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Introduction: Malnutrition is prevalent after stroke, particularly if post-stroke oropharyngeal dysphagia (OD) reduces nutritional intake. To further understand stroke-related malnutrition, a thorough nutritional assessment was performed in ischemic stroke patients with or without OD during sub-acute inpatient rehabilitation.

Methods: In this exploratory, observational, cross-sectional, multi-center study in Germany (NTR6802), ischemic stroke patients with (N = 36) or without (N = 49) OD were age- and sex-matched to healthy reference subjects. Presence of (risk of) malnutrition (MNA-SF), blood concentration of stroke-relevant nutritional compounds and metabolites, nutritional intake, quality of life (EQ-5D-5L), and activities of daily living (Barthel index) were assessed.

Results: More than half of the stroke patients displayed (risk of) malnutrition, with higher prevalence in patient with OD vs. without OD. Fasted blood concentrations of vitamins B1, B2, B6, A, D, and E, selenium, choline, coenzyme Q10, albumin, pre-albumin, transferrin, docosahexaenoic acid, and eicosapentaenoic acid were all lower in stroke patients compared to their matched healthy reference subjects, irrespective of OD status. Reported energy, macronutrient, and water intake were lower in stroke patients vs. healthy reference subjects. As expected, quality of life and activities of daily living scores were lower in stroke vs. healthy reference subjects, with OD scoring worse than non-OD patients.

Discussion: This study shows that malnutrition is highly prevalent in sub-acute stroke patients during rehabilitation. Even though patients with OD were more likely to be malnourished, blood levels of specific nutritional compounds were similarly lower in stroke patients with or without OD compared to healthy reference subjects. Furthermore, subgroup analysis showed similarly lower blood levels of specific nutritional compounds in patients that are normal nourished vs. patients with (risk of) malnutrition. This might imply disease-specific changes in blood levels on top of overall protein-energy malnutrition. The results of the current study underline that it is important to screen for nutritional impairments in every stroke patient, either with or without OD.
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Introduction

Deterioration in nutritional status is highly prevalent after stroke. Notwithstanding the wide variation in reported prevalence of malnutrition amongst different studies (1), a recent meta-analysis reported a pooled prevalence of malnutrition after stroke of 19% in the hyperacute phase up to 37% in the early subacute phase and 30% chronic phase (2). Factors that expedite stroke-related malnutrition include impaired consciousness, perception deficits, cognitive dysfunction, paresis, and most notably oropharyngeal dysphagia (OD) (3, 4).

OD frequently occurs after stroke, although studies report a wide variation in prevalence because of differences in dysphagia assessments, stroke type, timing, and setting. The prevalence of dysphagia is highest in acute stroke, occurring in between one and three quarters of the patients (5). Spontaneous recovery occurs in the first weeks after stroke in many patients (6). However, prevalence of chronic OD has also been reported to be as high as 50% at 6 months (7).

While post-stroke OD increases the risk of malnutrition (8), the consequences of malnutrition may also affect patients' ability to swallow (9). Both post-stroke OD and malnutrition are consistently associated with poor clinical outcomes (10, 11), where malnutrition is an independent risk factor of mortality, and length of hospital stay at 3 (12) and 6 months post stroke (11).

Stroke complications are not limited to protein-energy malnutrition but can also encompass specific micronutrients and fatty acids insufficiencies or deficiencies [e.g., (13–15)]. Such lower blood levels might result from stroke-related changes in nutrient intake, uptake, or metabolism. Although numerous studies of different quality investigated nutritional blood levels after stroke, few of them were performed in the rehabilitation setting, i.e., the subacute phase, or specified whether patients with and/or without dysphagia were included.

To better understand the extent of stroke-related malnutrition in the rehabilitation phase, a comprehensive exploratory nutritional assessment in sub-acute ischemic stroke patients with or without OD was performed.

Blood concentration of stroke-relevant nutritional compounds and metabolites, presence of (risk of) malnutrition, nutritional intake, quality of life (QoL), and activities of daily living (ADL) were assessed once between 2 and 12 weeks after stroke and compared to age- and sex-matched healthy reference subjects.



Subjects and methods


Study population and design

The study population comprised ischemic stroke patients (age ≥50 and ≤ 75 years) with and without oropharyngeal dysphagia (abbreviated as S+OD and S-OD, respectively) as inpatients in a rehabilitation center ≥2 and ≤ 12 weeks after stroke occurrence. Presence of dysphagia was defined as a Bogenhausener Dysphagie-Score (BODS)-2 of ≥3 (16). BODS-2 grades the ability of oral food intake (BODS-2) on a range from 1 (normal) to 8 (exclusively enteral or parenteral nutrition). Patients on tube feeding within 2 weeks prior to planned study enrolment and/or on current prescription of vitamin injections were not enrolled. Stroke patients were 1:1 matched by sex and age (range of −3 to +3 years) with healthy reference (HR) subjects with a body mass index (BMI) of ≥20 and <30 kg/m2. Exclusion criteria for HR subjects included: following a special diet, having diabetes mellitus type II, or using anti-hypertensive or cholesterol- or triglyceride-lowering drugs. A complete list of inclusion and exclusion criteria is provided in the Supplementary material.

The study protocol was approved by the Ethics Review Committee Ärztekammer Nordrhein in Germany (identifier: MPR16TA07987). The study was registered at the Netherlands Trial Register (identifier: NTR6802; accessible at the International Clinical Trial Registry Platform). Study procedures were performed in accordance with the Declaration of Helsinki ethical principles for medical research involving human subjects and with the International Conference on Harmonization (ICH) guidelines for Good Clinical Practice (GCP). Written informed consent was obtained from all patients and HR subjects before their inclusion in the study.

This exploratory, observational, cross-sectional, multi-center study was carried out in two rehabilitation centers (St. Mauritius Therapieklinik, Meerbusch and Fachklinik Rhein Ruhr, Neurologie und Neurorehabilitation, Essen) and in one center recruiting healthy volunteers (CRS Clinical Research Services Mönchengladbach GmbH, Mönchengladbach) in Germany.

Figure 1 represents a schematic diagram of the study design. Within 10 days after screening and inclusion of eligible subjects, subject characteristics were documented and the nutritional status, quality of life, and activities of daily living were assessed. One day before blood sampling, a one day food intake was recorded. Maximal 10 days after screening and inclusion, a blood sample was collected to determine nutritional compounds and metabolites concentration. Fasted blood samples were obtained by venipuncture (50 mL in total) in the morning. To obtain a fasted state for blood sampling, subjects were asked not to eat or drink after midnight on the day before sampling, except for drinking water, which was allowed until 1 hour before the sample was taken. After collection, the blood samples were immediately processed and stored at −20 °C. Samples were sent in batches to dedicated ISO certified laboratories and stored at −80 °C till analysis.
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FIGURE 1
 Schematic diagram of study design.




Outcomes

Sex, age, BMI, race, living situation (prior stroke), current marital status, socioeconomic status, educational status, smoking status, and alcohol use were documented. For the stroke patients, time since stroke, localization of stroke, National Institutes of Health Stroke Scale (NIHSS) score at hospital admittance, and occurrence of mechanical ventilation and/or tube feeding after stroke were reported. Relevant medical history, the use of concomitant medication, and medical complications during the rehabilitation phase were recorded as well. Medical history of the HR subjects was not recorded, but concomitant medication was.

Main outcome parameters were (risk of) malnutrition, nutritional compounds and metabolites concentration in blood (fasted) and nutritional intake. Malnutrition was assessed using the Mini Nutritional Assessment–Short Form (MNA-SF) questionnaire (17). This screening tool is a sum of scores [0–14] on 6-items, with the following categories: 0–7 points = malnourished; 8–11 points = at risk of malnutrition; 12–14 points = normal nourished. Fasted blood samples were obtained to analyze the following nutritional compounds and metabolites: vitamins A, B1, B2, B6, B9, B12, D, and E, folate, selenium, zinc, magnesium, choline, uridine, glucose, coenzyme Q10 (coQ10), total cholesterol, albumin, pre-albumin, transferrin, acylcarnitine and free carnitine, creatinine and creatine, C-reactive protein (CRP), sodium, and fatty acid composition. In addition, serum osmolality was analyzed. Nutritional intake was assessed with a one-day food diary. Diary data was entered in EbisPro (version 2016, Dr. J. Erhardt, Willstätt-Legelshurst, Germany), a German nutritional intake application, with which the energy, macro- and micronutrient intake were assessed. Subjects in the stroke rehabilitation group were assisted by the study staff and/or relatives to complete the food diary if needed.

Other outcome parameters were quality of life (QoL) and Activities of daily living (ADL). QoL was measured using the EuroQol 5-dimensions 5-level (EQ-5D-5L) questionnaire (18). This questionnaire gives an index value [0–1] and a visual analog scale (VAS) score [0–100]. The index value is calculated from the separate score on five dimensions: mobility, self-care, usual activities, pain/discomfort, and anxiety/depression. Each dimension has 5 levels: no problems, slight problems, moderate problems, severe problems, and extreme problems. The VAS score records the respondent's self-rated health on a 20 cm vertical, visual analog scale with endpoints labeled ‘the best health you can imagine' and ‘the worst health you can imagine' on that day. ADL was assessed with the Barthel Index questionnaire (19). The Barthel Index is a sum of scores [0–100] on ten categories to measure independent performance in activities of daily living: feeding, bathing, grooming, dressing, bowels (incontinence), bladder (incontinence), toilet use, transfers (bed to chair and back), mobility, and stairs.

Medical events, defined as any untoward medical occurrence, and their relatedness to the study procedures were recorded as safety parameter.



Biochemical analysis

Reinier HAGA Medical Diagnostic Center (Delft, the Netherlands) analyzed the following nutritional compounds and metabolites concentration in serum: vitamin B12 and folate using Competitive Protein Binding Ligand (CPBL) with electro-chemo-luminescence; 25-hydroxyvitamin D with a chemo-luminescence micro-particle immunoassay; magnesium, creatinine, and albumin with the colorimetric method; CRP (high sensitivity measurement), transferrin, and pre-albumin with the turbidimetric method; fasting glucose and total cholesterol with enzymatic colorimetry; creatine with the chromatographic Ultra-Violet (UV) method; osmolality with assessment of freezing-point depression; and sodium with direct ion-selective electrodes. In heparin plasma, carnitine and coQ10 (ubiquinone) were analyzed with respectively Liquid Chromatography-Mass Spectrometry (LC-MS) method and with the chromatographic electrochemical method. Vitamin B1, B2, and B6 were measured with High Performance Liquid Chromatography (HPLC) and spectrofluorometry in ethylenediaminetetraacetic acid (EDTA) whole blood. Selenium and zinc were analyzed in trace element free Na-heparin plasma with Zeeman Atomic Absorption Spectrophotometry.

VUmc Clinical Chemistry Laboratory (Amsterdam, the Netherlands) analyzed free choline with LC-MS/MS in EDTA plasma.

Analytical Chemistry Laboratory Nutricia Research (Utrecht, the Netherlands) analyzed vitamin E in blood serum using Ultra-Fast Liquid Chromatograph with Fluorine detector (UFLC-Flu), and serum vitamin A and uridine using UFLC-UV detector. In citric acid plasma (specific for homocysteine detection), homocysteine was measured using UFLC-Flu method. Fatty acid composition in the total lipid fraction in EDTA plasma and erythrocytes were analyzed with gas chromatography. In contrast to plasma, erythrocytes were not quantitatively pipetted and were therefore only available in weight percentage of the total fatty acid content.



Statistical analysis

All analyses were performed with the Per-Protocol (PP) subject data set. No sample size calculation was performed because of the exploratory nature of the study. Hundred stroke patients (50 S+OD and 50 S-OD) and 100 HR subjects (50 matched to S+OD and 50 matched to S-OD) were planned to be included.

Descriptive statistics were reported as mean (SD), and/or median (interquartile range, [IQR]) for skewed distributed data, or as n (%). Results were presented for stroke patients without OD (S-OD) and with OD (S+OD), and for the total stroke group (Total S) as well as for HR subjects age- and sex matched to S-OD and matched to S+OD, and for the total HR group (Total HR).

Inferential statistics were performed for the three paired comparisons: (1) S-OD vs. HR matched to S-OD; (2) S+OD vs. HR matched to S+OD; (3) Total S vs. Total HR; and one unpaired comparison: (4) S-OD vs. S+OD. For all outcome parameters, a p < 0.05 (two-sided) was considered statistically significant. Because of the exploratory nature of the study, no correction for multiple testing was applied, except for providing one example of a domain-specific Benjamini-Hochberg correction on all blood vitamin and minerals levels per group comparison. Analyses were performed with SAS software, version 9.4 (SAS Institute Inc, Cary, North Carolina, United States of America).

