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Background: Among women in the United States, cancer is the second leading cause of death. Prior studies have examined how lifestyle factors, such as diet and physical activity, influence cancer mortality. However, few have evaluated if diet or physical activity has a stronger protective effect for cancer mortality. Therefore, this study aims to evaluate and compare the impacts of diet and physical activity on women's cancer mortality.

Methods: Prospective, cross-sectional data were abstracted from the Third US National Health and Nutrition Examination Survey (NHANES III) on female respondents from 1988 to 1994. Physical activity was derived from the CDC's metabolic equivalent (MET) intensity levels. Dietary classifications were derived from the USDA's healthy eating index (HEI). We utilized the National Death Index to obtain mortality follow-up information on our cohort until December 31, 2015. Chi-squared, multivariable Cox regression, and Kaplan–Meier estimates were employed for statistical analyses.

Results: Of 3,590 women (median age: 57, range: 40–89), 30% had an obese BMI (BMI≥30 kg/m2). Additionally, 22% of participants self-reported a healthy diet, 69% needed dietary improvement, and 9% had a poor diet. Furthermore, 21% reported physical inactivity, 44% did not meet physical activity guidelines, and 35% met guidelines. On multivariate analysis, healthy diet (HR: 0.70; 95% CI: 0.51–0.98; p = 0.04), but not physical activity (HR: 0.87; 95% CI: 0.55–1.38; p = 0.55), independently predicted for lower cancer mortality. Participants with a healthy diet but low exercise had decreased cancer mortality compared to participants with an unhealthy diet but high exercise (p = 0.01).

Conclusions: A healthful diet was associated with lower cancer mortality in women, even after adjusting for obesity, inflammation, and other covariates. In addition, diet may play a stronger role in reducing cancer mortality in women than physical activity.
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INTRODUCTION

Cancer is a leading cause of death for American women (1). A higher risk of disease has been attributed to a less healthful diet and sedentary lifestyle (2, 3). Furthermore, the benefits of a healthy diet and frequent exercise on health and longevity are well-established (4–8).

Multiple studies have reported protective effects of healthful diets on cancer risk and mortality (9–11). Diet has been associated with lower pancreatic cancer risk; however, this association is stronger in men when compared to women (9). A high intake of fruits, vegetables, and whole grains has been associated with lower risks for several cancers and overall cancer mortality (10).

The association between diet and cancer mortality has previously been studied among women, revealing that a healthful diet is protective against cancer (12). One prior study showed a 70% decrease in cancer risk associated with a healthful diet (13). While single foods like flax seeds and broccoli sprouts are shown to help prevent cancer, they do not accurately represent the overall healthfulness of one's diet; examining overall diet may therefore provide more accurate insights when examining cancer prevention and mortality (14, 15). For example, one clinical trial reported that a low-fat diet reduced breast cancer mortality (12). Similarly, another study reported that Chinese women who consume traditional diets rich in vegetables, fruit, soy, milk, poultry, and fish had a 74% reduction in breast cancer risk compared to women who regularly consume refined grain, meat, and pickles (16). Mediterranean diets rich in fruits, vegetables, legumes, and fish with smaller amounts of dairy and meat were also associated with decreased cancer risk and lower overall mortality (17). On the other hand, women with diets rich in refined flour, sugar, meat, and dairy had over twice the risk for developing colorectal cancer in comparison to women with Mediterranean diets (18). Insufficient nutrition may increase cancer risk through mechanisms of DNA damage, reduced tolerance toward endogenous and exogenous stressors, and impaired metabolism of carcinogens (19).

Physical activity has also been shown to decrease cancer incidence and mortality (20, 21). According to the World Cancer Research Fund, a sedentary lifestyle may alter metabolism to favor a tumorigenic cellular environment and impair immune and hormonal function (19). A review from Ruiz-Casado et al. found that consistent moderate-intensity physical activity decreased the risk of cancer and cancer mortality and described this protective effect in animal models (20). In a meta-analysis of over one million participants, Moore et al. found leisure-time physical activity to be associated with a lower risk for many types of cancers (21). Specifically among women, those who walked 3–5 h per week had the greatest risk reduction in breast cancer mortality compared to those who exercised less (22). Conversely, a study of over 15,000 individuals found leisure-time physical activity to be correlated with cardiovascular and respiratory disease mortality, though there was no association with cancer mortality (23).

