
CURRENT DEVELOPMENTS IN NUTRITIONR E V I E W

Dietary Research on Coffee: Improving Adjustment for Confounding

David R Thomas1 and Ian D Hodges2

1Social and Community Health, University of Auckland, Auckland, New Zealand and 2HealthSearch Limited, Auckland, New Zealand

ABSTRACT
Meta-analyses have reported higher levels of coffee consumption to be associated with lower mortality. In contrast, some systematic reviews have
linked coffee consumption to increased risks for lung cancer and hypertension. Given these inconsistencies, this narrative review critically evaluated
the methods and analyses of cohort studies investigating coffee and mortality. A specific focus was adjustment for confounding related to smoking,
healthy and unhealthy foods, and alcohol. Assessment of 36 cohort samples showed that many did not adequately adjust for smoking. Consuming
1–5 cups of coffee per day was related to lower mortality among never smokers, in studies that adjusted for pack-years of smoking, and in studies
adjusting for healthy and unhealthy foods. Possible reduced health benefits for coffee with added sugar have not been adequately investigated.
Research on coffee and health should report separate analyses for never smokers, adjust for consumption of healthy and unhealthy foods, and for
sugar added to coffee. Curr Dev Nutr 2020;4:nzz142.
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Introduction

Coffee is a popular beverage consumed regularly in many countries. A
national survey in the United States reported that ∼75% of adults drink
coffee and 49% drink ≥1 cup daily (1). Despite several hundred research
studies evaluating the health effects of coffee, including many that asso-
ciate coffee with beneficial health outcomes, coffee has been largely over-
looked as a potential health determinant in dietary research and rarely
included as an adjustment variable when assessing the health effects of
specific food groups and dietary patterns. A reason for this omission
could be inconsistencies in findings from studies examining the health
effects of coffee. Although many studies have noted that coffee drinking
is associated with better health outcomes, others report no relation and
some report adverse health effects. In the face of these conflicting find-
ings, it is important to review in detail the methodological procedures
and analyses reported in research on the health effects of coffee. To what
extent have decisions made about the research design and analyses af-
fected the findings?

Multiple research designs are used in diet and health research, and
these collectively contribute to accumulated evidence regarding healthy
and unhealthy foods. Although randomized controlled trials (RCTs)
have been regarded by some as the most trustworthy type of research de-
sign in dietary research (2), cohort or prospective observational studies

are commonly used to ascertain the long-term health effects of specific
foods and dietary patterns. Cohort studies have made a substantial con-
tribution to the development of food policy and nutritional guidelines
(3). In contrast to RCTs, cohort studies are more suitable for investi-
gating major health events that can take many years to develop, such
as cardiovascular disease (CVD), cancer, and mortality. Cohort studies
can include exposures that are difficult to randomize or might be con-
sidered unethical in experimental studies (e.g., high levels of alcohol
consumption).

Some potential limitations of cohort studies are reliance on self-
report measures of diet, not adjusting for changes in dietary patterns
over time, and unadjusted or “residual” confounding potentially influ-
encing outcomes. An important task for researchers and reviewers of
cohort studies is ensuring that cohort study designs are of sufficient
quality to contribute to the evidence regarding the health effects of spe-
cific foods. Systematic reviews and meta-analyses of cohort studies can
use quality assessment checklists to ensure the studies selected for re-
view are of acceptable quality in terms of their research design and
analysis.

The Newcastle-Ottawa Scale is commonly used for assessing the
quality of nonrandomized studies included in meta-analyses, such as
case-control and cohort studies (4). This scale includes a section on
comparability. In cohort studies “either exposed and non-exposed in-
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dividuals must be matched in the design and/or confounders must be
adjusted for in the analysis” (4). In the case of coffee consumption,
people who do not drink coffee are typically used as the nonexposed
reference group and compared with those who drink coffee.

The manual for the Newcastle-Ottawa Scale states that, “If the rel-
ative risk for the exposure of interest is adjusted for the confounders
listed, then the groups will be considered to be comparable on each vari-
able used in the adjustment” (4). Researchers conducting cohort studies
typically adjust a number of variables that might be potentially related
to both coffee consumption and health outcomes. These are likely to in-
clude variables such as age, gender, risk indicators (such as blood pres-
sure, lipids), noncommunicable diseases, and sometimes dietary mea-
sures. Cohort studies typically report the specific covariates for which
adjustments were made in relation to either partially or fully adjusted
regression models for risk estimates. The Newcastle-Ottawa Scale is not
specific as to which potential confounders might need to be adjusted.
Each research team makes this decision.

There have been several hundred published research reports on the
health effects of coffee, including many cohort studies (5, 6). System-
atic reviews and meta-analyses are generally regarded as providing the
best-quality evidence, based on summarizing the findings from multi-
ple individual studies. Cohort studies can use mortality, or major dis-
eases such as diabetes, cancer, and CVDs, as end points. These are more
robust than the end points typically used in RCTs, which primarily fo-
cus on short-term outcomes such as changes in blood lipids, insulin
responses, or biological markers of inflammation. In contrast to stud-
ies using intermediate end points such as disease states (e.g., diabetes,
CVD) or risk factors such as obesity, hypertension, and blood lipids, co-
hort studies using mortality as an end point do not require underlying
assumptions about the link between intermediate end points and mor-
tality.

Research findings investigating the association of coffee consump-
tion and mortality are consistent. Six meta-analyses published between
2013 and 2019 reported an inverse association; people who drank
≥1 cup of coffee per day had significantly lower mortality rates than
people who drank little or no coffee (7–12). The maximum protective
effect of coffee consumption has been reported as ∼3–4 cups/d. The
meta-analysis published in 2016 by Grosso and colleagues (8), which
summarized findings from 31 cohort studies, reported an overall RR of
0.84 for people who drink 3–4 cups of coffee per day, indicating a 16%
lower mortality risk compared with people who did not drink coffee.

Two umbrella reviews reporting multiple health end points for cof-
fee consumption have been published. Umbrella reviews are syntheses
of research for a specific exposure or intervention and examine multi-
ple health outcomes. The umbrella review published in 2017 by Grosso
and colleagues (5) included research on 59 specific health outcomes.
Types of studies included in their review were meta-analyses from co-
hort (prospective) studies, case-control studies, and RCTs. The review
covered 3 exposures: coffee, decaffeinated coffee, and caffeine. They
concluded that, “coffee consumption has beneficial effects for a number
of chronic diseases, including cancers, and cardiovascular, metabolic,
and neurological conditions.” They also noted that the beneficial health
effects were evident for ≤4–5 cups of coffee per day (5).

The second umbrella review published in 2017 included meta-
analyses for 67 health outcomes (6). Poole and colleagues (6) concluded
that:

Coffee consumption seems generally safe within usual levels of in-
take, with summary estimates indicating largest risk reduction for vari-
ous health outcomes at three to four cups a day, and more likely to ben-
efit health than harm.

In contrast to the findings of the beneficial effects of consuming cof-
fee, some systematic reviews of cohort studies have reported associa-
tions between higher coffee consumption and negative health outcomes
such as increased risk of pancreatic cancer (13), bladder cancer (14),
lung cancer (15), and hypertension (16). Other systematic reviews have
reported no relation between coffee consumption and health outcomes
such as coronary heart disease (17) and hypertension (18).

One of the reasons for the divergent outcomes for the effects of
coffee on health could be differences in the selection of covariates for
which adjustment was made, and variations in the way covariates have
been constructed. For example, some research groups have used binary
variables to adjust for smoking (current smoker compared with non-
smoker) whereas others have constructed more complex variables that
include both smoking status (never, former, current smoker) and pack-
years of smoking. Given the consistent association between smoking
and high levels of coffee consumption (19, 20), adequate adjustment for
smoking confounding is essential for research on the health effects of
coffee.

