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Risks and protective factors for triple negative breast cancer with a focus  
on micronutrients and infections

Dagmar Horakovaa#, Katerina Bouchalovab,c#, Karel Cwiertkad, Ladislav Stepaneka, Jana Vlckovaa, Helena Kollarovaa

Triple negative breast cancer (TNBC) is an aggressive form of breast cancer (BC) with a poor prognosis. Second, pa-
tients cannot benefit from targeted therapy, except for those with BRCA1/2 mutations, for whom poly (ADP-ribose) 
polymerase (PARP) inhibition therapy using olaparib has recently been approved. As global priorities continue to be 
epidemiological analysis of BC risk factors and early diagnosis, this review focuses on the risks and protective factors 
associated with TNBC. A PubMed keyword search for new knowledge on the risks and protective factors for TNBC was 
carried out. We also found statistical information from current online databases concerning the estimated incidence, 
prevalence and mortality worldwide of this cancer. Traditional risk factors for BC and TNBC are those related to repro-
duction such as the age of menarche, age of first birth, parity, breastfeeding and age at menopause. Attention needs 
to be paid to familial BC, weight control, alcohol consumption and regular physical activity. Epidemiological studies on 
TNBC provide evidence for protective factors such as regular consumption of soya, seafood, green tea, folic acid and 
vitamin D. Potential risk factors may include night work and viral infectious agents like human papillomavirus (HPV) 
and Epstein-Barr virus (EBV). Droplet digital methylation-specific PCR (ddMSP) is a possible new screening method for 
detection of BC including TNBC. Further research is necessary to validate these new factors.
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INTRODUCTION

Breast cancer (BC) is currently one of significant glob-
al public health problems in the non-infectious disease 
category, mainly in developed countries. Apart from skin 
cancer, BC is the most common malignancy in women. 
Each year, about 1.67 million female patients are diag-
nosed with BC worldwide. Approximately half a million 
women (522,000) die of the condition annually1. In the 
Czech Republic, BC is also the most frequent cancer in 
women, with an incidence of more than 7,000 new cases 
per year. The increasing incidence rates observed in the 
Czech Republic are likely to be linked to an established 
and successful screening program and aging of the popula-
tion. In early stages, the treatment is very successful. In 
clinical stage I-II BC, the relative 5-year survival is over 
90%. Yet BC remains the leading cause of death from 
cancer among Czech women2.

Both incidence and survival rates vary. Developed 
countries (defined by a very high Human Development 
Index, HDI) have a higher proportion of BC incidence 
worldwide (44.7% of all cases) compared to less devel-
oped countries (high, medium or low HDI), with the 
latter accounting for only 8.8% of all cases around the 
world3. While in the Northern United States the survival 

rate is more than 80%, it is less than 40% in low-income 
countries, probably due to a lack of diagnostic and screen-
ing possibilities3,4. Numerous epidemiological analyses 
have shown a negative association between mortality and 
a region’s development index. In developed countries, di-
agnostic and treatment methods are more frequently used. 
Moreover, primary prevention makes girls and women 
more aware of this condition. The global priorities con-
tinue to be epidemiological analysis of risk factors and 
early diagnosis of BC disease.

