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ABSTRACT

The ongoing increase in life expectancy is not always 
accompanied by an increase in healthy life span. There 
is increasing evidence that dietary exposure in early 
life can substantially affect chronic disease risk in later 
life. Milk and dairy foods are important suppliers of a 
range of key nutrients, with some being particularly im-
portant at certain life stages. It is now recognized that 
milk protein can stimulate insulin-like growth factor-1 
(IGF-1), essential for longitudinal bone growth and 
bone mass acquisition in young children, thus reducing 
the risk of stunting. Low milk consumption during ado-
lescence, particularly by girls, may contribute to subop-
timal intake of calcium, magnesium, iodine, and other 
important nutrients. Given the generally low vitamin D 
status of European populations, this may have already 
affected bone development, and any resulting reduced 
bone strength may become a big issue when the popula-
tions are much older. Suboptimal iodine status of many 
young women has already been reported together with 
several observational studies showing an association 
between suboptimal iodine status during pregnancy 
and reduced cognitive development in the offspring. 
There is now good evidence that consumption of milk 
and dairy foods does not lead to an increased risk of 
cardiovascular diseases and type 2 diabetes. Indeed, 
some negative associations are seen, notably between 
yogurt consumption and type 2 diabetes, which should 
be researched with urgency. Greater emphasis should 
be placed on reducing malnutrition in the elderly and 
on dietary approaches to reduce their loss of muscle 
mass, muscle functionality, and bone strength. Whey 
protein has been shown to be particularly effective for 
reducing muscle loss; this needs to be developed to pro-
vide simple dietary regimens for the elderly to follow. 

There is an ongoing, often too simplistic debate about 
the relative value of animal versus plant food sources 
for protein in particular. It is important that judgments 
on the replacement of dairy products with those from 
plants also include the evidence on relative functional-
ity, which is not expressed in simple nutrient content 
(e.g., hypotensive and muscle synthesis stimulation 
effects). Only by considering such functionality will a 
true comparison be achieved.
Key words: milk, dairy, life stage, chronic disease

INTRODUCTION

In its recent review of world health statistics, the 
World Health Organization (WHO, 2019) reported that 
global life expectancy has continued to increase, on av-
erage by 5.5 yr from 2000 to 2016, although healthy life 
expectancy increased by only 4.8 yr during the same 
period. However, there are great discrepancies, notably 
that life expectancy at birth is more than 18 yr shorter 
in low-income countries than in high-income countries. 
A sizable proportion of the difference is related to 
preventable health issues. Moreover, childhood obesity 
continues to increase across the world but most notably 
in Europe and North America.

In the United Kingdom (UK), life expectancy dou-
bled over the last 200 yr and is now higher than 80 yr 
(Roser, 2017), with an even greater population growth 
rate among those aged 85 yr and over. Aging brings 
with it some important nutrition-health challenges, 
such as increased risk of bone breakages and sarcopenia 
and challenges linked to lower absorption of vitamin 
B12 and efficiency of vitamin D synthesis. Gullberg et 
al. (1997) estimated the total worldwide number of hip 
fractures to be around 1.26 million in 1990, and they 
predicted that this would increase to 2.6 and 4.5 mil-
lion by 2025 and 2050, respectively. In support of this, 
Hernlund et al. (2013) reported that the frequency of 
osteoporotic fracture has increased in many parts of the 
world and proposed that in the European Union (EU), 
the prevalence will double by 2035. It is therefore of 
considerable concern that in the UK, milk consump-
tion during the teenage years is reduced, particularly 
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in girls, such that considerable suboptimal intakes of 
calcium, iodine, and other key nutrients are apparent.

Sarcopenia is an age-related progressive loss of mus-
cle mass and strength. The meta-analysis by Shafiee 
et al. (2017) reported that the overall prevalence of 
sarcopenia was 10% in men and women, but it was 
higher in non-Asian countries than in Asian countries. 
There are many effects of sarcopenia, including reduced 
muscle strength and mass leading to increased risk of 
falls and related bone breakages, which can have major 
negative effects on quality of life and independence. It 
is also now appreciated that both reduced muscle mass 
and reduced mobility can increase the risk of type 2 
diabetes, which further reduces healthy and quality life 
span (Hunter et al., 2019).

In middle and later life, cardiovascular diseases 
(CVD) remain a major cause of death and morbid-
ity in the EU and worldwide even though prevention 
and treatment programs have brought major benefits 
(Wilkins et al., 2017). Although CVD-related mortality 
has declined in most of Europe, there remain some 49 
million people living with CVD in the EU, which repre-
sents a major health care cost (Wilkins et al., 2017). Of 
related concern is the substantial rise in the prevalence 
of type 2 diabetes related in good part to increased 
obesity. Recent data from Diabetes UK (2019) indicate 
that about 10% of people over 40 yr of age now have 
type 2 diabetes, with some 4.7 million cases of all types 
of diabetes (~90% type 2). It is predicted that by 2030 
the number of cases will have reached 5.5 million.

Diet is a key risk-modifying factor for chronic diseases, 
and this must be considered appropriately throughout 
the various life stages, not least because reducing risk 
in early life can have benefits in later life. The intention 
of this review is to focus on key life stage issues where 
milk and dairy components can play a substantial role 
in reducing chronic disease risk. This predominantly 
relates to high-income countries, although some refer-
ence is made to low-income countries where relevant.

MILK IN CHILDHOOD

Milk and Growth

The benefits of milk in a child’s diet have been 
known for many years. For example, in 1926, a report 
produced by the UK Medical Research Council showed 
that giving an additional 568 mL/d of milk to boys in a 
children’s residential home led to a marked increase in 
growth (Corry Mann, 1926). Subsequently, UK nutri-
tion policy encouraged milk drinking for children. In 
recent years there has been an increased focus on the 
importance of nutrition during childhood, as there is 

increasing evidence that diets during this period can 
influence health in later life. It is well recognized that 
undernutrition in childhood can lead to a marked reduc-
tion in linear growth (stunting), increased risk of slower 
short-term cognitive development, and, in adulthood, 
hyperglycemia, hypertension, elevated blood lipids, and 
obesity (de Onis and Branca, 2016). Despite recent 
worldwide improvements, Semali et al. (2015) noted 
that stunting in sub-Saharan African children remains 
at about 40%, and some countries have an even higher 
prevalence. Recently, Leroy and Frongillo (2019) con-
firmed that childhood stunting remains a major health 
concern in many parts of the world. They also proposed 
that the conventional focus on linear growth reduction 
and stunting is not always the most cost-efficient way 
to improve the well-being of children.

Nevertheless, a range of studies over a substantial 
time period have shown milk to be a key food for reduc-
ing stunting in children. In the mid-1970s a random-
ized controlled trial (RCT) was started to evaluate 
the effect of milk provision at school on child growth 
(Baker et al., 1980). Some 600 children aged 7 and 
8 yr in families in South Wales, UK, with 4 or more 
children were chosen from schools in areas with a high 
socioeconomic deprivation. The selected children were 
on average 2.5 cm shorter and 1.5 kg lighter than the 
average for the area, and for height, they were rep-
resentative of the lowest 20% of children throughout 
the whole region. The children in the treatment group 
were given 190 mL of milk every school day. After 2 
school years, these children were significantly taller 
and heavier (both P < 0.01) than those in the control 
group, although the increases were very small (0.28 cm 
taller and 0.13 kg heavier). In addition, growth was 
significantly increased in children from families in the 
highest social classes compared with those in the low-
est. More recently, Michaelsen (2013) emphasized that 
milk has a specific growth-promoting effect in children, 
an effect that is seen in both developing and developed 
countries, indicating an effect even when energy and 
nutrient intakes are apparently adequate. In a recent 
study in Bangladeshi children from households with 
milk-producing cows, Choudhury and Headey (2018) 
found that these children had increased height-for-age 
Z scores (+0.52 SD) in the crucial 6- to 23-mo growth 
phase compared with control children from households 
with non-milk-producing animals, an effect apparently 
not confounded by family socioeconomic status. How-
ever, it was also found that children aged 0 to 11 mo 
from treatment households were 21.7% less likely to be 
breastfed than children from control households, sug-
gesting that ready access to dairy milk substantially re-
duces the incentive for mothers to breastfeed. Reduced 
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availability of breast milk is a considerable disadvan-
tage for the very young child, with the increased acute 
risk of gastrointestinal infections and infant morbidity 
and mortality.