An important finding from the meta-analysis by Grosso and col-
leagues (8) was that statistical procedures most commonly used to ad-
just for smoking did not appear to adequately control for the negative
health effects of smoking. An analysis based on 5 subsamples of never
smokers showed a linear inverse association between coffee consump-
tion and mortality rates. This contrasted with the overall risk among
31 samples adjusted for smoking, which showed a nonlinear associa-
tion, with the lowest mortality rates among people who drank 3–4 cups
of coffee per day (8). These contrasting findings indicate that some of the
variables constructed to assess smoking as a covariate can be ineffective
in removing confounding. Two articles have reported that variations in
constructing smoking variables, when adjusting for smoking in relation
to lung cancer risk, lead to significantly different outcomes (21, 22). Use
of a binary variable (smoker compared with nonsmoker) was the least
effective type of adjustment.

Given both negative and no association outcomes between coffee
and health reported from some systematic reviews, the more general
question arises: to what extent do specific procedures in the method-
ologies and analyses in coffee studies lead to divergent and sometimes
conflicting outcomes regarding the health impacts of coffee? The aim
of this narrative review was to critically analyze methodologies used in
human cohort or prospective studies investigating the association be-
tween coffee consumption and mortality. A specific focus was on ad-
justments for smoking and for healthy and unhealthy foods as potential
confounding factors. Cohort or prospective studies provide the high-
est quality evidence currently available about the long-term impacts of
foods such as coffee, whereas few long-term RCTs of adequate quality
have been published.

Methods

To investigate how typical adjustments made for potential confounding
variables, including smoking, diet, and alcohol consumption, might af-
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fect the association reported between coffee consumption and mortality,
34 articles were selected for detailed analysis.

The initial selection included the 31 articles included in the 2016
meta-analysis by Grosso et al. (8). A further 11 studies were identified
from a search of the same databases (PubMed and EMBASE), using
the same search terms (“coffee” AND “mortality”) used by Grosso et
al. The search was restricted to studies published from January 2016 to
May 2019 that were not among studies already reviewed by Grosso et al.
The selection criteria were the same as used by Grosso et al.: cohort or
prospective studies that reported the association between coffee intake
and total or all-cause mortality, and reported HR ratios or RR with 95%
CIs, across ≥3 coffee exposure categories. Only studies that had pub-
lished the full article in English and reported adjusting for smoking as
a covariate were selected. It has been clear for several years that studies
on coffee and health that do not adjust for smoking are likely to have
significant confounding from smoking-related morbidity and mortality
(5).

From the 42 articles screened, 8 articles from the Grosso et al. meta-
analysis were omitted for the following reasons: they reported only bi-
nary comparisons between the highest and lowest coffee consumption
groups (n = 4), they did not report HRs or other significance levels for
all-cause mortality (n = 3), or did not adjust for smoking for the re-
ported coffee and mortality comparisons (n = 1). The 8 articles omitted
are listed in Supplemental Table 1. In total 34 articles, reporting out-
comes for 36 samples, were included in the review. The selection process
is shown in Figure 1.

Analyses
The 34 selected articles, reporting on 36 cohort samples, were read to
identify and extract the text describing the variables that were used as
covariates or adjustment variables. A specific focus was identifying how
smoking and dietary patterns were adjusted. The variables used to ad-
just for confounding, details of the adjustment variables used for smok-
ing and food consumption, and the reported outcomes (nearly all used
HRs, RRs, or ORs) for the association between coffee consumption and
mortality were noted.

Four specific ordinal (ranked) variables were constructed for the
analyses reported in this review:

� the level of significance for the association between coffee con-
sumption and mortality,

� the complexity of adjustment for smoking,
� the extent of adjustment made for food groups, and
� the type of adjustment made for alcohol consumption.

Additional information was also extracted for each cohort, where re-
ported. This included: sample size, the length of the follow-up period,
the mean or median age of the sample at baseline measurement, mor-
tality rates for the overall sample and specific subsamples, and whether
adjustment was made for total energy consumption. Food groups, such
as fruit, vegetables, red meat, and nuts, were used to assess the effec-
tiveness of adjustment for dietary patterns because they are commonly
used to construct diet quality assessment tools (23, 24). There has been
a trend for food groups to replace macronutrients to measure diet qual-
ity in human populations because food groups are more likely to have a
direct association with health outcomes than macronutrients (25–27).

Ratings of level of significance
Among the 36 samples, 27 reported HRs, 7 reported RRs, 1 reported
ORs, and 1 reported a log-rank test calculated on cumulative survival.
The type and significance of the association between coffee consumption
and mortality for each sample was assigned to 1 of 3 levels. In all cases,
the significance levels extracted from articles were the multivariate or
fully adjusted ratios. In 35 of 36 samples the reference group was people
who did not drink coffee or had the lowest consumption level. Signifi-
cance levels were reported for 3 specific groups: 23 samples of women,
22 samples of men, and 10 combined samples comprising both men and
women. The following criteria were used to assign the reported findings
for each sample to specific significance levels.

Level 1: nonsignificant.
Where the specific HRs (or RRs or ORs) for specific categories of coffee
consumption, and the linear inverse trend (if reported) for the associ-
ation with mortality, were nonsignificant (P > 0.05), the finding was
categorized as nonsignificant.

Level 2: partially significant.
The findings were categorized as partially significant where significance
level for the linear trend was either not reported or was not significant
(P > 0.05) and if ≥1 of the coffee consumption categories was reported
as having significantly lower mortality rates (P < 0.05) than the low-
est coffee intake (in 35 of 36 samples the lowest coffee intake was the
reference group).

Level 3: significant.
Where the association across the categories of coffee consumption and
mortality was reported as a significant inverse linear trend (P < 0.05), or
where ≥2 coffee consumption categories were significant and the sig-
nificance level for the linear trend was not reported, the findings were
categorized as a significant inverse association.

An additional summary significance score for the 36 samples was con-
structed to combine separate significance scores for men and women
into a single summary score. For the other samples, the single signifi-
cance level described above was used.

Level 1 The significance levels for both men and women were non-
significant.

Level 2 The men’s and women’s samples differed with 1 HR or trend
being significant and the other nonsignificant.

Level 3 The levels reported separately for men and women were both
significant.

The ratings of the significance levels, for each of the 36 samples, are
shown in Supplemental Table 2.

Ratings of adjustment for smoking
A detailed assessment of the smoking adjustments for the 36 samples in-
dicated that categorization into 4 levels of smoking adjustment reflected
the relative degree of complexity of the types of adjustments reported.
The adjustment ratings were as follows:

Level 1 Binary (current smokers compared with nonsmokers).
Level 2 Smoking status adjustment (binary adjustment based on cur-

rent, former, and never smokers).
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Articles included in Grosso et al. 
2016 review 

(n = 31)

Articles identified in new literature 
search 2016-2019 

(n = 11)

Articles screened
(n = 42)

Articles not meeting inclusion 
criteria (n = 8)

Significance level for only highest vs 
lowest coffee categories (n = 4) 
Did not report significance levels for 
total mortality (n = 3)
Did not adjust mortality comparisons for 
smoking (n = 1) 

Articles included in 
narrative review 

(n = 34)

FIGURE 1 Articles selected for detailed analysis.

Level 3 Construction of ≥1 smoking variable, typically with both
smoking status and ≤4 categories that were based on intensity of smok-
ing (cigarettes per day) and/or years since cessation.

Level 4 Incorporated both intensity of smoking (≥5 categories or
continuous variables) using either the number of cigarettes smoked (for
both former and current smokers), the number of years of smoking, or
the total number of pack-years of smoking at the time of baseline mea-
surement.

These 4 levels were used to measure the relative effectiveness in ad-
justing for smoking. The levels are consistent with findings from previ-
ous articles assessing the effectiveness of statistical adjustment for smok-
ing in relation to lung cancer risk (21, 22, 28). Both level 1 and level 2
binary adjustments are likely to be ineffective, especially given the non-
linear association evident between smoking and coffee consumption in
studies that have reported this association. Level 3 adjustment was likely
to be more effective than either of the binary adjustments. Level 4 has
been shown to be the most effective procedure for statistical adjustment
of smoking (21, 22, 28).

