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Abstract

Background: In 2011, the UK physical activity guidelines were updated to include recommendations for muscle
strengthening and balance & coordination (at least two sessions of relevant activities per week). However, monitoring
and policy efforts remain focussed on aerobic activity. This study aimed to assess differences by gender and age
in the a) prevalence of muscle strengthening and balance & co-ordination guidelines, and b) participation in
guideline-specific activities.

Methods: The sample for the muscle strengthening analyses was 10,488 adult (16–64 years) and 3857 older adult
(≥65 years) 2012–2014 Scottish Health Survey respondents. The balance & co-ordination analyses used only the
older adult responses. Differences by gender and (where possible) age in guideline prevalence and activity
participation were assessed using logistic regression and t-tests.

Results: Thirty-one percent of men and 24 % of women met the muscle strengthening guideline, approximately
half that of published figures for aerobic physical activity. Nineteen percent of older men and 12 % of older
women met the balance & co-ordination guidelines. The oldest age groups were less likely to meet both guidelines
compared to the youngest age groups. Differences by gender were only evident for muscle strengthening: more men
met the guidelines than women in all age groups, with the largest difference amongst 16–24 year olds (55 % men
compared with 40 % women). Participation in relevant activities differed by gender for both guidelines. ‘Workout at
gym’ was the most popular activity to improve muscle strength for men (18 % participated), while swimming was for
women (15 % participated). Golf was the most popular activity to improve balance & co-ordination for older men
(11 % participated) and aerobics was for older women (6 % participated). Participation decreased in most muscle
strengthening activities for both men and women. One exception was golf, where participation levels were as
high amongst older men as in younger age groups, although overall levels were low (3 % of all men).

Conclusions: Physical activity policy should aim to increase prevalence of these ‘forgotten’ guidelines, particularly
amongst young women (for muscle strengthening) and older age groups (both guidelines). Gender and age
participation differences should be considered when designing population-level interventions.
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Background
Increasing physical activity (PA) levels is a health priority
in Scotland [1]. Progress is monitored by the proportion
of the population undertaking the recommended amount
of moderate and vigorous aerobic PA [2]. Until recently,
the Scottish PA guidelines for adults focused only on
aerobic activity. In 2011, the guidelines were updated
to include recommendations on muscle strengthening
(MS), balance & co-ordination (BC; for older adults
(≥65 years) at risk of falls), and sedentary behaviour [3].
This paper focuses on MS and BC. The relevant add-
itional recommendations are:

� Those over the age of 19 should undertake two
sessions of MS activities per week, and

� Those over the age of 65 who are at risk of falls
should undertake two sessions of BC activities per
week [3].
(see Table 1 for a list of the activities that were
considered to improve MS and/or BC).

The inclusion of the MS guidelines for adults was in
response to the growing evidence base showing that
higher levels of muscle strength are associated with a re-
duced risk of premature mortality and cardiovascular
disease across all ages, independent of aerobic PA levels
[4–6]. There are also metabolic benefits to undertaking
regular MS activities, such as improved insulin action,
blood glucose control, and fat oxidation, all of which are
critical in the prevention and treatment of type 2 dia-
betes and metabolic syndrome [7, 8]. There is tentative
evidence to suggest MS activities improve self-esteem
[9], and ameliorate symptoms of depression and anxiety
[10, 11].
In older adults, MS activities limit the age-related de-

cline in lean muscle mass (sarcopenia), help prevent
osteoporosis, maintain functional capacity and reduce
risk of falls [12–15]. Older adults may further reduce
their risk of falls by undertaking BC activities [16, 17].
Studies in New Zealand and USA have found that
around one-third of community-dwelling older adults
fall each year [18, 19]. Considering the health and eco-
nomic burden related to falls is high [14], this issue
needs to be addressed.
In response to the additional guidelines, the Scottish

national surveillance questionnaire (the Scottish Health
Survey (SHeS)) was expanded so the MS activities of
adults and older adults, and the BC activities of older
adults could be monitored annually [20]. Whilst the
SHeS records aerobic PA under the domains of walking,
housework, heavy manual/Do-it-yourself home mainten-
ance/gardening, occupational, and sport and exercise, des-
ignated MS and BC activities only appear within the sport
and exercise domain [20] (full list in Table 1). Therefore,

