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Background: Despite the associations between individual nutrients and sarcopenia, we are aware of no information about the link between patterns of nutrient intake and odds of sarcopenia and its components. The present study aimed to examine the association between nutrient-based dietary patterns and sarcopenia and its components among the Iranian adult population.

Methods: In this population-based, cross-sectional study, we enrolled 300 elderly adults (150 men and 150 women) aged ≥55 years by using a cluster random sampling method. Dietary intakes of the study population were assessed using a validated food frequency questionnaire. Principal component analysis was conducted to derive nutrient patterns based on a daily intake of 33 nutrients. Muscle mass, muscle strength, and gait speed were measured according to standard methods. Sarcopenia and its components were defined based on the European Working Group on Sarcopenia.

Results: Three major nutrient-based dietary patterns were identified: (1) the “pro-vit pattern” that was high in pantothenic (B5), cobalamin (B12), calcium, protein, phosphor, riboflavin (B2), zinc, cholesterol, saturated fat, folate, niacin (B3), selenium, vitamin D, vitamin K, and vitamin A; (2) the “anti-inflammatory” pattern, which was rich in polyunsaturated fat, monounsaturated fat, copper, vitamin E, omega-3, magnesium, iron, pyridoxine (B6), sodium, and caffeine; and (3) the “carbo-vit” patternm which is characterized by high intake of fructose, glucose, dietary fiber, biotin, potassium, thiamin (B1), vitamin C, and chromium. After adjusting for confounders, subjects in the top tertile of the anti-inflammatory pattern had lower odds of sarcopenia (OR 0.25; 95% CI 0.10–0.63) and low muscle strength (OR: 0.46; 95% CI: 0.22–0.96) than those in the bottom tertile. Greater adherence to the carbo-vit pattern was inversely associated with the odds of low gait speed (OR: 0.46; 95% CI: 0.235–0.93).

Conclusion: Major nutrient-based dietary patterns were significantly associated with sarcopenia and its components. Further studies are required to confirm our findings.
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INTRODUCTION

Sarcopenia is a progressive muscle disease that is described as a combination of low muscle quality and physical performance. It is associated with chronic diseases, disability, falls, poor quality of life, and mortality (1, 2). Also, sarcopenia increases the costs of health care systems significantly (1). The prevalence of this disease varies according to the definition. It is prevalent in 16.5–32.5% of the Iranian population (3).

A low-quality diet is one of the major contributing factors to sarcopenia and muscle weakness (4). High intake of proteins, vitamin D, vitamin E, potassium, magnesium, phosphorus, iron, vitamin K, and omega-3 has been shown to preserve muscle mass (4–6). It must be kept in mind that people are not consuming single nutrients (7). Moreover, effects from single nutrients may be too small to be detectable, and assessing the pattern of nutrient intake that considers whole nutrient intake may show a significant association with the risk of chronic diseases (8, 9). Assessment of nutrient intake patterns may provide a better and more general insight into the diet–disease relationship (8). Despite earlier investigations on the relationship between some dietary patterns, including Mediterranean or healthy dietary patterns, and sarcopenia (7, 10), we are aware of no study linking the pattern of nutrient intake and sarcopenia. However, nutrient patterns have been assessed in relation to several other chronic conditions, including psychological disorders (11), obesity (12), metabolic syndrome (13), and some cancers (14).

Finding a nutritional approach to decline muscle wasting and maintain its performance in elderly people is of high priority. Given the growing number of elderly people in developing countries along with the nutritional transition from healthy foods to unhealthy diets and limited evidence about diet–sarcopenia associations, this cross-sectional study was done to identify major nutrient-based dietary patterns in relation to sarcopenia and its components in a group of Iranian people.