The individual scores for ratings of smoking adjustment for the
36 samples are shown in Supplemental Table 2. The text describing the
smoking variables used as covariates, extracted from the articles, and
the associated rating levels are shown in Supplemental Table 3.

In 17 articles, HRs for subsamples of never smokers were also re-
ported. A summary of these HRs is included in the findings.

Ratings of adjustment for food groups
Adjustments for potential confounding by food groups were rated us-
ing 4 levels. The ratings were based on the extent to which the adjusted

food groups were likely to be related to mortality and chronic disease
based on recent systematic reviews and multisample cohort studies. Ad-
justment for total energy intake (included in 17 of 36 samples), alcohol
consumption, and other beverages (such as green tea and black tea),
were not included in the food adjustment ratings.

Level 1 No adjustment for any food variables.
Level 2 Adjustment for macronutrients and/or single foods (e.g., fats,

SFAs, leafy vegetables).
Level 3 Adjustment using 2–3 foods selected from the following:

healthy foods: fruit, vegetables, wholemeal and wholegrain foods, and
nuts; unhealthy foods: red meat, processed meat, refined carbohydrates
(including rice and noodles), and sugar-sweetened beverages (SSBs).
Where “fruit and vegetables” and “red and processed meat” were re-
ported as single variables they were counted as 1 food group.

Level 4 Adjustment for consumption of ≥4 of the food groups men-
tioned above or using a food index such as the Alternative Healthy Eat-
ing Index (AHEI) or Mediterranean diet.

The text describing the specific food covariates reported in the arti-
cles, and their coding, is shown in Supplemental Table 4.

The food ratings were based on specific assumptions about which
foods are most likely to be associated with mortality. These assumptions
and the supporting evidence were:

(a) Inclusion of macronutrient variables (fats, SFAs, carbohydrates,
and protein) as the primary type of food adjustment has little
or no effectiveness in reducing confounding given their lack
of association with both risk factors (29, 30) and all-cause
mortality (31–33). We acknowledge that there are conflict-
ing interpretations from the findings of systematic reviews
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and meta-analyses on the relation between SFAs and mor-
tality (34). We agree with recent interpretations, supported
by a substantial body of recent evidence, that there is no re-
lation between SFAs and total mortality or mortality due to
CVDs (35, 36).

(b) Healthier diets, measured using composite food indices such as
the AHEI, Dietary Approaches to Stop Hypertension Trial
(DASH), and the Mediterranean diet, have been consistently
associated with lower mortality (37, 38).

(c) Adjustment for multiple food groups, for which there is exten-
sive evidence of unhealthy or healthy effects, is one of the
most effective types of adjustment (27, 39). For the food rat-
ings, healthy foods included vegetables, fruits, nuts, legumes,
and wholegrains (40, 41). Unhealthy foods included SSBs
(42, 43), refined carbohydrates (44), processed meat, and red
meat (25). Many of these foods, but not all, are included in
food indices such as the AHEI, DASH, and the multiple ver-
sions of the Mediterranean diet.

In summary, the ratings of the quality of food adjustment are based
on specific interpretations of recent research findings for which there
are conflicting views regarding the relative importance of macronutri-
ents compared with food groups in relation to health outcomes such as
CVD and mortality (34, 39). In our view, there is an emerging consensus
that use of macronutrients as covariates is not effective compared with
using food indices or food groups. A recent commentary on dietary fats
noted that, “researchers and public health authorities now agree that to
consider the effect of total fat intake alone on health is meaningless….”
(34).

The level of adjustment for alcohol consumption as a covariate was
rated using 3 levels: 1) no adjustment for alcohol; 2) 2–4 categories of al-
cohol consumption were used; or 3) ≥5 categories were used or alcohol
entered as a continuous variable.

Statistical analyses were carried out using the IBM SPSS Statistics
Package (v25). Sample size was set as a continuous variable, and the rat-
ing levels set as ordinal variables. Spearman ρ partial correlations (using
constructed SPSS syntax files), controlling for sample size, were used to
assess the associations between the significance level ratings and rating
for the other adjustment variables. It was predicted that higher (more
complex) levels of adjustment would be associated with a greater like-
lihood of a significant inverse association between coffee consumption
and mortality. One-tailed significance levels were used for the analyses.

Results

Key characteristics for the 36 cohort samples are shown in Table 1. The
samples were from 3 general regions; 15 samples were from the United
States, 13 were from Europe (including 2 from the United Kingdom),
and 8 from Asia (7 from Japan and 1 from Singapore). Sample sizes
ranged from 817 to 451,743. For most samples, the mean age of par-
ticipants at baseline was between 40 and 59 y (19 samples). In 6 samples
the mean age was <50 y, and in 11 samples the mean age was ≥60 y.
Most samples had ≥4 categories for coffee intake.

The category for the highest intake of coffee, for which the HRs were
reported, varied among the 34 articles. One article used ≥8 cups/d,

2 used ≥7 cups, 7 used ≥6 cups, 5 used ≥5 cups, 7 used ≥4 cups, 4 used
≥3 cups, and 4 used ≥2 cups/d.. One article reported only quartiles of
coffee intake. There were only 10 articles reporting risks for drinking
≥6 cups/d. Because the proportion of each sample in the highest cof-
fee intake categories was usually low, the data are too sparse to justify
extrapolation of a continuing direct inverse relation between coffee and
mortality for >5 cups of coffee per day.

Significance scores for HRs
The frequencies for type and significance of the association between cof-
fee consumption and mortality are shown in Table 2 for the samples of
women, men, and combined samples, which included both men and
women. The right-hand column shows the ratings of the summary sig-
nificance levels, combining both HRs where those for men and women
were reported separately. The significance ratings for each of the 36 sam-
ples are listed in Supplemental Table 2.

Several trends were evident in the significance levels across the
36 samples. Studies with shorter follow-up times were less likely to re-
port significant inverse associations between coffee and mortality. Of
the 6 samples of men that had follow-up times <10 y, 5 reported findings
that were either nonsignificant (48, 71, 72) or only partially significant
(55, 68). Samples of women were more likely than samples of men to
show a significant inverse association between coffee intake and mortal-
ity (16 of 23 samples of women; 11 of 22 samples of men). This difference
is likely related to lower rates of smoking in women. Of 10 samples with
younger ages (mean age <52 y) and mortality rates <10%, 7 reported a
nonsignificant association between coffee and mortality (47–49, 56, 57,
60, 64).

Adjustment for smoking
Table 3 shows the frequencies for 4 levels of adjustment for smoking.
The text coded into the smoking adjustment ratings, for each of the 36
samples, is shown in Supplemental Table 3. The association between the
ratings of smoking adjustment and the significance of the coffee and
mortality outcomes was calculated using Spearman ρ partial correla-
tions, controlling for sample size. The correlation between the signifi-
cance levels and smoking adjustment rating across all 36 samples was
0.66 (P < 0.001, 1-tailed). For the 22 samples of men, the correlation
was 0.29 (NS), among the 23 samples of women the correlation was
0.22 (NS), and for the 10 combined samples the correlation was 0.89
(P = 0.001). The variation in the size of the correlations in the sex-
specific, combined, and overall samples could be due to differences in
smoking rates. However, this requires further investigation. There was
a significant correlation of 0.53 (P < 0.001, 1-tailed) between the year
of publication and the smoking adjustment rating, indicating a signifi-
cant trend for smoking adjustments to become more complex over the
period 1984 to 2019.

The correlation between smoking levels and significance of the cof-
fee and mortality associations indicates that studies that used more
complex smoking adjustments were significantly more likely to report
a significant inverse association.

