
The association of dietary protein and vitamin D with body composition and 

exercise outcomes in cognitively normal older adults  
 

By 

©2021 

 

Sibelle Alwatchi Alhayek 

M.S., Notre Dame University- Lebanon, 2017 

B.Sc., Notre Dame University- Lebanon, 2014 

  

Submitted to the graduate degree program in Medical Nutrition Science and the Graduate 

Faculty of the University of Kansas in partial fulfillment of the requirements for the degree of 

Doctor of Philosophy. 

 

 

________________________________  

Chairperson: Debra K. Sullivan, PhD, RD 

 

 

         

________________________________  

Susan E. Carlson, PhD 

 

 

________________________________  

Eric Vidoni, PhD 

 

 

________________________________  

Matthew Taylor, PhD, RD 

 

 

 

 

Holly Hull, PhD 

                                             

 

________________________________  

Prabhakar Chalise, PhD 

 

Date Defended: April 8, 2021 

                           

 

 



 
 

ii 
 

The dissertation committee for Sibelle Alwatchi Alhayek certifies that this is the approved 

version of the following dissertation: 

 

 

 

The association of dietary protein and vitamin D with body composition and 

exercise outcomes in cognitively normal older adults  
 

 

 

 

 

 

 

 

 

________________________________  

Chairperson: Dr. Debra K. Sullivan 

 

              

         

________________________________  

Graduate Director: Dr. Susan Carlson 

 

 

 

 

 

 

 

 

Date Approved: May 12, 2021 



 
 

iii 
 

 

 

 

 

Abstract 
 

 

Background: Aging is associated with many degenerative diseases such as osteoporosis and 

sarcopenia due to bone and muscle loss. Sarcopenia is a prevalent geriatric syndrome, 

characterized by decreased skeletal muscle mass, strength and physical performance, increasing 

the risk of falls and fractures. Dietary factors such as protein and vitamin D appear to play a 

protective role, but the data are not clear. The purpose of the study was to examine the 

association of dietary protein and vitamin D with body composition in older adults as well as to 

identify if the outcomes of an exercise intervention (i.e. VO2 max, muscle mass quantity, 

performance and function) are influenced by these nutrients. Furthermore, we assessed the 

validity of different dietary intake methods (24-hour recall, 7-day food record, and the National 

Cancer Institute’s Dietary History Questionnaire (DHQ)-II) in older adults to ensure that the 

tools are measuring what people are really eating.  

Methods: Two studies were conducted to answer our research questions. First, we performed a 

tertiary analysis of data collected as part of randomized-controlled 52-week exercise trial in older 

adults. Dietary protein and vitamin D intakes were collected from 121 healthy older adults aged 

65 years and above using a food frequency questionnaire (DHQII). Serum vitamin D was 

assessed by the enzyme-linked immunosorbent assay (ELISA), Immunodiagnostic Systems Ltd. 

Serum vitamin D, body composition and maximal oxygen consumption (VO2 max) were 



 
 

iv 
 

measured at baseline and at 52 weeks.  VO2 max was measured during a graded treadmill 

exercise test. Muscle quantity was assessed by measuring appendicular lean muscle mass (ASM) 

from dual-energy X-ray absorptiometry (DXA). Muscle strength was assessed by a grip 

dynamometer, and performance was assessed by the senior fitness test (SFT). Second, to assess 

the validity of different dietary intake methods, we used data from an observational trial that 

examined the association between dairy intake and brain glutathione concentrations. Dietary 

intake was collected from 60 cognitively normal, healthy older adults aged between 60-85 years 

using three 24-hour recalls (3-24HR), a 7-day food record (7D), and a food frequency 

questionnaires (DHQII). Statistical analyses were performed using SPSS (v25, IBM) with 

significance of p≤0.05. 

Results: From the first study, mean daily protein intake was 0.87±0.36g/kg/d, 35.3% of the 

sample had a protein intake less than the Estimated Average Requirement (EAR) for protein 

(<0.66g/kg/d) and 52.6% had a protein intake less than the Recommended Dietary Allowance 

(RDA) of 0.8g/kg/d. Mean vitamin D intake was 465.66±264.83 IU/d, 73.5% had a daily vitamin 

D intake below the RDA (<600 IU), and 41.0% had an intake below the EAR (<400 IU). Mean 

baseline 25(OH)D level was 32.37±16.70 ng/mL (80.9±41.0 nmol/L). Baseline protein and 

vitamin D intake and serum 25(OH)D concentrations were not associated with body composition 

or any of the fitness measures. Baseline protein intake was positively associated with the change 

in VO2 max after 52 weeks. Baseline vitamin D intake was positively associated with the change 

in VO2 max, and negatively associated with the change in grip strength and change in 

performance after 52 weeks. Higher vitamin D intake was associated with higher ASM in the 

treatment group and lower ASM in the control group after 52 weeks. The change in serum 

25(OH)D concentration was negatively associated with the change in grip strength after 52 
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weeks. From the second study, there was a significant correlation among the three dietary intake 

methods for energy and macronutrients, except for fat grams between DHQII and 3-24HR 

(r2=0.24; p=0.06). All micronutrient intakes were correlated between 3-24HR and 7D (r2 

range:0.30-0.85), 20 micronutrients were correlated between DHQII and 7D (r2 range:0.11-0.85), 

and 17 micronutrients were correlated between DHQII and 3-24HR (r2 range:0.01-0.75). 

Conclusion: Our sample of older adults had a low dietary protein and vitamin D intake, which 

was related to their body composition and cardiac output and may potentially increase their risk 

of functional decline. All three methods for dietary intake assessment are adequate for use in 

cognitively normal older adults. Twenty-four-hour recalls may provide sufficient dietary intake 

information with less participant burden. 
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The increase in the elderly population in the United States has raised concern for the 

prevention of many geriatric diseases (1). Aging is associated with many degenerative diseases 

such as osteoporosis and sarcopenia due to bone and muscle loss. Sarcopenia is a prevalent 

geriatric syndrome, characterized by decreased skeletal muscle mass, muscle strength and 

physical performance, which increase the risk of falls and fractures (2-4). Sarcopenia is 

associated with increased physical disability, increased mortality and 34% increased 

hospitalization for older adults aging 65 years and over (5). After 40 years of age, skeletal 

muscle mass typically declines by ~0.5-1% per year. Studies report that nutrition and exercise 

can help slow the progress of muscle loss and resulting sarcopenia (6). Thus, it is very important 

to maintain a high level of muscle mass and strength during adolescence and adulthood in order 

to minimize the risk of functional decline and sarcopenia in older age.  

Adequate protein intake provides the essential amino acids that are important for muscle 

homeostasis. Unlike fats and carbohydrates, proteins cannot be stored in the body. Thus, dietary 

amino acids are essential for the adequate function of skeletal muscles and for the prevention of 

morbidity and mortality as we age. (7, 8). Studies examining the association of protein intake 

with body composition and physical performance in aging have shown conflicting results (9). In 

addition, vitamin D status has been associated with skeletal and non-skeletal disorders (10). 

Vitamin D plays an important role in calcium homeostasis and maintaining bone health (11). 

Low serum vitamin D levels in older adults have been associated with increased risk of falls and 

fractures (10, 12) and decreased physical performance (13), yet, both observational and 

interventional studies show conflicting results regarding the association between vitamin D and 

body composition and physical performance in aging (13, 14).  
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Moreover, several studies have evaluated the association between diet and health; 

however, their major limitation was the dietary assessment method used (15). Several methods 

are available to estimate dietary intake: each having strengths and weaknesses. 

With aging, individuals start to lose bone and muscle mass, increasing the risk of many 

degenerative diseases. Sarcopenia, which is characterized by decreased skeletal muscle mass, 

muscle strength and physical performance, is one of those diseases. It is associated with 

increased risk of falls and fractures (2-4), which increase the risk of morbidity and mortality in 

older adults (5). Therefore, it is important to prevent muscle wasting and maintain skeletal 

muscle mass and strength to decrease the risk of geriatric disorders. Dietary factors such as 

protein and vitamin D appear to play a protective role, but the data are not clear. 

The purpose of the study was to examine the association of dietary protein and vitamin D 

with body composition in older adults as well as to identify if the outcomes of an exercise 

intervention (i.e. VO2 max, muscle mass quantity, performance and function) are influenced by 

these nutrients. In addition, we assessed the validity of different dietary intake methods (24-hour 

recall, 7-day food record, and the National Cancer Institute’s Dietary History Questionnaire 

(DHQ)-II) in older adults to ensure that they are measuring what people are really eating. The 

intent behind this study was to identify the factors that are associated with body composition and 

cardiac fitness, aiming to decrease the risk of morbidity and mortality in older adults. 
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Chapter 2: Review of Literature 
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Muscle mass and strength are transformed over the years. They increase and grow until 

adulthood, reaching their peak around the age of 40 years, more in men than in women (16). 

Starting at approximately 50 years of age, individuals start to lose around 1-2% of their muscle 

mass per year and their muscle strength by 1.5-5% per year (17). Sarcopenia is a prevalent 

geriatric syndrome, characterized by decreased skeletal muscle mass, muscle strength and 

physical performance, which increase the risk of falls and fractures (2-4). Sarcopenia is 

associated with increased physical disability, increased mortality and increased hospitalization 

costs in adults aged 65 years and over (5). Sarcopenia is now defined as a muscle disease and 

was given a unique ICD-10-MC Diagnosis Code in October 2016 (18, 19). The 2019 edition of 

ICD-10-CM M62-84 became effective in October 2018 (20). Sarcopenia is defined by low 

muscle strength and low muscle quantity or quality. The diagnosis is considered severe if poor 

physical performance also exists (21). The European Working Group on Sarcopenia in Older 

People (EWGSOP2) cutoff points for the measurement of sarcopenia are listed in Table 1. 

2.1  Measuring sarcopenia parameters: 

 

Muscle strength 

Grip strength: 

Hand grip strength is a very simple, inexpensive, non-invasive, and reliable method used 

to measure muscle strength. It is widely used in hospitals, clinics, and community healthcare (22-

24). Low grip strength is associated with increased functional limitations and overall reduced 

quality of life in older adults (25), increased risk of falls and fractures (26), coronary heart 

disease (27), stroke (28), increased hospital stays (23) and all-cause mortality (27). 
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A calibrated handheld dynamometer is used to accurately measure grip strength (29). 

Many brands of dynamometers exist, but the Jamar dynamometer has been validated and 

generally used in older adults (30). Lower limb strength can be measured using isometric torque 

methods in patients with hand disability (31). 

Chair stand test: 

The chair stand test is a quick, easy, inexpensive, reliable and valid indicator of lower 

body strength (leg muscles) (32). It measures the length of time a person needs to sit and stand 

five times without using their arms. Specifically, the timed chair stand test measures the number 

of times a person can sit and stand in 30 seconds (24, 32).  

Muscle quantity 

Muscle quantity can be estimated by total body skeletal muscle mass (SMM), by 

appendicular skeletal muscle mass (ASM), or by a specific muscle in the body (21). The 

following are different techniques used to measure muscle quantity: 

Magnetic resonance imaging (MRI) and Computed tomography (CT): 

The gold standard techniques used to measure muscle mass are magnetic resonance 

imaging (MRI) and computed tomography (CT) (24). Although they are non-invasive, these 

tools are not commonly used in primary care because they require trained personnel and are 

expensive and non-portable (24). In addition, these techniques lack consistent cut-off points for 

low muscle mass (21). 
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Dual-energy X-ray absorptiometry (DXA): 

Dual-energy X-ray absorptiometry (DXA) is another method preferred by some clinicians 

and researchers to measure muscle quantity (33). DXA is non-invasive and generates 

reproducible estimates of ASM in a few minutes if the same instrument and cut-off points are 

used. 

Muscle mass is normally associated to body size. Therefore, to accurately measure 

muscle mass, SMM and ASM can be adjusted for body size either by height squared 

(ASM/height2), weight (ASM/weight) or body mass index (ASM/BMI) (34). However, the ideal 

adjustment, as well as whether the same method can be generalized to the whole population, are 

still unclear (24). Unfortunately, DXA is expensive, non-portable, and can also be affected by the 

individual’s hydration status (24). 

Bioelectrical impedance analysis (BIA): 

Bioelectrical impedance analysis (BIA) is a technique that does not directly measure 

muscle mass. However, it estimates muscle mass based on the body’s electrical conductivity by 

using a prediction equation that is adjusted to a DXA-measured lean mass in a specific 

population (35, 36). Advantages of BIA include its affordability, portability, and non-

invasiveness. However, BIA is influenced by the patient’s hydration status. Also, the BIA 

prediction equation is based on older European populations, so it is important to validate 

prediction equations for specific populations before using this method (37, 38). Moreover, while 

using BIA, age, ethnicity and other divergences between populations should be measured.  
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Air displacement plethysmography: 

Air displacement plethysmography, also known as BOD POD, is an automated, non-

invasive, and safe technique used to measure the body composition in children, adults, and older 

adults. This method indirectly measures the volume of a person by measuring the air he/she 

displaces in an enclosed chamber (39). Once the body density is determined, the BOD POD 

predicts the thoracic gas volume (TGV) and then uses densitometric equations to calculate 

percent fat and fat-free mass. A major limitation of this method is that it uses the densitometric 

2C model to convert the body density to percent body fat. This model uses specific densities for 

fat mass and fat-free mass, without taking into consideration that the densities for these 

components differ between elderly, children, and black people (40). 

Physical performance 

Physical performance objectively measures the body’s function, involving muscles and 

balance (41). Below are the different methods used to measure physical performance: 

Gait speed: 

Gait speed is a quick, practical, safe and highly reliable measurement of functional 

capacity and sarcopenia (24). It predicts the adverse outcomes associated with sarcopenia such as 

physical disability, falls, fractures, and even mortality (42, 43). The 4-meter walking speed test is 

the most common test used, where the gait timing is measured (44). According to the 

EWGSOP2, a speed ≤0.8 m/s means severe sarcopenia (2).  

The Short Physical Performance battery (SPPB): 

The Short Physical Performance battery (SPPB) is a composite of tests that includes gait 

speed (described above), a chair stand test (described above) and a balance test. The balance test 
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requires that the individual maintain three different standing positions for 10 seconds each; feet 

together side-by-side, feet semi-tandem and feet tandem. They are not allowed to use their hands 

or assistance devices.  (45). The resulting score can range from 0-12 points, and if ≤ 8 points, this 

indicates poor physical performance (2, 41). 

The Timed-Up and Go test (TUG): 

The Timed-Up and Go test (TUG) also assesses physical function. This test asks the 

individual to stand up after being seated on a chair, walk a distance of 3m, turn back, go back to 

the chair and sit down. A score ≥20 seconds indicates poor performance (46). 

400-meter walk test: 

The 400-m walk test evaluates the walking capability and strength by asking the 

individual to complete 20 rounds of 20 m as fast as possible without having more than 2 rest 

stops (21).  

According to EWGSOP2, the best test to assess physical performance among those 

previously mentioned tests is the gait speed. Other methods have some drawbacks. SPPB takes at 

least 10 minutes, and the 400-m walk test requires a large space at least 20 m long (47). 

2.2 Sarcopenia cut-off points 

 

Table 1 represents the cut-off points for sarcopenic characteristics based on the European 

Working Group on Sarcopenia in Older People (EWGSOP2) (21). 

 

Table 1: EWGSOP2 cut-off points for sarcopenic characteristics (21).  

 Male 

Cut-off Points 

Female 

Cut-off Points 

Low muscle strength 

Grip strength <27 kg <16 kg 

Chair stand  >15 sec for 5 rises 
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Low muscle quantity 

ASM <20 kg <15 kg 

ASM/height2 <7.0 kg/m2 <6.0 kg/m2 

Low performance 

Gait speed ≤0.8 m/s 

SPPB ≤8-point score 

TUG ≥20 s 

400 m walk test Non-completion or ≥6 min for completion 

 

2.3 Nutrition and Sarcopenia 

 

Aging is associated with many degenerative conditions such as osteoporosis and sarcopenia 

due to bone and muscle loss. Thus, it is very important to maintain a high level of muscle mass 

and strength during adolescence and adulthood to minimize the risk of sarcopenia in older age. 

Further, nutrition and exercise can help slow the progress of functional decline sarcopenia (6).  

