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Abstract: Background: Cognitive decline and dementia are common non-motor problems in Parkinson’s disease (PD). The 
underlying aetiology is multifaceted and both chronic and reversible causes for cognitive decline are likely to be present. 
Malnutrition is frequent in the Parkinson population, both early and late in the disease, and nutritional deficiencies could play 
a role in some cognitive deficits. Objectives: The objective is to study the association between nutritional status with focus on 
iron intake and homeostasis, mild cognitive impairment (MCI), and PD dementia (PDD). Setting and Participants: This study 
included 73 out of 145 patients with PD participating in a population-based study in northern Sweden. Measurements: Registration 
of nutritional status by laboratory analyses of blood plasma and neuropsychological assessments at time of diagnosis were 
performed. MCI and PDD were assessed yearly up to ten years after diagnosis. Mini Nutritional Assessments (Full-MNA score) 
and plasma variables detecting iron homeostasis were compared between patients with MCI and patients with normal cognition 
(NC). Motor severity was measured using the Unified Parkinson´s disease rating scale III, (UPDRS III) and Hoehn and Yahr 
(H&Y) staging scale. Cox proportional Hazard model were performed to see if any variables that differed between MCI and 
NC could predict PDD at follow-up. Results: Patients with MCI at time of diagnosis had lower levels of plasma iron (P-Fe) and 
albumin (P-Albumin) as well as a lower score on Full-MNA score. Dietary intake of iron was higher in patients with MCI than in 
patients with NC (p = 0.012). In logistic regression models adjusted for age, sex, and UPDRS III, lower levels of P-Fe (p = 0.025) 
and P-Albumin (p = 0.011) and higher dietary iron intake (p = 0.019) were associated with MCI at baseline. A Cox regression 
model with dementia as endpoint revealed that lower levels of P-Fe increase the risk of dementia at follow-up with adjustments 
for age, sex, UPDRS III, and MCI at baseline (HR 95% CI = 0.87 (0.78-0.98), p = 0.021). Conclusions: Low P-Fe was associated with 
cognitive disturbance at baseline and predicted dementia up to ten years after diagnosis in patients with PD. Low P-Albumin and 
malnutrition assessed with Full-MNA score were associated with MCI at baseline but did not predict dementia at follow-up. 
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Introduction  

Parkinson’s disease is a complex multifaceted disease 
with great variations in prognosis. Predicting the path 
the illness will take is next to impossible. Therefore, 
it is important to find predictors for different disease 
outcomes. 

Cognitive decline and dementia are common non-
motor problems in PD and the incidence of dementia is 
two to six times higher than in the general population (1).

At diagnosis, 20-40% of the populations have Mild 
Cognitive Impairment (MCI) (2 – 5). MCI at diagnosis 
increases the risk of Parkinson’s disease dementia 
(PDD), but not all patients with MCI develop dementia 

(5). Different patterns of cognitive decline have been 
connected to PDD. For example, impairment of semantic 
fluency and pentagon copying has repeatedly been 
shown to predict PDD (5,6). Low education level, postural 
instability, UPDRS (7), impaired olfactory function (8,9), 
and male sex has been connected to higher rates of PDD 
(10). 

Cognitive impairment has been reported among 
elderly with malnutrition and iron deficiency (11, 12). 
Solfrizzi et al. (2006) presented a review on the nutrient-
dementia risk pattern and suggested that more studies 
were needed to support the role of metals in progression 
of cognitive decline (13). A high iron intake has 
frequently been reported to increase the risk of PD, but 
no convincing evidence exists for an association between 
PDD and intake of iron. Cheng et al. (2011) reported that 
PD risk increased by 18% (RR 1.18, 95 % CI 1.02-1.37) by 
every 10-mg/day increment in iron intake (14). Powers et 
al. (2003) reported that a high intake of iron, especially in 
combination with high manganese intake, may be related 
to an increased risk of PD (15). In addition, Powers et al. 
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(2009) reported that high iron intake together with a low 
intake of cholesterol may be associated with an increased 
risk of PD (16). On the contrary, a higher intake of iron, 
magnesium, and zinc was independently associated with 
a reduced risk of PD (17). Follow-up of two large cohort 
studies, including accumulated information on nutrient 
intake, revealed a higher risk of PD with a high intake of 
non-heme iron in combination with low vitamin C intake, 
while not with intake of heme iron (18).  

