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Abstract

Previous studies on individual foods and nutrients and Parkinson’s disease (PD) risk have been inconsistent. Furthermore, only one study

has examined the association between the quality of diet and PD. We investigated the prediction of food groups and diet quality on PD in

the Finnish Mobile Clinic Survey (1966–72). The population comprised 4524 individuals, aged 40–79 years and free from PD at baseline.

Data collection included health examinations, a questionnaire and a 1-year dietary history interview. A modified Alternate Healthy Eating

Index was formed to assess diet quality. Statistical analyses were based on Cox’s model. During a 41-year follow-up, eighty-five incident

cases of PD occurred. No statistically significant associations were found between PD incidence and most of the food groups examined.

A few exceptions were fruits and berries in men and milk in women, which showed positive associations. An inverse association between

the intake of meat products and PD was found in women. The diet quality index did not predict PD, the adjusted relative risk between the

highest and lowest quartiles being 1·83 (95 % CI 0·65, 5·18) in men and 0·97 (95 % CI 0·38, 2·48) in women. The present study suggests that

since most of the single food groups or the quality of diet did not predict PD occurrence, the role of diet is apparently rather modest.
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Neurodegenerative diseases including Parkinson’s disease

(PD) are the seventh leading cause of death and a major

cause of disability in high-income countries(1). With the

ageing of populations, the importance of PD as a public

health issue is expected to increase. The exact pathogenetic

mechanisms underlying the selective dopaminergic cell

death in PD remain largely unknown, but evidently both gen-

etic and environmental factors are contributing to the risk(2).

Several biological mechanisms for the role of diet in the devel-

opment of PD have been proposed, including suggestions that

antioxidants could protect neurons from oxidative injury, and

PUFA could have neuroprotective properties(3). As curative

treatment for PD remains a challenge, it is essential to identify

potential modifiable risk factors.

While dietary factors have been systematically explored as

predictive factors for major chronic illnesses, there have

been few such studies with regard to PD. In previous studies,

the results on the associations between the risk of PD and the

intake of individual nutrients and food groups have been

inconsistent, and evidence from prospective studies is rather

scarce, according to recent reviews(3,4). Furthermore, little is

known about the combined effect of multiple dietary factors

on the risk of developing the disease. Only one study has

examined the prediction of the overall quality of diet or diet-

ary patterns on the risk of PD, concluding that a plant-based

dietary pattern which includes fish may protect against PD(5).

We investigated whether individual food groups or the

overall quality of diet, as defined by a modification of the

Alternate Healthy Eating Index (mAHEI)(6), predict PD inci-

dence in a Finnish population.

Methods

Study population

A total of 62 440 individuals aged 15 years or over participated

(82·5 % of those invited) in the Finnish Mobile Clinic Health

Examination Survey (FMC) conducted in different regions of

Finland in 1966–72(7). As part of the main study, detailed
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data about food consumption were collected from 10 054

randomly selected individuals using a dietary history inter-

view(8,9). Of these, participants aged 40–79 years were

included in this cohort study on PD (n 4738). However, sub-

jects identified as PD cases or who reported the use of anti-

psychotic medication due to psychotic disorders (International

Classification of Diseases (ICD-10) codes F20–F39) at baseline

were excluded. Thus, the final study population comprised

4524 subjects (2388 men and 2136 women). The present study

was conducted according to the guidelines laid down in the

Declaration of Helsinki.

Data on population samples held at the National Institute

for Health and Welfare can be used on the basis of the law

on Personal Data and the legislation applying to the National

Institute for Health and Welfare.

Assessment of exposure

The total habitual food consumption during the previous year

was estimated using a dietary history interview(9). Trained inter-

viewers used a questionnaire which included over 100 food

items and mixed dishes common in the diet of Finns at that

time. The consumption of food items was estimated per d,

week, month or year while also considering portion sizes and

the methods of food preparation. Individual consumption of

food items and mixed dishes was converted to g/d. The nutrient

intakes of food items were computed using a food composition

database compiled at the Social Insurance Institution, which

was based on the Finnish food composition tables(10).