we use the terms MS and BC sport and exercise activities
in this paper.
So far, the SHeS annual reports have only published

descriptive statistics on the proportion of adults and
older adults meeting the MS guidelines (27 % in 2012
[20]). There has been no statistical examination of the
differences by age and gender, nor any analysis as to
what MS sport and exercise activities adults and older
adults undertake. There has been no analysis relating to
the BC guidelines. This paper addresses these omissions
by assessing whether there are any important and sta-
tistically significant differences by gender and (where
possible given available bases) age group in:

i) the MS and BC guideline prevalence (and the
proportions that undertaking no or insufficient
activities)

ii) the participation levels in specific MS and BC sport
and exercise activities.

This will provide a baseline from which progress can
be monitored, suggest which activities are important in
different sub-groups, and highlight sub-groups most in
need of policy focus and intervention.

Methods
Data source
We obtained the 2012-2013-2014 SHeS combined dataset
from the UK data archive on 17th December 2015 [21].
The SHeS uses a two-stage stratified clustered sampling
design to select households for participation in an
interviewer-led computer assisted interview. After
weighting, the data are nationally representative of the
population living in private households in Scotland in
2012, 2013, and 2014. Further details on the sampling
design and survey methods are in the SHeS Technical
Report [22].

Measurement of muscle strengthening and balance &
co-ordination activities in the Scottish Health Survey
Adult respondents to the SHeS were asked to report the
frequency (in the 28 days prior to interview) and average
duration of any sport and exercise activities that they
undertook. Over 40 sport and exercise activities were
prompted and they were given the opportunity to report
any others (for further details see Corbett et al. (2013)
[23]). A panel of experts was convened to determine
whether the prompted sport and exercise activities could
count towards the MS and/or the BC guidelines [20].
Table 1 displays the three categories that they were al-
located to: a) definitely a MS/BC sport and exercise
activity, b) only a MS/BC sport and exercise activity if
the respondent confirms in a follow up question, c) not a
MS/BC sport and exercise activity. The follow up question
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for MS activities was “During the past four weeks, was the
effort of (name of activity) usually enough to make your
muscles feel some tension, shake or feel warm?” There
was only one BC activity to require a follow-up question
(exercises). The follow-up question to this activity was
“Did these exercises involve you standing up and moving
about?” The construct validity of this method has not been
tested but we are unaware of any other validated method
of assessing prevalence meeting national MS or the BC
guidelines.
A respondent was deemed to have met the MS or the

BC guidelines if they reported undertaking an average of
≥2 sessions of MS or BC sport and exercise activities re-
spectively per week in the preceding 28 days. This is
based on the assumption that the sessions took place on
separate days. The UK PA guidelines do not specify a
recommended bout length for MS or BC activities [3]
and so the reported duration of activity was not taken
into account. We calculated the proportions (1) achiev-
ing or exceeding these guidelines, (2) participating in
some MS or BC sport and exercise activities but not suf-
ficiently to meet the guidelines, or (3) not participating
in any MS or BC sport and exercise activities.
Finally, we calculated the proportions that reported

participating in each individual MS and BC sport and
exercise activity in 28 days prior to interview. For category
(b) activities where a follow up question was required to
confirm that the activity was relevant, respondents only
counted as participants if the answer was affirmative.

