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Abstract

Background—The association between consumption of caffeinated and decaffeinated coffee and 

risk of mortality remains inconclusive.

Methods and Results—We examined the associations of consumption of total, caffeinated, and 

decaffeinated coffee with risk of subsequent total and cause-specific mortality among 74,890 

women in the Nurses’ Health Study (NHS), 93,054 women in the NHS 2, and 40,557 men in the 

Health Professionals Follow-up Study. Coffee consumption was assessed at baseline using a 

semi-quantitative food frequency questionnaire. During 4,690,072 person-years of follow-up, 

19,524 women and 12,432 men died. Consumption of total, caffeinated, and decaffeinated coffee 

were non-linearly associated with mortality. Compared to non-drinkers, coffee consumption one 

to five cups/d was associated with lower risk of mortality, while coffee consumption more than 

five cups/d was not associated with risk of mortality. However, when restricting to never 

smokers, compared to non-drinkers, the HRs of mortality were 0.94 (0.89 to 0.99) for  1 cup/d, 

0.92 (0.87 to 0.97) for 1.1-3 cups/d, 0.85 (0.79 to 0.92) for 3.1-5 cups/d, and 0.88 (0.78 to 0.99) 

for > 5 cups/d (p for non-linearity = 0.32; p for trend < 0.001). Significant inverse associations 

were observed for caffeinated (p for trend < 0.001) and decaffeinated coffee (p for trend = 0.022). 

Significant inverse associations were observed between coffee consumption and deaths due to 

cardiovascular disease, neurological diseases, and suicide. No significant association between 

coffee consumption and total cancer mortality was found.  

Conclusions—Higher consumption of total coffee, caffeinated coffee, and decaffeinated coffee 

was associated with lower risk of total mortality.  

Key words: mortality; cardiovascular disease prevention 

19,524 women and 12,432 men died. Consumption of total, caffeinated, and decaaaffffffeieieinananateteted d d cococoffffffee

were non-linearly associated with mortality. Compared to non-drinkers, coffee consumption one 

o fivivveee cucucupspsps/d/d/d waasas associated with lower risk off mmmororo tality, while coffeeee cconoo sumption more than 

fififiveee cups/d was ss nonon t asasassooociciciatatatededed wwwititith hh riririskss  of ff momomortalityyy. HHHowowoweveveveree , whwhwhenen rrresese tricctititinngng ttto oo nenn vevever 

mmmokokokers, comommparrer dd d too nnnon-dddrirr nknknkerrs,s,s, thhhe HHRRRsss ooof mmorrrtaalllitytyty wwwerrreee 000.99494 (((0.899 to o o 0.0.0.99) ) fofoor  1 cuppp/dd,

000.929292 (((000.878787 tttooo 000.979797))) fofoforrr 111.111-333 cuccupspsps/d/d/d, 000.858585 (((000.797979 tttooo 000.929292))) fofoforrr 333.111-555 cuccupspsps/d/d/d, anananddd 000.888888 (((000.787878 tttooo 000.999999))) 
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Introduction 

Coffee is one of the most commonly consumed beverages worldwide. The associations between 

coffee consumption and risks of several disease outcomes have been investigated. Coffee 

consumption has been inversely associated with risks of type 2 diabetes 1, liver cancer 2, 

endometrial cancer 3, lethal prostate cancer 4, basal cell carcinoma of the skin 5, and neurological 

diseases 6, as well as with risk of cardiovascular disease (CVD) when consumed in moderation 7.  

The association between coffee consumption and risk of total mortality has also been 

investigated. Recent studies showed an inverse association between moderate coffee 

consumption and risk of mortality, and an inverse or null association between heavy coffee 

consumption and risk of mortality 8-16. However, some earlier studies17-19 and a recent study20 

found heavy coffee consumption to be associated with higher risk of mortality. Summarizing 

individual studies, meta-analyses have concluded that coffee consumption is not associated with 

higher risk of mortality; however, there was significant between-study heterogeneity in the effect 

estimates21-23. The associations between coffee consumption and cause-specific mortality, 

especially CVD and cancer mortality, have been sporadically investigated together with total 

mortality, 8, 10, 11, 23 with most studies finding an inverse association with CVD mortality, and no 

association with cancer mortality.  

Based on the results of previous studies, four questions remain unanswered: first, does a 

non-linear relationship exist between coffee consumption and risk of mortality, i.e., is moderate 

coffee consumption associated with lower risk of mortality and heavy coffee drinking not 

associated with risk of mortality or even with an increased risk? Second, if a non-linear 

association exists, is it truly a biological effect of coffee or is it an artifact due to the confounding 

of smoking? Third, what are the associations of coffee consumption with risks of cause-specific 

consumption and risk of mortality 8-16. However, some earlier studies17-19 and a recececenenenttt stststudududyyy202020

found heavy coffee consumption to be associated with higher risk of d mortality. Summarizing 

ndiivivividududualalal ssstututudieees,,, meta-analyses have concludededd ttthahh t coffee consumptttioioion nn is not associated withm

hhhighhher risk of mmmororo ttalililittty; ; ; hohohowewewevvever,r, tttheheherrre wwasss siiignifficccannnttt bebebetwtwtweeeen---sttt dududy yy hehheterooogegeg neeeititityy y ininn thehehe eeeffffffeeectff

essstitt mmamates21-2333. Thhhe asssoccic atiooonsnss bbetettweww enenen coffffefefeee coonsssummmpptptiooonnn anannddd ccacaususu e---spppecccififificicic mororortttalitytyty,,

espe icici lalalllly CCCVDVDVD a dndnd cancer mo ttrt lalalititity, hhhave bbebeen sporadididicalllllly iininve ttstiigig ttat deded tttog ttethheher iiwiththth ttt ttot lalal 
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mortality? Fourth, do caffeinated and decaffeinated coffee have similar associations with risk of 

mortality?  

We therefore examined the association of coffee consumption with total and cause-

specific mortality in three large, ongoing, independent cohort studies of men and women. This 

analysis updated our earlier publication on coffee consumption and total mortality in the Nurses’ 

Health Study (NHS) and Health Professionals Follow-up Study (HPFS) with 6,888 total deaths 

and extended to a younger cohort of nurses (Nurses’ Health Study II).  These cohorts provide 

measures of caffeinated and decaffeinated coffee consumption, extensive data on known or 

suspected confounders, and up to 30 years of follow-up, during which more than 30,000 deaths 

have been recorded.  

 

Methods

Study Population 

The NHS began in 1976, when 121,700 female registered nurses aged 30-55 y residing in 11 

states were recruited to complete a baseline questionnaire about their lifestyle and medical 

history. The NHS II was established in 1989 and consisted of 116,671 younger female registered 

nurses, aged 25-42 y at baseline. These nurses responded to a baseline questionnaire similar to 

the NHS. The HPFS was initiated in 1986, and was composed of 51,529 male dentists, 

pharmacists, veterinarians, optometrists, osteopathic physicians, and podiatrists, aged 40-75 y at 

baseline. The male participants returned a baseline questionnaire about detailed medical history, 

lifestyle, and usual diet. In all three cohorts, questionnaires were collected at baseline and 

biennially thereafter, to update information on lifestyle factors and the occurrence of chronic 

diseases. All of the three cohorts consist of approximate 95% Caucasians.  

For the current analysis, we excluded participants who reported CVD, or cancer at 

have been recorded.  

Methods

StStStudududy Populalalatitiiononon 

ThThThe ee NHS begagg n inn 1977766, whhhennn 121,,,7070700 femmmallle reegiiisteeererereddd nnnurrrsesss aaaged 30330-5555 yyy residididinngn  innn 11

tates were recruited to comppplete a baseline quqq estionnaire about their lifestylyy e and medical
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baseline (1984 for the NHS, 1991 for the NHS II, and 1986 for the HPFS). We further excluded 

participants with missing caffeinated or decaffeinated coffee consumption at baseline, those who 

left more than 70 food items blank or had daily energy intakes < 600 or > 3500 kcal for women 

and < 800 or > 4200 kcal for men. The study protocol was approved by the institutional review 

boards of Brigham and Women’s Hospital and Harvard School of Public Health.  

Assessment of Coffee Consumption 

In 1984, a 116-item food frequency questionnaire (FFQ) was administered to the NHS 

participants to obtain information on usual intake of food and beverages. Starting in 1986, an 

expanded 131-item FFQ was administered every 4 years to update diet. Using a similar FFQ, 

dietary data was collected every four years from the NHS II participants starting in 1991 and 

from the HPFS participants starting in 1986. In all FFQs, participants were asked how often 

(from “never or less than once per month” to “6 or more times per day”) on average they 

consumed a standard portion size of each food item during the previous year. The questionnaire 

items for coffee included “caffeinated coffee” and “decaffeinated coffee”. Consumption of total 

coffee was calculated as the sum of intakes of caffeinated and decaffeinated coffee. The validity 

and reproducibility of the FFQ has been described in detail elsewhere24-27. In brief, the validation 

study found a correlation coefficient of 0.78 between coffee intake assessed on the baseline FFQ 

and coffee intake assessed on four 1-week dietary records collected over a one year period26. As 

mean coffee consumption did not change in NHS 2 and decreased slightly in NHS and HPFS 

over time (Supplemental figure 1), we used baseline coffee consumption as primary exposure 

and further conducted several sensitivity analyses using updated dietary information. 

Assessment of Covariates 

In the biennial follow-up questionnaires, updated information was collected on age, weight, 

dietary data was collected every four years from the NHS II parr rticipants starting ininin 111999999111 ananand d d 

from the HPFS participants starting in 1986. In all FFQs, participants were asked how often

from m m “n“nnevevevererer or lelelessss  than once per month” to “66 ooorrr mmmore times per day”)”)”) on average they 

ccoconnsn umed a staaanndndaard dd popoportrtrtioioion n n sisisi ezeze of f f eaaachh fffooooodd d itemmm durururinining g thththe prprprevvviioioususus yyear.r.r. TTThehehe qqqueueu stststioioionnnnnnaiaia rerere 

tememems ss for cooffffffee iiinncn ludededed “cafaaffefefeinatatatedee  coofo feeee”e”e” andd “““deeecaaaffeeeinininatatteddd cccofofffee””. CCoConnnsummmptptptionn ooof toootaal 

cococoffffffeeeeee wasasas cccalalalcucculalalateteteddd asasas ttthehehe sssummum ooofff ininintatatakekekesss ofofof cccaaaffffffeieieinananateteteddd anananddd dededecacacaffffffeieieinananateteteddd cococoffffffeeeeee. ThThTheee vaavalililidididitytty 
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smoking status, physical activity, medication use, family history of diabetes, and self-reported 

diagnosis of diseases, including hypertension, hypercholesterolemia, CVD, and cancer. For NHS 

and NHS 2 participants, we also ascertained data on menopausal status and postmenopausal 

hormone use. We calculated the Alternate Healthy Eating Index (aHEI) as an overall measure of 

diet quality using FFQ data28.  

Assessment of Deaths 

Our primary end point was death from any cause. We performed systematic searches of the vital 

records of states and of the National Death Index. This search was supplemented by reports from 

family members and postal authorities. Using these methods, we were able to ascertain more 

than 98% of the deaths in each cohort 29. A physician who was blinded to data on coffee 

consumption and other risk factors reviewed death certificates and medical records to classify the 

cause of death according to the eighth and ninth revisions of the International Classification of 

Diseases. Deaths were grouped into nine major categories (Supplemental Table 1).  

Statistical Analysis 

We calculated each individual’s person-time from the date of the return of the baseline 

questionnaire to the date of death or the end of follow-up (31 December 2012 for the NHS, 31 

December 2012 for the NHS 2, and 31 December 2012 for the HPFS), whichever came first. We 

used Cox proportional hazards regression models to examine the association between coffee 

consumption (five categories) and risk of mortality. The regression models included calendar 

time in 2-y intervals as the time scale, and were stratified by age in years. In the multivariable 

analysis, we further adjusted for body mass index (BMI), physical activity, overall dietary 

pattern (aHEI), total energy intake, smoking status, sugar-sweetened beverage consumption and 

alcohol consumption, all of which were updated from follow-up questionnaires. We additionally 

han 98% of the deaths in each cohort 29. A physician who was blinded to data onnn cccofofoffefefeeee

consumption and other risk factors reviewed death certificates and medical records to classify the

causssee e ofofof dddeaeaeaththth accccccoroo ding to the eighth and ninthh rrrevevevisions of the Internatatatioii nal Classification of

DDDisseseases. Deathshshs wwererereee grgrgrouououpepeped d d ininintooo ninii ee mamaajooor caateeegooriririeees (((SuSuSuppppppleeemememennntaal TTTababablelele 111).).).  

Stttatatatisisistical AnAnAnalysysysis

WeWeWe cccalalalcucculalalateteteddd eaeaeachchch iiindndndiviividididuaaual’l’l’sss pepepersrsrsononon tt-timimimeee frfrfromomom ttthehehe dddatatateee ofofof ttthehehe rrreteteturrurnnn ofofof ttthehehe bbbasasaselelelininineee
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adjusted for baseline hypertension, hypercholesterolemia, and diabetes status in both men and 

women, and menopausal status, and postmenopausal hormone use among women.  

We also used restricted cubic splines with 3 knots to flexibly model the association 

between coffee consumption and risk of mortality.  To test for a potential non-linear association 

between coffee consumption and risk of mortality, a likelihood ratio test (LRT) was used 

comparing the model with only the linear term of coffee consumption to the model with both the 

linear and the cubic spline terms, with P value < 0.05 denoting significant non-linearity. All 

analyses were performed separately in each cohort, and then pooled to obtain the overall hazard 

ratio using a fixed-effects model.  