Normality was assessed by comparing the normal probability plot, the quantile-quantile plot (QQ plot), and the histogram of the (standardized) sample data to a normal probability curve. A non-parametric test was used if the normality assumption was not satisfied, except for the fatty acid composition parameters which were always tested non-parametrically. For paired comparisons with continuous data, paired t-test or non-parametric Wilcoxon signed rank test were performed. For paired comparisons with ordered categorical data, non-parametric Friedman test was used. For unpaired comparisons with continuous data, two sample t-test or non-parametric Wilcoxon rank sum test using Monte Carlo simulation was performed. Lastly, for unpaired comparisons with ordered categorical data, Wilcoxon rank sum test was used. For the two-sample t-tests, the pooled estimate for the error term for the t-statistic was used if equality of variance could be assumed, and if it could not, the degrees of freedom was adjusted using the Welch-Satterthwaite method.

Linear mixed models were performed for adjusted matched paired comparisons, while AN(C)OVA was performed for adjusted unpaired comparisons. Dependent variables and covariates for the adjusted comparisons were: serum vitamin D adjusted for estimated ultraviolet B (UVB) dose per month in Germany [derived from (20)]; serum glucose adjusted for diabetes medical history record; and serum cholesterol, serum vitamin D, and plasma coQ10 adjusted for use of HMG CoA (3-hydroxy-3-methylglutaryl coenzyme A) reductase inhibitors (statins). The interaction between vitamin D and UVB was also assessed with a model including an additional covariate x study group interaction term. An interaction term was considered significant at p < 0.10. To adjust for metformin use, the main group comparisons on blood levels of vitamin B6 and B12, folate, and homocysteine were also performed without stroke patients that used metformin (N = 11 in total).

A subgroup analysis were performed by dividing the stroke subjects based upon MNA-SF score (two groups, score 0–11 and score 12–14). HR subjects were divided in respective subgroups according to the subgroup status of their 1:1 matched stroke patients. Wilcoxon signed rank test was used for the paired comparison on subgroups.




Results


Subject characteristics

Between January 4, 2018, and July 11, 2019, 169 participants of 177 screened were enrolled in the study. Because of the convincing results during the interim analyses, in combination with the exploratory nature of the study design, it was decided to stop the recruitment before completion of all 200 subjects. Recruitment was stopped after inclusion of 169 of the planned 200 subjects (see Figure 2). One subject was excluded for the per-protocol analysis because of a major protocol deviation.
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FIGURE 2
 Trial profile. * ASE, All Subjects Enrolled population includes all subjects for whom informed consent was obtained and who passed the screening.† PP, Per-Protocol population includes all subjects from the ASE population and excludes subjects with major protocol deviations.‡ Subject was 44 years which was an exclusion criterion for the stroke patients and thus regarded as major protocol deviation. § Two subjects in the S+OD group have not been matched to a HR subject due to the early termination of the study. These subjects obviously were only included in the unpaired comparisons (S-OD vs. S+OD) and not included in paired comparison.


Table 1 presents the characteristics of stroke subjects with and without OD and the matched HR subjects, including age, sex, BMI, and living situation before admission to the rehabilitation center. All subjects were Caucasians, except for 1 Asian in the S+OD group. Weight, height, socioeconomic status, educational status, current marital status, smoking status, and alcohol use are provided in the Supplementary material. For stroke subjects, stroke-specific characteristics are also presented in Table 1, including, time since stroke till the blood sample was taken, localization of stroke, and NIHSS score at hospital admittance, occurrence of tube feeding, medical ventilation, and medical complications during the rehabilitation phase. Time between stroke event and blood sample taken was comparable between the two stroke groups: on average 6 weeks, with a small variation in each group, whereas the inclusion criteria allowed was 2–12 weeks. NIHSS scores at admittance to the hospital were difficult to collect from the respective hospitals, resulting in high percentage of missing records. Records of relevant medical history were overall representative for ischemic stroke patients (data not shown). The most frequently prescribed concomitant medication in the stroke patients in the rehabilitation centers were: proton pump inhibitors, drugs for constipation, drugs for diabetes, antithrombotic agents, cardiovascular medication, psychoanaleptics, and psycholeptics (data not shown).


TABLE 1 Subject characteristics.
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Mini nutritional assessment–short form (MNA-SF)

MNA-SF screening score categories for each group is presented in Table 2. Risk of malnutrition and malnutrition were more often present in S-OD (44.9%) compared to their matched HR subjects (6.1%), with a significant difference in distribution over the MNA-SF score categories (p < 0.001). Likewise, (risk of) malnutrition was more often present in S+OD (64.7%) compared to matched HR subjects (0.0%, p < 0.001), as well as for Total S (53.0%) vs. Total HR (3.6%, p < 0.001). In turn, presence of OD after stroke was more often accompanied with (risk of) malnutrition vs. patients without OD (p = 0.013).


TABLE 2 MNA-SF score distribution per group.
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Fasted blood nutritional compounds and metabolites concentration

Tables 3A–C displays the whole blood, plasma, or serum concentrations for vitamin B1, B2, B6, A, total 25-OH vitamin D, and E, selenium, magnesium, zinc, choline, uridine, coQ10, glucose, cholesterol, albumin, pre-albumin, transferrin, total carnitine, free carnitine, acetyl carnitine, creatinine, creatine, CRP, and sodium, and serum osmolarity per subject group. Relative difference (%) of blood concentrations of a selection of measured nutritional compounds and metabolites between stroke and HR groups are plotted in Figures 3A–C.


Table 3A. Fasted blood nutritional compounds and metabolites concentration.
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Table 3B. Fasted blood nutritional compounds and metabolites concentration.
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Table 3C. Fasted blood nutritional compounds and metabolites concentration.
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FIGURE 3
 Relative differences (%) of blood concentrations of a selection of measured nutritional compounds and metabolites between stroke and HR groups. The relative difference is calculated as the difference between stroke patients [(A): without OD, (B): with OD, (C): all stroke patients] and healthy reference subjects multiplied by 100 and divided by the mean of the healthy reference group. The point estimate (mean or median) for the relative difference and the 95% confidence interval (CI) are given for all blood parameters. No such relative differences plots are available for the comparison S-OD vs. S+OD. * the Hodges-Lehmann's median of the relative difference with the Hodges-Lehmann 95% CI (for two paired samples) is presented. For all other parameters the mean with the 95% CI based on Student distribution is used.


Supplement use was not an exclusion criterion for the stroke subjects, except for vitamin B12 injections. Supplement use was recorded as concomitant medication and was relatively low. Excluding the supplement users from the analyses on blood levels did not reveal other insights as with their inclusion.


Vitamins and minerals concentration in blood plasma or serum

Concentrations of whole blood vitamins B1 (p = 0.041, p = 0.012, and p = 0.009, respectively), B2 (all p < 0.001), and B6 (all p < 0.001), serum vitamin A (p = 0.006, p = 0.008, and p < 0.001, respectively), E (all p < 0.001), total 25-OH vitamin D (p < 0.001, p = 0.022, and p < 0.001, respectively), and plasma selenium (p < 0.001, p = 0.018, and p < 0.001, respectively) were lower in S-OD, S+OD, and Total S subjects as compared to their matched HR subjects; no significant differences were found when comparing S+OD vs. S-OD subjects. Relative differences between Total S and Total HR subjects were: −9% for vitamin B1, −14% for B2, −28% for B6, −15% for A, −27% for D, −35% for E, and −14% for selenium. Differences in vitamin D concentration between the stroke and HR groups remained significant after adjusting for estimated potential UVB dose (see Supplementary material).

Considerable variation was observed in serum folate concentration, and the four group comparisons did not reveal significant differences. Serum vitamin B12 concentration was higher in the S+OD (p = 0.012) and Total S subjects (p = 0.003, relative difference: +21%) compared to their matched HR subjects, albeit S-OD vs. matched HR and S-OD vs. S+OD did not significantly differ. When stroke patients that used metformin were excluded (N = 9 for S-OD and N = 2 for S+OD) from the main comparisons for vitamin B6 and B12, and folate, a higher absolute blood concentration was observed for all three B-vitamins, especially in the S-OD group (see Supplementary material), without affecting observed significances.

Plasma zinc and serum magnesium concentrations were not significantly different in the four group comparisons, except for zinc being higher in S-OD vs. their matched HR subject (p = 0.025).

Correcting the different comparisons for multiple testing on the domain of all vitamins and minerals, most of the differences remained significant (see Supplementary material).



Other nutritional compounds and metabolites in blood plasma or serum

Plasma homocysteine concentration was not significantly different for S-OD, S+OD, and Total S vs. matched HR subjects, however homocysteine was higher in S-OD compared to S+OD (p = 0.036). The later difference was not maintained when metformin users were excluded. Excluding metformin users resulted in lower homocysteine concentration in the stroke groups (see Supplementary material).

Plasma choline concentration was lower for S-OD (p = 0.019) and Total S (p = 0.007) vs. their matched HR subjects, with a relative difference for Total S vs. Total HR of −11%. Free choline was not significantly different for S+OD vs. matched HR subjects and S-OD vs. S+OD. No differences were observed for serum uridine concentration in the four comparisons.

Serum glucose concentration was higher in S-OD (p = 0.004) and Total S (p = 0.001, relative difference: +7%) vs. their matched HR subjects, with no significant differences in the other two group comparisons. The significant difference of glucose between the Total S and Total HR group disappeared after adjusting for presence of diabetes (see Supplementary material).

Plasma coQ10 (all p < 0.001) and serum total cholesterol (all p < 0.001) concentrations were lower for S-OD, S+OD, and Total S vs. matched HR subjects. No significant differences were observed for S-OD vs. S+OD. Relative differences between Total S and Total HR subjects were: −54% for coQ10 and −39% for cholesterol. Differences in coQ10 and cholesterol concentrations between the Total S and Total HR group remained significant after adjusting for statin use (see Supplementary material).

Serum albumin (p = 0.003, p < 0.001, and p < 0.001, respectively), pre-albumin (all p < 0.001), and transferrin (p = 0.030, p < 0.001, and p < 0.001, respectively) concentrations were lower for S-OD, S+OD, and Total S vs. their matched HR subjects. Higher levels for albumin (p < 0.001), pre-albumin (p = 0.017), and transferrin (p < 0.001) were observed for S-OD vs. S+OD. Relative differences between Total S and Total HR subjects were: −8% for albumin, −20% for pre-albumin, and −10% for transferrin.

Plasma total carnitine concentration was lower in S-OD vs. their matched HR subjects (p = 0.031) and vs. S+OD (p = 0.033), with no significant differences for S+OD vs. matched HR subjects and for Total S vs. Total HR. Free carnitine and acetyl carnitine and serum creatinine and creatine concentrations did not differ between the compared groups.

Significantly higher serum CRP concentration was observed for S-OD, S+OD, and Total S vs. their matched HR subjects (all p ≤ 0.001), with a relative difference for Total S vs. Total HR of +137%. CRP concentration was not significantly different between S-OD and S+OD.

Serum sodium concentration (p = 0.008 and p = 0.006, respectively) and osmolarity (p = 0.046 and p = 0.032, respectively) were higher in the S-OD and Total S vs. their matched HR subjects, albeit S+OD vs. matched HR did not differ significantly. Furthermore, a lower sodium concentration was observed in S-OD vs. S+OD (p = 0.043). Osmolarity was not significantly different between S-OD and S+OD.




Fasted blood total lipid fatty acid composition

Tables 4A, B present an overview of the most relevant fatty acids in plasma in quantitative concentrations (A), and in erythrocytes as weight percentage of total fatty acid content (B). In addition, the sums are displayed for the saturated fatty acids (SFA), monounsaturated fatty acids (MUFA), omega-3 polyunsaturated fatty acids (n3 PUFA), omega-6 PUFA (n6 PUFA), total PUFA, and the total of all fatty acids (only applicable for quantitative concentrations).


Table 4A. Fasted plasma total lipid fatty acid composition.
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Table 4B. Fasted erythrocyte total lipid fatty acid composition.
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Fatty acid composition in both plasma and erythrocytes differed considerably between the stroke and HR groups.

Plasma concentrations of eicosapentaenoic acid (EPA), linoleic acid (LA), alpha-linolenic acid (ALA), SFA, n3 PUFA, n6 PUFA, total PUFA, and total fatty acid (all p < 0.05, see table for exact p values), but not MUFA, were lower in S-OD, S+OD and Total S vs. their matched HR subjects. Similar results were found for docosahexaenoic acid (DHA) concentrations in plasma, with lower concentrations in S-OD (p = 0.036) and Total S (p = 0.005) vs. their matched HR subjects, except for the lower concentration in S+OD vs. matched HR not being significant (p = 0.053). Arachidonic acid (AA) concentration was lower in S-OD (p = 0.019) and Total S (p = 0.026) vs. their matched HR subjects, with no differences for S+OD vs. matched HR. In addition, plasma LA, ALA, n6 PUFA, and total PUFA were higher in S-OD vs. S+OD (all p < 0.05). Plasma concentrations of AA, EPA, DHA, MUFA, n3 PUFA, and total fatty acids did not significantly differ between S-OD and S+OD. Relative differences between Total S and Total HR subjects for plasma EPA and DHA were: −47 and −14%, respectively.