All subjects completed a mailed, self-administered, health

questionnaire that was checked by a trained nurse at baseline

examinations. The health questionnaire provided information

on, for example, sociodemographic background, previous and

current illnesses, use of medication, smoking and leisure-time

physical exercise(11).

At baseline examinations, height (without shoes) and

weight (in light indoor clothing) were measured and BMI

(kg/m2) was calculated. Casual blood pressure was measured

using the auscultatory method(7). Venous blood samples

were collected and serum total cholesterol concentrations

were determined via an autoanalyser modification of the

Liebermann–Burchard reaction(12).

PD cases (ICD-10 code G20) were identified through linkage

with the nationwide Drug Imbursement Register of the Social

Insurance Institution. All individuals in Finland with PD are eli-

gible for medication free of charge. In order to obtain this

allowance, the patient must apply for it and attach a certificate

from the treating neurologist stating that all the diagnostic cri-

teria are met, including symptom history and reports of clinical

examinations (stating the presence of resting tremor, bradyki-

nesia and/or muscle rigidity along with other findings). The

allowance is granted after approval by a neurologist on

behalf of the Social Insurance Institution. In an ongoing vali-

dation of the register, the certificates for PD drug reimburse-

ment and selected hospital records were re-evaluated

retrospectively by our study neurologist ( J. Lyytinen) according

to the National Institute of Neurological Disorders and Stroke

diagnostic criteria for PD(13,14). Of the originally identified PD

cases reviewed, 80 % met the criteria for PD, consistent with

other estimates of the percentage of people clinically diagnosed

with Parkinsonism in a general population who meet strict PD

criteria(15). During the 41 years of follow-up (1966–2007),

eighty-five PD cases were identified. The individual follow-up

refers to the period of time from the baseline examination to

the date of PD diagnosis, death or the end of the observation

period, whichever came first.

Dietary factors and dietary index

Dietary factors were assessed systematically by including a com-

prehensive set of individual food groups and nutrients in the

study. The dietary index was formed based on the definition

of the Alternate Healthy Eating Index (AHEI) developed by

McCullough et al.(6). We aimed for a similar definition whenever

possible, but a comparison with AHEI information on multivita-

min use and alcohol consumption could not be included, since

these variables did not exist in our data. Thus, the current diet-

ary index mAHEI included the intake of seven components

(vegetables, fresh fruits, nuts and legumes, the ratio of white:red

meat, whole grain, the ratio of polyunsaturated:saturated fat and

trans fats), which were divided into quintiles. The first six com-

ponents received scores in an ascending order, so that one point

was assigned for intakes in the lowest quintile and five points for

intakes in the highest quintile. The trans fats component

received scores in the descending order, with the lowest quintile

gaining a value of five points and the highest quintile a value of

one point. The total score ranged from 7 (worst) to 35 (best).

A higher score suggested a higher dietary quality.

Statistical analyses

The confounding factors were chosen based on the literature

and inclusion of them in the models was based on analyses in

our own population. The general linear model was used to

study the association between potential confounding factors

and the dietary index and PD. The Cox proportional hazards

model(16) was used to estimate the relative risks (RR) and 95 %

CI for PD according to tertiles for the consumption of food

groups and quartiles for the mAHEI. The significance of trend

was tested by including continuous variables in the models. In

the case of categorical variables, heterogeneity was tested.