2.3.1 Protein overview 

 

i. Protein intake and dietary recommendations in older adults 

 

Many studies focus on the importance of several nutrients in disease prevention and 

treatment, especially in older adults. The protein requirements for older adults is a controversial 

topic (48). The Recommended Dietary Allowance (RDA) for protein is 0.8g/kg/d for healthy 

adults and older adults (48). The RDA is set to meet the needs of 97-98% of the population. The 

Estimated Average Requirement (EAR) is calculated as the average minimal protein intake 

amount that balances nitrogen excretion. The EAR for protein in adults is 0.66g/kg/d. The EAR 

and RDA are calculated based on the results of nitrogen-balance studies. A few nitrogen balance 

experiments in older adults have been conducted in past years; however, the results are 
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inconclusive. Some indicate that the RDA for protein for older adults is adequate (49, 50), while 

others encourage the intake of higher amounts of protein (51, 52). According to 

the recommendations of the European Society for Clinical Nutrition and Metabolism (ESPEN), 

healthy older adults should consume at least 1.0-1.2 g protein/kg/day, malnourished older people 

or those with acute or chronic illness should consume 1.2-1.5 g protein/kg/day, reaching higher 

amounts in individuals with severe illness (53). It is important to prevent nitrogen loss in older 

adults by providing the adequate amount of protein; however, results from studies regarding the 

association between protein intake and muscle mass, muscle function and physical performance 

in older adults have been conflicting (9, 54, 55). 

ii. Low protein intake in older adults 

 

Even using the lower recommendations, most older adults are not consuming enough protein 

to meet their needs. The 2005-2014 data from the National Health and Nutrition Examination 

Survey (NHANES) indicated that protein intakes were significantly lower in older adults 

compared to middle aged adults, and that 46% of older adults aged 71 years and above have a 

protein intake less than 0.8g/kg/d (56). Another study showed that protein provided 14-16% of 

total energy intake. In this study, the average protein intake in older adults aged 71 years and 

above was 1.10±0.01g/kg/d. The group most likely inadequate in dietary protein intake was non-

Hispanic black men older than 71 years, as 13% of them had protein intakes less than the EAR 

(57). Other groups with low intakes were older non-Hispanic females, Hispanic females and non-

Hispanic white females with protein intakes at 11%, 9% and 8% below the EAR, respectively. 

Many factors are linked to the reduction in protein intake in elderly populations, such as the 

expense of protein-rich foods, loss of appetite, chewing difficulties, gastrointestinal problems, 

increased satiety, and others (58). 
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iii. Protein and muscle synthesis 

 

Adequate protein intake provides the essential amino acids that are important for muscle 

homeostasis. Unlike fats and carbohydrates, proteins cannot be stored in the body. Thus, dietary 

amino acids are essential for the skeletal muscles’ adequate function and for the prevention of 

morbidity and mortality (7, 8). Amino acids, mainly leucine, stimulate the translation process via 

the mammalian Target Of Rapamycin (mTOR) pathway, increasing muscle protein synthesis 

(59). The threshold dose at one time of high-quality protein needed for older adults is 25-30g 

(=3g of leucine) (60). This effect lasts for 2-3 hours (61). Studies have shown that low amino 

acid intake impairs muscle protein synthesis in older adults compared to younger people (62, 63). 

Aging itself impairs skeletal muscle synthesis in response to low doses of essential amino acids 

(~7.5g), whereas the consumption of higher doses (10-15g) stimulates muscle protein synthesis 

in older adults similar to what is observed in younger adults (64). Moreover, exercise increases 

the synthesis of proteins in skeletal muscles (65, 66), while inactivity decreases muscle protein 

synthesis (67). Yet, sedentary older adults with extra essential amino acids can preserve their 

skeletal muscles (64).  

iv. Protein and body composition, falls, fractures, and physical performance 

 

Studies examining the association of protein intake with body composition and physical 

performance have shown conflicting results. Tieland et al.  performed a study on 65 frail men 

and women aged 65 years and older to examine the effect of protein supplementation on muscle 

mass, strength and physical performance (68). Participants were randomized to either receive a 

250-mL beverage containing 15 g protein (milk protein concentrate [MPC80], 7.1 g lactose, 0.5 

g fat, and 0.4 g calcium), or a placebo beverage without protein, containing 7.1 g lactose and 0.4 

g calcium (Friesland Campina Consumer Products Europe, Wageningen, The Netherlands). The 
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participants received this dose twice a day for 24 weeks. Body composition was measured by 

DXA (Lunar Prodigy Advance; GE Health Care, Madison, WI). A 1-RM strength test 

on leg press and leg extension machines (Technogym, Rotterdam, the Netherlands) was used to 

assess maximum strength. A hydraulic hand dynamometer (Jamar, Jackson, MI) was used to 

assess handgrip strength. The SPPB (balance, gait speed, and chair rise ability) was used to 

assess physical performance. Food intake was measured by a 3-day food record completed by the 

participants. The results indicate that there was no significant difference in muscle mass and 

strength outcomes between the two groups. However, physical performance significantly 

improved in the protein group (from 8.9±0.6 to 10.0±0.6 points) without changing in the placebo 

group (p=0.02). This change is clinically relevant, as it means a 30% relative risk reduction for 

disability, as well as institutionalization and mortality.   

Another study performed by Verhoeven et al examined the effect of 12 weeks of leucine 

supplementation in 30 healthy men with a mean age of 71±4 years on muscle mass and strength 

(69). Participants were randomized to either receive 7.5 g/d leucine (Ajinomoto, Tokyo Japan) or 

a placebo (wheat flour; Verstegen, Rotterdam, Netherlands) for 12 weeks. During the 11th week, 

participants were asked to fill out a 3-day food record. Body composition was measured by DXA 

(Lunar Prodigy Advance; GE Health Care, Madison, WI). A 1-RM strength test on leg press and 

leg extension machines (Technogym, Rotterdam, the Netherlands) was used to assess maximum 

strength. The results indicate that no changes in muscle mass and strength were detected in both 

groups. The protein intake of these participants averaged 78±3 g/d, or 1.0±0.1g/kg/d. This study 

was performed only on 30 men and for 12 weeks, limiting its generalizability. The results may 

have been different if the sample size was bigger, included both men and women, and followed 

up for a longer period of time. 
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Baier et al examined the effect of daily protein supplementation for one year on muscle mass, 

strength, and physical performance in elderly (70). The participants were 129 men and women 

aging between 65 to 95 years from senior centers in Iowa. Participants were randomized to either 

receiving an amino acid cocktail or a placebo. Participants in the treatment group received an 

orange‐flavored drink (Juven Ready‐to‐Drink, Abbott Nutrition, Chicago, Illinois). Juven 

contains betta-hydroxy beta-methybutyric acid (HMB), arginine (ARG) and lysine (LYS). The 

dosage given to each individual was different because of the effect of HMB on lean body mass 

and strength based on weight. Thus, individuals weighing ≤68 kg were given 2 g of HMB, 5 g of 

L‐arginine, and 1.5 g of L‐lysine, and those weighing >68 kg were given 3 g of HMB, 7.5 g of L‐

arginine, and 2.25 g of L‐lysine. The control group received an orange-flavored drink containing 

nonessential amino acids (alanine 5.6 g, glutamic acid 0.9 g, glycine 3.1 g, serine 2.2 g) and 0.1 g 

of ascorbic acid. Protein intake was assessed by a 5-day food record. Body composition was 

measured by a single‐frequency bioelectrical impedance analyzer (BIA) (BIA Model 101, RJL 

Systems, Clinton Township, MI), as well as a dual energy x‐ray absorptiometry (DXA; Hologic 

QDR Delphi). Strength was measured by knee extension (Biodex, System 3 Quickset, Shirley, 

NY) and a handgrip dynamometer (Grip Track, Jtech Medical, Heber City, UT). A “Get‐up‐and‐

Go” test was used to assess functionality. Participants taking protein supplements had an increase 

in fat free mass measured by both BIA and DXA after 1 year; however, the increase was not 

significant. There was no significant difference in fat mass, muscle strength and functionality 

after 1 year in both groups. The protein intake of the participants was 1 g/kg/d from the diet with 

0.2 g/kg/d from the supplements. Therefore, the mechanism behind the increase in FFM in 

participants receiving HMB/Arg/Lys cannot be well-defined. 
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A case-control study performed in Utah aimed to determine the association between total 

protein intake and the risk of hip fractures in subjects aged 50-89 years (71). Cases were 

individuals with hip fractures selected from 18 hospitals between 1997 and 2001. Randomly 

selected controls were age and gender matched. Protein intake was assessed using a 137-item 

food frequency questionnaire (FFQ) developed for Utah populations. Protein intake was divided 

to quartiles, and subjects were stratified by age. After controlling for confounding variables, the 

results indicated that as the quartile of total protein intake increased, the odds ratios (OR) of hip 

fracture decreased for participants between 50-69 years (OR for each quartile: 1.0 [reference]; 

0.51 [95% CI: 0.30-0.87]; 0.53 [0.31-0.89]; 0.35 [0.21-0.59]; p <0.001). There was no 

association between hip fracture and total protein intake in individuals between 70-89 years old. 

A major limitation in this study was the use of the FFQ to assess dietary intake. A validation 

study comparing mean nutrient intakes from an FFQ designed for Utah individuals and the mean 

intakes from three separate 24-hour recalls indicated that women aged 70 years and older had 

lower correlations for protein intake compared to younger men and women (72). Also, recall bias 

and poor vision are factors that may limit the ability of older people to properly report their 

nutrient intake. 

2.3.2 Vitamin D overview 

 

Vitamin D status has been associated with skeletal and non-skeletal disorders (10). Vitamin 

D plays an important role in calcium homeostasis, maintaining bone health (11). Low vitamin D 

levels have been associated with increased risk of falls and fractures (10, 12) and decreased 

physical performance (13).  
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i.  Vitamin D sources  

 

Vitamin D is a fat-soluble compound obtained either from sun exposure or diet. There are 

two forms of vitamin D: vitamin D2 (ergocalciferol) or vitamin D3 (cholecalciferol). (73). Both 

forms of vitamin D can be used to fortify food; however, only cholecalciferol can be made 

hendogenously in skin (74). Cholecalciferol is found naturally in few foods such as fatty fish, 

and cod-liver and ergocalciferol can be made by irradiating fungi or yeast. Given the limited 

natural food sources, reliance on the natural dietary sources to provide vitamin D to maintain 

appropriate vitamin D serum levels is not enough. Thus, in the 1930s, milk in the US began 

being fortified with vitamin D. Nowadays, there are more vitamin D fortified foods (orange 

juice, cereals, margarine) on the market than in the old days. The fortification of milk is 

mandatory in some countries such as the USA. Vitamin D can also be obtained by supplements. 

Vitamin D supplements are found in the form of vitamin D3 (cholecalciferol) and vitamin D2 

(ergocalciferol) available in capsules and injections in dosages ranging from 400 to 50,000 

International Units (IU) (75). 

ii. Vitamin D dietary recommendations 

 

In the past twenty years, evidence was building up to support the role of vitamin D beyond its 

extraskeletal functions. Thus, in 2010, the Food and Nutrition Board of the Institute of Medicine 

(IOM) re-evaluated  the data on health outcomes associated with vitamin D (76). The expert 

committee examined over one thousand reports regarding vitamin D and skeletal and 

extraskeletal outcomes; however, only the evidence from bone studies was consistent and strong 

enough to release an estimated average requirement (EAR) and recommended dietary allowance 

(RDA) for all age groups except for infants <1 year. The RDA and the tolerable upper intake 
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level (UL) of vitamin D are presented in Table 2 for different age groups. The IOM 

recommendations are based on the assumption of no sun exposure. 

Table 2: The Recommended Dietary Allowance (RDA) and the Tolerable Upper Limit (UL) 

of vitamin D (77).  

Age groups EAR (IU/day) RDA (IU/day) UL (IU/day) 

Age 1-70 years 400 600 4000 

Age 71 years and more 400 800 4000 

 

On the other hand, the American Geriatrics Society (AGS) and the National Osteoporosis 

Foundation (NOF) recommend vitamin D intake of at least 1000 IU and 800 to 1000 IU, 

respectively to older adults ≥ 65 years old to reduce the risk of fractures.  

iii. Endogenous synthesis of vitamin D and factors affecting its availability 

 

Vitamin D is obtained from sunlight exposure. When the skin is exposed to ultraviolet B 

(UVB) radiation, provitamin D3 in the skin is converted to previtamin D3, which isomerizes to 

form vitamin D3  and subsequently enters the blood stream (74). Vitamin D does not reach toxic 

levels as a result of sun exposure. 

The conversion of provitamin D3 to previtamin D3 in the skin is affected by multiple factors 

such as skin type based on pigmentation, (78) age (79), use of sunscreen (80), season (81) and 

latitude (82). Skin type affects the amount of previtamin D3 in the skin. According to the 

Fitzpatrick scale for skin color, there are several skin types ranging from type I to type VI, 

depending on the amount of melanin pigment in the skin  (83). Melanin competes with 

provitamin D3 for UV-B, acting as a natural sunscreen (84). Thus, darker skin makes less 

vitamin D.  
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A cross-sectional Australian study (n=127, age range: 18 and 87 years) showed that skin 

color could affect vitamin D status as reflected by serum 25-hydroxyvitamin D (25OHD). For 

instance, mean 25(OH)D levels were significantly higher among participants with fair skin (type 

I- III according to Fitzpatrick’s scale; mean: 58.9 nmol/L, 95% CI: 52.5- 67.6 nmol/L) compared 

to participants with olive/dark/black skin (skin type VI-VI according to Fitzpatrick’s scale;  

mean: 41.7 nmol/L, 95% CI: 33.1 – 52.5 nmol/L) (p<0.05) (78). Furthermore, it was shown that 

age significantly decreases the ability of the skin to produce vitamin D. An evaluation of 

surgically obtained skin (age range: 8-92 years) exposed to 295±5 nm radiation revealed an age 

dependent decrease in provitamin D3 concentrations. The amount of provitamin D3 produced in 

the skin of individuals between 8 and 18 years old were two-fold greater than that of 77 and 82 

years old individuals (79). In addition, sunscreen use may reduce the production of vitamin D. A 

cross-sectional study (n=52, age range 22-76 years) indicated that individuals who use sunscreen 

on a daily basis have a lower mean serum 25(OH)D level of 57.9±22.2 nmol/L compared to 

individuals who only use sunscreen during summer (73.5± 6.7 nmol/L; p<0.05) (80). Moreover, 

vitamin D levels are likely to be lower in the winter versus the summer season and are likely to 

be affected by cultural practices such as concealing clothing. This was demonstrated in a cross-

sectional Turkish study (n=60, adolescent females) as mean serum 25(OH)D was 17 nmol/L in 

winter (95% CI: 11-19) compared to summer: 25nmol/L ( 95% CI: 12-35)  (p<0.05). In addition, 

50% of girls wearing concealing clothing had vitamin D deficiency (<25 nmol/L) compared to 

10% among girls not wearing concealing clothing (p<0.05) (81).  

Latitude also affects vitamin D synthesis. Individuals living in Nordic latitudes have lower 

vitamin D synthesis, since vitamin D3 production in the skin depends on sunlight exposure. A 

study found that no previtamin D3 was produced in the winter season in Boston, USA (42.2°N) 
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and in Edmonton, Canada (52°N). Further south (34°N and 18°N), previtamin D3 was produced 

even in the middle of winter (85).  

iv. Vitamin D Metabolism  

 

Once vitamin D is made in the skin (D3) or obtained from the diet (D2 or D3), it mixes with 

other lipids, is taken up by enterocytes, and incorporated into chylomicrons, which are 

transported to the liver where hydroxylation of vitamin D takes place to form 25(OH)D. 

Thereafter, hydroxylation of 25(OH)D to the active form, 1,25 dihydroxyvitamin D 

(1,25(OH)2D) takes place in the kidneys (86). Vitamin D is stored in the adipose tissue, 34% of 

25(OH)D is found in the adipose tissue, 30% in serum, and 20% in skeletal muscle. The primary 

excretion route of vitamin D metabolite (calcitroic acid) is via the bile into the feces, and to a 

lesser extent in the urine (87). 

Vitamin D synthesis and metabolism is largely regulated by calcium homeostasis. A decrease 

in serum calcium or phosphorous regulates the renal synthesis of calcitriol through parathyroid 

hormone (PTH). In addition, estrogen, placental growth hormone, and prolactin may also 

regulate vitamin D metabolism.  

