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Abstract

The etiology of Philadelphia chromosome-negative myeloproliferative neoplasms (MPN) is 

largely unknown. We assessed potential associations between lifestyle factors and MPN risk in 

the NIH-AARP Diet and Health Study. In this prospective cohort with 463,049 participants aged 

50–71 years at baseline (1995–1996) and a median follow-up of 15.5 years, we identified 490 

MPN cases, including 190 with polycythemia vera (PV) and 146 with essential thrombocythemia 

(ET). Multivariable Cox proportional hazards regression models were used to estimate hazard 

ratios (HRs) and 95% confidence intervals (CIs). Smoking was not associated with MPN risk 

in the overall cohort, but analyses stratified by sex suggested that smoking increased the risk of 

MPN in women (former smoker vs. nonsmokers, HR = 1.43, 95% CI: 1.03–2.00, p = 0.03; current 

smokers vs. nonsmokers, HR = 1.71, 95% CI: 1.08–2.71, p = 0.02). Coffee consumption was 

inversely associated with the risk of PV (high vs. low intake, HR = 0.53, 95% CI: 0.33–0.84, 

p-trend < 0.01), but not the risk of ET or MPN overall. Further analysis revealed an inverse 

association between the amount of caffeine intake and PV risk (high vs. low intake, HR = 0.55, 

95% CI: 0.39–0.79, p-trend < 0.01). While the consumption of caffeinated coffee appeared to 

confer a protective effect against PV, the consumption of decaffeinated coffee did not. This large 

prospective study identified smoking as a risk factor for MPN in women and suggests that caffeine 

intake is associated with a lower risk of PV.
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Introduction

Philadelphia chromosome-negative myeloproliferative neoplasms (MPN) are a group 

of hematological malignancies characterized by the overproliferation of cells of the 

myeloid lineage. Polycythemia vera (PV), essential thrombocythemia (ET) and primary 

myelofibrosis (PMF) are three major types of MPN.1 A gain-of-function mutation within the 

Janus kinase 2 gene (JAK2 V617F) occurs among 81–97% of patients with PV, 41–57% of 

patients with ET and 43–50% of patients with PMF.2,3 Most MPN patients are diagnosed 

after the age of 60 years, with a median age of 65 years for PV, 68 years for ET and 70 years 

for PMF.4

To date, multiple environmental, medical and familial factors have been linked to the risk 

of MPN.5 The Iowa Women’s Health Study (IWHS)6 reported that smokers had a higher 

risk to develop MPN, and the Million Women Study7 observed a similar association between 

smoking and the risk of myeloproliferative/myelodysplastic disease (without distinguishing 

the two different entities). The IWHS also found that physical activity, obesity, early-onset 

diabetes and the use of aspirin may play a role in the development of various subtypes of 

MPN. In addition, previous studies suggested that Ashkenazi Jewish descent8 and family 

history of MPN9-12 increased the risk of MPN. A common challenge of the existing studies, 

however, is the relatively small number of MPN patients included due to the rarity of MPN. 

While lifestyle factors have been implicated in the etiology of MPN, they remain severely 

understudied, hampering our understanding of the pathogenesis of MPN and potential 

preventive strategies.

To address these knowledge gaps, we evaluated the possible association between lifestyle 

factors and MPN risk in a large prospective cohort study with extensive follow-up—the 

National Institutes of Health (NIH)-AARP Diet and Health Study. AARP is a nonprofit 

organization in the United States whose mission is to “empower people to choose how they 

live as they age”.

Materials and Methods

Study population

The NIH-AARP Diet and Health Study was established in 1995–1996. Details of the study 

have been previously described.13 Briefly, self-administered questionnaires on dietary habits 

and health were mailed to AARP members aged 50–71 years in six states (California, 

Florida, Louisiana, New Jersey, North Carolina and Pennsylvania) and two metropolitan 

areas (Atlanta, Georgia and Detroit, Michigan). Of 3.5 million AARP members, 566,398 

satisfactorily completed and returned the questionnaire. The study was approved by the 

Special Studies Institutional Review Board of the National Cancer Institute, and all 
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participants gave written informed consent by virtue of completing and returning the 

questionnaire.

For this analysis, we excluded participants whose questionnaires were filled by a proxy 

responder (n = 15,760), who had prevalent cancer (n = 51,260), poor health (n = 8,365), 

end-stage renal disease (n = 769), cancer diagnoses reported only from death certificate 

(n = 4,117), zero person-years of follow-up (n = 48), missing body mass index (BMI; n 
= 11,390), total energy intake (n = 4,270) or BMI (n = 3,885) outside of three times the 

interquartile range (IQR) above the 75th or below the 25th percentile of the corresponding 

log-transformed value of the study population. In addition, we excluded 3,485 participants 

whose BMI was lower than 18.5.