Triple-negative breast cancer (TNBC) is an aggressive 
form of BC with poor prognosis. TNBC accounts for 10-
20% of all BC cases and these patients cannot benefit 
from targeted endocrine or anti-HER2 (human epidermal 
growth factor receptor-2) therapy, as these tumours lack 
oestrogen (ER), progesterone (PR) and HER-2 recep-
tors5,6. TNBC patients with BRCA1/2 mutations may be 
treated with poly (ADP-ribose) polymerase (PARP) inhi-
bition therapy using olaparib that has recently been ap-
proved by the U.S. Food and Drug Administration (FDA) 
(ref.7). Some patients with metastatic BC may benefit 
from addition of bevacizumab to chemotherapy8; the drug 
is currently approved by the European Medicines Agency 
but not by the FDA. TNBC more frequently affects young-
er patients and is more prevalent in African-American 
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women5. Moreover, TNBC is a clinically and molecularly 
heterogeneous disease. It has the highest frequency of 
somatic rearrangements among BCs and encompasses at 
least seven subtypes with different prevalence rates, gene 
expression profiles, and clinical outcomes. Although it 
is generally a rapidly progressing and highly malignant 
disease, its frequent sensitivity to chemotherapy makes 
it potentially curable if detected at a sufficiently early 
stage. On the other hand, experiences with neoadjuvant 
and adjuvant treatment indicate that approximately one 
third of TNBC cases are chemoresistant, even when us-
ing regimens based on the most effective cytotoxic drugs, 
such as anthracyclines, platinum derivatives, and taxanes9. 
Therefore, there is a focus on a search for risk factors, 
even selectively for this BC subtype.

TRADITIONAL RISK FACTORS FOR BC AND 
TNBC 

Reproduction-related factors
Traditional BC risk factors (Table 1) are those related 

to reproduction such as the age of menarche, age of first 
birth, parity, breastfeeding and the age of menopause. 
These aspects are continuously discussed and the strength 
of the association between reproductive factors and the 
development of BC remains the subject of epidemiological 
studies. The results have shown that menarche at 14 years 
or later reduces the risk of and protects against BC (rela-
tive risk, RR 0.86; 95% CI 0.79-1.00). Women giving birth 
to their first child at the age of 30 or later have a slightly 
increased risk of the development of BC (RR 1.1). Having 
a history of three or more births may be a protective fac-
tor (RR 0.78) (ref.10). Another important risk factor is a 
long interval between menarche and the first pregnancy, 
especially if longer than 20 years11. Breastfeeding remains 
a significant protective factor against the development of 
BC but only if the duration is 12 or more months12. Given 
the current trends such as delaying the first pregnancy un-
til an older age, a shorter duration of breastfeeding due to 
work obligations and having a mean of 1.2 children among 
women in European Union countries, accumulation of 
these risk factors is likely to enhance the effect on the 
development of cancer. Longitudinal studies investigate 
whether the risk for BC is also associated with the con-
centration of reproductive hormones. Higher premeno-
pausal circulating testosterone levels are linked to the risk 
of BC. Neither oestradiol nor progesterone levels have 
shown significant associations. Only after adjustment for 
age, higher oestradiol levels may be associated with an 
increased risk of BC in women just before the age of 50 

years13. In postmenopausal women, higher oestradiol and 
testosterone levels increase the risk of BC (OR 2.34) ir-
respective of oestrogen receptor positivity14. 

A meta-analysis of 27 epidemiological studies selec-
tively focused on TNBC proved that breastfeeding has a 
protective effect even against this type of BC (OR 0.78). 
The mechanisms of the protective effect remain unclear 
and require further investigation. The protective effect 
may be mediated by non-hormonal mechanisms, the im-
mune responses of adhesion and apoptosis of the terminal 
ductal cells that underlie the resistance to carcinogen-
esis. The meta-analysis did not specify the duration of 
breastfeeding necessary for the protective effect; the dose-
response relation was not given but a vast majority of 
women stated breastfeeding for 6 to 12 months after the 
birth. Therefore, breastfeeding remains a simple and prac-
tical way to prevent TNBC which is far more common in 
younger women15,16. Early age of menarche is not associ-
ated with an increased risk of TNBC, while the increased 
risk of TNBC is associated with delayed first pregnancy17.