The effect of milk on linear growth is now thought 
to be primarily mediated through the stimulation of 
IGF-1 by milk proteins, in particular casein (Hoppe 
et al., 2009); IGF-1 is essential for longitudinal bone 
growth, skeletal maturation, and bone mass acquisition 
during childhood as well as maintenance of bone matrix 
in adult life (Locatelli and Bianchi, 2014). Regulation 
of bone length is associated with changes in chondro-
cytes of the proliferative and hypertrophic zones of the 
growth plate (Yakar et al., 2018). It is of note that 
Wan et al. (2017) showed that activation of peroxisome 
proliferator-activated receptor gamma (PPARγ) is also 
involved in the regulation of hepatic IGF-1 secretion 
and gene expression in response to dietary protein, 
thus providing a possible explanation whereby dietary 
protein and related AA stimulate hepatic secretion of 
IGF-1.

Milk, Obesity, and Future Health

The general increase in childhood obesity in many 
parts of the world is a major concern. At least 60% of 
children who are overweight before puberty will remain 
overweight in early adulthood (Nittari et al., 2019), with 
the increased risk of CVD (Steinberger et al., 2016) and 
type 2 diabetes. It is therefore of considerable interest 
that dairy consumption is inversely and longitudinally 
associated with childhood obesity and overweight (Lu 
et al., 2016; Dougkas et al., 2019). However, concerns 
exist about the early protein hypothesis; there is con-
sistent evidence that the use of infant formulas with 
higher protein contents than human milk throughout 
the first year of life leads to greater abdominal fat mass 
in children aged 2 to 6 yr. This is likely to be related 
to higher circulating IGF-1 and insulin (Totzauer et 
al., 2018). Insulin in particular is known to promote 
adipose tissue deposition, and this is a key component 
of the early development of insulin resistance. Thus, 
in many Western populations there may be a need to 
moderate the use of high-protein formula milks in early 
life.

Milk and Bone Health

It is now recognized that suboptimal vitamin D sta-
tus in children and adults is prevalent in many parts 
of the world. Holick (2010) proposed this to be a pan-
demic of “a forgotten hormone important for health.” 
Cashman et al. (2016) confirmed that within Europe, 

the prevalence of vitamin D deficiency represented a 
major health risk that required a major public health 
initiative. More recently, Jazayeri et al. (2018) reported 
that the prevalence of vitamin D deficiency in Iranian 
children is very high.

A 2-yr intervention study with 757 Chinese girls 
initially aged 10 yr compared those who consumed on 
school days 330 mL of calcium-fortified milk without 
or with a vitamin D3 supplement (5 or 8 µg). Over the 
intervention period, mean calcium intake was 649, 661, 
and 457 mg/d for the milk, milk plus vitamin D, and 
control groups, respectively. Milk consumption with or 
without added vitamin D led to a significantly greater 
rate of height increase, BW, total bone mineral mass, 
and bone mineral density (BMD). The subjects who 
also received vitamin D relative to those receiving just 
milk showed significantly greater increases in (size-ad-
justed) total-body bone mineral content (2.4 vs. 1.2%; 
P = 0.02) and BMD (5.5 vs. 2.2%; P < 0.0005; Du et 
al., 2004).

A study in the United States (US) with children 
aged 4 to 8 yr (Abrams et al., 2014) found that calcium 
intake, when not substantially deficient, was not highly 
related to bone mineral status and that a supplement of 
25 µg/d of vitamin D in these children did not influence 
calcium absorption or bone mineral status. However, 
intake of magnesium and the amount absorbed were 
key predictors of BMD and bone mineral content. 
The authors proposed that this study is evidence that 
magnesium should be considered an important nutrient 
in relation to bone development. The extent to which 
these findings can be extended to other populations is 
at present uncertain, but milk and dairy products are 
important sources of magnesium for children (15–25% 
of intake in the UK; Roberts et al., 2018) and are espe-
cially important during the phase of rapid bone growth 
in late childhood and early adolescence. It is also of 
note that low serum magnesium concentrations in men 
aged 42 to 61 yr were associated with increased risk of 
bone fracture in the Japanese Kuopio Ischemic Heart 
Disease prospective study (Kunutsor et al., 2017).

It has been known for a long time that low vitamin 
D status in children could lead to the development of 
rickets and consequent increased risk of osteoporosis in 
later life. As noted by Holick (2010), at the start of the 
20th century some 80% of children in North America 
and Europe suffered from rickets. Subsequently, in some 
countries the occurrence of rickets declined markedly 
as a result of vitamin D fortification of foods includ-
ing milk and the policy of providing cod liver oil to 
children, and by the late 1930s rickets was essentially 
eradicated. It is therefore of considerable concern that 
cases of rickets are again increasing in the US (Thacher 
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et al., 2013) and worldwide (Prentice, 2013). In the 
UK, Goldacre et al. (2014) reported that in England, 
the need for hospital treatment for rickets was at the 
highest level seen in the last 50 yr.

Many but not all new cases of rickets are the result 
of suboptimal vitamin D status, with some cases impli-
cating suboptimal calcium intake. Milk is of course an 
excellent dietary source of calcium, and as noted above, 
milk proteins, especially casein, provide an anabolic 
stimulus for bone development (Hoppe et al., 2009). 
Although milk is not a naturally rich source of vitamin 
D, it is an excellent medium for vitamin D fortification. 
Vitamin D fortification of milk has been a policy in the 
US and Canada for a long time. In Europe such a policy 
for liquid milk is limited to Finland, although Sweden 
and Norway do fortify some dairy products (Itkonen et 
al., 2018). Itkonen et al. (2018) also concluded that in 
countries that have a national policy of vitamin D forti-
fication, dairy foods do make a substantial contribution 
to vitamin D intake, whereas in countries with no such 
policy or with only a few fortified dairy foods, the con-
tribution is low. Given the evolving picture on rickets, 
considerably more attention should be focused on the 
importance of vitamin D fortification of milk. There 
is also concern about the increasingly popular plant-
based milk alternative drinks, especially when used to 
replace milk for young children (Scholz-Ahrens et al., 
2020). Many contain very little protein and have lower 
micronutrient concentrations than milk (Bath et al., 
2017), and in some cases young children have become 
seriously ill as a result of consuming such milk alterna-
tives (e.g., Fourreau et al., 2013; Le Louer et al., 2014).

Hypersensitivity to Milk and Dairy Foods

There are 2 main types of hypersensitivities (often 
called intolerances) relating to dairy food consumption: 
cow milk protein allergy and lactose intolerance. These 
are very different conditions that require medical diag-
nosis to avoid unnecessary or inappropriate removal of 
cow milk from a child’s diet, which can have significant 
nutritional consequences.