This study investigated the association between 
nutritional status with a focus on iron intake and 
homeostasis in PD patients at time of diagnosis and risk 
of MCI and PDD at follow-up.

 
Methods

Patients 

This community-based prospective study focuses on 
idiopathic forms of Parkinsonism in a catchment area 
(parts of Västerbotten county in northern Sweden) 
with 142 000 inhabitants (19). All suspected cases with 
idiopathic Parkinsonism were referred to the neurological 
department that employed all the neurologists involved 
in this investigation. From January 2004 through April 
2009, 185 cases with Parkinsonism were identified. In 
total 145 patients fulfilled diagnostic criteria for PD at 
the next follow-up (up to 10 years). Of these, 73 were 
included in the study (Table 1). Because the remaining 
72 non-participating patients came to follow-up without 
fulfilling the three-day dietary registration, they were not 
included for a blood sample. Individuals not participating 
in the three-day dietary registration were older (mean 
73.5 years vs mean 69.1 years, p=0.006) and scored higher 
on the UPDRS III (29.2 vs 24.7 p=0.016) compared to 
those participating. There were no significant differences 
between the groups with regard to proportions of men 
and woman, total MMSE and MNA score.

A few patients refused to participate and were 
classified as drop outs. All participants were extensively 
examined during repeated visits the first month following 
initial contact. Information about demographics and 
disease history was obtained. All cases with suspected 
idiopathic Parkinsonism underwent a standardized 
clinical examination by a neurologist specializing in 
movement disorders. 

To confirm the presence of PD, another specialist in 
movement disorders (blinded to the assessment of the 
previous examiner) evaluated a videotape of the patient 
undergoing the UPDRS III examination investigating PD 
related motor functions speech, facial expression, rigidity, 
tremor, posture, gait and bradykinesia (20). Patients were 
included if both examiners judged that they had fulfilled 
the clinical criteria for PD according to the UK Parkinson 
’s Disease Society Brain Bank (UK PDSBB) criteria. Motor 
severity was measured using the Unified Parkinson´s 
disease rating scale III, (UPDRS III) and Hoehn and Yahr 

(H&Y) staging scale. 

Table 1
Baseline variables (mean±sd) for the total PD group 

and for patients with Mild Cognitive Impairment (MCI) 
and Normal Cognition (NC). P-values as a result from 

comparing variables between MCI and NC

Variables PD patients MCI NC p-value

 n=73 n=30 n=43

Age, years 69.0±8.7 72.2±8.2 66.8±8.4 0.008

male/female n 38/35 20/10 18/25 0.037

Education, years 10.4±4.4 8.7±3.5 11.5±4.7 0.009

UPDRS-III score 24.6±10.7 28.2±9.1 22.1±10.9 0.016

H&Y 2.0 2.0 2.0 0.107

ADL 88.9±5.5 86.9±6.0 91.7±3.7 0.001

PIGD/Ind/TD 38/13/22 18/2/10 20/11/12 0.114

Abbreviations: UPDRS = Unified Parkinson’s Disease Rating Scale; 
H&Y = Hoehn & Yahr stage, median; ADL = Activity of daily living; 
PIGD = Postural instability Gait Disorder; Ind = Indeterminate; TD = 
Tremor dominance:

The UPDRS scoring was performed with patients on 
their regular medication when started on dopaminergic 
treatment. The motor subtype was classified as tremor 
dominant (TD), postural instability and gait difficulty 
(PIGD) or indeterminate (Ind) according to Jancovic et al 
(21). The MMSE was used as a screening instrument for 
global cognition.