Genetic factors
A significantly increased lifetime risk of breast and 

ovarian cancer (an estimated 7- to 25-fold increase) results 
from the presence of BRCA1/2 gene mutations. These are 
responsible for more than 90% of hereditary BC cases18. 
Approximately 75% of BRCA-mutated BCs are TNBCs. 
On the other hand, 20% (10-42%) of TNBCs are BRCA-
mutated BCs (ref.19-21). Genetic susceptibility to breast or 
ovarian cancer might also be associated with mutations 
in other genes such as p53, PTEN, CDH1, PALB2, CHEK2, 
ATM, RAD51C, STK11, RAD51D, BRIP1, MLH1, MSH2, 
MSH6 and PMS2 (ref.18). In daughters of mothers with 
BRCA gene mutation, the diagnosis is clearly made before 
the age of 50 years (median 43.85). Screening for BC/
TNBC needs to be focused on genetic counselling and 
testing of carriers of specific BRCA gene mutations22.

Alcohol consumption
In many epidemiological studies, cancer has been as-

sociated with alcohol consumption, although the defini-
tion varies among studies. Biological mechanisms and 
a causal relationship between alcohol consumption and 
the development of cancer have been reported for BC as 
well as for laryngeal, pharyngeal, oesophageal, liver and 
colorectal cancer. A review of published meta-analyses 
showed that alcohol increased the risk of BC by 7-10% 
per each unit of alcohol consumed daily (1 unit of al-
cohol is equal to 0.5 L of beer or 25 mL of 40% alcohol 
or 125 mL of 12% wine) (ref.23). Women with high daily 
alcohol intake (27 units/week) had 51% higher risk than 

Table 1. Risk and protective factors.

Traditional risk factors Ref. New emerging factors Ref.

Reproduction-related factors 10-17 Night work influence 46-48
Genetic factors 18-22 Viruses (HPV, EBV) 49-54
Alcohol consumption 23-28 Fish and seafood intake 45
Low physical activity 29 Soyafoods, green tea 42,44
Body overweight 30-35 Folic acid, vitamin B2, B6, D, zinc, β-carotene 36-41
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their abstaining counterparts. In a case-control study, 
mild to moderate alcohol intake (5 units/week) was as-
sociated with a slightly increased risk of BC (OR 1.75); 
the risk was even higher (OR 2.05) with increased alcohol 
consumption (≥ 10 units/week), as compared with that 
in abstainers. The strongest association was observed in 
postmenopausal women24.

Some authors point to the fact that the association 
between alcohol consumption and the development of 
BC is modified by the presence of overweight and obesity 
(defined by the WHO as body mass index, BMI ≥ 30) in 
women. Epidemiological studies adjusting the association 
for overweight and obesity show that the correlation be-
tween alcohol consumption and BC is not statistically sig-
nificant (RR 1.01) and the risk is only slightly increased 
in women with BMI ≤ 25 (RR 1.03) (ref.25). After adjust-
ment for the effects of age, BMI and smoking, a multivari-
ate analysis of higher γ-glutamyltransferase levels found a 
slightly increased risk of BC compared to that in women 
having low levels (RR 1.21) (ref.26). Thus, epidemiological 
studies suggest that alcohol remains a risk factor for BC 
but only if consumed in larger amounts. To minimize the 
risk of BC, mild alcohol consumption is recommended, 
namely one unit of alcohol daily and probably no alcohol 
on two days a week. In women who fail to reduce their 
alcohol consumption, the negative effects should be com-
pensated for by adequate intake of folic acid27. 

In a large TNBC cohort of postmenopausal women 
(n=300), Kabat et al. showed that alcohol consumption 
was not associated with increased risk of TNBC (ref.28). 

Physical activity and body weight risk factors
Another significant modifiable protective factor 

potentially reducing the risk of BC is physical activity. 
Especially if there is a long interval between menarche 
and the first pregnancy, as stated above, regular physical 
activity is associated with a considerably lower risk of BC 
(RR 0.73) (ref.11). Similar results were found by Ma et 
al.29: regular recreational physical activity performed for at 
least three and a half hours weekly in adulthood is a pro-
tective factor against invasive BC (RR 0.71) (ref.29). The 
study included 4827 women, of whom 348 had TNBC. 
Both long-term and baseline strenuous physical activity 
were inversely associated with BC risk (P<0.03); this 
association was also confirmed in the TNBC subgroup 
(P<0.02) (ref.29).  

