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Background and purpose: Caﬀeine is associated with a lower risk of some neurological diseases, but few prospective studies have investigated caﬀeine intake
and risk of amyotrophic lateral sclerosis (ALS) mortality. We therefore determined associations between coﬀee, tea and caﬀeine intake, and risk of ALS
mortality.
Methods: We conducted pooled analyses of eight international, prospective
cohort studies, including 351 565 individuals (120 688 men and 230 877
women). We assessed coﬀee, tea and caﬀeine intake using validated food-frequency questionnaires administered at baseline. We used Cox regression to
estimate study- and sex-speciﬁc risk ratios and 95% conﬁdence intervals (CI)
for ALS mortality, which were then pooled using a random-eﬀects model. We
conducted analyses using cohort-speciﬁc tertiles, absolute common cut-points
and continuous measures of all exposures.
Results: During follow-up, 545 ALS deaths were documented. We did not
observe statistically signiﬁcant associations between coﬀee, tea or caﬀeine
intake and risk of ALS mortality. The pooled multivariable risk ratio
(MVRR) for ≥3 cups per day vs. >0 to <1 cup per day was 1.04 (95% CI,
0.74–1.47) for coﬀee and 1.17 (95% CI, 0.77–1.79) for tea. The pooled MVRR
comparing the highest with the lowest tertile of caﬀeine intake (mg/day) was
0.99 (95% CI, 0.80–1.23). No statistically signiﬁcant results were observed
when exposures were modeled as tertiles or continuously.
Conclusions: Our results do not support associations between coﬀee, tea or
total caﬀeine intake and risk of ALS mortality.

Introduction
Amyotrophic lateral sclerosis (ALS) is a rare neurological disease, characterized by motor neuron degeneration and loss of voluntary movement, with few
eﬀective treatments and poorly understood etiology
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[1]. The role of caﬀeine in ALS risk is of interest given
its inverse associations with Parkinson’s disease [2]
and dementia [3]. It has been suggested that caﬀeine
may be neuroprotective through inhibition of adenosine A2a receptors, which may modulate dopaminergic transmission [4] and mitigate neurotoxicity [5].
However, the two epidemiological studies that have
examined associations between coﬀee, tea and caﬀeine
intake, and ALS risk have yielded conﬂicting results.
A retrospective case-control study suggested a possible
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preventive role of coﬀee consumption [6], but a more
recent pooled analysis of ﬁve US-based prospective
cohort studies found no association between coﬀee,
tea, soda or caﬀeine intake and ALS risk [7]. These
inconsistencies led us to conduct an international,
pooled analysis of eight prospective cohort studies to
assess whether coﬀee, tea and caﬀeine intake is associated with risk of ALS mortality.

Methods
Study population

This study was conducted in eight prospective cohort
studies within the Pooling Project of Prospective Studies of Diet and Cancer [8–16] that met pre-deﬁned criteria for inclusion in the consortium [16,17], identiﬁed
at least 15 deaths due to ALS (ICD-9 code 335.2 or
ICD-10 code G12.2) and were not in a previous consortial project of ALS by our group [7] (Table 1). All
studies were reviewed and approved by the institutional review board of the institution at which the
study was conducted and all participants gave
informed consent for their participation.
Exposure assessment

Each study assessed baseline consumption of foods
and beverages over the past year using a validated
food-frequency questionnaire (FFQ) [18–25]. Based on
available data in each study, we performed our

analyses using two major beverage groups: total coﬀee
(summing grams per day of regular, decaﬀeinated
and/or unidentiﬁed type of coﬀee) and total tea (summing grams per day of caﬀeinated, caﬀeine-free, herbal and/or unidentiﬁed type of tea). Each cohort
except the Women’s Lifestyle and Health Study
derived a total caﬀeine variable using all relevant beverages and foods in their FFQ by multiplying the frequency of consumption of each item, portion size
listed and caﬀeine content of the portion reported.
Although all studies conducted validation studies of
their questionnaires, not all studies validated coﬀee,
tea and caﬀeine intake speciﬁcally. However, the studies that did report these estimates showed correlation
coeﬃcients for coﬀee, tea and caﬀeine intake ranging
between 0.5 and 0.9 when comparing intake from
FFQs against intake via multiple dietary records or
24-h recalls [18–20,26–28].
Assessment of non-dietary covariates