Both poor diet and low physical activity have been associated with higher inflammation and obesity, two risk factors for cancer (24, 25). Higher baseline inflammation, measured by fibrinogen and C-reactive protein (CRP) levels, has been show to increase cancer risk and mortality (26, 27). A review of 93 studies on the protective effect of diet on cancer suggests that this impact may be due to antioxidant compounds in foods that decrease inflammation (11). In a review of the role of exercise in cancer prevention, Hojman describes how exercise can decrease both acute and chronic inflammation (28). The relationship between diet and exercise and obesity has also been established in prior reports, showing that both diet and exercise play a role in weight loss (29–31). Diet quality and exercise may be correlated, as particularly health-conscious individuals may have both a healthful diet and frequently exercise. While extensive research has been accomplished to determine the beneficial effects of a healthful diet on the reduction of cancer mortality, the combination of diet and exercise has not been extensively researched. Furthermore, cancer incidence and mortality rates are higher in men compared to women, which may suggest that gender modulates the role of lifestyle on cancer outcomes (32). Given these differences and the limitations of prior studies, we proposed to determine the isolated impacts of diet and exercise and their relative importance on women's cancer mortality through analysis of the Third National Health and Nutrition Examination Survey (NHANES III) dataset. Due to its large, nationally representative sample size and extensive use of interviews and physical examination to assess lifestyle habits, the NHANES III provided accurate data on trends and disparities in diet and exercise among US women.

This report aimed to identify the relationships between diet, exercise, and cancer mortality among women. We investigated the a priori hypothesis that diet has a greater protective effect on reducing cancer mortality compared to physical activity. Through multivariate analysis and stratified survival curves, we elucidated the relationships between diet, exercise, and cancer survival after adjusting for covariates related to demographic and clinical factors.



MATERIALS AND METHODS


Data Source

This observational study abstracted prospective, cross-sectional data from the Third National Health and Nutrition Examination Survey (NHANES III) database from 1988 to 1994. This survey is a National Center for Health Statistics (NCHS) program conducted by the Centers for Disease Control and Prevention (CDC) (33). NHANES III conducted household interviews and physical examinations through mobile examination centers to assess the health and nutrition of a nationally representative sample of the US population. To ensure generalizability, the NHANES III used a multistage stratified, clustered probability sample and sampling weights. In addition, participants' data were linked to the National Death Index (NDI) through probabilistic matching using social security number, birth date, and other personal data to obtain cancer-specific mortality follow-up through December 31, 2015. The follow-up period for each of the NHANES III participants was calculated as either the time from the date of their home-interview for those 40 years or older until the occurrence of cancer death or the censor date, December 31, 2015. Total cancer mortality included deaths from all cancer sites (C00-C97) as defined by the 10th revision of the International Classification of Diseases (ICD-10). Participants' cancer subtype was not publicly available through the NDI database. Similar to prior studies examining the association between lifestyle factors and cancer mortality, we decided to limit our sample size to NHANES III participants to obtain extended cancer mortality follow-up (34, 35).



Measure of Physical Activity

We followed the workflow established by Pate et al. and the CDC guidelines to categorize participants' physical activity levels (25). The Physical Activity Guidelines for Americans from the CDC recommends adults to have a minimum of 150 min of moderate-intensity aerobic activity, 75 min of vigorous-intensity activity, or an equivalent combination of moderate- and vigorous-intensity activity per week (36). The NHANES III assessed physical activity based on participants' self-reported frequency of engaging in walking, jogging, biking, swimming, dancing, calisthenics, yard work, lifting weights, and other forms of exercises, sports, or physically active hobbies over the past month. The frequency of physical activity was converted to weekly rates. In addition, intensity of activity was determined using metabolic equivalent (MET) levels defined in the NHANES database. Participants met recommended guidelines with moderate activity of 3–6 METs 5 times per week, vigorous activities of 6 or more METs 3 times per week, or an equivalent weighted combination of the two (37). Participants' activity levels were categorized into either meeting recommended guidelines, not meeting recommended guidelines, or inactive if they reported no physical activity.