Stratified analyses were conducted according to BMI (  25 kg/m2, > 25 kg/m2), age (  

70y, > 70y), aHEI (  median score, > median score), physical activity (  median, > median), 

smoking status (never smokers, ever smokers), sex (male, female), and individual cohort. We 

tested for potential effect modification by these stratification variables by including interaction 

terms between the exposure and potential effect modifier in the multivariate adjusted model, and 

conducting a likelihood ratio test (LRT) comparing the models with and without interaction 

terms.  

The proportional hazard assumption of the Cox model was tested by adding interaction 

terms between exposure and the dichotomized indicator of time intervals to the multivariate 

adjusted model within each cohort, and conducting a likelihood ratio test comparing the models 

with and without interaction terms. 

All statistical tests were 2-sided and performed using SAS version 9.2 for UNIX (SAS 

Institute Inc). 

 

Stratified analyses were conducted according to BMI (  25 kg/m2, > 25 kkg/g/g/mmm222),),), aaagegege (((

70y, > 70y), aHEI (  median score, > median score), physical activity (  median, > median),

mokokkinining gg stststatatatusuu ((nenenever smokers, ever smokers), sesesexxx (male, female), and d d ininindividual cohort. We 

eeesttteed for potennntititiall eeeffffffeccct tt momomodididififificacacatititiononn bby thththessse sttraaatifiiicacacatititiononon vararariaiaablblbleseses bybby inccclululudididingngng iintntnteree acacactititiononon  

eermrmrms ss betweeeeeennn thhhe expopoposure aaandndnd pppotototenentttiaala  effffeecect momoodiffifieerer innn thhhe ee mumumultttivii aaariiateee adjdjd usteteteddd modddel, aannd

cococondndnduccuctititingngng aaa lllikikikelelelihihihooooooddd rararatititiooo teteteststst (((LRLRLRT)T)T) cccomomompapapaririringngng ttthehehe mmmodododelelelsss wiiwiththth aaandndnd wititithohohouttut iiintntnterereracacactititiononon 
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Results

Coffee Consumption and Dietary and Lifestyle Factors 

The percentages of never coffee drinkers were 12% in NHS, 30% in NHS 2, and 17% in HPFS. 

The percentages of those who drank more than 5 cups/d were 8% in NHS, 3% in NHS 2, and 5% 

in HPFS. There was a strong correlation between frequent coffee consumption and smoking 

status (Table 1). The proportions of never smokers among those who did not drink coffee were 

63%, 80%, and 71% in NHS, NHS 2, and HPFS respectively, while the proportions of never 

smokers among those who drank more than 5 cups/d were 24%, 35%, and 25% in NHS, NHS 2, 

and HPFS. Those who drank coffee more frequently were also more likely to consume alcohol, 

and consumed less sugar-sweetened beverages and fruits, but more red meats.  

Coffee Consumption and All-cause Mortality 

During 28 years of follow-up (1,894,292 person-years) among women in the NHS, we 

documented 17,468 deaths; during 21 years of follow up (1,882,464 person-years) among 

women in the NHS 2, we documented 2,056 deaths; during 26 years of follow-up (913,316 

person-years) among men in the HPFS, we documented 12,432 deaths. In total, 31,956 deaths 

were recorded during 4,690,072 person-years of follow-up across all three cohorts.  

Age-adjusted analysis showed that the highest categories of consumption of total and 

caffeinated coffee were associated with a higher risk of all-cause mortality across the three 

cohorts. The association between consumption of total, caffeinated, and decaffeinated coffee and 

all-cause mortality attenuated significantly after further adjusting for smoking. Multivariate-

adjusted analysis showed a non-linear association between consumption of total, caffeinated, and 

decaffeinated coffee and all-cause mortality (P values for non-linearity using LRT < 0.001; P 

values for non-linear trend < 0.001) (Table 2). Relative to no consumption of coffee, the pooled 

and consumed less sugar-sweetened beverages and fruits, but more red meats.  

Coffee Consumption and All-cause Mortality 

Duririingngng 2228 8 8 yeyeyears ofofof follow-up (1,894,292 personnn---yyeyeaars) among women iiin n n the NHS, we 

ddodoccucumented 17,77 464468 dededeatatathshshs;;; dududuririringngng 222111 yeyey arss offf folllooow upupup (((1,11 88882,22 464646444 pepepersrsr on-y-y-yeaeaearsss) ) ) amamamononong g g 

wowoomememen in thehehe NHSHSHS 2, wwew  docococumumumennnteteted 2,,,05666 dddeathshs; duduurriringngg 226 yeyeeaarars s ofoff foollooow-w-w-up (((9191913,313116

pepepersrsrsononon-yeaeaearsrsrs))) amamamonononggg mememennn ininin ttthehehe HHHPFPFPFSSS, weee dododocuccummmenenenteteteddd 121212 44,4323232 dddeaeaeathththsss. IIInnn totototatatalll, 333111,959595666 dededeatatathshshs 
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hazard ratio for death was 0.95 (95% CI: 0.91 to 0.99) for  1cup of total coffee per day, 0.91 

(95% CI: 0.88 to 0.95) for 1.1 - 3 cups per day, 0.93 (95% CI: 0.89 to 0.97) for 3.1 - 5 cups per 

day, and 1.02 (95% CI: 0.96 to 1.07) for > 5 cups per day. Similar results were found when 

caffeinated and decaffeinated coffee was examined separately. Examining the three cohorts 

individually, the non-linear associations between consumption of total coffee, caffeinated coffee, 

and decaffeinated coffee and risk of all-cause mortality were most pronounced in NHS (Table 2, 

Supplemental figures 2 - 4).  

As smoking is a strong confounder of the coffee-mortality relationship, we repeated the 

analysis among never smokers only. In this analysis, 10,505 deaths were documented during 

2,451,970 person-years of follow-up after pooling data from the three cohorts. Overall, the 

association of total coffee, caffeinated coffee, and decaffeinated coffee consumption with risk of 

all-cause mortality changed from a non-linear association in the overall population to a linear 

inverse association when restricting to never smokers (total coffee: P for non-linearity = 0.32, P 

for linear trend < 0.001; Caffeinated coffee: P for non-linearity = 0.40, P for linear trend < 0.001; 

Decaffeinated coffee: P for non-linearity = 0.18, P for linear trend = 0.02) (Table 3, Figure 1).  

Coffee Consumption and Cause-specific Mortality 

The association between coffee consumption and leading causes of mortality was further 

investigated (Supplemental table 2). In the whole population, coffee consumption was inversely 

associated with risk of mortality due to CVD, non-linearly associated with risk mortality due to 

type 2 diabetes, and positively associated with risks of mortality due to lung cancer and 

respiratory diseases (Supplemental table 3). However, when restricting to never smokers, coffee 

consumption was no longer associated with risk of mortality due to lung cancer and respiratory 

disease, but was inversely associated only with risks of mortality due to CVD, neurological 

2,451,970 person-years of follow-up after pooling data from the thff ree cohorts. Oveveverararallllll,, thththeee

association of total coffee, caffeinated coffee, and decaffeinated coffee consumption with risk of 

all-cacacausususe ee momomortrr alititityy y changed from a non-linear assssssococociation in the overallll pppopulation to a linear 

nnnveeerse associiatatatioioionn whwhwhenenen rrreese trtrtriiictctctinining g g totoo nnevererr sssmokekeers (((tototottatal ll cccoffffffeeeeee::: PP P fofofor non-n-n-lililineneearararititi y yy === 0.0.0.323232, PPP

fooor rr lililinenn ar treeendnn <<< 000.0001;; ; Caffffffeiiinann teeed dd coooffffffee::: PP for noon---liiinen aaarittty yy === 000.40404 , P for r r liiinenn arrr trrrendd <<< 0.000001

DeDeDecacacaffffffeieieinananateteteddd cococoffffffeeeeee::: PPP fofoforrr nonononnn-lililinenenearararititity = 000.181818, PPP fofoforrr lililineneneararar tttrererendndnd = 000 00.02)2)2) (((TaTaTablblbleee 333, FiFiFiguggurerere 111))).  

 by guest on December 9, 2015http://circ.ahajournals.org/Downloaded from 

http://circ.ahajournals.org/


DOI: 10.1161/CIRCULATIONAHA.115.017341 

10 

disease, and suicide. No associations of coffee consumption with risks of mortality due to 

colorectal cancer and breast cancer were found (Table 4). 

In the total population, a 1-cup per day increment in coffee consumption was positively 

associated with mortality due to lung cancer (P < 0.0001) and respiratory disease (P < 0.05), and 

inversely associated with mortality due to CHD, stroke, neurological disease, and type 2 diabetes 

(P < 0.05). However, after restricting to never smokers, the positive association disappeared for 

lung cancer and respiratory disease and significant inverse associations remained for mortality 

due to CHD, neurological disease, and suicide (P < 0.05) (Figure 2).   

Stratified Analysis 

Significant interactions were found between coffee consumption and risk of mortality by age (P 

for interaction = 0.003) and smoking (P for interaction = 0.015) (Supplemental table 4). The 

association appeared to be stronger among those aged < 70 years than older individuals and was 

stronger among never smokers than smokers. There were no significant differences in the 

associations between coffee consumption and risk of total mortality when stratified by aHEI 

score, BMI, physical activity, sex, and cohort.   

The proportional hazard assumption was violated in NHS (but not in NHS 2 or HPFS), 

with a stronger association between coffee consumption and mortality in earlier time intervals. 

However, non-linear associations between coffee consumption and risk of mortality were found 

in both subgroups stratified by time interval in NHS (Supplemental table 5).  We further 

assessed the proportional hazard assumption among never smokers in NHS, and the proportional 

hazard assumption was no longer violated (P for interaction = 0.60).  

Sensitivity Analysis 

We further evaluated the association between coffee consumption and mortality using 

Significant interactions were found between coffee consumption and risk of mortttalalalititity yy bybyby aaagegege (((P ff

for interaction = 0.003) and smoking (P for interaction = 0.015) (Supplemental table 4). The 

assoociciciatatatioioion n n apapappeeearararedee  to be stronger among those e e agagaged < 70 years than oooldldlder individuals and was 

tttrooonger amonggg nnneevererer smomomokekekersrsrs ttthahahan nn smmmookerrs.ss TTheereee weeereee nnno oo sis gngngnifffiicicananant tt ddifferererenenencececes ss inini ttthehehe 

assssososocicc ationsss bbbetweweween cccoofo fee cococonsnn ummmpttioioion nn annnd riskk ooof tototottatal momomortrttalallittty y y whwhwhenn strtrtratatatifieddd bbby aaHHHEIk

cccorororeee, BBBMIMIMI, phphphyssysicicicalalal aaactctctiviivititity, sssexeex, anananddd cococohohohortrtrt.   
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cumulatively updated coffee consumption and stopping updating of coffee consumption when 

intermediate diseases developed (hypertension, hypercholesterolemia, type 2 diabetes, cancer, 

and CVD); using time-varying coffee consumption with 4-year lag; using time-varying coffee 

consumption adjusting for hypercholesterolemia as a time-varying covariate; and using baseline 

coffee consumption excluding the hypertensive or hypercholesterolemia cases at baseline. The 

associations between consumption of total coffee, caffeinated coffee, and decaffeinated coffee 

and risk of mortality did not change substantially in these analyses (Supplemental table 6-7, 

Supplemental figure 5 - 9).  

To further evaluate whether the change of the association from non-linear in the whole 

population to inverse linear among never smokers was due to the differences in the composition 

of total mortality between the overall population and never smokers, Cox models with inverse 

probability weighting were applied in the never smokers assessing the association between 

coffee consumption and risk of mortality and the results did not change substantially 

(Supplemental table 8).   

 

Discussion

In this analysis of three large ongoing cohort studies, we observed a non-linear association 

between coffee consumption and risk of mortality in the overall population, with moderate coffee 

consumption being associated with lower mortality risk, and high coffee consumption not being 

associated with mortality risk. Given that this association became linear and inverse after 

restricting to never smokers, it is likely that the non-linear association observed in the total 

population was due to the residual confounding by smoking. This was further strengthened by 

the observation that the positive association between coffee consumption and death due to lung 

population to inverse linear among never smokers was due to the differences in thehehe cccomomompopoposisisitititionoo  

of total mortality between the overall population and never smokers, Cox models with inverse 

probbbabababilililititity y y weww iggghththtinii g were applied in the never smsmsmokoo ers assessing the aasassoss ciation between

ccocoffffffee consumpppttitioon aaandndnd rrrisisiskk k ofofof mmmororrtatatalililityy andndnd tthe rreesulltststs dddididid nnnotott ccchahahangngngeee ssubssstatatantntntiaiaialllllly yy

SuSuSupppppplementntntal tttabble 8))).   
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cancer and respiratory diseases in the overall population, for both of which smoking is an 

important risk factor, disappeared when restricting to never smokers. The inverse association 

between coffee consumption and risk of mortality did not change substantially when using a 

weighted Cox model among never smokers, excluding the possibility that the different 

associations in overall population and never smokers were due to the different composition of 

total mortality. For both caffeinated and decaffeinated coffee consumption, the non-linear 

associations in the total population and the inverse associations among the never smokers 

decreased the possibility that the non-linear association was due to the biological effect of 

caffeine.  