Non-dietary information, including age, body weight,
height, race, education attained and smoking history,
was collected in each cohort at baseline using selfadministered questionnaires and all data were harmonized across studies.
Statistical analysis

In addition to study-speciﬁc exclusion criteria, we
excluded participants whose energy intakes were

Table 1 Characteristics of the studies included in the pooled analysis of coﬀee, tea and caﬀeine consumption, and risk of amyotrophic lateral
sclerosis mortalitya

Gender

Study

Country

Follow-up

Male

COSM
MCCS
NLCS
PLCO
IWHS
MCCS
NLCS
PLCO
SMC
WHS
WLHS

Sweden
Australia
Netherlands
USA
USA
Australia
Netherlands
USA
Sweden
USA
Sweden

1998–2010
1990–2006
1986–2003
1993–2009
1986–2009
1990–2006
1986–2003
1993–2009
1986–2010
1986–2009
1986–2007

Female

Total

Baseline
cohort
size

Total no.
of cases

45
14
30
30
34
22
22
28
36
38
47
351

74
28
83
32
91
36
63
27
51
42
18
545

338
824
363
163
588
830
550
315
630
387
577
565

Age
range
(years)

% eversmokers

Median
BMI
(kg/m2)

Coﬀee
intake
(g/day)b

Tea intake
(g/day)b

45–79
27–75
55–69
55–74
55–69
27–76
55–69
55–74
40–76
45–89
30–49

64
57
88
63
34
31
42
43
46
49
59

25.2
26.8
24.9
27.0
25.2
25.7
24.7
25.9
24.5
25.0
22.9

636
500
500
875
597
190
500
842
492
592
443

0
200
250
22
19
400
375
47
32
33
49

(169–1272)
(0–900)
(250–875)
(2–2248)
(0–1311)
(0–855)
(250–750)
(0–2105)
(164–855)
(0–1107)
(63–885)

Caﬀeine
intake
(mg/day)b,c

(0–543)
444
(0–900)
442
(0–625)
386
(0–548)
381
(0–237)
150
(0–1000) 342
(0–750)
370
(0–822)
337
(0–444)
347
(0–592)
284
(0–295) –

(190–848)
(84–834)
(203–629)
(26–1159)
(7–639)
(79–783)
(186–543)
(13–951)
(167–625)
(21–645)

BMI, body mass index; COSM, Cohort of Swedish Men; IWHS, Iowa Women’s Health Study; MCCS, Melbourne Collaborative Cohort
Study; NLCS, Netherlands Cohort Study; PLCO, Prostate, Lung, Colorectal and Ovarian Cancer Screening Trial; SMC, Swedish Mammography Cohort; WHS, Women’s Health Study; WLHS, Women’s Lifestyle and Health Study. aDeﬁnition of caﬀeinated beverage variables: coﬀee
intake included regular coﬀee, decaﬀeinated coﬀee and coﬀee with unknown caﬀeine content; tea intake included caﬀeinated, caﬀeine-free and
herbal teas; caﬀeine intake was estimated by individual studies. bMedian intake (10th percentile–90th percentile). cCaﬀeine intake could not be
calculated for WLHS because of lack of available data.
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outside 3 SDs from the study-speciﬁc loge-transformed
mean energy intake to remove individuals who had
probably ﬁlled out their FFQ incorrectly. Participants
contributed person-years of follow-up time from the
date of the baseline questionnaire to the date of death,
loss to follow-up if available or administrative end of
follow-up, whichever came ﬁrst.
All analyses were conducted using the Statistical
Analysis System software version 9.3 (Cary, NC,
USA). Intakes of coﬀee, tea and caﬀeine were categorized by study-speciﬁc tertiles and by common absolute
cut-points (g/day approximating cups/day for coﬀee
and tea, mg/day for caﬀeine). We used a two-stage
method to estimate pooled risk ratios (RRs). First, we
estimated study- and sex-speciﬁc RRs and 95% conﬁdence intervals (CI) between each exposure and risk of
ALS mortality, using Cox regression [16]. We adjusted
for age, calendar time and time since entry into the
study by stratifying by age at baseline (years) and year
of questionnaire return. We ran additional models
adjusting for total energy intake, race, education, body
mass index (BMI) and smoking habits, and further
mutually adjusted for coﬀee and tea (footnote a in
Table 2). In the second stage, we combined study-speciﬁc loge RRs, weighted by the inverse of their variance,
using a random-eﬀects model [16].
We assessed whether each association was consistent with linearity by examining non-parametric
regression curves using restricted cubic splines [16,17].
These analyses combined all studies into a single dataset (i.e. one-stage, aggregated approach), stratiﬁed by
age, the year that the questionnaire was returned and
study, and included the other covariates in the model.
We tested for potential eﬀect modiﬁcation by BMI
(<25 vs. ≥25 kg/m2) and smoking status (ever-smokers
versus never-smokers at baseline) using a mixed-eﬀects
meta-regression model [16] and evaluated the statistical
signiﬁcance of the parameter estimate using the Wald
test. Lastly, we conducted sensitivity analyses excluding
individuals who died from ALS within the ﬁrst 2 years
of follow-up, as undiagnosed symptoms of ALS may
aﬀect caﬀeinated beverage consumption, and further
reanalyzed all associations using a one-stage approach
for pooling rather than the two-stage approach.