Definitions of three main models were included. The first

model included age (continuous) and sex. The second model

also included marital status (unmarried, married, widow/er or

divorced), urbanisation (rural, urban or industrial), geographi-

cal area (South-West, South, Central, West, East or North), smok-

ing (never, has quit $10 years ago, has quit 1–9 years ago, has

quit ,1 year ago, smokes only pipe or cigars, smokes ,15

cigarettes/d or smokes $15 cigarettes/d), BMI (,23, 23–24·9,

25–27·4, 27·5–29·9 or $30 kg/m2), leisure-time physical

activity (not at all, less than weekly, weekly or daily), and

intake of energy (kJ/d). The third model further included hyper-

tension (no or yes), serum total cholesterol (mmol/l),

diabetes mellitus (no or yes) and, in addition, in women,

parity (0, 1–3 or $4). Since the results in these three models

were essentially similar, only the results for the third model
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are presented in the text and tables. There were differences

between men and women in the associations between diet

and PD, so most of the analyses were stratified by sex (P for

interaction¼0·08). Analyses with exclusion of the first 5 years

of the follow-up were performed to examine the effect of the

preclinical disease phase, which resulted in the exclusion of

seven PD cases. All analyses were carried out using SAS soft-

ware version 9 (SAS Institute Inc.)(17).

Results

At baseline, PD cases were more often non-smokers than were

subjects who were free from the disease (Table 1). PD was not

notably associated with any other background variable. Sub-

jects who had high diet quality scores were younger and more

often married, and they had a higher BMI and serum total

cholesterol level (Table 2). They were also less likely to live in

rural areas and to smoke, and more likely to take part in

leisure-time physical activities, to have diabetes and to have a

higher energy intake.

In the third multivariate model, no statistically significant

associations were found in men or in women between the

risk of PD and most of the individual food groups examined

(Table 3). However, in men, the RR of PD between the highest

and the lowest tertile due to the intake of fruits and berries was

3·67 (95 % CI 1·30, 10·36; P for trend¼0·60) and the intake of

fresh fruits 2·41 (95 % CI 1·01, 5·77; P for trend¼0·48). In con-

trast, among women, there were signs of an inverse association

between the consumption of berries and the risk of PD (the

highest v. the lowest tertile, 0·54, 95 % CI 0·23, 1·27; P for

trend¼0·02). In women, subjects in the highest tertile of the

consumption of milk had a higher risk of PD compared with

subjects in the lowest tertile (RR 3·31, 95 % CI 1·10, 9·93; P for

trend¼0·09) (Table 3). A non-significant increase in the risk of

PD was also seen in men (Table 3). When men and women

were combined, subjects in the highest tertile of the consump-

tion of milk had a higher risk of PD compared with subjects

in the lowest tertile (RR 2·16, 95 % CI 1·09, 4·28). In addition,

a statistically significant inverse association was observed

between the consumption of processed meat and sausages

and the incidence of PD in women, with the RR of developing

the disease between the highest and lowest tertiles being 0·39

(95 % CI 0·16, 0·95; P for trend¼0·008). A similar decrease in

RR was seen in men, but the association between processed

meat and sausages and the incidence of PD was not statistically

significant. However, the association was strengthened when

the analysis was made in the total population (RR 0·49, 95 %

CI 0·27, 0·89). The results for men and women analysed together

were not further presented due to the strong interaction of

sex on the association between diet and PD, and the above-

mentioned results were the only statistically significant associ-

ations regarding analyses in the total population.

Table 1. Baseline characteristics*

PD cases
Subjects free

from PD P

n 85 4439
Age (years)† 52·2 53·3 0·29
Males (%)‡ 52·6 52·8 0·97
Married (%) 69·5 76·7 0·10
Community density, rural (%) 34·6 38·8 0·43
Current smokers (%) 13·5 31·5 ,0·001
BMI (kg/m2) 27·0 26·5 0·28
Leisure-time physical activity,

at least weekly (%)
47·2 45·4 0·74

mAHEI (scores) 21·7 21·0 0·17
Energy intake (MJ) 10·8 10·3 0·17
Hypertension, yes (%) 18·6 18·5 0·99
Serum total cholesterol

(mmol/l)
6·71 7·01 0·06

Diabetes, yes (%) 3·68 2·05 0·29
In women

Parity, $1 (%) 77·3 83·0 0·35

PD, Parkinson’s disease; mAHEI, modified Alternate Healthy Eating Index.
* Adjusted for age and sex.
† Adjusted for sex.
‡ Adjusted for age.

