
appears warranted. Further, an increased risk 
of male breast cancer among men with bone 
fractures indicates that research on andro-
gens and their ratio to bioavailable estrogens 
may be useful in elucidating mechanisms 
involved in male breast carcinogenesis.   
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