Our results for the associations between coffee consumption and cause-specific mortality 

are consistent with the associations between coffee consumption and cause-specific diseases 

from previous studies. Numerous prospective cohort studies have shown coffee consumption to 

be associated with lower risk of type 2 diabetes 1. There are several plausible biological 

mechanisms that could explain this observation. The chlorogenic acid, lignans, quinides, 

trigonelline, and magnesium in coffee reduce insulin resistance and systematic inflammation 30, 31 

32-34 35. Chlorogenic acid may have this putative effect by reducing glucose absorption in the 

intestine by competitively inhibiting glucose-6-phosphate translocase and reducing sodium-

dependent glucose transport in the brush border membrane vesicles 36; by reducing oxidative 

stress as a result of its antioxidant properties; and by reducing liver glucose output 37. In our 

study, an inverse association between coffee drinking and risk of mortality due to CVD was 

observed. Given that diabetes and CVD share common disease pathways, the mechanism of 

inverse association between coffee consumption and risk of CVD mortality might be similar to 

that for diabetes mortality. Studies have also shown coffee consumption to be associated with a 

Our results for the associations between coffee consumption and cause-spppecececififificicic mmmororortatatalilility

are consistent with the associations between coffee consumption and cause-specific diseases 

frommm ppprerereviviviououous s stttudududies. Numerous prospective cohohohororort studies have showwnwn coffee consumption to 

bbebe aaassociated d wiwiwithtth lowowowererer rrrisisisk k k ofofof tttypypype ee 2 22 ddiabbbetee eees 1. TTTherrreee aarare ee ssseveveveraaalll plplplauauaussibleee bibibiololologogogicicalalal  

mememechchchanismsss ttthah tt t ccoc ulddd eexe plaaain nn tht isss ooobsbsseerervaaatttiooon. TThhhe ccchlhlhlorooogeneneniccc aaaciiid,dd ligggnaaansnsns, , , quinininiiidess,

rrrigigigonononelelellililinenene, anananddd mamamagngngnesesesiuiiummm ininin cccofofoffefefeeee rereredudducecece iiinnnsussulililinnn rereresisisistststananancecece aaandndnd sssyssystetetemamamatititiccc inininflflflamamammamamatititiononon 30,30,, 33
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lower risk of Parkinson’s diseases (PD) 6, 38, 39, which is consistent with our finding of an inverse 

association between coffee consumption and risk of neurological mortality. In a 1-methyl-4-

phenyl-1,2,3,6-tetrahydropyridine (MPTP) neurotoxin model of PD, caffeine was shown to 

attenuate MPTP - induced striatal dopamine loss, striatal dopamine transporter binding sites loss, 

and dopaminergic neurons loss, which might be mediated through A2A  adenosine receptors 40. 

Three published cohort studies have shown an inverse association between coffee consumption 

and risk of suicide 17, 41, 42, however, one study showed a J-shaped association where heavy 

coffee consumption was associated with a higher risk of suicide 43. Our study had shown an 

inverse association of both caffeinated and decaffeinated coffee consumption with risk of suicide 

in both the whole population and never smokers, indicating that coffee consumption might have 

antidepressant effects. Studies have shown an inverse association between coffee consumption 

and risk of liver diseases or risk of mortality due to liver diseases2, 44-47, however, no association 

of coffee consumption with risk of mortality due to liver diseases was found in our study, which 

might be due to the limited power given the small number of cases. Previous cohort studies 

showed no association between coffee consumption and risk of colorectal cancer 48, 49, which was 

consistent with our results.  

Our results showed similar associations of caffeinated and decaffeinated coffee 

consumption with risk of total and cause-specific mortality in both the overall population and 

never smokers, further showing that other components in coffee besides caffeine might play a 

beneficial role mediating the association between long-term coffee consumption and risk of 

mortality. However, short-term metabolic studies have shown that caffeine could acutely 

increase blood pressure by antagonizing the adenosine A1 and A2A receptor 50-52, and could also 

acutely adversely affect arterial stiffness and endothelium dependent vasodilation 53, 54. Case 

n both the whole population and never smokers, indicating that coffee consumpttioioion n n mimimighghghtt t hahahavvve 

antidepressant effects. Studies have shown an inverse association between coffee consumption 

and riririsksksk ooof f f lililivevv r dididises ases or risk of mortality due e e tototo liver diseases2, 44-47,,, hohh wever, no association 
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hhhowoowededed nnnooo asasassososociciciatatatioioionnn bebebetwttweeeeeennn cococoffffffeeeeee ccconononsssummumptptptioioionnn anananddd riririsksksk ooofff cococolololorererectctctalalal cccananancececerrr 48,48,, 4949, whhwhicicichhh wawawa

 by guest on December 9, 2015http://circ.ahajournals.org/Downloaded from 

http://circ.ahajournals.org/


DOI: 10.1161/CIRCULATIONAHA.115.017341 

14 

crossover studies showed that coffee consumption transiently increased the risk of nonfatal 

myocardial infarction, ischemic stroke onset, and sudden cardiac death 55-57. One cohort study 

assessed the association of coffee consumption with total mortality in subsequent 2 years among 

CVD participants, and no association was found 14. However, it is still difficult to differentiate 

acute effects from long-term effects of habitual coffee consumption. 

Our analysis has several strengths. The large sample size, long follow-up time, and a 

large number of deaths provided sufficient power to detect a non-linear association in the overall 

population and to perform further analyses among never smokers. The large number of deaths 

also allowed us to conduct analyses on cause-specific mortality. In addition, we had detailed 

measures of both caffeinated and decaffeinated coffee consumption as well as other dietary and 

lifestyle factors.  

Several potential limitations also need to be considered. First, given the observational 

nature of the study design, we could not directly establish a cause-effect relationship between 

coffee and mortality.  Second, assessment of coffee intake was based on FFQs and thus 

measurement errors are inevitable. However, our validation studies have demonstrated high 

validity (Pearson correlation = 0.74) of the coffee intake by the FFQs as compared to multiple 

week diet records, and high reproducibility (Pearson correlation = 0.80) by comparing two 

consecutive FFQs 26. Moreover, coffee intake was also one of the food items showing the highest 

validity and reproducibility by the FFQs in Europe 58 and Asia 59, 60, indicating that coffee was a 

beverage  less prone to misreporting. In addition, the use of the repeated measures of diet not 

only represented long-term habitual intake, but also reduced the influences of measurement 

errors. Finally, since our cohort participants comprise medical and health professionals and the 

vast majority of them are white, the results may not be generalizable to other populations.  

measures of both caffeinated and decaffeinated coffee consumption as well as otheheher r r dididietetetararary y y ananand 

ifestyle factors.  

SeSeSeveveverarr l ppopotett ntial limitations also need tooo bbbee considered. First, gigigivvven the observational 
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In conclusion, regular consumption of coffee was inversely associated with risk of total 

mortality and mortality due to CVD, and neurological disease. Similar associations of caffeinated 

and decaffeinated coffee consumption with risk of total and cause-specific mortality were found. 

Results from this and previous studies indicate that coffee consumption can be incorporated into 

a healthy lifestyle. 
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Clinical Perspective 

In 2014, we published a meta-analysis on Circulation (2014; 129: 643-659) showing that coffee 

consumption was non-linearly associated with risk of cardiovascular disease (CVD): moderate 

coffee consumption was associated with lower risk of CVD, with the lowest CVD risk at 3 to 5 

cups per day, and heavy coffee consumption was not associated with risk of CVD. However, 

whether the non-linear association was due to a true biological effect or confounding of smoking 

is not known. In the current study, with 208,501 participants and 31,956 deaths in three large 

cohort studies, we prospectively examined the associations of coffee consumption with total 

mortality and cause-specific mortality. Our results showed a non-linear association of coffee 

consumption with total mortality in the whole population. When restricting to never smokers, 

coffee consumption was associated with lower risk of total mortality, and mortality due to CVD, 

neurological diseases, and suicide. No association of coffee consumption with cancer mortality 

was found. The present study provides strong evidence that long-term heavy consumption of 

coffee is not associated with risk of mortality and the non-linear association of coffee with total 

mortality might be due to the confounding of smoking.  

mortality and cause-specific mortality. Our results showed a non-linear associatiooonnn ofofof cccofofoffefefee e e 
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Table 1. Age-adjusted baseline characteristics of participants by frequency of total coffee consumption (including caffeinated and 
decaffeinated coffee) in NHS, NHS 2, and HPFS. 

NHS (1984) NHS 2 (1991) HPFS (1986) 
Cups/d 0  1 1.1 - 3 3.1-5 > 5 0  1 1.1 - 3 3.1-5 > 5 0  1 1.1 - 3 3.1-5 > 5 
N 9,233 14,740 30,420 14,760 5,737 27,888 22,837 29,239 10,049 3,041 6,863 11,402 14,264 5,861 2,167
Age (year) 48.4 50.5 50.7 50.5 50.0 35.2 35.5 37.6 38.0 38 50.9 54.0 53.7 52.9 52.0 
Caffeinated coffee (cups/d) 0 0.4 1.7 3.2 4.7 0 0.4 1.9 3.4 5.15 0 0.4 1.6 3.0 4.3 
Decaffeinated coffee (cups/d) 0 0.3 0.6 1.2 1.6 0 0.2 0.4 0.9 1.1 0 0.3 0. 7 1.3 2.0 
Physical activity (MET-h/wk) 14.1 14.1 14.4 13.8 13.3 23.1 24.8 25.5 24.2 25.6 21.7 22.2 21.1 20.3 18.2 
aHEI # 46.9 48.0 47.8 47.8 47.3 46.0 49.0 50.2 49.7 48.5 51.9 53.7 52.7 51.7 50.2 
Total energy intake (kcal/d) 1720 1684 1748 1786 1815 1779 1768 1790 1836 1883 1934 1887 1973 2026 2086
Sugar-sweetened beverages 
(serving/d) 

1.30 1.2 1.1 1.0 0.9 1.4 1.2 1.1 0.9 0.9 1.4 1.3 1.1 1.0 0.9 

Alcohol (grams/d) 3.7 5.8 7.8 7.7 7.1 1.6 2.7 4.3 4.4 4.2 5.7 10.0 13.1 14.1 14.8 
Dairy  (serving/d) 1.9 1.9 2.0 2.07 2.1 2.1 2.2 2.4 2.4 2.6 2.2 2.1 2.2 2.4 2.5 
Fruits (serving/d) 2.2 2.3 2.2 2.1 1.9 1.8 2.0 1.9 1.8 1.6 2.6 2.4 2.2 2.1 2.0 
Vegetables (serving/d) 3.0 3.0 3.1 3.1 3.1 3.2 3.5 3.6 3.7 3.8 3.0 3.0 3.0 3.0 3.0 
Meats (serving/d) 1.4 1.4 1.5 1.5 1.6 1.4 1.4 1.4 1.4 1.5 1.4 1.4 1.6 1.6 1. 8 
Fish (serving/d) 0.2 0.3 0.3 0.3 0.3 0.2 0.2 0.2 0.2 0.2 0.3 0.3 0.3 0.3 0.3 
BMI (kg/m2) 24.4 24.2 23.8 23.6 23.4 25.4 24.7 24.2 24.4 24.8 24.7 24.7 25.0 25.2 25. 
Never smokers, % 63 53 42 34 24 80 70 57 47 35 71 54 42 33 25 
Hypertension,% 9 10 8 7 6 4 4 3 3 3 18 21 20 19 17 
Hypercholesterolemia, % 4 4 4 3 3 10 10 9 9 11 10 11 11 10 11 
Postmenopausal women, % 48 48 48 49 49 3 3 3 3 4 NA NA NA NA NA 
Current postmenopausal 
hormone use, (% among total 
women) 

15 14 14 13 12 3 3 3 3 3 NA NA NA NA NA 

aHEI: alternative healthy eating index; BMI: body mass index. 
# aHEI ranges from 0 – 100, with a higher score indicating healthier diet.  

menopausal women, % 48 48 48 49 49 3 3 3 3 4 NA NA NA NA

rtensisisiononon,%,%,% 999 10 8 777 6 66 44 4 4 4 4 3 33 3 3 8818 212121 20202   

(s(( rrerviv ng/d) 1.1..444 111.444 1.1.1.555 1.1.1.555 1.1.1.666 1.4 44 1.4 4 4 1.1.1 4 1.444 1.1.1.555 1.444 111.4 44 1.1.1.666 111.6 66

# 46.9 48.0 47.8 47.8 47.3 46.0 49.0 50.2 49.7 48.5 51.9 53.777 52.7 51.7 5
energy intake (kcal/d) 1720 1684 1748 1786 1815 1779 1768 1790 1836 1883 1934 81818878787 91919737373  202020262626 2
-sweetened beverages 
ng/d)

1.30 1.2 1.1 1.0 0.9 1.4 1.2 1.1 0.9 0.9 1.4 1.1.1.3 3 1.1.1.111 1.1.1.0 0 0 

ol (grams/d) 3.7 5.8 7.8 7.7 7.1 1.6 2.7 4.3 4.4 4.2 5.7 10.0 13.1 14.1 
 (serving/d) 1.9 1.9 2.0 2.07 2.1 2.1 2.2 2.4 2.4 2.6 2.2 2.1 2.2 2.4 
(servvinining/g/g/d)d)d)  2.2 2.3 2.2 2.1 1.9 1.1.1.888 2.0 1.9 1.8 1.1.1.666 2.6 2.4 2.2 2.1 
ablblblesss (((serving//d)d)d) 3.0 3.0 3.1 3.1 3.1 3.2 22 3.5 3.6 3.33 7 3.88 3.0 3.0 3.0 3.0 

ses vvrving/d) .0.222 000.333 0.33 ..0 3 0.33 0.2 22 0.00 2 0.222 .0 2 0.00 2 0.0.0 333 00.0.3 3 0.00 3 0.0.0.3 
k(k(kg/mmm2) 24.4.  24 22.2 23.8 3323.6 23.4 25.4..  24.7.77 2422 .2..  4424.4 4424 88.8 2422 77.7 424.7.. 5255 00.0 5255.2 

r smsmsmokokokers, % 3363 53 42 433  42424 0800 7077  7757 4744  3533  7177  4454 4244 333  
19191   

rcholesterolemia, % 4 4 4 3 3 10 10 9 9 11 10 11 11 10 
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Table 2. HRs (95% CI) for the association between consumption of total coffee, caffeinated coffee, and decaffeinated coffee and risk 
of mortality