Epidemiological studies suggest that weight control or 
a mild weight loss by 5-10% significantly reduced the risk 
of BC. In a large population of women (14,684) undergo-
ing mammographic screening for 73 months, an increased 
risk of BC was determined in obese women (RR 1.32) 
(ref.30). Postmenopausal women with primary oestrogen 
receptor-negative BC have a more than 5-fold increased 
risk (RR 5.64) of developing contralateral BC (ref.31). 
Similarly, an increased risk of contralateral BC is associ-
ated with a weight gain of 10 kg or more after the initial 
diagnosis is made32. 

Few studies have examined the relationship between 
BMI and the risk of TNBC and the results are incon-
sistent. No clear relationship between high BMI and an 

increased risk of TNBC was found. A low positive as-
sociation was found in case of postmenopausal women 
who had never undergone hormonal therapy in a study 
by Phipps et al.33. The hypothesis explaining the link be-
tween obesity and TNBC is based on the effects of hy-
perinsulinemia and insulin-like growth factors, which are 
overexpressed in obese individuals. Similar findings in 
postmenopausal women, but not restricted to non-users 
of hormonal therapy were revealed in another study by 
Phipps et al.34. In this large study (TNBC n=307 and oes-
trogen receptor-positive, ER+ BC n=2610), weight change 
between ages 35 and 50 years was significantly associated 
with TNBC risk (hazard ratio, HR 1.69, 95% CI 1.06–
2.71 for a weight gain >6.0 kg versus <2.5 kg, P=0.03). 
Further, women in the highest versus lowest BMI quartile 
had 1.35-fold (95% CI 0.92–1.99) and 1.39-fold (95% CI 
1.22–1.58) increased risks of TNBC and ER+ BC, respec-
tively. Compared to women who reported no recreational 
physical activity, women in the highest activity tertile had 
similarly lower risks of both TNBC and ER+ BC (HR 
0.77, 95% CI 0.51–1.13 and HR 0.85, 95% CI 0.74–0.98, 
respectively), although statistically nonsignificant in the 
case of TNBC. There was no significant protective effects 
of regular physical activity and low BMI in the case of 
TNBC in this study but the authors concluded that TNBC 
and ER+ BC were similarly associated with higher BMI 
and no recreational physical activity in postmenopausal 
women. However, the underlying biological mechanisms 
are unclear and these modest associations require further 
research34. Larger TNBC series may also be necessary to 
validate these results. Given the potentially modifiable 
nature of both BMI and physical activity, these results34 

together with data from the above study by Ma et al.29 
suggest that postmenopausal women might modify their 
risk of TNBC. 

In female survivors of TNBC, an intervention in the 
form of regular physical activity had a significant impact 
on their physical condition, quality of life, decreased in-
cidence of obesity and decreases in serum markers of 
chronic inflammation (C-reactive protein) and interleu-
kin-6; however, exercise failed to affect serum adipokines. 
Regular aerobic exercise of mild intensity is commonly 
recommended to female survivors of aggressive BC to im-
prove the quality of life, lose adipose tissue as a source of 
hormonal mediators and reduce chronic inflammation35. 
Exercise also reduces the risk of osteoporosis caused by 
hormonal therapy and chemotherapy. 