The study was approved by the Regional Medical 
Ethics Board in Umeå, Sweden. Written informed consent 
was obtained from all participants.

Medication for PD

The levodopa equivalent daily dose (LEDD) 
was calculated at baseline and at follow-ups by use 
of a conversion factor for each of the anti-Parkinson 
medications (22). Information about LEDD at baseline 
revealed that only two patients had started anti-
Parkinson treatment at time of diagnosis. At first 
follow-up (six months), all but nine patients had started 
treatment and about 50% of the patients had a LEDD <200 
and 8% had >300. Medication was introduced over the 
first weeks after diagnosis. The nutritional investigation, 
including the blood sampling, was performed in a 
non-standardized manner according to drug therapy 
during this time. Thirteen patients started anti-Parkinson 
medication before the blood sampling. 

Nutritional assessments

The Full Mini-Nutritional Assessment (MNA score), 
an international validated screening tool, was used to 
assess nutritional status and performed by the dietician 
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concomitantly with anthropometrical measurements. 
The screening consists of 18 questions regarding 
anthropometry, diet, and health (23). MNA total scores 
between 24 and 30 points indicate optimal nutritional 
status and scores between 17 and 23.5 points indicate at 
risk for malnutrition.

Dietary data were collected from a three-day dietary 
registration (3-day DR) performed by the patients 
three days before a scheduled visit to the Department 
of Neurology. The subjects recorded in a protocol 
what they ate and drank during those three days. To 
describe portion sizes, they had access to a booklet with 
photographs and drawings of various foods and dishes. 
Standard household measures or package sizes were used 
for food items not included. Energy and nutrient intake 
were calculated using the dietary software program 
Dietist XP (Kost och näringsdata, Stockholm, Sweden), 
which employs the National Food Administrations food 
database (NFA database 2.00, Uppsala, Sweden).

Biochemical analysis

Blood samples at baseline were collected at admittance 
between 8 am and 4 pm in a non-fasting condition on the 
day when the patients were admitted for assessments 
of nutritional status. Plasma samples were collected 
and stored at -70◦C until iron, ferritin, albumin, and 
transferrin were measured. Transferrin saturation was 
calculated S-Fe [µmol/L] x 100 / (S-Transferrin [g/L] x 
25.1) (Trf %). Analysis was performed in clinical routine 
in the accredited laboratory at Umeå University Hospital. 
Plasma levels of albumin and transferrin were analysed 
by Vitros PHOS Slides, Vitros ALB Slides, and Vitros 
TRFRN reagent on an Ortho Vitros 5.1 FS analyser.

Cognition

A battery of neuropsychological tests was performed 
and used for MCI and PDD classification at baseline, 
one year, three years, five, eight, and ten years. For MCI 
classification, the MDS Task force guidelines were used 
(24). Since the battery of tests included a minimum of two 
tests in all domains except language, modified level II 
criteria were applied (25). For patients not performing the 
full neuropsychological testing, MCI classification was 
based on self-perceived cognitive decline and MMSE (cut-
off ≤29) (26).  All but four patients with blood samples 
performed the neuropsychological evaluation at baseline. 
PDD was diagnosed according to published criteria by 
neurologists experienced in neurodegenerative disorders 
(27). In periods between the neuropsychological testing, 
PDD was diagnosed by decline in MMSE, decline in basic 
activities of daily living (ADL) (28) due to decreased 
cognition, and cognitive decline reported from patients 
and/or family member. In addition to MCI and PDD, 
composite scores for different cognitive domains 
(executive function, attention, language, visuospatial 

function, and episodic memory) were calculated based 
on means of the z scores for each individual test. 
Neuropsychological measures used for classification of 
Mild Cognitive Impairment and calculation of composite 
scores. Pentagon copying was not included in the 
calculation of composite scores. 