Table 2. Selected characteristics* of the study population by quartiles (Q) of the modified Alternate Healthy Eating Index

Diet quality scores†

Q1 Q2 Q3 Q4 P

n 1261 1157 1105 1001
Age (years)‡ 55·0 53·4 52·3 51·9 ,0·001
Males (%)§ 55·3 51·2 52·4 51·9 0·20
Married (%) 72·7 77·4 78·0 78·9 ,0·001
Community density, rural (%) 43·4 40·7 34·5 35·2 ,0·001
Current smokers (%) 34·1 31·7 29·9 28·2 0·006
BMI (kg/m2) 26·3 26·5 26·6 26·8 0·02
Leisure-time physical activity, at least weekly (%) 33·0 43·7 51·7 56·3 ,0·001
Energy intake (MJ) 10·2 10·3 10·4 10·6 0·06
Hypertension, yes (%) 17·1 18·5 18·9 19·9 0·36
Serum total cholesterol (mmol/l) 6·90 6·98 7·05 7·09 0·007
Diabetes, yes (%) 1·40 1·79 2·41 2·90 0·06
In women

Parity, $1 (%) 83·4 84·4 79·3 84·4 0·09

* Adjusted for age and sex.
† Cut-off points of Q1–Q4 for men are 7–18, 19–21, 22–24 and 25–34, and for women 8–18, 19–21, 22–24 and 25–34.
‡ Adjusted for sex.
§ Adjusted for age.
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Table 3. Multivariate-adjusted* relative risks (RR) and 95 % CI of Parkinson’s disease by individual food groups†

Men Women

Tertiles (g/d)‡ n/N§ RR 95 % CI P for het. P for trend n/N§ RR 95 % CI P for het. P for trend

Total grains 0·95 0·89 0·93 0·57
T1, M# 236, F # 170 14/789 1·00 – 11/690 1·00 –
T2, M # 342, F # 249 14/785 1·11 0·49, 2·51 13/703 0·93 0·40, 2·18
T3, M . 343, F . 250 17/789 1·16 0·45, 2·99 16/710 0·83 0·31, 2·22

Rye 0·81 0·68 0·61 0·27
T1, M # 96, F # 60 18/791 1·00 – 12/690 1·00 –
T2, M # 181, F # 120 12/786 0·78 0·36, 1·68 15/704 1·06 0·48, 2·36
T3, M . 181, F . 120 15/786 0·87 0·40, 1·89 13/709 0·71 0·29, 1·76

Wheat 0·66 0·76 0·66 0·10
T1, M # 75, F # 63 10/793 1·00 – 13/698 1·00 –
T2, M # 149, F # 115 18/782 1·38 0·62, 3·09 10/701 0·69 0·29, 1·63
T3, M . 149, F . 115 17/788 1·44 0·61, 3·40 17/704 0·91 0·39, 2·13

Whole grain 0·46 0·95 0·88 0·58
T1, M # 152, F # 102 14/794 1·00 – 10/695 1·00 –
T2, M # 240, F # 166 13/782 1·08 0·49, 2·39 13/705 1·07 0·45, 2·55
T3, M . 240, F . 166 18/787 1·64 0·70, 3·87 17/703 1·25 0·50, 3·13

Total vegetables 0·85 0·66 0·74 0·70
T1, M # 272, F # 220 13/786 1·00 – 10/698 1·00 –
T2, M # 397, F # 317 16/785 1·16 0·54, 2·49 15/703 1·35 0·59, 3·12
T3, M . 397, F . 317 16/792 0·95 0·41, 2·16 15/702 1·08 0·43, 2·72