Results
We identiﬁed 545 ALS deaths in the pooled cohort of
351 565 participants followed for a maximum of 12–
24 years (Table 1). Median coﬀee and tea intake varied at least fourfold across studies and median caﬀeine
intake varied almost threefold across studies.
As age- and multivariable-adjusted results were similar, we only report associations using multivariable
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models. We observed pooled multivariable RRs
(MVRRs) comparing the highest with the lowest tertile of intake of 1.02 (95% CI, 0.81–1.27) for coﬀee
intake, 0.97 (95% CI, 0.78–1.19) for tea intake and
0.99 (95% CI, 0.80–1.23) for caﬀeine intake (Table 2).
We similarly observed no statistically signiﬁcant associations when exposures were modeled using absolute
common cut-points (Table 3). The pooled MVRR for
individuals who drank on average 3 or more 8-oz
cups of coﬀee per day compared with those who
drank on average between 0.1 and 1 8-oz cup of coffee per day was 1.04 (95% CI, 0.74–1.47). The pooled
MVRR for those who drank on average 3 or more 8oz cups of tea per day compared with those who
drank on average >0 to <1 8-oz cup of tea per day
was 1.17 (95% CI, 0.77–1.79). For both coﬀee and
tea, non-drinkers did not have a statistically signiﬁcant diﬀerence in risk of ALS mortality compared
with those who drank >0 to <1 8-oz cup of the respective beverage per day. The pooled MVRR for those
who consumed on average 500 mg/day or more of
caﬀeine compared with 50–<250 mg/day was 1.10
(95% CI, 0.84–1.44). Those who consumed less than
50 mg/day of caﬀeine also did not have a statistically
signiﬁcant diﬀerence in risk of ALS mortality compared with the same reference group. There was no
evidence of heterogeneity by study (P ≥ 0.10) or sex
(P > 0.25) for all analyses.
There was no evidence of non-linearity for any of
the associations (Pnon-linearity > 0.10 for all associations), so we conducted analyses in which each exposure was modeled continuously. We did not observe
any statistically signiﬁcant associations for any of
these analyses (Table S1 and Fig. 1).
There was evidence of marginally statistically significant eﬀect modiﬁcation by smoking for tea intake
and risk of ALS mortality (Pinteraction = 0.07). However, associations were statistically non-signiﬁcant in
both ever-smokers (hazard ratio, 0.96; 95% CI, 0.87–
1.06) and never-smokers (hazard ratio, 1.05; 95% CI,
0.94–1.17). We did not ﬁnd any evidence of eﬀect
modiﬁcation by smoking for associations with coﬀee
or caﬀeine intake, or by BMI for associations with
any exposure (Pinteraction > 0.12, results not shown).
Results for all analyses were similar when we used
a one-stage method for pooling the data. The onestage method allowed us to compare the highest category with the lowest category for each exposure when
analyzing categories of intake deﬁned by absolute
common cut-points. The pooled MVRRs were 1.07
(95% CI, 0.79–1.45) for those who drank on average
3 or more cups of coﬀee per day compared with those
who did not drink coﬀee, 0.96 (0.66–1.42) for those
who drank on average 3 or more cups of tea per day
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Table 2 Pooled multivariable risk ratios (MVRRs)a and 95% conﬁdence intervals (CI) for tertiles of coﬀee, tea and caﬀeine intake, and risk of
amyotrophic lateral sclerosis mortality
Study-speciﬁc tertiles of intake

