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Abstract
Background—Higher adherence to the Mediterranean diet (MeDi) has been related to lower
Alzheimer’s disease risk. Some dietary factors have been studied in patients with essential tremor
(ET), but the MeDi’s effect has not been investigated.

Methods—Adherence to the MeDi was calculated from a food frequency questionnaire
administered in a case-control study of environmental epidemiology of ET in the New York Tri-
State area. Logistic regression models were used to examine whether adherence to the MeDi
predicted ET (vs. control) outcome. The models adjusted for age, gender, ethnicity, education,
caloric intake, body mass index, smoking, ethanol consumption, coffee intake and blood harmane
concentrations.

Results—148 ET cases adhered less to MeDi (0–9 scale with higher scores indicating higher
adherence) than 250 controls (mean 4.3 ± 1.7 vs. 4.7 ± 1.7; p = 0.03). Higher adherence to MeDi
was associated with lower odds for ET [0.78 (0.61–0.99); p = 0.042]. As compared to subjects at
the lowest MeDi adherence tertile, those at the middle tertile had lower ET odds [0.41 (0.16–
1.05)], while subjects at the highest tertile had an even lower ET odds [0.29 (0.10–0.82); p for
trend 0.021].

Conclusions—Compared to controls, ET cases adhered less to MeDi. The gradual reduction in
ET odds with higher MeDi adherence tertiles suggests a possible dose-response effect. The
mechanisms that underlie this association merit further study.
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Introduction
A variety of dietary factors have been studied in patients with late-life neurological
disorders, including Parkinson’s disease, Alzheimer’s disease and, more recently, essential
tremor (ET). Individuals do not consume foods or nutrients in isolation but rather as
components of their daily diet, yet most previous research regarding biological effects of
nutrition has focused on individual food categories or nutrients. Dietary pattern analysis can
integrate complex or subtle interactive effects of many dietary constituents. It bypasses the
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problems generated by multiple testing and by high correlations that can exist among dietary
constituents [1]. Therefore, dietary patterns have the ability to capture the diet’s
multidimensionality while reducing its apparent complexity.

There are growing data regarding the effect of composite dietary patterns on neurological
diseases. In two recent studies, higher adherence to the Mediterranean diet (MeDi) was
associated with lower risk for Alzheimer’s disease [2,3]. The MeDi consists of: (1) high
intake of vegetables, legumes, fruits, cereals, fish, monounsaturated fatty acids, (2) low
intake of saturated fatty acids, dairy products, meat and poultry, and (3) mild to moderate
ethanol use. The MeDi may exert its beneficial health effects via multiple potential means;
these include vascular, inflammatory and oxidative mechanisms [2].

The etiology of ET is poorly understood [4], and a better understanding of disease etiology
and mechanisms has the potential to modify or prevent a disorder that affects as much as 4%
of the adult population [5,6]. In addition to genetic factors, nongenetic factors (e.g., toxins,
dietary factors) likely play a role in the etiology of this disease as well [4]. A variety of toxic
[7–10] and dietary factors [7,11,12] have been examined in ET. It has recently been
suggested that one of the possible mechanisms for the pathogenesis of ET is
neurodegeneration [13–15]. Thus, it is reasonable to assume that environmental or dietary
factors that play a role in other neurodegenerative diseases (i.e. MeDi in Alzheimer’s
disease) could be important for ET as well.

Given the above, we wanted to further investigate the potential contribution of dietary
factors in ET. More specifically, we examined the association between MeDi and ET status
using data from a case control study of environmental risk factors for ET [8,9]. We
hypothesized that higher adherence to the MeDi would be associated with lower odds for
ET.

Methods
Participants

As documented previously, all participants were enrolled in a study of the environmental
epidemiology of ET [8,9]. Participants were all patients with ET at the Neurological Institute
of New York, Columbia University Medical Center (CUMC), where they had received a
diagnosis of ET from their treating neurologist. Patients were identified from computerized
billing databases at CUMC. All such identified ET patients were selected for further office
record review and then possible enrollment. Office records were reviewed (E.D.L.), and
patients with diagnoses or physical signs of dystonia, Parkinson’s disease, or spinocerebellar
ataxia were excluded.

