

[image: image1]
Association of Dietary Vitamin K Intake With Cognition in the Elderly












	 
	ORIGINAL RESEARCH
published: 23 June 2022
doi: 10.3389/fnut.2022.900887





[image: image]

Association of Dietary Vitamin K Intake With Cognition in the Elderly

Anni Wang1†, Meng Zhao2†, Jia Luo1, Tianhao Zhang1 and Dongfeng Zhang1*

1Department of Epidemiology and Health Statistics, School of Public Health, Qingdao University, Qingdao, China

2School of Nursing, Qingdao University Medical College, Qingdao, China

Edited by:
Andrew Scholey, Swinburne University of Technology, Australia

Reviewed by:
Baodong Yao, Shanghai University of Traditional Chinese Medicine, China
Agnieszka Micek, Jagiellonian University, Poland

*Correspondence: Dongfeng Zhang, zhangdf1961@126.com

†These authors have contributed equally to this work and share first authorship

Specialty section: This article was submitted to Nutrition, Psychology and Brain Health, a section of the journal Frontiers in Nutrition

Received: 24 March 2022
Accepted: 07 June 2022
Published: 23 June 2022

Citation: Wang A, Zhao M, Luo J, Zhang T and Zhang D (2022) Association of Dietary Vitamin K Intake With Cognition in the Elderly. Front. Nutr. 9:900887. doi: 10.3389/fnut.2022.900887

Several previous studies discussed the association between vitamin K (VK) status and cognition. But the association between dietary VK consumption and cognitive performance in the elderly was not well understood. Therefore, we investigated the correlation between dietary VK intake and the cognition of the elderly. Our research used the data of the National Health and Nutrition Examination Survey (NHANES) from 2011 to 2014. The dietary intake of VK was assessed by two 24-h dietary recalls. The cognitive function was measured in the survey of NHANES, including the Consortium to Establish a Registry for Alzheimer’s disease Word Learning subtest (CERAD W-L), Animal Fluency Test (AFT), and Digit Symbol Substitution Test (DSST). Logistic regression and restricted cubic spline models were applied to assess the relationship between dietary VK intake and cognition. Compared with the lowest dietary VK intake group, the multivariate-adjusted odds ratio (OR) [95% confidence interval (95% CI)] of low CERAD W-L score for the highest intake group was 0.39 (0.26–0.60), the multivariate-adjusted OR (95% CI) of low AFT score was 0.59 (0.38–0.92), and the multivariate-adjusted OR (95% CI) of low DSST score was 0.44 (0.29–0.65), respectively. There was an L-shaped dose–response relationship between dietary VK intake and low CERAD W-L score. There was a linear dose–response relationship between dietary VK intake and low AFT score, and there was also a linear dose–response relationship for the low DSST score. In addition, we also found a negative association between VK from vegetables and the risk of low CERAD W-L scores. Dietary VK intake and VK intake from vegetables were inversely related to the risk of low cognitive performance of the elderly.
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INTRODUCTION

Cognitive function is associated with a variety of factors (1, 2). Many previous studies have discussed the association between nutritional factors and cognition, such as vitamin D (3, 4), zinc, copper, selenium (5), creatine (6), ω-3, and ω-6 fatty acids (7).

As a fat-soluble nutrient, vitamin K (VK) can regulate the synthesis of sphingolipids (8). As a main component of the myelin sheath and neuron membrane, sphingolipids participate in the proliferation and differentiation of neurons (9). The current studies find that VK has an important role in the nervous system (10, 11). Several previous studies have discussed the association between VK status and cognition.

For instance, a study of 31 patients with Alzheimer’s disease and 31 healthy controls found that patients had lower VK intake (12). A study of 192 geriatric patients had reported that higher dietary VK intake had a better cognitive performance (13). The results of a study of 156 elderly Irish people showed that VK status was associated with cognition (14). But in the study of 599 participants (aged 55–65 years) from the Amsterdam longitudinal aging study, VK status was not associated with cognitive performance decline (15).