Coﬀee intake (g/day)d
Men
No. of cases
MVRR (95% CI)
Women
No. of cases
MVRR (95% CI)
Combined
No. of cases
MVRR (95% CI)
Tea intake (g/day)e
Men
No. of cases
MVRR (95% CI)
Women
No. of cases
MVRR (95% CI)
Combined
No. of cases
MVRR (95% CI)
Caﬀeine intake (mg/day)
Men
No. of cases
MVRR (95% CI)
Womenf
No. of cases
MVRR (95% CI)
Combinedf
No. of cases
MVRR (95% CI)

P-value for heterogeneity

1

2

3

P-value for
trend

107
1.00 (ref.)

53
0.87 (0.60–1.24)

57
1.09 (0.76–1.58)

0.81

0.38

127
1.00 (ref.)

103
0.90 (0.69–1.18)

98
0.97 (0.73–1.29)

0.71

0.84

234
1.00 (ref.)

156
0.89 (0.72–1.09)

155
1.02 (0.81–1.27)

0.59

0.81

115
1.00 (ref.)

43
1.01 (0.69–1.47)

59
0.84 (0.59–1.18)

0.69

0.38

138
1.00 (ref.)

83
0.85 (0.64–1.14)

107
1.06 (0.81–1.39)

0.51

0.50

253
1.00 (ref.)

126
0.91 (0.72–1.14)

166
0.97 (0.78–1.19)

0.45

0.47

89
1.00 (ref.)

50
0.66 (0.47–0.94)

76
1.06 (0.76–1.48)

0.74

0.74

101
1.00 (ref.)

116
1.14 (0.86–1.49)

93
0.94 (0.70–1.26)

0.40

0.85

190
1.00 (ref.)

166
0.90 (0.69–1.17)

169
0.99 (0.80–1.23)

0.69

0.94

By studyb

By sexc

0.61

0.28

0.60

a
All models adjusted for race [Caucasian (ref.), African-American, Asian, Hispanic, other], calories (continuous), education [<high school (ref.),
high school, >high school], body mass index (kg/m2) [<23 (ref.), 23–<25, 25–<30, ≥30] and smoking [never (ref.), >0–<10, 10–<20, 20–<30, 30–<40,
≥40 pack-years]. Age in years and year of questionnaire return were included as stratiﬁcation variables. bTest for between-studies heterogeneity in
the highest tertile (calculated using Q statistic). cTest for between-studies heterogeneity due to sex in the highest tertile (calculated using Wald
statistic). dAdditionally adjusted for tea intake [0 (ref.), >0–1, >1–3, >3 cups/day]. eAdditionally adjusted for coﬀee intake [0 (ref.), >0–1, >1–3, >3
cups/day]. fExcludes Women’s Lifestyle and Health Study because this study did not derive a total caﬀeine variable.

compared with those who did not drink tea and 1.11
(95% CI, 0.86–1.45) for those who consumed on average 500 mg/day or more compared with 0 mg/day of
caﬀeine. When we excluded the 25 cases diagnosed in
the ﬁrst 2 years of follow-up, we observed results that
were similar to those from the primary analyses.