 

v. Common techniques to measure vitamin D: 

 

Vitamin D status is best measured by serum 25(OH)D concentration. Several methods are 

available for 25(OH)D measurement, including manual immunoassays, automated 

immunoassays, and direct detection methods. The most used techniques are the immunoassays 

(ELISA and the Elecys Roche). In general, these manual and automated immunoassays are 

relatively inexpensive and technically simple; however, they are susceptible to matrix effects, 
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prone to between lot variability in product, and some measure vitamin D2 while others vitamin 

D3. The gold standard technique is high performance liquid chromatography (HPLC), which is a 

direct detection method. HPLC separates 25OHD2 and 25OHD3, can be automated or semi-

automated, the user is able to control standardization, and the reagents are low in cost. However, 

it is not commonly used because it requires specialized staff, some procedures require a large 

sample volume, and compared to immunoassays, its sample throughput is lower and its 

turnaround time is longer (89).  

 

vi. Serum vitamin D status levels 

 

There is no universally agreed upon cut-point for vitamin D deficiency. The definition 

mainly depends on the health outcome considered. The IOM (now National Academy of 

Medicine) aims is to provide the minimum level of vitamin D that prevents osteomalacia in 

97.5% of the population (90). Other institutes, like the National Osteoporosis Foundation (NOF) 

and the American Geriatrics Society (AGS), had another health concern, which is to minimize 

the risk of falls and fractures. Table 3 shows the vitamin D levels set by different institutes. 

Conversely, vitamin D toxicity is seen when 25(OH)D concentration is above 88 ng/mL (220 

nmol/L) (90). Consequences of vitamin D toxicity include hypercalciuria, a condition of elevated 

calcium levels in the urine, and hypercalcemia, a condition of high levels of calcium in the 

blood. 

Table 3: Cutoff points for adequate vitamin D status by the different institutes (90). 

 Institute of Medicine 

(IOM) 

National Osteoporosis Foundation 

(NOF) and American Geriatrics Society 

(AGS) 

Deficiency ≤ 10 ng/ mL ≤ 20 ng/mL 
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(≤ 25 nmol/ L) (≤ 50 nmol/L) 

Insufficiency 10 – 20 ng/ mL 

(25 – 50 nmol/ L) 

20 – 30 ng/mL 

(50 – 75 nmol/L) 

Optimal  20 ng/mL 

(50 nmol/L) 

30 ng/mL 

(75 mol/L) 

 

vii. Health consequences of vitamin D deficiency 

 

A- Skeletal consequences of vitamin D deficiency 

The skeletal consequences of vitamin D deficiency depend on the severity and the duration of 

the deficiency. Most individuals with serum 25(OH)D between 37.5 and 50 nmol/L (15 and 20 

ng/mL) are asymptomatic. As the deficiency increases and persists, major consequences occur.  

When vitamin D deficiency is mild (25-50 nmol/L), the bone turnover is normal to high. When 

the deficiency is moderate (12.5-25 nmol/L), the bone turnover is high, and when the deficiency 

is severe (<12.5 nmol/L), bone mineralization defect occurs, leading to osteomalacia (91). 

The skeletal consequences of vitamin D deficiency are characterized by rickets, osteomalacia 

and osteoporosis. Rickets is a condition that occurs in children and impacts their bone 

development. The bone are soft and weak, which can lead to bone abnormalities such as bowed 

legs. The similar condition in adults is called osteomalacia. Another resulting bone condition in 

adults, osteoporosis, is a condition characterized by low bone mass, leading to bone fragility and 

an increased risk of bone fractures (92). 

B- Extraskeletal consequences of vitamin D deficiency 

In addition to the well characterized role of vitamin D in bone health, numerous other roles 

have been investigated over the past several decades. An increasing body of evidence supports 

an association between low levels of vitamin D and poor body composition. Numerous studies 
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have reported that low 25(OH)D plasma levels are inversely correlated with obesity markers, 

including BMI, waist circumference (WC) and body fat (93, 94).  

Since vitamin D is stored in the adipose tissue, it gets sequestered in the excess fat mass in 

obese individuals. A recent study performed by Drincic et al. concluded that 25(OH)D is simply 

diluted in a higher volume in individuals with a higher body mass (95). Thus, the requirement of 

vitamin D input to overweight and obese individuals is higher compared to lean individuals in 

order to achieve a sufficient 25(OH)D status. Another reason may be that during obesity 

development, vitamin D metabolism is modified, resulting in a decreased plasma 25(OH)D 

levels.  

 

viii. Vitamin D and muscle synthesis: 

 

Vitamin D is important for muscle synthesis and function (96). Vitamin D receptors (VDR) 

found in skeletal muscles bind to 1,25(OH)D3, resulting in a transcription complex. This 

pathway regulates calcium uptake by the muscles through calcium channels within minutes and 

synthesizes muscle fibers through cell proliferation and differentiation (97). The VDR genotype 

in the muscle also affects the muscle strength (98). 

 

ix. Vitamin D and sarcopenia 

 

Several studies examined the association between vitamin D and sarcopenia. A Korean cross-

sectional study including 2258 men and 3005 women aged ≥50 years revealed an inverse 

association between sarcopenia and 25(OH)D levels in women but not in men. The prevalence of 

sarcopenia increased by 1.46 fold with every 10 ng/mL decrease in 25(OH)D in women (99). 
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Although this study includes a very large sample size, it still includes some limitations. First, it is 

a cross sectional study, so the identification of the causal relationship between vitamin D levels 

and sarcopenia is lacked. Second, this study can only be generalized to Asians, since it only 

included Korean subjects, and vitamin D status is known to be affected by ethnicity. Third, while 

assessing sarcopenia, they only measured muscle mass without measuring muscle strength/ 

function.  

Another cross-sectional study conducted in Rochester, Minnesota involving 311 men and 356 

women (age range: 21-97 years) did not find any association between 1,25(OH)D or 25(OH)D 

and muscle mass or strength in men and women (100). Skeletal muscle mass was measured by 

DEXA scan and muscle strength was measured by handgrip force and isometric knee extension 

moment. Although the researchers used gold standard techniques in this study, there are still 

some limitations. First, it is a cross-sectional study. Second, 4.5% of the subjects had 25(OH)D 

<10 ng/mL, so the effect of severe vitamin D deficiency has a very low statistical power. Third, 

the cause and the duration of vitamin D supplementation was not controlled for, thus affecting 

the results.  

Moreover, a prospective study over 3 years including 686 older adults in Australia (49% 

women; age 62±7years old) showed that participants with 25(OH)D ≤50nM had significantly 

lower mean Percentage Appendicular Lean Mass (%ALM), leg strength, Leg Muscle Quality 

(LMQ) and Physical Activity (PA) (101). Percentage Appendicular Lean Mass  was calculated as 

the sum of lean mass in the arms and legs divided by the sum of lean mass, fat mass and bone 

mass in the arms and legs. Body fat was assessed by DXA, leg strength by a dynamometer, PA 

by a pedometer, sun exposure by a questionnaire, serum 25OHD by radioimmunoassay and leg 

muscle quality (LMQ) by the following equation: LMQ (kg/kg) =Leg strength (kg)/[left leg lean 
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mass (kg)+right leg lean mass (kg)]. This study has several limitations. First, the response rate 

was only 57%. The subjects who lost to follow‐up were significantly older and had lower 

vitamin D levels at baseline. Second, the follow‐up period was short, requiring the need of 

studies involving longer follow-up periods to determine the association among vitamin D levels, 

sarcopenia and PA. Third, data regarding PTH and sex hormones were not collected, and these 

factors are known to affect vitamin D levels. Fourth, LQM was measured by DXA, however, 

there is no gold standard for LQM measurement. Fifth, these results can be generalized to 

community‐dwelling, white older adults aged between 50-79 years, and living in temperate 

latitudes only.  

Another 3-year prospective study, Longitudinal Aging Study Amsterdam, including more 

than 300 men and women aged 65 years and older showed that subjects with low baseline 

25(OH)D levels (<25 nmol/liter)  were 2.57 (95% CI: 1.40–4.70, based on grip strength) and 

2.14 (95% CI: 0.73–6.33, based on muscle mass) times more likely to experience sarcopenia, 

compared with those with high levels (>50 nmol/liter) (102). A competitive binding protein 

assay (Nichols Diagnostics, San Juan Capistrano, CA) was used to assess 25OHD levels. A grip 

strength dynamometer (Takei TKK 5001, Takei Scientific Instruments Co. Ltd., Tokyo, Japan) 

was used to measure grip strength. The change in grip strength was measured by calculating the 

difference between baseline and follow-up strength, dividing the number by the baseline strength 

and multiplying it by 100. Sarcopenia was defined as a loss of ≥40% of grip strength. Fat-free 

mass and bone-free mass of the arms and legs were measured by DXA (Hologic Inc., Waltham, 

MA) to determine the appendicular skeletal muscle mass (ASMM). The change in ASMM was 

determined by calculating the difference in ASMM between the baseline and follow-up, dividing 

the number by the baseline ASMM and multiplying it by 100. A loss of ≥3% of ASMM 
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indicated sarcopenia. Although this is a 3-year prospective study and included a large sample 

size, it still includes many limitations. First, people who lost to follow up had a worse health and 

greater muscle mass and strength loss, which underestimates the results. Second, although 

confounders were controlled for, PTH measurements were only performed at baseline, and no 

other hormones were assessed. Third, sarcopenia was not well measured. They relied on the 15th 

percentile of the sample with the greatest muscle mass and strength loss. Fourth, the study was 

performed in the Netherlands, so it cannot be generalized to the whole population. Finally, the 

nutritional status of the subjects was not assessed, which might have affected the results.  

In addition, a longitudinal study including 1,705 men aged ≥70 years showed that men with 

vitamin D levels in the lowest quartiles (25OHD <40nmol/L; 1,25D <62 pmol/L) at baseline had 

significantly higher odds of sarcopenia compared to those with vitamin D levels in the highest 

quartiles over 5 years [for 25OHD: OR: 2.53 (95% CI: 1.14, 5.64) p=0.02; for 1,25D: OR: 2.67 

(95% CI: 1.28, 5.60) p=0.01] (103). Serum vitamin D levels (25OHD and 1,25D) were assessed 

by radioimmumoassay (RIA) using single batch reagents (DiaSorin Inc., Stillwater, MN). A 

DXA scan [fan beam Discovery-W scanner (Hologic, Bedford, MA)] was used to assess body 

composition from which ALM, the sum of lean mass of arms and legs (kg), was determined. 

Grip strength was determined by the Jamar dynamometer (Promedics, Blackburn, UK). Based on 

the FNIH definition, men were determined as sarcopenic if they had ALM:BMI <0.789 and grip 

strength <26 kg (104). This study was performed on a very large sample and is a longitudinal 

study, yet it has some limitations. First, vitamin D levels were only measured at baseline. 

Second, they did not assess for sun exposure and sunscreen use, which affect vitamin D levels. 

Third, the study was performed only on men, which limits its generalizability.  
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x. Vitamin D and falls, fractures, and physical performance 

 

Both observational and interventional studies show conflicting results regarding the 

association between low serum vitamin D concentrations and physical performance or vitamin D 

supplementation and physical performance (13, 14). 

Broe et al determined the effect of vitamin D supplementation on the risk of falls in elderly 

(105). The study included 124 nursing home residents with a mean age of 89 years old. 

Participants were randomly assigned to one of the four vitamin D doses group (200 IU, 400IU, 

600IU, or 800IU) or placebo group, and received the pill daily by the nursing staff for 5 months. 

The supplements were vitamin D2 tablets purchased from Tishcon Corporation (Westbury, NY). 

The number of falls during the study period was determined. After 5 months, the percentages of 

falls were as following: 44% in the placebo group, 58% in the 200IU group, 60% in the 400IU 

group, 60% in the 600IU group, and 20% in the 800IU group. The adjusted‐incidence rate ratio 

of falls was 72% lower (rate ratio=0.28; 95% confidence interval=0.11–0.75) in participants 

receiving 800ID vitamin D2 compared to the placebo. There was no significant difference 

between the placebo group and the other vitamin D supplement groups. There were some 

limitations in this study. Some participants were taking multivitamins during the study period, 

which made it difficult to determine the exact amount of vitamin D supplement dose in each 

group. Moreover, serum vitamin D levels were not measured. Since the sample size is small and 

subjects were all Caucasians, the generalizability is limited. Information about vitamin D intake 

and sun exposure were not assessed. Moreover, subjects were given vitamin D2 supplements; 

however, vitamin D3 potency exceeds that of D2 (106).  

A randomized double-blind controlled trial performed by Trivedi et al (107) assessed the 

effect of a dose of 100,000 IU of oral vitamin D3 supplementation every four months over five 



 
 

27 
 

years compared to a placebo. The study included 2686 men and women aged between 65 and 85 

years. Every 4 months, subjects received vitamin D3 capsules as well as a questionnaire about 

adverse events (ie: fractures or major illnesses) to fill out and return. Serum 25OHD and PTH 

concentrations were measured during the fourth year. The results indicate that 268 participants 

had a fracture incident. Participants receiving vitamin D supplementation had a lower risk of any 

first fracture compared to the placebo group [RR=0.78 (95% confidence interval 0.61 to 0.99, 

p=0.04)]. Also, 471 participants died over the 5 years. Total mortality was higher in the placebo 

group compared to the vitamin D group [RR=0.88 (0.74 to 1.06, p=0.18)]. This was a pilot study 

for a larger community trial that was not funded and was proposed to include 20,000 men and 

women. Therefore, this study is too small to result in significant effects regarding fractures. 

A randomized controlled trial performed in England aimed to determine if vitamin D 

supplementation reduces the risk of falls and fractures in older adults in care home settings (108). 

The study included 3,717 participants (76% women) with an average age of 85 years  who were 

randomly assigned to a vitamin D group or a control group. The vitamin D group received 2.5 

mg ergocalciferol [Norton Healthcare (now Ivax Pharmaceuticals)] every 3 months (equivalent 

to 1,100 IU/day), while the control group did not receive anything. Fractures and falls were 

routinely collected by staff. Vitamin D levels were only measured in 18 participants directly 

before the first dose, 1 month and 3 months after the first dose. The 25OHD was assessed by the 

enzyme-linked immunosorbent assay (ELISA), Immunodiagnostic Systems Ltd. Blood samples 

were not collected from the control group. After a 10-month follow-up, 64 (3.6%) of 1,762 

participants taking vitamin D supplements and 51 (2.6%) of 1,955 controls had one or more non-

vertebral fractures, and 24 (1.3%) and 20 (1.0%), respectively, had a hip fracture. Since the 

differences between both vitamin D and placebo groups were not statistically significant, the 
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results of this study indicate that vitamin D supplementation does not prevent falls and fractures. 

It is important to point out that this study includes a major limitation; blood sample collection 

was only collected from 18 individuals (1% of study sample). 

A randomized, double-blind, placebo-controlled study was conducted on 139 ambulatory 

individuals aged 65 years or more visiting a falls clinic to determine the effects of vitamin D 

supplementation on neuromuscular function (109). The participants who were included in the 

study had a history of falls as well as normal bone biochemistry. This specific vitamin D level 

was chosen since individuals  with 25OHD levels ≤12 μg/l have significantly impaired 

neuromuscular function compared to those with higher 25OHD levels. Participants were 

randomized to either receive a single intramuscular injection of 600,000 IU ergocalciferol or to 

the placebo group. Participants receiving over the counter vitamin D or calcium supplements 

were excluded from the study. At baseline and at six months, blood tests, postural sway, choice 

reaction time (CRT), aggregate functional performance time (AFPT), and quadriceps strength 

were performed. Functional performance was measured by the Aggregate Functional 

Performance Time (AFPT), which is the time taken to complete four common daily activities (50 

ft walk, rising from a 42 cm high chair and walking 50 ft, ascent and descent of 13 steps). Serum 

25OHD was assessed by an IDS Gamma-B 25-OH immunoassay (IDS, Tyne & Wear, UK). The 

results indicate that there was a significant improvement in AFPT, CRT and postural sway in the 

vitamin D group compared to the control group. However, muscle strength and number of falls 

did not significantly change between both groups. The reason for not finding a significant change 

in falls and muscle strength between both groups might be because the study was underpowered.  

xi. Vitamin D concentrations and muscle mass, strength and physical performance 
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A cross sectional study performed by Bischoff-Ferrari et al in 2004 aimed to investigate the 

association between serum 25OHD and lower extremity function in ambulatory older adults 

(110). The study included 4100 elderly participants aged 60 years and more. Blood samples were 

drawn in mobile centers, and serum 25(OH)D concentrations were measured by 

radioimmunoassay kits (DiaSorin, Stillwater MN; 23). An 8-foot walking-speed test and a timed 

sit-to-stand test of 5 repetitions were performed to assess the lower-extremity function. The 

results indicate that participants in the highest quintile of 25OHD concentration were 

significantly faster by 0.27 s [95% CI: −0.44, −0.09 s (or 5.6%); p for trend <0.001] on the 8-foot 

walk test, and 0.67 s [95% CI: −1.11, −0.23 s (or 3.9%); p for trend=0.017] in the sit-to-stand test 

compared to those in the lowest quintile of 25OHD. This indicates that higher vitamin D 

concentrations are associated with a better musculoskeletal function. This study is a cross 

sectional study that cannot determine the causal relationship between vitamin D concentrations 

and musculoskeletal function. 