At present, the association between dietary VK consumption and cognitive performance in the elderly is not well understood. The dose–response relationship and the relationship between dietary intake of VK from different sources and cognitive function has not been explored.

Therefore, the National Health and Nutrition Examination Survey (NHANES) data was used to explore the relationship between dietary VK intake and cognition of the elderly in the United States. Our research explored the dose–response relationship and sex stratification results using a larger sample size. In addition, we also explored the relationship between dietary VK intake from different sources and cognitive function.



MATERIALS AND METHODS


Study Population

The data of dietary VK intake and cognitive function were obtained from two cycles (2011–2012 and 2013–2014) of the NHANES dataset. NHANES was an important plan belonging to the National Center for Health Statistics (NCHS) in the United States, and the relevant information of the survey can be obtained elsewhere (16). The 2 cycles of NHANES (2011–2012 and 2013–2014) included 19, 931 participants. We excluded participants who were under 60 years old, had incomplete cognitive test data, incomplete or unreliable dietary data. The “Dietary recall status code” in NHANES survey evaluated the quality and integrity of the dietary data. The reliable and unreliable dietary data were distinguished. Unreliable dietary data means that data on total nutrient intakes and the total foods reported in these cases were not available. These individuals had no records in the Individual Foods files (17). Finally, there were 2524 participants in our analysis, and the detailed flow chart was shown in Figure 1.
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FIGURE 1. Flow chart of the screening process for the selection of eligible participants.


Among the 2524 participants, 1712 participants had data on VK intake from vegetables and 1450 participants had data on VK intake from grains.



The Intake of Dietary Vitamin K

Dietary information was obtained through two 24-h dietary recall interview. Daily dietary VK intake was based on the average intake of two dietary retrospective surveys (18). A detailed description of dietary data collection can be found on the website of NHANES (19). Total VK intake data were obtained from “Total Nutrient Intakes Files,” and different sources of VK intake data were obtained from “Individual Foods Files.” Individual Foods files reported by each participant included detailed information about each food/beverage item (including the description, quantity, and nutritional ingredients). Different sources of VK intake can be identified by the Food/Individual component number (20). According to the food code of United States Department of Agriculture (USDA), we determined the intake of vegetable and grain sources VK from the dietary data (21). Referring to published articles (22), dietary VK intake was categorized into quartiles (Q1, Q2, Q3, and Q4 groups).



Cognitive Function

There were three cognitive function tests in NHANES surveys (23). The Consortium to Establish a Registry for Alzheimer’s disease Word Learning subtest (CERAD W-L) included three consecutive learning trials and a delayed recall for new verbal information, which was used to evaluate immediate and delayed learning ability. The highest score on each test was 10. The Animal Fluency Test (AFT) was a component of executive function. To examine categorical verbal fluency, participants were asked to name as many animals as possible in 1 min, and each one scored one point. The Digit Symbol Substitution Test (DSST) assessed working memory, sustained attention, and processing speed. The score ranged from 0 to 133. In all three tests, higher scores indicated better cognitive performance. Although cognitive function tests cannot equate with clinical diagnosis, these tests proved to be good screening tools and used in research related to cognitive function (24–26).

According to the method used in the published literature (3, 5, 7, 22, 27), we further classified the scores according to three age stages. In each test, participants with scores below the minimum quartile for each age group were defined as having low poor cognitive performance. According to the cut-off points (shown in Table 1), participants were divided into low cognition performance and normal cognition performance groups.


TABLE 1. The cognition performance cut-off points of test score (CERAD W-L, AFT, and DSST), adjusted according to age (60–70 years, 70–80 years, and ≥80 years).
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Covariates

We included some covariates, according to the past literature on dietary factors and cognitive function (4, 27, 28). They mainly included socioeconomic status variables (such as age), health behavior variables (such as drinking status), and health factors (such as hypertension). In addition, we also adjusted the total energy intake. Detailed classification information of covariates was shown in Table 2.