Cow milk protein allergy is an adverse immune re-
sponse to proteins in cow milk. β-Lactoglobulin and 
αS1-casein (both absent in human milk) are often quoted 
as the 2 key allergenic proteins (Pastuszka et al., 2016), 
although many other milk proteins can be involved. 
Two subtypes of cow milk protein allergy are usually 
recognized: the IgE-mediated rapid onset and non-IgE-
mediated delayed onset variants (Vojdani et al., 2018). 
Anaphylaxis and related death are possible in severe 
cases of the rapid onset subtype (Turner et al., 2015). 
Cow milk protein allergy is the most common type of 
food allergy and usually affects very young children, al-

though a high proportion are in remission by the age of 
3 yr (Host and Halken, 2014). The increased prevalence 
of cow milk protein allergy has been suggested to be the 
result of increased use of cow milk as a substitute for 
human milk (Rangel et al., 2016), although the recent 
study of Munblit et al. (2020) reported that identifica-
tion and management of symptoms of cow milk protein 
allergy are often not evidence based, suggesting that 
there may be considerable overdiagnosis.

Lactose intolerance is a nonallergic hypersensitivity 
that results from a reduced ability to digest lactose. In-
testinal digestion and absorption of lactose require the 
enzyme lactase, and deficiency or insufficiency of lac-
tase leads to malabsorption of lactose and subsequent 
digestive upset. The ability or otherwise to synthesize 
lactase is genetically determined. For a full and up-to-
date review of lactose intolerance and cow milk protein 
allergy, see Miles (2020).

MILK IN ADOLESCENCE

Adolescence and Dietary Change

Adolescence is the life period (10–19 yr; WHO, 1999) 
involving hormonal changes, rapid growth, and sexual 
maturation. There are also changing dietary habits and 
new motivations and challenges, some persisting into 
adulthood (Forbes and Dahl, 2010). The age of puberty 
onset has decreased substantially over the last 100 yr; 
currently, the UK average age for boys and girls is 12 
and 11 yr, respectively (NHS, 2019).

In the UK, data from the National Diet and Nutrition 
Survey covering the period 2008/09–2011/12 (Bates et 
al., 2014) identified that adolescent girls in particular 
have considerably lower milk consumption than girls 
under 11 yr of age, whereas older age groups have some-
what higher intakes (Figure 1). A similar picture has 
been seen in the more recent National Diet and Nutri-
tion Survey covering a longer period (2014/15–2015/16; 
Roberts et al., 2018), and this will have contributed 
substantially to the lower intakes of some key nutrients 
by adolescent girls (Table 1).

The reasons for the lower intakes of milk by ado-
lescent girls are not known with certainty. However, 
poor complexion or weight gain during adolescence are 
often attributed to milk consumption. The recent large 
meta-analysis of RCT on the association between milk 
and dairy consumption and body composition in chil-
dren and adolescents (n = 2,844; 6–18 yr old) does not 
support the fattening belief, the primary finding being 
that consumption of milk and dairy foods is more likely 
to produce a lean body phenotype (Kang et al., 2019).

The very low intakes of magnesium by UK adolescent 
girls are worrying given the evidence concerning the 
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possible key association between magnesium status and 
bone mineral status (Abrams et al., 2014; Kunutsor 
et al., 2017) summarized above. Larson et al. (2009) 
noted that US National Survey longitudinal data sug-
gest that only 53% of young men and 21% of young 
women (19–30 yr) have calcium intakes that meet rec-
ommendations. They also showed that in the Eating 
Among Teens study both male and female adolescents 
recorded significant reductions in calcium intake (P < 
0.001) and dairy food consumption (P < 0.001; main 
reduction was in milk) from baseline (mean age of 15.9 
yr) to early adulthood (mean age of 20.5 yr). The mean 
daily reduction in calcium intake was 153 and 194 mg 
for female and male adolescents, respectively (both 
about −15%). It was also seen that greater availability 
of milk at meal times, a liking for milk, and peer sup-
port for healthy eating at baseline were associated with 
smaller reductions in calcium intake (Larson et al., 
2009). Given the coexistence of suboptimal vitamin D 
status, the above data give rise to considerable concern.

Milk and Bonetrophic Nutrients

The US National Osteoporosis Foundation’s position 
paper concerning peak bone mass development (Weaver 
et al., 2016) emphasized that bone mineral accretion 
rate becomes rapid around the time of puberty and 
reaches its peak a little after achieving maximum height 
gain. Weaver et al. (2016) indicated that for children of 
European ancestry, maximum bone mineral accretion 
rate occurs at age 12.5 ± 0.90 yr for girls and 14.1 ± 
0.95 yr for boys. They emphasized that suboptimal bone 
mineral accretion in teenage years increases the risk of 
osteoporotic fractures in later life, particularly for post-
menopausal women. This is supported by the study of 
Black et al. (2002), which found that male and female 
New Zealand children with a long history of avoiding 
milk had poor bone health with small bones, low areal 
BMD and volumetric bone mineral apparent density, 
and a high prevalence of bone fractures. Also, Kalkwarf 
et al. (2003) used data from 3,251 white women in the 
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Figure 1. Mean dairy food intake in UK women according to age group. Adapted from the data of Bates et al. (2014).

Table 1. Percentage of 3 UK population groups with micronutrient intakes less than the lower reference 
nutrient intake (LRNI), and percentage achievement of the reference nutrient intake (RNI) for vitamin D1

Population

LRNI  RNI

Iron Calcium Magnesium Zinc Selenium Iodine Vitamin D

Boys 11–18 yr 12 11 27 18 26 14 20
Girls 11–18 yr 54 22 50 27 45 27 17
Women 19–64 yr 27 11 11 8 47 15 21
1Adapted from data in Roberts et al. (2018).
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US National Health and Nutrition Examination Survey 
and reported that milk consumption in childhood and 
adolescence was positively associated with bone mass 
in later life and negatively associated with osteoporotic 
fracture after 50 yr of age. It is of interest that the as-
sociation between milk intake in childhood and fracture 
rate was higher than that for milk consumption during 
the period of adolescence. This issue was also raised 
by Feskanich et al. (2014), who, in an analysis of post-
menopausal women in the Nurses’ Health Study, found 
no association between hip fractures and milk con-
sumption in teenage years. They queried whether data 
for milk consumption during preteenage years would 
have been more helpful because girls reach maximum 
height about 2 yr sooner than boys and are younger at 
the start of puberty when bone mineralization doubles 
(Feskanich et al., 2014). There must also be a question 
about the quality of recall of diet data from adulthood 
back to adolescence and childhood.

More recently, the study by Ma et al. (2014) reported 
that in Chinese adolescents (12–14 yr of age), girls in 
the high-calcium intake group (mean 1,243 mg/d) had 
greater increases in BMD of the femoral neck relative 
to those in the low-calcium intake group (mean 706 
mg/d) over the 12-mo intervention period. A similar 
effect was observed in boys. They proposed that to in-
crease bone mineral mass, calcium supplementation is 
more effective in early puberty than in late puberty and 
that children should be encouraged to increase their 
weight-bearing exercise, which enhances the effect of 
dietary calcium.

The strength of evidence for effects of milk and bone-
trophic nutrients on bone development in adolescents 
is fairly strong, but more uncertainty remains about 

the effect on bone health in middle and later life fol-
lowing long-term exposure to diets low in or devoid of 
milk and dairy. Also, a recent systematic review and 
meta-analysis of the associations between vegan and 
vegetarian diets and bone health gives further evidence 
on the chronic effect of diets containing low or zero 
milk and dairy products (Iguacel et al., 2019). Twenty 
studies of adequate quality were included in the meta-
analysis of Iguacel et al. (2019), which included 37,134 
participants, of which 33,131 had data on fracture rate 
and 4,003 had data on BMD. Overall, compared with 
omnivores, vegetarians and vegans had significantly 
lower BMD at the femoral neck, lumbar spine, and 
whole body, with vegans generally exhibiting lower 
BMD than vegetarians (Table 2). Vegans also had a 
higher relative risk for fracture rate (relative risk: 1.44; 
95% CI: 1.047–1.977), particularly in subjects aged over 
50 yr. These findings highlight the absolute need for 
careful, detailed, and long-term planning of vegetarian 
and vegan diets in order to reduce the risk of negative 
effects on bone health.