Sample characteristics
There were 10,509 adult (16–64 years) and 3857 older
adult (≥65 years) respondents to the 2012, 2013 and
2014 SHeSs. These were analysed together for the MS
analyses. Those aged 16–18 were included in the ana-
lysis in line with UK health survey reporting although
the PA guidelines defines adults as 19–64 years [3]. Only

Table 1 Activities that are considered by the Scottish Health
Survey to improve muscle strength and/or balance & co-ordination

Activity* Muscle
strengthening
category

Balance &
co-ordination
category

Aerobics/Keep Fit/Gymanastics/Dance for
fitness

b a

Aquarobics/Aquafit/Exercise class in water b a

Athletics a a

Badminton/Tennis b a

Basketball b a

Canoeing/Kayaking a a

Climbing a a

Cricket b a

Curling b a

Cycling b a

Dancing (any other type) b a

Exercises b b

Fishing/angling c c

Football/Rugby b a

Golf b a

Hill walking/Rambling b a

Hockey b a

Horse riding a a

Ice skating b a

Powerboating/Jet skiing c a

Lawn Bowls b a

Martial arts/Tai Chi b a

Netball b a

Rowing a c

Running/Jogging b c

Sailing/Windsurfing a a

Shinty b a

Skateboarding/inline skating c c

Skiing/Snowboarding a a

Snooker/Billiards/Pool c c

Squash b a

Subaqua c c

Surf/Body boarding b a

Swimming a c

Table tennis c a

Tenpin bowling b a

Table 1 Activities that are considered by the Scottish Health
Survey to improve muscle strength and/or balance & co-ordination
(Continued)

Volleyball b a

Waterskiing a a

Workout at gym/Weight Training/Exercise
bike

b a

Yoga/Pilates b a
*The activities are listed as they are prompted in the Scottish Health Survey.
No further details are available as to exactly what the respondent was referring to
when they reported undertaking this activity
a) definitely a muscle strengthening and/or balance & co-ordination sport and
exercise activity
b) only a muscle strengthening and/or balance & co-ordination sport and
exercise activity if the respondent confirms in a follow up question (see text
for more details)
c) not a muscle strengthening and/or balance & co-ordination sport and
exercise activity

Strain et al. BMC Public Health  (2016) 16:1108 Page 3 of 12



older adults were included in the BC analyses as the
guideline only applies to this age group. It was not pos-
sible to identify those at risk of falls (the exact target
group for the recommendation) and so we have analysed
the data for all those over the age of 65.
Ten respondents were excluded from the MS analyses

and one from the BC analyses as they did not answer
the PA questions relating to sport and exercise. If there
were missing data for a specific MS or BC sport and ex-
ercise activity, the respondent was kept in the overall
analysis but that activity did not count towards the
weekly total. Twelve further respondents were excluded
from the MS analysis and one from the BC analysis as
they averaged over 3 sessions per day for the previous
28 days. We considered these individuals as extreme
outliers and not representative of normal populations.
The MS analyses by age group used 10-year groups in
line with standard health survey reporting; 5-year age
groups were used for the BC analyses to provide further
insight in the already restricted age range. Table 2 shows
the unweighted and weighted sample sizes for the age
and gender sub-groups (Table 2).

Statistical analyses
Analyses were carried out using STATA/SE v14.1 using
the ‘svyset’ commands to account for the design effects
of the complex sampling strategy, following the recom-
mendations of Heeringa et al. (2010) [24].

Multiple logistic regressions were performed on the
proportions undertaking no, some, or sufficient MS or
BC sport and exercise activities with the predictors age
group, gender, and an interaction term. Significant dif-
ferences compared to the reference category (youngest
age group and males for the predictors respectively)
were identified through Wald tests for the regression
coefficients.
T-tests were performed to assess gender differences in

the proportions taking part in the MS and BC sport and
exercise activities (if the overall proportion participating
was ≥1 %) using the ‘lincom’ command. Simple logistic
regressions were used to test the differences in the pro-
portions taking part in MS sport and exercise activities
by age group, stratified by gender. Regressions were only
undertaken if the activity featured in the top five for any
age category for that gender. This was not possible for the
BC sport and exercise activities as the sample sizes were
too small.
A conservative Bonferroni adjusted α-level of 0.0003

was used to account for the large number of compari-
sons being made (184 test statistics). However, our con-
clusions have taken into account overall trends in the
interpretation of the data and we comment only where
differences appear to be of practical importance. One
should be cautious interpreting these data based solely
on this cut-off for statistical significance and therefore
have provided the exact p-values and 95 % confidence