Another cross-sectional study performed by Annweiler et al, 2009 investigated the 

association between serum 25OHD levels and muscle strength among 440 healthy elderly 

women aged 75 years and older in France (111). Maximal isometric voluntary contraction 

(MVC) strength of the lower limb and hand were assessed by computerized dynamometers. 

Fasting blood samples were collected, and serum 25OHD concentrations were measured by 

radioimmunoassay (Incstar Corp., Stillwater, MN). The results indicate that for quadriceps, the 

mean value of muscle strength was similar among the 3 groups (174.9±53.2 for serum 25OHD 

<15 ng/ml versus 175.9±52.6 for serum 25OHD 15-30 ng/ml versus 173.4±53.1 for serum 

25OHD >30 ng/ml; p=0.9460). Similar results were shown for handgrip (56.1±13.2 for serum 

25OHD <15 ng/ml versus 57.1±13.5 for serum 25OHD 15-30 ng/ml versus 61.1±12.7 for serum 
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25OHD >30 ng/ml; p=0.064). The study includes some limitations. First, the subjects were only 

women, so the sample is not representative of older adults. Second, this study is a cross sectional 

study, so the causal relationship between 25OHD and muscle strength cannot be determined. 

Third, not all confounding variables were controlled for. 

A cohort study performed in Sweden aimed to evaluate the association between serum 

25OHD and fractures and fall-associated variables (112). The study included 986 women with an 

average age of 75 years who were followed up for 3 years. At baseline, blood was collected from 

all the subjects and balance, muscle strength and gait speed were measured. Serum 25OHD was 

assessed by the Nichols Advantage assay (Nichols Institute Diagnostics, Calif.). Balance was 

assessed by a modified Romberg balance test. Participants were asked to stand on either right 

or left leg. The time it takes the subject to lose balance is recorded. The participant fails the 

test if she loses balance before 5 seconds. Gait speed was measured by recording the time a 

woman takes to walk for 30 m as fast as she could. The thigh muscle strength was measured by 

a computerized isokinetic dynamometer (Biodex Medical Systems, Version 4.5.0, Biodex 

Corporation, Shirley, New York). Women were asked to record any fracture incident, and data 

were collected from the radiology department in the hospital regarding women with 

radiographically examined fractures. There was a correlation between 25OHD concentrations 

and gait speed (r=0.17, p<0.001), the Romberg balance test (r=0.14, p<0.001), self-estimated 

activity level (r=0.15, <0.001), and thigh muscle strength (r=0.08, p=0.02). However, there 

was no significant association between 25OHD level <30 ng/ml and an increased risk of 

fractures. This study was only performed in women. The mean 25OHD was high in this study, 

since the majority of women were highly exposed to sun, and consumed milk and dairy 

products that are fortified with vitamin D, all the factors that limit generalizability.  
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2.4 Total protein and vitamin D intake and VO2 max 

 

VO2 max is the measure of the individual’s maximal oxygen consumption during exercise. It 

determines how well the cells are using oxygen for energy. Studies have shown that during 

adulthood, VO2 max starts to decline at around a rate of 0.4 ml/kg/min/year in males and 0.3 

ml/kg/min/year in females, potentially leading to a decline later in life (113). The decline in VO2 

max increases in older adults, especially in sedentary individuals, leading to a decrease in cardiac 

output. The decline in muscle mass with aging has been shown to be a factor contributing to 

VO2 max decline in elderly (113). Studies have shown a positive association between Vitamin D 

and VO2 max in adults. The mechanism behind this association is not clear; however, low 

vitamin levels in adults can cause myocardial hypertrophy and endothelial dysfunction, leading 

to a reduction in cardiac output, and therefore, VO2 max (114, 115). Unfortunately, there are no 

studies in the literature that identify if dietary and supplemental total protein and vitamin D 

intake influence VO2 max in older adults.  

2.5 Dietary intake assessment 

The increase in the elderly population in the United States has raised the concern for the 

prevention of many geriatric diseases (1). Studies have shown that nutrition plays an important 

role in disease prevention and treatment, potentially counteracting the effects of aging (116). 

Different studies showed varied results in older adults regarding the association between dietary 

patterns and body composition and fitness measures. Data from the Korea National Health and 

Nutrition Examination Survey showed that older men with the healthy dietary pattern had higher 

muscle mass (117). Other studies showed that older adults who adhered to a Mediterranean diet 

had lower odds of frailty and functional disability (118, 119). The adherence to a Mediterranean 
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diet in older adults was protective of sarcopenia in some studies but not in others (118, 120). 

Moreover, a study showed that Western diet was not associated with sarcopenia in elderly (120). 

Several studies have evaluated the association between diet and health; however, their major 

limitation was the dietary assessment method used (15). Numerous methods are available to 

estimate dietary intake; each having its strengths and weaknesses. Food frequency questionnaires 

are most commonly used in large population studies to estimate long-term nutrient intake. This 

method is simple and inexpensive. However, since the questionnaire lists specific foods, it 

should be culture-specific, listing the foods that each culture eats (121). Another method is the 

twenty four-hour recall (24HR), which involves an interviewer asking the participants, in person 

or by phone, about the foods and beverages consumed over the last 24 hours (122). The 24HRs 

are appropriate for low-literacy participants, cheap to collect, and rely on short-term memory 

(123). However, 24HRs require trained interviewers, are generally expensive to code, are 

expensive for studies including a large sample size, and are unable to describe the person’s long-

term diet (124). Food records are also used to assess dietary intake and are usually obtained for 

3-7 days. The gold standard method is the seven-day food record (7D) (125). Although this 

method is cheap to collect, it requires literate participants, is time-consuming, is expensive to 

code, and is unsuitable for large studies (126). 

The validity of different dietary intake methods among older adults is not clear, thus, it is 

essential to assess the validity of these methods to ensure that they are accurately measuring 

what people are eating.  

Even though multiple studies assessed the relationship between total protein and vitamin D 

intake and body composition and physical performance, none of the studies included a large 

sample size with the combination of different tools to assess body composition. In addition, 



 
 

33 
 

different studies used different techniques to assess these variables, which limited comparability 

between studies. Furthermore, dietary protein and vitamin D intake were assessed using different 

dietary intake methods. Another major limitation of all the studies was that not all confounders 

were assessed (season, vitamin D intake, sun exposure, sunscreen use, age, etc.). Also, there are 

no studies regarding the association between total protein and vitamin D intake and exercise 

outcomes, mainly VO2 max, in older adults.  Therefore, the correlation among different dietary 

intake methods and the association between total protein and vitamin D intake and body 

composition, physical performance, and VO2 max in older adults still need to be examined in 

future studies.  
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Chapter 3: Methods 
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Two studies were used for the purpose of answering the questions in this dissertation. To address 

Aims 1 and 2, data from the Alzheimer’s Prevention through Exercise trial (APEx) were used 

and data from a cross-sectional study were used to answer Aim 3. The methods for both studies 

will be addressed in the following chapter. 

3.1 Study 1 

 

Study design and recruitment method 

 

Previously collected data from the Alzheimer’s Prevention through Exercise (APEx) trial 

(127) were used to answer Aims 1 to 4. The APEx study focused on the role of aerobic exercise 

in the prevention and treatment of Alzheimer’s disease (AD) in older adults. It was a randomized 

controlled trial of 52 weeks of aerobic exercise on sedentary individuals with preclinical AD 

(elevated cerebral amyloid; n=70) and those with non-elevated cerebral amyloid (n=50). 

Participants were randomized in a 2:1 ratio to active aerobic exercise vs. control. Exercise 

interventions were performed in a community-based network of KUMC approved facilities 

across the Kansas City area. The study started in November 2013 and ended in December 2019. 

The study protocol was approved by the institution guidelines. Participants signed informed 

consent prior to participation.  

Inclusion criteria include:   

• Sedentary subjects based on the Telephone Assessment of Physical Activity aging 

65 years or more. 

• Normal, non-demented subjects with a Clinical Dementia Rating (CDR) score of 

zero. 

• Indication of cerebral amyloidosis by Florbetapir Positron emission tomography 
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(PET) scan.  

• Stable doses of medications for 30 days.   

• Clinician decision regarding subject’s health and ability to complete the 52-week 

exercise trial. 

 

Exclusion criteria include: 

• Clinically significant major psychiatric disorder according to DSM-IV criteria, 

infection within the last 30 days, or significant psychiatric symptoms, illness, pain 

or musculoskeletal disorder that could impair the completion of the study. 

• History of stroke, hypertension within the last 6 months, cancer in the last 5 years 

(except non-metastatic basal or squamous cell carcinoma), or Insulin-dependent 

diabetes mellitus. 

• Active cardiac or pulmonary condition in the past 2 years, unless allowed by the 

participant’s primary care physician or cardiologist to complete the exercise trial. 

• History of drug or alcohol abuse within the last 2 years (according to DSM-IV 

criteria). 

• Refusal to do or contraindication to brain MRI scan. 

 

Independent variables measurement 

 

The following methods were used to obtain the independent variables that were used in this 

study.  

 

 

 

a- Vitamin D and protein intake: 
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Participants were asked to fill out the National Cancer Institute Diet History Questionnaire II 

(DHQII) either online on the DHQII website or by paper form during their baseline visit. The 

paper form was then entered in the DHQII website. DHQII is a semi-quantitative tool that 

estimates the diet and supplement intake of the subjects over the past year (128). The 

questionnaire consists of multiple-choice questions regarding the frequency and portion size of 

134 food items and 8 dietary supplements. Diet*Calc software was used to calculate the energy 

and nutrient intake from the DHQII (129). 

b- Vitamin D levels (25(OH)D): 

Blood tests were obtained at baseline and at 52 weeks. Vitamin D concentrations (25(OH)D) 

were analyzed using enzyme-linked immunosorbent assay kits (ELISA). 

 

Outcome measures 

 

The methods used to obtain the outcome variables are described below.  

a- Exercise outcomes (VO2 max): 

Aerobic fitness is quantitatively measured by VO2 max, representing peak oxygen 

consumption. VO2 max was measured during a graded treadmill exercise test at baseline and at 

52 weeks to assess the physiologic response to exercise. By relying on the modified Bruce 

protocol (130), the research staff within the KU Alzheimer’s Disease Center have great 

experience in measuring VO2 max. Participants wearing a non-rebreathing facemask were 

attached to a 12-lead electrocardiograph. Heart rates, blood pressure, and expired oxygen and 

carbon dioxide were measured by a Parvomedics system. The highest detected value is the VO2 

max (131, 132) and maximal effort is defined as meeting 3 of the 4 following criteria: a plateau 
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in oxygen consumption, a respiratory exchange ratio (RER) ≥1.0, a maximal heart rate within 

90% age-predicted maximum, or volitional fatigue (133).  

b- Body Composition: 

Anthropometric measurements including body weight, height, and waist circumference were 

measured at baseline and 52 weeks. Weight was measured using a digital scale accurate to ±0.1 

kg (Seca Platform Scale, model 707, Seca Corp). Waist circumference was measured at the 

smallest girth around the trunk using a Gullick II circumference measurement tape. BMI was 

calculated using the following equation: Weight (kg)/ Height (m2). Underweight was defined as 

BMI <18.5 kg/m2, normal weight: 18.5–24.9 kg/m2, overweight: 25–29.9 kg/m2, and obese ≥30 

kg/m2(134). 

Total fat-free mass (total lean mass), total fat mass, android fat, gynoid fat, total bone mineral 

content (BMC), total bone mineral density (BMD), and percent body fat were measured by dual 

energy x-ray absorptiometry (DXA, Lunar Prodigy, version 11.2068, Madison, WI) at baseline 

and 52 weeks. DXA observes body composition changes on the order of 1.6-3.8% by using low 

X-ray doses (0.02mREM) (135, 136).  

c- Body composition measures: 

Body composition was assessed using the following tests at baseline and at 52 weeks. 

To measure muscle quantity, appendicular lean muscle mass (ASM) was estimated by DXA. 

ASM levels <20 kg in males and <15 kg in females indicate low muscle quantity. 

Muscle strength was assessed by grip strength. Grip strength is associated with functional 

independence (137). A grip dynamometer (JAMAR, Sammons Preston, Bolingbrook, IL) was 
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used to measure the grip strength in the dominant hand using an average of 3 maximal grips. A 

grip strength <27 kg in males and <16 kg in females indicates low muscle strength. 

The Physical Performance Test (138) objectively measures the timed physical tasks required 

for daily self-care (139). In the APEX study, the senior fitness test (SFT) was used to measure 

the functional fitness performance in older adults. This test measures several items: chair stand, 

arm curl, 6-min walk, 2-min step, chair sit-and-reach, back scratch, and 8-Ft Up-&-Go. Each 

item has normal ranges for men and women aging 60 years and older. The score indicates if the 

person is at risk for functional disability.  

d- Adverse events: 

Adverse events are defined as any medical occurrence that affects the daily performance, 

hospitalization, or rated category 3 or above according to the adverse events criteria of the 

National Cancer Institute (CTCAE) (140).  Adverse events were reported by the staff, subjects, 

exercise trainer, or tester, and later evaluated by an unblinded investigator.  

Statistical analysis  

 

The primary focus of this study was to determine the relationship of dietary measures and 

vitamin D concentrations to body composition and fitness measures in cognitively normal older 

adults, and to identify if baseline dietary measures and the change in vitamin D concentrations 

influence change in body composition and fitness measures in older adults enrolled in a 52-week 

exercise trial. Chi-square test was used to look at the proportion of gender between treatment and 

control groups, and independent sample T-test was used for other qualitative variables. 

Quantitative and qualitative measurements were presented as mean ± standard deviation and n 

(%), respectively. Normality of the regression residuals was analyzed by QQ-plot visualization 
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and Shapiro-Wilk test. The association of dietary and serum measures with muscle quantity, 

muscle strength and performance and VO2 max at baseline and the change in these 

characteristics after 52 weeks was determined by multiple linear regression, controlling for group 

assignment, age, sex, and baseline BMI. We observed the same associations using an interaction 

model to check the interaction effect of exercise and dietary and serum measures. Statistical 

analyses were performed using SPSS (v25, IBM). Statistical significance was set at p≤0.05. 

 

3.2  Study 2 

Study design and population 

A sample of 60 cognitively normal healthy elderly individuals aged 60-85 years was 

collected between December 2011 and February 2014 from a cross-sectional study that examined 

the association between dairy intake and brain glutathione concentrations (141). Twenty 

participants were collected from 3 different groups (low, moderate, and recommended) 

according to their reported dairy intakes. The study population has been previously described; 

briefly, inclusion criteria included healthy elderly without any concomitant disease, as well as a 

BMI ranging between 20 to 35 kg/m2. Exclusion criteria included subjects with a history of 

neurologic disorder, head injury or unstable medical condition (141). The study protocol was 

approved by the institution guidelines. Participants signed informed consent prior to 

participation.  

Dietary intake assessment 

Dietary intake was assessed using three different tools: three separate 24-hour recalls, a 

7-day food record, and the National Cancer Institute’s Dietary History Questionnaire (DHQ) II.  
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Twenty four-hour recall  

Three standardized multiple-pass 24-hours recalls were conducted via telephone by 

trained registered dietitians. The data were entered in the Nutrient Data System for Research 

(NDS-R version 2012) by registered dietitians, using a uniform coding manual, to determine the 

energy and nutrient intake (142).  