Total coffee         
Intake (cups/d) 0  1 cup/d 1.1-3 cups/d 3.1-5 cups/d >5 cups/d Per cup 

increase 
P for  

non-linearity* 
P for  

linear trend 
Cases/Person-time  4,166/ 

958,267 
7,826/

1,086,683
12,198/

1,681,922
5,456/

709,646
2,310/

253,554
   

NHS         
Age-adjusted  1.00 0.98 

(0.93, 1.04) 
0.91 

(0.87, 0.96) 
0.96 

(0.91, 1.02) 
1.24 

(1.16, 1.33) 
1.02 

(1.01, 1.03) 
< 0.001 < 0.001 

Age and smoking-adjusted 1.00 0.94 
(0.89, 0.99) 

0.82 
(0.78, 0.86) 

0.81 
(0.76, 0.86) 

0.92 
(0.86, 0.98) 

0.98 
(0.97, 0.99) 

< 0.001 < 0.001 

Multivariate-adjusted model  1.00 0.94 
(0.88, 0.99) 

0.90 
(0.86, 0.95) 

0.93 
(0.88, 0.99) 

1.02 
(0.95, 1.09) 

1.00 
(0.99, 1.01) 

< 0.001 0.50 

NHS 2         
Age-adjusted  1.00 0.89 

(0.79, 1.00) 
0.83 

(0.74, 0.92) 
0.93 

(0.80, 1.07) 
1.37 

(1.12, 1.67) 
0.98 

(0.95, 1.01) 
0.003 0.23 

Age and smoking-adjusted 1.00 0.86 
(0.76, 0.97) 

0.74  
(0.66, 0.83) 

0.74 
(0.64, 0.86) 

0.92 
(0.75, 1.13) 

0.93 
(0.90, 0.96) 

0.015 < 0.001 

Multivariate-adjusted model  1.00 0.91 
(0.81, 1.03) 

0.84  
(0.75, 0.95) 

0.86 
(0.74, 1.01) 

1.02 
(0.83, 1.26) 

0.96  
(0.93, 1.00) 

0.17 0.03 

HPFS         
Age-adjusted  1.00 1.06 

(1.00, 1.12) 
1.05 

(0.99, 1.11) 
1.09 

(1.02, 1.16) 
1.30 

(1.19, 1.42) 
1.02 

(1.00, 1.03) 
0.98 0.007 

Age and smoking-adjusted 1.00 1.00 
(0.94, 1.06) 

0.95 
(0.90, 1.01) 

0.94 
(0.88, 1.01) 

1.05 
(0.96, 1.15) 

0.98 
(0.94, 1.02) 

0.24
 

0.36 

Multivariate-adjusted model  1.00 1.00 
(0.94, 1.06) 

0.97  
(0.90, 1.01) 

0.95 
(0.88, 1.02) 

1.02 
(0.93, 1.12) 

0.99 
(0.97, 1.00) 

0.13 0.04 

Pooled         
Multivariate-adjusted model 1.00 0.95 

(0.91, 0.99) 
0.91 

(0.88, 0.95) 
0.93 

(0.89, 0.97) 
1.02 

(0.96, 1.07) 
0.98 

(0.97, 0.99) 
< 0.001 < 0.001 

Caffeinated coffee         
Intake (cups/d) 0  1 cup/d 1.1-3 cups/d 3.1-5 cups/d >5 cups/d Per cup 

increase 
P for  

non-linearity* 
P for  

linear trend 
Cases/Person-time 8,615/ 

1,454,869 
10,105/ 

1,404,192 
8,495/ 

1,255,722 
3,304/

419,049
1,437/

156,238
   

nd smoking-adjusted 1.00 0.94 
(0.89, 0.99) 

0.82 
(0.78, 0.86) 

0.81 
(0.76, 0.86) 

0.92 
(0.86, 0.98) 

0.98
(0.97, 0.99) 

<< 0.0.0.000 111 << 0.0

variate-adjusted model  1.00 0.94 
(0.88, 0.99) 

0.90
(0.86, 0.95) 

0.93 
(0.88, 0.99) 

1.02 
(0.95, 1.09)

1.00 
(0.99, 1.01) 

<<< 0.0.0.00000 111 0.0.0.505050

2        
djusted  1.00 0.89

(0.79, 1.00) 
0.83 

(0.74, 0.92) 
0.93 

(0(0(0.8.8.80, 1.07) 
1.37 

(1.12, 1.67) 
0.98

(000 99.95,55  1.01)
0.003 0.23

nd d smsmsmokokokini g-adadadjujujustss ed 1.00 0.86 
(0.76,6,, 00.97) 

0.74 
(0( .66, 0.83) 

0.74 
(0(( 66.64, 0.86)6)) 

0.92 
(0( .75, 111.13)) 

0.00 93 
(0.990,0  0.96)

0.015 < 0.0

vvvar aaiate-adjusted modededelll 111.00 0 0 000.919191 
(0(0( .8.. 1, 1 00.03)3)3  

0.848484 
(0.75, 000.95)55  

0.8666 
(0(( 77.74, 111 00.01)1)) 

11.020202 
(0.83, 111 22.26) 

0.00 96 
0(0.93,33  1 0.0.0 ))0)

0.00 1777 000.03

SS         
ddjujuju ttstedede   1.11 0000 111.06

11(1.0.0.00,0,0, 111 11.12) 
1. 50505 

(0(0(0.9.9.99,9,9, 11.1.1.11)1)1) 
1. 9090  

(1(1(1.0.0.02,22 111.1.1.16)6)6) 
1.11 03030 

(1(1(1 1.1.19, 111.4.4.42)2)2) 
1.11 02 

(1(1(1.0.0.00,0,0, 1.03)3)3) 
0.0.0.989  0 0. 0

nd smoking-adjusted 1.00 1.00 
(0.94, 1.06) 

0.95 
(0.90, 1.01) 

0.94 
(0.88, 1.01) 

1.05 
(0.96, 1.15)

0.98 
(0.94, 1.02) 

0.24 0.36
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NHS         
Multivariate-adjusted model 1.00 0.96 

(0.92, 1.00) 
0.92 

(0.89, 0.96) 
1.01 

(0.96, 1.07) 
1.07 

(0.99, 1.14) 
1.00 

(0.99, 1.01) 
< 0.001 0.78 

NHS 2         
Multivariate-adjusted model 1.00 0.97 

(0.86, 1.09) 
0.91 

(0.80, 1.02) 
0.99 

(0.83, 1.17) 
1.11 

(0.88, 1.40) 
0.99 

(0.96, 1.02) 
0.38 0.47 

HPFS         
Multivariate-adjusted model 1.00 1.00 

(0.96, 1.05) 
0.94 

(0.90, 0.99) 
1.00 

(0.93, 1.07) 
1.11 

(1.00, 1.24) 
0.99 

(0.98, 1.00) 
0.046 0.11 

Pooled         
Multivariate-adjusted model 1.00 0.97 

(0.94, 1.00) 
0.93 

(0.90, 0.96) 
1.00 

(0.96, 1.05) 
1.08 

(1.02, 1.14) 
0.98 

(0.97, 0.99) 
0.015 < 0.001 

Decaffeinated coffee         
Intake (mg/d) 0  1 cup/d 1.1-3 cups/d >3 cups/d  Per cup 

increase 
P for  

non-linearity* 
P for 

linear trend 
Cases/Person-time 16,393/

2,607,891
10,637/ 

1,516,930 
3,777/

445,908
1,149/ 

119,341 
    

NHS         
Multivariate-adjusted model  1.00 0.94 

(0.90, 0.97) 
0.92 

(0.87, 0.96) 
0.96 

(0.89, 1.04) 
 0.96 

(0.95 0.98) 
0.008 < 0.001 

NHS 2         
Multivariate-adjusted model 1.00 0.83 

(0.74, 0.92) 
0.86 

(0.70, 1.04) 
0.93 

(0.64, 1.35) 
 0.92 

(0.86, 1.00) 
0.009 0.035 

HPFS         
Multivariate-adjusted model 1.00 0.91 

(0.88, 0.95) 
0.92 

(0.87, 0.98) 
0.91 

(0.83, 1.01) 
 0.97 

(0.95, 0.99) 
0.006 0.014 

Pooled         
Multivariate-adjusted model 1.00 0.92 

(0.89, 0.94) 
0.91 

(0.88, 0.94) 
0.94 

(0.88, 1.00) 
 0.96 

(0.94, 0.97) 
< 0.001 < 0.001 

* A likelihood ratio test was performed.  
Multivariate-adjusted model: further adjusted for baseline disease status (hypertension, hypercholesterolemia, diabetes), BMI (< 20.9, 21-22.9, 23-24.9, 25-29.9, 30-34.9,  35 
kg/m2), physical activity ( < 3, 3-8.9, 9-17.9, 18-26.9,  27 MET-h/wk), overall dietary pattern (aHEI score, in quintiles), total energy intake (quintiles), smoking status (never, 
former (1 - 4 cigarettes/d), former (5 - 14 cigarettes/d), former (15 - 24 cigarettes/d), former (25 - 34 cigarettes/d), former (35 - 44 cigarettes/d), former (  45 cigarettes/d), former 
(unknown cigarettes/d), current (1 - 4 cigarettes/d), current (5 - 14 cigarettes/d), current (15 - 24 cigarettes/d), current (25 - 34 cigarettes/d), current (35 - 44 cigarettes/d), current (  
45 cigarettes/d), current (unknown cigarettes/d)), sugar-sweetened beverage consumption (quintiles) and alcohol consumption (0, 0-5, 5-10, 10-15,  15 g/d). We additionally 
adjusted for menopausal status (yes vs. no), and postmenopausal hormone use (yes vs. no) for women. Caffeinated and decaffeinated coffee adjusted for each other.  
 
 
 
 

(0.94, 1.00) (0.90, 0.96) (0.96, 1.05) (1.02, 1.14) (0.97, 0.99) 
ffeinated coffee         
e (mg/d) 0  1 cup/d 1.1-3 cups/d >3 cups/d  Per cup 

increase
P PP fooor rr

non-lililinenn arititit **y* 
P PP fo

lililinear tttr
/Person-time 16,393/

2,607,891
10,637/

1,516,930 
3,777/

445,908
1,149/ 

119,341 
   

       
variaiaatetete-a-a-adjdjdjusususteteted d d momm delll  1.00 0.94 

(0.90, 0.97) 
0.92 

(0.87, 0.96) 
0.96 

(0(( 88.89, 1.04) 
000.96

(0.95 0.98)
0.008 < 0.0

222        
vvar aai te-adjusted modelll 1.11 0000 0.8333

(00.7. 4, 0.92) 
0. 6686 

(0.70, 1.04)44  
0. 3393 

(0(( 66.64, 1.3335)5)5) 
000.92

0(0.86,66  1 0.0. ))0) 
0.0000 9 ..0.03

S         
variaiaiatetete-a-a-adjdjdjusususteteted d d modeeelll 1.11 0000 000 9.99111

(0.8888, 0.95) 
000.929292 

(0.8887, 00.998) 
0.0 19191 

(0.83, 1.01)) 
000.9.97

(0.95, 0.99) 
0.0.0 006 0.0100

ddd         
variate adjusted model 1 00 0 92 0 91 0 94 0 96 < 0 001 < 0 00
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Table 3. HRs (95% CI) for the association between consumption of total coffee, caffeinated coffee, and decaffeinated coffee and risk 
of mortality among never smokers.