Table 2 The unweighted and weighted sample sizes for the age and gender sub-groups in the muscle strengthening and balance
& co-ordination analyses

Muscle strengthening analyses

Age group

16–24 25–34 35–44 45–54 55–64 65–74 75+ Total

Men

Unweighted 573 785 990 1165 1075 1063 669 6320

Weighted 970 1097 1101 1286 1071 812 535 6873

Women

Unweighted 701 1082 1326 1469 1322 1180 945 8025

Weighted 966 1153 1169 1359 1125 908 780 7459

Balance & co-ordination analyses

Age group

65–69 70–74 75–79 80–84 85+ Total

Men

Unweighted 618 445 325 207 137 1732

Weighted 487.3 325.2 260.1 160.2 114.6 1347

Women

Unweighted 679 500 437 301 207 2124

Weighted 522.9 384.5 361.3 245 173.4 1687

Note rows may not add up due to rounding
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intervals for the regression analyses in the Additional
Tables (see Additional file 1).

Results
Muscle strength
The proportions of men and women in Scotland in
2012–14 meeting the MS guidelines were 31 and 24 %
respectively (Fig. 1, Additional file 1: Table S1). The pro-
portions were highest amongst the youngest age group
16–24 year olds (57 % of males and 38 % of females); all
other age groups were significantly less likely to meet
the guidelines. The proportions decreased with age with
the lowest amongst the over 75 s (9 % of men and 4 %
of women in this age group). Men were more likely to
meet the guidelines than women across all age groups,
with the exception 35–44 year olds where the statistically
significant interaction effect implied the 2 percentage
point difference between the genders is with the range of
variance.
The proportion doing some MS sport and exercise

activities but at an insufficient frequency (>0 but <2
sessions per week over previous 28 days) to meet the
guidelines ranged between 17 and 28 % for both genders

between the ages of 16 and 54 years, before declining
to 7 % for men and 5 % for women over 75 years. The
difference between the youngest and oldest age groups
was significant. Men were more likely to undertake
some MS sport and exercise activities than women in
the youngest age group (17 % for men and 28 % for
women aged 16–24 years). Although the only interaction
effect to meet our conservative α-level was for 55–64 year
olds (implying no effect of gender in this age group), the
difference between the genders was a maximum of two
percentage points in all other (non-reference category) age
groups.
The proportion undertaking no MS sport and exercise

activities per week increased with age from 26 % of men
and 34 % of women aged 16–24 to 84 % of men and 91 %
of women over 75 years. This was significantly higher for
those over the age of 35 compared with the youngest age
group. There were no significant effects of gender, or
interaction between gender and age group.
Figure 2 shows the participation levels (at least 1 ses-

sion in the previous 28 days) by gender for individual
MS sport and exercise activities that had an overall
prevalence ≥1 %. Men were more likely to participate in

Fig. 1 Levels of muscle strengthening sport and exercise activities, by age group and gender. Weighted n = 6873 men, n = 7459 women.
*significantly different from 16 to 24 year age group at p < 0.0003. †significantly different between genders at p < 0.0003. ‡significant interaction
between gender and age group at p < 0.0003
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‘workout at gym’ (including weight training and exercise
bike), exercises, running/jogging, cycling, football/rugby,
tennis/badminton, golf, climbing, squash, and martial arts
(including tai chi); women were more likely to participate
in aerobics/gymnastics, yoga/pilates, dancing, and horse-
riding. The difference between the genders in participation
levels was not significant for swimming, hill walking/ram-
bling, skiing/snowboarding, and basketball.
Table 3 shows the proportion participating in the top

five MS sport and exercise activities in each age group,
stratified by gender (see also Additional file 1: Table S2).
The proportions of both genders taking part in ‘workout
at gym’ (including weight training and exercise bike), ex-
ercises, and running/jogging were significantly lower
after the age of 35 compared to those aged 16–24. The
decline was later in swimming for both genders; participa-
tion levels were significantly lower for men over 65 years
and women over 55 years. Hill walking/rambling partici-
pation was maintained for both men and women up until
the 65–74 age group. It decreased for both sexes amongst
those over 75 years, although technically not significant for
men at the conservative Bonferroni-adjusted α-level. Golf
participation levels increased in the middle age groups for
men, and there were similar participation levels amongst
the youngest and oldest age groups. However, note that
overall participation levels were low (3 % of all men, Fig. 2).