Seven-day food record 

  A seven-day food record was used to determine the diet and supplement intake over 7 

days prior to the Magnetic Resonance Imaging (MRI) scan at the second visit. Before completing 

this record, subjects were instructed by trained registered dietitians to help them record their 

dietary and supplement intake properly. During the visit, registered dietitians reviewed the 

records with the subjects to ensure that the information was complete and obtained clarifications 

as needed. The records were entered in NDSR version 2012 for nutrient analysis (142).  

DHQII 

Participants were asked to fill out the DHQII either online on the DHQII Website or by 

paper form. The paper form was then entered by trained registered dietitians in the DHQII 

website. DHQII is a semi-quantitative tool that estimates the diet and supplement intake of the 

subjects over the past year (128). The questionnaire consists of multiple-choice questions 

regarding the frequency and portion size of 134 food items and 8 dietary supplements. Diet*Calc 

software was used to calculate the energy and nutrient intake from the DHQII (129). 

Anthropometric measures  
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Trained research staff obtained body weight, height, and waist circumference. Body 

weight was measured with a calibrated digital scale (±1 kg; Befour). Height was measured with a 

wall-mounted stadiometer (model PE-WM-60– 84; Perspective Enterprises). Waist 

circumference was measured in the standing position with measurements obtained midway 

between the lateral lower rib margin and ileac crest (143). BMI (in kg/m2) was calculated by 

using weight and height measurements.  

Statistical analysis 

The primary focus of this study was to investigate the correlation among the three dietary 

intake methods: 24-hour recall, 7-day food record, and DHQ-II. Measurements were presented as 

mean ± standard deviation and n (%), respectively. All participants were included in the analysis, 

since all had plausible reported intake. Normality of the regression residuals was analyzed by 

QQ-plot visualization and Shapiro-Wilk test. The correlation among the three dietary intake 

methods was determined by Pearson correlation. Statistical analyses were performed using SPSS 

(v25, IBM). Statistical significance was set at p≤0.05. 



 
 

43 
 

Chapter 4: The association of dietary protein and vitamin D with body 

composition and exercise outcomes in cognitively normal older adults 
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Abstract 

 

Objective: The purpose of this study was to determine the relationship of dietary protein and 

vitamin D intake and serum vitamin D concentrations to muscle mass and measures of fitness 

(muscle performance, muscle strength, and VO2 max) in cognitively normal older adults, and to 

identify if baseline dietary measures and the change in vitamin D concentrations were related to 

changes in body composition and fitness measures in older adults after a 52-week exercise trial. 

Methods: This was a tertiary analysis of data collected as part of randomized-controlled 52-

week exercise trial in older adults. Dietary protein and vitamin D intake were collected from 121 

healthy older adults aged ≥65 years using the Diet History Questionnaire II (DHQII). Body 

composition (muscle quantity) and fitness measures (muscle performance, muscle strength, and 

VO2 max) were measured at baseline and at 52 weeks. VO2 max was measured during a graded 

treadmill exercise test. Muscle quantity was assessed by measuring appendicular lean muscle 

mass (ASM). Muscle strength was assessed by a grip dynamometer, and performance was 

assessed by the senior fitness test (SFT). Serum 25 hydroxyvitamin D [25(OH)D] was collected 

at baseline and at 52 weeks and measured using enzyme linked immunosorbent assay kit 

(ELISA). Measurements were presented as mean ± standard deviation and n(%). The association 

between our dietary measures, 25(OH)D concentrations and body composition and fitness 

measures after 52 weeks was determined by multiple linear regression, controlling for group 

assignment, age, and sex. Statistical analyses were performed using SPSS (v25, IBM) with 

significance of p≤0.05. 

Results: Mean daily protein intake was 0.87±0.36g/kg/d, 35.3% of the sample had a protein 

intake less than the estimated average requirement (EAR) for protein (<0.66g/kg/d) and 52.6% 

had a protein intake less than the recommended dietary allowance (RDA) of 0.8g/kg/d. Mean 
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vitamin D intake was 465.66±264.83 IU/d, 73.5% had a daily vitamin D intake below the RDA 

<600 IU, and 41.0% had an intake the EAR <400 IU. Mean baseline serum 25(OH)D level was 

32.37±16.70 ng/mL (80.9±41.0 nmol/L). Baseline protein and vitamin D intake and serum 

25(OH)D concentrations were not associated with body composition and any fitness measures. 

Baseline protein intake was positively associated with the change in VO2 max after 52 weeks. 

Baseline vitamin D intake was positively associated with the change in VO2 max, and negatively 

associated with the change in grip strength and change in performance after 52 weeks. Higher 

vitamin D intake was associated with higher ASM in the treatment group and lower ASM in the 

control group after 52 weeks. The change in 25(OH)D levels was negatively associated with the 

change in grip strength after 52 weeks. 

Conclusion: Our sample of older adults had low dietary protein and vitamin D intakes, which 

affects their body composition and cardiac output and may potentially increase their risk of 

functional decline.  
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Introduction 

 

The increase in the elderly population in the United States has raised the concern for the 

prevention of many geriatric diseases (1). Aging is associated with many degenerative diseases 

such as osteoporosis and sarcopenia due to bone and muscle mass loss. Changes in body 

composition are common in aging and often result in sarcopenia which are characterized by 

decreased skeletal muscle mass, muscle strength and physical performance, increasing the risk of 

falls and fractures (2-4). Sarcopenia has been associated with increased physical disability, 

increased mortality and increased hospitalization costs by 34% for older adults aging 65 years 

and over (5). After 40 years of age, skeletal muscle mass starts to decline by ~0.5-1% per year 

(144). Studies report that nutrition and exercise can help slow the progress of muscle decline (6). 

Thus, it is important to maintain a high level of muscle mass and strength during adolescence 

and adulthood in order to minimize the risk of functional decline and sarcopenia in older age 

(145).  

Adequate protein intake provides the essential amino acids that are important for muscle 

homeostasis. Dietary amino acids are essential for the adequate function of skeletal muscles and 

for the prevention of morbidity and mortality as we age (7, 8). Studies examining the association 

of protein intake with body composition and physical performance in aging have shown 

conflicting results (9, 54, 55). In addition, vitamin D status has been associated with skeletal and 

non-skeletal disorders (10). Vitamin D plays an important role in calcium homeostasis and 

maintaining bone health (11). Low serum vitamin D levels in older adults have been associated 

with increased risk of falls and fractures (10, 12) and decreased physical performance (13), yet, 

both observational and interventional studies show conflicting results regarding the association 

between vitamin D and body composition and physical performance in aging (13, 14).  
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The purpose of the study was to examine the association of reported habitual dietary 

protein and vitamin D intake and serum 25(OH)D levels with baseline body composition in older 

adults as well as to identify if the outcomes of an exercise intervention (i.e. VO2 max, muscle 

mass quantity, performance and function) are influenced by these nutrients. The intent behind 

this study was to identify the factors that are associated with body composition and cardiac 

fitness, aiming to decrease the risk of morbidity and mortality in older adults. 

Methods 

Study design and recruitment method: 

This study used data collected previously from the Alzheimer’s Prevention through Exercise 

(APEx) trial (146). The APEx study focused on the role of aerobic exercise in the prevention and 

treatment of Alzheimer’s disease (AD) in older adults. The study population has been previously 

described; briefly, inclusion criteria included healthy, non-demented subjects ≥ 65 years with an 

indication of cerebral amyloidosis. Exclusion criteria included subjects with medical conditions 

such as psychiatric disorder, cardiac disease, history of stroke and others. The APEx study was a 

randomized controlled trial of 52 weeks of aerobic exercise in sedentary individuals with 

preclinical AD (cognitively normal elderly with elevated cerebral amyloid; n=79) and those with 

non-elevated cerebral amyloid (n=38). Participants were randomized in a 2:1 ratio to active 

aerobic exercise vs. control. Exercise interventions were performed in a community-based 

network of the University of Kansas- Medical Center (KUMC) approved facilities across the 

Kansas City area. The study started in November 2013 and ended in September 2019. The study 

protocol was approved by the institution guidelines. Participants signed informed consent prior 

to participation.  
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Dietary measures and serum concentrations 

 

Participants were asked to fill out the National Cancer Institute Diet History Questionnaire II 

(DHQII) either online on the DHQII website or by paper form during their baseline visit. The 

paper form was then entered in the DHQII website. DHQII is a semi-quantitative tool that 

estimates the diet and supplement intake of the subjects over the past year (128). The 

questionnaire consists of multiple-choice questions regarding the frequency and portion size of 

134 food items and 8 dietary supplements. Diet*Calc software was used to calculate the energy, 

nutrient, food and food group intake from the DHQII (129). 

During the participants’ baseline and 52-week visits, a fasting sample of blood was collected. 

Serum 25(OH)D concentrations were analyzed at the laboratory at KUMC using enzyme linked 

immunosorbent assay kit (ELISA) (Alpco, Salem, New Hampshire, USA), with a 7.15% 

coefficient of variation across all samples and a sensitivity of 2.8 ng/mL.  

Exercise outcomes (VO2 max) 

Aerobic fitness is quantitatively measured by VO2 max, representing peak oxygen 

consumption. VO2 max was measured using the modified Bruce protocol during a graded 

treadmill exercise test at baseline and at 52 weeks to assess the physiologic response to exercise 

(130). Participants wearing a non-rebreathing facemask were attached to a 12-lead 

electrocardiograph. Heart rates, blood pressure, and expired oxygen and carbon dioxide were 

measured by a Parvomedics system. The highest detected value was the VO2 max (131, 132). 

Body Composition 

Anthropometric measurements including body weight, height, and waist circumference were 

measured at baseline and 52 weeks. Weight was measured using a digital scale accurate to ±0.1 

kg (Seca Platform Scale, model 707, Seca Corp). BMI was calculated using the following 
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equation: Weight (kg)/Height (m2) (134). Waist circumference was measured at the smallest 

girth around the trunk using a Gullick II circumference measurement tape.  

Total fat-free mass (total lean mass), total fat mass, android fat, gynoid fat, and percent body 

fat were measured by dual energy x-ray absorptiometry (DXA, Lunar Prodigy, version 11.2068, 

Madison, WI) at baseline and 52 weeks. DXA observes body composition changes on the order 

of 1.6-3.8% by using low X-ray doses (0.02mREM) (135, 136).  

Body composition was assessed using the following tests at baseline and at 52 weeks. To 

measure muscle quantity, appendicular lean muscle mass (ASM), which is the sum of lean mass 

in arms and legs, was estimated by DXA. ASM levels <20 kg in males and <15 kg in females 

indicate low muscle quantity (21). 

Fitness measures 

Muscle strength was assessed by grip strength. Grip strength is associated with functional 

independence (137). A grip dynamometer (JAMAR, Sammons Preston, Bolingbrook, IL) was 

used to measure the grip strength in the dominant hand using an average of 3 maximal grips. A 

grip strength <27 kg in males and <16 kg in females indicates low muscle strength (21). The 

Physical Performance Test (138) objectively measures the timed physical tasks required for daily 

self-care (139). In the APEX study, the senior fitness test (SFT) was used to measure the 

functional fitness performance in older adults. This test measures several items: chair stand, arm 

curl, 6-min walk, 2-min step, chair sit-and-reach, back scratch, and 8-Ft Up-&-Go. Each item has 

normal ranges for men and women aging 60 years and older. The score indicates if the person is 

at risk for functional disability. Better physical performance is characterized by lower 8-Ft Up-

&-Go scores. 
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Statistical analysis  

 

The primary focus of this study was to determine the relation of dietary measures and 

vitamin D concentrations to body composition and fitness measures in cognitively normal older 

adults as well as identify if baseline dietary measures and the change in vitamin D concentrations 

influence change in body composition and fitness measures in older adults enrolled in a 52-week 

exercise trial. Chi-square test was used to look at the proportion of gender between treatment and 

control groups, and independent sample T-test was used for other quantitative variables. 

Continuous and categorical measurements were presented as mean ± standard deviation and n 

(%), respectively. The association of dietary and serum measures with muscle quantity, strength 

and performance and VO2 max at baseline and the change in these characteristics after 52 weeks 

was determined by multiple linear regression, controlling for group assignment, age, sex, and 

baseline BMI. Normality of the regression residuals was analyzed by QQ-plot visualization and 

Shapiro-Wilk test. We further analyzed whether these relationships were different between the 

exercise and non-exercise group by adding an interaction term for exercise in these regression 

models. Statistical analyses were performed using SPSS (v25, IBM). Statistical significance was 

set at p<0.05. 

 

Results 

A total of 121 subjects (66.9% women) aged ≥65 years participated in the study. 

Characteristics of the study population stratified by treatment group are summarized in Table 1. 

Of the total sample, three participants reported implausible energy intakes, therefore, they were 

excluded from all the dietary intake analyses. 
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1. Protein and Vitamin D Intake 

Mean daily protein intake was 0.87±0.36g/kg/d. In fact, 35.3% of the sample had a 

protein intake less than the EAR for protein (<0.66g/kg/d) and 52.6% had a protein intake less 

than the RDA of 0.8g/kg/d. Further, 28.4% had a protein intake between 0.8-1.2g/kg/d, and 

19.0% had a protein intake >1.2g/kg/d.  

Mean vitamin D intake in the sample was 465.66±264.83 IU/d. Of the total sample, 

73.5% had a daily vitamin D intake <600 IU (RDA), and 41.0% had an intake <400 IU (EAR). 

Only 21.0% of the participants aged 65-70 years met the RDA for vitamin D (600 IU/d), and 

only 10.9% of the participants aged 71 years and above met the RDA for vitamin D (800 IU/d). 

Table 1: Body composition, fitness measures and dietary characteristics. 

 Total Treatment group Control group p-value 

 N Mean±

SD or 

% 

N Mean±

SD or 

% 

N Mean±

SD or 

% 

 

Baseline characteristics 

Sex   78 66.7% 39 33.3% 0.403 

Male 40 33.1% 23 19.7% 15 12.8%  

Female 81 66.9% 55 47.0% 24 20.5%  

Age 121 71.6 

±5.0 

78 71.2 

±4.8 

39 72.2 

±5.3 

0.311 

Height (cm) 120 166.3 

±9.2 

78 166.0 

±8.8 

39 166.6 

±100 

0.775 

Weight (kg) 120 79.3 

±18.6 

78 80.7 

±19.8 

39 75.4 

±15.9 

0.120 

VO2max 

(mL) 

119 22.1 

±5.3 

78 21.9 

±5.2 

39 22.7 

±5.3 

0.440 

8-Ft Up and 

Go test 

(sec)  

118 6.1±1.4 76 6.1±1.2 39 6.0±1.6 0.662 

Grip 

strength 

(kg) 

119 29.9 

±10.0 

77 29.6 

±10.2 

39 30.7 

±9.7 

0.555 

ASM (kg) 120 20.0 

±54.7 

78 20.1 

±5.7 

39 19.6 

±5.1 

0.633 

Total lean 

mass (kg) 

120 44.9 

±10.5 

78 44.9±9.