Case ascertainment

Incident cancer cases were identified through probabilistic linkage with cancer registries in 

the eight original states and three additional states where participants most frequently moved 

during follow-up (Arizona, Nevada and Texas). Cancer registry linkage with eight states was 

shown to ascertain approximately 90% of all cancer incidences in this cohort.14 Incident 

cancer occurring during follow-up was ascertained through December 31, 2011, and vital 

status ascertained through December 31, 2011, using the National Death Index. Incident 

MPN cases were identified using histologic codes from the International Classification of 

Diseases for Oncology, third edition: 9950 for PV, 9961 for PMF, 9962 for ET, 9960 for not 

otherwise specified MPN and 9975 for unclassifiable MPN.

Exposure assessment

The NIH-AARP baseline questionnaire elicited information on a variety of demographic, 

medical and lifestyle factors, including family history of cancer, personal history of multiple 

health conditions (e.g., heart disease, emphysema, diabetes and stroke), physical activity 

(defined as activities that lasted at least 20 min and caused increases in breathing or heart 

rate or to sweat at work and outside of work) and smoking history. Physical activity was 

categorized as <1, 1–2, 3–4 and ≥5 times per week, and smoking status was categorized into 

nonsmoker, former smoker or current smoker. Self-reported body weight and height were 

used to calculate BMI, which was categorized as normal (18.5–24.9), overweight (25–29.9) 

or obese (≥30).

At the baseline, participants also completed a 124-item Food Frequency Questionnaire, 

including intake of alcohol, coffee, tea and other caffeinated drinks. Participants were 

asked to report their usual intake over the past 12 months in both frequency of intake 

and portion size. MyPyramid Equivalents Database values were used in the study. Alcohol 

intake was categorized as nondrinker, <1.91 g/day, or ≥1.91 g/day. Total caffeine intake was 

calculated by summing the product of the estimated caffeine content of each beverage by 

the daily amount consumed. For this analysis, coffee and caffeine intake were evaluated as 

binary variables (never vs. ever) or tertiles based on their distribution in the overall study 

population.
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Statistical analysis

We used multivariable Cox proportional hazards regression models to estimate hazard ratios 

(HRs) and 95% confidence intervals (CIs). Person-years were calculated from the date the 

questionnaire was returned through the date of cancer diagnosis or the date of censoring, 

which included relocation out of the registry area, loss to follow-up, death or the end of 

follow-up (December 31, 2011), whichever came first. For all variables, missing values were 

categorized as a separate group. In our multivariable models, we adjusted for age (<55, 

55–59, 60–64, 65–69 and ≥70 years), sex, ethnic (white, nonwhite and unknown), education 

(<12 years, 12–15 years, ≥16 years and unknown), marital status (married, not married 

and unknown), and self-reported chronic diseases (heart disease, emphysema, diabetes and 

stroke as four binary variables). Tests for linear trend were performed by ordering the 

ordinal exposure categories from the lowest to the highest levels and including the variable 

as a 1 degree-of-freedom linear term in the Cox regression models. All analyses were 

conducted for MPN overall and two specific types of MPN: PV (n = 190) and ET (n = 146). 

We chose not to carry out separate analyses for PMF due to the small number of patients 

identified (n = 67), or MPN that is unclassifiable or not otherwise specified (n = 87) due to 

the heterogeneity of this group. To compare with findings from the IWHS and the Million 

Women Study, we conducted stratified analyses by sex. As the IWHS reported that regular 

use of aspirin lowered the risk of ET,6 we also conducted additional analyses with aspirin as 

a potential confounder. All statistical analyses were two-sided with a type I error of 0.05 for 

statistical significance and were performed using SAS Version 9.4 (SAS Inc., Cary, NC).

To help provide a context for the interpretation of our findings, we estimated statistical 

power using a range of hazard ratios from 1.1 through 2.0 and a range of exposure 

prevalence from 0.1 through 0.5, and all power estimates were above 0.80.

Data availability

The data that support the findings of our study are available from the NIH-AARP Diet and 

Health Study. Restrictions apply to the availability of these data, which we obtained with a 

specific data use agreement for our study.

Results

The final cohort included 463,049 participants. After a median follow-up of 15.53 years, 

a total of 490 participants developed MPN, including 190 PV, 146 ET, 67 PMF and 87 

unclassifiable/not otherwise specified MPN. Of these 490 MPN patients, most were male 

(65.5%), white (90.6%) and married (70.2%; Table 1).

