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Abstract

:

This cohort study aimed to identify the associations of dairy protein intake with the risk of developing a low muscle mass during a 12-year follow-up period, using data from 4412 middle-aged Korean Genome and Epidemiology Study participants with a normal baseline muscle mass. Dairy protein intake at baseline was assessed using a semi-quantitative Food Frequency Questionnaire. Skeletal muscle mass index (SMI), defined as the weight-adjusted skeletal muscle mass, was measured biennially using multi-frequency bioelectrical impedance analyses. Cox proportional hazards regression analysis was used to calculate multivariable-adjusted hazard ratios (HRs) and 95% confidence intervals (CIs). Overall, 395 subjects developed a low SMI (%) during an average follow-up of 141 (19–152) months. The average consumption of milk and other dairy products was 73.6 and 104.1 g/day, respectively. In men, a higher dairy protein intake was associated with a decreased risk of developing a low SMI (tertile 3 [T3] vs. T1, HR: 0.63; 95% CI: 0.42, 0.94; p for trend = 0.029). In a stratified analysis according to a total protein intake, this association was stronger in the lower-protein intake group (HR: 0.59; 95% CI: 0.35, 0.99; p for trend = 0.036) but not detected in the higher-protein intake group. Men who consumed milk ≥1 time/day had a significantly lower risk of developing a low SMI (HR: 0.62; 95% CI: 0.39, 0.98; p for trend = 0.023). No significant associations were observed in women. In summary, dairy consumption appears to be beneficial for decreasing the risk of developing a low muscle mass in middle-aged Korean men.
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1. Introduction


Sarcopenia, a syndrome characterized by low levels of muscle mass and strength, is common among older adults but can also occur in younger adults [1]. Sarcopenia is known to be associated with increased risks of falls and fractures, reduced cardiopulmonary function, metabolic syndrome, insulin resistance, and eventually, disability, hospitalization, and death [2]. The current global project estimates that the number of humans aged ≥60 years will increase from 900 million in 2015 to 2 billion in 2050 [3]. In other words, the population of elderly individuals who will be exposed to the risks of deteriorating muscle strength and mobility associated with muscle loss is expected to increase enormously during the next few decades [4].



Although sarcopenia is largely attributed to aging, the condition can be accelerated by modifiable lifestyle factors such as physical inactivity, alcohol consumption, smoking, and malnutrition [5]. Among dietary factors, it is generally accepted that adequate dietary protein is required for the maintenance of muscle mass in older adults [6]. Especially, increasing attention has focused on dairy foods, with evidence that essential amino acids play the predominant role in promoting positive muscle protein balance [7]. Although previous studies have suggested a beneficial role of dairy consumption with respect to some types of cancers [8,9], cardiovascular disease [10], metabolic syndrome [11,12], cognitive ability [13,14], bone density [15,16,17,18,19], disability [20], and fracture [21], the role of dairy consumption in preventing muscle mass loss has not been fully investigated. Further, most previous studies were randomized controlled trials focused on milk protein supplementation in combination with resistance training [22]; community-based observational studies, in particular, are lacking and those that have been published reported inconsistent results. For example, one cross-sectional study of Australian women aged 70–80 years found positive associations of dairy intake with lean body mass and physical performance, suggesting that dairy consumption may be a factor in preventing age-related loss of muscle mass [23]. However, a cross-sectional study conducted in the Netherlands reported that the intake of fish/meat/eggs, but not that of plant and dairy protein was positively associated with creatinine excretion, which is a reliable measure of muscle mass [24]. Some clinical intervention studies on dairy proteins, such as ricotta cheese and milk, failed to demonstrate an effect of these products on muscle mass and strength [25,26]. To date, only one prospective study reported an inverse association between dairy consumption frequency and the risk of developing low muscle mass in Korean adults [27].



Milk and other dairy products are nutrient-dense and supply high concentrations of many nutrients, including calcium, phosphorus, vitamin A, vitamin D, riboflavin, vitamin B12, and protein, relative to their overall energy values [28]. Specifically, milk proteins (whey and casein) are nutritionally complete and highly digestible, with high amino acid scores, and contain all amino acids in amounts sufficient to support the maintenance of all body proteins [29,30]. Due to its nutrient profile, the dietary guidelines of most Western countries recommend at least 2–3 daily servings of milk or milk products [15,31,32,33]. The Korean Nutrition Society recommends that Korean adults consume at least one serving of milk per day [34]. However, dairy products are generally not included in the traditional Korean diet that is mainly composed of rice and vegetables [35,36]. As a result, the average individual milk consumption in Korea, 60 g/day [36], is lower than those reported in Western countries such as Sweden (240 g/day) [37] and Spain (206 g/day) [21]. In addition, a recent study in an elderly Korean population revealed that the main sources of dietary protein in the group with the lowest tertile of protein intake were rice and other grains (41.8% in men and 44.1% in women) [38]. As dairy products are sources of animal protein that do not require cooking and can be consumed simply in a liquid form, their consumption may be a practical option for preventing sarcopenia in Korean adults obtaining proteins mainly from plant sources.