2 

39 44.4 

±9.2 

0.804 

Total fat 

mass (kg) 

120 31.0 

±9.2 

78 32.4 

±9.2 

39 27.6 

±8.4 

0.015 
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[25(OH)D] 

(ng/mL) 

108 32.4 

±16.7 

75 34.3±1

7.7 

33 28.1±13

.5 

0.050 

Dietary data* 

Energy 

(Kcal) 

117 1668.4

±698.6 

77 1657.8

±656.2 

36 1672.4 

±758.0 

0.605 

Carbohydra

tes (g) 

117 186.53

±81.86 

77 188.10

±85.92 

36 183.33 

±77.14 

0.769 

Fats (g) 117 69.61 

±35.18 

77 69.79 

±33.87 

36 70.57±3

8.87 

0.918 

Protein (g) 117 68.5 

±31.6 

77 67.8 

±29.1 

36 67.5 

±33.0 

0.771 

Protein 

(g/kg/d) 

116 0.9±0.4 77 0.9±0.3 36 0.9±0.4 0.409 

Vitamin D- 

diet (IU) 

117 172.9 

±112.0 

77 167.5 

±113.8 

36 176.6 

±104.0 

0.676 

Vitamin D-

supplement

s (IU) 

117 292.8 

±226.9 

77 323.9 

±221.8 

36 246.0 

±234.9 

0.099 

Total 

Vitamin D 

(diet+suppl

ements) 

(IU) 

117 465.7 

±264.8 

77 491.5 

±262.3 

36 422.6 

±277.6 

0.335 

Characteristics at week 52 

Height (cm) 108 166.1 

±9.5 

74 165.9 

±9.0 

34 166.3 

±10.8 

0.826 

Weight (kg) 108 77.8 

±18.6 

74 79.4 

±19.7 

34 74.3±15.6 

 

0.156 

BMI 

(kg/m2) 

108 28.1 

±6.1 

74 28.8±6.9 34 26.7±3.7 0.040 

VO2max 

(mL) 

104 23.9 

±5.6 

70 24.3 

±5.8 

34 23.0±5.0 

 

0.253 

8-Ft Up and 

Go test 

(sec) 

107 5.9±1.4 73 5.9±1.3 

 

34 6.1±1.5 

 

0.510 

Grip 

strength 

(kg) 

108 29.6 

±10.4 

74 29.4±10.5 

 

34 30.2±10.3 

 

0.701 

ASM (kg) 109 19.7 

±5.2 

74 19.9±5.3 

 

35 19.3±5.1 

 

0.511 

Total lean 

mass (kg) 

109 44.5 

±10.4 

74 44.7±10.7 

 

35 43.9±10.0 

 

0.665 

Total fat 

mass (kg) 

109 29.7 

±11.2 

74 31.0±12.3 

 

35 27.1±8.1 0.046 

[25(OH)D] 

(ng/mL) 

109 39.0 

±19.6 

75 40.1±19.1 34 36.6±20.7 0.414 

Change in body composition and fitness measures 

Change in 

height (cm) 

108 -0.1 

±0.8 

74 -0.02±0.8 34 -0.1 

±1.0 

0.589 

Change in 

weight (kg) 

108 -1.0 

±2.9 

74 -1.1±2.5 34 -0.7 

±3.7 

0.570 
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Change in 

BMI 

(kg/m2) 

108 -0.3 

±1.0 

74 -0.4±0.9 34 -0.2 

±1.2 

0.398 

Change in 

VO2max 

(mL) 

104 1.4±2.6 70 2.0±2.5 34 0.1±2.5 

 

0.000 

Change in 

8-Ft Up and 

Go test 

(sec) 

106 -0.1 

±0.9 

72 -0.2±0.8 

 

34 0.05±0.9 

 

0.139 

Change in 

grip 

strength 

(kg) 

107 -0.6 

±3.3 

73 -0.7 

±3.5 

 

34 -0.4±2.7 

 

0.612 

Change in 

ASM (kg) 

109 -0.2 

±0.9 

74 -0.2 

±1.0 

 

35 -0.3±0.8 

 

0.961 

Change in 

fat mass 

(kg) 

109 -971.0 

± 

2387.5 

74 -1.1 

±2.0 

35 -0.6±3.0 0.341 

 

Change in 

[25(OH)D] 

(ng/mL) 

108 6.7 

±16.5 

75 5.8 

±16.6 

33 8.9±16.4 0.379 

*Three subjects were excluded from the dietary analysis due to reporting implausible energy 

intake. 

2. Dietary Intake Relation with Baseline Body Composition and Fitness Measures 

Using multiple linear regression to examine the association between dietary protein 

intake and baseline ASM, performance, strength, and VO2 max, none of the variables was 

associated with protein intake, controlling for age, sex and BMI (p>0.05) (Table 2). In addition, 

dietary vitamin D was not associated with baseline body composition and any fitness measures, 

controlling for age, sex and BMI (p>0.05) (Table 2).  

3. Baseline Serum Vitamin D Concentrations 

Mean baseline 25(OH)D level was 32.37±16.7 ng/mL (80.9±41.8 nmol/L). According to 

the Institute of Medicine (IOM) cutoffs (76), 72.2% of the participants had 

sufficient vitamin D levels. According to the National Osteoporosis Foundation cutoffs (147), 
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47.2% have sufficient vitamin D levels. There was a correlation between serum 25(OH)D 

concentration and total vitamin D intake (diet and supplements) (r=0.231, p=0.018).  

Using multiple linear regression to examine the association between serum 25(OH)D and 

baseline ASM, performance, strength, and VO2 max, serum 25(OH)D was not associated with 

body composition and any fitness measures, controlling for age, sex, and baseline BMI (p>0.05) 

(Table 2). 

Table 2: Association between baseline protein intake, vitamin D intake and 25(OH)D 

concentrations with baseline body composition and fitness measures1.  

Variables Baseline VO2 

max (mL) 

Baseline 8-Ft Up 

& Go test (sec) 

Baseline grip 

strength (kg) 

Baseline 

ASM (kg) 

Protein intake (g) -.04 -.03 -.03 .08 

Vitamin D intake (IU) .01 -.11 .00 .02 

Baseline serum 

[25(OH)D] (ng/mL) 

-.05 -.08 -.03 -.03 

1Controlled for sex, age, and baseline BMI. 

 

4. Dietary Intake Relation with Change in Body Composition and Fitness Measures 

Regarding the association between protein intake and the change in ASM, performance, 

strength, and VO2 max after 52 weeks, higher protein intake was associated with improvement in 

VO2 max, controlling for age, sex, baseline BMI, and exercise (p=0.04) (Table 3).   

Table 3: Association between dietary intake and change in [25(OH)D] with the change in 

body composition and fitness measures1. 

Variables Change in VO2 

max (mL) 

Change in 8-Ft Up 

& Go test (sec) 

Change in grip 

strength (kg) 

Change in 

ASM (kg) 

Protein intake (g) .21* .10 -.03 .05 

Vitamin D intake (IU) .19* .25* -.22* .03 

Change in [25(OH)D] 

(ng/mL) 

-.06 .05 -.23* .04 

1Controlled for sex, age, baseline BMI and exercise. 

*p<0.05 
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We wanted to explore if the associations differ between the exercise versus the control 

group, so we performed the same regression test using an interaction model. None of the 

variables was associated with protein intake, controlling for age, sex, baseline BMI, exercise, and 

the interaction between protein intake and exercise (p>0.05), showing that protein intake is 

positively associated with VO2 max, regardless if the participant exercises or not (Table 4). 

Table 4: Association between dietary intake and change in [25(OH)D] with the change in 

body composition and fitness measures using an interaction model1. 

Variables Change in VO2 

max (mL) 

Change in 8-Ft Up 

& Go test (sec) 

Change in grip 

strength (kg) 

Change in 

ASM (kg) 

Protein intake (g) -.28 -.27 -.41 .22 

Vitamin D intake (IU) .11 -.20 -.07 .56* 

Change in [25(OH)D] 

(ng/mL) 

.06 .16 .05 .25 

1Controlled for sex, age, exercise, baseline BMI and the interaction between protein intake and 

exercise. 

*p<0.05 

We examined the association between vitamin D intake and the change in ASM, 

performance, strength, and VO2 max after 52 weeks, controlling for age, sex, baseline BMI, and 

exercise. Our results show that vitamin D intake was negatively associated with the change in 

muscle performance (p=0.01) and grip strength (p=0.03). Higher baseline vitamin D intake was 

associated with worse muscle performance and strength at 52 weeks. Conversely, there was a 

positive association between baseline vitamin D intake and the change VO2 max (p=0.04). There 

was no significant association between vitamin D intake and change in ASM (Table 3).  

Using an interaction model to determine if the association between vitamin D intake and 

the change in body composition and fitness measures differs between exercise and control group, 

change in ASM was positively associated with the interaction between vitamin D intake and 

exercise. (p=0.02). Higher baseline vitamin D intake was associated with higher ASM in the 
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treatment group and lower ASM in the control group. The remaining body composition variables 

were not associated with vitamin D intake, controlling for the same variables. (Table 4). 

5. Change in 25(OH)D Concentrations Relation with Change in Body Composition 

and Fitness Measures 

Mean serum 25(OH)D level after 52 weeks was 39.0±19.6 ng/mL (97.5±49 nmol/L). 

According to the IOM cutoffs, 84.3% of the participants had sufficient vitamin D levels, and 

according to NOF cutoffs, 63.9% were sufficient.  

Regarding the association between the change in 25(OH)D concentrations and the change 

in body composition and fitness measures, we found a negative association between the change 

in 25(OH)D and grip strength, controlling for age, sex, baseline BMI, and exercise (p=0.03). 

Higher positive change in 25(OH)D concentration was associated with worsening change in grip 

strength (Table 3).  

Using an interaction model to examine if the association between the change in 25(OH)D 

and the change in body composition and fitness measures differs between the exercise versus the 

control group, none of the variables was associated with the change in 25(OH)D, controlling for 

age, sex, baseline BMI, exercise, and the interaction between the change in 25(OH)D and 

treatment group (p>0.05) (Table 4). 

Discussion 

Our study included 121 participants aged 65 years and more. The results show that usual 

daily protein intake was low. Thirty-five percent of the participants had a high probability of 

protein inadequacy as they consumed less than the EAR. More than half of the participants 

(52.6%) had a protein intake less than the RDA of 0.8g/kg/d. Furthermore, the protein 
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requirements for older adults is a controversial topic (48). The Recommended Dietary Allowance 

(RDA) for protein is 0.8g/kg/d for healthy adults and older adults  While some indicate that the 

RDA for protein is adequate (49, 50), others encourage the intake of higher amounts of protein 

(51, 52). According to the recommendations of the European Society for Clinical Nutrition and 

Metabolism (ESPEN), healthy older adults should consume at least 1.0-1.2 g protein/kg/day, 

malnourished older people or those with acute or chronic illness should consume 1.2-1.5 g 

protein/kg/day, reaching higher amounts in individuals with severe illness (53). Even using the 

lower recommendations, most older adults in our study were not consuming enough protein to 

meet their needs. Our data concur with national data as data from the 2005-2014 National Health 

and Nutrition Examination Survey (NHANES) indicated that protein intakes were significantly 

lower in older adults compared to young and middle aged adults, and that 46% of older adults 

aged 71 years and above have a protein intake less than 0.8g/kg/d (56). Another study showed 

that protein intakes provided 14-16% of total energy intakes. The average protein intake in older 

adults aged 71 years and above was 1.10±0.01g/kg/d, and 13% of non-Hispanic black men older 

than 71 years had protein intakes less than the EAR (57). Our results showed that 36.1% of older 

adults had inadequate protein intakes. Many factors are linked to the reduction in protein intake 

in elderly populations, such as the expense of protein-rich foods, loss of appetite, chewing 

difficulties, gastrointestinal problems, increased satiety, and others (58). 

Mean vitamin D intake in the total sample was 465.66±264.83 IU/d. Of the sample, 

73.5% had a daily vitamin D intake <600 IU, and 41.0% had an intake <400 IU. The RDA for 

vitamin D intake is 600IU/d for individuals aged 1-70 years and 800 IU/d for individuals older 

than 70 years, and the EAR is 400IU/d (77). Many of the individuals in our sample had 

inadequate vitamin D intake, possibly because vitamin D is not naturally found nor fortified in a 
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variety of foods. Although the DHQII includes a question about vitamins in general, there is no 

specific question about vitamin D supplementation. Misreporting the actual vitamin D intake can 

also be the reason behind the low vitamin D intake in our sample. Data from the National Health 

and Nutrition Examination Survey from 2007 to 2014 show that 46.4% of US older adults >60 

years old had a total daily vitamin D intake <400IU, 22% had an intake between 400-800IU, and 

31.5% had an intake >800IU (148). 

Our baseline results showed no significant association between dietary measures and 

body composition and fitness measures. Baseline results included sedentary people that were not 

yet randomized to any of the exercise or control group. Similar to our results, many investigators 

have documented no association between 1g/kg/d of protein intake and muscle mass, strength 

and functionality (68-70).  

We found a positive association between baseline protein intake and the change in VO2 

max after 52 weeks. There are no studies identified regarding the association between protein 

intake and VO2 max in older adults. While studies in adults aging between 20 to 65 years 

indicate that participants with higher protein intake had higher VO2 max values (149, 150), the 

reason behind this association is not clear. However, it may be due to the fact that protein intake 

increases muscle synthesis, and aerobic fitness is improved by the increased number of type 2a 

muscle fibers (151). Adequate protein intake provides the essential amino acids that are 

important for muscle homeostasis. Amino acids, mainly leucine, stimulate the translation process 

via the mammalian Target Of Rapamycin (mTOR) pathway, increasing muscle protein synthesis 

(59). Studies have shown that dietary amino acids are essential for the muscles’ adequate 

function (7, 8), and low amino acid intake impairs muscle protein synthesis in older adults 

compared to younger people (62, 63). Aging itself impairs skeletal muscle synthesis in response 
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to low doses of essential amino acids (~7.5g), whereas the consumption of higher doses (10-15g) 

stimulates muscle protein synthesis in older adults like in younger adults (64).  

We found that higher baseline vitamin D intake was associated with lower performance 

and grip strength after 52 weeks, regardless if exercising or not. Moreover, higher vitamin D 

intake was associated with greater increase in ASM in the treatment group and lower ASM in the 

control group, controlling for age, sex, exercise, and the interaction between vitamin D intake 

and treatment group (p=0.005). Vitamin D and its receptor (VDR) are important for muscle 

synthesis, strength and function (96). Skeletal muscles contain vitamin D receptors (VDR) that 

bind to 1,25(OH)D3, resulting in a transcription complex. This pathway regulates calcium uptake 

by the muscles through calcium channels within minutes and synthesizes muscle fibers through 

cell proliferation and differentiation (97). Both observational and interventional studies show 

conflicting results regarding the association between vitamin D intake and vitamin D 

concentrations and muscle mass, physical performance and strength (13, 14). Our results were 

similar to a cross sectional study that found an inverse relation between vitamin D and muscle 

mass and strength (100). The interpretation of these results is challenging. Participants with high 

vitamin D intake and serum levels are likely taking vitamin D supplements. Although the reason 

and the duration of supplementation is not known, perhaps some people are recommended 

vitamin D supplements because they are weak, which may be an indication to our inverse 

relations. Another study in elderly women also showed a U-shaped relation between vitamin D 

concentrations and frailty. Women with lower (<20 ng/mL; <50nmol/L) and higher (≥30 ng/mL; 

≥75 nmol/L) 25(OH)D concentrations have higher odds of frailty, suggesting that frail women 

may be prescribed vitamin D supplementation, therefore have high vitamin D levels (152). 

Moreover, positive associations between vitamin D intake and body composition and fitness 
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measures were shown in studies including a dose of ≥700 IU/d of vitamin D supplementation, 

which is much higher than the mean daily vitamin D intake in our study. It is possible that the 

association between vitamin D intake and muscle mass, strength and performance is not well 

observed unless vitamin D intake is high. In fact, more studies are needed to identify a clinically 

significant difference in grip strength, but in general, changes of 5.0 to 6.5 kg are considered 

meaningful (153). In addition, according to the Foundation for the National Institutes of Health, 

a clinically relevant low muscle mass is identified by an appendicular lean mass <19.75 kg in 

men and <15.02 kg in women (154). Currently, there are no cut points for clinically significant 

change in physical performance.  

In addition, there was a positive association between vitamin D intake and the change in 

VO2 max. Studies have shown a positive association between Vitamin D and VO2 max in adults 

aging between 20 to 65 years. The mechanism behind this association is not clear; however, very 

low vitamin D levels in adults can cause myocardial hypertrophy and endothelial dysfunction, 

leading to a reduction in cardiac output, and therefore, VO2 max (114, 115). In addition, vitamin 

D increases muscle protein synthesis (155, 156).  Further, vitamin D may improve aerobic fitness 

by increasing the number of type 2a fibers and decreasing type 2b muscle fibers (151). Although 

nothing has been published to be the standard, clinical relevant changes could be thought within 

a 1 MET increase in VO2 max (i.e. 3.5ml.min.kg) following an intervention (157) or even a 

relative 6% increase within an individual’s VO2max sufficient to be associated with increased 

survival (158). 

Mean baseline serum 25(OH)D level was 32.37±16.7 ng/mL (80.9±41.0 nmol/L). 

According to IOM cutoffs (76), 72.2% of the participants had sufficient vitamin D levels. 