TABLE 2. The classifications of covariates.
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Statistical Analysis

According to the analysis guide of NHANES, we calculated new sample weights (29). We used the Kolmogorov–Smirnov normality test to test the normality of continuous variables. To describe normal variables, we used mean ± standard deviation (SD). As for non-normally distributed variables, we used the median (interquartile range) to describe it and used the Mann–Whitney U test to compare it. For normal distribution variables, we used the Student’s t-test to compare the factors between the low and normal cognition groups. The Chi-square test was used to compare the percentage of categorical variables.

The lowest dietary VK intake group (Q1) was taken as the reference group. Logistic regression analyses were used to explore the relationship between VK intake and cognition. We used odds ratio (OR) and 95% confidence interval (95% CI) to report results. Sex stratification analysis was also included in our study. Restricted cubic spline was used to explore the dose–response relationships between dietary VK and cognition. The three nodes were located at the 5th, 50th, and 95th percentile of dietary VK intake, respectively. We performed sensitivity analysis by excluding participants taking VK antagonists (warfarin or clopidogrel). In order to further excluded the influence of total energy intake on the results, we added a sensitivity analysis. The regression residual represented the difference between the actual VK intake for each participant and the predicted intake based on the total energy intake. The VK intake of participants was recalculated, and then regression analysis was carried out. When the p-value < 0.05, the results were considered statistically significant. Stata 15.0 (Stata Corp., College Station, TX, United States) was used to perform the primary statistical analysis.




RESULTS


Participant’s Characteristics

For all cognitive tests, the low cognitive performance group had a lower education level, poverty-income ratio, recreational activity, total energy intake, dietary VK intake, and a higher prevalence of diabetes. For the CERAD W-L and DSST, the low cognition group had lower work physical activity level. For DSST, the low cognitive function group had a high prevalence of hypertension. For the AFT and DSST, the low cognition group had a high prevalence of stroke. The characteristics of dietary VK intake participants classified by cognitive function were shown in Table 3.


TABLE 3. Characteristics of the dietary VK and cognition study population, National Health and Nutrition Examination Survey (NHANES) 2011–2014 (N = 2524).
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Association Between Dietary Vitamin K and Cognition

In the crude model, compared with the lowest dietary VK intake group, the OR (95% CI) of low CERAD W-L score for the quartile two intake group was 0.61 (0.45–0.82), for the quartile three intake group was 0.48 (0.32–0.72), and for the highest intake group was 0.27 (0.17–0.42), respectively. Compared with the lowest dietary VK intake group, the OR (95% CI) of low AFT score for the quartile three intake group was 0.53 (0.33–0.85), and for the highest intake group was 0.34 (0.23–0.52). Compared with the lowest dietary VK intake group, the OR (95% CI) of low DSST score for the quartile three intake group was 0.41 (0.29–0.57), and for the highest intake group was 0.21 (0.14–0.30).

In multi-adjusted model (model 1), compared with the lowest dietary VK intake group, the OR (95% CI) of low CERAD W-L score for the quartile two intake group was 0.67 (0.49–0.91), for the quartile three intake group was 0.63 (0.43–0.91), and for the highest intake group was 0.39 (0.26–0.60), respectively. Compared with the lowest dietary VK intake group, the OR (95% CI) of low AFT score for the highest intake group was 0.59 (0.38–0.92). Compared with the lowest dietary VK intake group, the OR (95% CI) of low DSST score for the quartile two intake group was 0.48 (0.30–0.74), and for the highest intake group was 0.44 (0.29–0.65). The joint test of the effect for the multiple categorical variables was used, and the dietary VK intake was correlated with low CERAD W-L score, with an OR value of 0.995, p = 0.000. For low AFT score, the OR value was 0.996, p = 0.001, and for low DSST score, OR value was 0.997, p = 0.006. The results were shown in Table 4.


TABLE 4. Weighted odds ratios (95% confidence intervals) for scores on CERAD W-L, AFT, DSST across dietary VK intake, NHANES 2011–2014 (N = 2524).
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In sensitivity analysis, after excluding 218 participants who took VK antagonists, the association of dietary VK intake with low cognitive performance was still significant. Detailed information was shown in Supplementary Table 1. After readjusting VK intake according to total energy intake, dietary VK intake was negatively correlated with low CERAD W-L and AFT scores. Detailed information was shown in Supplementary Table 2.