PARTICIPANTS AND METHODS


Participants

We conducted this population-based cross-sectional study from May to October 2011 in Tehran, Iran. A detailed report on the sampling method and data-collection procedure has been published previously (15, 16). We used the formula suggested for cross-sectional studies. According to the study of Thomas the standard deviation of appendicular skeletal muscle mass (ASM) in women was 1.9 and in men was 3.4 kg (17). Therefore, the sample size was calculated to be 29 in women and 30 in men in each age group. Finally, 30 men and 30 women in each age category (55–59 y, 60–64 y, 65–69 y, 70–74 y, and over 75 y) were examined. Finally, a total sample of 300 people (150 women, 150 men) enrolled in the study (study power: 80%, design effect: 1.2, α = 5%). We used the cluster random sampling method to recruit individuals in district six of Tehran. The head of each cluster was selected based on a 10-digit postal code. We recruited participants aged ≥ 55 years with the ability to move without crutches, a walker, or assistive devices and those without any active cancers (based on self-reported data). Moreover, we did not include people with artificial limbs or limb prostheses and those with a history of debilitating disease (e.g., congestive heart failure) in our study. The study protocol was approved by the Tehran University of Medical Sciences Ethics' Committee. First, the study goals were clarified to all participants, and then they were requested to complete a written informed consent before data collection.



Dietary Intake Assessment

A block-format 117-item food frequency questionnaire (FFQ) was used to assess the usual dietary intakes of study participants; the validity and reliability of this questionnaire is reported in previous studies (15, 18). This FFQ included a list of foods with a specific portion size. Participants were able to report their consumption frequency based on a daily, weekly, or monthly basis for each food item. The questionnaire was filled in by a trained nutritionist through a face-to-face interview. Then, we converted the frequency of each food item to grams per day by considering the household measures of portion sizes. Finally, nutritionist IV software with a modified food composition database of the U.S. Department of Agriculture was used to calculate daily energy and nutrient intake of each participant. It should be noted that we did not use the food composition data set of Iran because it is from 40 years ago with an incomplete list of foods and nutrients. Therefore, the USDA food composition table was used; however, for Iranian local foods, we modified the database with the Iranian food composition data.



Assessment of Sarcopenia

Sarcopenia was defined by considering the combination of both low muscle mass and low muscle function (either strength or performance) according to the European Working Group on Sarcopenia (EWGSOP) definition (19). Muscle mass was measured as the ratio of an individual's total lean mass of legs and arms (also named ASM) to their squared height (ASM/height2) (20). We used a DXA scanner (Discovery W S/N 84430) to calculate ASM. Then, low muscle mass was defined as the amount of muscle mass <5.45 (kg/m2) for women and 7.26 (kg/m2) for men according to EWGSOP (19).

A handgrip test was used to assess muscle strength. The handgrip test was calculated by a pneumatic tool that is a squeeze bulb dynamometer (c7489-02 Rolyan) calibrated in pounds per square inch (psi). We measured the handgrip strength (maximum voluntary contractions) three times for each right and left hand with a 30-s rest in between measurements. The average measurements of both the participant's hands were considered as their muscle strength. Then, handgrip strength <30 kg for men and <20 kg for women was considered to be low muscle strength (21). A four-meter walk gait speed test was applied to calculate muscle performance (19). If participants had gait speeds <0.8 m/s, they were categorized as low muscle performance (19).



Assessment of Other Variables

A pretested questionnaire was used to collect general characteristics of participants, including age, sex, socioeconomic status, medical history, medication use, smoking habits, and alcohol consumption. A trained interviewer examined the physical activity level by using the short form of the International Physical Activity Questionnaire (IPAQ), which has been validated previously (18). Then, measures of physical activity for each participant were expressed as metabolic equivalent-hour per week (MET-h/week) according to IPAQ's guideline (22). A digital scale was used to measure weight while participants were minimally clothed. Height was measured by a wall tape meter in a standing position without shoes. Waist circumference was measured in the middle of the lower rib margin and iliac crest. Weight (kg) divided by height squared (m2) was used to calculate body mass index (BMI).