Measure of Diet

The Healthy Eating Index (HEI), developed by the United States Department of Agriculture (USDA) Center for Nutrition Policy and Promotion, was used to measure diet quality based on participants' food and nutrient intake (38). Unlike indices such as The Mediterranean Diet Score and Alternative Healthy Eating Index, the HEI assesses adherence to the US federal dietary guidelines (39, 40). High HEI adherence has previously been validated to predict for lower cancer mortality, which reduces the likelihood of effect modification between our primary exposure and outcome (41). Since NHANES III data ranges from 1988 to 1994, the most comparable HEI version during that time (1994–1996) was used (42). Dietary intake, calculated as participants' reported food intake in the past 24 h, was used to calculate HEI scores. The HEI is on a 100-point scale based on meeting recommendations for 10 components. Using the 1989–1996 version of the USDA Food Guide Pyramid guidelines, a full 10 points were given for meeting recommended servings in categories such as grains, fruits, vegetables, meats, and dairy, and any lesser intake was awarded points proportionally. The other four components consisted of total fat, saturated fat, cholesterol, and sodium, which were given a score of 10 if participants kept below recommended limits. The last component to calculate HEI scores was dietary variety. Based on USDA recommended guidelines and the scoring of 10 components, participants' HEI scores were categorized into good (HEI score>80), needs improvement (HEI score 51–80), and poor (HEI score <51) (42). According to USDA guidelines, a good dietary profile for a female 25–50 years of age was a minimum of 9 servings of grain, 4 servings of vegetables, 3 servings of fruit, 2 servings of milk, and 2.4 servings of meat ≤30% of kcal for total fat intake, <10% of kcal for saturated fat intake, ≤300 mg of cholesterol intake, ≤2,400 mg of sodium intake, and ≥8 item/day of food variety. For females 50 years and older, a good diet was classified as 7.4 servings of grain, 3.5 servings of vegetables, 2.5 servings of fruit, 2.0 servings of milk, and 2.2 servings of meat, ≤30% of kcal for total fat intake, <10% of kcal for saturated fat intake, ≤300 mg of cholesterol intake, ≤2,400 mg of sodium intake, and ≥8 item/day of food variety (28).



Covariates

We included the following covariates in our analyses: age, race, education, income level, marital status, body mass index (BMI), smoking status, chronic health conditions, self-reported health status, and inflammatory biomarkers. Age was measured as a continuous variable. Participants were categorized as either White, Black, or Hispanic. Education level was dichotomized into at/below high school or above high school. Poverty-income ratio (PIR), the ratio of family income to the poverty threshold, was utilized to define income levels. The US Census defined income levels as poverty (ratio < 1), low income (1.0 ≤ ratio < 2.0), middle income (2.0 ≤ ratio < 4.0), and high income (ratio ≥4.0) (43). For simplification, we elected to combine poverty and low-income groups into the category of low income. Assessing participants' marital status, we categorized participants as single if they responded either that they were widowed, divorced, separated, or never married; whereas those who have responded of either being married or living with a partner were grouped as married or with a partner during their home-interview.

Participants' weight (kg) and standing height (cm) were measured in the mobile examination centers conducted by the CDC. These measurements were then used to calculate body mass index and converted to kg/m2. Participant BMI was classified as obese (≥30.0 kg/m2) or non-obese (<30.0 kg/m2). Smoking use was categorized into current, former, and never. NHANES participants reported their history of chronic health conditions (diagnosed by health professionals): arthritis, asthma, diabetes, emphysema, heart conditions, stroke, hip fracture, osteoporosis, spine fracture, wrist fracture, high blood pressure, and high cholesterol. Since participants could have multiple chronic health conditions, their reported conditions were summed and treated as continuous. During the home interview, participants were asked about their self-reported health status, “Would you say your health in general is excellent, very good, good, fair, or poor?” Participants who have responded excellent, very good, or good were grouped as “good” and those who responded fair or poor were grouped as “poor.” Since prior studies have shown an association between diet and physical activity with inflammation, we included CRP and fibrinogen as inflammatory biomarkers in our study (10, 44). Both inflammatory biomarkers were measured through analysis of blood samples.