Erythrocyte level of EPA, LA, ALA, n6 PUFA, total PUFA (all p < 0.001), but not MUFA and n3 PUFA, as a percentage of total fatty acid content, were lower in S-OD, S+OD and Total S vs. their matched HR subjects. In contrast, erythrocyte DHA, SFA, and AA (all p < 0.05, see table for exact p values) percentage of total fatty acids were significantly higher in S-OD, S+OD, and Total S subjects compared to their matched HR subjects. In addition, erythrocyte LA, ALA, n6 PUFA, and total PUFA were higher in S-OD vs. S+OD (all p < 0.05), and SFA was lower in S-OD vs. S+OD (p < 0.001). Erythrocyte level of AA, EPA, DHA, MUFA, and n3 PUFA did not significantly differ between S-OD and S+OD. Relative differences between Total S and Total HR subjects for erythrocyte EPA and DHA were: −14 and +13%, respectively.



Reported nutritional intake

Reported energy and macronutrient intake are summarized here, where a more complete overview of nutritional intake is presented in the Supplementary material. Results are presented for the Total S and Total HR groups only. Cautions interpretation is required because of limitation of the methodology, which were accepted during study design setting. For example, a 1-day food diary instead of 3-day food diary was recorded (see Discussion and conclusions for further elaboration).

Total S subjects reported a lower total energy intake per day vs. Total HR (mean (SD) 1,857 (550) vs. 2,168 (597) kcal/day, p < 0.001). Likewise, total energy intake per day per kg body weight (BW) was reportedly lower in Total S vs. Total HR (mean (SD) 23.4 (7.5) vs. 27.5 (7.7) kcal/kg BW/day, p < 0.001).

The lower reported energy intake in the Total S subjects is reflected by lower reported intake of all macronutrients. Total S subjects reported lower intake in g/kg BW/day of fat (mean (SD) 1.01 (0.41) vs. 1.20 (0.46), p = 0.004), protein (mean (SD) 0.93 (0.33) vs. 1.14 (0.39), p < 0.001), carbohydrate (mean (SD) 2.50 (0.89) vs. 2.82 (1.08), p = 0.048), and fiber (mean (SD) 0.24 (0.10) vs. 0.27 (0.12), p = 0.011) compared to their matched HR subjects.

Reported water intake (g/kg BW/day) was also lower in Total S subjects compared to their matched HR subjects (median (Q1-Q3) of 28.4 (22.1–36.9) vs. 32.7 (26.2–43.8), p = 0.004).



Quality of life and activities of daily living

Table 5 displays the reported scores of the EQ-5D-5L and Barthel Index questionnaires. Scores on separate categories of both questionnaires are more elaborately presented in the Supplementary material.


TABLE 5 EQ-5D-5L index and VAS and Barthel index scores.
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EQ-5D-5L index value

S-OD, S+OD, and Total S subjects (all p < 0.001) had reported a lower quality of life index value compared to their matched HR subjects. Reported quality of life was higher in S-OD compared to S+OD (p < 0.001).

S+OD subjects reported more often “extreme problems” in the five separate categories of the index value than S-OD subjects, with mobility: 50.0% vs. 14.3%, self-care: 16.7 vs. 2.0%, and usual activities: 38.9 vs. 10.2%. For pain/discomfort and anxiety/depression, S+OD subjects reported less often “no problems” compared to S-OD subjects (66.7 vs. 73.5%, and 58.3 vs. 69.4%, respectively). Most Total HR subjects reported “no problems” for mobility (97.6%), self-care (100.0%), usual activities (97.6%), pain/discomfort (80.7%), and anxiety/depression (100%).



EQ-5D-5L VAS score

S-OD, S+OD, and Total S subjects (all p < 0.001) reported their health state lower compared to their matched HR subjects. S-OD subjects reported their health state to be higher compared to S+OD subjects (median 70 vs. 50, p = 0.003).



Barthel index

S-OD, S+OD, and Total S subjects (all p < 0.001) experienced more problems with activities of daily living compared to their matched HR subjects. In turn, S-OD subjects experienced less problems with daily activities than S+OD subjects (p < 0.001).

S+OD subjects reported less often independency on the separate categories of activities of daily living compared to S-OD subjects, with bowels: 61.1 vs. 100.0%, bladder: 47.2 vs. 93.9%, grooming: 61.1 vs. 95.9%, toilet use: 47.2 vs. 87.8%, feeding: 36.1 vs. 95.9%, transfers: 27.8 vs. 87.8%, mobility: 22.2 vs. 61.2%, dressing: 25.0 vs. 79.6%, stairs: 13.9 vs. 49.0%, and bathing: 13.9 vs. 59.2%. Total HR subjects reported the maximal score for all 10 categories, meaning that they were fully independent in all these 10 activities of daily living.




Subgroup analysis

A subgroup analysis was performed on most blood markers, EQ-5D-5L index value and VAS score, and the Barthel index (see Supplementary material). All stroke subjects, with and without OD, were divided into two subgroups based upon their MNA-SF score, with N = 44 for score 0–11 (malnourished or at risk of malnutrition) and N = 36 for score 12–14 (normal nourished) and were compared to their matched HR subjects. Overall, no notable differences between the subgroups comparisons and the overall comparisons were found for the blood markers, the EQ-5D-5L index value and VAS score, and the Barthel index. A noteworthy difference is however serum osmolality, which was only higher in the normal nourished stroke subgroup vs. matched HR subjects (p < 0.001).



Safety parameters

In total, 25 medical events were reported for stroke subjects and none in the HR subjects. The most frequently reported medical event was worsening of arterial hypertension. Most of the reported medical events were mild with a short duration. All medical events started before the blood sampling, and therefore probably none of the medical events were related to study-specific procedures. No serious adverse events have been reported.




Discussion

The current findings indicate a highly impaired nutritional status in ischemic stroke patients with and without oropharyngeal dysphagia during sub-acute inpatient rehabilitation. More than half of the stroke patients displayed (risk of) malnutrition, with higher prevalence in patient with OD vs. without OD (MNA-SF scores). Fasted blood concentrations of vitamins B1, B2, B6, A, D, and E, selenium, choline, CoQ10, albumin, pre-albumin, transferrin, DHA, EPA, LA, and ALA were all significantly lower in stroke compared to age- and sex-matched matched HR subjects, irrespective of OD status. Stroke patients had a poorer hydration status as reflected by higher blood sodium and osmolality levels vs. HR subjects. Inflammatory marker CRP was highly increased in both stroke patients with and without OD vs. HR subjects. Reported energy, macronutrient, and water intake were lower in stroke patients vs. HR. As expected, QoL and ADL were significantly lower in stroke vs. HR, with OD scoring worse than non-OD patients.

The current study provides novel insights to existing knowledge, firstly because it provides a comprehensive nutritional evaluation of sub-acute ischemic stroke patients with data on presence or risk of malnutrition, a large set of measured blood nutritional compounds and metabolites, and indications on nutritional intake. Secondly, stroke patients with or without OD were included, and group comparisons between presence and absence of OD on all nutritional, ADL, and QoL parameters were investigated. Lastly, this study included age- and sex matched HR subjects and employed pair matched analysis to increase statistical precision, because it is known that age and sex affect nutritional status, especially blood nutritional compound levels.

Fifty-three percent of the stroke patients had (a risk of) malnutrition as reflected by MNA-SF scores. More stroke patients with OD (64.7%) than patients without OD (44.9%) had (a risk of) malnutrition. Although reported malnutrition prevalence varies widely across studies, overall a high prevalence is reported, with malnutrition being most common in stroke patients with dysphagia. In their systematic review, Foley et al. found prevalence ranging between 8 and 49% for malnutrition in stroke patients during both the acute and rehabilitation stages (8). In addition, the odds of being malnourished were higher among stroke patients with dysphagia as compared to stroke patients without dysphagia. In a recent meta-analysis, Huppertz et al. reported a pooled prevalence of 37% for malnutrition in the sub-acute phase and an overall prevalence range for dysphagia between 6 and 88% (2). The included studies in these reviews most commonly did not stratify for dysphagia as in the current study, and therefore do not directly report prevalence of malnutrition in stroke patients with or without dysphagia [e.g., (21)].

Blood concentrations of many of the measured nutritional compounds and metabolites were significantly lower in stroke patients, both with and without OD. Relative changes ranged from −55% to occasional higher levels for some compounds up to +25% compared to the HR subjects. Hence, the presence, direction, and magnitude of the differences between stroke and HR subjects varied between the individual nutritional compounds and metabolites. Overall, measured levels did not differ between stroke patients with and without OD.

The measured blood nutritional markers and metabolites in the current study were selected based on their relevance in stroke, either because they are involved in stroke-relevant processes or previously found to be associated with functional outcome. Numerous previous studies have provided data on nutritional compound concentrations in blood of stroke patients (meta-analysis, Broersen et al., in preparation). Most studies have been conducted in the acute or in the chronic phase, while studies in patients in the rehabilitation phase are scarcer. Previous studies on blood levels in stroke also usually do not provide information on patients' OD status. The most extensive investigated nutritional compounds in stroke are vitamin D, B12 and folate. Fewer studies were done on zinc, magnesium, selenium, vitamins A, B6, and E, and DHA and EPA blood levels after stroke, and none or only one or two on B1, B2, choline, uridine, and coQ10. The presence and order of magnitude of the difference in concentration differ among studies which is probably founded in differences in study population characteristics (age, race, country, stroke subgroup, etc.), sample size, state of fasting, analytical methods, and confounder adjustment.

In line with current findings, previous studies (repeatedly) showed lower blood levels of vitamin A [e.g., (22)], D [e.g., (14)], and E [e.g., (23)], selenium [e.g., (24)], DHA and EPA [e.g., (15)], and choline (25) compared to controls. Vitamin B6 blood levels were lower (also when metformin users were excluded) in stroke patients vs. HR subjects, whereas previous studies vary in outcomes with some studies even reporting higher levels in patients vs. controls (24). This is one of the first studies reporting on blood levels of vitamin B1 and B2 in stroke patients compared to controls and both vitamins appeared lower in stroke. Current results did not reveal differences in blood levels of magnesium, although lower levels were reported in previous studies [e.g., (26)]. Contrary to the lower serum B12 and folate levels in stroke patients as commonly found in previous studies [e.g., (13, 27)], the current stroke patients had similar blood concentrations of folate and higher concentration of vitamin B12 compared to HR subjects. An explanation for the contradictory finding is lacking; future studies should investigate the direction of vitamin B12 effects further. Homocysteine is frequently reported to be higher in stroke patients [e.g., (28)], as would be expected considering the usually reported lower levels of folate and B12 (and B6 in the current study). In the current study however, similar levels were found in the stroke groups as compared to their matched HR subjects, with or without excluding metformin users. Metformin is known to affect blood folate, B6, B12, and homocysteine status (29, 30) and therefore comparisons were also performed while excluding metformin users. Despite the relatively low number of stroke patients that used metformin (in total N = 11), excluding them resulted in evident higher vitamin B6 and B12, and folate levels and lower homocysteine levels. Hence, the observed differences between the stroke patients and healthy subjects therefore became greater (vitamin B12) or smaller (vitamin B6).

HMG CoA reductase inhibitors (statins) are known to reduce coQ10 blood levels (31), and these lower levels are linked to statin-induced-myopathy (32). In the current stroke patients, plasma coQ10 levels were 54% lower than in HR subjects and even remained significant after adjusting for statin use (for Total S vs. Total HR), indicating a stroke-specific reduction of coQ10, as previously also suggested (33). Statin use most probably explains the lower serum cholesterol level observed in the stroke patients compared to HR subjects, although after adjusting for statin use the difference remained significant. The observed higher serum glucose levels in stroke patients compared to HR subjects was clearly linked to diabetes, since the significant difference disappeared after adjusting for the presence of diabetes. The higher glucose levels were observed despite the glucose lowering medication used in diabetic stroke patients. Stroke patients had lower levels of serum transferrin, pre-albumin, and albumin compared to HR subjects, and in turn were lower in stroke patients with OD vs. patients without OD. These three visceral proteins are an indication for malnutrition (34) and are in line with the reported (risk of) malnutrition with the MNA-SF.

An increase in the inflammatory marker CRP has repeatedly been observed in both dysphagia (35) and stroke (36) and is associated with poor clinical outcome (37). In the current, study CRP was also highly increased in stroke patients, especially in patients with OD.