Total coffee         
Intake (cups/d) 0  1 cup/d 1.1-3 cups/d 3.1-5 cups/d >5 cups/d Per cup 

increase 
P for 

non-linearity*
P for 

linear trend 
Cases/Person-time  2,190/

704,010 
3,032/

638,687
3,759/

779,966
1,211/

262,069
313/

67,238
   

NHS         
Age-adjusted model 1.00 0.92 

(0.85, 0.99) 
0.80 

(0.74, 0.86) 
0.73 

(0.66, 0.80) 
0.76 

(0.65, 0.88) 
0.93

(0.91, 0.95)
0.09 

 
< 0.001

Multivariate-adjusted model 1.00 0.92 
(0.85, 0.99) 

0.88 
(0.81, 0.95) 

0.84 
(0.76, 0.92) 

0.82 
(0.71, 0.96) 

0.96 
(0.95, 0.98) 

0.09 < 0.001 

NHS 2         
Age-adjusted model 1.00 0.84 

(0.71, 0.98) 
0.84 

(0.72, 0.98) 
0.76 

(0.60, 0.97) 
0.85 

(0.55, 1.32) 
0.95 

(0.91, 1.00) 
0.20 0.07 

Multivariate-adjusted model 1.00 0.89 
(0.76, 1.05) 

0.98 
(0.84, 1.15) 

0.88 
(0.69, 1.13) 

0.91 
(0.59, 1.42) 

1.00 
(0.95, 1.05) 

0.77 0.96 

HPFS         
Age-adjusted model 1.00 0.99 

(0.90, 1.08) 
0.96 

(0.88, 1.05) 
0.83 

(0.73, 0.95) 
1.06 

(0.84, 1.33) 
0.96 

(0.94, 0.99) 
0.20 0.005 

Multivariate-adjusted model 1.00 0.98 
(0.89, 1.08) 

0.97 
(0.88, 1.06) 

0.84 
(0.73, 0.97) 

0.98 
(0.78, 1.24) 

0.96 
(0.94, 0.99) 

0.38 0.009 

Pooled         
Multivariate-adjusted model 1.00 0.94 

(0.89, 0.99) 
0.92 

(0.87, 0.97) 
0.85 

(0.79, 0.92) 
0.88 

(0.78, 0.99) 
0.97 

(0.95, 0.98) 
0.32 < 0.001 

Caffeinated coffee         
Intake (cups/d) 0  1 cup/d 1.1-3 cups/d 3.1-5 cups/d >5 cups/d Per cup 

increase 
P for 

non-linearity*
P for 

linear trend 
Cases/Person-time 3,702/

962,732
3,637/ 

771,531 
2,409/ 

542,629 
595/

138,375
162/ 

36,700 
   

NHS         
Multivariate-adjusted model 1.00 0.95 

(0.89, 1.01) 
0.89 

(0.83, 0.96) 
0.84 

(0.75, 0.94) 
0.82 

(0.67, 1.00) 
0.96 

(0.94, 0.98) 
0.34 < 0.001 

NHS 2         
Multivariate-adjusted model 1.00 0.99 

(0.85, 1.15) 
1.07 

(0.90, 1.27) 
1.05 

(0.78, 1.42) 
1.04 

(0.60, 1.81) 
1.02 

(0.98, 1.08) 
0.95 0.42 

inated coffee

( , ) ( , ) ( , ) ( , ) ( , )
variate-adjusted model 1.00 0.92

(0.85, 0.99) 
0.88 

(0.81, 0.95) 
0.84 

(0.76, 0.92) 
0.82 

(0.71, 0.96) 
0.96 

(0.95, 0.98) 
0.0.0.090909 <<< 0.00 00

2         
adjusted model 1.00 0.84

(0.71, 0.98) 
0.84 

(0.72, 0.98) 
0.76 

(0.60, 0.97) 
0.85 

(0.55, 1.32) 
0.95

(0.91, 1.00)
0.20 0.07

variate-adjusted model 1.00 0.89
(0.76, 1.05) 

0.98 
(0.84, 1.15) 

0.88 
(0(0(0.6.6.69, 1.13) 

0.91 
(0.59, 1.42) 

1.00 
(0.9.9.95,5,5  1.05) 

0.77 0.96

S         
ddadjujj ststs ed model 1..000000 000 99.9999 

(0(00.9.9.90,00  1.0.. 8)8)8) 
0.969696 

(0(( 8. 8, 1.0.. 5)55  
0.83 

00(0 77.73, 0.9.9.95)5)5  
1.060606 

(0(( .8.. 4, 11.33)33  
0.0.0.96

(0(0(0.9.. 4,44  0.99)9)9)
0.20 000.0.. 05

vvvar aaiate-adjusted modelll .1 0000 0.98
(0(( 88.89, 1.08)8)8) 

0.97 
(0(( 8. 8, 1.0.. 6)66  

0.84 
00(0 77.73, 00.9997)7)7) 

0. 8988 
(0(( 7. 8, 11.24)44  

..0.96 
(0 9. 4,44  0 99.99)

0.00 38383 000 0.009

d         
variatete a-a-adjdjdjusususteteted d modededelll 111.000000 000 99.9444 

(0(0(0.8.8.89,9,9, 000.9.9.99)9)9) 
000.9299  

(0(0(0.8.8.87,7,7, 000.9.9.97)7)7) 
000.8588  

(0(0(0.7.7.79,9,9, 000.9.9.92)2)2) 
0.88 

(0(0(0.7.7.78,8,8, 000.9.9.99)9)9) 
00.0 979797 

(0(0(0.9.9.95,5,5, 000.9.9.98)8)8) 
0.0 32 <<< 000 0.00000
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HPFS         
Multivariate-adjusted model 1.00 1.03 

(0.95, 1.11) 
0.92 

(0.84, 1.02) 
0.95 

(0.80, 1.14) 
1.06 

(0.78, 1.44) 
0.97 

(0.95, 1.00) 
0.76 0.08 

Pooled         
Multivariate-adjusted model 1.00 0.98 

(0.93, 1.03) 
0.92 

(0.87, 0.97) 
0.89 

(0.81, 0.97) 
0.90 

(0.77, 1.06) 
0.97 

(0.95, 0.99) 
0.40 < 0.001 

Decaffeinated coffee         
Intake (mg/d) 0  1 cup/d 1.1-3 cups/d >3 cups/d  Per cup 

increase 
P for 

non-linearity*
P for 

linear trend 
Cases/Person-time 5,436/

1,423,563
3,775/ 

799,017 
1,084/ 

191,219 
210/ 

38,171 
    

NHS         
Multivariate-adjusted model 1.00 0.97 

(0.91, 1.03) 
0.92 

(0.85, 1.00) 
0.97 

(0.82, 1.14) 
 0.97 

(0.93, 1.00) 
0.56 0.03 

NHS 2         
Multivariate-adjusted model 1.00 0.82 

(0.70, 0.95) 
0.87 

(0.65, 1.16) 
0.70 

(0.33, 1.47) 
 0.93 

(0.83, 1.04) 
0.06 0.21 

HPFS         
Multivariate-adjusted model 1.00 0.96 

(0.88, 1.03) 
0.94 

(0.83, 1.06) 
0.70 

(0.52, 0.95) 
 0.98 

(0.93, 1.02) 
0.61 0.33 

Pooled         
Multivariate-adjusted model 1.00 0.95 

(0.91, 0.99) 
0.93 

(0.86, 0.99) 
0.89 

(0.77, 1.02) 
 0.97 

(0.94, 0.99) 
0.18 0.02 

* A likelihood ratio test was performed.  
Multivariate-adjusted model: further adjusted for baseline disease status (hypertension, hypercholesterolemia, diabetes), BMI (< 20.9, 21-22.9, 23-24.9, 25-29.9, 
30-34.9,  35 kg/m2), physical activity (< 3, 3-8.9, 9-17.9, 18-26.9,  27 MET-h/wk), overall dietary pattern (AHEI score, in quintiles), total energy intake 
(quintiles), sugar-sweetened beverages consumption (quintiles) and alcohol consumption (0, 0-5, 5-10, 10-15,  15 g/d). We additionally adjusted for menopausal 
status (yes vs. no), and postmenopausal hormone use (yes vs. no) for women. Caffeinated and decaffeinated coffee adjusted for each other.  

       
variate-adjusted model 1.00 0.97

(0.91, 1.03) 
0.92 

(0.85, 1.00) 
0.97 

(0.82, 1.14) 
 0.97 

(0.93, 1.00) 
0.0.0.565656 000.03 

2        
variate-adjusted model 1.00 0.82

(0.70, 0.95) 
0.87 

(0.65, 1.16) 
0.70 

(0.33, 1.47) 
 0.93

(0.83, 1.04) 
0.06 0.21

S        
variaiaatetete-a-a-adjdjdjusususteteted d d momm delll 1.00 0.96

(0.88, 1.03) 
0.94 

(0.83, 1.06) 
0.70 

00(0 55.52, 0.95) 
000.9. 8

(0.93, 1.02)
0.61 0.33

ddd       
vvar aai te-adjusted modelll .1 0000 0.955 

(0(( 99.91, 0.99) 
0.93 

(0(( 8. 6, 0 9.. 9)99  
0. 9989 

00(0 77.77, 1.0002)2)2) 
 0.9.. 7 

(0 9. 4,4  0 99.99) 
0.1811  0 00.02 

eekelill oohoodoo ratio test wwwasaa perfrr ro me .d. 
var aiaiatetet aa-adjdjdjusuu ted d d momomodel: fffuruu hhther adjdjdj ssustett d for bababaselililinenene dddisisi ea eese  ttstatatatususus (((hyhh pepepertrr nnensiononon, yyhypepp rcrcrchohoholell ttsterereroloo memem aaia, dididiabetee sses),),)  BMIMIMI ((<<< 20.99.9, ,, 2122 -22..9,99 2223-24.9.. , 2522 -
9,  355 kgkgkg/m/m/m222),))  physicalll ac iitivityt (((< 333, 333-8.9, 99-171717 99.9, 18-26.99, 2227 MEMEMET-h/h/h/ kkwk))), overallllll dddiei tary pattern (((AHA EEEIII score, in quininintititilell s), totalll energy iiint kkake 
llleseses),)), sssugugugararar-sssweweweetetetenenenededed bbbeveveverereragagageseses ccconononsususumpmpmptititiononon (((quququininintititileleles)s)s) aaandndnd aaalclclcohohohololol ccconononsususumpmpmptititiononon (((0,00, 000-555,,, 5-55 101010,,, 101010-1115,5,5, 111555 g/g/g/d)d)d)... WeWeWe aaadddddditititioioionananallllllyyy aaadjdjdjusususteteteddd fofoforrr mememenononoyyy
(yes vs. no), and postmenopausal hormone use (yes vs. no) for women. Caffeinated and decaffeinated coffee adjusted for each other. 
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Table 4. Multivariate HRs (95% CI) for the association between consumption of total coffee and risk of cause-specific mortality 
among never smokers.

0  1 cup/d 1.1-3 cups/d 3.1-5 cups/d >5 cups/d P for  
nonlinearity*

CVD mortality (2587 cases)       
Multivariate-adjusted model 1.00 0.95 

(0.85, 1.07)
0.94 

(0.84, 1.05) 
0.81 

(0.70, 0.95) 
0.91 

(0.71, 1.17)
0.77 

CHD mortality (1815 cases)       
Multivariate-adjusted model 1.00 0.90 

(0.78, 1.03)
0.90 

(0.79, 1.03) 
0.81 

(0.68, 0.98) 
0.89 

(0.66, 1.20)
0.90 

Stroke mortality (656 cases)       
Multivariate-adjusted model 1.00 1.04 

(0.82, 1.31)
1.01 

(0.80, 1.27) 
0.76 

(0.56, 1.04) 
0.93 

(0.56, 1.54)
0.81 

Cancer mortality (3664 cases) 
Multivariate-adjusted model 1.00 0.99 

(0.90, 1.09)
0.99 

(0.90, 1.08) 
0.88 

(0.77, 0.99) 
0.84 

(0.68, 1.03)
0.34 

Colorectal cancer mortality (380 cases)       
Multivariate-adjusted model 1.00 0.88 

(0.65, 1.19)
0.92 

(0.69, 1.23) 
0.92 

(0.63, 1.33) 
0.94 

(0.51, 1.75)
0.78 

Lung cancer mortality (217 cases)       
Multivariate-adjusted model 1.00 1.11 

(0.73, 1.69)
1.14 

(0.76, 1.71) 
1.15 

(0.70, 1.90) 
0.89 

(0.37, 2.12)
0.32 

Pancreatic cancer mortality (321 cases)       
Multivariate-adjusted model 1.00 1.47 

(1.04, 2.06)
1.10 

(0.78, 1.55) 
1.06 

(0.69, 1.62) 
0.41 

(0.15, 1.14)
0.056 

Breast cancer mortality (567 cases)       
Multivariate-adjusted model 1.00 0.96 

(0.76, 1.22)
0.91 

(0.72, 1.14) 
0.79 

(0.58, 1.07) 
0.62 

(0.36, 1.09)
0.84 

Premenopausal breast cancer mortality (77 cases)       
Multivariate-adjusted model NA      
Postmenopausal breast cancer mortality (490 cases)       
Multivariate-adjusted model 1.00 0.94 

(0.72, 1.21)
0.83 

(0.64, 1.07) 
0.79 

(0.57, 1.08) 
0.67 

(0.38, 1.18)
0.57 

(0.78, 1.03) (0.79, 1.03) (0.68, 0.98) (0.66,6,6, 111.2. 0)0)0)
e mortality (656 cases)       
variate-adjusted model 1.00 1.04 

(0.82, 1.31)
1.01 

(0.80, 1.27) 
0.76 

(0.56, 1.04) 
00.0.939393 

(0.56, 1.54)
0.00 818181

er mortality (3664 cases)
variate-adjusted model 1.00 0.99 

(0.990,0,0, 1 0. 9)
0.99 

(0.90, 1.08) 
0.88 

(0.77,7,7, 000.99) 
0.84 

(0.68, 1.03)
0.34

reeectcc alalal cancer momomortality (380 cases)       
vvvarriaii te-adjusted dd momomodededel ll 1.11 0000 0.8888  

00(0.65, 1 1. 9)
00.0.9299  

(0(0.6669,9  1.2 )33  
0.0.0. 299  

(0.63,33 11.33)3)3) 
000.9499  

(0.51,11 111.7 ))5)
0.0.0.787

ccc nnancec r mortality yy (21711  cas sses)       
vararar aaiatetete-adjusteteed d d modedd l ll 1.11 000 1.1111  

(0(0(0.77333, 111.6669)99
1.11 141414  

(0(0(0.777666, 111.7 ))1) 
1.11 551  

(0(( 7.77000, 111.9990) 
0.00 898989 

(0(0(0 3.3.37,77  2.12)2)2)
0.3233

rerereatataticicic cccananancececerr r momomortrtrtalalalititityy y (3(3(3212121 cccasasaseseses)))       
variate-adjusted model 1.00 1.47 1.10 1.06 0.41 0.05666
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Ovary cancer mortality (250 cases)       
Multivariate-adjusted model 1.00 0.73 

(0.50, 1.05)
0.85 

(0.61, 1.19) 
0.51 

(0.31, 0.83) 
0.63 

(0.30, 1.33)
0.71 

Endometrial cancer mortality (115 cases)       
Multivariate-adjusted model 1.00 0.99 

(0.55, 1.80)
1.24 

(0.72, 2.15) 
0.90 

(0.43, 1.85) 
2.17 

(0.94, 5.05)
0.26 

Prostate cancer mortality (210 cases)       
Multivariate-adjusted model 1.00 0.75 