The most robust procedure for assessing effectiveness of adjustment
for smoking is comparison of significance levels separately in samples
of never smokers, former smokers, and current smokers, adjusted for
smoking in the 2 latter groups. Of the 36 samples, 17 reported the sig-
nificance level of the association between coffee consumption and mor-
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TABLE 1 Characteristics of 36 samples in selected cohort studies

First author and date
of publication

Country or
region

Sample
number

Mean
age,1 y

Years of
follow-up2

Mortality
rate,3 %

Coffee
consumption
categories4

Coffee ≥1
cup/d, %

Analyses
by sex5

Kahn 1984 (45) USA 20,969 NR6 21 27 3 22 Combined
Lindsted 1992 (46) USA 9484 53 26 NR 3 25 Men
Klatsky 1993 (47) USA 127,520 43 8 3.5 5 59 Combined
Woodward 1999 (48) UK 11,445 50 7.7 4.9 4 72 Separate
Kleemola 2000 (49) Finland 20,179 44 10 8 4 95 Separate
Iwai 2002 (50) Japan 2855 58 10 12.6 3 58 Separate
Jazbec 2003 (51) Croatia 3364 48 27 28.2 4 51 Separate
Andersen 2006 (52) USA 27,312 61 15 15.6 5 79 Women
Paganini-Hill 2007 (53) USA 13,624 74 23 84.6 5 49 Combined
Happonen 2008 (54) Finland 817 76 23 76 5 94 Combined
Ahmed 2009 (55) Sweden 37,315 60 9 NR 5 89 Men
de Koning Gans 2010

(56)
Netherlands 37,514 50 11 3.7 6 80 Combined

Sugiyama 2010 (57) Japan 37,742 51 11 6.5 4 46 Separate
Tamakoshi 2011 (58) Japan 97,753 57 16 20 4 28 Separate
Freedman 2012 (59) USA 402,260 62 14 13 5 90 Separate
Liu 2013 (60) USA 43,727 43 16 5.7 6 59 Separate
Gardener 2013 (61) USA 2461 68 11 35 5 69 Combined
Saito 2015 (62) Japan 90,914 50 18.7 14.2 5 41 Separate
Loftfield 2015 (63) USA 90,317 65 11 9.7 6 68 Separate
Lof 2015 (64) Sweden 45,140 40 18 3.5 3 85 Women
Odegaard 2015 (65) Singapore 52,584 56 16 19 4 71 Combined
Ding 2015 NHSII7 (66) USA 93,054 36 23 2.2 5 44 Women
Ding 2015 HPFS7 (66) USA 40,557 53 26 31 5 55 Men
Ding 2015 NHS7 (66) USA 74,890 51 36 24 5 68 Women
Nordestgaard 2016

(67)
Denmark 95,366 58 10 5.7 7 78 Combined

Grosso 2017 (68) Europe 28,561 58 6 7.4 4 62 Separate
Gunter 2017 (69) Europe 451,743 51 16 9.2 5 NR Separate
Park 2017 (70) USA 185,000 60 16 31 6 64 Separate
Neves 2018 (71) USA 3948 58 5 19 4 46 Separate
Hu 2018 (72) USA 2461 68 8 50 4 47 Separate
van den Brandt 2018

(73)
Netherlands 90,914 61 10 15 6 93 Separate

Loftfield 2018 (74) UK 90,317 58 7 2.9 7 77 Separate
Navarro 2018 (75) Spain 45,140 38 10 1.7 4 64 Combined
Sado 2019 (76) Japan 52,584 53 15 16 5 55 Separate
Nohara-Shitama 2019

(77)
Japan 1117 63 15 18 4 38 Combined

Yamakawa 2019 (78) Japan 15,724 53 16 18 5 NR Separate
1Sample age at baseline data collection was reported as mean or median.
2Based either on time from baseline to end date for total sample or for mean or median follow-up years.
3Mortality rate for % deaths in total sample; some samples included both men and women, some men or women only.
4Number of coffee consumption categories reported.
5HRs reported either on a combined sample, separately for men and women, or only men or women.
6NR, not reported. 7HPFS, Health Professionals Followup Study; NHS, Nurses’ Health Study; NHSII, Nurses’ Health Study II.

tality among never smokers. In 14 of these 17 samples there was a signifi-
cant inverse linear association between coffee consumption and mortal-
ity among never smokers. This linear association is consistent with the
view that ≤5 cups of coffee per day can be health protective for most
people, except for women who are pregnant or people who are sensitive
to caffeine. Of the 14 samples reporting an inverse association for never
smokers, 5 samples also reported significant linear inverse associations
for former and current smokers. One of the articles (66), using pooled
results across 3 samples, noted the contrasting results for analyses of
never smokers:

Overall, the association of total coffee, caffeinated coffee, and decaf-
feinated coffee consumption with risk of all-cause mortality changed
from a nonlinear association in the overall population to a linear inverse
association when restricting to never smokers (total coffee: P value for
nonlinearity = 0.32, P value for linear trend < 0.001… [p. 2309]

Of the 17 samples of never smokers, the 3 samples for which the asso-
ciation between coffee intake and mortality was nonsignificant had very
low rates of mortality compared with mortality rates in the other cohort
studies. Mortality rates were 2.2% for the total sample in the Nurses’
Health Study II sample (over a 23-y follow-up time), compared with
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TABLE 2 Coffee and mortality association: levels of
significance of HRs

HRs Women Men
Combined
samples1

Summary
signifi-
cance2

Level 1: not significant 5 7 4 7
Level 2: partially

significant
2 4 2 14

Level 3: significant
inverse linear trend

16 11 4 15

Sample n 23 22 10 36
1Samples that reported HRs for men and women combined, not separately.
2Summary significance rating including combined HRs for men and women where
both samples were reported.

24% in the Nurses’ Health Study (66). In the UK Biobank sample, which
had a median 7-y follow-up, the reported mortality rates were 1.5% in
never smokers, 3.5% in former smokers, and 5.5% in current smokers
(74). The third study, which reported a nonsignificant trend in Japanese
men who were never smokers, did not report mortality rates for this
subsample (76). The number of mortality cases in male never smok-
ers was low. When mortality rates are very low, such as in samples that
recruit younger people, a significant inverse association between cof-
fee consumption and mortality can be less likely. Because of the lower
mortality rates in never smokers, a protective effect resulting from cof-
fee consumption appeared more likely to become significant in people
aged 55–70 y, in studies that reported HRs for different age groups (63,
66, 74, 75).

These analyses confirm that when findings for never smokers are
analyzed separately, higher levels of coffee consumption are consis-
tently associated with lower levels of mortality. Both binary and some-
times more complex adjustments for smoking do not adequately ad-
just for confounding between smoking and coffee consumption, espe-
cially in men. Two possible reasons for the commonly used statistical
adjustments for smoking not being effective are: 1) long-term health
impacts in former smokers have been underestimated; and 2) smok-
ing and coffee consumption frequently have a nonlinear association,
with very heavy smokers likely to be very high coffee consumers. Sta-
tistical adjustments for smoking, which can work when there is a lin-
ear relation between coffee consumption and smoking, are likely to
have residual confounding from the negative health effects of heavy
smoking. Supplemental Figure 1 shows the nonlinear relation be-
tween smoking and coffee drinking for current smokers. These data
were taken from 6 samples included in the current review that re-
ported data for current smokers, using comparable coffee consumption
categories.

Adjustment for healthy and unhealthy food
Each of the 34 articles was rated for the extent to which adjustment was
made for higher consumption of unhealthy foods, or lower consump-
tion of healthy foods, as covariates of coffee consumption. Adjustments
made in the papers for alcohol, total energy intake and other hot bev-
erages (black tea, green tea) were not included in the food adjustment
ratings. The ratings are shown in Table 4. The text from each article
coded into the specific levels of food adjustment, is shown in Supple-
mental Table 4. The frequencies indicate 4 distinct patterns in relation to

adjusting for food covariates. There was a trend toward a bimodal distri-
bution between the covariates used in the level 2 rating (macronutrient
variables) and level 4 rating (specific food groups and dietary indices)
indicating contrasting assumptions in relation to adjustment for dietary
variables.