Subgroup analyses, with stroke patients divided into two subgroups (malnourished or at risk of malnutrition and normal nourished) compared to their matched HR subjects, showed that almost all differences or equivalences found between the stroke subgroups vs. HR were irrespective of the patients' nutritional status (MNA-SF). This might imply disease-specific changes in blood nutrient concentrations that go beyond overall protein-energy malnutrition.

The insufficiencies of certain nutrition compounds in blood can be caused by several stroke-specific and general factors that affect nutrient intake, uptake, and metabolism. For example, dysphagia, impaired consciousness, tube feeding, and motor deficits reducing oral intake; (poly)medication and comorbidities affecting nutrient uptake and metabolism; and stroke-related ongoing inflammatory processes, gut dysbiosis, and brain pathology and recovery process affecting metabolism (3, 4, 38–41). Also, insufficiencies can already exist prior to stroke and malnutrition is indicated as a risk factor for stroke (4). Whether the basal metabolic rate is increased in the acute or subacute period after stroke remains unclear (42). In addition, total energy requirement also depends on the physical activity levels and varies highly among stroke patients as they might be bedridden or follow high intensity rehabilitation physical activities.

Since stroke patients admitted to a rehabilitation center suffer from a variety of conditions including cognitive and motor impairments, a considerable part of the patients would have difficulties or would not have been able to keep a food diary. Therefore, the involvement of nursing staff, therapists, family, and visitors of the patients was needed. For practical reasons, it was chosen to collect nutritional intake data over 1 day instead of 3 days that would probably have yielded more accurate data. Furthermore, it turned out that stroke patients and study staff had difficulties completing the diaries according to the protocol. Consequently, the results should be interpreted with caution. Nonetheless, lower energy intake was reported by stroke patients (with and without OD) compared to matched HR subjects (23.4 vs. 27.5 kCal/kg body weight). Assuming that resting energy expenditure is not elevated in stroke patients in rehabilitation compared to healthy reference subjects, and considering rehabilitation physical activities, total energy requirements for stroke patients in rehabilitation could be estimated to be equal to healthy elderly, with requirements around 30 kCal/kg body weight per day. The lower energy intake in stroke patients of the current study would be roughly 78% of the average energy requirement. This is in line with previous studies on nutritional intake in stroke reporting intakes to be too low, varying around 60-90% the daily estimated energy requirements in the subacute and chronic phase (43–45). The lower reported energy intakes in the current study were also reflected by lower reported intakes of macronutrients. Stroke patients reported water intake of approximately 80% of their HR subjects and might lead to a poorer hydration status. This was also reflected in markers for dehydration, i.e., higher sodium concentration and osmolality in stroke patients vs. HR subjects. These findings are in line with an Australian study reporting that stroke patients without dysphagia in rehabilitation consumed 67% of their estimated daily requirement for fluid intake, with 44% being dehydrated measured by blood urea nitrogen to creatinine ratio (46). The lower energy and macronutrient intake in stroke patients in the current study might be related to the stroke and/or dysphagia. Also, lower physical activity level in physically impaired stroke patients might drive toward lower nutritional intake. Furthermore, the differences in nutritional intake between stroke patients and HR subjects may have been larger than the current findings due to a reporting bias: HR subjects might be inclined to underreport their nutritional intake, because they could choose to only report the healthy foods and drinks; whereas stroke patients might tend to overreport the food consumed since the meals offered could have been reported, rather than the food really consumed.

Not surprisingly and in line with previous observations (47–49), stroke patients in the current study reported having a lower quality of life and experienced more problems with activities of daily living compared HR subjects, and OD further worsens these deficiencies. Combined OD and (risk of) malnutrition seems to be particularly detrimental for QoL and ADL (data not shown).

More males than females were included in the stroke patient group with OD (83%) and without OD (63%). The higher percentages of males in this study population are probably due to the inclusion criteria of age ≥ 50 and ≤ 75 years. Since on average more females get strokes when they are older, fewer females could have been eligible for inclusion in this study. The age limit of 75 years was taken, because nutritional status is known to be affected by age. In addition, difficulties were expected to find enough willing HR subjects above this age. Recruiting eligible stroke patients, and especially stroke patient with OD, turned out to be challenging. The upper age limit substantially hampered the inclusion rate of stroke patients. In addition, many stroke patients with OD were not eligible either because of early recovery from dysphagia or because dysphagia severity required tube feeding.

With a mean BMI of 26.9 of the stroke patients and 26.2 of the HR subjects, more than 75% of both groups were overweight or obese. Considering that more than half of the stroke patients in the current study were (at risk of being) malnourished, clearly demonstrates that overweight can coexist with malnutrition. Therefore, overweight stroke patients should not be disregarded by deeming them well nourished.

Several study limitations were identified. Firstly, the in- and exclusion criteria for the stroke and HR groups might have resulted in more homogeneous and more specifically characterized groups than in clinical practice. Secondly, screening for OD with BODS could have resulted in more misclassifications than with instrumental assessments for dysphagia (e.g., fiberoptic endoscopic evaluation of swallowing [FEES]). BODS was chosen to minimize the patient burden and because this test was standard clinical practice in the two rehabilitation centers. Furthermore, males were overrepresented, which could have influenced group differences, even though HR subjects were sex-matched to the stroke patients. In addition, as explained above, there were challenges collecting the nutritional intake data and therefore these should be interpreted with caution as well. Then, results were not adjusted for multiple testing due to the exploratory nature of the study, hence all reported differences are preliminary and need confirmation in further studies. Additionally, concomitant medication and comorbidities could act as confounders or outcome modifiers, especially because the medical history of the HR group was not recorded, and medication use heavily differed between stroke patients and HR. Some of the concomitant medication and comorbidities were also exclusion criteria for HR subjects, but not for stroke patients. Therefore, additional statistical comparisons were adjusted for some of the most apparent concomitant medication and comorbidities. Lastly, all parameters were measured once (i.e. on average 6 weeks after onset) which gives only information from one time point after stroke, and therefore, no conclusions can be drawn as to causality or change over time. Nevertheless, at the moment of assessment, the nutritional status of stroke patients was heavily impaired compared to matched HR subjects, and a consistent pattern in concentration of nutritional compounds and metabolites was seen in stroke patients vs. matched HR subjects.

The importance of nutritional management after stroke is well recognized by most relevant guidelines, which generally recommend early screening for dysphagia and malnutrition and the consideration of oral nutritional supplements for patients who are malnourished or at risk of malnourishment (50–55). These recommendations are supported by a recent meta-analysis concluding that impaired nutritional status on admission is associated with poor functional recovery and increased mortality (56). The lower levels of many nutritional compounds as found in current study may result in suboptimal substrate availability for numerous structural and functional recovery processes after stroke. For example, nutritional compounds serve as antioxidants, co-enzymes in metabolic pathways, and precursors for neurotransmitters and synaptic membranes. Evidence in turn suggests that micronutrient supplementation may help in stroke rehabilitation as measured by various outcomes measures (42, 57). Timely intervention is important, as the window for effective rehabilitation therapies is short; improvement in functioning is most evident within the first 3 months after stroke onset (58). Despite the guidelines and emerging evidence, nutritional supplementation seems not to be consistently considered as an effective contributor to neurorehabilitation and functional recovery after stroke.

Nutritional status was highly impaired in sub-acute stroke patients admitted to rehabilitation centers. Interestingly, blood levels of specific nutritional compounds and metabolites were similarly lower in stroke patients with or without OD vs. HR, even though patients with OD were more likely to be malnourished. These results underline that it is important to screen for nutritional impairments in every stroke patient, either with or without OD. Readily accessible laboratory testing of blood nutritional compounds, such as vitamin B6, D, and E, could therefore be considered. Whether tailored nutritional supplementation after a stroke could support rehabilitation should be investigated in future trials.



Data availability statement

The datasets presented are available upon reasonable request. Any requests will be reviewed against compliance with ethical, scientific, regulatory, and legal requirements. Requests to access the datasets should be directed to NvW, nick.van-wijk@danone.com.



Ethics statement

The studies involving human participants were reviewed and approved by Ethics Review Committee Ärztekammer Nordrhein in Germany (identifier: MPR16TA07987). The patients/participants provided their written informed consent to participate in this study.



Author contributions

ML, DR, MS, and TS-W were involved in study concept and design. BS, MS, and TS-W were involved in selection of patients, study conduct, and acquisition of data. NvW, DR, CAvdB, and ML were involved in statistical planning and analysis. NvW and CAvdB drafted the manuscript which all authors critically reviewed. All authors contributed to interpretation of data and results and approved the final version of the manuscript, including the authorship list.



Funding

The research as described in this paper was funded by Danone Nutricia Research, Utrecht, Netherlands.



Acknowledgments

We genuinely express our gratitude to all participants enrolled in the study and their families. In addition, we thank all study team members, on-site investigators, and study staff for their efforts in the conduct of the study. We thank all involved laboratories for the blood sample analyses and the Data Science Department of Danone Nutricia Research for the contribution to the statistical methods and analyses, with special thanks to Sofia Tsouprou, Ada Geerts and Joop Pfeil.



Conflict of interest

NvW, CAvdB, DR, and ML are employees of Danone Nutricia Research. Employees of Danone were offered to participate in an employee share subscription program. MS has received fees for consultancy and seminar presentations for Danone Nutricia.

The authors declare that this study was funded by Danone Nutricia Research (Utrecht, the Netherlands), which is the research and innovation organization behind the Specialized Nutrition division of Danone. Study design and conduct, data acquisition, analysis, and interpretation, the writing of this article, and the decision to submit it for publication, were joint efforts between the researchers from Danone Nutricia Research, St. Mauritius Therapieklinik (Meerbusch, Germany), and Fachklinik Rhein Ruhr (Essen, Germany).



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fneur.2022.1028991/full#supplementary-material



References

 1. Foley NC, Salter KL, Robertson J, Teasell RW, Woodbury MG. Which reported estimate of the prevalence of malnutrition after stroke is valid? Stroke. (2009) 40:e66–74. doi: 10.1161/STROKEAHA.108.518910

 2. Huppertz V, Guida S, Holdoway A, Strilciuc S, Baijens L, Schols JMG, et al. Impaired nutritional condition after stroke from the hyperacute to the chronic phase: a systematic review and meta-analysis. Front Neurol. (2022) 12:780080. doi: 10.3389/fneur.2021.780080

 3. Sabbouh T, Torbey MT. Malnutrition in stroke patients: risk factors, assessment, and management. Neurocrit Care. (2018) 29:374–84. doi: 10.1007/s12028-017-0436-1

 4. Chen N, Li Y, Fang J, Lu Q, He L. Risk factors for malnutrition in stroke patients: a meta-analysis. Clin Nutr. (2019) 38:127–35. doi: 10.1016/j.clnu.2017.12.014

 5. Martino R, Foley N, Bhogal S, Diamant N, Speechley M, Teasell R. Dysphagia after stroke: incidence, diagnosis, and pulmonary complications. Stroke. (2005) 36:2756–63. doi: 10.1161/01.STR.0000190056.76543.eb

 6. Martino R, Silver F, Teasell R, Bayley M, Nicholson G, Streiner DL, et al. The toronto bedside swallowing screening test (tor-bsst): development and validation of a dysphagia screening tool for patients with stroke. Stroke. (2009) 40:555–61. doi: 10.1161/STROKEAHA.107.510370

 7. Mann G, Hankey GJ, Cameron D. Swallowing function after stroke: prognosis and prognostic factors at 6 months. Stroke. (1999) 30:744–8. doi: 10.1161/01.STR.30.4.744

 8. Foley NC, Martin RE, Salter KL, Teasell RW. A review of the relationship between dysphagia and malnutrition following stroke. J Rehabil Med. (2009) 41:707–13. doi: 10.2340/16501977-0415

 9. Carrion S, Roca M, Costa A, Arreola V, Ortega O, Palomera E, et al. Nutritional status of older patients with oropharyngeal dysphagia in a chronic versus an acute clinical situation. Clin Nutr. (2017) 36:1110–6. doi: 10.1016/j.clnu.2016.07.009

 10. Rofes L, Muriana D, Palomeras E, Vilardell N, Palomera E, Alvarez-Berdugo D, et al. Prevalence, risk factors and complications of oropharyngeal dysphagia in stroke patients: a cohort study. J Neurogastroenterol Motil. (2018) 30:e13338. doi: 10.1111/nmo.13338

 11. Gomes F, Emery PW, Weekes CE. Risk of Malnutrition is an independent predictor of mortality, length of hospital stay, and hospitalization costs in stroke patients. J Stroke Cerebrovasc Dis. (2016) 25:799–806. doi: 10.1016/j.jstrokecerebrovasdis.2015.12.017