Statistical Analysis

Principal component analysis was conducted to determine major nutrient-based dietary patterns based on 33 components. The following nutrients were included in the factor analysis: protein, total dietary fiber, glucose, fructose, total saturated fatty acids (SFAs), total monounsaturated fatty acids (MUFAs), total polyunsaturated fatty acids (PUFAs), cholesterol, vitamin B12, vitamin A, vitamin D, vitamin E, vitamin K, thiamin, riboflavin, niacin, pantothenic acid, pyridoxine, biotin, folate, vitamin C, caffeine, sodium, potassium, phosphorus, magnesium, iron, selenium, calcium, chromium, copper, zinc, and omega-3. The Kaiser Meyer Olkin (KMO) test was used to determine whether the different nutrients were appropriate for principal components or not (KMO test = 0.88). Based on the scree plot, we retained factors with an eigenvalue higher than two as a major nutrient pattern. Varimax rotation was used to obtain independent, nutrient-based dietary patterns. Then, each participant received a factor score for each recognized pattern. To label each major nutrient-based dietary pattern, we considered the factor loading of 0.5 or above; however, we presented all nutrients with a factor loading of 0.2 or above in each nutrient pattern. Finally, we categorized participants into tertiles based on nutrient pattern scores instead of quartiles or quintiles due to avoiding a low number of people in each category. General characteristics of study participants across tertiles of nutrient-based dietary pattern scores were compared using one-way ANOVA and chi-square, where appropriate. The general linear model was used to compare age-, sex-, and energy-adjusted dietary intakes of participants across tertile categories of nutrient-based dietary pattern scores. Prevalence of sarcopenia (yes/no), low muscle mass (yes/no), low muscle strength (yes/no), and low gait speed (yes/no) across tertile categories of nutrient-based dietary patterns were assessed by chi-square. The general linear model was applied to compare means of muscle mass [ASM/h2] (kg), muscle strength (psi), and gait speed (m/s) across tertile categories of nutrient-based dietary pattern scores in crude and age-, sex-, and energy-adjusted models. Logistic regression assumptions, including assumptions of normality, homogeneity of variance, homogeneity of variance-covariance matrices, the absence of multicollinearity, and the absence of auto-correlation were met. Then, we conducted multivariable logistic regression to find the association between nutrient-based dietary patterns and sarcopenia (yes/no), low muscle mass (yes/no), low muscle strength (yes/no), and low gait speed (yes/no). In these analyses, we controlled for several confounders. Age (continuous), sex (male/female), and energy intake (kcal/d) were adjusted for in the first model. Then, further adjustments were done for physical activity (MET-h/wk), smoking (yes/no), alcohol consumption (yes/no), medication use (statin, corticosteroid, estrogen, testosterone), and positive history of chronic diseases (yes/no). In all these analyses, the lowest tertile was considered as the reference category, and the odds ratio for sarcopenia in other categories was calculated. We considered the tertile categories as an ordinal variable to calculate the linear trend of odds ratios across tertiles of the nutrient-based dietary pattern scores. All analyses were done using SPSS (version 26). P-values were considered significant at <0.05.




RESULTS

We identified three major nutrient-based dietary patterns using principal component analysis (Table 1). The KMO test was 0.88, showing the adequacy of the sample size. The pro-vit nutrient pattern was high in pantothenic (B5), cobalamin (B12), calcium, protein, phosphorous, riboflavin (B2), zinc, cholesterol, saturated fat, folate, niacin (B3), selenium, vitamin D, vitamin K, and vitamin A. The anti-inflammatory nutrient pattern was characterized by high intakes of polyunsaturated fat, monounsaturated fat, copper, vitamin E, omega-3, magnesium, iron, pyridoxine (B6), sodium, and caffeine. The carbo-vit nutrient pattern was characterized by high consumption of fructose, glucose, dietary fiber, biotin, potassium, thiamin (B1), vitamin C, and chromium. Overall, these nutrient-based dietary patterns explained 68% of the variance.


Table 1. Component of the nutrient-based dietary patterns.
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General characteristics of study participants across tertiles of nutrient-based dietary pattern scores are indicated in Table 2. Subjects with the greatest adherence to the pro-vit nutrient pattern were more likely to be physically active than those with the lowest adherence. Individuals in the highest tertile of the anti-inflammatory nutrient pattern were more likely to be physically active than smokers and those who use alcohol. Greater adherence to the carbo-vit nutrient pattern was associated with higher levels of physical activity. There were no other significant differences across tertiles of nutrient-based dietary pattern scores.


Table 2. General characteristics of the study participants across categories of nutrient-based dietary pattern scores.
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Table 3 shows age-, gender-, and energy-adjusted dietary intakes of study participants across categories of nutrient-based dietary pattern scores. Subjects in the top tertile of the pro-vit pattern had a higher intake of vegetables, dairy products, whole grains, red and white meats, energy, protein, calcium, and folate and a lower intake of carbohydrate and vitamin E than those in the bottom tertile. Greater adherence to the anti-inflammatory nutrient pattern was associated with a higher intake of legumes and nuts, vegetable oils, red meats, energy, fat, vitamin E, and folate and a lower intake of carbohydrates, dairy products, and calcium. Individuals in the highest tertile of the carbo-vit pattern had higher intakes of fruits, vegetables, energy, carbohydrates, dietary fiber, vitamin B6, and folate and a lower intake of sweets and desserts, red meats, fat, and vitamin E than those in the lowest tertile.