Football and cycling participation levels were lower for men
after the age of 25 and 55 respectively, compared to 16–24
year olds. Dancing participation declined for women after
35 years, whilst aerobics participation was significantly
lower for women after the age of 55.

Balance & co-ordination
The proportion of older adults meeting the BC guide-
lines in Scotland in 2012–14 was 19 % and 12 % for
men and women respectively (Fig. 3, Additional file 1:
Table S3). The proportion decreased steadily with age,
from 25 % of men and 18 % of women aged 65–69 to 8 %
of men and 2 % of women aged over 85 years, although
the only significant difference was between the youngest
and oldest age groups. There was no overall effect of
gender nor any interaction effects.
The proportion undertaking some BC sport and exer-

cise activities but at an insufficient frequency did not
vary by age group or gender, ranging between 3 and
16 %. The proportion doing no BC sport and exercise
activities increased with age from 60 % of men and 65 %
of women aged 65–69 to 89 % of men and 94 % of
women aged over 85 years. The proportions were signifi-
cantly higher for those over the age of 80 compared to

Fig. 2 Participation in muscle strengthening sport and exercise activities, by gender. Weighted n = 6873 men, n = 7459 women. *significantly
different between genders at p < 0.0003. Workout at gym includes ‘weight training’ and ‘exercise bike’. Aerobics/Gymnastics includes ‘keep fit’ and
‘dance for fitness’
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the youngest age group. There was no effect of gender
or any interaction between gender and age group.
Figure 4 shows that the participation levels for older

adults were low across all BC sport and exercise activ-
ities. Golf was the most popular BC sport and exercise
activity for men but it had the greatest difference be-
tween the genders (11 % of older men versus 2 % of
older women). Aerobics/Gymnastics (including ‘keep fit’
and ‘dance for fitness’) was the most popular activity for
older women with only 6 % taking part.

Discussion
Summary of findings
This is the first paper to provide detailed nationally rep-
resentative information on the proportions meeting MS
and BC guidelines amongst adults and older adults, by
age and gender. We found that the oldest age groups
were less likely to meet either guidelines compared to
the youngest age groups. However, significant differences
by gender were only evident for MS (more men met the
guidelines than women across all age groups). Participa-
tion in individual MC or BC sport and exercise activities
varied by gender and age group.

Muscle strengthening
Approximately half as many adults and older adults in
Scotland meet the MS guidelines (31 % of men and 24 %

of women) compared to the aerobic PA guidelines (71 %
men and 58 % of women [25]) in 2013. This calls into
question whether the current focus on aerobic PA is ap-
propriate particularly given the strong evidence demon-
strating the health benefits of MS activities [4–6].
Few countries report nationally representative estimates

for the proportion meeting the MS guidelines. Even
amongst those that do measure relevant activities at a
population level, there are large variations in the definitions
and surveillance methods used, which may be obscuring or
amplifying real differences. This is important to highlight
given the number of inter-country PA comparisons that
take place (e.g. GoPA! Country Cards [26], Active Healthy
Kids Country Cards [27], the Global Burden of Disease
studies [28]).
Within the UK there is a degree of consensus with

both England and Northern Ireland using comparable
methods to the SHeS [29, 30]. The proportions meeting
the MS guidelines reported in this study are similar to
those reported for England in 2012 (34 % of men and
24 % of women) [29] but are higher than Northern
Ireland in 2013/14 (25 % of men and 14 % of women)
[30]. In the USA, participants of the National Health
Interview Survey are asked how often they do leisure-time
physical activities specifically designed to strengthen their
muscles such as lifting weights or doing calisthenics [31].
The 2014 survey estimated that 28 % of men and 20 % of

Table 3 Participation in the top five muscle strengthening activities, by age group, stratified by gender