Controls were identified from the New York Tri-State area using random digit telephone
dialing. Patients and controls were ascertained from the same source population in the New
York Tri-State region (i.e., controls were selected from the same set of zip codes in New
York, N.J., and Connecticut as were the patients with ET). The majority of these controls
also received their health care at the same medical center as did the patients with ET
(CUMC). These controls were frequency-matched to CUMC patients on 5-year age strata,
gender, and ethnicity. Control recruitment proceeded more rapidly than patient recruitment,
resulting in a larger number of controls than patients.

This study was approved by Columbia University Medical Center’s Institutional Review
board and it has been performed in accordance with the ethical standards of the 1964
Declaration of Helsinki. All subjects of this study gave their written informed consent prior
to their participation.
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To date, 461 subjects have been enrolled. Of these 461, 398 (86%, 148 patients with definite
or probable ET and 250 controls) were included in these analyses. The remaining 63 were
excluded because they had a diagnosis of possible ET, they had other coexisting
neurological conditions (e.g., Parkinson’s disease or dystonia), or they failed to meet
diagnostic criteria for ET. The 63 who were excluded did not differ from the 398 who were
included in terms of gender or ethnicity, but they were slightly more educated (16.1 vs. 14.9
years of schooling; p = 0.016) and approximately 11 years younger (57.8 vs. 68.6 years; p <
0.001).

Clinical Evaluation
All subjects were evaluated in person by a trained tester who collected demographic,
medical, and family history information. The tester videotaped a tremor examination in all
participants [18,19]. The tremor examination included assessments of postural, kinetic,
intentional, and rest tremors. The videotaped examination also included an assessment of
parkinsonian features (speech, facial expression, rapid alternating movements, writing,
posture, and gait). Based on these data, the diagnosis of probable or definite ET was
confirmed by the rater (E.D.L.) using published diagnostic criteria (moderate amplitude or
greater tremor during four or more activities or a head tremor in the absence of Parkinson’s
disease, dystonia or another neurological disorder) [18,19]. None of the patients or control
subjects had Parkinson’s disease or dystonia.

Predictors
Diet—Dietary data regarding average food consumption over the past year were obtained
using a 61-item version of Willett’s Semi-quantitative Food Frequency Questionnaire
(Channing Laboratory, Cambridge, Mass., USA) [20]. Trained interviewers administered the
questionnaire in English or Spanish. It has shown good reliability and validity related to
recent nutrient intake [20].

Similarly to our previous work [2,3], we followed the method described by Trichopoulou et
al. [21] for the construction of the MeDi score. More specifically, we first regressed caloric
intake (kcal) and calculated the derived residuals of daily gram intake – as recommended by
Willett and Stampfer [22] – for each of the following seven categories [which define the
components of the MeDi as previously defined in ref. 21]: dairy, meat, fruits, vegetables,
legumes, cereals and fish. A value of 0 or 1 was assigned to each of the seven above groups,
using sex-specific medians as cutoffs. For beneficial components (fruits, vegetables,
legumes, cereals and fish) persons whose consumption was below the median were assigned
a value of 0, and persons whose consumption was at or above the median were assigned a
value of 1. For components presumed to be detrimental (meat and dairy products) persons
whose consumption was below the median were assigned a value of 1, and persons whose
consumption was at or above the median were assigned a value of 0. For fat intake (eighth
food category) we used the ratio of daily consumption (in grams) of mono-unsaturated lipids
to saturated lipids [21] (again using sex-specific median cutoffs for assignment values of 0
for low and 1 for high). For ethanol intake (ninth food category), subjects were assigned a
score of 0 for either no (0 g/day) or more than moderate (30 g/day) consumption, and a
value of 1 for mild-moderate ethanol consumption (>0 to <30 g/day). This is in agreement
with previous reports [21], that consider moderate amount of ethanol consumption as
another characteristic component of the MeDi. The MeDi score was generated for each
participant by adding the scores in the food categories (theoretically ranging from 0 to 9)
with higher score indicating higher adherence to the MeDi.