Table 3. Dietary intakes of study participants across categories of nutrient-based dietary pattern scores*.
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The prevalence of sarcopenia and its components across tertile categories of nutrient-based dietary pattern scores are depicted in Table 4. There were no significant differences in the prevalence of sarcopenia and its components across tertiles of the pro-vit and carbo-vit patterns; however, subjects with the greatest adherence to the anti-inflammatory nutrient pattern were less likely to have sarcopenia (P = 0.02) and low handgrip strength (P = 0.05) than those with the lowest adherence.


Table 4. Prevalence of sarcopenia and its components across tertile categories of nutrient-based dietary pattern patterns.
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Multivariable-adjusted logistic regression analysis indicating the link between nutrient-based dietary patterns and odds of sarcopenia and its components is provided in Table 5. We did not find any association between adherence to the pro-vit nutrient pattern and odds of sarcopenia either before (OR: 0.79; 95% CI: 0.36–1.71) or after controlling for potential confounders (OR: 0.74; 95% CI: 0.31–1.76). Also, no significant associations were seen between this nutrient pattern and components of sarcopenia. Subjects in the top tertile of the anti-inflammatory nutrient pattern were 67% less likely to have sarcopenia (OR: 0.33; 95% CI: 0.15–0.74) than those in the bottom tertile. The association strengthened in the fully adjusted model (OR 0.25; 95% CI 0.10–0.63). Also, participants in the top tertile of this pattern were less likely to have low handgrip strength in the crude (OR: 0.50; 95% CI: 0.27–0.92) and fully adjusted models (OR: 0.46; 95% CI: 0.22–0.96). Adherence to the carbo-vit nutrient pattern was significantly associated with 47% decreased odds of low gait speed in the crude model (OR: 0.53; 95% CI: 0.30–0.94). This protective association remained significant even after controlling for all potential confounders (OR: 0.46; 95% CI: 0.235–0.93).


Table 5. Multivariable-adjusted odds ratios (95% CIs) for sarcopenia and its components across tertile categories of nutrient-based dietary patterns.
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DISCUSSION

In this cross-sectional study, we found a significant inverse association between adherence to anti-inflammatory nutrient-based dietary patterns and odds of sarcopenia and low muscle strength. Also, the carbo-vit pattern was significantly associated with decreased odds of low gait speed. To the best of our knowledge, this is the first study investigating the association between nutrient patterns and sarcopenia.

Nutrient pattern analysis is a new approach in nutritional epidemiology that is designed to consider all nutrient interactions in a single exposure (23). Although several studies assess the association between major dietary patterns and risk of sarcopenia (24), there is no information available on the link between patterns of nutrient intake and sarcopenia. Sarcopenia and its components are closely related to nutritional status (25). It is important to note that sarcopenia is associated with adverse health-related outcomes, including fall, fracture, and mortality (1, 2). Moreover, low handgrip strength is related to insulin resistance, hypertension, and mortality (26–28). We identified an inverse association between adherence to an anti-inflammatory nutrient pattern that was high in healthy oils, antioxidants, and anti-inflammatory nutrients and odds of sarcopenia and low handgrip strength. A cross-sectional study in Belgium revealed that sarcopenic subjects had a lower intake of lipid, iron, magnesium, and potassium (4). In the Maastricht Sarcopenia Study on adults aged 65 years or older, subjects with sarcopenia had 10–18% lower intake of n-3 fatty acids, vitamin B6, vitamin E, and magnesium compared with non-sarcopenic subjects (29). A cross-sectional study from UK Biobank cohort data, which was conducted on 68,002 adults age ≥60, indicated a significant positive link between dietary intake of oily fish and magnesium in either gender as well as dietary intake of iron and vitamin E in women and handgrip strength (30). In contrast to our findings, in Tasmanian older adults, dietary intakes of protein, iron, magnesium, and zinc were associated with muscle mass but not muscle strength (31). Overall, it seems that intake of anti-inflammatory nutrients may have a muscle protective role.