A review on milk and bone health (Batty and Bionaz, 
2019) provided some new thinking on the mechanisms 
concerning the role of milk in bone development, includ-
ing the possible role of microRNA (miRNA) contained 
in milk. Although there appears to be considerable but 
building evidence that endogenous miRNA is involved 
in regulation of osteoblastic differentiation and other 
pathways relevant to bone development in adolescents, 
uncertainly remains about the effect of miRNA pro-
vided by the diet in the form of exosomes. Zempleni 
(2017) has shown that exosomes are absorbed and can 
accumulate in peripheral tissues, but the functional-
ity of their miRNA is unclear. At present the possible 
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Table 2. Effects of vegetarian and vegan diets relative to omnivore diets on bone mineral density (BMD) at 
the lumbar spine, at the femoral neck, and of whole body1

BMD comparison
Mean difference 

in BMD2 (g/cm2) 95% CI P-value3

At the lumbar spine    
 Vegetarians + vegans vs. omnivores −0.032 −0.048, −0.015 <0.05
 Vegetarian vs. omnivores −0.023 −0.035, −0.010 <0.05
 Vegans vs. omnivores −0.070 −0.116, −0.025 <0.05
At the femoral neck    
 Vegetarians + vegans vs. omnivores −0.037 −0.054, −0.020 <0.05
 Vegetarian vs. omnivores −0.025 −0.038, −0.012 <0.05
 Vegans vs. omnivores −0.055 −0.090, −0.021 <0.05
Whole body    
 Vegetarians + vegans vs. omnivores −0.048 −0.080, −0.016 <0.05
 Vegetarian vs. omnivores −0.035 −0.093, 0.022 NS
 Vegans vs. omnivores −0.059 −0.106, −0.012 <0.05
1Adapted from data in Iguacel et al. (2019).
2Compared with omnivores.
3For test if difference was >0.
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involvement of milk-derived exosomes and miRNA in 
bone development and maintenance remains specula-
tive and is clearly a target for further research.

MILK AND PREGNANCY

Iodine Status During Pregnancy

In the UK and many other countries, milk and milk 
products are the biggest dietary source of iodine by 
a considerable margin. The recent UK National Diet 
and Nutrition Survey (year 8, 2014/15–2015/16; Rob-
erts et al., 2018) reported that milk and milk products 
contribute 40 and 34% of dietary iodine intake for the 
11–18 yr and 19–64 yr age groups, respectively, with 
liquid milk being the primary dairy source. Fish is the 
next largest contributor to dietary intake at 10% for 
both age groups. Interestingly, milk and dairy products 
were also shown to be the most important determinant 
of iodine status in US adults (≥20 yr) men and women 
despite the availability of iodized salt (Lee et al., 2016).

Until fairly recently it was believed that the UK pop-
ulation was of adequate iodine status. However, a study 
that measured iodine concentrations of urine from UK 
schoolgirls showed 51% of them to be mildly iodine 
deficient (Vanderpump et al., 2011). As noted earlier, 
27% of adolescent girls (11–18 yr) have iodine intakes 
below the lower reference nutrient intake (70 µg/d), 
and the mean value for women aged 19 to 64 yr is 15% 
(Roberts et al., 2018; Table 1). Given the milk intake 
values in Figure 1, women of childbearing age are likely 
to exceed this value substantially. Of particular concern 
are the results from a study in a large UK cohort of 
pregnant women that showed consistent mild to moder-
ate iodine deficiency (Bath et al., 2014), with similar 
findings in pregnant Norwegian women (Brantsæter 
et al., 2013). Bath and Rayman (2015) reviewed the 
then-current evidence on the iodine status of pregnant 
women in the UK and the risks to child development 
after birth (as discussed below) associated with below-
optimum status. They concluded that a substantial 
proportion of UK pregnant and nonpregnant women 
were iodine deficient. The WHO database on iodine 
deficiency (WHO, 2020) highlights that large parts of 
the world are affected, with substantial parts of Africa 
and Asia having mild or moderate deficiency. Example 
studies include one from Tanzania that reported an un-
acceptably high prevalence of iodine deficiency among 
pregnant women (Mtumwa et al., 2017), and a recent 
assessment on the iodine status of teenage girls on the 
island of Ireland (Mullan et al., 2020) showed that this 
population was at “the low end of sufficiency,” which 
clearly has implications for their future progression into 

pregnancy and for child development after birth (as 
discussed below).

Bath and Rayman (2015) also discussed the poten-
tially contributing fact that the UK recommendation 
for iodine intake of 140 µg/d for adults (Department 
of Health, 1991) is not only lower than what WHO 
Secretariat et al. (2007) recommends for nonpregnant 
and nonlactating adults and adolescents (>12 yr of age; 
150 µg/d) but also does not increase during pregnancy 
(or lactation), whereas WHO Secretariat et al. (2007) 
recommends an increase to 250 µg/d. There are clear 
needs for a greater iodine intake during pregnancy, in-
cluding the demands associated with substantially in-
creased maternal thyroid hormone production in early 
pregnancy and later for the fetus when it is able to 
synthesize thyroid hormones (Bath and Rayman, 2015).

It is concerning to note that several studies from sev-
eral countries including Spain (Costeira et al., 2011), 
the Netherlands (van Mil et al., 2012), Australia (Hynes 
et al., 2013), and the UK (Bath et al., 2013) have found 
a significant association between low maternal iodine 
status in early pregnancy and poorer cognitive perfor-
mance and neurological development in the children. 
A systematic review and meta-analysis found that low 
maternal iodine status was associated with 6.9 to 10.2 
lower IQ points in children <5 yr of age (Bougma et 
al., 2013). They concluded that independent of study 
type, low iodine status had a major effect on mental 
development. It is also worth noting that Businge et al. 
(2019) reported that although subclinical hypothyroid-
ism during pregnancy is one of the key risk factors for 
pre-eclampsia, the connection between suboptimal io-
dine status and pre-eclampsia remains uncertain. Given 
the risks associated with pre-eclampsia, Businge et al. 
(2019) proposed that a systematic review and meta-
analysis on the subject should be undertaken.

Given the potentially serious implications of subop-
timal iodine status on child development, there is a 
clear need for more precise RCT to give more definitive 
evidence of the need for supplementary iodine during 
pregnancy to avoid impaired neurological development 
of the offspring. Such studies would no doubt raise 
important ethical considerations, but it is interest-
ing to note that in the study of Bath et al. (2014), 
only women consuming more than 280 mL of milk/d 
achieved adequate iodine status, and a recent RCT in 
women consuming low to moderate amounts of milk 
(<250 mL/d) showed that increasing consumption to 
459 mL/d (3 L/wk) of semi-skimmed (reduced-fat) 
milk significantly increased their iodine status (O’Kane 
et al., 2018). The volume of milk needed to achieve an 
adequate iodine intake clearly depends on its iodine 
concentration, which can vary substantially.
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Factors Affecting the Iodine Concentration in Milk