(0.51, 1.10)
0.87 

(0.59, 1.28) 
0.74 

(0.42, 1.29) 
0.83 

(0.30, 2.35)
0.42 

Respiratory disease mortality (385 cases)       
Multivariate-adjusted model 1.00 0.91 

(0.67, 1.23)
0.88 

(0.66, 1.19) 
0.94 

(0.65, 1.36) 
0.62 

(0.30, 1.31)
0.31 

Neurological disease mortality (243 cases)       
Multivariate-adjusted model 1.00 0.91 

(0.62, 1.32)
0.80 

(0.55, 1.15) 
0.63 

(0.39, 1.01) 
0.79 

(0.38, 1.62)
0.83 

Diabetes mortality (128 cases)       
Multivariate-adjusted model 1.00 0.96 

(0.59, 1.56)
0.67 

(0.40, 1.11) 
0.76 

(0.38, 1.49) 
0.76 

(0.26, 2.20)
0.19 

Injury mortality (233 cases)       
Multivariate-adjusted model 1.00 1.01 

(0.70, 1.46)
0.90 

(0.62, 1.31) 
0.71 

(0.42, 1.22) 
1.28 

(0.62, 2.65)
0.28 

Suicide mortality (134 cases)       
Multivariate-adjusted model 1.00 1.36 

(0.88, 2.10)
0.73 

(0.45, 1.21) 
0.64 

(0.30, 1.35) 
0.80 

(0.24, 2.65)
0.58 

Other disease mortality (3108 cases)       
Multivariate-adjusted model 1.00 0.86 

(0.77, 0.95)
0.81 

(0.73, 0.90) 
0.81 

(0.71, 0.93) 
0.94 

(0.76, 1.16)
0.011 

* A likelihood ratio test was performed.  
The model adjusted for age, baseline disease status (hypertension, hypercholesterolemia, diabetes), BMI (< 20.9, 21-22.9, 23-24.9, 25-29.9, 30-34.9,  35 kg/m2), 
physical activity (< 3, 3-8.9, 9-17.9, 18-26.9,  27 MET-h/wk), overall dietary pattern (AHEI score, in quintiles), total energy intake (quintiles), sugar-sweetened 
beverages consumption (quintiles) and alcohol consumption (0, 0-5, 5-10, 10-15,  15 g/d). We additionally adjusted for menopausal status (yes vs. no), and 
postmenopausal hormone use (yes vs. no) for women. Caffeinated and decaffeinated coffee adjusted for each other. 
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Figure Legends: 

Figure 1. The association between coffee consumption and risk of mortality in the overall 

population and among never smokers pooled across the three cohorts. 1a. Total coffee 

consumption and risk of mortality 1b. Caffeinated coffee consumption and risk of mortality 1c. 

Decaffeinated coffee consumption and risk of mortality. Multivariate-adjusted models adjusted 

for age, baseline disease status (hypertension, hypercholesterolemia, diabetes), BMI (< 20.9, 21-

22.9, 23-24.9, 25-29.9, 30-34.9,  35 kg/m2), physical activity (< 3, 3-8.9, 9-17.9, 18-26.9,  27 

MET-h/wk), smoking status (never, former (1 - 4 cigarettes/d), former (5 - 14 cigarettes/d), 

former (15 - 24 cigarettes/d), former (25 - 34 cigarettes/d), former (35 - 44 cigarettes/d), former 

(  45 cigarettes/d), former (unknown cigarettes/d), current (1 - 4 cigarettes/d), current (5 - 14 

cigarettes/d), current (15 - 24 cigarettes/d), current (25 - 34 cigarettes/d), current (35 - 44 

cigarettes/d), current (  45 cigarettes/d), current (unknown cigarettes/d)), overall dietary pattern 

(AHEI score, in quintiles), total energy intake (quintiles), sugar-sweetened beverages 

consumption (quintiles) and alcohol consumption (0, 0-5, 5-10, 10-15,  15 g/d). We additionally 

adjusted for menopausal status (yes vs. no), and postmenopausal hormone use (yes vs. no) for 

women. Caffeinated and decaffeinated coffee adjusted for each other. 

Figure 2. The association of a 1-cup per day increment in coffee consumption with risk of cause-

specific mortality pooled across the three cohorts. The black squares stand for the overall 

population. The red squares stand for never smokers. * P value < 0.05. ** P value < 0.001. 

Multivariate-adjusted models adjusted for age, baseline disease status (hypertension, 

hypercholesterolemia, diabetes), BMI (< 20.9, 21-22.9, 23-24.9, 25-29.9, 30-34.9,  35 kg/m2), 

former (15 - 24 cigarettes/d), former (25 - 34 cigarettes/d), former (35 - 44 cigaretetettetetes/s/s/d)d)d),, , fofoformrmrmeeer 

 45 cigarettes/d), former (unknown cigarettes/d), current (1 - 4 cigarettes/d), current (5 - 14 

cigaarereretttttteseses/d/d/d),),), currrrereent (15 - 24 cigarettes/d), currenenenttt (2(( 5 - 34 cigarettes/ddd),),), current (35 - 44 

cicicigaaarettes/d), curururreenttt ((( 444555 cicicigagagareretttt eeses/d/d/d),, currrrereennt (uunnnknononownwnwn cigii araretetttetetes/s/s/d)d)d)),, ovverereralalallll dididietee ararary yy papapattttttererern nn

AAAHEHEHEI scorre,e,e, in quququintiiileees), totootaaalll ennnererergyyy iiintn aakekeke ((quuq innntileees)s)s),, susuugagagar-rr swswsweeeeetenenned bbebevvveragegegess
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physical activity (< 3, 3-8.9, 9-17.9, 18-26.9,  27 MET-h/wk), smoking status (never, former (1 

- 4 cigarettes/d), former (5 - 14 cigarettes/d), former (15 - 24 cigarettes/d), former (25 - 34 

cigarettes/d), former (35 - 44 cigarettes/d), former (  45 cigarettes/d), former (unknown 

cigarettes/d), current (1 - 4 cigarettes/d), current (5 - 14 cigarettes/d), current (15 - 24 

cigarettes/d), current (25 - 34 cigarettes/d), current (35 - 44 cigarettes/d), current (  45 

cigarettes/d), current (unknown cigarettes/d)), overall dietary pattern (AHEI score, in quintiles), 

total energy intake (quintiles), sugar-sweetened beverages consumption (quintiles) and alcohol 

consumption (0, 0-5, 5-10, 10-15,  15 g/d). We additionally adjusted for menopausal status (yes 

vs. no), and postmenopausal hormone use (yes vs. no) for women. Caffeinated and decaffeinated 

coffee adjusted for each other. 

 

coffee adjusted for each other. 
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SUPPLEMENTAL MATERIAL 

 

 

Supplemental Figure 1. Mean coffee consumption in NHS, NHS 2, and HPFS over follow-up period.  

 

 

 

 

 



2 
 

Supplemental Table 1. Categories for causes of death. 

Causes of death                                         ICD-8 code 

Cardiovascular disease 390-458 

   Heart disease 390-429, 440-458 

   Stroke 430-438 

Cancer 140-207 

   Colorectal cancer 153, 154 

   Lung cancer 162 

   Pancreatic cancer 157 

   Breast cancer 174 

   Ovary cancer 183 

   Prostate cancer 185 

Respiratory disease 460-519 

Diabetes 250 

Neurological disease 290, 340, 342, 348 

Injury 800-950, 959-999 

Suicide 950-959 

All other causes The rest of the ICD codes 
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Supplemental Table 2. The disease composition of overall mortality. 

 

NHS NHS 2 HPFS Total population 

Cardiovascular disease 3844 211 3781 7836 

Coronary heart disease 2545 157 2966 5668 

Stroke 1062 43 750 1855 

Other diseases 4667 680 2925 8272 

Respiratory disease 1383 52 924 2359 

Injury 144 10 500 654 

Neurological disease 460 48 22 530 

Suicide 84 98 192 374 

Type 2 diabetes 214 32 92 338 

Renal disease 48 3 26 77 

Cancer 6624 922 3970 11516 

Lung cancer 1596 107 745 2448 

Breast cancer 961 261 0 1222 

     Premenopausal breast cancer 42 83 0 125 

     Postmenopausal breast cancer 911 178 0 1089 

Colorectal cancer 549 69 417 1035 

Pancreatic cancer 487 49 338 874 

Non-Hodgkin lymphoma 398 54 295 747 

Prostate cancer 0 0 572 572 

Ovary cancer 496 82 0 578 

Brain cancer 195 58 167 420 

Leukemia 193 30 175 398 

Myeloma 162 7 145 314 

Renal cell cancer 142 10 119 271 

Bladder cancer 107 5 160 272 

Skin cancer 105 26 126 257 

Endometrial cancer 211 31 0 242 

Esophagus cancer 71 5 133 209 

Stomach cancer 102 9 87 198 

Head and neck cancer 83 8 84 175 
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Liver cancer 72 5 60 137 

Gall bladder cancer 89 13 32 134 

Small intestine cancer 26 8 9 43 

Cervix cancer 28 11 0 39 

Hodgkin lymphoma 14 4 11 29 

Total mortality 17,468 2,056 12,432 31,956 
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Supplemental Table 3. HRs (95% CI) for the association between consumption of total coffee and risk of cause-specific 

mortality  

 0 cup/d ≤ 1 cup/d  1.1-3 cups/d  3.1-5 

cups/d  

>5 cups/d P non-

linearity* 

CVD mortality 

(7836 cases) 

1.00 1.01 

(0.93, 1.09) 

0.95 

(0.87, 1.01) 

0.88 

(0.81, 0.96) 

1.02 

(0.91, 1.14) 

0.49 

CHD mortality 

(5668 cases)  

1.00 0.98 

(0.90, 1.07) 

0.92 

(0.85, 1.01) 

0.90 

(0.81, 0.99) 

1.03 

(0.91, 1.17) 

0.21 

 Stroke mortality 

(1855 cases) 

1.00 1.05 

(0.89, 1.23) 

0.95 

(0.81, 1.11) 

0.81 

(0.67, 0.97) 

1.00 

(0.79, 1.25) 

0.89 

 Cancer mortality 

(11,516 cases) 

1.00 1.01 

(0.94, 1.08) 

1.01 

(0.95, 1.08) 

1.03 

(0.95, 1.10) 

1.16 

(1.06, 1.27) 

0.88 

 Colorectal cancer mortality  

(1,035 cases) 

1.00 1.03 

(0.83, 1.28) 

0.95 

(0.77, 1.17) 

0.95 

(0.75, 1.20) 

0.94 

(0.69, 1.29) 

0.91 

 Lung cancer mortality  

(2448 cases) 

1.00 1.03 

(0.86, 1.23) 

1.15 

(0.98, 1.36) 

1.39 

(1.17, 1.65) 

1.82 

(1.51, 2.19) 

0.39 

 Pancreatic cancer mortality  

(874 cases) 

1.00 1.35 

(1.05, 1.72) 

1.17 

(0.92, 1.49) 

1.08 

(0.83, 1.42) 

1.25 

(0.89, 1.74) 

0.64 

 Liver cancer 

(137 cases) 

1.00 1.72 

(0.89, 3.33) 

1.37 

(0.71, 2.61) 

1.76 

(0.88, 3.52) 

0.62 

(0.19, 1.94) 

0.53 

 Breast cancer mortality  

(1222 cases) 

1.00 0.97 

(0.81, 1.18) 

0.97 

(0.81, 1.16) 

0.92 

(0.75, 1.14) 

1.00 

(0.77, 1.31) 

0.50 

 Postmenopausal breast cancer mortality  

(1089 cases) 

1.00 0.96 

(0.78, 1.19) 

0.94 

(0.78, 1.14) 

0.93 

(0.74, 1.16) 

1.05 

(0.80, 1.39) 

0.80 

 Ovary cancer mortality  

(578 cases) 

1.00 0.72 

(0.54, 0.97) 

0.88 

(0.68, 1.14) 

0.82 

(0.61, 1.10) 

0.90 

(0.62, 1.31) 

0.73 

Endometrial Cancer  

(242 cases)  

1.00 1.11 

(0.70, 1.75) 

1.19 

(0.78, 1.82) 

1.12 

(0.69, 1.82) 

1.18 

(0.63, 2.21) 

0.17 

 Prostate cancer mortality  

(572 cases) 

1.00 0.76  

(0.59, 0.98) 

0.76 

(0.59, 0.98) 

0.73 

(0.54, 1.00) 

0.50 

(0.30, 0.85) 

0.08 

 Respiratory disease mortality  

(2,359 cases) 

1.00 0.90 

(0.77, 1.05) 

0.84 

(0.73, 0.97) 

1.04 

(0.89, 1.22) 

1.32 

(1.10, 1.58) 

< 0.001 
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 Neurological disease mortality  

(530 cases) 

1.00 0.91 

(0.68, 1.21) 

0.80 

(0.61, 1.04) 

0.69 

(0.50, 0.95) 

0.60 

(0.38, 0.94) 

0.17 

 Diabetes mortality  

(338 cases) 

1.00 0.90 

(0.65, 1.24) 

0.59 

(0.43, 0.82) 

0.65 

(0.43, 0.97) 

0.57 

(0.32, 1.01) 

0.03 

 Injury mortality  

(654 cases) 

1.00 0.88 

(0.68, 1.13) 

0.91 

(0.71, 1.16) 

0.84 

(0.62, 1.12) 

0.98 

(0.67, 1.44) 

0.58 

 Suicide 

(374 cases) 

1.00 1.10 

(0.81, 1.48) 

0.76 

(0.56, 1.03) 

0.58 

(0.39, 0.86) 

0.54 

(0.31, 0.92) 

0.70 

 Other disease mortality  

(8,272 cases) 

1.00 0.88 

(0.82, 0.95) 

0.80 

(0.75, 0.86) 

0.81 

(0.74, 0.87) 

0.79 

(0.71, 0.88) 

< 0.001 

* A likelihood ratio test was performed.  