Therefore, in this study, we investigated the association of dairy protein intake with the risk of developing a low muscle mass in a population of middle-aged Korean adults using data from the Korean Genome and Epidemiology Study (KoGES).




2. Materials and Methods


2.1. Study Population


This study used data from the KoGES, a community-based prospective cohort study of 10,030 adults aged 40–69 years who had lived in urban (Ansan) and rural (Ansung) areas of Korea for at least 6 months before enrollment. Participants were enrolled during 2001–2002 and followed biennially through 2013–2014. In this study, we excluded participants who did not complete a baseline Food Frequency Questionnaire (FFQ) or had incomplete anthropometric data (n = 2417), reported implausible energy intake (<500 or >5000 kcal/day; n = 56), did not participate in follow-up examinations (n = 3042), or had a low skeletal muscle mass index (SMI) at baseline (n = 103). The final analysis included 4412 participants. All study procedures were approved by the Institutional Review Board of the Catholic Medical Center (No. KC17ZESI0645). Written informed consent was obtained from all participants.




2.2. Assessment of Dairy Consumption


Dietary intake was assessed at baseline using a 103-item, semi-quantitative FFQ. The validity and reproducibility of the FFQ were evaluated elsewhere in detail [39]. Nine response options were provided to identify the frequency of consumption of each food (never or almost never, 1 time/month, 2–3 times/month, 1–2 times/week, 2–3 times/week, 3–4 times/week, 5–6 times/week, 1 time/day, 2 times/day, or 3 times/day), and three response options were provided for portion size (1/2 serving, 1 serving, and ≥2 servings). Dairy products included milk, yogurt, and cheese. We transformed the quantity of consumed dairy products (g/day) into servings/day by dividing the total amount of each consumed food by the standard serving size (200 mL of milk, 130 mL of yogurt, and 20 g of cheese). Daily nutrient intake was calculated based on the seventh edition of the Food Composition Table in Korea [40]. Participants were divided into the lower- and higher-protein intake groups according to a total protein intake of <1.0 and ≥1.0 g/kg body weight/day, as per recommendations of the PROT-AGE study group (to review dietary protein needs with aging), respectively [41]. The consumption frequencies of milk and yogurt were categorized into three groups (<1 serving/week, 1–6 servings/week, and 1 serving/day).




2.3. Covariates


The participants’ demographic and general information and medical histories were gathered using a self-administered questionnaire that included items on sex, age, marital status, education level, income, smoking status, alcohol consumption, physical activity, self-perceived dental health status, chronic disease, and residential area. Marital status was categorized into married and unmarried (including divorced, separated, and others). Education level was categorized into high school or lower and college or higher. Smoking status was categorized into smokers (current smokers) and non-smokers (former smokers and non-smokers). Alcohol consumption was categorized into alcohol drinkers (current drinkers) and non-drinkers (former and never drinkers). Regular physical activity was recorded as “yes” if the participant performed ≥2.5 h of exercise per week, according to the World Health Organization’s recommendation [42,43]. The participants also reported the number of hours spent sleeping and the frequency of activities performed at five intensity levels (sedentary, very light, light, moderate, and heavy activities). Metabolic equivalents (METs)-hours per day were then calculated by multiplying the activity hours per day by the MET value of each type of activity [44]. Self-perceived dental health status was categorized into poor and other (good and fair). The presence or absence of chronic diseases, such as myocardial infarction, congestive heart failure, coronary artery disease, peripheral arterial disease, cerebrovascular disease, asthma, chronic obstructive pulmonary disease, cancer, dementia, and arthritis, was recorded.




2.4. Assessment of Body Composition


The fat mass and fat-free mass values were determined using a multi-frequency bioelectrical impedance analysis machine (MF-BIA, Inbody 3.0, Biospace, Seoul, Korea) with eight-point tactile electrodes. Skeletal muscle mass was estimated by dividing the total lean body mass by 0.52 [45]. In our study, low muscle mass was defined using the SMI, which was calculated as the total skeletal muscle mass (kg)/weight (kg) × 100 to adjust for the participant’s stature and non-skeletal muscle tissue (fat, organs, and bone) mass, as described by Janssen et al. [46]. Low muscle mass was defined as an SMI of <2 standard deviations below the sex-specific normal mean for a young reference group, as defined in a previous Korean study that reported cutoff points of 35.71% for men and 30.70% for women [47]. The incidence of low muscle mass was determined based on the SMI data collected at baseline and every 2 years of follow-up.




