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Abstract

Background/Aim: Harmane [1-methyl-9H-pyrido(3,4-b)in-
dole]is a tremor-producing neurotoxin. Blood harmane con-
centrations are elevated in essential tremor (ET) patients for
unclear reasons. Potential mechanisms include increased di-
etary harmane intake (especially through well-cooked meat)
or genetic-metabolic factors. We tested the hypothesis that
meat consumption and level of meat doneness are higherin
ET cases than in controls. Methods: Detailed data were col-
lected using the Lawrence Livermore National Laboratory
Meat Questionnaire. Results: Total current meat consump-
tion was greater in men with than without ET (135.3 * 71.1
vs. 110.6 * 80.4 g/day, p = 0.03) but not in women with ver-
sus without ET (80.6 = 50.0 vs. 79.3 £ 51.0 g/day, p = 0.76).
In an adjusted logistic regression analysis in males, higher
total current meat consumption was associated with ET
(OR = 1.006, p = 0.04, i.e., with 10 additional g/day of meat,
odds of ET increased by 6%). Male cases had higher odds of
being in the highest than lowest quartile of total current

meat consumption (adjusted OR = 21.36, p = 0.001). Meat
doneness level was similar in cases and controls. Conclusion:
This study provides evidence of a dietary difference between
male ET cases and male controls. The etiological ramifica-
tions of these results warrant additional investigation.
Copyright © 2008 S. Karger AG, Basel

Introduction

Essential tremor (ET) is one of the most common neu-
rological diseases [1-3]. Genetic factors clearly play a role
in disease etiology [4, 5]. Environmental factors likely
also play a role [5]. The study of potentially modifiable
environmental factors is important; their identification
forms the basis for interventional studies aimed at risk
reduction.

Harmane [1-methyl-9H-pyrido(3,4-b)indole] is a po-
tent neurotoxin [6] present in the human diet in a number
of foods [7]. As a heterocyclic amine [6], it is comprised
of several five- and six-ringed structures, which contain
an amine group. There is a structural similarity to the
neurotoxin MPTP (1-methyl 4-phenyl 1,2,3,6-tetrahy-
dropyridine), which has a two-ring structure. Harmane
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crosses the blood-brain barrier through an active uptake
mechanism, and brain concentrations are higher than
those in the blood [7]. Laboratory animals exposed to
harmane and other heterocyclic amines develop tremor
[8, 9] accompanied by destruction of inferior olivary and
cerebellar tissue [10]. Blood harmane concentration was
found to be elevated in ET cases [11, 12].

Harmane is particularly abundant in meats, and fur-
thermore, certain cooking practices (e.g., long cooking
times) increase its concentration. The mechanisms for
the observed higher blood harmane concentrationsin ET
are not clear but could include increased dietary intake
and/or genetic-metabolic factors [12]. Our goal was to
further examine the emerging link between this neuro-
toxin and ET. In the current study, our hypothesis was
that meat consumption and level of meat doneness would
be higher in ET cases than controls.

Methods

ET Cases and Controls

ET cases were cared for by neurologists at the Neurological
Institute of New York, Columbia University Medical Center
(CUMC) [12, 13]. They were identified from a computerized da-
tabase of patients billed in the last 3 years, supplemented by a
computerized database at the Center for Parkinson’s Disease and
Other Movement Disorders, CUMC, which listed patients seen in
the last 10 years. All patients had received a diagnosis of ET from
their treating neurologist at the Neurological Institute. All ET
cases in these databases were identified for enrollment in a study
of the environmental epidemiology of ET, which began in 2005.
Office records were reviewed, and cases with physical signs or
diagnoses of dystonia, Parkinsonism (rigidity or bradykinesia) or
spinocerebellar ataxia were excluded.

Controls were identified from the New York metropolitan area
using random digit telephone dialing. These controls were fre-
quency matched to CUMC cases based on 5-year age strata, gen-
der and ethnicity (non-Hispanic white, non-Hispanic African-
American, Hispanic). The controls were ascertained from the
same source population as the cases in the New York Tri-State
Region, i.e., the controls were selected from the same set of ZIP
codes in New York, New Jersey and Connecticut as were the cas-
es. The majority of these controls also received their health care
at the same medical center as did the ET cases (i.e., CUMC)
(12, 13].