Legumes and nuts 0·77 0·45 0·80 0·95
T1, M # 3, F # 1 19/879 1·00 – 12/602 1·00 –
T2, M # 7, F # 5 12/724 0·76 0·36, 1·61 12/744 0·76 0·33, 1·74
T3, M . 7, F . 5 14/760 0·85 0·41, 1·78 16/757 0·81 0·37, 1·80

Potatoes 0·38 0·66 0·20 0·53
T1, M # 186, F # 121 12/780 1·00 – 10/696 1·00 –
T2, M # 289, F # 192 18/789 1·67 0·77, 3·62 18/705 1·74 0·77, 3·94
T3, M . 289, F . 192 15/794 1·20 0·50, 2·86 12/702 0·93 0·35, 2·43

Roots 0·57 0·97 0·85 0·39
T1, M # 9, F # 16 13/809 1·00 – 11/697 1·00 –
T2, M # 30, F # 44 13/769 1·00 0·45, 2·21 12/709 1·21 0·52, 2·81
T3, M . 30, F . 44 19/785 1·41 0·66, 3·04 17/697 1·25 0·55, 2·84

Total fruits and berries 0·008 0·60 0·83 0·73
T1, M # 64, F # 106 5/784 1·00 – 14/706 1·00 –
T2, M # 146, F # 203 19/789 3·84 1·40, 10·55 10/701 0·78 0·33, 1·79
T3, M . 146, F . 203 21/790 3·67 1·30, 10·36 16/696 0·93 0·40, 2·15

Fruits, fresh 0·10 0·48 0·60 0·25
T1, M # 19, F # 47 8/789 1·00 – 15/703 1·00 –
T2, M # 82, F # 135 14/812 1·47 0·60, 3·61 10/698 0·72 0·31, 1·68
T3, M . 82, F . 135 23/762 2·41 1·01, 5·77 15/702 1·06 0·47, 2·41

Berries 0·04 0·35 0·37 0·02
T1, M # 4, F # 8 12/813 1·00 – 14/648 1·00 –
T2, M # 14, F # 18 9/790 0·70 0·29, 1·70 14/730 0·75 0·34, 1·64
T3, M . 14, F . 18 24/760 1·80 0·85, 3·82 12/725 0·54 0·23, 1·27

Margarines 0·27 0·99 0·80 0·64
T1, M # 1, F # 1 10/867 1·00 – 13/760 1·00 –
T2, M # 4, F # 4 17/736 1·85 0·82, 4·21 14/680 1·31 0·58, 2·98
T3, M . 4, F . 4 18/760 1·78 0·76, 4·16 13/663 1·25 0·53, 2·97
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Table 3. Continued

Men Women

Tertiles (g/d)‡ n/N§ RR 95 % CI P for het. P for trend n/N§ RR 95 % CI P for het. P for trend

Oilk 0·60 0·50 0·98 0·45
0 g/d 42/2200 1·00 – 35/1846 1·00 –
.0 g/d 3/163 0·73 0·22, 2·46 5/257 1·01 0·38, 2·67

Butter 0·79 0·72 0·72 0·42
T1, M # 38, F # 25 16/790 1·00 – 12/695 1·00 –
T2, M # 60, F # 41 14/792 0·81 0·38, 1·74 13/695 0·94 0·41, 2·16
T3, M . 60, F . 41 15/781 1·04 0·43, 2·49 15/713 0·70 0·26, 1·84

Total milk and milk products 0·66 0·55 0·42 0·83
T1, M # 764, F # 540 14/787 1·00 – 8/696 1·00 –
T2, M # 1142, F # 793 14/786 0·88 0·40, 1·93 16/703 1·67 0·69, 4·04
T3, M . 1142, F . 793 17/790 1·26 0·52, 3·06 16/704 1·13 0·40, 3·21

Milk{ 0·16 0·87 0·04 0·09
T1, M # 545, F # 370 10/789 1·00 – 5/699 1·00 –
T2, M # 950, F # 613 21/787 1·99 0·91, 4·38 16/702 3·08 1·10, 8·60
T3, M . 950, F . 613 14/787 1·24 0·48, 3·17 19/702 3·31 1·10, 9·93