2.5. Statistical Analyses


Dairy protein intake at baseline was categorized into tertiles, and the lowest tertile was used as the reference in the analyses. Within each sex, differences in general characteristics according to the tertiles of dairy protein intake at baseline were examined using the chi-square test for categorical variables and a linear regression analysis for continuous variables. For each participant, the person-time was measured from the date of enrollment in the cohort to the date of a low SMI diagnosis or the final follow-up survey. To assess the association between dairy protein intake and the development of a low SMI during follow-up, we calculated hazard ratios (HRs) and 95% confidence intervals (CIs) using Cox proportional regression models adjusted for potential confounders such as age (years), skeletal muscle mass at baseline (kg), energy-adjusted protein intake (g/day), vitamin intake, marital status, education level, income, smoking status, regular physical activity, self-perceived dental health status, chronic diseases, and residential area. The energy-adjusted protein intake was calculated using the nutrient residual model [48]. Participants were divided into the lower- and higher-protein intake groups, as defined in Section 2.2. The dietary intake of each vitamin (vitamins A, C, and E) was categorized into quartiles. The first quartile received a score of 1; the second, third, and fourth quartiles received scores of 0; and the sum of the scores was calculated for each vitamin [49]. A linear trend was estimated using the median value of each tertile as a continuous variable. The p-values for interactions were obtained using the likelihood ratio test using models with and without the interaction terms (total protein intake × dairy protein intake). IBM SPSS Statistics for Windows, version 24.0 (IBM Corp., Armonk, NY, USA) was used for all statistical analyses. A two-sided p-value of <0.05 was considered statistically significant.





3. Results


A total of 395 subjects (9.0%) developed a low SMI during an average follow-up of 141 months (range: 19–152 months). The general characteristics of the study participants are presented in Table 1. At baseline, men and women with higher dairy protein intakes were more likely to be younger, live in an urban area, have higher education and household income levels, and to be physically inactive (all p < 0.001). The proportion of current smokers was lower among men with a higher dairy protein intake than among those with a lower dairy protein intake (p < 0.001). Women with a higher dairy protein intake were less likely to be current alcohol drinkers (p = 0.002) and to have a chronic disease (p < 0.001). Regarding body composition, men with a higher dairy protein intake had a higher lean mass at baseline (p = 0.010). Women with a higher dairy protein intake had a lower fat mass (p = 0.024) and a higher SMI (%) at baseline (p < 0.001).



The average consumption of milk and other dairy products was 73.6 and 104.1 g/day, respectively. Men and women in the highest tertile of dairy protein intake reported average milk consumption amounts of 161.1 and 194.2 g/day, respectively; they also showed higher intakes of total energy, energy from fat, and energy from protein as well as a lower intake of energy from carbohydrates (all p < 0.001; Table 2). Additionally, both men and women with a higher dairy protein intake had higher intakes of vitamin A, C, and E after adjusting for age and total energy intake (all p < 0.001).



Table 3 presents the HRs and 95% CIs for the risk of developing a low SMI according to the tertile of dairy protein intake at baseline. After adjusting for covariates, men in the highest tertiles of dairy and milk protein intakes had a significantly lower risks of developing a low SMI, compared to those in the lowest dairy (HR: 0.63; 95% CI: 0.42, 0.94; p for trend = 0.029) and milk tertiles (HR: 0.66; 95% CI: 0.45, 0.96; p for trend = 0.048). In contrast, these associations were not observed in women. In a further analysis of men according to the total protein intake level, this association was found to be stronger in the lower-protein intake group (HR: 0.59; 95% CI: 0.35, 0.99; p for trend = 0.036) but was not detected in the higher-protein intake group (p for interaction = 0.004).



The associations between milk and yogurt consumption frequencies and the incidence of low SMI are presented in Table 4. After adjusting for covariates, men in the highest milk consumption group (≥1 serving/day) exhibited a decreased risk of developing a low SMI, compared to those in the lowest milk consumption group (HR: 0.62; 95% CI: 0.39, 0.98; p for trend = 0.023). However, no significant association was observed in women. There was no association between yogurt consumption frequency and the incidence of low SMI in men or women.




4. Discussion


In this prospective study of a middle-aged Korean population, a higher dairy protein intake was associated with a decreased risk of developing a low SMI in men but not in women, and this association was stronger among men with a low total protein intake. In addition, the consumption of more than one serving of milk per day was significantly associated with a lower risk of developing a low SMI among men.