Study Evaluation

Participants were evaluated in person by a trained tester. The
tester collected demographic and clinical data.

In addition, detailed data on current (i.e., during the past year)
meat consumption were collected using the Lawrence Livermore
National Laboratory Meat Questionnaire [14, 15]. The question-
naire, which takes approximately 20 min to complete, includes
questions related to consumption of 15 specific meats (e.g., ham-
burgers; pork chops; grilled, barbecued or broiled chicken; meat
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or sausage patties), including: (1) frequency of consumption (cod-
ed into nine categories ranging from never to every day) and (2)
portion size (number of standard sized portions as represented in
photographs presented to participants), which was converted into
grams. A summary measure, total current meat consumption
(i.e., consumption in g/day of all 15 meat types combined), was
calculated for each participant.

In addition to the assessment of meat consumption, using the
Lawrence Livermore National Laboratory Meat Questionnaire
[14, 15], the tester also assessed meat doneness. A series of photo-
graphs of the level of meat doneness was used for six meat types
to aid the participant in identifying four doneness levels (1 = rare,
4 = charred). In a test-retest reliability study of 22 participants (2
months later), responses were reproducible, with most intraclass
correlation values being between 0.60 and 0.90 (e.g., intraclass
correlation coefficients for chicken doneness = 0.70 and for ham-
burger doneness = 0.60). Also, in a sample of 138 participants (81
ET cases and 57 controls), total meat consumption (g/day), which
was estimated using this questionnaire, was correlated with total
animal protein consumption in grams estimated using a semi-
quantitative food frequency questionnaire [16] (Spearman rho =
0.25,p=0.003). A summary measure, total current meat doneness
(i.e., the doneness levels for all 6 meat types combined), was cal-
culated for each participant.

Weight and height were assessed using a balance scale (model
5600; Scale-Tronix, White Plains, N.Y., USA) and a movable an-
thropometer (GPM, Martin type; Pfister Inc., Carlstadt, N.]J.,
USA). Body mass index was weight in kilograms divided by the
square of height in meters. The tester also videotaped a tremor
examination in all participants [17], and each of 12 videotaped
action tremor items was rated by E.D.L. on a scale from 0 to 3,
resulting in a total tremor score [range = 0-36 (maximum)]. The
diagnosis of ET was confirmed by E.D.L. using published diag-
nostic criteria (moderate or greater amplitude tremor during
three activities or a head tremor) [17]. None of the cases or con-
trols had Parkinson’s disease or dystonia.

Additional Dietary Data

Additional dietary data were available on a subset of 81 ET
cases (31 male) and 57 controls (26 male). These data had been
collected in person by a trained tester using a semiquantitative
food-frequency questionnaire [16]. This 20-min questionnaire in-
cluded questions on frequency of consumption of 61 foods and
questions on the use of vitamins and mineral supplements within
the past year. These food frequency data were used to compute
daily carbohydrate intake (g) and fat intake (g).

Statistical Analyses

Chi-square and Student’s t tests were used to compare demo-
graphic characteristics of cases and controls (table 1). Given the
large number of meat types assessed (n = 15) and the issue of mul-
tiple comparisons, a summary measure, total current meat con-
sumption (i.e., consumption of all 15 meat types combined, ex-
pressed as grams of meat per day), was calculated for each par-
ticipant, with this summary measure being used for our main
case-control comparison. Because this summary measure was not
normally distributed, a Mann-Whitney test was used for case-
control comparisons. Given the large number of meats for which
doneness levels were assessed (n = 6) and the issue of multiple
comparisons, a summary measure, total current meat doneness
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Table 1. Demographic characteristics of ET cases and controls

Men Women

ET cases controls ET cases controls

(n=56) (n=60) (n=69) (n=65)
Age, years 66.5%15.7 65.0x154 65.0£15.2 67.1x119
Race

Non-Hispanic white

52 (92.9%)

53 (88.2%) 63 (92.6%) 53 (82.8%)

Non-Hispanic black 1(1.8%) 4 (6.7%) 3 (4.4%) 5(7.8%)

Hispanic 2 (3.6%) 3 (5.0%) 1(1.5%) 4(6.3%)

Other 1(1.8%) 0 (0.0%) 1(1.5%) 2 (3.1%)
Years of education 153%4.1 15.7%3.5 14.6*3.5 15.1%£3.4
Current cigarette smokers 4 (8.0%) 5 (8.6%) 6 (10.7%) 3 (4.6%)