In stratified analysis by sex, dietary VK intake was inversely associated with low cognitive function. In model 1, for females, compared with the lowest dietary VK intake group, the OR (95% CI) of low CERAD W-L score for the quartile two intake group was 0.38 (0.23–0.63), for the quartile three intake group was 0.52 (0.31–0.89), and for the highest intake group was 0.27 (0.15–0.48), respectively. For males, compared with the lowest dietary VK intake group, the OR (95% CI) of low AFT score for the highest intake group was 0.43 (0.19–0.96). For females, compared with the lowest dietary VK intake group, the OR (95% CI) of low DSST score for the quartile two intake group was 0.43 (0.23–0.81), and for the highest intake group was 0.42 (0.23–0.76). The results were shown in Table 5.


TABLE 5. Weighted odds ratios (95% confidence intervals) for scores on CERAD W-L, AFT and DSST across dietary VK intake, stratified by sex, NHANES 2011–2014 (N = 2524).
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Relationships Between Dietary Vitamin K Intake Derived From Different Sources (Vegetables, Grain) and the Risk of Low Cognitive Performance

The association of dietary VK intake derived from vegetables with low cognitive performance risk was shown in Table 6. In a multiple-adjusted model, dietary VK intake was correlated with low CERAD W-L score. Compared with the lowest dietary VK intake derived from vegetables group, the OR (95% CI) of low CERAD W-L score for the highest intake group was 0.60 (0.37–0.99). The joint test of the effect for the multiple categorical variables was used, with an OR value of 0.997, p = 0.032. We did not find the relationship between dietary VK intake from grains and the risk of low cognitive ability, and the results were shown in Table 7.


TABLE 6. Association between VK intake derived from vegetables and cognitive performance.
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TABLE 7. Association between VK intake derived from grain and cognitive performance.
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Dose–Response Relationships

Figure 2 showed the L-shaped dose–response relationship between dietary VK intake and low CERAD W-L scores (pfor non–linearity = 0.121). It reached a plateau, when the dietary VK intake was higher than 215 mcg/day. As for dietary VK intake and low AFT scores, we found a linear dose–response relationship (pfor non–linearity = 0.664). The relationship was significant when the dietary VK intake was above 110 mcg/day (Figure 3). For the low DSST score, we found a linear dose–response relationship (pfor non–linearity = 0.325), and when dietary VK intake was lower than 163 mcg/day or higher than 234 mcg/day, the relationship was no longer significant (Figure 4).


[image: image]

FIGURE 2. Dose–response relationship between dietary VK intake and low CERAD W-L score.
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FIGURE 3. Dose–response relationship between dietary VK intake and low AFT score.
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FIGURE 4. Dose–response relationship between dietary VK intake and low DSST score.





DISCUSSION

There was a negative correlation between the low cognitive risk and dietary VK intake. After adjusting for many confounding factors, the correlation was still significant. For the low CERAD W-L score, we found an L-shaped dose–response relationship. This dose–response relationship means that when the plateau is reached, even if the dietary intake of VK is increased, the protective effects on cognitive function will not be increased. As for low AFT and DSST scores, we found a linear dose–response relationship, which means the prevalence of low cognitive performance decreased with increasing dietary VK intake. According to the 2020–2025 American dietary guidelines (30), the adequate intake of VK was 120 mcg for elderly males and 90 mcg for females. Of the 2524 participants, only 947 (37.52%) met the criteria.

In stratified analysis by sex, it was significant in the AFT for men and was significant in the CERAD W-L and DSST among women. We also found that the dietary VK intake derived from vegetables was negatively correlated with the low CERAD W-L score. We did not find an association between VK intake from grains and the risk of low cognitive ability, possibly due to low VK content in grains or insufficient sample size. In the sensitivity analysis, after excluding the participants who took VK antagonists, the effect of VK antagonist on the results was ruled out, and the results were still significant. According to the total energy intake, we recalculated participants’ VK intake and found that dietary VK intake was still negatively correlated with low CERAD W-L and AFT scores.