 12. Cai ZM, Wu YZ, Chen HM, Feng RQ, Liao CW, Ye SL, et al. Being at risk of malnutrition predicts poor outcomes at 3 months in acute ischemic stroke patients. Eur J Clin Nutr. (2020) 74:796–805. doi: 10.1038/s41430-020-0605-8

 13. Kelly PJ, Shih VE, Kistler JP, Barron M, Lee H, Mandell R, et al. Low vitamin B6 but not homocyst(E)Ine is associated with increased risk of stroke and transient ischemic attack in the era of folic acid grain fortification. Stroke. (2003) 34:e51–4. doi: 10.1161/01.STR.0000071109.23410.AB

 14. Alfieri DF, Lehmann MF, Oliveira SR, Flauzino T, Delongui F, de Araujo MC, et al. Vitamin D deficiency is associated with acute ischemic stroke, C-reactive protein, and short-term outcome. Metab Brain Dis. (2017) 32:493–502. doi: 10.1007/s11011-016-9939-2

 15. Szczuko M, Kotlega D, Palma J, Zembron-Lacny A, Tylutka A, Golab-Janowska M, et al. Lipoxins, revd1 and 9, 13 hode as the most important derivatives after an early incident of ischemic stroke. Sci Rep. (2020) 10:12849. doi: 10.1038/s41598-020-69831-0

 16. Bartolome G. Grundlagen Der Funktionellen Dysphagietherapie (Fdt). In:Bartolome G, Schröter-Morasch H, , editors. Schluckstörungen: Diagnostik Und Rehabilitation. Munich: Elsevier GmbH, München (2006). p. 245–370. doi: 10.1016/B978-343747160-5.50014-X

 17. Kaiser MJ, Bauer JM, Ramsch C, Uter W, Guigoz Y, Cederholm T, et al. Validation of the mini nutritional assessment short-form (mna-sf): a practical tool for identification of nutritional status. J Nutr Health Aging. (2009) 13:782–8. doi: 10.1007/s12603-009-0214-7

 18. Herdman M, Gudex C, Lloyd A, Janssen M, Kind P, Parkin D, et al. Development and preliminary testing of the new five-level version of Eq-5d (Eq-5d-5l). Qual Life Res. (2011) 20:1727–36. doi: 10.1007/s11136-011-9903-x

 19. Collin C, Wade DT, Davies S, Horne V. The barthel adl index: a reliability study. Int Disabil Stud. (1988) 10:61–3. doi: 10.3109/09638288809164103

 20. O'Neill CM, Kazantzidis A, Ryan MJ, Barber N, Sempos CT, Durazo-Arvizu RA, et al. Seasonal changes in vitamin D-effective Uvb availability in europe and associations with population serum 25-hydroxyvitamin D. Nutrients. (2016) 8:533. doi: 10.3390/nu8090533

 21. Nishioka S, Omagari K, Nishioka E, Mori N, Taketani Y, Kayashita J. Concurrent and predictive validity of the mini nutritional assessment short-form and the geriatric nutritional risk index in older stroke rehabilitation patients. J Hum Nutr Diet. (2020) 33:12–22. doi: 10.1111/jhn.12699

 22. Cherubini A, Polidori MC, Bregnocchi M, Pezzuto S, Cecchetti R, Ingegni T, et al. Antioxidant profile and early outcome in stroke patients. Stroke. (2000) 31:2295–300. doi: 10.1161/01.STR.31.10.2295

 23. Chang CY, Lai YC, Cheng TJ, Lau MT, Hu ML. plasma levels of antioxidant vitamins, selenium, total sulfhydryl groups and oxidative products in ischemic-stroke patients as compared to matched controls in Taiwan. Free Radic Res. (1998) 28:15–24. doi: 10.3109/10715769809097872

 24. Angelova EA, Atanassova PA, Chalakova NT, Dimitrov BD. Associations between serum selenium and total plasma homocysteine during the acute phase of ischaemic stroke. Eur Neurol. (2008) 60:298–303. doi: 10.1159/000157884

 25. Lee TH, Cheng ML, Shiao MS, Lin CN. Metabolomics study in severe extracranial carotid artery stenosis. BMC Neurol. (2019) 19:138. doi: 10.1186/s12883-019-1371-x

 26. Tu X, Qiu H, Lin S, He W, Huang G, Zhang X, et al. Low levels of serum magnesium are associated with poststroke cognitive impairment in ischemic stroke patients. Neuropsychiatr Dis Treat. (2018) 14:2947–54. doi: 10.2147/NDT.S181948

 27. Cho Y, Kim JO, Lee JH, Park HM, Jeon YJ, Oh SH, et al. Association of reduced folate carrier-1 (Rfc-1) polymorphisms with ischemic stroke and silent brain infarction. PLoS ONE. (2015) 10:e0115295. doi: 10.1371/journal.pone.0115295

 28. Jiang B, Chen Y, Yao G, Yao C, Zhao H, Jia X, et al. Effects of differences in serum total homocysteine, folate, and vitamin b12 on cognitive impairment in stroke patients. BMC Neurol. (2014) 14:217. doi: 10.1186/s12883-014-0217-9

 29. Porter KM, Ward M, Hughes CF, O'Kane M, Hoey L, McCann A, et al. Hyperglycemia and metformin use are associated with b vitamin deficiency and cognitive dysfunction in older adults. J Clin Endocrinol Metab. (2019) 104:4837–47. doi: 10.1210/jc.2018-01791

 30. de Jager J, Kooy A, Lehert P, Wulffele MG, van der Kolk J, Bets D, et al. Long term treatment with metformin in patients with type 2 diabetes and risk of vitamin B-12 deficiency: randomised placebo controlled trial. BMJ. (2010) 340:c2181. doi: 10.1136/bmj.c2181

 31. Banach M, Serban C, Ursoniu S, Rysz J, Muntner P, Toth PP, et al. Statin therapy and plasma coenzyme Q10 concentrations–a systematic review and meta-analysis of placebo-controlled trials. Pharmacol Res. (2015) 99:329–36. doi: 10.1016/j.phrs.2015.07.008

 32. Qu H, Guo M, Chai H, Wang WT, Gao ZY, Shi DZ. Effects of coenzyme Q10 on statin-induced myopathy: an updated meta-analysis of randomized controlled trials. J Am Heart Assoc. (2018) 7:e009835. doi: 10.1161/JAHA.118.009835

 33. Simani L, Ryan F, Hashemifard S, Hooshmandi E, Madahi M, Sahraei Z, et al. Serum coenzyme Q10 is associated with clinical neurological outcomes in acute stroke patients. J Mol Neurosci. (2018) 66:53–8. doi: 10.1007/s12031-018-1115-1

 34. Keller U. Nutritional laboratory markers in malnutrition. J Clin Med. (2019) 8:775. doi: 10.3390/jcm8060775

 35. Homem SG, Moreira EAM, da Silva AF, Barni GC, da Rosa JS, Oliveira DL, et al. Relationship between oropharyngeal dysphagia, nutritional status, antioxidant vitamins and the inflammatory response in adults and elderly: a cross-sectional study. Clin Nutr ESPEN. (2020) 38:211–7. doi: 10.1016/j.clnesp.2020.04.011

 36. Sanchez-Moreno C, Dashe JF, Scott T, Thaler D, Folstein MF, Martin A. Decreased levels of plasma vitamin c and increased concentrations of inflammatory and oxidative stress markers after stroke. Stroke. (2004) 35:163–8. doi: 10.1161/01.STR.0000105391.62306.2E

 37. Couch C, Mallah K, Borucki DM, Bonilha HS, Tomlinson S. State of the science in inflammation and stroke recovery: a systematic review. Ann Phys Rehabil Med. (2022) 65:101546. doi: 10.1016/j.rehab.2021.101546

 38. Jensen GL, Mirtallo J, Compher C, Dhaliwal R, Forbes A, Grijalba RF, et al. Adult starvation and disease-related malnutrition: a proposal for etiology-based diagnosis in the clinical practice setting from the international consensus guideline committee. Clin Nutr. (2010) 29:151–3. doi: 10.1016/j.clnu.2009.11.010

 39. Gervasio JM. Drug-induced changes to nutritional status. In:Boullata JI, Armenti VT, , editors. Handbook of Drug-Nutrient Interactions. 2nd ed. New York, NY: Humana Press; Springer Science+Business Media (2009). p. 427–45. doi: 10.1007/978-1-60327-362-6_15

 40. Yamashiro K, Kurita N, Urabe T, Hattori N. Role of the gut microbiota in stroke pathogenesis and potential therapeutic implications. Ann Nutr Metab. (2021) 77 Suppl 2:36–44. doi: 10.1159/000516398

 41. Kim S, Byeon Y. Comparison of nutritional status indicators according to feeding methods in patients with acute stroke. Nutr Neurosci. (2014) 17:138–44. doi: 10.1179/1476830513Y.0000000078

 42. Lieber AC, Hong E, Putrino D, Nistal DA, Pan JS, Kellner CP. Nutrition, energy expenditure, dysphagia, and self-efficacy in stroke rehabilitation: a review of the literature. Brain Sci. (2018) 8:218. doi: 10.3390/brainsci8120218

 43. Perry L. Eating and dietary intake in communication-impaired stroke survivors: a cohort study from acute-stage hospital admission to 6 months post-stroke. Clin Nutr. (2004) 23:1333–43. doi: 10.1016/j.clnu.2004.04.009

 44. Foley N, Finestone H, Woodbury MG, Teasell R, Greene Finestone L. Energy and protein intakes of acute stroke patients. J Nutr Health Aging. (2006) 10:171–5.

 45. Gariballa SE. Malnutrition in hospitalized elderly patients: when does it matter? Clin Nutr. (2001) 20:487–91. doi: 10.1054/clnu.2001.0477

 46. Murray J, Doeltgen S, Miller M, Scholten I, A. Descriptive study of the fluid intake, hydration, and health status of rehabilitation inpatients without dysphagia following stroke. J Nutr Gerontol Geriatr. (2015) 34:292–304. doi: 10.1080/21551197.2015.1054573

 47. Kim D-Y, Park H-S, Park S-W, Kim J-H. The impact of dysphagia on quality of life in stroke patients. Medicine. (2020) 99:e21795. doi: 10.1097/MD.0000000000021795

 48. Kidd D, Lawson J, Nesbitt R, MacMahon J. The natural history and clinical consequences of aspiration in acute stroke. QJM. (1995) 88:409–13.

 49. Falsetti P, Acciai C, Palilla R, Bosi M, Carpinteri F, Zingarelli A, et al. Oropharyngeal dysphagia after stroke: incidence, diagnosis, and clinical predictors in patients admitted to a neurorehabilitation unit. J Stroke Cerebrovasc Dis. (2009) 18:329–35. doi: 10.1016/j.jstrokecerebrovasdis.2009.01.009

 50. Teasell R, Salbach NM, Foley N, Mountain A, Cameron JI, Jong A, et al. Canadian stroke best practice recommendations: rehabilitation, recovery, and community participation following stroke. part one: rehabilitation and recovery following stroke; 6th edition update 2019. Int J Stroke. (2020) 15:763–88. doi: 10.1177/1747493019897843

 51. Burgos R, Breton I, Cereda E, Desport JC, Dziewas R, Genton L, et al. Espen guideline clinical nutrition in neurology. Clin Nutr. (2018) 37:354–96. doi: 10.1016/j.clnu.2017.09.003

 52. Powers WJ, Rabinstein AA, Ackerson T, Adeoye OM, Bambakidis NC, Becker K, et al. Guidelines for the early management of patients with acute ischemic stroke: 2019 update to the 2018 guidelines for the early management of acute ischemic stroke: a guideline for healthcare professionals from the american heart association/american stroke association. Stroke. (2019) 50:e344–418. doi: 10.1161/STR.0000000000000211

 53. Gomes F, Hookway C, Weekes CE. Royal college of physicians intercollegiate stroke working P royal college of physicians intercollegiate stroke working party evidence-based guidelines for the nutritional support of patients who have had a stroke. J Hum Nutr Diet. (2014) 27:107–21. doi: 10.1111/jhn.12185

 54. Dziewas R, Michou E, Trapl-Grundschober M, Lal A, Arsava EM, Bath PM, et al. European stroke organisation and european society for swallowing disorders guideline for the diagnosis and treatment of post-stroke dysphagia. Eur Stroke J. (2021) 6:LXXXIX–CXV. doi: 10.1177/23969873211039721

 55. Bechtold ML, Brown PM, Escuro A, Grenda B, Johnston T, Kozeniecki M, et al. When is enteral nutrition indicated? JPEN J Parenter Enteral Nutr. (2022). doi: 10.1002/jpen.2364

 56. Mehta A, De Paola L, Pana TA, Carter B, Soiza RL, Kafri MW, et al. The relationship between nutritional status at the time of stroke on adverse outcomes: a systematic review and meta-analysis of prospective cohort studies. Nutr Rev. (2022). doi: 10.1093/nutrit/nuac034

 57. Zielinska-Nowak E, Cichon N, Saluk-Bijak J, Bijak M, Miller E. Nutritional supplements and neuroprotective diets and their potential clinical significance in post-stroke rehabilitation. Nutrients. (2021) 13:2704. doi: 10.3390/nu13082704

 58. Dobkin BH, Carmichael ST. The specific requirements of neural repair trials for stroke. Neurorehabil Neural Repair. (2016) 30:470–8. doi: 10.1177/1545968315604400



OPS/images/fneur-13-1028991-t002.jpg
MNA-SF Score

Malnourished (score 0-7)
At risk of malnutrition (score 8-11)
Normal nourished (score 12-14)

missing records

p value for difference in distribution over the MNA-SF score categories

* including the two S+OD subjects who were not matched to HR subjects.
1 p value derived from Friedman’ test.