According to NOF cutoffs (147), 47.2% have sufficient vitamin D levels. Our results did not 



 
 

61 
 

show any significant association between baseline 25(OH)D concentrations and body 

composition and fitness measures. However, we found a negative association between the 

change in 25(OH)D and change in grip strength. Higher 25(OH)D concentrations were 

associated with lower grip strength. Studies examining the association of 25(OH)D with body 

composition and fitness measures have shown conflicting results (110, 111, 159, 160). Muscle 

structure and function are known to decrease with aging due to several reasons such as hormonal 

deficiency and vitamin D deficiency (64, 100, 161). With age, the secretion of sex hormones 

decreases, negatively affecting the skeletal muscles. Studies have shown that testosterone 

treatment in men and estrogen-containing hormone replacement therapy (HRT) in 

postmenopausal women improve muscle function and mass (100, 161). In addition, higher 

parathyroid hormone (PTH) levels are associated with lower muscle mass and strength (102). 

Unfortunately, we were not able to measure PTH levels in our study, which may have influenced 

our outcomes. Moreover, we were not able to control for season and sun exposure in our study, 

which influence 25(OH)D levels. Muscle mass and strength may also be affected by season, as 

people become less active in winter and colder months (100). Only 1.9% of our participants had 

very low vitamin D levels (<10ng/mL; <25 nmol/L), preventing us from detecting the effect of 

severe vitamin D deficiency. Furthermore, the U-shaped relation between 25(OH)D and frailty 

described previously may indicate that higher vitamin D may not necessarily be beneficial to 

muscle mass and strength in elderly. 

The strengths of this study are that we used data collected previously from a randomized 

controlled trial during which participants were followed up for 12 months. In addition, the most 

recommended techniques were used to obtain the data. However, our study still includes several 

limitations. First, since the primary study only included 121 subjects, our study is underpowered. 
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Second, with the cross-sectional nature of the baseline data, it was not possible to draw a causal 

relationship. Also, the study was not originally designed to explore these aims, so these tertiary 

analyses should be interpreted with caution. Third, some important demographic and lifestyle 

data were not part of the study outcomes, since they were not measured in the primary study (ie: 

sunscreen use, sunlight exposure, latitude, season, skin pigmentation, PTH levels, and others). 

Fourth, self-reported FFQ was used as the primary assessment method for the nutrient and 

supplement intake, so recall bias might be a problem. 

We conclude that the elderly population in our study had low dietary protein and vitamin 

D intakes. Unfortunately, exercise trials are not focusing on nutrition, specifically protein and 

vitamin D. Deficiencies in these nutrients have an impact on body composition and cardiac 

output and may potentially increase the risk of functional decline and/or sarcopenia. Future 

studies are needed to determine the recommended protein intake for the prevention of geriatric 

diseases. In addition, larger studies measuring vitamin D levels, controlling for all the 

confounding variables, are needed to assess the association with body composition and cardiac 

output in the aging population. 
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Chapter 5: The correlation among three different dietary intake methods in 

cognitively normal healthy elderly. 
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Abstract 

Objective: This study’s purpose was to investigate the correlation among three dietary intake 

methods: 24-hour recall, 7-day food record, and the National Cancer Institute’s Dietary History 

Questionnaire (DHQ)-II in older adults. 

Methods: Dietary intake was collected from 60 cognitively normal, healthy older adults aged 

between 60-85 years using three 24-hour recalls (3-24HR), a 7-day food record (7D), and a food 

frequency questions (DHQII). The 24-HR and 7D were entered in the Nutrient Data System for 

Research (NDS-R version 2012) and the DHQII was exported to Diet*Calc software for nutrient 

analysis. We determined the correlation among the three dietary intake methods by Pearson 

correlation. Statistical analyses were performed using SPSS (v25, IBM) with significance of 

p≤0.05. 

Results: Correlation of energy, macronutrients and 21 micronutrients from the three methods 

were assessed. For energy and macronutrients, there was a significant correlation among the 

three dietary intake methods, except for fat grams between DHQII and 3-24HR (r2=0.24; 

p=0.06). For energy, correlations were: DHQII and 3-24HR (r2=0.30; p<0.05), DHQII and 7D 

(r2=0.43; p<0.01), 3-24HR and 7D (r2=0.58; p<0.01). We observed similar correlations with 

proteins and carbohydrates. All micronutrients were correlated between 3-24HR and 7D (r2 

range:0.30-0.85), 20 micronutrients were correlated between DHQII and 7D (r2 range:0.11-0.85), 

and 17 micronutrients were correlated between DHQII and 3-24HR (r2 range:0.01-0.75). 

Conclusion: All three methods are adequate for dietary intake assessment in cognitively normal 

older adults. The 24-hour recalls were strongly correlated with the gold standard (7D). 24-hour 

recalls may provide sufficient dietary intake information with less participant burden. 
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Introduction 

The increase in the elderly population in the United States has raised the concern for the 

prevention of many geriatric diseases (1). Studies have shown that nutrition plays an important 

role in disease prevention and treatment, potentially counteracting the effects of aging (116). 

Several studies have evaluated the association between diet and health; however, their major 

limitation was the dietary assessment method used (15). Several methods are available to 

estimate dietary intake; each having its strengths and weaknesses. Food frequency questionnaires 

are most commonly used in large population studies to estimate participants’ long-term nutrient 

intake. This method is simple and inexpensive. However, since the questionnaire lists specific 

foods, it should be culture-specific, listing the foods that each culture eats (121). Another method 

is the twenty four-hour recall (24HR), which involves an interviewer asking the participants, in 

person or by phone, about the foods and beverages consumed over the last 24 hours (122). The 

24HRs are appropriate for low-literacy participants, inexpensive to collect, and rely on short-

term memory (123). However, 24HRs require trained interviewers, are generally expensive to 

code, are expensive for studies including a large sample size, and are unable to describe the 

person’s long-term diet (124). Food records are also used to assess dietary intake and are usually 

obtained for 3-7 days (125). Although this method is cheap to collect, it requires literate 

participants, is time-consuming, is expensive to code, and is unsuitable for large studies (126). 

The validity of these dietary intake methods among older adults is not clear, thus, it is 

essential to assess the validity of these methods to ensure that they are accurately measuring 

what people are eating. Our study’s purpose was to investigate the correlation among three 

different dietary intake methods: 24-hour recall (24-HR), 7-day food record (7D), and the 

National Cancer Institute’s Dietary History Questionnaire (DHQ)-II in healthy older adults. 
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Methods: 

Study design and population 

A sample of 60 cognitively normal healthy elderly individuals (21 men and 39 women) 

aged between 60-85 years was collected between December 2011 and February 2014 from a 

study that examined the association between dairy intake and brain glutathione concentrations 

(141). Twenty participants were collected from three different groups (low, moderate, and 

recommended) according to their reported dairy intakes. The study population has been 

previously described; briefly, inclusion criteria included healthy elderly without any concomitant 

disease, as well as a Body Mass Index (BMI) ranging between 20 to 35 kg/m2. Exclusion criteria 

included subjects with a history of neurologic disorder, head injury or unstable medical condition 

(141). The study protocol was approved by the institution guidelines and participants signed 

informed consent prior to participation.  

Dietary intake assessment 

Dietary intake was assessed using three different tools: three separate 24-hour recalls (3-

24HR), a 7-day food record (7D), and the National Cancer Institute’s Dietary History 

Questionnaire (DHQ) II.  

Twenty four-hour recall  

Three standardized multiple-pass 24-hours recalls were conducted via telephone by 

trained registered dietitians. The data were entered in the Nutrient Data System for Research 

(NDS-R version 2012) by registered dietitians, using a uniform coding manual, to determine the 

energy and nutrient intake (142).  
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Seven-day food record 

A seven-day food record was used to determine the diet and supplement intake over 7 

days prior to the primary outcome of the original study, a magnetic resonance scan. Before 

completing this record, subjects were instructed by trained registered dietitians to help them 

record their dietary and supplement intake properly. During the visit, registered dietitians 

reviewed the records with the participants to ensure that the information was complete. The 

records were entered in NDSR for nutrient analysis (142).  

DHQII 

Participants were asked to fill out the DHQII either online on the DHQII Website or by 

paper form. The paper form was then entered by trained registered dietitians in the DHQII 

website. DHQII is a semi-quantitative tool that estimates the diet and supplement intake of the 

subjects over the past year (162). The questionnaire consists of multiple-choice questions 

regarding the frequency and portion size of 134 food items and 8 dietary supplements. Diet*Calc 

software was used to calculate the energy and nutrient intake from the DHQII (163). 

Anthropometric measures  

Trained research staff obtained the anthropometric data of body weight, height, and waist 

circumference. Body weight was measured with a calibrated digital scale (±1 kg; Befour). Height 

was measured with a wall-mounted stadiometer (model PE-WM-60– 84; Perspective 

Enterprises). Waist circumference was measured in the standing position with measurements 

obtained midway between the lateral lower rib margin and ileac crest (143). BMI (in kg/m2) was 

calculated by using weight and height measurements.  
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Statistical analysis 

The primary focus of this study was to investigate the correlation among the three dietary 

intake methods: 24-hour recall, 7-day food record, and DHQ-II. Measurements were presented as 

mean ± standard deviation and n (%). All participants were included in the analysis, since all had 

plausible reported intake. Normality of the regression residuals was analyzed by QQ-plot 

visualization and Shapiro-Wilk test. The correlation among the 3 dietary intake methods was 

determined by Pearson correlation. Bland Altman plots were created to investigate the agreement 

between the different dietary intake methods. Statistical analyses were performed using SPSS 

(v25, IBM). Statistical significance was set at P≤0.05. 

 

Results 

A total of 60 participants with a mean age of 68.7±6.2 years (range: 60-83years) 

participated in the study. The majority of the participants were educated (17.3±2.7 years) and 

had a mean BMI of 25.4±4.2 kg/m2. Mean energy, protein, and carbohydrate intake was 

significantly higher in males (2045.6±560.1 kcal, 86.20±25.23g, 261.16±89.00g, respectively) 

compared to females (1632.0±301.0 kcal, 69.83±16.11g, 192.66±52.90g, respectively). The 

detailed anthropometric and dietary intake characteristics of the sample have been previously 

described by Choi IY et al, 2015 (141). 

Table 1 represents the values of energy, macronutrients and 21 micronutrients from the 

three dietary intake methods and the % difference between the methods. Table 2 represents the 

correlation of energy, macronutrients and 21 micronutrients of interest from the three methods. 

For energy and macronutrients, there was a significant correlation among the three dietary intake 
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methods, except for fat between DHQII and 3-24HR (r=0.24; p=0.06). For energy, correlations 

were: DHQII and 3-24HR (r=0.30; p<0.05), DHQII and 7D (r=0.43; p<0.01), 3-24HR and 7D 

(r=0.58; p<0.01). We observed similar correlations with protein and carbohydrate. All 

micronutrients were correlated between 3-24HR and 7D (r range:0.30-0.85), and 20 

micronutrients were correlated between DHQII and 7D (r range:0.11-0.85). The only 

micronutrient that was not correlated was vitamin E (r=0.157). In addition, 17 micronutrients 

were correlated between DHQII and 3-24HR (r range:0.01-0.75). The micronutrients that were 

not correlated between DHQII and 3-24HR were the following: vitamin E, copper, selenium, and 

sodium (r=0.099-0.249).  

Table 1: Values of energy, macronutrients and 21 micronutrients from the three dietary 

intake methods and the % difference between the methods. 

  DHQII  3-24HR 7D % Difference 

between 

DHQII and 

7D 

% Difference 

between 3D 

and 7D  

 

Mean±SD Mean±SD Mean±SD 

Energy and macronutrients 

Energy (Kcal) 

1683.31±591.

36 

1805.4±495.9

7 

1776.76±451.

99 -5.25969 1.613429 

Total Fat (g) 62.07±26.12 68.5±22.25 67.06±21.40 -7.45305 2.20879 

Carbohydrate 

(g) 
209.99±85.58 216.39±77.39 216.64±74.65 

-3.07134 -0.1156 

Protein (g) 72.13±28.10 80.48±25.46 75.56±21.09 -4.54147 6.510614 

Alcohol (g) 7.26±8.77 7.29±10.90 8.03±10.77 -9.64404 -9.17202 

Cholesterol 

(mg) 
188.37±96.67 

228.03±124.8

3 
225.56±85.97 

-16.4932 1.09158 

Saturated fatty 

acids (g) 
18.41±8.15 23.39±9.64 21.91±7.90 

-15.9533 6.795193 

Monounsaturat

ed fatty acids 

(g) 

23.58±10.89 24.25±8.78 24.16±8.94 

-2.41175 0.359613 

Polyunsaturate

d fatty acids 

(g) 

13.59±6.77 15.21±5.91 15.416±5.80 

-11.8751 -1.31154 

Eicosapentaen

oic acid (g) 
0.06±0.06 0.06±0.11 0.061±0.08 

-7.6181 11.42554 

Docosahexaen

oic acid (g) 
0.10±0.10 0.15±0.25 0.11±0.14 

-19.9757 27.73717 
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Vitamins 

Vitamin A 

(mcg) 

1045.67±691.

2702 

971.59±530.0

6 

964.26±432.5

2 8.443244 0.760367 

Vitamin E 

(mg) 
8.98±3.95074 10.64±7.37 10.81±6.72 

-16.9327 -1.61042 

Vitamin K 

(mcg) 

241.74±226.2

2 

172.43±162.0

9 

152.16±175.1

7 58.86969 13.31773 

Vitamin C 

(mg) 
125.75±68.95 95.00±46.67 99.99±59.31 

25.75399 -4.99693 

Thiamin (mg) 1.60±0.69 1.66±0.69 1.64±0.65 -2.68806 1.169762 

Riboflavin 

(mg) 
2.79±1.33 2.48±1.20 2.32±0.97 

20.1843 7.008221 

Niacin (mg) 21.69±9.23 22.37±9.31 21.52±7.86 0.782966 3.982665 

Vitamin B6 

(mg) 
2.13±0.95 2.09±1.01 2.03±0.87 

4.799006 3.104107 

Folate (mcg) 

483.43±195.1

7 

474.89±234.4

6 

450.93±205.5

3 7.207014 5.312883 

Vitamin B12 

(mcg) 
5.96±3.659 6.31±4.34 5.57±3.10 

6.989835 13.27222 

Minerals 

Calcium (mg) 

1205.73±746.

99 

1093.02±568.

00 

1003.57±472.

61 20.14321 8.912473 

Phosphorous 

(mg) 

1389.92±631.

46 

1422.78±537.

09 

1331.87±443.

13 4.358636 6.82617 

Magnesium 

(mg) 

362.77±123.0

2 

333.33±114.1

3 

325.81±112.0

7 11.34343 2.308316 

Iron (mg) 15.21±6.77 16.74±10.72 15.66±8.10 -2.88321 6.90852 

Zinc (mg) 12.19±5.27 12.65±6.33 11.59±5.33 5.106879 9.077438 

Copper (mg) 1.47±0.54 1.36±0.49 1.33±0.52 10.22952 1.656946 

Manganese 

(mg)  
3.81±1.75 3.91±1.78 3.96±1.71 

-3.75528 -1.41892 

Selenium 

(mcg) 
91.46±38.79 100.90±38.32 101.15±37.48 

-9.58171 -0.252 

Sodium (mg) 

2487.95±943.

93 

2855.14±992.

44 

2695.02±756.

56 -7.68347 5.941453 

Potassium 

(mg) 

3545.05±1292

.81 

2958.46±996.

60 

2894.57±956.

65 22.4726 2.207381 

Choline (mg)  

313.86±120.5

8 

317.44±119.3

1 
309.15±94.48 

1.522129 2.680967 

Others 

Dietary fiber 

(g) 
19.06±9.32 22.65±9.76 22.62±9.85 

-15.7302 0.115679 

Caffeine (mg) 

314.69±291.4

5 

159.47±142.8

3 

152.17±133.7

8 106.8012 4.802255 

Total sugars 

(g) 

105.911±49.6

3 
97.30±45.87 95.78±42.39 

10.57337 1.592423 

Omega 3 fatty 

acids (g)  
1.401±0.72 1.80±0.89 1.73±0.82 

-19.4221 3.93013 
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Glycemic load 

(glucose 

reference) 

105.49±46.20 109.99±42.41 111.10±40.24 

-5.04753 -1.00009 

 

Table 2: Correlation of energy, macronutrients and 21 micronutrients from the three 

dietary intake methods. 