Episodic memory: Free and Cued Selective Reminding 
Test (FCSRT) free recall, Brief Visuospatial Memory Test 
(BVMT) total, Brief Visuospatial Memory Test (BVMT) 
delayed.

Visuospatial function: Benton Judgement of Line 
Orientation (BJOLOT), pentagon copying from MMSE. 
Language function: Boston Naming Test. Working 
memory and attention: Digit span backwards, Trail 
Making Test part B. Executive function: Wisconsin Card 
Sorting Test (WCST) total errors, Wisconsin Card Sorting 
Test (WCST) preservative errors, Semantic fluency 
(animals in 60 seconds).

Data analyses

The results are presented as mean and standard 
deviation with min-max for each variable presented. 
Independent two-tailed tests were used to compare 
patients with MCI and NC. For non-normal distributed 
data and variables with skewed distribution, non-
parametric tests were performed: the Mann-Whitney 
and the Wilcoxon Signed Ranks Test. Most variables 
were approximately normally distributed except for H&Y 
score, P-Ferritin, and dietary iron intake. Because of the 
non-normal distribution, P-Ferritin and dietary intake of 
iron were dichotomized by the median value (P-Ferritin 
median = 128.7 µg/L and dietary iron intake median = 
9.77 mg/day).

To check whether the variables that significantly 
differed between MCI and NC independent of age, sex, 
and UPDRS III, logistic regression models adjusted for 
age, sex, and UPDRS III were performed. To investigate 
the specific cognitive domains (i.e., the association 
with the variables differing between patients with MCI 
and patients with NC), partial correlations was used 
with corrections for age, sex, and UPDRS III with the 
biochemical assessments and merged scores for the 
separate cognitive domains. 

The Cox proportional hazards model was used to 
study the association between biochemical assessments 
at baseline and the development of PDD. Variables 
associated with MCI were included in Cox-regression 
models, first univariate, and then multivariate adjusted 
for age, gender, UPDRS III at baseline, and finally MCI at 
baseline was added.  

The program Predictive Analytics Software (SPSS 
Statistics, version 24 SPSS Inc., Chicago IL, USA) was 
used for the analysis.
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Results

Baseline data

Non-motor and motor functions assessed at baseline 
for patients with PD (n=73) and for patients with 
MCI (n=30) and NC (n=43) are presented in Table 1. 
At baseline, MCI was more prevalent in males than in 
females and was associated with older age, lower level of 
education, and higher UPDRS III score. Patients with MCI 
had higher daily intake of iron and lower MNA score, 
P-Albumin, and P-Fe before adjusting for age, sex, and 
UPDRS III (Table 2). After adjusting, the OR for having 
MCI was still significant for P-Albumin, P- Fe and daily 
intake of iron but not for MNA score (Exp B: 95% CI = 
0.799 (0.672-0.950), p = 0.011), P-Fe (Exp B: 95% CI = 0.854 
(0.744-0.980), p = 0.025), dietary iron intake (Exp B: 95% 
CI = 4.425 (1.54-18.9) p = 0.019), and MNA score (Exp B: 
95% CI = 0.79 (0.984-1.125, p = 0,057, respectively) (Table 
2). Biochemical and nutritional assessments for males 
and females, including variables for iron homeostasis, 
are presented in Table 3. Males had higher P-Ferritin and 
dietary iron intake than females. No other differences 
indicate sex dependent disturbed iron homeostasis and 
nutritional status. 