Men

16–24 25–34 35–44 45–54 55–64 65–74 75+

Workout at
gym

36 Workout at
gym

29 Swimming 18 Workout at
gym

16* Swimming 10 Swimming 7* Swimming 4*

Running 32 Running 25 Workout at
gym

18* Swimming 15 Workout at
gym

9* Workout at
gym

6* Workout at
gym

3*

Football/
Rugby

31 Exercises 24 Cycling 16 Cycling 15 Hillwalking 8 Hillwalking 5 Exercises 3*

Exercises 31 Swimming 19 Running 15* Running 11* Cycling 7* Exercises 4* Golf 3

Cycling 15 Football/Rugby 18* Exercises 14* Hillwalking 10 Exercises 7* Golf 4† Hillwalking 2

Women

16–24 25–34 35–44 45–54 55–64 65–74 75+

Workout at
gym

24 Swimming 22 Swimming 20 Swimming 14 Swimming 12* Swimming 8* Aerobics 4*

Exercises 24 Workout at
gym

20 Workout at
gym

17* Workout at
gym

12* Aerobics 7* Aerobics 6* Swimming 2*

Swimming 21 Aerobics 17 Aerobics 16 Aerobics 11 Workout at
gym

6* Workout at
gym

4* Exercises 1*

Running 18 Exercises 17 Exercises 14* Exercises 8* Hillwalking 6 Hillwalking 4 Dancing 1*

Aerobics 14 Running 16 Running 12* Hillwalking 8 Exercises 4* Exercises 3* Hillwalking 1*

Weighted n = 6873 men, n = 7459 women
*significantly lower participation than 16–24 year age group at p < 0.0003
†significantly higher participation than 16–24 year age group at p < 0.0003. Workout at gym includes weight training and exercise bike. Aerobics includes ‘keep fit’,
gymnastics and ‘dance for fitness’
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women in the USA undertook a sufficient quantity of MS
activities to meet the guidelines [32]. In Australia, different
surveys use different methods and the estimates for the
proportion of adults meeting the MS guidelines range be-
tween 9 and 19 % [33, 34].
Our findings highlight three key groups for policy

focus and intervention. Firstly, promotion efforts should
be focussed on women, particularly in the youngest age
groups. We found the largest percentage point difference
between the sexes was amongst 16–24 year olds (57 %
compared with 38 %). This is concerning as bone and
muscle mass peak in early adulthood and MS activities
at this stage in life could help to maximise this and play
a role in the prevention of osteoporosis. Both bone and
muscle mass have been shown to decrease with age from
the mid-20s, with an accelerated decline from age 50 on-
wards [13, 35]. This is apparent in both men and women,
although hormonal changes associated with the meno-
pause can further exacerbate the decline for women
[13, 35]. Coupled with the fact that women, on average,
have a smaller muscle mass than men, this means they
tend to cross ‘thresholds for independence’ (the point

at which a task cannot be completed independently)
earlier [36].
Secondly, the proportions undertaking no MS sport

and exercise activities over the age of 75 (84 % of men
and 91 % of women) are concerning as muscle strength
is of particular importance to older adults. One reason
for this is because of the natural age-related decline of
lean muscle mass (termed sarcopenia) [12]. Studies have
estimated the decline to be around 2–4 % per year
amongst those over 75 years, but the loss of strength
can be 2–5 times faster than that because of other dele-
terious changes to muscle quality and neural factors
[37]. This loss means that it can be muscle strength that
is the primary limiting factor for functional independ-
ence [35], rather than aerobic PA. Low levels of muscle
strength increase the risk of falling and sustaining a re-
lated injury, can lead to disability, and frailty [14, 38], all
of which have implications for the individual, their
carers, and the health services that support them.
Strength training has been shown to be equally effective
at increasing muscle strength in older adults as in youn-
ger adults, sometimes more so [39].