NEW EMERGING FACTORS FOR BC AND TNBC

Micronutrients and other food components 
Many epidemiological studies have investigated the 

relationship between folate intake, circulating folic acid 
levels and BC. However, the results are inconclusive. 
Some authors suggest preventive effects of folic acid, in 
particular with higher alcohol intake36, as stated above. 
Increased dietary intake of folic acid was associated with 
a lower risk of oestrogen receptor-negative BC, but only in 
premenopausal women (RR 0.92) (ref.37). Further, high 
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plasma levels of vitamin B6 and riboflavin may reduce 
the risk of BC, particularly in premenopausal women38. 
A large prospective cohort study of women with invasive 
BC showed that vitamin D was beneficial in preventing 
BC recurrence39. In this study serum vitamin D concentra-
tions were lower in women with advanced-stage tumours 
and lowest in premenopausal women with TNBC (ref.39). 
However, randomized clinical trials of adequate size and 
duration with sufficient doses of vitamin D are still lack-
ing40. 

Combined genetic analyses of 18 DNA-repair non-
synonymous single nucleotide polymorphisms (nsSNPs) 
and micronutrient intake in TNBC suggest that dietary 
modulation may prevent or reverse the TNBC phenotype 
so patients could be treated with less toxic therapies. 
TNBC was associated with six DNA-repair nsSNPs and/
or three micronutrient deficiencies (zinc, folic acid and 
β-carotene). Combined analyses of these nine risk fac-
tors showed significant associations with TNBC: OR 2.77 
(95% CI 1.01-7.64) and 10.89 (95% CI 3.50-33.89) for 2 
and at least 3 risk factors, respectively41. 

Long-term consumption of soya may result in in-
creased expression of tumour suppressor genes and 
decreased expression of oncogenes, particularly in 
TNBC. Thus, soya consumption may have a protective 
effect against the risk of TNBC (ref.42). However, diet 
as a modifiable protective factor against TNBC has not 
been studied in detail. A study by Go et al. suggests that 
healthy dietary habits, such as adequate consumption of 
vegetables, vegetable fats and nuts, are associated with a 
reduced risk of TNBC (ref.43). Regular exercise and daily 
consumption of green tea (≥ 100 grams of tea leaves) 
showed a protective association (OR 0.54) and improved 
survival in women with TNBC (ref.44). 

Epidemiological studies have revealed that popula-
tions of many countries with high consumption of fish 
and seafood have low prevalence rates of particular types 
of cancers such as breast, colorectal and prostate cancers. 
The results of investigations on extracts and compounds 
from fish (cod, anchovy, eel and also fish protein hydro-
lysates), molluscs (mussel, oyster, clams and abalone) 
and sea cucumbers and their in vivo/in vitro anticancer/
antitumor activities support the benefits of these edible 
marine organisms45.

Night work influence 
Studies have been published suggesting a moderate as-

sociation between night work and BC. In 2007, the WHO 
concluded that shift work impairs human circadian bio-
logical rhythms and is likely to contribute to the process 
of carcinogenesis. A meta-analysis of prospective studies 
involving more than one million women failed to confirm 
the association between night work and the risk of BC 
(RR 1.00) (ref.46). A low association between night work 
and BC (RR 1.77) was reported by Swedish authors but 
only after prolonged exposure of more than 20 years47. 
However, night work influence on the TNBC subtype 
has not been studied. Exposure to artificial light at night, 
suppressed melatonin secretion in disturbed sleep pat-
terns and decreased amount of sleep are known as fac-

tors harmful to health as confirmed by epidemiological 
studies. Night work affects a large part of the workforce 
(75%) in developed countries. Therefore, the International 
Agency for Research on Cancer classified shift work into 
group 2A as a “probable human carcinogen” (ref.48).

Infectious agents 
Recent studies have pointed to an association between 

infections with human papillomavirus (HPV) and Epstein-
Barr virus (EBV) and carcinogenesis in the breast49. The 
role of HPV in mammary gland carcinogenesis is a matter 
of research. It has recently been shown that 29% of BC 
cases are HPV-positive (subtypes 16, 18 and 33). HPV 
sequences were detected by PCR in cell lines of malignant 
mammary gland and lymph node samples. By contrast, be-
nign breast tissue samples were not HPV-positive49. These 
findings support the hypothesis of the oncogenic proper-
ties of HPV and association with BC. A meta-analysis of 
22 case-control studies has revealed that HPV infection 
increases the risk of BC (RR 4.02; 95% CI 2.42-6.68) 
(ref.50). In TNBC, the prevalence of HPV positivity in 
tumour samples was 15% in a recent study51. 