Discussion
In this pooled analysis of eight prospective cohort studies including 545 ALS deaths, we found no statistically
signiﬁcant associations between habitual coﬀee, tea or
caﬀeine intake and risk of ALS mortality. These ﬁndings are consistent with a pooled analysis of ﬁve diﬀerent cohorts, which also did not observe statistically
signiﬁcant associations for coﬀee, tea or caﬀeine intake
[7]. Although a case-control study suggested an inverse

association between coﬀee intake and ALS risk, its retrospective nature makes it vulnerable to recall and
selection bias [6]. Moreover, this study had not hypothesized an inverse association for coﬀee a priori, so this
ﬁnding may have been due to chance.
A major strength of this study was its large size and
inclusion of many studies, which allowed for prospective examination of a rare outcome across diﬀerent
populations and geographic regions. Indeed, because
ALS deaths are rare within individual cohorts, aggregation of multiple cohorts is the most feasible way to
improve statistical power and report on such associations. Additionally, all studies validated their dietary
assessment instrument and correlation coeﬃcients
between FFQ and dietary record intakes for tea, coffee and caﬀeine were high in studies that had published these measures of validity. Lastly, because we
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Table 3 Pooled multivariable risk ratios (MVRRs)a and 95% conﬁdence intervals (CI) for categories of coﬀee, tea and caﬀeine intake, and risk
of amyotrophic lateral sclerosis mortality
P-value for heterogeneity
Categories (per day)b
Coﬀee intake (cups/day)e
Men
No. of cases
MVRR (95% CI)
Womenf
No. of cases
MVRR (95% CI)
Combinedf
No. of cases
MVRR (95% CI)
Tea intake (cups/day)
Men
No. of cases
MVRR (95% CI)
Womenh
No. of cases
MVRR (95% CI)
Combinedh
No. of cases
MVRR (95% CI)

g

Caﬀeine intake (mg/day)
Men
No. of cases
MVRR (95% CI)
Womeni
No. of cases
MVRR (95% CI)
Combinedi
No. of cases
MVRR (95% CI)

P-value
for trend

By studyc

0

>0–<1 cup

1–<3 cups

≥3 cups

20
1.43 (0.78–2.60)

28
1.00 (ref.)

92
0.92 (0.56–1.52)

77
0.94 (0.56–1.55)

0.63

0.71

31
1.09 (0.59–2.03)

48
1.00 (ref.)

159
0.99 (0.60–1.63)

90
1.06 (0.62–1.82)

0.71

0.12

51
1.27 (0.86–1.87)

76
1.00 (ref.)

251
0.98 (0.71–1.37)

167
1.04 (0.74–1.47)

0.99

0.29

0

>0–<1 cup

1–<3 cups

≥3 cups

63
0.95 (0.62–1.45)

50
1.00 (ref.)

85
0.99 (0.67–1.47)

19
1.15 (0.54–2.42)

0.29

0.17

109
1.36 (0.90–2.05)

113
1.00 (ref.)

87
1.58 (1.10–2.27)

19
1.12 (0.60–2.10)

0.91

0.68

172
1.15 (0.88–1.51)

163
1.00 (ref.)

172
1.29 (0.96–1.71)

38
1.17 (0.77–1.79)

0.48

0.50

<50 mg

50–<250 mg

250–<500 mg

≥500 mg

16
1.92 (1.03–3.57)

39
1.00 (ref.)

84
0.91 (0.60–1.36)

76
1.24 (0.82–1.88)

0.84

0.48

44
1.16 (0.69–1.93)

78
1.00 (ref.)

131
1.15 (0.85–1.55)

57
1.01 (0.70–1.44)

0.79

0.70

60
1.29 (0.90–1.85)

117
1.00 (ref.)

215
1.06 (0.83–1.35)

133
1.10 (0.84–1.44)