We observed an inverse association between dairy protein intake and the risk of developing a low SMI among Korean men after adjusting for covariates. This finding is consistent with the results a study conducted in Korea [27] as well as of those conducted in other countries [23,50]. The previous Korean study, including three different population-based cohorts, reported that the consumption of ≥1 servings of milk per day was significantly associated with a higher SMI and muscle strength [27]. In a cross-sectional study of elderly Australian women [23] and a randomized clinical trial of elderly Mexicans [50], dairy protein intake had a significant positive effect on muscle mass. In contrast, several other studies failed to observe such associations. In a cross-sectional study of an adult cohort with a wide-age range in the Netherlands, dairy intake was not associated with creatinine excretion, an indicator of muscle mass [24]. The authors of that study explained that the lack of such an observation suggests that even the lowest level of dairy protein intake (13.6 g/day) might have already maximally benefitted the muscle mass in this population. A recent European cohort study of community-dwellers aged ≥60 years also identified a null association between habitual dairy consumption and the risk of falling due to low muscle mass [21]. Another systematic review of 14 randomized controlled trials involving 883 adults aged 18–85 years reported that increased dairy consumption resulted in a greater gain in lean mass only in people administered energy-restricted diets [51]. In addition, a recent meta-analysis of 14 randomized controlled trials involving 1424 participants aged 61–81 years showed that dairy protein intake at a level of 14–40 g/day enhanced gains in muscle mass (0.13 kg; 95% CI: 0.01,0.26; p = 0.04), but not in handgrip or leg press strength [22].



Among men in our study, the association between dairy consumption and a low SMI was stronger in the lower-protein intake group but not detected in the higher-protein intake group. Evidence that dairy supplementation is more effective in individuals with a low protein intake is limited so far, however, some studies have reported that dairy supplementation did not have additional benefit during resistance training in individuals with adequate protein intake [52,53]. In one of these studies, casein hydrolysate protein supplementation was shown to not further enhance skeletal muscle mass and strength gain after prolonged resistance-type exercise training in healthy elderly men who habitually consume adequate amounts of dietary protein (1.1 g/kg/day) [52]. A previous review similarly concluded that increasing protein intake did not enhance resistance training-induced improvements in muscle mass and strength in older individuals who consumed adequate amounts of dietary protein (≥0.8 g/kg/day) [54]. Thus, the lack of a significant association in the higher-protein intake group in men may be explained by the results that additional protein supplementation was meaningless to those who already consumed adequate protein amounts. Another explanation for this finding might be that dairy products supplied other micronutrients needed for muscle maintenance in the lower-protein intake group. Specifically, dairy products contribute substantial amounts of many essential vitamins and minerals as well as protein which play an important role in supporting muscle mass preservation through several physiological mechanisms [18,55]. Consistent with this hypothesis, a previous analysis of data from the United States National Health and Nutrition Examination Survey 2003–2006 showed that adding 1 serving of dairy products per day to a person’s diet significantly improved the intake of 3 nutrients of concern (calcium, vitamin D, and phosphorus) [56]. The traditional Korean diet is composed of rice and vegetables and very little meat and milk [57]. Recently, as the traditional Korean diet has been changing to a Western-style diet, the consumption of animal products, including meat as well as milk and dairy products, has increased. The actual meat intake among Koreans has gradually increased from 67.8 g/day in 1995 to 102.4 g/day in 2015 [36]. Nevertheless, dairy consumption remains relatively low compared to that in Western populations. A recent study reported that the proportion of Koreans with a milk consumption of <1 serving size daily was 83.5% in men and 76.7% in women [11]. In addition, according to data from the 2013–2014 Korean National Health and Nutritional Examination Survey, approximately 47.9% of men and 60.1% of women older than 60 years consumed less than the recommended nutrient intake of protein (0.91 g/kg/day) [58]. Moreover, among Korean adults with a low protein intake, more than 70% of the protein was derived from plants [38], so eating dairy products may improve the quality and quantity of protein as well as supplement other nutrients, which will help their muscle health.



Currently, many countries have issued guidelines recommending the intake of at least one serving of dairy products per day [15,59], which is consistent with the findings of our study. In men, the highest milk consumption frequency (≥1 serving/day) was associated with a lower risk of developing a low SMI, compared to the lowest milk consumption frequency. In most previous Korean studies, the consumption of ≥1 serving of milk per day decreased the risks of developing a low skeletal muscle mass [27] and metabolic syndrome [11,13]. In a study of Australian women, those in the highest tertile of dairy consumption (≥2.2 servings/day) had a significantly greater whole lean mass and appendicular skeletal muscle mass than those in the lowest tertile (≤1.5 servings/day) [23]. In a Spanish cohort study of community-dwelling adults aged ≥60 years, participants who consumed 1 serving per day of low-fat milk and yogurt had a lower incidence of frailty than those who consumed <1 serving per week [60]. A randomized controlled trial of younger adults with obesity aged 18–50 years consuming a balanced calorie-deficit diet (− kcal/day) demonstrated better maintenance of lean body mass in participants who consumed a diet supplemented with 3 servings of yogurt than in those in the placebo control group (<1 serving/day) [61]. Additional high-quality, large-scale, randomized controlled trials with longer follow-up periods are needed to establish guidelines for dairy protein intake that reflect the subjects’ characteristics according to age, sex, and obesity status as well as protein intake levels.