Inclusion Criteria

From the crude sample of 9,399 female participants who attended both household interviews and mobile examination centers, 9,176 women were eligible for mortality follow-up. Participants were considered eligible if the NDI had sufficient data to identify whether they were alive or deceased. We further limited our cohort to those who had complete information about their diet and physical activity (8,664). Since NHANES collected fibrinogen levels only from participants 40 years or older, our data only consisted of this age group (4,738). From this age group, we excluded women who reported being pregnant at the time of NHANES data collection because pregnant women have disparate activity levels compared to non-pregnant women (45). In addition, we excluded 554 participants who had a prior history of cancer. Six participants with CRP levels 10 mg/dL or above were not included in our cohort because abnormally high CRP levels are often due to active infection rather than chronic inflammation (46). Because NHANES III reported participants who are 90 years of age or above as “90,” we excluded 36 participants over 90 years old to obtain accurate age information. We excluded 190 participants reporting “other” race to understand how racial disparities in diet quality and physical activity influence cancer mortality. Women with missing information on CRP levels (216), education (20), poverty-income ratio (119), and BMI (7) were excluded, leaving a final sample size of 3,590 women.



Statistical Analysis

All statistical analyses were performed using SAS Survey Proc procedures (e.g., SURVEYFREQ, SURVEYMEANS, and SRVEYPHREG) in which strata (SDPSTRA6), cluster (SDPPSU6), and weight (WTPFHX6) variables were used to accommodate the complex survey design of NHANES III. This ensured that no group was oversampled and that the results from the analyses would be representative of the US population. Due to the complexity of the survey data, we created a dummy variable as our analytical subset and used it in the domain of the survey procedure. These techniques were employed for all analyses to ensure that correct sample weights were utilized and reliable estimates were calculated.

We used Chi-square tests to measure the association of categorical factors in our study with physical activity levels and diet quality. Analysis of variance tests were used to compare the mean difference of CRP and fibrinogen levels between the subgroups of physical activity levels and diet quality. Kaplan–Meier survival curves were employed to evaluate the difference in cancer mortality among various combinations of diet quality and physical activity levels. We grouped participants as “Good diet, high physical activity” (HEI score>80 and meeting physical activity guidelines), “Good diet, low physical activity” (HEI score>80 and not meeting physical activity guidelines), “Poor diet, low physical activity” (HEI score<51 and not meeting physical activity guidelines), and “Poor diet, high physical activity” (HEI score<51 and meeting physical activity guidelines). Age was used as a baseline for time to follow-up for cancer death and was therefore excluded in the final model (47). We used Cox-proportional hazard models to analyze the impact of various factors on cancer mortality, adjusted for potential confounders. Confounding variables were determined based on their significant associations found in either the previous chi-square tests, ANOVA tests, or unadjusted cox-proportional hazard analyses. Proportional hazard assumptions were examined and met for all factors in the multivariate model. A p-value of <0.05 was considered statistically significant. Data analyses were conducted using SAS Enterprise Guide, version 7.1 (SAS Institute Inc., Cary, NC). This study was exempt from Institutional Review Board approval because we used a public-use data file with de-identified information of the participants in our study.




RESULTS

Baseline and clinical characteristics of the 3,590 participants identified in NHANES III (1988–1994) can be found in Table 1. The median age was 57 years (range: 40−9). White, black, and Hispanic participants comprised 85, 11, and 4% of our sample, respectively. The majority of participants had two chronic health conditions and 71% of the participants had a BMI of <30. Regarding smoking status, 54% of participants had never smoked, 26% were former smokers, and 21% participants were current smokers.