0.95

0.73

By sexd

0.64

0.85

0.45

a

All models adjusted for race [Caucasian (ref.), African-American, Asian, Hispanic, other], calories (continuous), education [<high school (ref.),
high school, >high school], body mass index (kg/m2) [<23 (ref.), 23–<25, 25–<30, ≥30] and smoking [never (ref.), >0–<10, 10–<20, 20–<30, 30–<40,
≥40 pack-years]. Age in years and year of questionnaire return were included as stratiﬁcation variables. bOne cup is equivalent to 8 oz (237 g).
c
Test for between-studies heterogeneity in the highest category (calculated using Q statistic). dTest for between-studies heterogeneity due to sex in
the highest category (calculated using Wald statistic). eAdditionally adjusted for tea intake [0 (ref.), >0–<1, 1–<3, ≥3 cups/day]. fSwedish Mammography Cohort (SMC) and Women’s Lifestyle and Health Study (WLHS) were excluded from the ﬁrst category (0 cups/day) because there were no
cases in this category for these studies. The participants in this study who were in these categories and were not cases were included in the next
highest category. gAdditionally adjusted for coﬀee intake [0 (ref.), >0–<1, 1–<3, ≥3 cups/day]. hSMC and WLHS were excluded from the last category (≥3 cups/day) because there were no cases in this category for these studies. The participants in this study who were in these categories and
were not cases were included in the next highest category. iWLHS was excluded from these analyses because this study did not derive a total caffeine intake variable. SMC was excluded from the ﬁrst category (<50 mg/day) because there were no cases in this category for this study. The participants in this study who were in these categories and were not cases were included in the next highest category.

had primary data from all studies, we harmonized all
exposures, outcomes and adjusted covariates, which
may reduce heterogeneity between these studies.
This study also has several limitations. We had limited power to detect modest associations between caffeinated beverage intake and risk of ALS mortality
given the number of ALS deaths that occurred in these
eight cohorts. Moreover, because we only had data on
intake at baseline, we could not examine duration or
history of caﬀeine exposure and could not assess
changes in diet over time, which may be important
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given that caﬀeine intake has been observed to change
over discrete age groups, with highest intake among
middle-aged adults and lower intake among younger
adults and the elderly [29]. At the same time, regular
consumption of coﬀee and tea is less prone to withinperson variation in intake, which reduces measurement
error [27]. The included studies varied in dietary evaluation, data collection and assessment of confounding
variables, and so there may be undetected heterogeneity
between studies. However, we harmonized the exposure, confounding variables and outcome data to
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Figure 1 Multivariable risk ratios (MVRRs) and 95% conﬁdence intervals (CI) for risk of amyotrophic lateral sclerosis mortality and
caﬀeine intake (per 100 mg/day increase) by study, sex and overall. Black squares and horizontal lines correspond to the study-speciﬁc
MVRRs and 95% CI, respectively. The area of the black squares is proportional to the inverse of the sum of between-studies variance
and study-speciﬁc variance. The black diamond represents the pooled multivariable MVRR and 95% CI. All models were adjusted for
race (Caucasian, African-American, Asian, Hispanic, other), energy intake (continuous), education (<high school, high school, >high
school), body mass index (<23, 23–<25, 25–<30, ≥30 kg/m2) and smoking habits (never, >0–<10, 10–<20, 20–<30, 30–<40, ≥40 packyears). Age (years) and year of questionnaire return were included as stratiﬁcation variables. COSM, Cohort of Swedish Men; IWHS,
Iowa Women’s Health Study; MCCS, Melbourne Collaborative Cohort Study; NLCS, Netherlands Cohort Study; PLCO, Prostate,
Lung, Colorectal and Ovarian Cancer Screening Trial; SMC, Swedish Mammography Cohort; WHS, Women’s Health Study.

reduce this heterogeneity. Lastly, because we only had
data on ALS mortality, as opposed to ALS onset, we
may have underestimated the number of true ALS
cases, especially slow-progressing cases, for whom our
results may not be generalizable. Previous research suggests that up to 30% of cases may be unreported using
mortality data [30]. However, the median survival after
ALS diagnosis is approximately 1.5–4 years [31] and
the studies included in our analysis had at least 12 years
of follow-up, decreasing the possibility of missing most
slow-progressing cases. Moreover, it is unlikely that
any misclassiﬁcation would vary across coﬀee, tea or
caﬀeine intake because all exposures were measured
prospectively and factors associated with coﬀee, tea or
caﬀeine intake that might aﬀect the accuracy of death
certiﬁcates (e.g. age, smoking, BMI and education) were
included in the models.
In summary, this pooled analysis of eight prospective cohort studies does not support any associations

between coﬀee, tea or caﬀeine intake and risk of ALS
mortality, despite observed inverse associations
between caﬀeine and other neurological diseases [2,3].
Future studies examining associations between caﬀeine
intake and ALS phenotype or progression may be
warranted given the suggested neuroprotective role of
caﬀeine in these other diseases.