Marital status

Married 33 (60.0%) 27 (45.0%) 26 (38.2%) 19 (29.2%)
Widowed 4(7.3%) 6 (10.0%) 18 (26.5%) 21 (32.3%)
Never married 8 (14.5%) 12 (20.0%) 12 (17.6%) 15 (23.1%)
Divorced 7 (12.7%) 10 (16.7%) 11 (16.2%) 6 (9.2%)
Separated 1(1.8%) 1(1.7%) 0 (0.0%) 1(1.5%)
Remarried 2 (3.6%) 4 (6.7%) 1(1.5%) 3 (4.6%)
Current living
Home 56 (100%) 60 (100%) 66 (95.7%) 65 (100%)
Other (assisted living) 0 (0%) 0 (0%) 3 (4.3%) 0 (0%)
Lives alone 14 (25.5%) 21 (35.0%) 33 (48.5%) 35 (53.8%)
Years since last hospitalization 14.7+24.4 19.1+25.8 13.3+16.8 145*+17.2
Body mass index 27.5%£4.0 27.1%3.7 269%7.0 27.8%5.6

(i-e., the doneness levels for all 6 meat types combined), was cal-
culated for each participant, with this summary measure being
used for our main case-control comparison (Mann-Whitney test).
Dietary behavior generally differs by gender; therefore, each com-
parison was stratified by gender (i.e., male cases vs. male controls,
female cases vs. female controls).

In logistic regression analyses (outcome = ET vs. control), the
independent variable was total current meat consumption in
some analyses and total current meat donenesslevel in other anal-
yses. The choice of covariates in adjusted analyses was based on
current case-control differences and results of published analyses
[11, 12]. For some analyses, ET cases and controls were stratified
into quartiles of total current meat consumption (<50.8 g/day,
50.8-88.5 g/day, 88.6-132.8 g/day, >132.8 g/day). In a logistic re-
gression analysis, the outcome variable was ET versus control and
the independent variable was quartile of total current meat con-
sumption. The choice of covariates in adjusted analyses was based
on current case-control differences and results of published anal-
yses [11, 12]. To compare total current meat consumption by total
tremor score, Spearman’s rho was used.

With our sample size, we had 88.3% power to detect a 50% in-
crease in total current meat consumption between ET cases and
controls in gender-stratified analyses. We had 84.9% power to
detecta 20% increase in total current meat doneness level between
ET cases and controls in gender-stratified analyses. These calcu-
lations assumed alpha = 0.05.

Dietary Epidemiology of Essential
Tremor

Results

There were 125 ET cases (mean disease duration 19.2
+ 16.3 years) and 125 controls. Cases and controls, com-
ing from the same source population, were similar in
terms of each of the demographic characteristics exam-
ined (table 1, all p values > 0.10).

Among males, total current meat consumption was
greater in cases than controls (mean * SD): 135.3 + 71.1
g/day versus 110.6 * 80.4 g/day (median values 111.5 vs.
104.4 g/day; Mann Whitney z = 2.16, p = 0.03; fig. 1). To-
tal current meat consumption was similar in female cas-
es and female controls: 80.6 £ 50.0 g/day versus 79.3 *
51.0 g/day (median values 72.8 vs. 69.7 g/day; Mann-
Whitney z = 0.31, p = 0.76; fig. 1). In a logistic regression
analysis in males adjusting for age (years), education
(years), body mass index and current smoking (yes vs.
no), higher total current meat consumption was associ-
ated with ET (OR = 1.006, 95% CI = 1.000-1.011, p = 0.04;
i.e., with each 10 additional g/day of meat, the odds of ET
was increased by 6% and with 20 additional g/day by 12%,
etc.). Also adjusting for marital status, lives alone and
years since last hospitalization (as well as age, education,
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Table 2. Quartiles of total current meat consumption

Quartile of meat consumption Men Women
ET cases*® controls ET cases controls
(n=56) (n=60) (n=69) (n=65)
Lowest quartile 3 (5.4%) 15 (25.0%) 21 (30.4%) 23 (35.4%)

Quartile 2 10 (17.9%) 13 (21.7%) 21 (30.4%) 19 (29.2%)

Quartile 3 17 (30.4%) 18 (30.0%) 15 (21.7%) 13 (20.0%)

Highest quartile 26 (46.4%) 14 (23.3%) 12 (17.4%) 10 (15.4%)
*p < 0.01.