The partial correlation, controlling for sample size, between ratings
of the effectiveness of food adjustments and the summary significance
level for the association between coffee and mortality was significant
(ρ = 0.46; P = 0.003, 1-tailed) across 36 samples. The use of more com-
plex food adjustments increased the likelihood of finding a significant
inverse association between coffee and mortality. The partial correlation
between the food adjustment ratings and significance of the associa-
tion between coffee and mortality was significant for women (ρ = 0.38;
P = 0.043; n = 23) but not for men (ρ = 0.06; NS; n = 22).

There was a significant correlation between the food adjustment and
smoking adjustment ratings (ρ = 0.58; P < 0.001; n = 33), when con-
trolling for sample size. This indicated that studies that used more effec-
tive smoking adjustment tended also to use more effective food adjust-
ments. When the smoking and food adjustment ratings were combined
into a single variable, the partial correlation of the combined variable
with the summary significance rating was ρ = 0.64 (P < 0.0001; n = 33).
This partial correlation between the combined adjustment rating and
significance ratings indicates ∼40% covariance.

The correlations reported indicate that adjustments for smoking and
healthy and unhealthy foods each make an independent contribution to
the overall effectiveness of the adjustments, and their combined contri-
bution to adjustment accounts for considerable variation in the levels of
significance.

The level of alcohol adjustment (using the 3-level rating men-
tioned earlier) was significantly correlated with the smoking adjust-
ment rating (ρ = 0.58; P < 0.001; n = 33) when sample size was con-
trolled. The partial correlation of the alcohol adjustment rating with
the significance level rating (ρ = 0.38; P = 0.012) was significant
when controlling for sample size, but was nonsignificant (ρ = −0.09)
when both sample size and smoking adjustment were controlled. These
correlations indicated a trend for studies that used complex adjust-
ment for smoking also to use more complex adjustment for food and
alcohol.

The importance of adjusting for specific healthy and unhealthy food
groups is consistent with data reported in several of the cohort studies.
Of studies that reported the association between specific food groups
and coffee consumption, higher coffee consumption was frequently as-
sociated with eating less fruit and vegetables (52, 59, 62, 63, 69), higher
consumption of red and processed meat and refined grains (52, 59, 62,
63, 69), and drinking more alcohol. One article used an empirically de-
rived “healthy” food pattern, constructed using factor analysis, as a co-
variate. The vegetable-fruit-soy-rich pattern comprised high intakes of
vegetables, fruits, and soy foods, and low intakes of rice, noodles, and
red and processed meats. This pattern was inversely associated with cof-
fee consumption in both never smokers and ever smokers in a Singa-
porean sample (65).

These findings emphasize the importance of adjusting for healthy
and unhealthy foods in research on coffee and health outcomes. Based
on the food ratings, ∼60% of the studies (22/36) did not adjust for any
food groups or used only macronutrients and/or a single food in the
adjustment.
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TABLE 3 Adjustment for smoking: ratings and frequencies

Type of smoking adjustment and effectiveness
score

Number of
samples
(n = 36) Assessment

Level 1. Binary variable Current smokers vs.
nonsmokers

9 Least effective type of adjustment with former
smokers included with never smokers

Level 2. Smoking status Use of 3 categories:
current, former, never smokers

7 Commonly coded as 2 binary variables. Ineffective
adjustment where there are nonlinear
associations between smoking and coffee
consumption

Level 3. Smoking status and intensity One or more
smoking variables with ≤4 categories based on
smoking status and intensity

7 More effective adjustment than smoking status but
limited number of intensity categories does not
effectively adjust for nonlinear associations

Level 4. Complex adjustment Multiple smoking
variables including smoking status, intensity and
cessation time, or pack-years of smoking

13 Most effective type of statistical adjustment, using
pack-years of smoking, time since cessation, or
similar measures

Higher coffee consumption had a linear association with higher al-
cohol consumption in 25 of 31 samples that reported the association for
alcohol consumption. However, a different pattern of coffee and alcohol
consumption was evident in 5 of the 7 Japanese samples that reported
data separately for men and women. In Japanese men, higher levels of
coffee drinking (4+ cups/d) tended to be associated with lower rates of
alcohol consumption, in samples where 50–70% of men reported drink-
ing alcohol regularly. In contrast, in Japanese women there tended to be
a linear relation, with higher coffee associated with higher alcohol con-
sumption in female samples where 5–25% of women reported that they
drank alcohol (50, 57, 58, 62, 76). The high levels of coffee drinking
(4+ cups/d) associated with lower levels of alcohol consumption in
Japanese men could indicate a pattern of drinking coffee as an alter-
native to alcohol in social or work-related groups. This pattern was not
evident in men in other countries.

Sugar added to coffee has been generally ignored in research on cof-
fee, despite sugar being shown to have negative health effects. Of the
34 articles included in the analysis, 29 made no mention of added sugar
to coffee. In 5 articles, 1 mentioned not measuring added sugar as a lim-
itation of the study (57) and 4 mentioned that they checked whether

sugar added to coffee altered the findings. All of the latter 4 reported
no difference to the HRs from added sugar (35, 36, 38, 49). The 4 arti-
cles appear to have coded added sugar as a binary variable (yes/no), and
none reported adjusting for the amount of added sugar (e.g., teaspoon
equivalents) in coffee drinkers.

Discussion

Cohort studies provide a crucial source of evidence for investigating the
long-term effects of specific foods and dietary patterns on health. Crit-
ical analyses can help improve the quality of cohort research designs.
The focus of this narrative review was to assess the quality of adjustment
for potential confounding in research on coffee. Although this report is
based on a small number of published articles, as far as we are aware, it
is the first to systematically examine the relation between adequacy of
adjustment for smoking and food as covariates, and the significance of
these findings for research on coffee and health outcomes such as mor-
tality. Evidence from 34 published studies supported the view that in-
adequate adjustment for confounding for both smoking and unhealthy

TABLE 4 Adjustment for food: ratings and frequencies

Type of food adjustment and effectiveness
score1

Number of
samples
(n = 36) Examples of text coded into food category2

Level 1. No adjustment for food 12 None
Level 2. Minimal adjustment Adjustment for single

food or nutrient
10 Fat intake; SFAs and fiber; total carbohydrates;

SSBs; leafy vegetables
Level 3. Moderate adjustment Adjustment using

2–3 foods
5 Nuts, fruit, vegetables; red and processed

meat, fruits, vegetables
Level 4. Multiple foods adjustmentAdjustment

using a food index or ≥4 healthy and unhealthy
foods

9 AHEI and SSBsMediterranean diet and
snackingRice, bread, meat, fish, eggs,
vegetables, fruitRed and processed meat,
white meat, SFAs, fruits,
vegetablesWholegrains, refined grains, red
meat, fish, fruit and vegetables

1Adjustment for alcohol, total energy intake, and other hot beverages (black tea, green tea) was not included in the food adjustment ratings. 2AHEI, Alternative Healthy
Eating Index; SSB, sugar-sweetened beverage.
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foods reduced the likelihood of finding a significant health protective ef-
fect for coffee. The review also noted that the potentially negative health
effects of sugar added to coffee have not been adequately investigated.