Our results showed that dairy protein intake was associated with a decreased risk of developing a low SMI in men, but not in women. Contrary to our results, most previous studies on the association between dairy consumption and muscle mass did not show differences between men and women [24,27,50,61]. In addition, a Swedish cohort study reported a stronger association between milk intake and fractures in women than in men [37]. Our findings may be partly attributable to confounding factors, particularly alcohol consumption, which has previously shown negative effects on muscle mass. According to a recent cross-sectional study, among elderly women, binge drinkers with a weekly or daily consumption had a 3.9 times higher prevalence of sarcopenia than social drinkers [62]. In our study, women with a higher dairy protein intake were more likely to be current drinkers than those with a lower dairy protein intake; this may have attenuated the association between dairy protein intake and the risk of developing a low SMI. Differences in age-related physiological changes in muscle mass between men and women might also explain our results. According to a study of Korean individuals aged ≥10 years who participated in the 2008–2012 Korean National Health and Nutritional Examination Survey, men experience a linear decrease in muscle mass that begins at the age of 30 years, while women show a slow increase in muscle mass until their 40s, a plateau state until the age of 50–60 years, and a decrease thereafter [63]. Since the pattern of muscle mass reduction is relatively flat in middle-aged women, the effect of dairy product intake on muscle mass may not be apparent.



We used antioxidants intake (vitamin A, C, and E) as a covariate when calculating the multivariable-adjusted HR. Oxidative stress and the accumulation of reactive oxygen species potentially contribute to age-related muscle loss [64]. Although few interventional and observational studies have investigated the association between antioxidants intake and sarcopenia [49,65,66], antioxidant nutrients have been suggested as a nutritional risk factor of sarcopenia.



The present study had several limitations. First, BIA, a non-invasive method for skeletal muscle mass assessment, is useful in large population-based studies. However, the results may be affected by several factors, including age, hydration status, food or beverage consumption, and exercise intensity. To reduce the possibility of measurement errors, the participants were requested to fast before the BIA, and their hydration status was monitored carefully. Second, we assessed dietary intake only at baseline and did not determine whether these variables had changed over time. Third, we used the FFQ, which cannot measure absolute intake, to estimate the participants’ usual dietary intakes. However, this tool is useful in categorizing individuals on the basis of relative intakes and is the most commonly used for assessing nutrient intakes in epidemiological studies. Fourth, we could not examine the effect of cheese consumption on the development of a low SMI because 85% of the participants never or rarely consumed cheese. Finally, this study categorized total protein intake into two groups owing to the small sample size. Further large-scale prospective cohort studies to elucidate these issues are necessary.




5. Conclusions


In conclusion, our findings indicate that higher dairy protein intake decreased the risk of developing a low SMI among Korean men, but not women. This association was stronger among men with a low total protein intake. In addition, consuming more than one serving of milk per day significantly decreased the risk of developing a low SMI among Korean men. These results suggest that dairy consumption may be a modifiable lifestyle factor that can help prevent muscle mass loss, especially in adults with an insufficient total protein intake.
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Table 1. General characteristics of study participants according to tertiles of dairy protein intake a at baseline.
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Men (n = 2096)

	
Women (n = 2316)




	
Variables

	
T1

	
T2

	
T3

	
p for Trend b

	
T1

	
T2

	
T3

	
p for Trend




	
Mean

	
SD

	
Mean

	
SD

	
Mean

	
SD

	
Mean

	
SD

	
Mean

	
SD

	
Mean

	
SD






	
Age (years)

	
50.9

	
8.2

	
49.1

	
7.5

	
50.4

	
7.9

	
<0.001

	
52.8

	
9.0

	
49.4

	
7.9

	
50.6

	
8.1

	
<0.001




	
Residence area (% urban)

	
58.9

	

	
70.8

	

	
74.9

	

	
<0.001

	
42.8

	

	
68.8

	

	
69.4

	

	
<0.001




	
Education (% ≥College)

	
18.8

	

	
27.8

	

	
29.8

	

	
<0.001

	
3.7

	

	
10.0

	

	
10.1

	

	
<0.001




	
Household income

(% ≥3,000,000 KRW)

	
22.0

	

	
29.9

	