The model adjusted for age, baseline disease status (hypertension, hypercholesterolemia, diabetes), BMI (< 20.9, 21-22.9, 23-24.9, 25-

29.9, 30-34.9, ≥ 35 kg/m
2
), physical activity (< 3, 3-8.9, 9-17.9, 18-26.9, ≥ 27 MET-h/wk), overall dietary pattern (AHEI score, in 

quintiles), total energy intake (quintiles), smoking status (never, former (1 - 4 cigarettes/d), former (5 - 14 cigarettes/d), former (15 - 

24 cigarettes/d), former (25 - 34 cigarettes/d), former (35 - 44 cigarettes/d), former (≥ 45 cigarettes/d), former (unknown cigarettes/d), 

current (1 - 4 cigarettes/d), current (5 - 14 cigarettes/d), current (15 - 24 cigarettes/d), current (25 - 34 cigarettes/d), current (35 - 44 

cigarettes/d), current (≥ 45 cigarettes/d), current (unknown cigarettes/d)), sugar-sweetened beverages consumption (quintiles) and 

alcohol consumption (0, 0-5, 5-10, 10-15, ≥ 15 g/d). We additionally adjusted for menopausal status (yes vs. no), and postmenopausal 

hormone use (yes vs. no) for women. Caffeinated and decaffeinated coffee adjusted for each other.  
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Supplemental Table 4. Stratified analysis for the association between coffee consumption and risk of total mortality  

 

 
Categories of total coffee consumption 

 

 

0  ≤ 1 cup/d  1.1-3 cups/d  3.1-5 cups/d  >5 cups/d  P for 

interaction† 

Stratified by age 
     

0.003 

Age ≤ 70 years 
      

Multivariate-adjusted 

hazard ratio (95% CI) 
1.00 

0.97  

(0.92-1.03) 

0.87 

 (0.83-0.92) 

0.86  

(0.81-0.92) 

0.96  

(0.88-1.04)  

Age > 70 years 
      

Multivariate-adjusted 

hazard ratio (95% CI) 
1.00 

0.96  

(0.91-1.01) 

0.93  

(0.89-0.98) 

0.95  

(0.89-1.00) 

1.06  

(0.99-1.14)  

Stratified by BMI 
     

0.076 

BMI ≤ 25 kg/m
2
 

      
Multivariate-adjusted 

hazard ratio (95% CI) 
1.00 

0.93 

 (0.88-0.99) 

0.92  

(0.87-0.97) 

0.93  

(0.87-0.99) 

1.03  

(0.95-1.11)  

 BMI > 25 kg/m
2
 

      
Multivariate-adjusted 

hazard ratio (95% CI) 
1.00 

0.97  

(0.92-1.02) 

0.90  

(0.86-0.95) 

0.91 

(0.86-0.97) 

0.98  

(0.91-1.05)  

Stratified by aHEI 
     

0.96 

aHEI ≤  median level 
      

Multivariate-adjusted 

hazard ratio (95% CI) 
1.00 

0.95 

(0.90-1.00) 

0.90  

(0.86-0.95) 

0.92  

(0.87-0.98) 

1.00  

(0.93-1.07)  

aHEI > median level 
      

Multivariate-adjusted 

hazard ratio (95% CI) 
1.00 

0.95 

(0.90-1.01) 

0.92  

(0.87-0.97) 

0.94  

(0.88-1.00) 

1.04  

(0.96-1.13)  

Stratified by physical activity 
   

0.20 

Physical activity ≤ median level 
     

Multivariate-adjusted 

hazard ratio (95% CI) 
1.00 

0.91 

(0.87-0.96) 

0.88  

(0.84-0.92) 

0.92  

(0.87-0.97) 

1.00  

(0.93-1.07)  
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Physical activity > median level 
     

Multivariate-adjusted 

hazard ratio (95% CI) 
1.00 

1.01 

 (0.94-1.07) 

0.96  

(0.91-1.02) 

0.95  

(0.88-1.02) 

1.06  

(0.97-1.16)  

Stratified by smoking status 
    

 < 0.001 

Never 
      

Multivariate-adjusted 

hazard ratio (95% CI) 
1.00 

0.94 

 (0.89-1.00) 

0.92  

(0.87-0.97) 

0.85  

(0.79-0.92) 

0.88  

(0.78-0.99)  

Ever 
      

Multivariate-adjusted 

hazard ratio (95% CI) 
1.00 

0.96  

(0.91-1.01) 

0.92  

(0.87-0.97) 

0.96  

(0.91-1.01) 

1.04  

(0.98-1.11)  

Stratified by sex 
    

0.39 

Female 
      

Multivariate-adjusted 

hazard ratio (95% CI) 
1.00 

0.93 

 (0.88-0.97) 

0.89  

(0.85-0.93) 

0.93  

(0.88-0.98) 

1.02  

(0.95-1.08)  

Male 
      

Multivariate-adjusted 

hazard ratio (95% CI) 

1.00 1.00 

(0.94, 1.06) 

0.97 

(0.91, 1.03) 

0.96 

(0.90, 1.03) 

1.05 

(0.96, 1.14)  

Stratify by individual 

cohort (cohort effect) 
      

NHS       

Multivariate-adjusted 

hazard ratio (95% CI) 

1.00 0.94 

(0.88, 1.00) 

0.90 

(0.85, 0.95) 

0.92 

(0.88, 0.98) 

1.02 

(0.96, 1.10) 
 

NHS 2 
     

 

Multivariate-adjusted 

hazard ratio (95% CI) 

1.00 0.92 

(0.81, 1.04) 

0.85  

(0.75, 0.95) 

0.86 

(0.73, 1.01) 

0.97 

(0.78, 1.20) 
 

HPFS 
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Multivariate-adjusted 

hazard ratio (95% CI) 

1.00 1.00 

(0.94, 1.06) 

0.97  

(0.91, 1.03) 

0.96 

(0.90, 1.03) 

1.05 

(0.96, 1.14) 
 

 

Abbreviations: CI, confidence interval; BMI, body mass index; aHEI, alternative health eating index 

* Models were adjusted for age, baseline disease status (hypertension, hypercholesterolemia, diabetes), BMI (< 20.9, 21-22.9, 23-24.9, 

25-29.9, 30-34.9, ≥ 35 kg/m
2
), physical activity ( < 3, 3-8.9, 9-17.9, 18-26.9, ≥ 27 MET-h/wk), overall dietary pattern (AHEI score, in 

quintiles), total energy intake (quintiles), smoking status (never, former (1 - 4 cigarettes/d), former (5 - 14 cigarettes/d), former (15 - 

24 cigarettes/d), former (25 - 34 cigarettes/d), former (35 - 44 cigarettes/d), former (≥ 45 cigarettes/d), former (unknown cigarettes/d), 

current (1 - 4 cigarettes/d), current (5 - 14 cigarettes/d), current (15 - 24 cigarettes/d), current (25 - 34 cigarettes/d), current (35 - 44 

cigarettes/d), current (≥ 45 cigarettes/d), current (unknown cigarettes/d)), sugar-sweetened beverages consumption (quintiles) and 

alcohol consumption (0, 0-5, 5-10, 10-15, ≥ 15 g/d). We additionally adjusted for menopausal status (yes vs. no), and postmenopausal 

hormone use (yes vs. no) for women. 

* †  Likelihood ratio tests were performed.  
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Supplemental Table 5. The tests of proportional hazard assumption in NHS, NHS 2, and HPFS.  

 
Categories of total coffee consumption Pinteraction† 

 
0  ≤ 1 cup/d  1.1-3 cups/d  3.1-5 cups/d  >5 cups/d 

 

Stratified by follow-up 

time in NHS 
     < 0.001 

< 20 years       

Multivariate-adjusted     

hazard ratio (95% CI)  
1.00 

0.93 

(0.85, 1.02) 

0.87 

(0.80, 0.94) 

0.84 

(0.76, 0.92) 

0.89 

(0.79, 0.99) 
 

≥ 20 years       

Multivariate-adjusted 

hazard ratio (95% CI) 
1.00 

0.94 

(0.87, 1.01) 

0.93 

(0.87, 0.99) 

1.00 

(0.92, 1.07) 

1.12 

(1.02, 1.22) 
 

Stratified by follow-up 

time in NHS2 
     0.49 

< 14 years       

Multivariate-adjusted 

hazard ratio (95% CI) 
1.00 

0.92  

(0.74, 1.13) 

0.99  

(0.81, 1.21) 

0.96  

(0.74, 1.25) 

1.04  

(0.72, 1.48) 
 

≥ 14 years       

Multivariate-adjusted 

hazard ratio (95% CI) 
1.00 

0.91 

(0.78, 1.06) 

0.78  

(0.67, 0.91) 

0.83  

(0.68, 1.00) 

1.01  

(0.78, 1.31) 
 

Stratified by follow-up 

time in HPFS 
     0.53 

< 20 years       

Multivariate-adjusted 

hazard ratio (95% CI) 
1.00 

1.00  

(0.92, 1.09) 

0.96 

(0.88, 1.04) 

0.93  

(0.85, 1.03) 

1.00 

 (0.88, 1.14) 
 

≥ 20 years       

Multivariate-adjusted 

hazard ratio (95% CI) 
1.00 

0.98  

(0.90, 1.07) 

0.95 

(0.87, 1.03) 

0.96  

(0.87, 1.06) 

1.03 

 (0.90, 1.17) 
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* Models were adjusted for age, baseline disease status (hypertension, hypercholesterolemia, diabetes), BMI (< 20.9, 21-22.9, 23-24.9, 

25-29.9, 30-34.9, ≥ 35 kg/m
2
), physical activity (< 3, 3-8.9, 9-17.9, 18-26.9, ≥ 27 MET-h/wk), overall dietary pattern (AHEI score, in 

quintiles), total energy intake (quintiles), smoking status (never, former (1 - 4 cigarettes/d), former (5 - 14 cigarettes/d), former (15 - 

24 cigarettes/d), former (25 - 34 cigarettes/d), former (35 - 44 cigarettes/d), former (≥ 45 cigarettes/d), former (unknown cigarettes/d), 

current (1 - 4 cigarettes/d), current (5 - 14 cigarettes/d), current (15 - 24 cigarettes/d), current (25 - 34 cigarettes/d), current (35 - 44 

cigarettes/d), current (≥ 45 cigarettes/d), current (unknown cigarettes/d)), sugar-sweetened beverages consumption (quintiles) and 

alcohol consumption (0, 0-5, 5-10, 10-15, ≥ 15 g/d). We additionally adjusted for menopausal status (yes vs. no), and postmenopausal 

hormone use (yes vs. no) for women. 

* †  Likelihood ratio tests were performed.  
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Supplemental Table 6. Sensitivity analyses for the association between coffee consumption and total mortality in the overall 

population, and pooled multivariate-adjusted hazard ratio was shown. 

 
Categories of total coffee P non-linearity* 

 

0  ≤ 1 cup/d  1.1-3 

cups/d  

3.1-5 cups/d  >5 cups/d 

Using cumulative coffee 

consumption, and 

stopping updating after 

cancer and diabetes 

1.00 

0.96 

(0.92, 1.00) 

0.89 

(0.86, 0.92) 

0.91 

(0.87, 0.95) 

0.94 

(0.88, 0.99) 

< 0.001 

Using cumulative coffee 

consumption, and further 

stopping updating after 

hypertension, 

hypercholesterolemia,  

and CVD 

 

1.00 0.96 

(0.92, 1.00) 

0.89 

(0.86, 0.92) 

0.91 

(0.87, 0.95) 

0.97 

(0.92, 1.03) 

< 0.001 

Continue updating after 

diagnosis of chronic 

disease with 4-year lag 

1.00 

0.99 

(0.96, 1.04) 

0.93 

(0.88, 0.97) 

0.94 

(0.89, 0.98) 

0.94 

(0.87, 1.00) 

< 0.001 

Continue updating after 

diagnosis of chronic 

disease adjusting for time-

varying 

hypercholesterolemia 

1.00 

1.02 

(0.97, 1.06) 

0.92 

(0.88, 0.96) 

0.92 

(0.87, 0.96) 

0.86 

(0.80, 0.92) 

0.04 

Using baseline exposure 

with exclusion of 

hypertension and 

hypercholesterolemia at 

baseline  

1.00 

0.98 

(0.93, 1.02) 

0.93 

(0.88, 0.97) 

0.95 

(0.91, 1.00) 

1.04 

(0.98, 1.10) 

< 0.001 
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Categories of caffeinated coffee  

 

0  ≤ 1 cup/d  1.1-3 cups/d  3.1-5 

cups/d  

>5 cups/d  

Using cumulative coffee 

consumption, and 

stopping updating after 

cancer and diabetes 

1.00 0.98 

(0.95, 1.01) 

0.93 

(0.90, 0.96) 

0.98 

(0.94, 1.03) 

0.98 

(0.91, 1.04) 

< 0.001 

Using cumulative coffee 

consumption, and further 

stopping updating after 

hypertension, 

hypercholesterolemia,  

and CVD 

1.00 0.98 

(0.95, 1.01) 

0.91 

(0.88, 0.94) 

0.98 

(0.94, 1.03) 

1.02 

(0.96, 1.09) 

< 0.001 

Continue updating after 

diagnosis of chronic 

disease with 4-year lag 

1.00 

1.00 

(0.97, 1.04) 

0.95 

(0.92, 0.99) 