Correlations  between P-Albumin and 
neuropsychological tests

Composite scores of working memory correlated with 
P-Albumin levels (r = 0.452, p < 0.001) and P-Ferritin 
levels (r=270, p=0.025).   Both correlations were stronger 
for males than females: P-Albumin (male; r = 0.549, p < 
0.001 and female r = 0.331, p = 0.069 (Figure 1), P-Ferritin 
(male; r = 0.413, p = 0.01 and female r = 0.212, p = 0.252)  
Composite scores of episodic memory correlated with 
P-albumin (r = 0.253, p = 0.036). After adjusting for age, 
gender, and UPDRS III score in partial correlations, the 
positive association between composite score of working 
memory and P-Albumin (r = 0.346, p = 0.004) and 
P-Ferritin (r = 0.309, p = 0.012) remained significant.

Table 3
Baseline variables in mean±sd and for min-max used to 

assess iron status in patients with PD

Variables  (reference values or 
recommended)

Males n=39 Females n=34 P-value

P-Fe, µmol/L 18.2±4.6 17.1±4.9 0.304

(9-34) 8.2-28.3 8.0-30.5

TrF, % 33.9±10.0 30.1±9.2 0.208

(F=15-50, M=15-60) 12-56 14-54

P-Ferritin, µg/L 240±247 118± 76 0.005

(>50 yrs, 30-400) 12-1008 15-307

P-Ferritin * 23/16 13/21 0.077

P-Transferrin, g/L 2.2±0.34 2.3±0.34 0.270

(1.87-3.19) 1.56-2.96 1.70-3.59 0.652

P-Albumin, g/L 40.6±3.8 41.0±3.7

40-70 yrs 36-45 32-49 34-49

>70 yrs 34-45

MNA – total 26.0±2.5 25.2±2.5 0.224

(24-30) 21.0-30.0 17.5-29.0

Dietary iron intake, mg/day 11.9±6.5 9.3±3.4 0.052

(Rec intake per/day = 9) 4.2-37.0 5.0-19.9

Dietary iron intake* 24/14 9/22 0.005

* Plasma ferritin and dietary iron intake were dichotomized to over and under 
median value (median=128.7 µg/L and median = 9.77 mg/day respectively); 
Abbreviations: TrF % = S-Fe [µmol/L] x 100 / (S-Transferrin [g/L] x 25.1); MNA 
= Mini Nutritional Assessment. 

Cox regressions in prediction of PDD

Results from Cox regression analysis are shown in 
Table 4. Lower baseline P-Fe (µmol/L) and P-Albumin 
(g/L) levels increased the risk of PDD at follow-up in 
univariate models. In models controlling for age, sex, and 
UPDRS III, lower levels of P-Fe significantly increased 
the risk of PDD (HR (95% CI) = 0.85(0.76-0.94), p = 0.002). 
Adding MCI to the model did not affect the higher risk 
of PDD with lower P-Fe levels (HR (95% CI) = 0.87(0.78-
0.98), p = 0.02).  

Table 2
Baseline variables (mean±sd) used to assess iron status 
in PD patients with Mild Cognitive Impairment (MCI) 
and Normal Cognition (NC). The level of significance 
from the logistic regression with adjustments for age, 
sex, and UPDRS III are presented in the right column

Variables (reference values 
or recommended)

MCI n=30 NC n=43 P-value P - v a l u e 
adj.

P-Fe, µmol/L (9-34) 16.6±4.3 18.5±5.0 0.088 0.025

TrF % (F=15-50, M=15-60) 30.8±9.5 33.1±9.9 0.345 0.154

P-Ferritin, µg/L (>50 yrs, 
30-400)

182±201 184±195 0.973 0.488

P-Ferritin* 15/15 21/22 0.922 0.646

P-Transferrin, g/L (1.87-
3.19)

2.2±0.4 2.3±0.3 0.340 0.214

P-Albumin, g/L 40-70 yrs 
36-45>70 yrs 34-45

39.1±3.4 42.0±3.5 0.001 0.011

MNA – total (24-30) 24.9±2.9 26.1±1.9 0.035 0.057

Dietary iron intake, 
Rec intake per/day = 9

19/10 14/26 0.068 0.101

Dietary iron intake mg/day* 12.1±7.2 9.7±3.6 0.012 0.019

* Plasma ferritin and dietary iron intake were dichotomized to over and under
median value (median=128.7 μg/L and median = 9.77 mg/day respectively)
As seen in table 3. Abbreviations: TrF % = S-Fe [µmol/L] x 100 / (S-Transferrin 
[g/L] x 25.1); MNA = Mini Nutritional Assessment. 
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Discussion