We found no association between the pro-Vit nutrient pattern and sarcopenia and its components. Although protein intake has been loaded in this pattern, we failed to find any significant association with sarcopenia. However, based on this finding, it is not true to claim that protein intake is not associated with sarcopenia because protein is only one component of this nutrient-based dietary pattern, and the combined effects of other nutrients loaded in this dietary pattern should be considered. For instance, lack of a significant association might be attributed to the loading of SFAs and cholesterol in this pattern. A longitudinal study in UK elderly people found that the “traditional British dietary pattern” characterized by a high intake of butter, red meat, gravy, and potato was associated with an increased risk of sarcopenia even when overall protein intake was good (32). However, a cross-sectional study in Belgium found that people with sarcopenia had significantly lower intakes of protein (4). As a conclusion, the meaning of a high-protein, nutrient-based dietary pattern can be different from the studies in which protein intake, as a sole nutrient, has been examined in relation to sarcopenia or its components.

In this study, adherence to the carbo-vit nutrient pattern that was characterized by high intakes of healthy carbohydrate, biotin, potassium, thiamin (B1), vitamin C, and chromium was associated with lower low gait speed. Low walking speed was related to cognitive impairment, dementia, cardiovascular diseases, mortality, disability, and hospitalization in earlier studies (33–36). In a cross-sectional analysis of community-dwelling Australian older adults aged ≥50 years with type 2 diabetes, greater adherence to the Mediterranean diet was significantly associated with better gait speed (37). In a cross-sectional study on 380 Spanish older adults aged 55–80, the investigators reported a positive association between the Mediterranean dietary pattern and walking speed and a negative link between the Western dietary pattern and walking speed (38). Therefore, dietary intake of some nutrients may have a beneficial role in muscle performance and gait speed.

Several mechanisms have been proposed for the role of nutrients in sarcopenia and its components. Oxidative stress has an important effect on the pathogenesis of sarcopenia (39). It causes atrophy, loss of myocytes, and muscle fibers by accumulation of mitochondrial and nuclear DNA damage (40, 41). Moreover, oxidative stress through increasing expression of inflammatory cytokines, such as interleukin- (IL-) 1, tumor necrosis factor (TNF), and IL-6 might damage muscle tissue (42, 43). Based on this background, antioxidant and anti-inflammatory nutrients, including vitamin E and C, MUFA, PUFA, omega-3, fiber, magnesium, caffeine, chromium, and copper, can play an important role against sarcopenia. Thiamine, pyridoxine, biotin, and iron are part of the coenzyme involved in energy production (44). Carbohydrates are the first source of energy for the muscles (44). Dietary intake of healthy carbohydrates high in fiber may have a beneficial effect on muscles. However, due to low data on nutrient intake and sarcopenia, additional investigation is needed in this area.

This study has several strengths. To our knowledge, this is the first study examining the association between nutrient-based dietary patterns and odds of sarcopenia and its components. Various confounding factors were adjusted for in the present analysis. Additionally, for the assessment of dietary intakes, a validated FFQ was used. Finally, valid definitions and valid tools were used for the diagnosis of sarcopenia. Along with strengths, some limitations should also be kept in mind. The cross-sectional design is the main limitation of our study, which prohibits us from conferring a causal relationship. The misclassification of study subjects and measurement error due to the use of FFQ is another limitation. It should also be kept in mind that muscle loss is different in men and women. One might be interested in a gender-stratified analysis to accurately examine the association of nutrient-based dietary patterns and low muscle mass. However, due to the small sample size and given that separating genders in the analysis resulted in a small number of people in each category, we did not perform such analysis. Last, because of financial limitations and inadequate access to the DEXA device in Tehran, the study was conducted on a small sample (maximum 300 cases). Thus, the generalization of these results to the whole Iranian population should be done with caution.

In conclusion, we observed that adherence to the anti-inflammatory nutrient pattern that is characterized by high consumption of polyunsaturated fat, monounsaturated fat, copper, vitamin E, omega-3, magnesium, iron, pyridoxine (B6), sodium, and caffeine might decrease the odds of sarcopenia and low muscle strength. Furthermore, the carbo-vit nutrient pattern with high amounts of fructose, glucose, dietary fiber, biotin, potassium, thiamin (B1), vitamin C, and chromium was associated with lower odds of low gait speed. Prospective studies are required to confirm these findings.
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