As shown in Table 2, compared to males, female participants had a decreased risk of MPN 

overall (HR = 0.71, 95% CI: 0.57–0.88; p < 0.01), as well as PV (HR = 0.53, 95% CI: 

0.37–0.76; p < 0.01). Self-reported stroke was positively associated with MPN risk (HR = 

1.98, 95% CI: 1.20–3.27; p < 0.01). Additionally, male participants with a family history 

of cancer in first-degree relatives had a 33% increased MPN risk (95% CI: 1.06–1.68; p = 

0.01), although no significant association was observed between family history of cancer 

and MPN risk in the overall cohort (i.e., males and females combined).
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When we assessed lifestyle factors in relation to the risk of MPN, alcohol intake, cigarette 

smoking, BMI and frequency of physical activity did not appear to influence the risk of 

MPN overall or PV or ET in particular (Table 3). Compared to participants who had a low 

level of coffee consumption, those with a medium (HR = 0.60, 95% CI: 0.44–0.81; p < 0.01) 

or high (HR = 0.53, 95% CI: 0.33–0.84; p < 0.01) level of consumption had a significantly 

lower risk of PV (p-trend < 0.01). For ET patients, the HRs for both medium- and high-level 

coffee consumption was elevated, but there was no significant linear trend. No association 

with coffee consumption was observed for MPN overall.

Stratified analyses by sex revealed an increased MPN risk among female smokers. 

Compared to nonsmokers, both former (HR = 1.43, 95% CI: 1.03–2.00; p = 0.03) and 

current female smokers (HR = 1.71, 95% CI: 1.08–2.71; p = 0.02) had an increased risk for 

developing MPN. Other than this, we did not observe any significant associations between 

each of the five lifestyle factors (alcohol intake, cigarette smoking, coffee consumption, BMI 

and physical activity) and each of the three disease endpoints (MPN overall, PV and ET) in 

sex-specific analyses.

To further evaluate the role of coffee consumption in the etiology of MPN, we analyzed 

the relation of total caffeine intake to MPN risk (Table 4). Compared to participants who 

had a low level of caffeine intake, those with high intake had a significantly decreased 

risk of PV (HR = 0.55, 95% CI: 0.39–0.79), and there appeared to be a dose–response 

relationship (p-trend < 0.01). When we examined specific types of beverages, we found that 

the consumption of regular coffee was a protective factor against PV risk—participants who 

drank regular coffee had a significantly reduced risk of PV (lower consumption vs. none: 

HR = 0.74, 95% CI: 0.55–0.99; higher consumption vs. none: HR = 0.45, 95% CI: 0.25–

0.81) with a linear trend (p < 0.01), whereas the consumption of decaffeinated coffee was 

associated with an elevated PV risk (HR = 1.40, 95% CI:1.04–1.87; p = 0.03). No significant 

associations were observed between the consumption of other caffeinated or decaffeinated 

beverages (tea, soft drinks and diet soft drinks) and the risk of PV, ET or MPN overall. 

Stratified analyses by sex did not reveal significant associations with regard to caffeine 

intake or the consumption of different types of beverages.

We also conducted a sensitivity analysis by additionally adjusting for smoking status and/or 

aspirin use in all statistical models for caffeine-related analyses and observed no differences 

(detailed results not shown).

Discussion

Our study is the first to examine the relation of lifestyle factors to MPN risk in a prospective 

cohort including both men and women. The number of MPN patients (n = 490) included in 

this cohort is large despite the rarity of MPN. Our findings suggest that coffee consumption 

and caffeine intake are inversely associated with the development of PV. In addition, female 

smokers and male participants with a family history of cancer in first-degree relatives have 

an increased risk of MPN.
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Coffee has been popular in North America and is the main source of caffeine for adults 

in the United States.15 In 2016, after reviewing more than 1,000 studies, a Working Group 

convened by the International Agency for the Research on Cancer concluded that there 

was inadequate evidence for the potential carcinogenicity of coffee drinking while noting 

the protective effects of coffee against at least two types of cancer (endometrial and 

liver cancers).16 To the best of our knowledge, no study had evaluated the role of coffee 

consumption in the etiology of MPN.