0.99 

(0.95, 1.03) 

0.98 

(0.91, 1.07) 

0.014 

Continue updating after 

diagnosis of chronic 

disease adjusting for time-

varying 

hypercholesterolemia 

1.00 

1.00 

(0.97, 1.04) 

0.94 

(0.91, 0.97) 

0.95 

(0.91, 1.00) 

0.87 

(0.80, 0.95) 

< 0.001 

Using baseline exposure 

with exclusion of 

hypertension and 

hypercholesterolemia at 

baseline 

1.00 0.98 

(0.95, 1.01) 

0.93 

(0.90, 0.96) 

1.00 

(0.96, 1.06) 

1.10 

(1.03, 1.14) 

< 0.001 

 
         Categories of decaffeinated coffee  

 
0 ≤ 1 cup/d 1.1-3 cups/d >3 cups/d   
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Using cumulative coffee 

consumption, and 

stopping updating after 

cancer and diabetes 

1.00 0.89 

(0.86, 0.91) 

0.87 

(0.84, 0.90) 

0.94 

(0.88, 0.99) 

 < 0.001 

Using cumulative coffee 

consumption, and further 

stopping updating after 

hypertension, 

hypercholesterolemia,  

and CVD 

 

1.00 0.86 

(0.86, 0.88) 

0.84 

(0.82, 0.88) 

0.95 

(0.88, 1.01) 

 < 0.001 

Continue updating after 

diagnosis of chronic 

disease with 4-year lag 

1.00 

0.90 

(0.88, 0.92) 

0.89 

(0.87, 0.93) 

0.91 

(0.85, 0.98) 

 < 0.001 

Continue updating after 

diagnosis of chronic 

disease adjusting for time-

varying 

hypercholesterolemia 

1.00 

0.90 

(0.87, 0.92) 

0.88 

(0.86, 0.92) 

0.90 

(0.84, 0.97) 

 < 0.001 

Using baseline exposure 

with exclusion of 

hypertension and 

hypercholesterolemia at 

baseline 

1.00 

0.93 

(0.89, 0.96) 

0.93 

(0.89, 0.97) 

0.93 

(0.86, 1.00) 

 < 0.001 

 

Models were adjusted for age, baseline disease status (hypertension, hypercholesterolemia, diabetes), BMI (< 20.9, 21-22.9, 23-24.9, 

25-29.9, 30-34.9, ≥ 35 kg/m
2
), physical activity ( < 3, 3-8.9, 9-17.9, 18-26.9, ≥ 27 MET-h/wk), overall dietary pattern (AHEI score, in 

quintiles), total energy intake (quintiles), smoking status (never, former (1 - 4 cigarettes/d), former (5 - 14 cigarettes/d), former (15 - 

24 cigarettes/d), former (25 - 34 cigarettes/d), former (35 - 44 cigarettes/d), former (≥ 45 cigarettes/d), former (unknown cigarettes/d), 

current (1 - 4 cigarettes/d), current (5 - 14 cigarettes/d), current (15 - 24 cigarettes/d), current (25 - 34 cigarettes/d), current (35 - 44 
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cigarettes/d), current (≥ 45 cigarettes/d), current (unknown cigarettes/d)), sugar-sweetened beverages consumption (quintiles) and 

alcohol consumption (0, 0-5, 5-10, 10-15, ≥ 15 g/d). We additionally adjusted for menopausal status (yes vs. no), and postmenopausal 

hormone use (yes vs. no) for women. 

 

* A likelihood ratio test was performed.  
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Supplemental Table 7. Sensitivity analyses for the association between coffee consumption and total mortality among never 

smokers, and pooled multivariate-adjusted hazard ratio was shown. 

 
Categories of total coffee P non-linearity* 

 

0  ≤ 1 cup/d  1.1-3 

cups/d  

3.1-5 cups/d  >5 cups/d 

Using cumulative coffee 

consumption, and 

stopping updating after 

cancer and diabetes 

1.00 

0.93 

(0.87, 0.99) 

0.89 

(0.83, 0.95) 

0.83 

(0.76, 0.90) 

0.83 

(0.72, 0.96) 

0.26 

Using cumulative coffee 

consumption, and further 

stopping updating after 

hypertension, 

hypercholesterolemia,  

and CVD 

 

1.00 0.93 

(0.87, 0.99) 

0.89 

(0.83, 0.95) 

0.84 

(0.78, 0.91) 

0.85 

(0.74, 0.97) 

0.87 

Continue updating after 

diagnosis of chronic 

disease with 4-year lag 

1.00 

0.96 

(0.90, 1.03) 

0.93 

(0.88, 1.00) 

0.80 

(0.73, 0.86) 

0.85 

(0.72, 1.00) 

0.25 

Continue updating after 

diagnosis of chronic 

disease adjusting for time-

varying 

hypercholesterolemia 

1.00 

0.99 

(0.93, 1.06) 

0.91 

(0.85, 0.96) 

0.79 

(0.73, 0.85) 

0.73 

(0.61, 0.87) 

0.30 

Using baseline exposure 

with exclusion of 

hypertension and 

hypercholesterolemia at 

baseline 

1.00 

0.95 

(0.87, 1.01) 

0.93 

(0.88, 1.00) 

0.82 

(0.75, 0.89) 

0.91 

(0.79, 1.04) 

0.88 
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Categories of caffeinated coffee  

 

0  ≤ 1 cup/d  1.1-3 cups/d  3.1-5 

cups/d  

>5 cups/d  

Using cumulative coffee 

consumption, and 

stopping updating after 

cancer and diabetes 

1.00           1.00 

(0.95, 1.05) 

0.91 

(0.86, 0.96) 

0.87 

(0.79, 0.95) 

0.80 

(0.65, 0.99) 

0.34 

Using cumulative coffee 

consumption, and further 

stopping updating after 

hypertension, 

hypercholesterolemia,  

and CVD 

 

1.00 1.00 

(0.93, 1.05) 

0.88 

(0.83, 0.93) 

0.89 

(0.82, 0.98) 

0.79 

(0.66, 0.97) 

0.91 

Continue updating after 

diagnosis of chronic 

disease with 4-year lag 

1.00           0.99 

(0.94, 1.05) 

0.90 

(0.85, 0.96) 

0.85 

(0.76, 0.94) 

0.81 

(0.63, 1.06) 

0.084 

Continue updating after 

diagnosis of chronic 

disease adjusting for time-

varying 

hypercholesterolemia 

1.00           0.99 

(0.94, 1.05) 

0.89 

(0.84, 0.94) 

0.80 

(0.72, 0.88) 

0.77 

(0.59, 1.01) 

0.07 

Using baseline exposure 

with exclusion of 

hypertension and 

hypercholesterolemia at 

baseline 

1.00           0.97 

(0.92, 1.02) 

0.92 

(0.87, 0.99) 

0.85 

(0.76, 0.94) 

0.94 

(0.78, 1.12) 

0.91 

 
         Categories of decaffeinated coffee  

 
0 ≤ 1 cup/d 1.1-3 cups/d >3 cups/d   
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Using cumulative coffee 

consumption, and 

stopping updating after 

cancer and diabetes 

1.00 0.92 

(0.87, 0.96) 

0.90 

(0.84, 0.95) 

0.93 

(0.81, 1.08) 

 0.016 

Using cumulative coffee 

consumption, and further 

stopping updating after 

hypertension, 

hypercholesterolemia,  

and CVD 

 

1.00 0.90 

(0.86, 0.95) 

0.89 

(0.84, 0.95) 

0.97 

(0.85, 1.12) 

 0.008 

Continue updating after 

diagnosis of chronic 

disease with 4-year lag 

1.00 

0.95 

(0.90, 0.99) 

0.97 

(0.91, 1.03) 

0.91 

(0.76, 1.09) 

 0.22 

Continue updating after 

diagnosis of chronic 

disease adjusting for time-

varying 

hypercholesterolemia 

1.00 

0.94 

(0.90, 0.98) 

0.92 

(0.87, 0.98) 

0.89 

(0.75, 1.06) 

 0.20 

Using baseline exposure 

with exclusion of 

hypertension and 

hypercholesterolemia at 

baseline 

1.00 0.95 

(0.90, 0.99) 

0.93 

(0.87, 0.99) 

0.87 

(0.74, 1.04) 

 0.17 

 

* A likelihood ratio test was performed.  
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Supplemental Table 8. The association between coffee consumption and risk of total mortality among never smokers by Cox 

model with inverse probability weighting. 

Total coffee      

Intake (cups/d) 0 ≤ 1 cup/d 1.1-3 cups/d 3.1-5 cups/d >5 cups/d 

Multivariate-

adjusted hazard ratio 

(95% CI) 

1.00 0.95 

(0.90, 1.00) 

0.93 

(0.87, 0.98) 

0.86 

(0.80, 0.93) 

0.87 

(0.77, 0.98) 

Caffeinated coffee      

Intake (cups/d) 0 ≤ 1 cup/d 1.1-3 cups/d 3.1-5 cups/d >5 cups/d 

Multivariate-

adjusted hazard ratio 

(95% CI) 

1.00           0.97 

(0.94, 1.02) 

0.92 

(0.87, 0.96) 

0.90 

(0.82, 0.98) 

0.89 

(0.76, 1.05) 

Decaffeinated 

coffee 

     

Intake (mg/d) 0 ≤ 1 cup/d 1.1-3 cups/d >3 cups/d  

Multivariate-

adjusted hazard ratio 

(95% CI) 

1.00 0.95 

(0.91, 0.99) 

0.93 

(0.87, 0.99) 

0.89 

(0.78, 1.03) 

 

 

The model adjusted for age, baseline disease status (hypertension, hypercholesterolemia, diabetes), BMI (< 20.9, 21-22.9, 23-24.9, 25-

29.9, 30-34.9, ≥ 35 kg/m
2
), physical activity (< 3, 3-8.9, 9-17.9, 18-26.9, ≥ 27 MET-h/wk), overall dietary pattern (AHEI score, in 

quintiles), total energy intake (quintiles), sugar-sweetened beverages consumption (quintiles) and alcohol consumption (0, 0-5, 5-10, 

10-15, ≥ 15 g/d). We additionally adjusted for menopausal status (yes vs. no), and postmenopausal hormone use (yes vs. no) for 

women. Caffeinated and decaffeinated coffee adjusted for each other.  

For the weight calculation, the weight for the non-cases was 1, while the weights for the death cases were calculated in a way that the 

composition of the total mortality among the never smokers was the same as the overall population.  
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                                  2a.                                                                         2b.                                                                                2c. 

 

 

Supplemental Figure 2. Baseline coffee consumption and risk of mortality in the overall population and among never smokers 

in NHS. 2a. Total coffee consumption and risk of mortality. 2b. Caffeinated coffee consumption and risk of mortality. 2c. 

Decaffeinated coffee consumption and risk of mortality.  
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                                    3a.                                                             3b.                                                           3c. 

 

 

Supplemental Figure 3. Baseline coffee consumption and risk of mortality in the overall population and among never smokers 

in NHS 2. 3a. Total coffee consumption and risk of mortality. 3b. Caffeinated coffee consumption and risk of mortality. 3c. 

Decaffeinated coffee consumption and risk of mortality.  
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                                4a.                                                             4b.                                                           4c. 

 

Supplemental Figure 4. Baseline coffee consumption and risk of mortality in the overall population and among never smokers 

in HPFS. 4a. Total coffee consumption and risk of mortality. 4b. Caffeinated coffee consumption and risk of mortality. 4c. 

Decaffeinated coffee consumption and risk of mortality.  
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                                     5a.                                                                         5b.                                                               5c. 

 

Supplemental Figure 5. Cumulative coffee consumption and stopping updating when cancer and diabetes develop, and risk of 

mortality in the overall population and among never smokers by pooled across the three cohorts. 5a. Total coffee consumption 

and risk of mortality. 5b. Caffeinated coffee consumption and risk of mortality. 5c. Decaffeinated coffee consumption and risk 

of mortality.  
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                                6a.                                                              6b.                                                             6c. 

Supplemental Figure 6. Cumulative coffee consumption and further stopping updating when hypertension, 

hypercholesterolemia develop, and risk of mortality in the overall population and among never smokers by pooled across the 

three cohorts. 6a. Total coffee consumption and risk of mortality. 6b. Caffeinated coffee consumption and risk of mortality. 6c. 

Decaffeinated coffee consumption and risk of mortality.  
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7a.                                                              7b.                                                             7c. 

 

Supplemental Figure 7.  Continue updating coffee consumption after diagnosis of chronic disease with 4-year lag and risk of 

mortality in the overall population and among never smokers pooled across the three cohorts. 7a. Total coffee consumption 

and risk of mortality. 7b. Caffeinated coffee consumption and risk of mortality. 7c. Decaffeinated coffee consumption and risk 

of mortality.  
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                                    8a.                                                                8b.                                                              8c. 

 

Supplemental Figure 8.  Continue updating coffee consumption after diagnosis of chronic disease adjusting for 

hypercholesterolemia as a time varying covariates and risk of mortality in the overall population and among never smokers 

pooled across the three cohorts. 8a. Total coffee consumption and risk of mortality. 8b. Caffeinated coffee consumption and 

risk of mortality. 8c. Decaffeinated coffee consumption and risk of mortality.  

 



27 
 

 

                                    9a.                                                                9b.                                                              9c. 

Supplemental Figure 9. Baseline coffee consumption and risk of mortality in the overall population and among never smokers 

further excluding hypertension, hypercholesterolemia, and diabetes cases at baseline, pooled across the three cohorts. 9a. Total 

coffee consumption and risk of mortality. 9b. Caffeinated coffee consumption and risk of mortality. 9c. Decaffeinated coffee 

consumption and risk of mortality.  

 