	
30.6

	

	
<0.001

	
10.7

	

	
20.6

	

	
19.5

	

	
<0.001




	
Marital status (% married)

	
96.9

	

	
96.8

	

	
97.3

	

	
0.640

	
86.1

	

	
90.1

	

	
87.6

	

	
0.380




	
Dental health status (% poor)

	
39.9

	

	
37.2

	

	
38.8

	

	
0.677

	
45.8

	

	
39.0

	

	
40.9

	

	
0.051




	
Chronic disease (% yes)

	
1.8

	

	
1.0

	

	
1.4

	

	
0.499

	
6.8

	

	
4.0

	

	
3.0

	

	
<0.001




	
Physical activity

(METs-hours/day)

	
23.9

	
15.5

	
21.8

	
13.4

	
22.5

	
13.4

	
0.020

	
24.4

	
15.1

	
20.9

	
12.9

	
21.7

	
13.1

	
0.021




	
Alcohol consumption (% yes)

	
72.3

	

	
76.4

	

	
72.8

	

	
0.819

	
22.7

	

	
26.8

	

	
29.5

	

	
0.002




	
Smoking (% yes)

	
50.0

	

	
43.8

	

	
40.1

	

	
<0.001

	
2.9

	

	
1.6

	

	
2.5

	

	
0.633




	
BMI (kg/m2)

	
24.4

	
2.8

	
24.5

	
2.8

	
24.3

	
2.6

	
0.321

	
24.8

	
3.0

	
24.7

	
2.9

	
24.4

	
2.9

	
0.356




	
Fat mass (kg)

	
15.1

	
4.7

	
15.2

	
4.5

	
14.7

	
4.4

	
0.069

	
18.7

	
4.9

	
18.6

	
4.5

	
18.4

	
4.6

	
0.024




	
Lean mass (kg)

	
52.9

	
6.4

	
53.9

	
6.1

	
53.2

	
5.9

	
0.010

	
39.9

	
4.6

	
40.5

	
4.2

	
40.1

	
4.1

	
0.218




	
SMI (%)

	
40.6

	
2.6

	
40.7

	
2.4

	
40.9

	
2.4

	
0.068

	
35.6

	
2.6

	
35.8

	
2.4

	
35.8

	
2.6

	
<0.001








BMI, body mass index; KRW, Korean won; MET, metabolic equivalent; SMI, skeletal muscle index. Data are presented as means ± standard deviations (SD) or n (%). a Protein intake from milk, yogurt, and cheese. b p for trend was calculated from a linear regression analysis for continuous variables and Mantel-Haenszel x2 for categorical variables.
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Table 2. Nutrient intakes of the study participants according to tertiles of dairy protein intake at baseline.
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Variables

	
Men (n = 2096)

	
Women (n = 2316)




	
T1

	
T2

	
T3

	
p for Trend

	
T1

	
T2

	
T3

	
p for Trend




	
Mean

	
SE

	
Mean

	
SE

	
Mean

	
SE

	
Mean

	
SE

	
Mean

	
SE

	
Mean

	
SE






	
Energy (kcal/day)

	
1852.5

	
20.5

	
2008.3

	
20.8

	
2171.0

	
20.5

	
<0.001

	
1714.7

	
20.9

	
1861.2

	
21.3

	
2049.8

	
21.0

	
<0.001




	
Macronutrients (% of energy)




	
Fat

	
13.9

	
0.2

	
16.1

	
0.2

	
17.3

	
0.2

	
<0.001

	
11.1

	
0.2

	
14.1

	
0.2

	
16.1

	
0.2

	
<0.001




	
Carbohydrates

	
71.6

	
0.2

	
68.9

	
0.2

	
67.5

	
0.2

	
<0.001

	
75.1

	
0.2

	
71.4

	
0.2

	
69.0

	
0.2

	
<0.001




	
Protein

	
13.1

	
0.1

	
13.9

	
0.1

	
14.3

	
0.1

	
<0.001

	
12.5

	
0.1

	
13.6

	
0.1

	
14.1

	
0.1

	
<0.001




	
Protein (g/day)

	
61.1

	
0.9

	
70.0

	
0.9

	
77.9

	
0.9

	
<0.001

	
53.7

	
0.8

	
63.3

	
0.8

	
72.6

	
0.8

	
<0.001




	
Dairy protein a (g/day)

	
0.1

	
0.1

	
2.0

	
0.1

	
8.0

	
0.1

	
<0.001

	
0.2

	
0.1

	
2.8

	
0.1

	
9.0

	
0.1

	
<0.001




	
Dairy protein (% of protein)