Because ingestion of ethanol diminishes the amplitude of the tremor in ET [16,17], it is
conceivable that ET cases might modify their ethanol use for this reason. Because ethanol
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use is considered in the traditional calculation of the MeDi (as described above) we
conducted supplementary analyses to address this issue. In initial models we adjusted for
ethanol intake. In subsequent models, we recalculated the MeDi score without considering
ethanol (range 0–8) and reran the analyses (again simultaneously adjusting for ethanol
intake).

Covariates—Weight and height were assessed using a balance scale designed for field
surveys (Scale-Tronix 5600, White Plains, N.Y., USA) and a movable anthropometer (GPM
Martin Type, Pfister Inc., Carlstadt, N.J., USA) and body mass index was calculated as
weight in kilograms divided by the square of height in meters (kg/m2) [23]. Age (years),
education (years), caloric intake (kcal), and body mass index were used as continuous
variables. Current cigarette smoking was assessed in each subject based on self-report:
current smokers and nonsmokers (reference group). We also considered gender (men as
reference) and ethnic group based on self-report using the format of the 1990 census with
participants being assigned to one of four groups: Black (non-Hispanic), Hispanic, White
(non-Hispanic) or Other. Ethnicity was used as a dummy variable with White (non-
Hispanic) as the reference. We finally considered caffeine intake (milligrams; continuous
variable) and blood harmane (logarithmically transformed because of non-normal
distribution [7,8]) in the analyses. Details regarding harmane measurements have been
described elsewhere [7,8].

Statistical Analyses
Characteristics of subjects by outcome of interest (i.e. ET case vs. control status) and by
MeDi tertiles were compared using t test or ANOVA for continuous variables and χ2 test for
categorical variables. We calculated logistic regression models with diagnostic status as the
dichotomous outcome: ET versus controls. The main predictor was MeDi score as a
continuous variable initially and in tertiles form subsequently (used for trend test
calculation). In order to control for possible demographic and clinical differences among ET
patients and controls, in subsequent models we simultaneously adjusted for the following
variables: age, gender, ethnicity, education, caloric intake, body mass index, smoking,
ethanol consumption, coffee intake and blood harmane concentrations. Our rationale for
including the above variables in the model was as follows. Age, gender, ethnicity and
education are basic demographic variables. Furthermore, ethnicity, education and smoking
status can be considered as indirect indicators of socioeconomic status and health
consciousness, factors often related to dietary choices. We included ethanol because, as
explained earlier, it has a symptomatic effect on tremor [16,17], and ET cases might modify
their ethanol use for this reason. We considered caffeine and blood harmane because both
previous work [7,8,11] and current data demonstrate case-control differences. Because
subjects’ food intake is related to their body size, body mass index is commonly included in
dietary analyses. Finally, although caloric intake-adjusted residuals were used in the MeDi
score calculation, we also included caloric intake as a covariate in the models, as
recommended by Willett and Stampfer [22].

Results
Clinical, Demographic, Dietary Characteristics

ET patients had the disease for an average of 23.7 (±18.7) years and 62% of them were
taking medications for ET symptom control. Family history of tremor was more common for
ET patients (65%) as compared to controls (35%; p < 0.001). Compared with controls, ET
patients were, on average, 4.3 years older and in accordance to our previous reports [11],
consumed less caffeine and had higher blood levels of harmane [7,8] (table 1). Controls and
ET patients did not differ in gender, ethnicity, education, smoking status, ethanol
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consumption, body mass index and caloric intake. Compared to controls, patients with ET
had lower MeDi scores (table 1, fig. 1).

There was no association between MeDi score and gender, ethnicity, smoking status,
harmane levels, and caloric intake (table 2). Subjects adhering more to the MeDi were older
and had lower body mass index. There was a nonsignificant trend for higher MeDi
adherence to be associated with higher education and lower caffeine consumption.

MeDi and ET
Higher adherence to the MeDi was associated with significantly lower odds of ET (table 3,
fig. 2). The results were similar in adjusted and unadjusted models. Each additional unit of
the MeDi score was associated with a 12–22% reduction in odds of ET. In unadjusted
models, compared to subjects in the lowest MeDi tertile (low adherence to the MeDi),
subjects in the middle MeDi score tertile had 54% lower odds of ET, while those at the
highest tertile (high adherence to the MeDi) had 48% lower odds of ET. Despite resulting in
a considerable sample size reduction, adjustment for all potential covariates made the
associations even stronger: 59% reduction in odds for the middle and 71% reduction in odds
for the highest MeDi tertile, with a significant trend for a dose-response effect.