Survey studies on UK milk iodine concentrations 
(Food Standards Agency, 2008) do not suggest that milk 
iodine concentration has declined, but they do show 
that milk produced in summer has on average a 50% 
lower iodine concentration than milk produced in win-
ter. Moreover, 4 UK studies (Food Standards Agency, 
2008; Bath et al., 2012; Payling et al., 2015; Stevenson 
et al., 2018) and the meta-analysis of Średnicka-Tober 
et al. (2016) all reported that milk from organic dairy 
systems had significantly lower iodine concentrations 
than that from conventional systems. The interacting 
involvement of season and production system on milk 
iodine concentration can be seen in Figure 2 in Ste-
venson et al. (2018). The review by Flachowsky et al. 
(2014) confirms that iodine intake by the dairy cow 
is the primary influence on milk iodine concentration. 
Most iodine is provided to the cow by concentrate feeds, 
which explains the lower values reported in milk in the 
summer and from organic systems; the animals in both 
situations are likely to be provided with less concen-
trate feeds. The effect of iodine supplements (30 or 70 
mg/d) to dairy cows were compared with a control (0 
mg/d). Iodine concentration increased approximately 
2-fold in the milk of the supplemented animals com-
pared with the nonsupplemented animals. No difference 
was seen between the 30 and 70 mg/d doses (O’Brien 
et al., 2013). It is important to note that the iodine 
concentrations in milk from the iodine-supplemented 
diets were much higher (up to 1,034 µg/kg) than is 

desirable for processing into infant formula products. 
As the authors pointed out, the supplemented diets 
did not contain more iodine than the maximum pre-
scribed in the present EU legislation (5 mg of iodine/
kg of diet at 12% moisture; European Commission, 
2005). O’Brien et al. (2013) also showed that the use of 
iodine-containing teat disinfection products both pre- 
and postmilking increased milk iodine concentration (P 
< 0.001) at all of the dietary iodine supplementation 
amounts. This and several additional factors that influ-
ence milk iodine concentration are extensively reviewed 
by Flachowsky et al. (2014). Overall, knowledge of the 
relationship between iodine in the dairy cow diet and 
milk iodine concentration, together with other factors, 
provides a means to produce milk with the required 
iodine concentration for consumption by adults while 
avoiding concentrations that are too high for children.

MILK IN ADULTHOOD

Milk Consumption and Body Composition

The prevalence of overweight and obesity (body mass 
index of 30 kg/m2 or more) continues to rise world-
wide. The Organisation for Economic Co-operation and 
Development (OECD) reported that since the 1990s 
overweight and obesity rates have increased substan-
tially in England, Mexico, and the US; the increase has 
been somewhat slower in the other 7 OECD countries 
for which data are available (OECD, 2017). It was also 
noted that in 2015, 19.5% of adults in OECD countries 
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Figure 2. Effect of season and milk type on the mean iodine concentration of UK retail milk in 2015. Error bars are ±SE. Adapted from 
the data of Stevenson et al. (2018).
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were obese, but this was highly variable (e.g., <6% in 
Korea and Japan but >30% in Hungary, New Zealand, 
Mexico, and the US).

Obesity is a major risk factor for chronic diseases, 
particularly diabetes, CVD, stroke, and some cancers. 
The association between obesity or overweight and type 
2 diabetes is particularly critical, accounting for some 
70 to 90% of the risk for type 2 diabetes (Hu et al., 
2001; Gatineau et al., 2014), although there remains 
some uncertainty why some obese subjects do not de-
velop type 2 diabetes (Abdullah et al., 2010).

It is not the intention of this paper to review in detail 
all the evidence on the association between milk and 
dairy and obesity. However, a large amount of evidence 
from observational, cross-sectional, and prospective 
studies is consistent with a negative association between 
dairy consumption and both BW and central obesity 
(Dougkas et al., 2011). The review by Kratz et al. 
(2013), using observational and RCT evidence, found 
that in 11 out of 16 studies, high-fat dairy consumption 
was inversely associated with measures of adiposity, 
whereas the association between high-fat dairy and 
metabolic health was either inverse or nonexistent. The 
recent report on middle-aged men (at baseline) in the 
Caerphilly Prospective Cohort showed no association 
between milk consumption and body mass index, but 
higher cheese consumption was associated with lower 
body mass index at the 5-yr follow-up (P = 0.013; Guo 
et al., 2018).

Many RCT have evaluated the association between 
dairy consumption and BW and fat mass, but the 
majority have been small and of limited duration. 
Also, although some have included energy restriction, 
others have focused on weight maintenance, and the 
overall findings are difficult to interpret. Nevertheless, 
a meta-analysis of 29 RCT of varied designs showed 
that although the inclusion of dairy foods in weight 
maintenance diets is not associated with weight loss or 
weight gain, there were weight loss benefits from the 
combination of these foods and energy-restricted diets 
(Chen et al., 2012).

Milk Consumption, Stroke, CVD,  
and Metabolic Diseases

It is interesting to note that although in most high-
income countries the prevalence of death from CVD 
has decreased considerably over recent decades, it is 
concerning that recent data from the US indicate a 
leveling-off of the decline, thought probably to be a 
result of increasing obesity and related type 2 diabetes 
(Zia et al., 2018). These data highlight the risk of com-
placency and the continued need for the management 
of lifestyle, including diet. In this regard and as noted 

above, the effect of dairy foods in the diet is poorly 
understood by many in the general population.

Evidence from Prospective Studies

Many prospective studies have investigated the as-
sociation between milk and dairy product consumption 
and cardiometabolic diseases (CMD; includes CVD, 
stroke, and type 2 diabetes). Data from prospective 
cohort studies are usually regarded as providing poorer 
evidence than RCT because they only estimate risk and 
cannot prove cause and effect, but they do have the 
advantage of looking at chronic effects and use hard 
disease data outcomes. Another limitation of this type 
of study is the presence of variables (confounders) that 
are beyond the control of the researchers (e.g., some 
subjects may be smokers and some will not) but that 
can influence the variables being studied (e.g., the ef-
fect of cheese consumption on the risk of CVD), leading 
to results that do not represent the actual association. 
This is normally dealt with by including the confounder 
in the statistical model used so that its effect is re-
moved as far as possible; however, there often remains 
some residual confounding that is not accounted for. 
Long-term RCT using hard disease endpoints would 
be impractical, very costly, and likely have high sub-
ject dropout rates. Therefore, most RCT are relatively 
short term and use markers of disease risk such as low-
density lipoprotein cholesterol (LDL-C) as primary 
outcome measures. Meta-analysis of prospective data 
is a valuable tool for investigating the overall associa-
tions between dairy food consumption and CMD risk, 
although there is a concern that in many studies these 
foods are poorly defined, especially their fat content, 
which limits assessment of any differential effects.

Although several other meta-analyses have been pub-
lished recently, a series of dose–response meta-analyses 
was published in 2016/17 examining the association 
between dairy food consumption and type 2 diabetes 
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Table 3. Dose–response meta-analyses examining the relative risk 
(RR) of cardiometabolic diseases in relation to consumption of dairy 
foods1

Disease outcome  Dairy food RR2 (95% CI) P-value

Diabetes mellitus Total dairy 0.97 (0.95–1.00) NS
 Low-fat dairy 0.96 (0.92–1.00) NS
 Yogurt 0.94 (0.91–0.97) <0.05
Coronary heart disease Total dairy 1.00 (0.98–1.03) NS
 Milk 1.01 (0.97–1.04) NS
Stroke Total dairy 0.98 (0.96–1.01) NS
 Low-fat dairy 0.97 (0.95–0.99) <0.05
 Full-fat dairy 0.96 (0.93–0.99) <0.05
 Milk 0.92 (0.88–0.97) <0.05
1Adapted from data in Soedamah-Muthu and de Goede (2018).
2Per increment of 200 g/d except for yogurt (100 g/d).
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(Gijsbers et al., 2016), stroke (de Goede et al., 2016), 
CVD, and all-cause mortality (Guo et al., 2017). The 
availability of new data has allowed key components of 
these meta-analyses to be updated (Soedamah-Muthu 
and de Goede, 2018), and the outline results are pre-
sented in Table 3.