# p value derived from the Wilcoxon rank sum test.

Bold p values are <0.05.

ional Assessment - Short Form.

n (%)

$-0D
N=49

6(122)

16 (32.7)

26 (53.1)
12.0)

HR matched to S-OD
N=49

0
30
46 ("
0

p <0001t

0.0)
6.1)
93.9)

0.0)

$+0D
N=34

9(2655)

13 (38.2)
10 (29.4)
2(59)

HR matched to S+0D
N=34

0(00)
0(00)
34 (100.0)
0(00)

p<0.001t

Total S  Total HR
N=83 N=83
15 (18.1) 0(0.0)
29 (34.9) 3(3.6)
36 (43.4) 80 (96.4)
3(3.6) 0(0.0)
p<0.0011

$+0D*
N=36

10 (27.8)
14(38.9)
10(27.8)
2(5.6)

p=0.013% y5.5-0D





OPS/images/fneur-13-1028991-t003.jpg
Vitamin Bl

Vitamin B2

Vitamin B6

Vitamin B12

Folic acid

Vitamin A

Total 25-OH vitD

Vitamin E

Selenium

Magnesium

Zinc

(nmol/L)

(nmol/L)

(nmol/L)

(pmol/L)

(nmol/L)

(mol/L)

(nmol/L)

(mol/L)

(mol/L)

(mmol/L)

(mol/L)

Mean (SD)
Median (Q1-Q3)
p value

Mean (SD)
Median (Q1-Q3)
p value

Mean (SD)
Median (Q1-Q3)
p value

Mean (SD)
Median (Q1-Q3)
p value

Mean (SD)
Median (Q1-Q3)
p value

Mean (SD)
Median (Q1-Q3)
p value

Mean (SD)
Median (Q1-Q3)
p value

Mean (SD)
Median (Q1-Q3)
p value

Mean (SD)
Median (Q1-Q3)
p value

Mean (SD)
Median (Q1-Q3)
p value

Mean (SD)
Median (Q1-Q3)

pvalue

$-OD
N=49

133.7 (37.5)
1305 (110.0-156.0)

2420 (47.4)
2360 (218.0-259.0)

107.9 (241.3)
66.5 (57.0-80.0)

3105 (113.6)
2980 (227.5-368.0)

173 (10.4)
133 (10.9-20.1)

225 (0.51)
222 (1.82-2.61)

425 (24.9)
38.8 (20.8-57.4)

262 (6.4)
265 (20.7-30.5)

087 (0.19)
0.87 (0.77-0.95)

084 (0.10)
0.86 (0.80-0.91)

14.0 (2.3)
14.0 (12.0-16.0)

HR matched to S-OD
N=49

1447 (27.2)
146.0 (130.0-159.0)
0.0418
280.3 (37.5)
281.0 (255.0-297.0)
<0.001 *
105.1 (31.3)
96.0 (83.0-115.0)
<0.001%
269.8 (82.0)
274.0 (217.0-318.0)
0.062 ¥
18.7 (9.6)
16.1 (11.7-23.5)
0.145%
2.57 (0.50)
2.54 (2.29-2.87)
0.006 ¥
632 (23.8)
62.0 (46.1-72.4)
<0.001 *
393(8.9)
380 (33.5-43.1)
<0.001 *
1.01 (0.20)
102 (0.85-1.12)
<0.001
0.85 (0.05)
0.86 (0.81-0.88)
03524
12.8(1.7)
12.0 (12.0-14.0)
0.025§

$+0D
N=34

1256 (27.3)
128.0 (101.0-139.0)

2327 (41.4)
2310 (207.0-254.0)

752 (22.5)
710 (61.0-84.0)

3547 (152.5)
311.5 (246.0-420.0)

167 (9.6)
14.1 (95-19.6)

2,05 (0.68)
203 (151-2.47)

460 (19.7)
43.4(29.7-60.6)

252(7.5)
235 (19.9-26.5)

0.92 (0.24)
0.92 (0.82-1.01)

0.85 (0.08)
0.86 (0.82-0.91)

135 (27)
135 (12.0-15.0)

HR matched to S+0D
N=34

142.0 (23.3)
138.5 (123.0-161.0)
0.012%
270.5 (42.9)
272.5 (239.0-305.0)
<0.001 §
114.1 (51.4)
97.0 (80.0-136.0)
<0.001%
2749 (118.8)
273.5 (189.0-329.0)
0.012%
192 (105)
15.6 (12.5-24.8)
0282°¢
2.50 (0.47)
2.39(2.22-2.71)
0.008 ¢
57.5 (22.0)
53.8 (40.0-69.0)
0.022%
40.0 13.2)
37.1(33.7-43.9)
<0.001%
106 (0.29)
1.08 (0.82-1.23)
0.018 ¥
0.87 (0.07)
0.87 (0.84-0.90)
0477
14.3 (2.0)
14.0 (13.0-15.0)
0335°¢

Total S Total HR
N=383 N=383
1303 (33.7) 143.6 (25.5)
130.0 (109.0-145.0)  143.0 (129.0-161.0)
0.009 ¥
238.1 (45.0) 2763 (39.8)
235.0(209.0-259.0)  279.0 (247.0-302.0)
<0.001 §

94.3 (184.6) 108.8 (40.7)
67.0 (57.0-83.0) 96.0 (81.0-124.0)
<0.001%

328.8 (132.1) 2719 (98.1)

307.5(239.0-384.0)  274.0 (210.0-329.0)
0.003
17.1(10.0)
13.5 (10.6-19.6)
0.064°¢

189 (9.9)
15.6 (11.9-24.2)

217 (0.59) 2.54 (0.48)
2.18 (1.76-2.56) 243 (2.24-2.86)
<0.001 ¥
44.0 (22.8) 609 (23.1)
41.1(27.0-60.6) 57.0 (44.0-72.4)
<0.001 #

25.8 (6.8) 395 (10.8)
24.7(20.2-29.5) 37.9 (33.5-43.1)
<0.001%

0.89 (0.21) 1.03 (0.24)
0.88 (0.80-0.98) 1.03 (0.85-1.15)
<0.001
0.84 (0.09) 0.86 (0.06)
0.86 (0.81-0.91) 0.86 (0.81-0.89)

0478%
13.8 (2.5)
14.0 (12.0-15.5)
0310°¢

13.4(19)
13.0 (12.0-15.0)

S+0D*
N=36

1269 (27.1)
130.0 (101.0-142.0)
0.697 ** (vs. $-OD)

2347 (41.0)
2320 (207.0-262.0)
0.556** (vs. $-OD)

75.0 (22.0)
71.0 (61.0-84.0)
0.325** (vs. $-OD)

349.4 (151.4)
3115 (245.0-417.5)
0.342** (vs. $-OD)

18.3(11.4)

14.6 (9.9-22.5)
0.999** (vs. $-OD)

2,03 (0.68)
2,02 (1.50-2.46)
(vs. $-OD)

45.4(199)
43.4(29.4-59.9)
0.569 || (vs. $-OD)
25.1(7.5)
23.5(19.9-27.1)
0.468 || (vs. S-OD)

0.91(0.25)
092 (0.80-1.02)
0.358 | (vs. S-OD)

0.85 (0.09)
0.86 (0.82-0.91)
0.664** (vs. $-OD)

135(27)
135 (12.0-15.0)
0.454 ** (vs. S-OD)

0.086






OPS/images/fneur-13-1028991-g003.gif





OPS/images/fneur-13-1028991-t001.jpg
Sex

Age

BMI T
Living situation

(Current for HR subjects. prior stroke for patients)

Time after stroke ill blood sampling '

Localization of stroke

NIHSS score at hospital admittance

Mechanical ventilationafter stroke

Tube feeding after stroke(only allowed >2 weeks prior study entry)

Medical complications in rehabilitation phase ¥

“ including the two $+OD subjects who were not matched to HR subjects.

Female

(Years)

(kg/m?)

Institutionalized

Home care

Living independently (alone)
Living independently (together)
Days

Right hemisphere

Left hemisphere

Brainstem

Other

0: no stroke symptom
1-4zminor

5-15: moderate

16-20: moderate to severe
21-42: severe

Missing records

None

Presence of urinary catheter
Infection urinary tract
Diarrhea

Pneumonia

Pressure ulcers

HR matched
to S-OD
N=49

S-OD
N=49%

n (%) 18 (36.7) 18 (36.7)
mean (SD) 637 (6.7) 628 (6.8)
median (Q1-Q3) 63.0(59.0-69.0)  63.0 (58.0-69.0)
mean (SD) 276 (3.5) 26.0 (2.4)
n (%) 0(0.0) 0(0.0)
0(0.0) 0(0.0)
18 (36.7) 22 (44.9)
31(63.3) 27 (55.1)
mean (SD) 404 (13.8)
n (%) 27 (55.1)
14 (28.6)
7(14.3)
1(2.0)
n (%) 1(2.0)
11 (224)
2(245)
2(4.1)
0(0.0)
23 (46.9)
n (%) 1(2.0)
n (%) 5(10.2)
n (%) 46 (93.9)
3(61)
1(2.0)
0(0.0)
0(0.0)
0(0.0)

1

¥ 1 subject ($+OD) had a missing BMI value 3 subjects ($-OD) had missing records on time after stroke till blood sampling.

Missing records for NIHSS score are displayed in the table.

# Since a subject can have multiple medical complications, the numbers do not necessarily have to the total N.

BMI, body mass index; NIHSS, National Institutes of Health Stroke Scale; SD, standard deviation; Q1, Quartile 15 Q3, Quartile 3.

$+0D*  HRmatched  Total $* Total HR
to S+0D
N=36T N=3¢ N=s8Tt N=83
6(16.7) 5(14.7) 24(282) 23(27.7)
65.3(6.2) 63.6 (5.8) 64.4 (6.5) 63.1(6.4)
65.0 (61.0-70.5)  62.0(60.0-68.0)  64.0 (60.0-70.0) 63.0 (59.0-68.0)
26.0 (4.5) 266 (2.1) 269 (4.0) 262 (2.3)
0(0.0) 0(0.0) 0(0.0) 0(0.0)
3(83) 0(0.0) 3(35) 0(0.0)
12 (33.3) 13 (38.2) 30(353) 35 (422)
21 (58.3) 21 (61.8) 52(61.2) 48 (57.8)
413 (16.0) 40.8 (14.7)
17 (47.2) 44(518)
7(19.4) 21(247)
8(222) 15(17.6)
4(111) 5(5.9)
1(28) 2(24)
4(11.1) 15(17.6)
8(22.2) 20(23.5)
3(8.3) 5(5.9)
0(0.0) 0(0.0)
20 (55.6) 43 (50.6)
3(83) 447
7(19.4) 12 (14.1)
20 (55.6) 66 (77.6)
10 (27.8) 13 (153)
4(11.1) 5(5.9)
3(83) 3(3.9)
1(28) 1(1.2)
0(0.0) 0(0.0)





OPS/images/fneur-13-1028991-t006.jpg
acids (mg/L)

$-0D HR matched to S-OD $+0D HR matched to S+OD
N=49 N=49 N=34 N=34
Plasma fatty C18:2n-6 (LA) Mean (SD) 705.7 (186.7) 1052.7 (214.0) 616.1 (181.2) 1043.8 (236.5)
Median (Q1-Q3)  666.0 (580.6-812.6) 1036.1 (915.1-1162.0) 552.1 (494.6-687.8) 1032.7 (909.0-1193.8)
pvalue <0.001°§ <0001 §

C18:3n-3 (ALA) Mean (SD) 1253 (5.24) 20.90 (25.40) 926 (2.72) 18.96 (9.08)
Median (Q1-Q3) 1147 (9.26-14.18) 14.92 (11.65-20.87) 8.59 (7.59-10.59) 16.34 (12.54-23.37)
pvalue 0.001$ <0.001 §