When the same fully adjusted models were run with MeDi score calculated without
considering ethanol, the associations were unchanged: MeDi continuous odds ratio 0.75
(0.58–0.98), p = 0.034; tertile analyses (lower tertile as reference), MeDi middle tertile 0.32
(0.11–0.93), MeDi highest tertile 0.30 (0.12–0.76), p for trend = 0.011.

Discussion
We observed that higher adherence to the MeDi is associated with reduced odds of ET. We
noted a gradual reduction in the odds of ET for higher tertiles of MeDi adherence,
suggesting a possible dose-response effect. Additionally, the associations between MeDi and
ET remained unchanged and significant even when simultaneously adjusting for a multitude
of potential confounding factors.

Although the etiology of ET is poorly understood [4] there is evidence that nongenetic (e.g.,
toxic or dietary) factors, in addition to the well-established genetic factors, may play an
important role [4,7–9]. There have been previous attempts to relate dietary factors with ET
and the results have been variable. While blood levels of the neurotoxin harmane are
elevated in ET cases, and harmane is found in the human diet in the animal proteins (meat),
an early study indicated that animal protein consumption did not seem to differ between ET
patients and controls [7]. As compared to controls, ET patients drink less coffee but
consume similar amounts of ethanol, tea, soft drinks, fruit juices, and milk [11]. Finally,
nutritional antioxidant (vitamins E and C) consumption does not seem to be different
between ET patients and controls [12].

We add to the literature the observation that ET patients may adhere less to an overall
‘healthy’ dietary pattern. However, the mechanism by which the MeDi may be protective for
ET is far from clear. It has been suggested that one of the possible mechanisms for ET
pathogenesis could be neurodegenerative [13–15]. Vascular [25–27], oxidative [28,29] and
inflammatory [24,27,30–33] biological mechanisms have been implicated in
neurodegeneration and the MeDi has been associated with all three above pathways. There
is strong evidence relating the MeDi to lower risk of a series of vascular risk factors
including dyslipidemia [34,35], hypertension [34–37], abnormal glucose metabolism [35,37]
and coronary heart disease [21,35,38,39]. Food intervention studies with typical MeDi
elements have indicated significant reductions of markers of oxidative stress [40,41].
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Consumption of many nutritional antioxidants did not differ between ET patients and
controls according to a previous study [12], but the MeDi, being a composite dietary pattern,
may be better at capturing the overall antioxidant effect of the diet. Higher adherence to the
MeDi has been associated with lower levels of a series of markers of inflammation in both
observational [34,42,43] and interventional [37,44] studies.

It is possible that lower adherence to the MeDi could represent a consequence and not a
cause of ET because ET patients may increase ethanol intake in an attempt to improve their
symptoms [16,17]. Although we cannot completely exclude this, we addressed this
consideration in multiple ways. First, we detected no difference in ethanol consumption per
se between ET cases and controls. Second, we adjusted for ethanol in our analyses and the
associations between MeDi and ET persisted. Third, we observed a significant association
even when we recalculated the MeDi without considering ethanol.

Given the cross-sectional design of this study, it is possible that lower adherence to the
MeDi could represent a consequence and not a cause of ET. Therefore, longitudinal studies
of incident cases are needed. In two previous publications, however, using a subset of
subjects with repeated (2–4) dietary assessments over a course of ~8 (and up to 13) years,
we demonstrated that adherence to the MeDi is remarkably stable over time [2,3]. Therefore,
it is conceivable that the MeDi adherence reported for our ET population could reflect their
long-standing (predisease) dietary habits.