Fermented milk products 0·37 0·22 0·23 0·09
T1, M , 1, F # 23 12/826 1·00 – 11/698 1·00 –
T2, M # 150, F # 166 17/781 1·45 0·68, 3·10 18/709 1·48 0·69, 3·16
T3, M . 150, F . 166 16/756 1·71 0·79, 3·70 11/696 0·76 0·32, 1·80

Cheese 0·90 0·43 0·56 0·73
T1, M # 2, F # 2 14/688 1·00 – 12/672 1·00 –
T2, M # 10, F # 10 15/809 0·89 0·42, 1·89 17/712 1·28 0·59, 2·77
T3, M . 10, F . 10 16/866 0·83 0·39, 1·80 11/719 0·84 0·35, 2·00

Total meat and meat products 0·98 0·27 0·19 0·07
T1, M # 105, F # 67 15/788 1·00 – 16/698 1·00 –
T2, M # 181, F # 115 15/789 0·94 0·44, 2·00 13/703 0·78 0·35, 1·73
T3, M . 181, F . 115 15/786 0·92 0·38, 2·23 11/702 0·42 0·16, 1·10

Red meat 0·27 0·42 0·05 0·34
T1, M # 56, F # 37 13/792 1·00 – 9/696 1·00 –
T2, M # 101, F # 67 20/788 1·52 0·73, 3·18 20/697 2·19 0·94, 5·13
T3, M . 101, F . 67 12/783 0·86 0·35, 2·12 11/710 0·93 0·33, 2·60

Processed meat and sausages 0·54 0·29 0·10 0·008
T1, M # 27, F # 13 17/783 1·00 – 18/715 1·00 –
T2, M # 61, F # 35 16/789 0·84 0·41, 1·72 13/701 0·58 0·27, 1·24
T3, M . 61, F . 35 12/791 0·63 0·28, 1·44 9/687 0·39 0·16, 0·95

Poultryk 0·96 0·24 0·32 0·81
0 g/d 34/1884 1·00 – 30/1676 1·00 –
. 0 g/d 11/479 1·02 0·48, 2·15 10/427 1·50 0·69, 3·23

Ratio of white meat:red meat 0·88 0·85 0·41 0·70
T1, M # 0·16, F # 0·16 15/782 1·00 – 11/700 1·00 –
T2, M # 0·36, F # 0·36 17/789 1·17 0·58, 2·39 18/700 1·58 0·73, 3·43
T3, M . 0·36, F . 0·36 13/788 1·00 0·46, 2·15 11/698 1·03 0·43, 2·46

Total fish 0·66 0·81 0·78 0·89
T1, M # 19, F # 12 18/797 1·00 – 13/680 1·00 –
T2, M # 45, F # 27 16/773 0·96 0·48, 1·94 15/709 0·97 0·45, 2·08
T3, M . 45, F . 27 11/793 0·70 0·31, 1·58 12/714 0·76 0·33, 1·78
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Diet quality defined by the mAHEI did not predict PD

incidence (Table 4). The RR between the highest and lowest

quartiles of the mAHEI was 1·83 (95 % CI 0·65, 5·18; P for

trend¼0·11) in men and 0·97 (95 % CI 0·38, 2·48; P for

trend¼0·91) in women in the third multivariate model.

Excluding the first 5 years of the follow-up did not notably

alter the results concerning the individual food groups or the

diet quality index (data not shown).

Discussion

Only a few associations were found between PD risk and the

individual food groups examined. For women, the main find-

ings in Table 3 were a positive association between milk con-

sumption and PD incidence, and an inverse association

between the intake of processed meat and sausages and PD

occurrence. Women also had a weak inverse association

between the consumption of berries and the risk of PD. For

men, positive associations between the consumption of

fruits and berries, and fresh fruits, and PD incidence were

found (Table 3). The results for men and women combined

were mostly statistically non-significant (data not shown),

with two exceptions showing an increased PD risk for milk

consumption, and a decreased PD risk for the consumption

of processed meat and sausages.