In our study, we observed an inverse relationship between coffee consumption and the 

risk of PV. The magnitude of association was larger among participants whose caffeine 

intake fell in the highest intake group and who consumed more regular coffee. When 

MPN was analyzed as a single group, there was also a suggestive inverse trend between 

the consumption of regular coffee and MPN risk. These findings are consistent with the 

results from recent studies looking at caffeine-containing beverages and development of 

other types of cancer, including head and neck cancer,17 endometrial cancer,18,19 liver 

cancer,20 colorectal cancer,19,21 breast cancer,18,22 ovarian cancer23 and prostate cancer.24 In 

some studies, this association was only observed among individuals who drank caffeinated 

coffee.17,25

There are multiple biologically plausible mechanisms behind the inverse relationship that 

we observed between coffee consumption and MPN risk. Roasted coffee is a complex 

mixture of over 1,000 bioactive compounds including caffeine and polyphenols,26 which 

are known to have anti-inflammatory effects and may prevent carcinogenesis by inhibiting 

the inflammatory processes.18,27-29 Emerging evidence suggests that chronic inflammation 

plays an important role in clone initiation and evolvement in MPN,30,31 with animal 

study32 and clinical studies33-35 reporting inflammation caused by both malignant clone 

and surrounding non-malignant cells. Additionally, caffeine can promote antitumor immune 

response through the adenosine A2A receptor36 and induce apoptosis by increasing the 

apoptotic inducer (c-Fos, c-Myc) and decreasing the apoptotic repressors (Bcl-2, c-N-Ras) 

in many types of cancer cells.37-40 Future research is needed to confirm our findings and 

clarify underlying mechanisms.

Consistent with the IWHS6 and the Million Women Study,7 we observed no association 

between alcohol consumption and risk of MPN. In the IWHS, compared to nonsmokers, 

both former and current smokers had increased risks of PV (p-trend = 0.006). The 

Million Women Study did not separate patients with MPN and myelodysplastic syndromes. 

They reported that female smokers had a 42% increased risk of myeloproliferative/

myelodysplastic disease compared to nonsmokers. In our study, both former (HR = 1.43, 

95% CI: 1.03–2.00) and current (HR = 1.71, 95% CI: 1.08–2.71) female smokers had 

an elevated risk of developing MPN, although we did not observe significant associations 

in analyses of PV or ET, which had smaller sample sizes and reduced statistical power. 

The IWHS reported a trend of increased risk of ET with higher BMI, as well as a trend 

of decreased ET risk with a higher level of physical activity, while we did not find any 

significant association between BMI or physical activity and MPN risk, regardless of sex.
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We observed a positive association between self-reported stroke and the risk of MPN. The 

interpretation of this finding can be challenging, as stroke (a thrombotic event) might be a 

consequence of undiagnosed MPN,41,42 in which case the observed association would be an 

example of reverse causality.

Our study has several strengths. It is a large, prospective cohort that includes both men and 

women. Detailed information on lifestyle factors as well as other participant characteristics 

were collected before cancer diagnosis, minimizing the potential for recall bias and reverse 

causality. The availability of data on demographic factors, history of selected chronic 

diseases and family history of cancer enabled the adjustment of these covariates in 

multivariable Cox models, reducing the likelihood of confounding. The large cohort size 

and the extended duration of follow-up allowed the identification of 490 MPN cases, which 

represented the largest number of MPN patients included in any epidemiological studies to 

date. In addition to analyzing MPN as a single entity, we were able to conduct separate 

analyses for PV (n = 190) and ET (n = 146), as well as stratified analyses by sex.

On the other hand, due to the rarity of MPN, the numbers of patients with specific types of 

MPN were small, which probably compromised the statistical power of our study and could 

have contributed to some of the null findings. In addition, the NIH-AARP study population 

only comprised of participants aged 50 years or older, so our findings may not be applicable 

to a broader age group. Furthermore, although we adjusted for a number of covariates in the 

analysis, residual confounding by unknown or unmeasured risk factors may have persisted. 

For the evaluation of different types of beverages, we did not have information on the exact 

method for coffee brewing (e.g., espresso, boiled and filtered) or specific types of tea (e.g., 

green and black). Finally, given a large number of factors being tested, consideration must 

be given to the possibility of false positives findings due to multiple testing.

In conclusion, our study is the first to report an inverse association between coffee 

consumption, caffeine intake and the risk of MPN. We also found that female smokers and 

male participants with a family history of cancer in first-degree relatives had an increased 

risk of developing MPN. Prospective studies with a larger number of patients are needed to 

further examine the pathogenesis of MPN and inform potential preventive strategies.
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What’s new?

Risk of Philadelphia chromosome-negative myeloproliferative neoplasms (MPNs) is 

associated with various environmental and familial factors. These factors, however, 

remain understudied, resulting in significant gaps in knowledge of MPN pathogenesis. 

In this investigation, drawing on data from the NIH-AARP Diet and Health Study, 

the authors elaborate on specific factors linked to MPN risk in men and women. In 

particular, coffee consumption and caffeine intake were found to be inversely associated 

with the development of polycythemia vera, one of three major MPN types. MPN risk 

was elevated among women who smoked and among men with a familial cancer history 

in first-degree relatives.
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