Overall, these prospective studies show no increase in 
risk of coronary heart disease (CHD) and stroke per 
200-g increase in total dairy and milk. Interestingly, 
consumption of milk and yogurt was associated with a 
substantially reduced risk of stroke and type 2 diabetes, 
respectively. The reduced risk of type 2 diabetes as-
sociated with yogurt consumption was also highlighted 
in the recent review of evidence by Guo et al. (2019). 
Few studies have looked into the association between 
butter consumption and CMD, although the dose–re-
sponse meta-analysis of Pimpin et al. (2016) showed no 
significant association between butter consumption and 
all-cause mortality, CVD, CHD specifically, or stroke, 
although there was a significant (P = 0.031) negative 
association with type 2 diabetes. This meta-analysis in-
volved only a few cohorts for CVD (n = 4), CHD (n = 
3), and stroke (n = 3), although 11 cohorts were judged 
to be suitable for inclusion for type 2 diabetes. More 
recently, Griffin and Lovegrove (2018) raised the possi-
bility that increased high density lipoprotein-mediated 
cholesterol efflux capacity compensates for the adverse 
effect of SFA in butter in raising blood LDL-C.

The Prospective Urban Rural Epidemiology (PURE) 
study (Dehghan et al., 2018), a multinational cohort 
study of 136,384 subjects aged 35 to 70 yr from 21 
countries (6, 11, and 4 low-, middle-, and high-income 
countries, respectively) across 5 continents, recently 
published its results. The study examined the asso-
ciation of consumption of dairy foods (total and milk, 
yogurt, and cheese) with mortality and CVD. Higher 
intake of total dairy foods (>2 servings/d vs. none) 
was associated with a lower risk of non-CVD mortality 
(hazard ratio, HR: 0.86; 95% CI: 0.72–1.02; Ptrend = 
0.046), CVD mortality (HR: 0.77; 95% CI: 0.58–1.01; 
Ptrend = 0.029), major CVD events (HR: 0.78; 95% CI: 
0.67–0.90; Ptrend = 0.0001), and stroke (HR: 0.66; 95% 
CI: 0.53–0.82; Ptrend = 0.0003). Greater consumption of 
milk and yogurt, but not cheese, was associated with a 
lower risk of the combination of mortality or major CVD 
events. Although the results from PURE are largely in 
agreement with earlier studies and meta-analyses, it is 
believed to be the first study of its kind to involve such 
large and diverse cohorts of subjects with substantial 
variation in habitual dairy and other dietary compo-
nent intake between regions and countries.

Overall, the findings from meta-analyses of prospec-
tive cohort studies provide no evidence of an increased 

risk of CMD associated with increased consumption of 
dairy foods despite most of these foods making a major 
contribution to SFA intake. These findings may seem 
counterintuitive in view of the well-established link be-
tween LDL-C and CVD. However, emerging evidence 
goes some way to explain these relationships, including 
differential effects of different SFA and the food matrix 
influences (Thorning et al., 2017; Astrup et al., 2019).

Several prospective studies have also examined the 
association between milk and dairy intake and blood 
pressure. Findings from the Caerphilly Prospective 
Study indicate that after a 22.8-yr follow-up, men who 
consumed >586 mL/d of milk had a mean lower sys-
tolic blood pressure of 10.4 mm·Hg compared with men 
who did not consume milk (Ptrend = 0.033; Livingstone 
et al., 2013).

Evidence from RCT

The American Heart Association recently reported 
that in 2015 the proportion of US adults ≥18 yr of age 
with diagnosed hypertension was 29.7% (age adjust-
ed), although there was considerable variability, with 
equivalent values ranging from 24.2% for Minnesota 
to 39.9% for Mississippi (Benjamin et al., 2018). Data 
from 2016 in England indicate that 28% of adults had 
diagnosed hypertension (National Statistics, 2017a). In 
addition, substantial numbers of individuals have undi-
agnosed hypertension. Hypertension is one of the major 
risk factors for CVD and for stroke in particular.

There is now good evidence that the proteins in 
milk and milk-derived products, particularly whey 
proteins, have beneficial hypotensive effects. This has 
been shown in vitro (Giromini et al., 2017) and in vivo. 
An 8-wk RCT (Fekete et al., 2016) found that whey 
protein isolate (2 × 28 g/d) had a larger hypotensive 
effect than casein, with effects seen on both central 
and peripheral blood pressures. Whey protein was 
also shown to have a greater effect than casein in an 
acute setting (Fekete et al., 2018). Several mechanisms 
by which milk and its components could lower blood 
pressure have been proposed, including the effects of 
dairy nutrients, in particular calcium, potassium, and 
magnesium (Kris-Etherton et al., 2009), and the effect 
of milk protein-derived peptides (Fekete et al., 2013). 
Several peptides released during digestion of casein and 
whey proteins possess hypotensive activity through 
inhibiting the action of the angiotensin-1-converting 
enzyme that would normally increase the production 
of angiotensin-2, which has a vasoconstricting effect, 
leading to increased blood pressure (FitzGerald and 
Meisel, 2000; Giromini et al., 2019). Other effects of 
milk protein-derived peptides may be important, such 
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as binding with opioid receptors, thus increasing nitric 
oxide production, which mediates arterial tone and thus 
reduces blood pressure (Kris-Etherton et al., 2009).

Recent work on hemodynamics has shown that arte-
rial stiffness, especially of the central large vessels, is 
a valuable predictor of future CVD events (Cockcroft 
and Wilkinson, 2000). Milk and dairy consumption 
have been shown to be associated with reduced arterial 
stiffness. Livingstone et al. (2013), working with the 
Caerphilly Prospective Study, showed for the first time 
in a longitudinal study that augmentation index (an 
indirect measure of arterial stiffness) was 1.9% lower in 
subjects with the highest dairy product consumption 
(not including butter) compared with the lowest con-
sumption (Ptrend = 0.021) after a mean follow-up period 
of 22.8 yr. A similar effect was seen in a cross-sectional 
study that showed a negative association between milk 
and dairy consumption and pulse wave velocity (an-
other indirect measure of arterial stiffness; Crichton et 
al., 2012). More recently, the specific effect of milk pro-
teins together with exercise has been shown to reduce 
arterial stiffness in prehypertensive and hypertensive 
young women (Figueroa et al., 2014). Whey protein 
and casein both significantly (P < 0.05) reduced ar-
terial stiffness as indicated by reduced augmentation 
index by about 9.2 and 8.1%, respectively, and reduced 
pulse wave velocity by 57 and 53 cm/s, respectively, 
compared with no changes in the control group.

Food Matrix Effects of Dairy Products  
on Blood Lipids

New evidence on the food matrix goes a consider-
able way toward explaining the lack of effect of dairy 
SFA on CVD risk. This topic was extensively discussed 
recently by Astrup et al. (2019) and will not be fully 
repeated here, but aspects of food matrix effects are 
worthy of mention.

Traditionally, nutritional evaluation of foods and 
diets and their links with the health or disease of the 

consumer has focused on food components, notably 
protein, fat, carbohydrates, and micronutrients. For 
some dairy foods, there is now good evidence that this 
approach is not appropriate and indeed may mislead 
because the modifying effects of the so-called food ma-
trix need to be considered. This subject was extensively 
reviewed by an expert working party jointly established 
by the Universities of Copenhagen and Reading, and 
the outcome was published (Thorning et al., 2017).

A good illustration of the differential matrix effects 
on blood lipids of SFA from hard cheese and butter is 
reported in the RCT of Hjerpsted et al. (2011). This 
involved two 6-wk crossover periods with 49 men and 
women replacing part of their habitual dietary fat with 
13% of energy from cheese or butter (both providing 
80 and 36 g/d of total fat and SFA, respectively). Cru-
cially, the cheese and butter diets provided 1,192 and 
417 g of calcium/d, respectively. Compared with base-
line, cheese did not increase blood total cholesterol or 
LDL-C, whereas the butter diet increased both of these 
(P < 0.001 and 0.05, respectively). The cheese diet led 
to 5.7 and 6.9% lower total cholesterol or LDL-C con-
centrations, respectively, compared with the butter diet 
(P < 0.0001). The recently published and rather unique 
study of Feeney et al. (2018) attempted to explore the 
matrix effect in a stepwise-response fashion. The study 
was a 6-wk randomized parallel design where subjects 
consumed 40 g of dairy fat/d in macronutrient-matched 
food matrices as (1) 120 g of full-fat cheddar cheese, 
(2) 120 g of reduced-fat cheddar cheese plus 31 g of 
butter, or (3) 49 g of butter plus 30 g of calcium ca-
seinate and 500 mg of calcium as CaCO3. The blood 
lipid responses are summarized in Table 4. The results 
did indeed show a stepwise-matrix effect in which sig-
nificantly lower postintervention total cholesterol and 
LDL-C concentrations were seen when all of the dairy 
fat was provided by the cheese.