Inadequate adjustment for confounding between coffee consump-
tion and smoking has led to misleading findings in both cohort studies
and meta-analyses, particularly for the association between coffee and
lung cancer and pancreatic cancer. Two meta-analyses reported a signif-
icant association between higher coffee consumption and increased risk
of lung cancer (15, 79). Both these meta-analyses did not assess the ef-
fectiveness of adjustment for smoking in the individual studies included
in the meta-analyses. An association has been reported between coffee
consumption and pancreatic cancer, but this association becomes non-
significant in nonsmokers and in studies that have adjusted for smoking
(13). As noted earlier, the Grosso et al. (8) meta-analysis reported a sig-
nificant linear inverse trend between coffee intake and mortality rates
among never smokers. The differences between never and ever smok-
ers were most evident in cancer deaths. Never smokers showed signifi-
cantly lower cancer death rates with increasing coffee consumption. In
contrast, in former and current smokers, increasing coffee consumption
did not reduce risks for cancer mortality.

Given the inadequacy of adjustments commonly used for smoking,
studies reporting on the health effects of coffee, and other exposures
that could be linked to smoking, should report RRs separately for never
smokers (5, 80). Because some groups show large differences in smok-
ing rates between men and women, separate analyses by sex should
also be reported. Future studies might also need to include the use of
e-cigarettes (vaping).

These findings have implications for other dietary studies making
adjustments for smoking status, where smoking might be associated
with other food variables or lifestyle patterns. For example, an ex-
tensive review on risk thresholds for alcohol consumption based on
83 prospective studies used a binary variable (current smoker compared
with nonsmoker) to adjust for smoking (81). Adjustment using binary
variables is more likely to be linked to misleading assessments of RRs,
especially where an exposure variable (alcohol) and the potential con-
founder (smoking) have a nonlinear association. Many published re-
ports that have used binary covariates to adjust for smoking could have
residual confounding resulting from smoking-associated health risks.

When smoking adjustments are used, authors should report explic-
itly how the variable or variables were constructed for smoking adjust-
ment and how these variables were entered into regression analyses.
Only 1 article included in the current review reported this detail (52).
Another concern is avoiding use of the term “nonsmokers.” This term
is ambiguous, and has been used to refer to both “never smokers” and
“noncurrent smokers.” It is better to use the terms for which the mean-
ing is clear, such as never, former (past, previous), and current smokers.

Higher levels of coffee intake were commonly associated with con-
sumption of unhealthy foods in the studies reviewed. Additional evi-
dence for this association is evident in studies on dietary patterns using
factor analysis. Six systematic reviews focused on food patterns were
found where coffee was reported among the specific foods related to
healthy and unhealthy eating patterns (82–87). From the 6 reviews, 101
individual studies using factor analysis were examined. Of the individ-
ual studies, 14 reported the association of coffee with the primary fac-
tors. Eleven of 14 studies reported coffee as loading on factors com-
monly labeled as “Western” or unhealthy in samples from 9 countries.

This “unhealthy” pattern consisted of red meat, processed meat, refined
grains, alcohol, sweet foods, and coffee (82, 84, 86, 87). These findings
are consistent with the importance of adjusting for food groups. Where
potential covariation between coffee and unhealthy foods has not been
adjusted, it is less likely that higher coffee consumption will be associ-
ated with reduced mortality and morbidity.

Current research indicates that added sugar is a risk factor for health
problems such as obesity, CVD, and diabetes (42, 88, 89). Taking coffee
with added sugar, or flavored coffees with sugar as a sweetener, is likely
to reduce the health benefits of coffee (90). A literature search for studies
investigating the association between coffee and health outcomes found
few that reported the proportion of coffee drinkers who added sugar,
and none that reported the amount of sugar added.

The omission of sugar as a potential confounder in research on coffee
could be based on the assumption that sugar intake has negligible health
effects. The continued omission of added sugar is likely to be a legacy
from dietary questionnaires constructed prior to 2000, which are un-
likely to have included questions to measure sugar added to coffee. The
influential NHANES question set used for repeated national surveys in
the United States illustrates this problem. In NHANES, sugar added to
coffee was measured by the following questions:

123 How many cups of coffee, caffeinated or decaffeinated, did you
drink? (over the last 12 months)

Ten response categories were provided from “None” to “6 or more
cups per day.”

126 How often did you add sugar or honey to your coffee or tea?
Ten response categories were provided from “Never” to “6 or more

times per day.”
The question on added sugar or honey does not provide a quantity

estimate for added sugar (e.g., teaspoons). Reports on tea and coffee
consumption based on the NHANES surveys have ignored added sugar
in the profiles of groups consuming tea or coffee. For example, a 2016
article reported ∼75% of adults in the United States drinking coffee in
the past 12 mo, and ∼49% drinking coffee daily (1). No mention was
made of the proportion of coffee drinkers who added sugar.

In contrast, the more recently constructed UK Biobank question
set, used in a cohort for which recruitment started in 2003, does allow
for calculation of added sugar (91). This survey included the following
question:

How much sugar did you add to your coffee (per drink)?
Six responses categories were provided, from none to 3+ teaspoons.
One of the few studies that mentioned sugar in coffee was a report on

the US NIH-AARP (American Association of Retired Persons) Diet and
Health case-control study of older people (aged 50–71 y at recruitment)
(92). Of 242,171 tea and coffee drinkers in the control group, 49% did
not add sugar or honey to tea or coffee, 25% added sugar or honey, and
26% added other sweeteners. Those who did not add sweeteners to tea
or coffee had a lower risk for depression than people who added any type
of sweetener (92). A Korean study reported that instant coffee mixes
with added sugar were associated with an increased risk of metabolic
syndrome, compared with other types of coffee (93).

There has been sufficient evidence at least since 2010 to justify the
inclusion of added sugar as a potential confounder in studies of the as-
sociation between coffee and health outcomes. In 2 umbrella reviews
on coffee and health, 1 did not mention sugar at all (6) and the other
mentioned it as a possible limitation of the existing research (5). Given
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the practice of ignoring added sugar in studies of coffee and health,
nearly all the published findings on health outcomes from drinking cof-
fee could reflect unadjusted confounding, which could reduce the likeli-
hood of finding health benefits from coffee. Confounding is most likely
for health outcomes where sugar has been reported as a risk factor, such
as weight gain, obesity, metabolic syndrome, diabetes, and blood lipids.
Confounding with added sugar could be most likely to occur among
people drinking ≥3 more cups of coffee per day and who add >1 tea-
spoon of sugar per cup. For example, a person drinking 5 cups/d with
2 teaspoons of sugar per cup would have an added sugar intake of
around 50 g/d (1 teaspoon ≈ 5 g) just from their coffee consumption.
It is possible that part of the reduced protective effect of coffee for con-
sumption of 5+ cups/d, which some studies have reported, could be due
to added sugar.

In terms of implications for further research related to the health
effects of coffee, there were several topics for which no research was
found. These include studies investigating the association of coffee con-
sumption with other dietary and lifestyle patterns. A particular pattern
of interest is the use of coffee as a substitute for other beverages such
as alcohol or SSBs, especially in social settings. In addition, no stud-
ies were found that included self-reporting of reactions to coffee, espe-
cially among occasional drinkers of coffee. Some people can be aller-
gic to coffee or have adverse reactions to caffeine. Research is needed
on the strategies people use to self-manage coffee consumption at com-
fortable levels. One RCT, examining the effects of coffee, required par-
ticipants to drink 1 L of coffee every day for 2 wk. Negative reac-
tions (“palpitations and tremor during the first days of drinking the
cafetière coffee”) were reported as being sufficiently severe for 1 par-
ticipant to drop out of the study. However, as was evident in this re-
port (94), RCT studies are unlikely to gather information about partic-
ipants’ reactions to exposures, in this case drinking more coffee than
usual.

For some people, coffee drinking is associated with social contact
and social support (95, 96). Studies linking coffee consumption with,
for example, reduced risk of depression, could have confounding due to
increased social contact and support being associated with coffee con-
sumption (97). More research is needed on the social contexts associ-
ated with coffee consumption and the extent to which these contexts can
have beneficial effects on health.