C20:41-6 (AA) Mean (SD) 213.55 (51.66) 245.75 (55.65) 212.80 (50.89) 216.35 (53.17)
Median (Q1-Q3) 212.04 (184.34-248.29)  247.87 (197.99-285.74)  209.80 (180.39-247.17)  217.55 (181.99-244.58)
p value 00198 0.497

C20:5n-3 (EPA) Mean (SD) 15.76 (5.70) 29.28 (17.16) 12.88 (4.92) 2921 (16.97)
Median (Q1-Q3)  14.61 (11.95-18.43) 25.19 (16.30-37.79) 11.59 (9.38-16.39) 23.75 (15.14-41.57)

p value <0.001% <0.001%

C22:6n-3 (DHA) mean (SD) 42.85 (14.98) 49.15 (18.98) 4271 (12.54) 52.73 (24.85)
median (Q1-Q3)  40.53 (34.10-50.54) 4631 (35.44-60.15) 43.08 (34.11-50.26) 47.12 (34.81-67.98)
pvalue 0.036% 0053 %

Total SEA Mean (SD) 988.3 (216.8) 1,134.7 (362.6) 9462 (231.8) 1,227.1 (482.9)
Median (Q1-Q3) 970.7 (800.0-1,124.1)  1,045.4 (953.0-1,251.6)  863.6 (797.7-1,007.1)  1,116.7 (1,007.2-1,324.5)
pvalue 0.021% 0.003 §

Total MUEA  Mean (SD) 918.1 (263.6) 985.1 (429.8) 911.9 (261.2) 1,087.0 (587.3)
Median (Q1-Q3) 912.0 (713.0-1,099.8)  880.7 (768.5-1,028.1) 8621 (751.8-1,030.5) 9269 (825.2-1,178.4)
p value 0.480 % 0.076

Total PUFA  mean (SD) 1064.7 (228.2) 1488.0 (279.2) 963.1 (232.3) 14520 (292.1)
median (Q1-Q3) 1,050 (919.4-1211.7)  1,477.9 (1,300.3-1,588.4)  909.6 (801.2-,1029.1)  1,462.9 (1,248.9-1,635.0)
p value <0.001% <0.001%

Total n3 PUFA  Mean (SD) 835 (22.5) 114.6 (50.9) 75.6 (19.9) 116.0 (45.4)
Median (Q1-Q3)  80.2 (71.3-95.2) 104.2 (79.2-129.0) 73.5 (62.8-87.4) 111.4 (83.8-146.4)

p value <0.001% <0.001%

Total n6 PUFA  Mean (SD) 978.8 (216.4) 1,370.0 (255.0) 885.0 (217.3) 1,332.2 (269.6)
Median (Q1-Q3) 946.7 (829.1-1,126.3)  1336.3 (1,207.5-1,487.8)  829.1 (742.1-943.9)  1,345.0(1,169.0-1,485.1)
pvalue <0.001°§ <0.001 %

Total FA Mean (SD) 2,987.0 (647.9) 3,628.9 (1,004.5) 2,837.2 (660.4) 3,787.1 (1,306.1)

Median (Q1-Q3) 2,942.9 (2,456.3-3,440.3) 3,349.7 (3,084.6-3,994.3) 2,645.5 (2,465.0-2,989.2) 3,531.1 (3,166.3:
<0.001% <0.001 %

056.5)

p value

Total S Total HR $+0D*
N=83 N=83 N=36
667.6 (188.5) 1049.1 (222.1) 615.5 (176.1)

625.8 (533.0-754.3) 10353 (909.0-1189.9)
<0.001 8
11.14 (4.62) 20.10 (20.29)
1031 (8.21-13.03) 15.93 (11.89-22.93)
<0.001 §

553.6 (497.9-681.5)
0.004** (vs. S-OD)
9.16 (2.68)
8.39 (7.48-1031)
<0.001 ** (vs. S-OD)
213.23 (51.01) 233.70 (56.23) 215.46 (50.88)
211.42 (181.09-248.06) 229.05 (193.96-272.54) 214.12 (181.09-255.97)

0.026 % 0.779 ** (vs. S-OD)
14.54 (5.54) 13.64 (5.77)
13.42 (10.47-17.86) 11.96 (9.61-17.03)

2925 (16.98)
25.19 (15.58-40.40)

<0.001§ 0.051 ** (vs. S-OD)
4279 (13.91) 50.61 (21.51) 4322 (12.75)
4073 (34.10-50.40)  47.01 (35.37-62.03)  43.08 (34.19-50.73)

0.005 % 0.815** (vs. S-OD)
953.8 (238.0)
863.6 (793.8-1,038.7)
0.290** (vs. S-OD)
9143 (265.7)
862.1(726.1-1,042.1)
0.797** (vs. S-OD)

968.6 (227.0)

970.4 (222.9)
9040 (798.9-1,098.5)

1,172.6 (415.8)
1,086.3 (953.0-1,261.6)
<0.001 8
915.4 (261.0)
877.2(717.6-1,090.9)

1,026.8 (499.5)
915.4 (778.7-1,076.3)
0.085 %

1021.5 (234.0) 1473.3 (283.4)

955.5 (857.3-1,140.8)  1,473.6 (1,284.3-1,605.7) 923.0 (810.6-1,043.8)
<0.001§ 0.016 ** (vs. S-OD)
802 (21.6) 1152 (48.4) 77.1 (21.0)
762 (66.1-92.0) 105.7 (82.0-142.6) 74.6(62.9-88.1)
<0.001§ 0.126 ** (vs. S-OD)

938.9 (220.4) 1,354.5 (260.1)
878.8 (781.6-1,050.9) 1,3363 (1,195.6-1,487.8)
<0.001 § 0.021 ** (vs. $-OD)
2,923.3 (653.4) 3,693.7 (1132.8) 2,853.1 (664.2)
2,740.3 (2,460.7-3,317.0) 3431.7 (3,127.0-4,056.5) 2,645.5 (2,460.3-2,993.7)
<0.001 § 0327 ** (vs. 5-OD)

889.0 (211.8)
848.1 (744.2-960.5)





OPS/images/fneur-13-1028991-t004.jpg
Homocysteine

Free choline

Uridine

Glucose

Coenzyme Q10

Total cholesterol

Albumin

Pre-albumin

Transferrin

(mol/L)

(mol/L)

(mol/L)

(mmol/L)

(mol/L)

(mmol/L)

(g/L)

(g/L)

(g/L)

Mean (SD)
Median (Q1-Q3)
p value
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Mean (SD)
Median (Q1-Q3)
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Mean (SD)
Median (Q1-Q3)
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Mean (SD)
Median (Q1-Q3)
p value

Mean (SD)
Median (Q1-Q3)
p value

Mean (SD)
Median (Q1-Q3)
p value

Mean (SD)
Median (Q1-Q3)

p value

$-OD
N=49

153 (5.7)
138 (11.6-18.0)

8.27 (1.75)
8.20 (7.03-8.93)

3.87 (0.92)
3.85 (3.25-4.50)

6.34 (1.94)
5.70 (5.20-6.65)

0.741 (0.343)
0.670 (0.460-0.910)

3.46 (0.92)
329 (2.75-4.03)

37.6 (37)
37.8 (36.0-39.5)

0.252 (0.043)
0.251 (0.218-0.280)

2.36 (0.38)
230 (2.11-2.52)

HR matched to S-OD
N=49

133(3.8)
12.4 (10.7-14.9)
0.116%
935 (2.42)
9.26 (7.54-10.50)
0.019 #
3.93 (1.05)
4.00 (3.30-4.40)
0.890 ¥
5.46 (0.46)
550 (5.10-5.80)
0.004§
1.565 (0.449)
1.518 (1.218-1.891)
<0.001
5.50 (0.70)
537 (5.17-6.06)
<0.001%
39.5(2.5)
39.6 (37.9-41.0)
0.003 ¥
0292 (0.044)
0.290 (0.265-0.317)
<0.001 %
249 (0.28)
2.50 (2.30-2.70)
0.030 ¥

$+0D
N=34

13.2 (4.6)
12.9 (95-15.4)

8.39 (2.84)
7.84 (6.23-9.75)

419 (1.63)
3.65 (3.00-5.10)

6.28 (221)
5.45 (5.00-6.70)

0.669 (0.349)
0.609 (0.499-0.720)

3.50 (0.85)
3.38 (3.07-3.74)

34.6 (4.4)
350 (33.0-37.7)

0.223 (0.061)
0.220 (0.177-0.260)

2,04 (0.39)
2,00 (1.70-2.20)

HR matched to S+0D
N=34

14.1(6.0)
14.0 (9.9-16.3)
0.479%
9.72 (3.12)
927 (7.80-11.00)
0.085 %
453 (1.40)
4.60 (3.40-5.40)
0.267 %
5.56 (0.70)
5.45 (5.10-5.80)
0.115§
1.481 (0.589)
1.444 (1.142-1.887)
<0.001%
5.64 (0.99)
5.58 (4.86-6.18)
<0.001%
39.8 (3.1)
39.5 (37.4-42.0)
<0.001 ¥
0306 (0.051)
0292 (0.264-0.336)
<0.001 ¥
2.52 (0.45)
2.40 (2.20-2.90)
<0.001%

Total S Total HR
N=83 N=83
144 (5.3) 13.6 (4.8)
13.5 (11.0-16.6) 13.0 (10.0-15.3)
05138
8.32(2.26) 9.50 (2.72)
8.1 (6.53-9.10) 9.26 (7.69-10.70)
0.007°%
4.01(1.28) 417 (124)
3.80 (3.10-4.70) 4.00 (3.30-4.90)
03428
632 (2.04) 550 (0.57)
5.60 (5.20-6.70) 5.50 (5.10-5.80)
0.001°§

0.712 (0.345) 1.531 (0.510)
0.658 (0.474-0.821)  1.491 (1.175-1.891)
<0.001
3.48 (0.89) 5.55 (0.83)
333 (2.92-3.89) 5.4 (4.99-6.12)
<0.001%

36.3 (4.3) 39.6 (2.7)
36.9 (34.8-38.9) 39.6 (37.8-41.5)
<0.001 #

0.240 (0.053) 0.298 (0.047)
0.240 (0.210-0.275)  0.290 (0.264-0.327)
<0.001 #
2.23(0.41) 2.51(0.36)
220 (1.98-2.50) 2.50 (2.30-2.70)

<0.001%

S+0D*
N=36

12,8 (4.7)
12.1(9.4-153)
0.036** (vs. S-OD)
8.33 (2.81)
7.84 (6.06-9.70)
0.577 ** (vs. $-OD)
427 (1.63)
3.75 (3.00-5.20)
0.662** (vs. S-OD)
633 (2.15)
5.50 (5.05-6.75)
0.670 ** (vs. $-OD)
0.688 (0.348)
0.627 (0.499-0.799)
0.500** (vs. S-OD)
3.56 (0.87)
3.40 (3.08-3.82)
0.415** (vs. $-OD)
345 (4.3)
35.0(33.0-37.7)
<0.001 ** (vs. S-OD)
0.223 (0.060)
0220 (0.177-0.260)
0.017 # (vs. S-OD)
2,05 (0.38)