Fig. 3 Levels of balance & co-ordination sport and exercise activities, by age group and gender. Weighted n = 1347 men, n = 1687 women.
*significantly different from 16 to 24 year age group at p < 0.0003. †significantly different between genders at p < 0.0003. ‡significant
interaction between gender and age group at p < 0.0003
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Thirdly, the 18 % of men and 19 % of women that
undertook some but not a sufficient number of sessions
of MS sport and exercise activities per week are targets
where successful intervention may be more likely. If re-
lated to the trans-theoretical model, then these individuals
could be considered to be in the ‘maintenance’ phase (i.e.
already undertaking a relevant behaviour) [40]. It is po-
tentially easier for them to increase the frequency of
this behaviour to the recommended levels than for
those not currently undertaking any to start.
The differences by gender and age of participation in

MS sport and exercise activities are similar to the overall
participation levels for sport and exercise activities in
Scotland [41]. From this we can infer that, for those ac-
tivities that require a follow up question to confirm they
are a relevant activity, the responses do not vary greatly
by age or gender. This suggests that efforts to narrow
overall participation gaps go some way to reducing the
inequalities in the prevalence of the MS guideline. Our
results also highlight hill-walking (for both genders) and
golf (for men) as two activities where participation levels
are maintained in the older age groups. These are poten-
tially important intervention activities as it has been
shown that sustained participation in MS exercise, starting
at a young age, provides the greatest protection against
sarcopenia [42].
Although the UK PA guidelines for adults apply from

aged 19 [3], we included 16–18 year olds in our analyses
as this aligns with UK health survey reporting and

provides more useful information to policymakers. We
have undertaken a comprehensive sensitivity analysis:
their inclusion makes a ≤1 percentage point difference
to the proportions doing no, some and sufficient MS
exercise amongst 16–24 year olds and does not change
any overall conclusions. The UK guideline relating to
MS for 5–18 year olds is combined with that for vigorous
intensity aerobic activity: ‘Vigorous intensity activities,
including those that strengthen muscle and bone, should
be incorporated at least 3 days a week’ [3]. Given that,
if anything, these MS guidelines are greater than for
those ≥19 years, we do not feel that this is an unfair
misrepresentation.

Balance & co-ordination
We found that less than a fifth of older adults in
Scotland (19 % of older men and 12 % of older women)
met the BC guidelines in 2012–14. We found no differ-
ences in participation by gender, but a decline in the old-
est two age groups. However, with such low levels of
participation, we recommend that promotion efforts are
aimed at all older adults rather than any specific groups.
Loss of the ability to balance is associated with a higher

risk of falling and subsequent injury, which in turn can
lead to loss of independence, illness, and premature mor-
tality [43]. BC activities have been shown to be a critical
part of an effective falls prevention programme [38]. One
meta-analysis concluded that up to 42 % of falls could be

Fig. 4 Participation in balance & co-ordination sport and exercise activities, by gender. Weighted n = 1347 men, n = 1687 women. *significantly
different between genders at p < 0.0003. Workout at gym includes weight training and exercise bike. Aerobics/Gymnastics includes ‘keep fit’
and ‘dance for fitness’
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prevented by a well-designed exercise programme that in-
cluded BC activities [44].
Although the BC guideline applies to older adults at

risk of falls [3], we included all older adults in our ana-
lyses as we were not able identify this ‘at risk’ group from
the SHeS. This may have over- or under-estimated the
proportions meeting the guideline. If those who are not
at risk do not participate in any relevant activities then
our estimates maybe lower than the true proportion.
However, those who are not at risk may be more active,
leading to an overestimation. We recommend that the
target population of this guidelines is clarified, as this
may hamper any co-ordinated effort to tackle the very
low prevalence.