This study has limitations. First, the use of an a priori distribution-derived MeDi score
assumes underlying monotonic effects, does not address possible thresholds or the shape of
the underlying curve and weighs equally the underlying individual food categories, which in
turn are composed of different number of food constituents. Frequencies of food intake are
based on relatively few diet constituents, which may underestimate the overall quantity of
food in each food category and a common limitation of studies of diet and disease is
misclassification of exposure due to limited accuracy. However, assuming that the
measurement error was random, our results may actually underestimate the association
between high MeDi adherence and odds of ET. Second, because the vast majority of our
subjects were clinic-based and of white ethnicity, our sample is not representative of the
population, which may limit the external validity – generalizability of our findings. Third, as
compared to subjects included in the present analyses, excluded subjects were slightly more
educated and younger. Education was statistically unrelated to both our predictor and our
outcome, but older subjects adhered more to the MeDi and ET patients were 4 years older
than controls. We attempted to address this by including both education and age as potential
confounders in our analyses: not only did the associations not attenuate but they became
even stronger. Therefore, although we cannot completely exclude it, it does not seem likely
that our results could be explained by biases related to missing dietary information. Fourth,
it is possible that diet is related to socioeconomic status or to other habits or characteristics
related to better health and a lower risk for ET. In our sample, MeDi was not related to
education, smoking habits or ethnicity and we further addressed this potential bias by
adjusting for all the above. In additional analyses (not shown) we also considered other
indices of socioeconomic status such as number of people living with the subjects,
occupational attainment and an index of other medical comorbidities, but none of these
differed between ET patients and controls. Still, we cannot completely rule out residual
confounding as an explanation for our findings.

Confidence in our findings is strengthened by the following factors. Dietary data were
collected with a previously validated and widely used instrument [20]. We used an a priori
developed dietary pattern [21]. Measures for multiple potential confounding factors have
been carefully recorded and adjusted for in the analyses. According to expectations, MeDi
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adherence was higher in older and (possibly) in more educated persons, while subjects
adhering more to the MeDi had lower body mass index and (possibly) consumed less
caffeine; these findings add to the validity of the MeDi assessments in our population. The
diagnosis of ET took place in a University hospital with expertise in this condition and was
based on comprehensive assessment and standard research criteria.

In conclusion, our results indicate that the recently reported beneficial effects of MeDi for
Alzheimer’s disease [2,3] may extend to ET, a very common neurological disease without
known prevention or effective treatment [5,6,45]. It has been argued that it is easier to
prescribe drugs than to change the dietary habit of subjects. However, the Lyon Diet Heart
study indicated that most subjects were still following the MeDi several years after
randomization [38]. The American Heart Association has issued a scientific advisory stating
that a Mediterranean-style diet demonstrates impressive effects on cardiovascular disease
[46]. However, it is very premature to recommend the MeDi for prevention of ET based on
our observational study, which is only the first report of such an association and should be
replicated.
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Fig. 1.
Means and standard errors of MeDi score for ET patients and controls.
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Fig. 2.
Odds ratios and 95% confidence intervals (bars) for ET patients versus controls, for each
MeDi adherence tertile, based on logistic regression models that adjusted for age, gender,
ethnicity, education, body mass index, caloric intake, smoking, caffeine and blood harmane.
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Table 1

Demographic, clinical and dietary characteristics for ET cases and controls

ET (n = 148) Controls (n = 250) All (n = 398) p

Age, years 71.3 ± 12.0 67.0 ± 11.6 68.3 ± 11.9 0.001

Male gender, n (%) 61 (41) 102 (41) 163 (41) 0.94

Education, years 14.6 ± 3.4 15.1 ± 3.4 14.9 ± 3.4 0.15

Ethnicity, n (%) 0.24

 White 138 (94) 221 (88) 359 (90)

 Black 3 (2) 13 (5) 16 (4)

 Hispanic 5 (3) 10 (4) 15 (4)

 Other 1 (1) 6 (2) 7 (2)

Smoking, n (%) 9 (8) 26 (11) 35 (10) 0.35

Caffeine, mg 123 ± 147 228 ± 209 189 ± 195 <0.001

Ethanol, g 6.9 ± 12.7 6.1 ± 9.9 6.4 ± 11.0 0.45

Log harmane 0.7 ± 0.6 0.5 ± 0.7 0.5 ± 0.70 0.040

Body mass index 28.0 ± 12.7 28.0 ± 5.6 27.9 ± 8.7 0.98

Energy, kcal 1,397 ± 432 1,421 ± 487 1,412 ± 467 0.63

MeDi score 4.3 ± 1.7 4.7 ± 1.7 4.6 ± 1.7 0.03

MeDi tertiles, n (%) 0.005

 Low 56 (38) 57 (23) 113 (28)