In women, higher milk consumption was significantly

associated with an increased risk of PD, which is in line

with previous findings(18–20). It is not clear whether nutrients

or other constituents in milk would mediate this inverse

association. However, it is unlikely to be due to Ca, vitamin

D or fat, as they had no association with the disease risk

when derived from sources other than dairy products(18).

Regarding milk fat, this suggestion is supported in the present

study, as reduced-fat dairy was also associated with PD risk

(data not shown). One possible explanation for this is that

dairy products lower the circulating levels of uric acid(21),

which has been inversely associated with PD risk(22–24).

Another possibility is that dairy products are contaminated

with neurotoxins due to their exposure to pesticides, which

may increase the risk of PD(25,26).

In women, an inverse association was observed between

the intake of processed meat and sausages and PD incidence.

Previous studies have presented inconsistent results for the

association between PD risk and the consumption of different

meats, the intake of proteins or the intake of Fe(4). A large

cohort study conducted in the USA found no associations

for the consumption of total meat, red meat, poultry or

fish(19). However, meat is a source of niacin, a vitamin

reported to be inversely associated with PD and hypothesised

to act via mechanisms related to nicotinamide metabolism(27).

In men, we found that a high consumption of fruits and ber-

ries and fresh fruits was associated with increased PD risk. In

contrast, among women, there was a weak inverse association

between the consumption of berries and the risk of PD. Fur-

thermore, the consumption of vegetables was not associated

with the risk of developing the disease in either men or

women. The present results do not support the prevailing

hypothesis that the consumption of fruits and vegetablesT
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containing antioxidant vitamins will protect against the

presumed oxidative stress in the pathogenesis of PD. Corre-

spondingly, evidence from previous epidemiological studies

is inconsistent, showing mainly no association between the

consumption of fruits and vegetables or intakes of antioxidant

vitamins and PD risk(4). One alternative is that the use of

pesticides in farming may increase the risk of PD, thus mask-

ing the potential benefit of consuming fruits and vegetables.

Furthermore, a reason why berries but not fruits were

inversely associated with PD incidence could be that the use

of pesticides does not have an effect on the berries gathered

from nature. However, a nested case–control study within

the Finnish Mobile Clinic Health Examination Survey did not

find strong evidence for an increased risk of PD due to

being exposed to pesticides(26).

In the present study, the mAHEI, a proxy measure of diet

quality, did not predict PD incidence. In contrast, the only pre-

vious study on diet quality and PD risk showed that a plant-

based dietary pattern which included fish, indicating a higher

diet quality, was inversely associated with PD incidence(5).

The present finding that there was no association between the

two is, however, in agreement with the fact that most of the

food items examined in the present study were not associated

with PD risk. The mAHEI is, apparently, a good tool for asses-

sing diet quality since it is inversely associated with the inci-

dence of CHD in the present study population (K Sääksjärvi

and P Knekt, unpublished results). As studies based on the diet-

ary data of the FMC have given consistent findings on the associ-

ations with several chronic diseases, such as CHD(28), type 2

diabetes(29) and stroke(30), it cannot be excluded that the lack

of an association is merely due to changes in dietary habits

during the extremely long follow-up period.

Interestingly, certain lifestyle factors that are commonly con-

sidered to increase the risk of CVD(31–33) seem to be protec-

tive factors for PD in the present study, for example

consumption of foods that are major sources of saturated fat

(processed meat and sausages), and, as found in our previous

study(34), smoking and the consumption of unfiltered boiled

coffee. Furthermore, the consumption of foods containing

antioxidant vitamins (fruits and berries) was associated with

an increased risk of PD in men, even though they are com-

monly considered to lower the risk of CVD(31). This suggests

a hypothesis that these two diseases do not share similar

pathogenic processes. Another explanation could be that in

the 1960s and 1970s, people died at a relatively young age

in Finland due to CVD, men about their mid-60s and

women about their mid-70s(35), whereas the peak incidence

of PD is generally between 70 and 79 years of age(36). There-

fore, selection of the population is possible.