A pattern evident among Japanese men, and that could occur in
other societies, is that some people consume coffee instead of alco-
hol in settings where both types of drinks are available. This pattern
of substitution does not appear to have been investigated. As well,
changes in coffee consumption over time, and reasons for change, ap-
pear not to have been investigated. Only a few studies have reported
consistency of coffee consumption over several years (72). A pattern
needing further research is the extent to which people take up, or in-
crease, their coffee consumption as a substitute for drinking alcohol
or SSBs.

Research using self-report measures of coffee consumption should
clearly describe the questions used to measure coffee and should note
whether added sugar was measured, including flavorings that include
sugar. No information was found about the various types of milks added
to coffee. For some consumers, milk can be used instead of sweeteners
to reduce the bitterness of coffee and is likely to be a healthier option
than sugar.

More reviews are needed to document which research studies on
food groups and patterns have included coffee as a food variable, and
which included coffee but did not report it because it was not associ-
ated with outcomes of interest. Research using cohort samples should
assess whether coffee drinking is associated with unhealthy eating pat-
terns and if so, allow for this association when adjusting for potential
confounders.

This review has several limitations. It was restricted to cohort or ob-
servational studies. Cohort studies can have unadjusted confounding,
which is a limitation for attributing a causal relation between exposures
and health outcomes. The findings reported here were dependent on
the assumptions made when assessing the quality of smoking adjust-
ment and adjustment for healthy and unhealthy foods. The assessment
of the quality and levels of significance between coffee consumption and
mortality was dependent on the information reported in each of the
34 articles reviewed. If this information was inaccurate or incomplete,
it could affect the findings reported.

Conclusions

A detailed analysis of 34 cohort studies, covering 36 samples investigat-
ing the association between coffee consumption and mortality, showed
that samples with less effective smoking adjustment and ineffective ad-
justment of healthy and unhealthy foods were less likely to report a sig-
nificant inverse association between coffee and mortality. Based on the
findings reviewed, coffee consumption is likely to be health protective
for up to 5 cups of coffee per day for most people. Fourteen of 17 samples
of never smokers showed a significant linear inverse relation between
coffee consumption and mortality.

The findings of the current review indicate that many reports and re-
views linking coffee to adverse health outcomes, or that have reported
no association with health outcomes, have failed to adequately adjust
for the negative health effects of smoking or the association of cof-
fee drinking with unhealthy dietary patterns. This failure was partic-
ularly evident in studies using binary adjustment for smoking such as
smokers/nonsmokers or smoking status (current, former, never). Fu-
ture studies on the health effects of coffee should report RRs separately
for “never smokers” or use adjustments that incorporate pack-years of
smoking or equivalent. Researchers using cohort samples also need to
assess the extent to which coffee drinking is associated with unhealthy
eating patterns and if so, allow for this association when adjusting for
potential confounders.

There has been sufficient evidence since at least 2010 to justify the
inclusion of added sugar as a potential confounder in studies of the
links between coffee and health. Because sugar has been almost to-
tally ignored as a confounder, existing research could underestimate the
health-protective effects of coffee.
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Supplemental Table 1 Articles omitted from analyses 

First author and date Reason article omitted 
Vandenbroucke 1986 (1) Odds ratio only for binary comparison of 0 vs 5+ cups/day coffee (Table 

1) 

Jacobsen 1986 (2) Odds ratio only for binary comparison for ≤2 vs 7+ coffee categories 

(Table 3, footnote b) 

LeGrady 1987 (3) 95% confidence intervals for coffee and mortality RR reported only for 

6+ cups/day, not for 2-5 cups coffee per day (Tables 2 and 3) 

Rosengren 1991 (4) Odds ratio only for binary comparison of 0 vs 9+ cups/day (Table2 

footnote) 

Hart 1997 (5) Reported only CVD mortality, not total mortality 

Laaksonen 2008 (6) Did not adjust for smoking in coffee RRs (Supp. Table W1) 

Leurs 2010 (7) Reported only IHD and stroke mortality, not total mortality 

Mineharu 2011 (8) Reported only CVD mortality, not total mortality 

 
Supplemental references 
1. Vandenbroucke JP, Kok FJ, Van 'T Bosch G, Van Den Dungen PJC, Van Der Heide-Wessel C, 

Van Der Heide RM. Coffee drinking and mortality in a 25-year follow-up. Am J Epidemiol 
1986;123(2):359-61. 

2. Jacobsen BK, Bjelke E, Kvåle G, Heuch I. Coffee Drinking, Mortality, and Cancer Incidence: 
Results From a Norwegian Prospective Study. J Natl Cancer Inst 1986;76(5):823-31. 

3. LeGrady D, Dyer AR, Shekelle RB, Stamler J, Liu K, Paul O, Lepper M, Shryock AM. Coffee 
consumption and mortality in the Chicago Western Electric Company Study. Am J Epidemiol 
1987;126(5):803-12. 

4. Rosengren A, Wilhelmsen L. Coffee, coronary heart disease and mortality in middle-aged 
Swedish men: findings from the Primary Prevention Study. J Intern Med 1991;230(1):67-71. 

5. Hart C, Smith GD. Coffee consumption and coronary heart disease mortality in Scottish men: 
a 21 year follow up study. J Epidemiol Community Health 1997;51(4):461-2. 

6. Laaksonen M, Talala K, Martelin T, Rahkonen O, Roos E, Helakorpi S, Laatikainen T, Prättälä 
R. Health behaviours as explanations for educational level differences in cardiovascular and 
all-cause mortality: a follow-up of 60 000 men and women over 23 years. Eur J Public Health 
2008;18(1):38-43. 

7. Leurs LJ, Schouten LJ, Goldbohm RA, van den Brandt PA. Total fluid and specific beverage 
intake and mortality due to IHD and stroke in the Netherlands Cohort Study. Br J Nutr 
2010;104(8):1212-21. 

8. Mineharu Y, Koizumi A, Wada Y, Iso H, Watanabe Y, Date C, Yamamoto A, Kikuchi S, Inaba Y, 
Toyoshima H, et al. Coffee, green tea, black tea and oolong tea consumption and risk of 
mortality from cardiovascular disease in Japanese men and women. J Epidemiol Community 
Health 2011;65(3):230-40. 

  



Supplemental Table 2 Rating scores used for assessing adjustment  
First author & date of 
publication 

Women 
signif.2 

Men 
signif.2 

Combined 
signif.2 

Summary 
signif.2  

Smoking 
rating 

Food 
rating 

Kahn 19841     1 1 1 2 
Lindsted 1992    1  1 1 2 
Klatsky 1993      1 1 1 1 
Woodward 1999  1 1  1 2 1 
Kleemola 2000 1 2  2 1 1 
Iwai 2002 1 3  2 3 1 
Jazbec 2003 3 2  2 1 1 
Andersen 2006 3   3 3 4 
Paganini-Hill 2007     2 2 2 1 
Haaponen 2008     1 1 1 1 
Ahmed 2009  2  2 2 2 
de Koning Gans 2010    1 1 2 2 
Sugiyama 2010 3 1  2 3 4 
Tamakoshi 2011 3 3  3 2 2 
Freedman 2012 3 3  3 3 3 
Liu 2013 1 1  1 1 1 
Gardener 2013   3 3 4 2 
Saito 2015  3 3  3 3 4 
Loftfield 2015 3 3  3 4 3 
Lof 2015 2   2 3 1 
Odegaard 20153    3 3 4 4 
Ding 2015 NHSII 3   3 4 3 
Ding 2015 HPFS  3  3 4 3 
Ding 2015 NHS 2   2 4 3 
Nordestgaard 2016   3 3 4 1 
Grosso 2017 3 2  2 1 2 
Gunter 2017 3 3  3 4 3 
Park 2017 3 3  3 4 2 
Neves 2018 3 1  2 2 2 
Hu 2018 3 1  2 4 2 
Van den Brandt 2018 3 1  2 4 3 
Loftfield 2018  3 3  3 4 1 
Navarro 2018    3 3 4 3 
Sado 2019 3 3  3 3 4 
Nohara-Shitama 2019     2 2 1 1 
Yamakawa 2019 1 3  2 2 3 

Sample Ns 23 22 10 36 36 36 
1Reference details for each article, identified here by first author and date, are shown in Table 1  
2Significance ratings were based on fully adjusted hazard ratios and linear trends reported  
for the association between coffee consumption and mortality. 
3Combined summary significance (men and women) for Odegaard et al. 2015 is based on ‘never smokers.’ HRs 
for ‘ever smokers’ were not significant and were not adjusted for smoking intensity. 
 