The main finding from our study is that low levels of 
P-Fe were associated with MCI at time of diagnosis and 
increased risk of dementia over 10 years, while neither 
intake of iron, MNA-score, nor P-Albumin predicted 
dementia at follow-up. In addition, significantly lower 
levels of P-Albumin and lower score on Full MNA, 
indicating risk of malnutrition, and higher dietary intake 
of iron were seen in patients with PD-MCI at time of 
diagnosis. With adjustments for age, sex, and UPDRS III, 
the difference was maintained only for P-Albumin and 
dietary intake of iron. 

Figure 1 
P-Albumin levels correlated with composite score of 
working memory and were stronger for males than 

females (male: r = 0.549, p < 0.001 and female: r = 0.336, p 
= 0.064)

Lower levels of P-Albumin, P-Fe, and Full MNA score 
at diagnosis for patients with MCI indicate malnutrition, 
which may have had its origin years prior to diagnosis 

and first symptoms. An association between MNA score 
and MCI in older in-patients (29) and between MNA 
score and disease severity and progress of disability in 
patients with PD has been reported (30,31). Nutritional 
status may be affected by several of the disease-related 
measurements such as ADL, UPDRS, and medication. 

Used at baseline to assess malnutrition, the MNA 
score was lower in patients with MCI compared to 
patients with NC, but it did not predict PDD at follow-
up. Different components of nutritional status besides 
results from a screening test may have importance when 
focusing on risk of dementia progression (32). However, 
MNA score has been shown to correlate with P-Albumin 
and dietary intake of iron (33). Being malnourished and 
having MCI may also have contributed to low P-Fe levels 
and may be one of several components of nutritional 
status that can influence progress to PDD. Difficulties 
in eating abilities and cutting food, often reported in 
PD patients, can result in a low intake of nutrients 
and energy. Age, disease, and sex-related factors also 
contribute to the consequences of malnutrition. In 
addition to finding predictors for different disease 
outcomes at the time of diagnosis, we also need to focus 
on finding PDD predictors already in the prodromal 
phase of PD.  

In the present study, P-Albumin was significantly 
lower in patients with MCI than in patients with intact 
cognition at baseline. Albumin has previously mostly 
been associated with mortality and aging (34,35,36), 
although a handful studies have found an association of 
low levels of P-Albumin with cognitive decline (37,38). 
The different P-Albumin levels between MCI and NC 
were still significant after controlling for age and disease 
severity, which indicates that P-Albumin has a specific 
connection to cognitive decline. Also, the correlation 
between P-Albumin and P-Ferritin within normal limits 
and working memory was stronger in men than in 
woman, which suggests a sex difference for the impact 
of P-Albumin and P-Ferritin levels on working memory. 
No studies have reported this association before. As 
several comparisons were performed, the results may be 
spurious. Had we applied Bonferroni correction, only 

Table 4
Results from Cox regression (HR 95% CI) with Dementia as outcome variable and nutritional variables as 

explanatory included are presented with bivariate and multivariate calculations

Univariate Multivariate* Multivariate**

HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value

Total n=72

P-Fe, µmol/l 0.91 (0.83-0.99) 0.038 0.85 (0.76-0.94) 0.002 0.87 (0.78-0.98) 0.021

P-Albumin,  g/L 0.88 (0.80-0.98) 0.015 0.91 (0.81-1.02) 0.107 0.98 (0.85-1.12) 0.742

MNA-total score 0.92 (0.80-1.05) 0.199 0.96 (0.83-1.12) 0.601 1.03 (0.87-1.19) 0.735