Many questions concerning the association remain 
unanswered. The level of risk depends on the tissue type 
(areolar, ductal), virus subtype and genetic background of 
the patient. HPV infection adds a new element to the mo-
saic of risk factors, the role of which will only be analysed 
in the future; and so will be the epidemiological context 
of possible HPV infection in women. 

Epstein-Barr virus is aetiologically linked to Burkitt 
lymphoma, nasopharyngeal carcinoma, post-transplant 
lymphomas, Hodgkin disease, and possibly other tumours. 
However, the association of oncogenic EBV with BC is 
a matter of debate. The presence of the EBV genome in 
BC cases and its association with the clinicopathological 
features is being studied. A possible causal association of 
EBV in BC cases including TNBC is suggested by a high 
frequency of EBV positivity detected in tumour cells52. 
The presence of EBV was found to be a pathogenic factor 
in BC. The effect of EBV-positive BC on the prognosis 
has been examined. EBV positivity was found to exert no 
effect on survival, despite its association with aggressive 
BC phenotypes53. Although the prevalence of coinfection 
with HPV or EBV in BC patients is low, there is a possibil-
ity of a synergistic carcinogenic effect of different viruses 
in the development of BC disease54. The risk factors are 
listed in a table (Table 1).

PUTATIVE SCREENING METHODS FOR TNBC

Cell-free DNA from peripheral blood could be a suit-
able material for new screening methods, especially for 
early detection of cancer. As for the epigenetic-marker-
based system, 12 novel markers (JAK3, RASGRF1, CPXM1, 
SHF, DNM3, CAV2, HOXA10, B3GNT5, ST3GAL6, DACH1, 
P2RX3, and chr8:23572595) for detecting BC were iden-
tified by methylation array analysis. The sensitivity and 
specificity of the model were 0.862 and 0.827, respec-
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tively. The epigenetic-marker-based system distinguished 
BC patients from healthy volunteers with high accuracy55. 

In the development of this droplet digital methyla-
tion-specific PCR (ddMSP) system, twenty-five TNBC 
tumours were included so it also detects TNBC with a 
detection index similar to other BC types. The domi-
nant markers for TNBC are ST3GAL6, DACH1, and 
chr8:23572595. As detection rates of early BC using this 
system were comparable with those of mammography 
screening, this system would be beneficial as an optional 
screening method. The authors plan to focus their re-
search on the role of the ddMSP system as an alternative 
screening approach in patients with and carriers of the 
BRCA mutation55.   

CONCLUSIONS

Results of epidemiological studies suggest that a large 
proportion of TNBC cases could be predicted early de-
pending on the existing risk of the condition using tra-
ditional risk factors. However, there are new emerging 
protective factors playing a role in TNBC. These include 
micronutrients (vitamin D, folate, zinc and β-carotene) 
or long-term consumption of soya, seafood or green tea. 
New potential risk factors are night work and the viral 
infectious agents HPV and EBV.

As part of primary prevention, women’s awareness 
of the potential risks of the development of TNBC must 
be continuously increased. The general public should be 
repeatedly reminded of guidance for preventive measures 
including availability of mammographic screening. In the 
future, new screening methods may be used, for example, 
the epigenetic-marker-based system. An effort to predict 
the risk might lead to a positive shift in the morbidity and 
mortality of TNBC.

Search strategy and selection criteria
The PubMed online database was used to search rel-

evant reviews and original articles. Furthermore, we also 
focused on some statistical information from current on-
line databases concerning estimated cancer incidence, 
prevalence and mortality worldwide.
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