In the present study, an effect modification of sex was

observed. One explanation is that a biological mechanism

contributes to sex differences, as, for example, reproductive

hormones have been associated with the risk of PD(37). Fur-

thermore, women consumed considerably less alcohol than

men, which may explain the difference if alcohol is an import-

ant confounding factor. Further studies should examine sex

and other potential effect-modifying factors, since the conflict-

ing results in the epidemiological literature on PD risk factors

could be due to undetected interactions between them.

The main strengths of the present study lay in its prospec-

tive design and in the comprehensive dietary assessment of

habitual food consumption. Furthermore, as information on

several probable risk factors for PD was collected, we were

able to account for potential confounding factors. However,

information on some potential confounding factors, such as

alcohol intake(38), coffee consumption(34) and vitamin D

status(39), was not available. It is possible that the low con-

sumption of alcohol is associated with a diet containing an

ample amount of milk, with both contributing to low plasma

urate, which in turn predicts an elevated risk of PD(24).

There are some methodological limitations to consider. First,

since the follow-up time was extremely long, and no repeated

measurement data were available, possible changes in diet

during the follow-up period may have weakened the strength

of the association. On the other hand, a benefit of the long

follow-up period was that it exceeded the long preclinical

phase of PD, which was demonstrated by the fact that the

exclusion of individuals who had developed the disease

Table 4. Multivariate-adjusted* relative risks (RR) and 95 % CI of Parkinson’s disease by quartiles (Q) of the modified Alternate
Healthy Eating Index

Diet quality scores†

Q1 Q2 Q3 Q4 P for trend

Men
n/N‡ 8/684 12/584 15/576 10/519 0·11
RR 1·00 2·00 2·52 1·83
95 % CI – 0·77, 5·22 0·97, 6·55 0·65, 5·18

Women
n/N‡ 10/563 14/553 6/516 10/471 0·91
RR 1·00 1·27 0·54 0·97
95 % CI – 0·54, 2·99 0·19, 1·55 0·38, 2·48

* Adjusted for age (continuous), sex, marital status (unmarried, married, widow/er or divorced), community density (rural, urban or industrial),
geographical area (South-West, South, Central, West, East or North), smoking (never, has quit $10 years ago, has quit 1–9 years ago, has quit
,1 year ago, smokes only pipe or cigars, smokes ,15 cigarettes/d or smokes $15 cigarettes/d), BMI (,23, 23–24·9, 25–27·4, 27·5–29·9 or
$30 kg/m2), leisure-time physical activity (not at all, less than weekly, weekly or daily), energy (continuous), hypertension (no or yes), serum total
cholesterol (continuous), diabetes (no or yes) and, in addition, in women, parity (0, 1–3 or $4).

† Cut-off values for Q1–Q4: #18, #21, #24 and .24.
‡ Parkinson’s disease cases/total population.
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during the first 5 years of the follow-up did not notably alter

the results. Second, it cannot be excluded that the small

number of PD cases or many comparisons may have caused

chance findings. Finally, the estimated RR could be attenuated

due to a misclassification of cases (despite confirmation from a

neurologist) and unidentified PD cases, though this is not of

great importance since the prevalence of PD is low.

Summary

In summary, we did not find the expected link between the

consumption of several food groups and PD incidence. How-

ever, the present study supported the suggestion that the con-

sumption of milk in large quantities increases the risk of PD in

women. In addition, diet quality was not associated with PD

incidence in the present study. These findings suggest that

the role of diet in the development of PD is probably rather

modest. Additional large prospective studies are needed to

provide more information on important effect-modifying and

confounding factors.
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