Table 3. Quartiles of total current meat consumption in men: lo-
gistic regression analyses (OR; 95% CI in parentheses)

Quartile of meat
consumption

Unadjusted Adjusted®

Lowest quartile 1 (reference) 1 (reference)

Quartile 2 3.85(0.87-17.04) 11.41(1.71-76.01)
p=0.08 p =0.01

Quartile 3 4.72 (1.16-19.26)  9.67 (1.69-55.35)
p=0.03 p=0.01

Highest quartile 9.29 (2.29-37.64) 21.36 (3.52-129.51)
p = 0.002 p = 0.001

 Adjusted for age, education, body mass index, and smok-
ing.
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Fig. 1. Total current meat consumption in ET cases versus con-
trols. Men = Solid bars; women = dashed bars. Each bar represents
+2 SE, and each box represents the mean.
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body mass index and current smoking), higher total cur-
rent meat consumption in males was associated with ET
(OR =1.007, 95% CI = 1.001-1.014, p = 0.02).

ET cases and controls were stratified into quartiles of
total current meat consumption (tables 2, 3). In an unad-
justed logistic regression analysis in males, the cases had
a nine times higher odds of being in the highest versus
lowest (reference) quartile than controls (unadjusted
OR = 9.29, 95% CI = 2.29-37.64, p = 0.002), and in ad-
justed analyses, the odds were higher (OR = 21.36, 95%
CI =3.52-129.51, p = 0.001 after adjusting for age, educa-
tion, body mass index and current smoking). In cases,
total current meat consumption was not correlated with
total tremor score (Spearman’s rho = —0.15, p = 0.10).

Past (5 years ago) total meat consumption was assessed
in 15 males with ET of less than 5 years’ duration (i.e.,
predisease diet) and 60 male controls: 146.5 * 68.6 ver-
sus 131.4 *+ 99.1 g/day (Mann-Whitneyz =1.11, p = 0.27).
In a logistic regression analysis in males, cases had high-
er odds of being in the highest versus lowest (reference)
quartile of past total meat consumption than controls
(unadjusted OR = 6.33, 95% CI = 0.67-60.16, p = 0.11 and
OR =10.00, 95% CI = 0.84-119.09, p = 0.069 after adjust-
ing for age, education, body mass index and current
smoking).

Additional dietary data were available on a subset of
31 male ET cases and 26 male controls. There were no
case—control differences in consumption of other food
groups. Male cases and controls consumed similar quan-
tities of carbohydrate (172.6 = 64.6 vs. 161.6 * 72.3 g/
day, t = 0.61, p = 0.55) and vegetable fat (20.8 £ 8.5 vs.
19.9 * 12.3 g/day, t = 0.32, p = 0.75), indicating that the
case-control difference in animal protein (i.e., meat) con-
sumption did not extend to other major food groups.

One explanation for the increased meat consumption
we observed might be that ET cases adjust their diets to
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include foods that are easy to eat despite tremor. Meat can
be a very solid, stable food and can be more easily man-
aged. On the other hand, some meats require a great deal
of dexterity during processing (e.g., holding the meat in
place with a fork in one hand and using the other hand to
cut it with a knife), so that ET cases might preferentially
avoid eating these meats. We examined 15 different meat
types. The two for which there was the greatest male
case—control difference were grilled, barbecued or broiled
chicken (18.6 £ 26.9 vs. 9.0 £ 13.7 g/day, t = 2.40, p =
0.02) and meat or sausage patties other than hamburgers
(2.3 £ 5.2vs. 0.8 £ 1.9 g/day, t = 2.05, p = 0.04; while
chicken can be eaten either with or without utensils, meat
patties generally require utensils), whereas for solid, sta-
ble, hand-held meats (e.g., hamburgers), the consumption
was similar in cases and controls (13.8 = 19.2vs. 12.7 *
21.6 g/day, t = 0.31, p = 0.76). These data argue against the
notion that our results are solely due to an increased con-
sumption of meats as solid, stable food in persons with
tremor.