Acknowledgements
This work was supported by NIH grant R01NS072494-01A1 awarded to E.O’R. and T32
HL098048 awarded to J.P. Funding for each cohort is
listed in Table S2.

Disclosure of conflicts of interest
The authors declare no ﬁnancial or other conﬂicts of
interest.

© 2018 EAN

CAFFEINE INTAKE AND ALS MORTALITY

Supporting Information
Additional supporting information may be found
online in the Supporting Information section at the
end of the article:
Table S1. Pooled multivariable risk ratio and 95%
conﬁdence intervals for coﬀee, tea and caﬀeine consumption, and risk of amyotrophic lateral sclerosis
mortality.
Table S2. Funding information for cohorts included
in the pooled analyses of tea, coﬀee and caﬀeine
intake, and risk of amyotrophic lateral sclerosis mortality.

References
1. Al-Chalabi A, Hardiman O. The epidemiology of ALS:
a conspiracy of genes, environment and time. Nat Rev
Neurol 2013; 9: 617–628.
2. Costa J, Lunet N, Santos C, Santos J, Vaz-Carneiro A.
Caﬀeine exposure and the risk of Parkinson’s disease: a
systematic review and meta-analysis of observational
studies. J Alzheimers Dis 2010; 20(Suppl. 1): S221–S238.
3. Santos C, Costa J, Santos J, Vaz-Carneiro A, Lunet N.
Caﬀeine intake and dementia: systematic review and
meta-analysis. J Alzheimers Dis 2010; 20(Suppl. 1):
S187–S204.
4. Watanabe H, Uramoto H. Caﬀeine mimics dopamine
receptor agonists without stimulation of dopamine
receptors. Neuropharmacology 1986; 25: 577–581.
5. Mojsilovic-Petrovic J, Jeong G-B, Crocker A, et al. Protecting motor neurons from toxic insult by antagonism
of adenosine A2a and Trk receptors. J Neurosci 2006;
26: 9250–9263.
6. Beghi E, Pupillo E, Messina P, et al. Coﬀee and amyotrophic lateral sclerosis: a possible preventive role. Am
J Epidemiol 2011; 174: 1002–1008.
7. Fondell E, O’Reilly EI, Fitzgerald KC, et al. Intakes
of caﬀeine, coﬀee and tea and risk of amyotrophic lateral sclerosis: results from ﬁve cohort studies. Amyotroph Lateral Scler Frontotemporal Degener 2015; 16:
366–371.
8. Folsom AR, Kushi LH, Anderson KE, et al. Associations of general and abdominal obesity with multiple
health outcomes in older women: the Iowa Women’s
Health Study. JAMA Intern Med 2000; 160: 2117–2128.
9. Giles GG, English DR. The Melbourne Collaborative
Cohort Study. IARC Sci Publ 2002; 156: 69–70.
10. Wolk A, Bergstr€
om R, Adami H-O, et al. Self-administered food frequency questionnaire: the eﬀect of diﬀerent
designs on food and nutrient intake estimates. Int J Epidemiol 1994; 23: 570–576.
11. Larsson SC, Bergkvist L, Ruteg
ard J, Giovannucci E,
Wolk A. Calcium and dairy food intakes are inversely
associated with colorectal cancer risk in the Cohort of
Swedish Men. Am J Clin Nutr 2006; 83: 667–673.
12. van den Brandt PA, Goldbohm RA, van ‘t Veer P,
Volovics A, Hermus RJ, Sturmans F. A large-scale
prospective cohort study on diet and cancer in the
Netherlands. J Clin Epidemiol 1990; 43: 285–295.