2.00 (1.70-2.25)
<0.001 ** (vs. $-OD)
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$-OD HR matched to S-OD $+0D HR matched to S+0D Total S Total HR $4+0D*
N=49 N=49 N=34 N=34 N=83 N=383 N=36
Total carnitine (wmol/L)  Mean (SD) 6.1 (12.2) 515(8.3) 53.7 (14.5) 51.0(10.8) 192 (13.6) 513 (9.4) 525 (15.4)
Median (Q1-Q3)  48.5 (41.5-54.0) 52.0 (46.0-58.0) 54.0 (45.0-59.0) 50.5 (46.0-57.0) 50.0 (42.0-56.0) 510 (46.0-58.0) 53.0 (45.0-59.0)
p value 0.031°% 0356 0.208§ 0.033 ** (vs. S-OD)
Free carnitine (pmol/L)  Mean (SD) 35.9(8.9) 39.0(7.2) 41.1(11.1) 39.1(7.6) 38.0 (10.1) 39.0(7.3) 1402 (12.1)
Median (Q1-Q3) 365 (31.0-41.0) 39.0 (33.0-44.0) 42.0 (35.0-46.0) 40.0 (31.0-43.0) 37.0 (32.0-43.0) 40.0 (33.0-44.0) 41.0 (32.0-46.0)
p value 0.063 ¥ 0.437°% 0575 % 0.053 ** (vs. S-OD)
Acylearnitine (pmol/L)  Mean (SD) 10.9 (4.4) 12,6 (3.8) 12,6 (5.2) 119 (4.9) 116 (4.8) 123 (4.3) 123 (5.2)
Median (Q1-Q3)  11.0(7.0-14.0) 12.0 (10.0-14.0) 12.0 (10.0-14.0) 12,5 (8.0-15.0) 115 (9.0-14.0) 12.0 (10.0-15.0) 12.0 (10.0-14.0)
p value 0.109°% 0.752% 0.333% 0.348 ** (vs. S-OD)
Creatinine (wmol/L)  Mean (SD) 78.0 (20.8) 82.2 (16.8) 90.5 (43.4) 86.0 (9.6) 83.2 (32.5) 83.7 (14.4) 88.8 (43.1)
Median (Q1-Q3)  74.5 (65.0-86.0) 80.0 (73.0-92.0) 84.0 (73.0-96.0) 84.5 (80.0-94.0) 78.5 (67.0-92.0) 84.0 (76.0-94.0) 82.5 (73.0-95.0)
pvalue 0.057°¢ 0.645°¢ 0.089$ 0062 ** (vs. S-OD)
Creatine (wmol/L)  Mean (SD) 343(21.5) 347 (20.1) 337 (28.6) 317(19.3) 34.0 (24.5) 335(19.7) 350 (28.3)
Median (Q1-Q3)  28.8 (19.2-41.0) 27.0 (17.8-44.6) 24.9 (18.7-35.7) 26.2 (18.2-46.9) 26.6 (19.2-36.7) 26.6 (17.8-45.6) 26.2 (19.1-37.7)
pvalue 0.987 % 0.848 % 0.574% 0.668 ** (vs. S-OD)
C-reactive protein f (mg/L) ~ Mean (SD) 4.41(6.27) 1.73 (1.81) 13.69 (36.30) 1.86 (2.19) 8.26 (24.10) 1.79 (1.96) 13.07 (35.35)
Median (Q1-Q3) 195 (0.87-5.32) 100 (0.70-1.90) 4.10 (1.00-11.80) 120 (0.90-1.80) 2.80 (0.90-7.10) 1.10 (0.70-1.90) 4.10 (1.00-11.68)
pvalue 0.001% <0.001% <0.001% 0.185 ** (vs. $-OD)
Sodium (mmol/L)  Mean (SD) 139.80 (2.63) 138.82 (1.57) 140.72 (2.39) 139.72 (2.06) 140.18 (2.56) 139.19 (1.83) 140.85 (2.38)
Median (Q1-Q3) 140.10 (138.70-141.45)  138.60 (137.60-139.70)  141.00 (139.60-142.00)  139.40 (138.40-141.40)  140.75 (139.00-142.00) 139.10 (137.90-140.30) 141.00 (139.80-142.30)
pvalue 0.008 § 0.086 ¥ 0.006 ¥ 0.043 ** (vs. S-OD)
Osmolality (mOsm/kg) Mean (SD) 295.19 (6.85) 293.18 (5.56) 294.47 (6.32) 293.09 (6.23) 294.89 (6.60) 293.14 (5.81) 294.83 (6.34)
Median (Q1-Q3) 295.00 (292.50-298.00) ~ 292.00 (290.00-297.00) ~ 294.50 (291.00-298.00)  292.50 (289.00-298.00)  295.00 (292.00-298.00) 292.00 (289.00-297.00) 295.00 (291.00-298.75)
p value 0.0463 03428 0.0323 0.714** (vs. S-OD)

g values (e.g. due to lack of volume) ranged between 1 and a maximum of 6 cases per parameter within all 168 subjects.

including the two $+OD subjects who were not matched to HR subjects.

15 subjects (2 $-OD, 1 HR matched to $-OD, and 2 HR matched to $+OD) had serum folate concentration above the upper limit of detection. In these cases, the upper limit of detection value was taken; 7 subjects (6 HR matched to $-OD, and 1 $+0D)
had C-Reactive Protein concentration below the lower limit of detection. In these cases, values were replaced by half of the lower limit of detection.

} p value derived from a paired-t-test.

§ p value derived from a Wilcoxon signed rank test.

I p value derived from two sample t-test with the Pooled method (equal variances).

# p value derived from two sample t-test with the Satterthwaite method (unequal variances).

™ p value derived from a Wilcoxon rank sum test using Monte Carlo simulation.

Bold p values are <0.05.

Ql, Quartile 1; Q3, Quartile 3; SD, standard deviation.
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EQ-5D-5L index value

EQ-5D-5L VAS score f

Barthel index score

Mean (SD)
Median (Q1-Q3)
p value

Mean (SD)
Median (Q1-Q3)
pvalue

Mean (SD)
Median (Q1-Q3)

p value

S-OD
N=49

0.80(0.29)
092 (0.81-1.00)

65.4(213)
70 (50-83)

87.2(152)
95 (80-100)

" including the two S+OD subjects who were not matched to HR subjects.
1 1 subject ($-OD) had a missing record on EQ-5D-5L VAS score and 2 subjects (S+0D) had missing record on EQ-5D-5L Index Value and VAS score.
# p value derived from a paired-t-test.

§ p value derived from a Wilcoxon signed rank test
** p value derived from a Wilcoxon rank sum test using Monte Carlo simulation.

Bold p values are <0.05.

HR matched to S-OD
N=49

0.98 (0.04)
1.00 (1.00-1.00)
<0.001 %
919 (7.4)
93 (90-98)
<0.001%
100.0 (0.0)
100 (100-100)
<0.001%

$+0D
N=34

0.43 (0.33)
0.26 (0.23-0.68)

519 (188)
50 (40-65)

1496 (29.7)
45(20-75)

EQ-5D-5L, EuroQol 5-dimensions 5-level; Q1, Quartile 1; Q3, Quartile 3; SD, standard deviation; VAS, visual analog scale.

HR matched to S+0OD
N=34

098 (0.05)
100 (1.00-1.00)
<0.001 *
91.8 (6.9)
90 (90-99)
<0.001%
1000 (0.0)
100 (100-100)
<0.001%

Total S Total HR
N=383 N=383
0.65 (0.35) 0.98 (0.04)
0.81 (0.26-1.00) 1.00 (1.00-1.00)
<0.001 §
60.0 (21.3) 91.8(7.1)
60 (49-78) 92 (90-99)
<0.001%
718 (29.0) 100.0 (0.0)
80 (55-100) 100 (100-100)
<0.001%

S$4+0D*
N=36

0.44(0.33)

0.27 (0.23-0.71)
<0.001 ** (vs. S-OD)
527 (18.6)

50 (40-65)
0.003** (vs. $-OD)
514 (30.1)

525 (225-77.5)
<0.001 ** (vs. S-OD)
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Erythrocyte fatty C18:22n-6 (LA)  Mean (SD)
Median (Q1-Q3)
p value

Mean (SD)
Median (Q1-Q3)
pvalue

Mean (SD)
Median (Q1-Q3)
pvalue

Mean (SD)
Median (Q1-Q3)
pvalue

Mean (SD)
Median (Q1-Q3)
p value

Mean (SD)
Median (Q1-Q3)
p value

Mean (SD)
Median (Q1-Q3)
pvalue

Mean (SD)
Median (Q1-Q3)
palue

Mean (SD)
Median (Q1-Q3)
p value

Mean (SD)
Median (Q1-Q3)

p value

acids (weight % of total
fatty acids)
C18:3n-3 (ALA)

C20:4 n-6 (AA)

C20:5n-3 (EPA)

C€22:6n-3 (DHA)

Total SFA

Total MUFA

Total PUFA/

Total n3 PUFA

Total n6 PUFA

$-OD
N=49

1073 (2.05)
10.48 (9.26-11.41)

0.13 (0.06)
0.12(0.10-0.17)

1115 (1.21)
11.08 (10.25-12.18)

0.61(0.25)
0.58 (0.43-0.73)

3.01 (0.81)
2.92(2.50-3.38)

43.6 (1.8)
43.6 (42.5-44.5)

21.7(1.5)
21.6 (20.7-22.6)

317 (23)
32.0(30.9-33.1)

52(12)
5.1 (46-5.7)

264 (2.2)
26.7(25.3-27.4)

HR matched to S-OD
N=49

14.55 (1.98)
14.55 (13.03-15.62)
<0.0013
0.26 (0.26)
0.21 (0.17-0.27)
<0.001%
10.44 (1.13)
10.65 (9.90-11.05)
0.004%
0.83 (0.38)
0.76 (0.59-1.06)
<0.001%
2.56 (0.63)
2.51 (2.14-2.89)
0.002%
422(17)
42.1 (40.7-43.5)
<0.001%
21.1 (2.0)
209 (19.7-21.9)
0.165
34.1 (1.9)
34.1(32.6-35.4)
<0.001%
5.1(1.2)
5.0 (4.4-5.6)
0.543 %
29.0 (2.0)
28.9 (27.8-30.2)
<0.0013

$+0D
N=34

9.30 (1.54)
9.12 (8.03-10.23)

0.07 (0.05)
0.08 (0.05-0.11)

11.56 (1.25)

1135 (10.76-12.52)

0.54(0.17)
0.54 (0.43-0.62)

3.05 (0.59)
2,99 (2.52-3.51)

450 (2.0)
45.0 (43.6-46.2)

21.6 (1.7)
21.3(20.4-22.9)

30.4(22)
30.3 (28.6-32.4)

5.1(0.8)
5.1 (4.5-5.6)

25.3(2.0)
25.3 (23.6-26.8)

Missing values (e.g. duc to lack of volume) for plasma analyses were 3 and for erythrocytes analyses were 11 within all 168 subjects.

*including the two S4+OD subjects who were not matched to HR subjects.

Sp value derived from a Wilcoxon signed rank test.

“*p value derived from a Wilcoxon rank sum test using Monte Carlo simulation.

Bold p values are <0.05.

HR matched to S+0D

N=34

14.90 (2.45)

15.05 (13.52-16.72)

<0.001%
024 (0.10)
021 (0.17-0.29)
<0.001%
9.65 (1.44)
9.77 (9.01-10.57)
<0.001%
0.85 (0.40)
0.84 (0.47-1.14)
<0.001%
2,66 (0.73)
2.72(221-3.19)
0.048%
423(25)
42.4 (40.7-443)
<0.001%
218(2.2)
21.4 (20.6-22.8)
0.841°%
335 (2.6)
333 (31.1-35.6)
<0.001%
5.1(1.2)
4.9 (43-6.0)
0.728°§
283 (2.8)
27.9 (26.4-30.4)
<0.001%

Total HR
N=83

Total
N=83

10.10 (1.96) 14.69 (2.18)
9.81(8.59-10.88)  14.71 (13.08-15.76)
<0.001%

0.10 (0.06) 0.25(0:21)
0.10(0.07-0.13)  0.21(0.17-0.28)
<0.001%

11.33 (1.24) 1012 (1.32)
11.29 (10.45-1223)  10.26 (9.44-10.89)
<0.001°%

058 (0.22) 084 (0.39)
056 (0.43-0.67)  0.79 (0.54-1.08)
<0.001°%
3.03(0.72) 260 (0.67)
296 (251-3.42)  252(2.14-3.07)
<0.001%

442(2.0) 422 (2.0)
442 (43.1-45.1)  42.3 (40.7-43.8)
<0.001%
21.7(1.6) 213 (2.1)
214(206-22.8)  21.1(19.8-222)
0282
31.1(23) 33.9(22)
315(292-327)  34.1(32.3-35.4)

<0.001%
51(12)
19 (43-57)

5.2(1.0)
5.1(4.5-5.6)
0.872¢
259(22) 287 (24)
26.1(24.2-27.3)  28.7(27.1-30.4)
<0.001%

S$+0D*
N=36

924 (1.60)
9.12 (7.96-10.27)
0.001 ** (vs. S-OD)
0.07 (0.05)
0.08 (0.06-0.10)
<0.001** (vs. S-OD)
1157 (1.22)
11,37 (10.79-12.52)
0.180** (vs. S-OD)
055 (0.17)
0.56 (0.44-0.64)
0.442** (vs. S-OD)
3.02 (0.58)
2,94 (2.51-3.43)
0.824** (vs. S-OD)
45.1(2.0)

45.1 (43.7-46.6)
<0.001** (vs. $-OD)
216 (1.7)

213 (204-229)
0,646 ** (vs. S-OD)
303 (22)

303 (28.6-32.3)
0.005** (vs. S-OD)
5.1(0.8)

5.1 (4.5-5.6)
0.773** (vs. $-OD)
252 (2.0)

253 (23.4-26.7)
0.014** (vs. S-OD)

AA, Arachidonic acid; ALA, alpha-linolenic acid; DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; LA, linoleic acid; MUFA, monounsaturated fatty acids; n3, omega-3; n6, omega-6; PUFA, polyunsaturated fatty acids; Q1, Quartile 1; Q3, Quartile

3; SD, standard deviation; SFA, saturated fatty acids.
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