Previous studies partially explored the relationship between dietary VK intake and cognition. Some studies analyzed the clinical research evidence between VK and cognition (10). In addition, a survey conducted in France, the subjects were 160 hospitalized or seen in consultation patients (the average age was 82 years old), and the results showed that VK intake was positively correlated with the Memory Complaint Questionnaire scores (31). Another survey of 192 hospitalized or treated patients (the average age was 83 years old) in France also found higher dietary VK intake was related to better Mini-Mental State Examination scores of the elderly (13). A study of 156 elderly people (the average age was 78 years old) in Ireland showed that dietary VK was a predictor of good cognition (14). A Canadian study was conducted in 31 patients with Alzheimer’s disease and 31 healthy controls (average 78 years old) found that the intake of VK in patients with Alzheimer’s disease was lower (12). Although different dimensions of cognitive function had been evaluated, our study was consistent with previous results, and both of them found that there was an association between VK and cognitive function. A study among 599 participants (55–65 years old) showed that the association between VK status and cognition was not significant (15). This was inconsistent with our results, but we used different indicators of VK status, and our study participants were older. Such controversies may be due to the various age distribution, study design, geographical region, and methods of cognitive assessment.

There were several possible mechanisms of the relationship between dietary VK and cognitive ability (10, 32). VK played an important role in neurodegenerative diseases. VK participated in the synthesis of sphingolipids, which were the main components of myelin sheaths and were involved in the proliferation and differentiation of neurons (33). Studies showed that two VK-dependent proteins, named growth arrest-specific 6 (Gas6) and S protein, might affect the cognitive process (9). In addition, VK had anti-inflammatory activity and provided antioxidant stress protection (11).

This research had several advantages. Firstly, the dose–response relationship between dietary VK intake and cognitive performance was explored. Secondly, we used a large sample of representative American elderly data, and NHANES had a high-quality data collection method. Thirdly, we adjusted many confounding factors by referring to previous articles and made sensitivity analysis. Finally, we explored the dietary intake of VK from vegetable and grain sources.

However, this research also had some limitations. Firstly, due to the cross-sectional design, we were unable to determine a causal relationship between dietary VK intake and low cognitive risk. Second, the data obtained through 24-h dietary recall might have recall bias. Thirdly, we were unable to estimate endogenous VK production, considering only dietary VK. Finally, we can’t rule out the possible influence of other unadjusted confounding factors on the observation results.



CONCLUSION

In the study, we explored the relationship between dietary VK intake and cognition. Dietary VK intake and VK intake from vegetables were inversely related to the risk of low cognitive performance of the elderly. We need further prospective studies to explore their relationship.
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Continuous

aSystolic blood pressure (SBP) >130 mmHg, or diastolic blood pressure (DBP)
>80 mmHg, or ever been told by a doctor or other health professional that had
hypertension, or currently taking antihypertensive drugs were hypertensive patients.
PDiabetes was defined as ever been told by a doctor or other health profes-
sional that had diabetes, or taking insulin, or fasting plasma glucose (FPG) level
at least 126 mg/dL, or 2-h plasma glucose level above 200 mg/dL, or a glycated
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CStroke was defined as self-reported physician diagnosis of stroke.

dTotal energy intake of each participant was the average of two 24-h

dietary energy intake.
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*p < 0.05.
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Q2 (16.70-40.85) 1.033 0.63-1.70 0.896
Q3 (40.85-99.45) 1.000 0.56-1.79 0.999
Q4 (>99.45) 0.604 0.37-0.99 0.047
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Model 1 adjusted for race, educational level, marital status, BMI, work physical activity, recreational physical activity, poverty-income ratio, smoking status, alcohol
consumption, energy (continuous), hypertension, diabetes and stroke.

Ref. refers to the reference value (Q1).

*p =<i0.05.
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