Several mechanisms have been proposed as being re-
sponsible for the benefits of the so-called matrix effect, 
and these are reviewed in detail by Thorning et al. 
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Table 4. Changes in blood lipids from baseline to end of 6-wk intervention when 40 g/d of dairy fat was 
provided in 3 types of dairy products1

Blood lipid (mmol/L)

Treatment2

P-value3T1 T2 T3

Total cholesterol −0.52 −0.37 −0.15 0.033
High-density lipoprotein cholesterol 0 −0.07 +0.05 0.284
Low-density lipoprotein cholesterol −0.45 −0.27 −0.14 0.016
Triacylglycerols −0.15 −0.05 −0.12 0.386
1Adapted from data in Feeney et al. (2018).
2T1 = 120 g of Cheddar cheese; T2 = 120 g of low-fat Cheddar cheese + 21 g of butter; T3 = 49 g of butter 
+ 30 g of calcium caseinate + 500 mg of calcium (as CaCO3).
3For differences between treatments; for controlling factors included in model, see original paper.
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(2017). In brief, most studies involving hard cheese re-
sult in increased fecal fat and calcium excretion, which 
at least in part seems to be the result of a saponifi-
cation reaction in the gut between calcium and fatty 
acids leading to largely indigestible soaps. There is also 
evidence that fecal bile acid excretion is increased due 
to adsorption on amorphous calcium phosphate formed 
from dietary calcium and phosphorus. This reduces the 
enterohepatic recycling of bile acids, thus increasing bile 
acid and fat excretion. Because the liver synthesizes 
bile acids from cholesterol, reduced bile acid recycling 
may also lead to reduced circulating cholesterol. There 
is also evidence of a role for the milk fat globule mem-
brane apparently protecting fat from digestion. A good 
example of this is in the study of Rosqvist et al. (2015).

These studies clearly confirm that the effect of dairy 
foods on CVD risk factors, primarily blood lipids, are 
influenced by the food matrix, even when compared 
with foods providing the same amount of dairy fat and 
SFA. However, most of the evidence available relates 
to hard cheese versus butter. As proposed by Thorning 
et al. (2017), more research is required to more fully 
understand food matrix effects on health and how these 
relate to specific dairy foods and methods of processing 
and cooking.

MILK AND DAIRY PRODUCTS FOR THE ELDERLY

Dairy Proteins and Sarcopenia

Sarcopenia: The Condition. Sarcopenia is a con-
dition characterized by a mainly chronic ongoing loss 
of muscle mass and muscle strength with advancing 
age (Cruz-Jentoft et al., 2019). It is therefore a condi-
tion of particular importance in the elderly (though not 
exclusively), with an increasing prevalence mainly as-
sociated with the increasing age of populations world-
wide. Sarcopenia can have far-reaching consequences 
because, for example, it reduces bone protection, thus 
increasing the risk of breakage in a fall and leading to 
reduced mobility, disability, and lower quality of life. A 
lesser-known outcome of reduced muscle mass and pos-
sibly associated reduced exercise ability is the increased 
risk of metabolic diseases, type 2 diabetes in particular 
(Hunter et al., 2019).

Based on general population studies, Shafiee et al. 
(2017) published a meta-analysis on the prevalence of 
sarcopenia worldwide involving a total of 58,404 gener-
ally healthy subjects >60 yr of age. This study showed 
a mean prevalence of 10% in both men and women, 
with a higher value in non-Asian than Asian popula-
tions. The non-Asian values (~20%) were about double 
those of Asians when bioelectrical impedance analysis 
was used to estimate muscle mass.

Role of Dietary Proteins in Reducing Sarcope-
nia. Protein consumption and resistance exercise are 
both known to provide an anabolic stimulus for skeletal 
muscle protein synthesis, and there has been consider-
able debate about the amounts and the relative timing 
of protein consumption and exercise needed to stimu-
late muscle protein synthesis in the elderly. In the UK, 
the reference nutrient intake for protein is equivalent 
to 0.75g/kg of BW, slightly less than the recommended 
dietary allowance (RDA) of 0.8 g/kg of BW proposed 
for men and nonpregnant and nonlactating women >18 
yr of age by FAO/WHO/UNU (2007). These recom-
mendations take no account of specific age or health 
status. Lonnie et al. (2018) discussed and highlighted 
the relevance of new recommendations, suggesting pro-
tein requirements of 1.0 to 1.2, 1.2 to 1.5, and 2.0 g/kg 
of BW for people >65 yr, those with acute or chronic 
illnesses, and those with severe illness or malnutrition, 
respectively. The review by Lonnie et al. (2018) cites 
work that confirms that intake of protein in accordance 
with the RDA has led to deleterious health outcomes, 
including a 14-wk RCT in subjects aged between 55 
and 77 yr who consumed the FAO/WHO/UNU (2007) 
RDA of 0.8 g of protein/kg of BW, which led to a re-
duced mid-thigh muscle area and other characteristics 
suggesting that the protein intake was below require-
ments (Campbell et al., 2001). This is concerning be-
cause in the UK the latest National Diet and Nutrition 
Survey (Roberts et al., 2018) indicated a mean protein 
intake of 75.8 g/d (men) and 60.5 g/d (women) aged 
65+ yr, which with a mean BW for this age group of 
85.8 kg (men) and 71.5 kg (women; National Statistics, 
2017b) equates to 0.88 and 0.85 g of protein/kg of BW 
for men and women, respectively.

Overall, there is considerable agreement about the 
benefits of the elderly increasing protein intake to 1.0 
g/kg of BW or higher, yet there have been concerns 
that the strong satiating effect of protein may limit 
total food and energy intake. In addition, there are con-
cerns that higher protein intake may adversely affect 
individuals with chronic kidney disease that may be un-
diagnosed. The meta-analysis of Devries et al. (2018b) 
compared the effect of low-protein diets (mean 0.93 g/
kg of BW per day) versus high-protein diets (mean 1.81 
g/kg of BW per day) and showed no effect on kidney 
function in subjects with normal function and in those 
with type 2 diabetes who would have a greater risk of 
chronic kidney disease. Nevertheless, it is probably wise 
for the elderly to have regular tests of kidney function 
irrespective of diet.

Type of Dietary Proteins for Reducing Sar-
copenia. There has been considerable research on the 
relative anabolic effects of specific protein types. Wall 
et al. (2014) concluded that proteins such as whey 
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protein that are rapidly digested and absorbed lead to 
greater muscle protein synthesis than proteins that are 
more slowly digested such as casein and those in soya. 
They also note that even when casein is hydrolyzed 
to increase digestion rate, the muscle protein response 
is still smaller than it is from equivalent amounts of 
whey protein. This is primarily attributed to the higher 
leucine content of whey protein; the specific effect of 
leucine was also seen in studies using leucine supple-
ments (Wall et al., 2013; Devries et al., 2018a). The 
effect of leucine is complex. It is an important activator 
of the mammalian target of rapamycin, a nutrient-sens-
ing signaling pathway in skeletal muscle. In addition, 
leucine is insulinotrophic, and the additional insulin 
enhances muscle protein synthesis (Paddon-Jones and 
Rasmussen, 2009). There is evidence however, that 
consumption of 40 g of casein before sleep increases 
muscle protein synthesis rates during overnight sleep 
in older men (Kouw et al., 2017). This is potentially 
important because overnight is generally a period of 
negative whole-body protein net balance.