  



Supplemental Table 3 Ratings of smoking adjustment: Article text used for coding 
Type of smoking 
adjustment  

Number of 
samples (N=36) 

Article text coded into each smoking level 

Level 1 Binary 
variable  
Current smokers vs 
non-smokers 

9 • Never vs ever (Kahn 1984) 1 
• Smoking, 2 levels (Lindsted 1982) 
• Smoking (yes/no) (Klatsky 1993) 
• Smokers vs non-smokers (Kleemola 2000) 
• Smokers vs non-smokers (Jazbec 2003) 
• Current smoker/non-smoker (Haaponen 2008) 
• Smoking status: current smoker or non-smoker (Liu 2013) 
• Current smoker or non-smoker (Grosso 2017) 
• Current habitual use or not (Nohara-Shitama 2019) 

Level 2 Smoking 
status 
Use of 3 categories; 
current former 
never smokers 

7 • Smoking status (current/ex/never) Woodward 1999) 
• Never, past, current (Paganini-Hill 2007) 
• Smoking (current, past, or never) (Ahmed 2009), 
• Smoking status (3 categories) (De Koning Gans 2010) 
• Smoking status (current smoker, former smoker, or never 

smoker) (Tamakoshi 2011) 
• smoking status (never smoker, current smoker, or former 

smoker), (Neves 2018) 
• smoking status (never, former, current) (Yamakawa 2019) 

Level 3 Smoking 
status and Intensity 
One or more 
smoking variables 
with 4 or fewer 
categories used to 
measure smoking 
status and intensity 

7 • smoking status (never smoked, smoked in the past, currently 
smoking =<20, or >20 cigarettes per day); (Iwai 2002);  

• smoking (5 categories: never, current smokers of <15 
cigarettes/wk, current smokers of >15 cigarettes/wk, past 
smokers of <15 cigarettes/wk, past smokers of ≥15 cigarettes/wk) 
(Anderson 2006);   

• cigarette smoking (never, past, current smoker, <20 cigarettes/d, 
≥20 cigarettes/d) (Sugiyama, 2010) 

• number of cigarettes smoked per day, use or nonuse of pipes or 
cigars, and time of smoking cessation (<1 year, 1 to <5 years, 5 to 
<10 years, or ≥10 years before baseline) (Freedman 2012) 

• smoking status (never, former, <20 cigarettes/d, and ≥20 
cigarettes/d) (Saito, 2015) 

• smoking habits (never smoker, former smoker of <10, 10–14, 15–
19, or ≥20 cigarettes/day, and current smokers of <10, 10–14, 15–
19, or ≥20 cigarettes/day) (Lof 2015) 

• smoking status (never, past, current [0--19 pack-year; 20--39 
pack-year; ≥pack-year), or unknown (Sado 2019) 

Level 4. Complex 
adjustment  
Multiple smoking 
variables including 
smoking status, 
intensity, time 
since cessation, 
years smoking; 
either continuous 
or 5 or more 
categories (or all 
three variables- 
intensity, cessation, 
years of smoking, 
or use of pack-
years of smoking 

13 • Continuous pack-years (Gardner 2013)  
• smoking history (cigarettes smoked per day, time of smoking 

cessation, age at initiation (Loftfield 2015)  
• smoking status, former smoker intensity, current smoker intensity 

(Ding 2015) 
• smoking status, former and current smokers asked age when 

started or quit smoking, number of cigarettes per day, and 
number of years of smoking (Odegraard 2015)  

• smoking status; cumulated smoking in pack-years; time since 
smoking cessation in former smokers (Nordesgaard 2016) 

• smoking status and intensity, former-years since quitting, 
smoking duration (Gunter 2017)  

• smoking status; average number cigarettes; squared average 
number cigarettes; number years smoking; no. years since 
quitting…. (Park 2017)  

• pack-years of smoking (0, 1–15, 16–25, 26–45, >45) (Hu 2018) 



• smoking status (never, former, current smoker), no. cigarettes 
smoked per day, and years of smoking, both continuous, centered 
(Van den Brandt 2018)  

• smoking history-25-level variable incorporating current smoking 
status, smoking intensity [current and former smokers]; time 
since quitting [former smokers] (Loftfield 2018)  

• smoking (4 categories), pack-years of smoking (Navarro 2018) 
1Reference details for each article, identified here by first author and date, are shown in Table 1 
 
  



Supplemental Table 4 Ratings of food adjustment: Article text used for coding 
Type of food adjustment 
and effectiveness score1 

Number of 
samples N=36 

Articles text coded into each food level 

Level 1 No adjustment 
for food 
 

12 • Klatsky 1993, Woodward 1999, Kleemola 2000, Iwai 
2002, Jazbec 2003, Paganini Hill 2007, Haaponen 
2008, Liu 2013, Lof 2015, Nordestgaard 2016, 
Loftfield 2018, Nohara-Shitama 20192  

Level 2 Minimal 
adjustment 
Adjustment for 
macronutrients and/or 
single foods 

10 • ‘meat’ (Kahn 1984) 
• fruit & vegetables, ‘meat’ (both binary) (Lindsted, 

1992) 
• fat intake (saturated, monounsaturated, and 

polyunsaturated) (Ahmed 2009)  
• saturated fat, fiber (De Koning Gans 2010),  
• green-leafy vegetables (binary) (Tamakoshi, 2011)  
• total fat, SFA, carbohydrates (Gardener, 2013) 
• SFA, PUFA, n-3 PUFA (Grosso 2017) 
• energy from fat (Park 2017) 
• carbohydrate (Neves 2018) 
• total fat, SSB (Hu 2018)  

Level 3 Moderate 
adjustment Use of 2-3 
healthy and unhealthy 
foods  
 

5 
 

• fruits, vegetables, red meat (Freedman, 2012) 
• red and processed meat, fruits, vegetables (Loftfield 

2015)  
• red and processed meats, fruits, vegetables (Gunter 

2017) 
• nuts, vegetables and fruit (Van den Brandt 2018) 
• Vegetables and fruits, red meat, soda (Yamakawa 

2019)  
Level 4 Multiple foods 
adjustment 
Adjustment using food 
index, four or more 
healthy and unhealthy 
foods or use of dietary 
pattern scores 

9 • whole grain, refined grain, red meat, and total fruit 
and vegetables (Anderson, 2006) 

• rice, meat, vegetables, fruits (Sugiyama, 2010) 
• fruit, vegetables, meat, rice, SSB (Saito, 2015) 
• vegetable-fruit-soy–dietary pattern: higher intakes of 

vegetables, fruits, and soy foods; lower intakes of 
rice, noodles, and red and processed meats 
(Odegaard, 2015) 

• AHEI, SSB (Ding 2015, NHS, NHS II, HPFS samples)  
• Mediterranean diet (Navarro, 2018) 
• rice, meat, vegetables, fruit, (Sado 2019) 

1Alcohol, total energy intake and beverages (except SSB) were not included in the food adjustment ratings. 
2Reference details for each article, identified here by first author and date, are shown in Table 1. 
AHEI=Alternative Healthy Eating Index, SSB=Sugar sweetened beverages, SFA=saturated fatty acids, 
PUFA=polyunsaturated fats, n-3 PUFA=Omega 3 polyunsaturated fats. 
 
  



 

 
 
Supplemental Figure 1 Proportion of current smokers by coffee consumption showing
non-linear associations 
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