  DHQII x 3-24HR DHQII x 7D 3-24HR x 7D 

Energy and macronutrients 

Energy (Kcal) .298* .429** .577** 

Total Fat (g) 0.240 .452** .384** 

Carbohydrate (g) .422** .505** .768** 

Protein (g) .403** .465** .611** 

Alcohol (g) .751** .836** .799** 

Cholesterol (mg) .367** .392** .296* 

Saturated fatty acids (g) .379** .513** .519** 

Monounsaturated fatty acids (g) 0.239 .461** .347** 

Polyunsaturated fatty acids (g) 0.203 .402** .386** 

Eicosapentaenoic acid (g) 0.148 .468** .407** 

Docosahexaenoic acid (g) 0.161 .577** .347** 

Vitamins 

Vitamin A (mcg) .603** .670** .718** 

Vitamin E (mg) 0.099 0.157 .610** 

Vitamin K (mcg) .472** .499** .766** 

Vitamin C (mg) .321* .375** .603** 

Thiamin (mg) .436** .346** .631** 

Riboflavin (mg) .599** .656** .735** 

Niacin (mg) .339** .350** .566** 

Vitamin B6 (mg) .364** .352** .573** 

Folate (mcg) .397** .320* .601** 

Vitamin B12 (mcg) .434** .535** .560** 

Minerals 

Calcium (mg) .549** .674** .780** 

Phosphorous (mg) .557** .603** .704** 

Magnesium (mg) .382** .455** .755** 

Iron (mg) .488** .498** .728** 

Zinc (mg) .307* .332** .594** 

Copper (mg) 0.179 .397** .646** 
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Manganese (mg)  .495** .446** .810** 

Selenium (mcg) 0.138 .374** .523** 

Sodium (mg) 0.249 .285* .438** 

Potassium (mg) .457** .498** .772** 

Choline (mg)  .456** .473** .617** 

Other 

Dietary fiber (g) .371** .407** .845** 

Caffeine (mg) .718** .849** .776** 

Total sugars (g) .431** .524** .813** 

Omega 3 fatty acids (g)  0.006 0.154 .554** 

Glycemic load (glucose reference) .373** .534** .692** 

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 
 

  

In order to investigate the agreement between the different dietary intake methods, 

Bland Altman plots were created (Figures 1-3). All the nutrients were included in the plots.  In 

general, the points on the Bland-Altman plots are all scattered around the mean, which 

indicates that the methods agree without any bias. The nutrients that did not lie within the 

limits of agreement were sodium and potassium between DHQII and 3-24HR (Figure 1), 

potassium between DHQII and 7D (Figure 2), and sodium, phosphorous and calcium between 

3-24HR and 7D (Figure 3).  
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Figure 2: Bland-Altman Plot of agreement between DHQII and 7-day Food 

Records 

Figure 1: Bland-Altman Plot of agreement between DHQII and 3-24-Hour Recalls 
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Discussion: 

We investigated the correlation among three dietary intake methods: 24-hour recall, 7-

day food record, and the National Cancer Institute’s Dietary History Questionnaire (DHQ)-II in 

60 cognitively normal, healthy older adults. Our results show that energy, carbohydrate and 

protein were significantly correlated among the three dietary intake methods. Fat was also 

correlated among the different methods, except between DHQII and 3-24HR (r=0.24; p=0.06). 

Consistent with our findings, several studies have found significant underestimation of fat intake 

reported in food frequency questionnaires (164-166). Individuals were shown to underreport the 

quantity and frequency of foods rich in fat such as butter, mayonnaise, fried foods, and others 

Figure 3: Bland-Altman Plot of agreement between 3-24Hour Recalls and 7-day 

Food Records 
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(166). It is possible that the limitation in food choices provided by the food frequency 

questionnaires does not permit for accurate quantification of fat intake (164). In addition, since 

the DHQII assesses the intake over the past year, it could be difficult to recall and quantify the 

fat intake (121). 

Many studies have been conducted, comparing intakes of food frequency questionnaires 

with 24-hour recalls and food records (18, 125, 167-169). In general, correlations between these 

methods from different studies ranged between 0.4-0.7 (125). In our study, correlations from 

DHQII and 24-HR or 7D ranged between 0.006-0.849.  

All micronutrients were correlated between 3-24HR and 7D (r range:0.30-0.85), and 20 

micronutrients were correlated between DHQII and 7D (r range:0.11-0.85). The only 

micronutrient that was not correlated between DHQII and 7D was vitamin E. One of the 

limitations of food frequency questionnaires is that they do not include a wide variety of foods 

rich in vitamin E (ie: olives), which may lead to underreporting of vitamin E (170). Furthermore, 

as mentioned previously, it is difficult to recall and quantify foods while completing FFQs that 

assess food intake over the past year. In addition, 17 micronutrients were correlated between 

DHQII and 3-24HR (r range:0.01-0.75). The micronutrients that were not correlated between 

DHQII and 3-24HR were vitamin E, copper, selenium, and sodium. Similar to our findings, 

previous studies have also found misreporting of several micronutrients in all self-reported 

dietary intake methods, mostly in self-reported food frequency questionnaires (171-174). Food 

frequency questionnaires (FFQs) contribute to measurement error, since they use close-ended 

questions regarding the food items, frequency of intake and portion size (122). To better identify 

the measurement error of self-reported FFQs, more research including biomarkers is needed 
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(175). Since the points on the Bland-Altman plots are all scattered around the mean, this 

indicates that the methods agree without any bias. 

It is important to know the strengths and weaknesses of each dietary intake method 

before choosing the ideal method to be used in different study types. In general, food frequency 

questionnaires are best used in large population studies, 24HRs are appropriate for studies 

involving low-literacy participants, and food records remain the gold standard method, yet 

require literate participants, are expensive to code, and are unsuitable for large studies (126). Our 

results indicate that the 24-hour recalls were strongly correlated with the 7-day food record. 

Thus, twenty-four-hour recalls may provide sufficient dietary intake information with less 

participant burden in studies involving older adults. 

Our study has some limitations. The dietary intake data were self-reported, leading to 

potential overreporting or underreporting of several nutrients. In addition, since the primary 

study includes only 60 subjects, our tertiary study may be underpowered. In conclusion, our 

study showed that all three methods: 24-hour recall, 7-day food record, and the National Cancer 

Institute’s Dietary History Questionnaire (DHQ)-II are adequate for dietary intake assessment in 

cognitively normal older adults. The 24-hour recalls were strongly correlated with the gold 

standard: the 7-day food record. Studies involving older adults may use twenty-four-hour recalls 

for dietary intake assessment. Future studies including a larger sample size and assessing 

nutritional biomarkers are needed to precisely validate the different self-reported dietary intake 

methods in older adults. 
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Chapter 6: Discussion 
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Summary of results 

In our sample of older adults enrolled in an exercise trial, mean daily protein intake was 

0.87±0.36g/kg/d, 35.3% of the sample had a protein intake less than the EAR for protein 

(<0.66g/kg/d) and 52.6% had a protein intake less than the RDA of 0.8g/kg/d. Mean vitamin D 

intake was 465.66±264.83 IU/d, 73.5% had a daily vitamin D intake <600 IU, and 41.0% had an 

intake <400 IU. Mean baseline 25(OH)D levels was 32.37±16.70 ng/mL (80.9±41.0 nmol/L). 

Baseline protein and vitamin D intake and serum 25(OH)D concentrations were not associated 

with body composition and any fitness measures. Baseline protein intake was positively 

associated with the change in VO2 max after 52 weeks. Baseline vitamin D intake was positively 

associated with the change in VO2 max, and negatively associated with the change in grip 

strength and change in performance after 52 weeks. Higher vitamin D intake was associated with 

higher ASM in the treatment group and lower ASM in the control group after 52 weeks. The 

change in 25(OH)D levels was negatively associated with the change in grip strength after 52 

weeks. Our sample had a low dietary protein and vitamin D intake, which affects their body 

composition and cardiac output and may potentially increase their risk of functional decline. 

From the second study, we found a significant correlation among the three dietary intake 

methods for energy and macronutrients, except for fat grams between DHQII and 3-24HR 

(r2=0.24; p=0.06). All micronutrients were correlated between 3-24HR and 7D (r2 range:0.30-

0.85), 20 micronutrients were correlated between DHQII and 7D (r2 range:0.11-0.85), and 17 

micronutrients were correlated between DHQII and 3-24HR (r2 range:0.01-0.75). All three 

methods are adequate for dietary intake assessment in cognitively normal older adults. 24-hour 

recalls may provide sufficient dietary intake information with less participant burden.  
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Additional analysis 

Researchers have reported varied results in older adults regarding the association between 

dietary patterns and body composition and fitness measures. Therefore, we performed principal 

components analysis (PCA) using R software (v. 3.6.1; R Foundation, Vienna, Austria) to 

explore the relationship between dietary patterns and our outcome variables. We derived three 

dietary patterns. Each diet pattern contained foods with high loading patterns that are unique to 

specific diets, thus we named them accordingly. We named the first pattern the Western diet, the 

second the Prudent diet, and the third the Mediterranean diet. Individual adherence scores for 

each diet pattern were used to determine the association with body composition and fitness 

measures. Using multiple linear regression to examine the association between dietary patterns 

and baseline ASM, performance, strength, and VO2 max, none of the variables was associated 

with any dietary pattern, controlling for age, sex and baseline BMI (p>0.05). The results are 

depicted in the Appendix.  

 

Limitations 

 

The data for both studies used previously collected data. Study one used data collected 

previously from the APEX study. Thus, it includes several limitations: (1) The sample size: since 

the primary study includes 120 subjects, our study is underpowered. (2) The study design: with 

the cross-sectional nature of aim 1, it was not possible to draw a causal relationship. Also, the 

study was not originally designed to explore these aims, so tertiary analysis will be performed 

instead of primary analysis. (3) Missing data: since we did tertiary analysis, some demographic 

and lifestyle data that are important for our study were not measured in the previous study (ie: 
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sunscreen use, sunlight exposure, latitude, season, skin pigmentation, and others). (4) Subjective 

assessment and recall bias: self-report FFQ was used as the primary assessment method for the 

nutrient and supplement intake. Our second study also has few limitations. The dietary intake 

data were self-reported, leading to potential overreporting or underreporting of several nutrients. 

In addition, since the primary dairy study includes only 60 subjects, our tertiary study may be 

underpowered.  

Anticipated implications 

  

The purpose of the study was to examine the association of dietary protein and vitamin D 

intake with muscle quantity, strength and performance in older adults as well as to identify if the 

outcomes of an exercise intervention (i.e. VO2 max, muscle quantity, strength and performance) 

are influenced by these nutrients. Furthermore, we aimed to assess the validity of different 

dietary intake methods (24-hour recall, 7-day food record, and the National Cancer Institute’s 

Dietary History Questionnaire (DHQ)-II) in older adults to ensure that they are measuring what 

people are really eating. The intent behind this study was to identify the factors that are 

associated with body composition and cardiac fitness, aiming to decrease the risk of morbidity 

and mortality in older adults. Unfortunately, exercise trials are not focusing on nutrition, 

specifically protein and vitamin D. Deficiencies in these nutrients have an impact on body 

composition and cardiac output and may potentially increase the risk of functional decline and/or 

sarcopenia. Researchers conducting exercise trials should consider monitoring these dietary 

variables and ensuring adequate dietary intake during their trials. Future studies are needed to 

determine the recommended protein intake for the prevention of geriatric diseases as well as 

specifically to identify the dose needed to improve muscle mass during exercise trials. In 

addition, larger studies measuring vitamin D levels, controlling for all the confounding variables, 
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are needed to assess the association with body composition and cardiac output in the aging 

population. Since we observed a positive response with vitamin D and V02max with exercise, 

yet a negative association with grip strength and performance, future studies should explore these 

contradictory results in order to determine optimal vitamin D to support benefits of exercise. 

Furthermore, studies including a larger sample size and assessing nutritional biomarkers are 

needed to precisely validate the different self-reported dietary intake methods in older adults. 
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Appendix: Dietary Patterns  
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Figure 1: Adherence to the Western Diet 
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Figure 2: Adherence to the Prudent Diet 
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Figure 3: Adherence to the Mediterranean Diet 
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Table 1: Association between Western diet and baseline body composition and fitness 

measures controlled for sex, age, and baseline BMI. 

Variables Standardized 

coefficients 

Beta 

p-value 95.0% Confidence Interval VIF 

Lower Bound Upper Bound 

Baseline VO2 max (mL)  

Sex -.55 .00 -7.52 -4.58 1.25 

Age -.44 .00 -.58 -.33 1.09 

BMI -.58 .00 -.61 -.37 1.16 

Western diet -.03 .63 -1.06 .64 1.36 

Baseline 8-Ft Up & Go test (sec)  

Sex .23 .01 .13 1.11 1.26 

Age .36 .00 .05 .14 1.06 

BMI .45 .00 .06 .14 1.12 

Western diet .04 .69 -.19 .29 1.33 

Baseline grip strength (kg)  

Sex -.38 .00 -20.05 -15.15 1.27 

Age -.28 .00 -.78 -.35 1.08 

BMI -.02 .72 -.21 .15 1.14 

Western diet -.04 .53 -1.58 .82 1.36 

Baseline ASM (kg)  

Sex -.75 .00 -9835.71 -7778.93 1.26 

Age -.08 .05 -184.21 -2.14 1.09 

BMI .41 .00 301.40 454.81 1.14 

Western diet .02 .70 -408.28 607.57 1.35 

 

Table 2: Association between Prudent diet and baseline body composition and fitness 

measures controlled for sex, age, and baseline BMI. 

Variables Standardized 

coefficients 

Beta 

p-value 95.0% Confidence Interval VIF 

Lower Bound Upper Bound 

Baseline VO2 max (mL)  

Sex -.55 .00 -7.37 -4.70 1.05 

Age -.43 .00 -.57 -.32 1.08 

BMI -.59 .00 -.61 -.40 1.08 

Prudent diet -.08 .19 -1.10 .22 1.03 

Baseline 8-Ft Up & Go test (sec)  

Sex .21 .01 .13 1.03 1.04 

Age .35 .00 .05 .14 1.05 

BMI .46 .00 .06 .14 1.06 

Prudent diet .02 .80 -.19 .24 1.02 

Baseline grip strength (kg)  

Sex -.82 .00 -19.65 -15.28 1.03 
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Age -.27 .00 -.75 -.33 1.07 

BMI -.03 .62 -.22 .13 1.08 

Prudent diet -.09 .08 -1.96 .10 1.02 

Baseline ASM (kg)  

Sex -.75 .00 -9817.73 -7950.39 1.04 

Age -.09 .04 -186.84 -5.54 1.08 

BMI .41 .00 306.77 456.22 1.08 

Prudent diet .01 .84 -398.96 488.95 1.02 

 

Table 3: Association between Mediterranean diet and baseline body composition and 

fitness measures controlled for sex, age, and baseline BMI. 

Variables Standardized 

coefficients 

Beta 

p-value 95.0% Confidence Interval VIF 

Lower Bound Upper Bound 

Baseline VO2 max (mL)  

Sex -.54 .00 -7.24 -4.54 1.05 

Age -.44 .00 -.58 -.32 1.07 

BMI -.59 .00 -.61 -.40 1.09 

Mediterranean 

diet 

-.00 .96 -.67 .63 1.05 

Baseline 8-Ft Up & Go test (sec)  

Sex .22 .01 .14 1.03 1.04 

Age .35 .00 .05 .14 1.05 

BMI .46 .00 .06 .14 1.09 

Mediterranean 

diet 

-.04 .66 -.27 .17 1.04 

Baseline grip strength (kg)  

Sex -.81 .00 -19.51 -15.07 1.04 

Age -.28 .00 -.77 -.35 1.07 

BMI -.03 .63 -.22 .13 1.09 

Mediterranean 

diet 

.01 .85 -.95 1.15 1.04 

Baseline ASM (kg)  

Sex -.76 .00 -9893.29 -8027.03 1.04 

Age -.09 .04 -186.85 -6.85 1.07 

BMI .42 .00 310.54 460.10 1.09 

Mediterranean 

diet 

.04 .32 -218.93 665.66 1.04 

 

 

 