	
0.2

	
0.1

	
3.1

	
0.1

	
10.7

	
0.1

	
<0.001

	
0.4

	
0.2

	
4.9

	
0.2

	
13.2

	
0.2

	
<0.001




	
Dairy products (g/day)

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Milk

	
1.9

	
3.3

	
35.4

	
3.3

	
161.1

	
3.3

	
<0.001

	
2.7

	
2.4

	
43.2

	
2.4

	
194.2

	
2.4

	
<0.001




	
Yogurt

	
1.2

	
1.6

	
18.2

	
1.4

	
63.7

	
1.6

	
<0.001

	
2.5

	
1.7

	
30.8

	
1.8

	
62.8

	
1.8

	
<0.001




	
Cheese

	
0.0

	
0.1

	
0.5

	
0.1

	
1.0

	
0.1

	
<0.001

	
0.1

	
0.1

	
0.4

	
0.1

	
1.3

	
0.1

	
<0.001




	
Vitamins

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
Vitamin A (ug RE/day)

	
449.4

	
13.1

	
566.8

	
13.3

	
653.4

	
13.1

	
<0.001

	
400.3

	
13.2

	
499.2

	
13.4

	
616.7

	
13.3

	
<0.001




	
Vitamin C (mg/day)

	
105.6

	
3.0

	
122.5

	
3.0

	
132.5

	
3.0

	
<0.001

	
115.0

	
3.5

	
137.0

	
3.5

	
144.0

	
3.5

	
<0.001




	
Vitamin E (mg/day)

	
8.4

	
0.2

	
9.8

	
0.2

	
10.7

	
0.2

	
<0.001

	
7.6

	
0.2

	
9.4

	
0.2

	
10.3

	
0.2

	
<0.001








RI, Recommended intake; RE, Retinal equivalent. All values were presented as adjusted means ± standard errors (SE) after adjusting for age and total energy intake (except energy intake) using a generalized linear model and were significantly different between the lowest and highest tertiles. a Protein intakes from milk, yogurt, and cheese.
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Table 3. Hazard ratios (HRs) and 95% confidence intervals (95% CIs) for the risk of developing a low SMI according to tertiles of dairy protein intake at baseline.
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Variables

	
Men (n = 2096)

	
Women (n = 2316)




	
T1

	
T2

	
T3

	
p for Trend

	
p for Interaction d

	
T1

	
T2

	
T3

	
p for Trend

	
p for Interaction






	
Dairy protein intake a (g/day)

	

	

	

	

	

	

	

	

	




	
Cases (n)/person-months

	
72/98,000

	
58/95,286

	
47/98,270

	

	

	
94/108,607

	
57/105,387

	
67/108,196

	

	




	
HR (95% CI) b

	
Reference

	
0.79 (0.54,1.15)

	
0.63 (0.42,0.94)

	
0.029

	
0.004

	
Reference

	
0.78 (0.54,1.12)

	
0.89 (0.63,1.28)

	
0.667

	
0.402




	
Higher protein intake c

	

	

	

	

	

	

	

	

	

	




	
Cases (n)/person-months

	
17/29,342

	
22/43,739

	
31/61,273

	

	

	
19/35,229

	
23/53,131

	
37/76,721

	

	




	
HR (95% CI)

	
Reference

	
0.67 (0.34,1.35)

	
0.62 (0.32,1.19)

	
0.943

	

	
Reference

	
0.84 (0.47,1.51)

	
0.96 (0.57,1.64)

	
0.636

	




	
Lower protein intake

	

	

	

	

	

	

	

	

	

	




	
Cases (n)/person-months

	
55/68,658

	
36/51,547

	
16/36,997

	

	

	
75/73,378

	
34/52,256

	
30/31,475

	

	




	
HR (95% CI)

	
Reference

	
0.84 (0.53, 1.31)

	
0.59 (0.35,0.99)

	
0.036

	

	
Reference

	
0.72 (0.45,1.15)

	
0.83 (0.50,1.36)

	
0.743

	




	
Dairy protein intake (% of protein)

	

	

	

	

	

	

	

	

	




	
Cases (n)/person-months

	
75/96,885

	
57/97,370

	
45/97,301

	

	

	
91/106,787

	
59/107,590

	
68/107,813

	

	




	
HR (95% CI)

	
Reference

	
0.72 (0.49,1.04)

	
0.60 (0.41,0.89)

	
0.017

	
0.007

	
Reference

	
0.80 (0.55,1.15)

	
0.89 (0.63,1.26)

	
0.640

	
0.439




	
Higher protein intake

	

	

	

	

	

	

	

	

	

	




	
Cases (n)/person-months

	
23/34,264

	
19/43,987

	
19/48,016

	

	

	
31/49,253

	
30/63,252

	
34/65,277

	

	




	
HR (95% CI)