Mean dietary iron intake > 9.77 mg/day 1.31 (0.60-2.83) 0.498 1.26 (0.53-3.02) 0.600 1.12 (0.44-2.85) 0.805

*Adjusted for age, sex, and UPDRS III. ** Adjusted for age, sex, UPDRS III, and MCI; Iron intake was dichotomized to over and under median value (9.77 mg/day); 
Abbreviations: MNA = Mini Nutritional Assessment.
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P-Albumin would have been considered significantly 
different between MCI and NC. Frangos et al. (2016) 
concluded that both age and disease contribute to low 
albumin, which could explain low haemoglobin levels in 
malnourished associated anaemia in very old hospitalized 
elderly (39). The baseline levels of P-Albumin and MNA 
score indicate an early association with cognitive decline 
in patients with PD in our study population.

Haemoglobin analysis was not performed on the same 
occasion/visit with blood sampling and assessment of 
malnutrition, limiting the possibility to assess anaemia. 
However, iron deficiency may be important for cognitive 
function independent from anaemia. Yavuz et al. (2012) 
studied geriatric patients (mean 72 years of age) and 
concluded that iron levels and Trf % independently 
correlated with MMSE. In that study, patients with 
dementia had low Trf % and a low MMSE associated 
with iron deficiency (11). Mean levels for P-Transferrin 
increase to compensate for low P-Fe and increased need, 
but in our study mean levels for P-Transferrin decreased 
with malnutrition. P-Fe is transported with transferrin, 
and about 30-40% of this capacity is used dependent 
on age and sex and increases after the age of 70 years 
(40,41). Besides being an iron transporter, P-Transferrin is 
a marker for nutritional status (42,43). By a shorter half-
life than albumin, transferrin may be a strong marker for 
protein energy malnutrition within days to weeks. 

Iron deficiency may affect dopamine metabolism 
(44,45), and dysregulation of iron metabolism has been 
described as a risk factor for PD (46). Iron homeostasis 
is reported to be important for cognition (47). Cognitive 
impairment has been reported among elderly with iron 
deficiency and malnutrition (11,12).  Iron deficiency 
in adults and elderly indicates that age and sex may 
have contributed to hypo-metabolism that might have 
resulted in early dementia in Parkinson’s disease (48). 
In the present study, age was associated with both MCI 
at baseline and with increased risk for dementia over 
10 years. The vicious circle with ageing, malnutrition, 
and cognitive decline may be even stronger in PD 
patients due to disease-related disturbances than in a 
non-PD elderly population. A low bioavailability of 
iron in the intestine (the main cause of iron deficiency, 
at least among elderly) could have generated the low 
P-Fe in the present population of patients, for example, 
due to gastrointestinal disturbances like gastro pares 
and achlorhydria (49). The level of P-Fe varies from 
day to day and low levels indicate either low intake 
or malabsorption. The risk of MCI, associated with 
either high intake of iron or low plasma Fe, indicate 
the importance of intestinal function for maintaining 
iron homeostasis. A high intake of iron may affect 
bioavailability of other minerals and thereby contribute 
to deficit cognition. To study influence from dietary 
intake, more information on nutrient density in general 
and individual energy intake are needed together with 
data on intestinal function and medication. Reporting 
dietary intake may also have been affected by the level of 

cognitive ability. 

Conclusion

Our results indicate that low P-Fe was associated 
with MCI at baseline and increases risk for dementia up 
to 10 years after diagnosis of PD. Low P-Albumin and 
disturbed cognition in PD may influence the progression 
to dementia and be a sign of protein energy malnutrition. 
High intake of iron increased the risk of MCI at baseline 
but did not show any effect on PDD risk. We suggest that 
low P-Fe in our sample might be related to a disturbed 
regulation, including intestinal absorption in iron 
metabolism as well as malnutrition.
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