Total current meat doneness level was similar in male
ET cases and male controls (9.7 = 2.9 vs. 10.0 * 3.8,
Mann-Whitneyz=0.73, p =0.47) and in female cases and
female controls (8.5 £ 3.2 vs. 9.3 £ 3.7, Mann-Whitney
z = 1.40, p = 0.16). Analyses that adjusted for age, educa-
tion, body mass index and current smoking did not reveal
any case—control differences.

Discussion

Dietary factors have been examined as possible dis-
ease contributors in Parkinson’s disease and many other
neurological disorders. The dietary epidemiology of ET,
however, has not been rigorously studied; there have been
few studies [18, 19], and, therefore, little is known about
the association between ET and dietary factors. Harmane
and other heterocyclic amines are found in high concen-
trations in cooked muscle foods (i.e., meats). A limitation
of standardized food frequency questionnaires is that
they do not include questions on meat cooking practices,
and they have few specific questions on meat consump-
tion. We used a detailed meat questionnaire [14, 15] to test
the hypothesis that meat consumption and level of meat
doneness would be higher in ET cases than controls. Cur-
rent meat consumption was greater in male ET cases than
controls, with these cases having a nine times higher
odds of being in the highest versus lowest current meat
consumption quartile than controls. Meat cooking prac-
tices did not differ. In a subsample of cases with disease

Dietary Epidemiology of Essential
Tremor

of short duration, predisease diet was assessed, and the
results were similar: male cases had higher odds of being
in the highest versus lowest (reference) quartile than con-
trols, although these analyses were of limited power.
There was no apparent case-control difference in meat
cooking practices (i.e., level of meat doneness); this sug-
gests that it is the quantity of meat consumed rather than
the way in which that meat is prepared that is likely to
contribute to any increased dietary harmane intake in
ET.

This study suggests, at least in males, that there are
dietary differences between ET cases and controls.
Whether these dietary differences are contributing to
higher blood harmane concentrations in ET cases would
need to be addressed by assessing correlations between
meat intake and blood harmane concentrations. Further-
more, these data do not directly address whether ET cas-
es or family members who are at risk of ET should eat less
meat; an interventional study is needed to address this
issue.

The difference we observed was restricted to men and
was not observed in women. Other evidence of gender
differences in ET exist [20-22]. A far larger proportion of
women than men with ET have head tremor [20], and
childhood onset ET is largely a phenomenon of boys rath-
er than girls [21, 22]. Other studies have demonstrated a
higher prevalence of ET in men than women [23]. These
data suggest that disease expression and, possibly, disease
mechanisms could differ in males and females. In other
neurological disorders (e.g., Parkinson’s disease), dietary
risk factors have been shown to differ substantially by
gender [24].

We also collected additional dietary data on a subset
of ET cases and controls, demonstrating that the case-
control difference in animal protein (i.e., meat) consump-
tion did not extend to other major food groups. Similarly,
in previous analyses, we did not detect a case-control dif-
ference in nutritional antioxidant intake in ET cases and
controls [19].

A limitation of this study was the use of current (i.e.,
within the past year) dietary data rather than past con-
sumption. If we had assessed predisease consumption, we
would have been able to address whether dietary con-
sumption patterns differed between cases and controls
prior to disease onset in cases. However, the mean disease
duration in our cases was close to two decades, and the
validity of long-term recall of past diet is questionable.
Studies have shown fairly low correlations (r = 0.13-0.42)
between estimates of food intake originally assessed by
interview and then recalled 15-25 years later [25, 26]. One

Neuroepidemiology 2008;30:161-166 165



way to deal with this limitation would be to assess base-
line diet in a disease-free cohort, and then follow par-
ticipants until the onset of disease (i.e., a prospective co-
hort rather than a case-control study). Ours was a case-
control rather than a cohort study. Working with this
limitation, we presented retrospective data on predisease
diet in a sample of cases with recent-onset disease. In
these analyses, results were similar to those of our main
analyses.

The strengths of this study are that there are few avail-
able data on the dietary epidemiology of ET. Further-
more, this is the only study to begin to examine this spe-
cific dietary question in relation to ET. Finally, we used a
large sample of cases and comparable controls from the

In summary, dietary factors have been examined as
possible disease contributors in Parkinson’s disease and
other neurological disorders. In the current analyses, we
provide preliminary evidence for a dietary difference be-
tween ET cases and controls. Whether this dietary differ-
ence is of etiological significance deserves further inves-
tigation.
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