© 2018 EAN

7

13. Buring JE, Hennekens CH. The Women’s Health Study:
rationale and background. J Myocardial Ischemia 1992;
4: 27–29.
14. Titus-Ernstoﬀ L, Th€
orn M, Tosteson TD, et al. The
accuracy of skin self-examination for atypical nevi. Epidemiology 1996; 7: 619–623.
15. Gohagan JK, Prorok PC, Hayes RB, Kramer BS, Prostate L. Colorectal and Ovarian Cancer Screening Trial
Project Team, The Prostate, Lung, Colorectal and Ovarian (PLCO) Cancer Screening Trial of the National Cancer Institute: history, organization, and status. Control
Clin Trials 2000; 21: 251S–272S.
16. Smith-Warner SA, Spiegelman D, Ritz J, et al. Methods
for pooling results of epidemiologic studies: the Pooling
Project of Prospective Studies of Diet and Cancer. Am J
Epidemiol 2006; 163: 1053–1064.
17. O’Reilly EJ, Wang M, Adami HO, et al. Prediagnostic
body size and risk of amyotrophic lateral sclerosis death
in 10 studies. Amyotroph Lateral Scler Frontotemporal
Degener 2018; 19: 396–406.
18. Terry P, Bergkvist L, Holmberg L, Wolk A. Coﬀee consumption and risk of colorectal cancer in a population
based prospective cohort of Swedish women. Gut 2001;
49: 87–90.
19. Munger RG, Folsom AR, Kushi LH, Kaye SA, Sellers
TA. Dietary assessment of older Iowa women with a
food frequency questionnaire: nutrient intake, reproducibility, and comparison with 24-hour dietary recall
interviews. Am J Epidemiol 1992; 136: 192–200.
20. Discacciati A, Orsini N, Andersson SO, et al. Coﬀee
consumption and risk of localized, advanced and fatal
prostate cancer: a population-based prospective study.
Ann Oncol 2013; 24: 1912–1918.
21. Goldbohm RA, van den Brandt PA, Brants HA, et al.
Validation of a dietary questionnaire used in a largescale prospective cohort study on diet and cancer. Eur J
Clin Nutr 1994; 48: 253–265.
22. Bassett JK, English DR, Fahey MT, et al. Validity and
calibration of the FFQ used in the Melbourne Collaborative Cohort Study. Public Health Nutr 2016; 19: 2357–
2368.
23. Hashibe M, Galeone C, Buys SS, et al. Coﬀee, tea, caffeine intake, and the risk of cancer in the PLCO cohort.
Br J Cancer 2015; 113: 809–816.
24. Willett WC, Sampson L, Stampfer MJ, et al. Reproducibility and validity of a semiquantitative food frequency questionnaire. Am J Epidemiol 1985; 122: 51–65.
25. Hedelin M, Lof M, Olsson M, et al. Dietary intake of
ﬁsh, omega-3, omega-6 polyunsaturated fatty acids and
vitamin D and the prevalence of psychotic-like symptoms in a cohort of 33,000 women from the general population. BMC Psychiatry 2010; 10: 38.
26. Dominianni C, Huang WY, Berndt S, Hayes RB, Ahn
J. Prospective study of the relationship between coﬀee
and tea with colorectal cancer risk: the PLCO Cancer
Screening Trial. Br J Cancer 2013; 109: 1352–1359.
27. Salvini S, Hunter DJ, Sampson L, et al. Food-based validation of a dietary questionnaire: the eﬀects of week-toweek variation in food consumption. Int J Epidemiol
1989; 18: 858–867.
28. Feskanich D, Rimm EB, Giovannucci EL, et al. Reproducibility and validity of food intake measurements
from a semiquantitative food frequency questionnaire. J
Am Diet Assoc 1993; 93: 790–796.

8

J. PETIMAR ET AL.

29. Fulgoni VL III, Keast DR, Lieberman HR. Trends in
intake and sources of caﬀeine in the diets of US adults:
2001–2010. Am J Clin Nutr 2015; 101: 1081–1087.
30. Chio A, Magnani C, Oddenino E, Tolardo G, Schiﬀer
D. Accuracy of death certiﬁcate diagnosis of

amyotrophic lateral sclerosis. J Epidemiol Community
Health 1992; 46: 517–518.
31. Chio A, Logroscino G, Hardiman O, et al. Prognostic
factors in ALS: a critical review. Amyotroph Lateral
Scler 2009; 10: 310–323.

© 2018 EAN