Table 1. Baseline characteristics of female participants by categories of physical activity and diet.
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According to the standards set by the Centers for Disease Control Guidelines for Physical Activity, 35% of participants met the physical activity guidelines, 44% did not meet guidelines, and 21% were inactive. As defined by the US Department of Agriculture Food Guide Pyramid Recommended Guidelines for Healthy Diet, 22% were categorized as “good,” 69% as “needs improvement,” and 9% as “poor.” Participants were also asked to self-report their health status. Eighty percent of participants self-reported their health status as “good” compared to 20% who self-reported as “poor.”

The mean CRP level for all participants was 0.51 mg/dL (range = 0.21–8.9 mg/dL), and mean fibrinogen was 308 mg/dL (range = 26–957 mg/dL) (Table 1). Of note, there was no statistically significant association between diet and CRP (p = 0.45) or fibrinogen level (p = 0.11). However, CRP and fibrinogen levels were lower among more physically active participants. CRP levels were 0.66, 0.49, and 0.44 mg/dL among participants who were inactive, did not meet physical activity guidelines, and met physical activity guidelines, respectively (p < 0.001). Consistent with this trend, fibrinogen levels were 334, 305, and 297 mg/dL among inactive participants, those who did not meet activity guidelines, and those who met activity guidelines, respectively (p < 0.001).

Those with a good diet and high physical activity had a survival advantage compared to those with a poor diet and low physical activity, though not statistically significant (p = 0.09, Figure 1A). Participants with a good diet and low physical activity had a significantly higher cancer survival compared to those with a poor diet and high physical activity (p = 0.01, Figure 1B).


[image: Figure 1]
FIGURE 1. Kaplan–Meier analysis for freedom of all-cancer mortality among females according to levels of physical activity and quality of diet. (A) Female participants with poor diet and low physical activity levels had worse survival compared to those with good diet and high physical activity levels (Log-rank p = 0.09). (B) Female participants with a good diet and low physical activity levels had better survival compared to those with poor diet and high physical activity levels (Log-rank p = 0.01).


The multivariate analysis was adjusted by confounding variables determined by their significant associations depicted in Tables 1, 2. On multivariate analysis, middle income (HR: 0.69; 95% CI: 0.48–0.99, p = 0.04), high income (HR: 0.64, 95% CI: 0.42–0.97, p = 0.04) and good diet (HR: 0.70, 95% CI: 0.51–0.98, p = 0.04) were independently associated with higher cancer survival (Table 3). However, women who were current smokers (HR: 3.72, 95% CI: 2.22–6.24, p < 0.001), formerly smoked (HR: 1.84, 95% CI: 1.05–3.21, p = 0.04), and were married or with a partner (HR: 1.46, 95% CI: 1.04–2.06, p = 0.03) had a lower cancer survival. Race, education, mean number of chronic health conditions, and CRP and fibrinogen levels were not associated with cancer survival (all p > 0.10). Of note, neither meeting physical activity criteria nor self-reported health status were independent factors for cancer survival (both p > 0.50).


Table 2. Unadjusted Hazard Ratios (HR) with 95% Confidence Intervals (95%CI) for female all-cancer mortality according to the main predictors (and other covariates).
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Table 3. Adjusted Hazard Ratios (HR) with 95% Confidence Intervals (95%CI) for female all-cancer mortality according to the main predictors (and other covariates).

[image: Table 3]



DISCUSSION

The current study utilized the NHANES nutritional data and the NDI to assess the relationships among physical activity, diet quality, and cancer mortality. As NHANES is nationally representative of the US population, these results are generalizable to non-pregnant women aged 40–89 years residing in the United States with no prior cancer history.

Similar to previous studies, we reported a strong association between cancer mortality and dietary quality. A 2016 systematic review by Kohler et al. found improved cancer survival in women who were more adherent to established American Cancer Society guidelines on increased physical activity and improved diet (48, 49). We also found diet to be an independent predictor of cancer survival. Proposed mechanisms of improved cancer survival in those with a better diet include the prevention of abnormal angiogenesis, as demonstrated in previous meta-analyses (10).