 Middle 49 (33) 109 (44) 158 (40)

 High 43 (29) 84 (34) 127 (32)

Mean values ± SD are given except for gender, ethnicity, smoking and MeDi tertiles. Italics: statistically significant.
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Table 2

Demographic and clinical characteristics by MeDi score tertiles

Low tertile (MeDi score 0–3) Middle tertile (MeDi score 4–5) High tertile (MeDi score 6–9) p

Age, years 65.7 ± 13.0 69.3 ± 11.5 70.5 ± 11.0 0.005a

Male gender, n (%) 41 (36) 63 (40) 59 (47) 0.26

Education, years 14.6 ± 3.3 14.8 ± 3.4 15.4 ± 3.4 0.13

Ethnicity, n (%) 0.41

 White 100 (89) 141 (89) 118 (93)

 Black 6 (5) 7 (4) 3 (2)

 Hispanic 5 (5) 8 (5) 2 (2)

 Other 1 (1) 2 (1) 4 (3)

Smoking, n (%) 10 (10) 15 (10) 10 (9) 0.87

Caffeine, mg 202 ± 212 201 ± 204 162 ± 162 0.18

Log harmane 0.6 ± 0.7 0.4 ± 0.7 0.6 ± 0.7 0.15

Body mass index 29.8 ± 14.3 27.6 ± 5.0 26.9 ± 5.8 0.03a

Energy, kcal 1,373 ± 506 1,425 ± 428 1,431 ± 467 0.58

Mean values ± SD are given except for gender, ethnicity and smoking. Italics: statistically significant.

a
Post-hoc Scheffé’s tests for age: low vs. high tertile, p = 0.007; low vs. middle, p = 0.05; middle vs. high, p = 0.69; for body mass index: low vs.

high tertile, p = 0.03; low vs. middle, p = 0.11; middle vs. high, p = 0.75.

Neuroepidemiology. Author manuscript; available in PMC 2011 January 28.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Scarmeas and Louis Page 14

Ta
bl

e 
3

O
dd

s r
at

io
s (

O
R

s)
 fo

r E
T 

ve
rs

us
 c

on
tro

l s
ta

tu
s b

y 
M

eD
i s

co
re

 e
ith

er
 in

 c
on

tin
uo

us
 o

r i
n 

te
rti

le
 fo

rm

M
od

el
E

T
C

on
tr

ol
s

M
eD

i c
on

tin
uo

us
 O

R
 (9

5%
 C

I)
p

M
eD

i t
er

til
es

O
R

 (9
5%

 C
I)

p
p 

fo
r 

tr
en

d

1
14

8
25

0
0.

88
 (0

.7
8–

0.
99

)
0.

03
5

lo
w

1 
(r

ef
er

en
ce

)
0.

01
5

m
id

dl
e

0.
46

 (0
.2

8–
0.

75
)

0.
00

2

hi
gh

0.
52

 (0
.3

1–
0.

88
)

0.
01

4

2
52

14
0

0.
78

 (0
.6

1–
0.

99
)

0.
04

2
lo

w
1 

(r
ef

er
en

ce
)

0.
02

1

m
id

dl
e

0.
41

 (0
.1

6–
1.

05
)

0.
06

4

hi
gh

0.
29

 (0
.1

0–
0.

82
)

0.
02

0

M
od

el
 1

 is
 u

na
dj

us
te

d.
 M

od
el

 2
 is

 a
dj

us
te

d 
fo

r a
ge

, g
en

de
r, 

et
hn

ic
ity

, e
du

ca
tio

n,
 b

od
y 

m
as

s i
nd

ex
, c

al
or

ic
 in

ta
ke

, s
m

ok
in

g,
 c

af
fe

in
e,

 e
th

an
ol

 a
nd

 b
lo

od
 h

ar
m

an
e.

 It
al

ic
s:

 st
at

is
tic

al
ly

 si
gn

ifi
ca

nt
.

Neuroepidemiology. Author manuscript; available in PMC 2011 January 28.