	
Reference

	
0.62 (0.32,1.19)

	
0.58 (0.30,1.12)

	
0.920

	

	
Reference

	
0.97 (0.56,1.69)

	
1.05 (0.61,1.81)

	
0.704

	




	
Lower protein intake

	

	

	

	

	

	

	

	

	

	




	
Cases (n)/person-months

	
52/62,621

	
38/53,383

	
26/49,285

	

	

	
60/57,534

	
29/44,338

	
34/42,536

	

	




	
HR (95% CI)

	
Reference

	
0.78 (0.50,1.24)

	
0.56 (0.34,0.92)

	
0.010

	

	
Reference

	
0.69 (0.42,1.14)

	
0.77 (0.49,1.23)

	
0.458

	




	
Milk protein intake (g/day)

	

	

	

	

	

	

	

	

	




	
Cases (n)/person-months

	
81/107,429

	
55/94,575

	
41/89,552

	

	

	
98/114,331

	
46/83,691

	
74/124,168

	

	




	
HR (95% CI)

	
Reference

	
0.86 (0.60,1.24)

	
0.66 (0.45,0.99)

	
0.048

	

	
Reference

	
0.78 (0.54,1.14)

	
0.88 (0.63,1.13)

	
0.641

	




	
Yogurt protein intake (g/day)

	

	

	

	

	

	

	

	

	




	
Cases (n)/person-months

	
80/123,787

	
42/54,157

	
55/113,612

	

	

	
55/113,612

	
86/120,518

	
46/66,918

	

	




	
HR (95% CI)

	
Reference

	
1.28 (0.86,1.91)

	
0.74 (0.51,1.07)

	
0.037

	

	
Reference

	
0.90 (0.62,1.32)

	
0.96 (0.69,1.33)

	
0.930

	








a Protein intakes from milk, yogurt, and cheese. b Adjusted for baseline age (years), skeletal muscle mass at baseline, energy-adjusted protein intake (g/day), vitamins intake (sum of vitamin score: the first quartile received a score of 1; the second, third, and fourth quartiles received scores of 0), marital status (married/others), education level (≥college/others), income (≥3,000,000 KRW per month/other), smoking status (yes/no), alcohol consumption (yes/no), regular physical activity (METs-hours/day), self-perceived dental health status (poor/others), chronic diseases (yes/no), and residential area (urban/rural). c Higher protein intake: a total protein intake of ≥1.0 g/kg body weight/day; lower protein intake: a total protein intake of <1.0 g/kg body weight/day. d Test for interaction between protein intake and dairy protein intake.
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Table 4. Hazard ratios (HRs) and 95% confidence intervals (95% CIs) for the risk of developing a low SMI according to milk and yogurt consumption frequencies at baseline.
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Variables

	
Dairy Product Consumption (Servings) b

	




	
<1/week

	
1–6/week

	
≥1/day

	
p for Trend






	
Milk Consumption frequency

	

	

	

	




	
Men (n = 2096)

	

	

	

	




	
Cases (n)/person-months

	
113/152,767

	
40/86,179

	
24/52,610

	
0.023




	
HR (95% CI) a

	
Reference

	
0.68(0.47,0.99)

	
0.62 (0.39,0.98)

	




	
Women (n = 2316)

	

	

	

	




	
Cases (n)/person-months

	
125/151,642

	
37/89,864

	
56/80,684

	
0.657




	
HR (95% CI)

	
Reference

	
0.65 (0.44,0.96)

	
1.05 (0.75,1.48)

	




	
Yogurt Consumption frequency

	




	
Men (n = 2096)

	

	

	

	




	
Cases (n)/person-months

	
121/177,375

	
40/83,213

	
16/30,968

	




	
HR (95% CI)

	
Reference

	
0.70 (0.48,1.02)

	
0.70 (0.41,1.23)

	
0.161




	
Women (n = 2316)

	

	

	

	




	
Cases (n)/person-months

	
131/186,333

	
58/95,677

	
29/40,180

	




	
HR (95% CI)

	
Reference

	
0.96 (0.68,1.35)

	
1.11 (0.73,1.70)

	
0.996








a Adjusted for baseline age (years), skeletal muscle mass at baseline, energy-adjusted protein intake (g/day), vitamins intake (sum of vitamin score: the first quartile received a score of 1; the second, third, and fourth quartiles received scores of 0), marital status (married/others), education level (≥college/others), income (≥3,000,000 KRW per month/other), smoking status (yes/no), alcohol consumption (yes/no), regular physical activity (METs-hours/day), self-perceived dental health status (poor/others), chronic diseases (yes/no), and residential area (urban/rural). b One serving was equal to 200 mL of milk, 130 mL of yogurt, and 20 g of cheese.
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