However, our study did not demonstrate improved survival for those with improved physical activity. This finding may in part be explained by the fact that our cohort was composed of participants with a variety of cancer types due to the lack of cancer-specific data available from NHANES. Several US studies on breast (22) and colon cancer (50), two of the most common cancers among US women (51, 52), have found a survival benefit with greater physical activity (53). However, this survival benefit has not been found in other forms of cancer (54). Future analyses that limit their samples to participants with cancers more amenable to lifestyle changes may provide different insights on cancer survival. Increased physical activity has been shown to increase lymphocyte proliferation and natural killer cytotoxic activity (55) as well as reduce patient fatigue, resulting in better toleration of systemic therapy (56). Although these findings may suggest improved cancer survival, other studies utilizing the NHANES III database have also not shown a survival advantage in cancer with improved physical activity (23).

Additionally, previous papers have demonstrated the association of higher inflammatory markers with cancer mortality (27, 57–59). However, while higher CRP and fibrinogen levels were associated with lower physical activity, they were not independent predictors for cancer mortality in our study. One explanation for this may be that the changes in inflammatory biomarker levels due to exercise may not be large enough to impact cancer mortality. Another rationale may be that previous studies have found inflammatory markers to be independent predictors of mortality only in men, whereas studies exclusively in women report no such finding (27).

Of note for practitioners working with cancer patients was the finding that participants in our study reported a better diet than objective measures suggested. Specifically, 80% of study participants self-reported their health status as “good,” yet only 22% of participants in fact met the dietary guidelines as set by the US Department of Agriculture Food Guide Pyramid Recommended Guidelines for Healthy diet. Participants' overestimation of their own health has been studied in depth in the past (60–62). If participants overestimate their health status, then some individuals with poor health would have been incorrectly classified as having good health. This incorrect classification would worsen the outcomes of participants who truly are in good health. Therefore, the benefits of having a good health status may be greater than they appear in this study. Physicians and other practitioners caring for cancer participants should be aware of this patient misunderstanding and work to educate participants on what factors are associated with improved cancer survival. Clinical care for cancer patients should incorporate referrals to dieticians so patients can be better equipped to maintain a healthy diet during and after cancer treatment, as diets high in fiber and low in fat are associated with lower cancer progression and risk of recurrence (63).



STRENGTHS AND LIMITATIONS

Our study is limited by information bias. For example, the NHANES database collects self-reported dietary data that may not accurately reflect participants' diet; as described previously, poor dietary choices are often underreported (64). Furthermore, the NHANES III only records participants' frequency of physical activity, but not duration of activity; therefore, it is unknown how different durations of physical activity impact cancer survival (65–68). Future studies could include biometric measurements (e.g., heart rate, blood oxygen concentration) during physical activity in addition to tracking total minutes and type of exercise. In addition, the cross-sectional nature of the NHANES III data only allows us to infer associations between clinical factors and cancer mortality rather than causation. Because NHANES measurements were only measured at one point in time, the effect of changes in risk factors over time on cancer mortality could not be determined. Finally, the NHANES and NDI databases do not provide publicly available information on participants' cancer type, stage of disease, time of diagnosis or surgical or systemic treatments. Neither are the genetic predispositions of participants known nor their cause of death. While the lack of data on cancer type prevents us from making specific recommendations on physical activity for cancer prevention, our results may provide general guidance on how lifestyle factors influence cancer survival. In addition, the strengths of our study include the robust nature of the NHANES database as a large, prospective, nationally representative database with extensive time periods evaluated. Through novel multivariate analysis and Kaplan–Meier survival curves, this study is among the first to find that diet may play a stronger role in reducing cancer mortality in women compared to physical activity.



CONCLUSIONS

In conclusion, this comprehensive study from the NHANES database found a significant survival improvement in those participants with a healthy diet, but no difference in survival by physical activity level. Physicians and others who treat participants with cancer should be aware of this survival advantage and incorporate wellbeing and healthy living as a core component of their oncologic practice, with particular attention to patients' perception of their own health status. Further research should be conducted into the relationships among physical activity, diet, and cancer mortality, particularly given recent utilization of technological advancements which better allow for precise measurement of diet and physical activity.
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