Several studies have compared the relative value of 
plant proteins with that of whey protein. The study 
of Yang et al. (2012) compared the response of myo-
fibrillar protein fractional synthetic rate in rested el-
derly men resulting from 0, 20, or 40 g of either whey 
protein or soya protein. Myofibrillar protein fractional 
synthetic rate did not respond to consumption of 40 g 
of soya protein compared with 20 g, but it responded 
essentially in a linear fashion to increased whey protein. 
A similar differential effect was seen when the protein 
supplements were given postexercise.

Magnesium and Sarcopenia. As with the influ-
ence of magnesium intake on bone mineralization noted 
earlier, there is also increasing evidence of an associa-
tion between magnesium and preservation of skeletal 
muscle. With a large cohort of 156,575 men and women 
aged 39 to 72 yr, Welch et al. (2017) examined cross-
sectional associations between magnesium intake and 
skeletal muscle mass (as fat-free mass percentage body 
mass, FFM%) and grip strength. They showed posi-
tive associations between quintiles of magnesium intake 
and FFM% (Ptrend < 0.001) and grip strength (Ptrend < 
0.001). The association with grip strength was greater 
in older men (60 yr of age or older) than in younger 
men, although the opposite was the case for women.

Despite being a cross-sectional study, it was, accord-
ing to the authors, the largest population to date used 
to study the association between magnesium intake and 
direct measures of skeletal muscle. Milk and milk prod-
ucts are important sources of magnesium, contributing 
some 13% to diets of the elderly (Roberts et al., 2018). 
In the US, it was reported that consuming the recom-
mended quantities of dairy would significantly reduce 

the prevalence of low magnesium intake (Quann et al., 
2015). Erem et al. (2019) highlighted that magnesium 
intake is particularly low in the elderly US population, 
which is similar to the UK, where 25% of individuals 75 
yr old and above consume less than the lower reference 
nutrient intake. Clearly, more work on this is needed, 
but this study adds to increasing importance of magne-
sium in muscle and bone health.

Dairy Foods and Bone Fragility

Type of Dairy Foods. Unlike the situation with 
the young, the effect of dairy foods on bone strength 
in the elderly is less clear. A meta-analysis of 6 cohorts 
reported a 17% increased risk of hip fracture in men 
and women who consumed less than 1 glass of milk per 
day, although the change was not significant (Kanis et 
al., 2005). A later meta-analysis including a further 6 
cohorts found no association between milk consump-
tion and hip fracture risk (Bischoff-Ferrari et al., 2011). 
More recently, data from the Framingham Original Co-
hort (mean age at baseline 75 yr) showed that higher 
milk and milk + yogurt + cheese intakes were associ-
ated with higher lumber spine BMD (P = 0.011 and 
0.005, respectively) and higher milk + yogurt + cheese 
intakes protected against trochanter BMD loss (P = 
0.009) over 4 yr. In all cases, the significant beneficial 
associations were seen only in subjects who used vita-
min D supplements (Sahni et al., 2017). The results 
from a Swedish female cohort indicated a significant 9% 
increased risk of hip fracture per glass of milk per day 
(P < 0.05), whereas no effect was seen in a male cohort 
(Michaëlsson et al., 2014). The reasons for the positive 
associations in the women are unclear.

More recently, the analysis of 2 US cohorts containing 
80,600 postmenopausal women and 43,306 men greater 
than 50 yr of age at baseline who were followed up for 
32 yr reported that for women and men combined, each 
serving of milk per day was associated with a 8% lower 
risk of hip fracture (RR: 0.92; 95% CI: 0.87–0·97) com-
pared with those who consumed less than 1 serving per 
week (Feskanich et al., 2018). The authors suggested 
that a major strength of the study was that multiple 
measures of milk and dairy food intake were made over 
the 32 yr of follow-up, allowing long-term mean intakes 
to be estimated. Calcium, vitamin D, and protein from 
nondairy and dairy sources did not influence the as-
sociation between milk and fracture risk in this study, 
although a recent meta-analysis of 20 studies showed 
that a dietary pattern classified as “milk/dairy” led to 
the greatest reduction in risk of low BMD compared 
with patterns classified as “healthy” and “meat/West-
ern”; the effect remained significant (P < 0.0001) in 
older women (Fabiani et al., 2019).
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Ong et al. (2020) conducted a systematic review on 
fermented milk products (yogurt and cheese) and bone 
health in postmenopausal women. The analysis includ-
ed RCT, prospective cohorts, and case-control studies. 
Overall, only increased yogurt consumption was associ-
ated with a reduced risk of hip fracture compared with 
little or no intake. The evidence for cheese was limited 
and suggests that further work to understand the effect 
of yogurt is needed.

Magnesium and Bone Health. The possibly im-
portant role of dietary magnesium for bone develop-
ment in young people was discussed earlier, but there 
is now some evidence of a similar benefit in later life. 
The review of Erem et al. (2019) highlights that the 
risk of osteoporosis in older people can result from low 
intake of magnesium, which gives rise to excess cal-
cium release from bone and increased excretion, which 
increases bone fragility and hence the risk of bone frac-
tures. Also, high intakes of calcium can lead to lower 
retention of magnesium. Erem et al. (2019) suggested 
that the optimal dietary ratio of calcium to magnesium 
is between 2.0:1.0 and 2.8:1.0, but in many current US 
diets the ratio is above 3.0:1.0.

There is an obvious need to further explore the role 
of magnesium and its interaction with calcium and 
vitamin D in relation to bone strength in the elderly. 
Dairy products are a good source of calcium and for 
many an important source of magnesium along with 
vitamin D when fortification is practiced.

CONCLUSIONS

Despite a favorable ongoing increase in life expectan-
cy, an increase in healthy life span is not guaranteed; 
indeed, some of the health issues in aging populations 
arise because of longer life. Moreover, there is now 
increasing evidence that diets in early life can influ-
ence health in older life stages. There is good evidence 
that milk and dairy foods are important sources of 
nutrients, some of which are particularly important at 
certain life stages. The concentration of some nutri-
ents, notably iodine, are also dependent on the diet 
of the milk-producing animal, a good example of an 
early stage in the food chain having an influence on 
nutrient intake. Reduced milk consumption in adoles-
cent girls is a major worry because it may have already 
had an effect on bone development such that reduced 
bone strength may become evident when they are much 
older. Despite being counterintuitive to many, there is 
now consistent evidence that consumption of milk and 
dairy foods does not increase the risk of CMD. Indeed, 
several significant negative associations with risk of this 
group of diseases have been reported. The negative and 
positive associations of yogurt with type 2 diabetes and 

bone strength, respectively, are particularly interesting 
given the rapid rise in prevalence of type 2 diabetes 
and bone weakness; these should be researched with 
urgency to identify the mechanisms involved and to 
develop yogurt with targeted efficacy. Much greater ef-
fort is also needed to reduce malnutrition in the elderly 
and to reduce the loss of muscle mass, bone strength, 
and functionality, and this provides good opportunities 
for dairy products to play a key role. There is an ongo-
ing debate about the relative sustainability of animal 
versus plant food sources. Although it makes sense to 
examine this tradeoff, it is important that judgements 
on the replacement of dairy products with those from 
plants include evidence on relative functionality (e.g., 
hypotensive and muscle protein synthesis stimulation 
effects) and not only simple comparisons of nutrient 
content (Grant and Hicks, 2018). Interestingly, a recent 
detailed modeling of the relationship between diet and 
health care costs concludes that adoption of a dietary 
pattern with increased dairy consumption by US adults 
would have the potential to save billions of dollars 
(Scrafford et al., 2020).
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