Strengths and limitations
This study is the first to provide detailed analysis of the
two forgotten guidelines: MS and BC. We have used
routinely collected data to describe the current preva-
lence levels and identify key groups most in need of
intervention. This is important information to take to
policymakers to support the case for addressing these is-
sues at a population level. Policy makers in Scotland use
the results from national surveillance instruments to
make decisions on funding and strategy [45]. Therefore
it is appropriate to use these same data in this analysis,
as it has most relevance for future policy decisions. The
face validity of the SHeS method of measuring prevalence
of population meeting the MS and BC guidelines is
questionable as it is limited to sport and exercise activities.
Although this is more inclusive than other national ap-
proaches to measuring MS that are often restricted to
weight training or activities that would be categorised in
the domain of sport and exercise [34, 46, 47]. Activities
such as heavy gardening and carrying heavy loads are not
included despite being listed as example activities in the
guideline document itself [3]. Another limitation of the
SHeS questionnaire is that certain activities are grouped
together or cover a wide range of activities (e.g. workout
at gym/weight training/exercise bike, or exercises) and it is
not possible to establish which of the activities was under-
taken and what exactly they involved.
As with all surveys, errors may arise at any stage: design,

data collection, processing, and analysis [48]. One that is
difficult to account for is the self-report nature of the data.
It is possible that the reported levels of MS and BC activ-
ities differ from the true levels [49]. We add our support to
calls to reach an international consensus over which activ-
ities should count towards the guidelines, how best to
measure them at a population level [34], how to ensure
they are of sufficient intensity, and then to investigate valid-
ation methods so that the degree of error can be better
understood. Other factors such as sampling error or non-
response bias are mitigated by the weighting procedures

that result in a nationally representative sample on key
demographic variables (see Bromley et al. (2015) for further
details [22]). However, there remains a degree of uncer-
tainty around the estimates and this should be considered
in their interpretation.

Conclusion
Our findings suggest that proportions meeting MS and BC
guidelines are much lower than their aerobic counterpart.
The promotion of PA should include efforts to increase the
proportions meeting these forgotten guidelines. Particular
efforts should be made amongst young women (for MS)
and the older age groups (for MS and BC). Failure to do so
could have important consequences as by 2031, the num-
ber of people over the age of 75 in Scotland is projected to
rise by 75 % [50]. This will have implications for us as indi-
viduals and as a society if we do not change population
levels of the many risk factors of ill health, of which
strength and balance are two [4, 5, 16]. The most popular
activities varied by gender and age and this should be con-
sidered when designing interventions. We also recommend
further work on how best to monitor MS and BC activities
at a population level.
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Additional file 1: Table S1. The results from multiple logistic regression
investigating the effect of age group, gender, and their interaction on
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and exercise activities, stratified by gender (weighted n= 6873 men, 7459
women). Table S3. The results from multiple logistic regression investigating
the effect of age group, gender, and their interaction on participation levels of
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Abbreviations
BC: Balance & co-ordination; MS: Muscle strengthening; PA: Physical activity;
SHeS: Scottish Health Survey

Acknowledgements
Not applicable.

Funding
TS is funded by a PhD college award from the College of Humanities and
Social Science at the University of Edinburgh. CF, PK and NM all hold
positions at the University of Edinburgh.

Availability of data and materials
The dataset analysed during the current study are available in the UK data
archive repository, SN 7594 http://dx.doi.org/10.5255/UKDA-SN-7594-1.

Authors’ contributions
TS, CF and NM designed the study. TS completed the analyses and drafted the
manuscript. CF, NM and PK contributed to the interpretation and content of the
final manuscript. All authors read and approved the final manuscript.

Competing interests
The authors have no competing interests to declare.

Consent for publication
Not applicable.

Strain et al. BMC Public Health  (2016) 16:1108 Page 10 of 12

dx.doi.org/10.1186/s12889-016-3774-6
http://dx.doi.org/10.5255/UKDA-SN-7594-1


Ethics approval and consent to participate
This study has complied with all the requirements agreed in the UK Data
Archive End User licence that applies to this dataset.

Received: 14 July 2016 Accepted: 13 October 2016

References
1. The Scottish Government: Active Scotland Outcomes Framework. http://

www.gov.scot/Topics/ArtsCultureSport/Sport/Outcomes-Framework 2014.
Accessed: 9 July 2016

2. Gill V. Chapter 5: Physical activity. In: Campbell-Jack D, Hinchliffe S, Bromley
C, editors. The Scottish Health Survey 2014 Volume 1: Main report.
Edinburgh: The Scottish Government; 2015.

3. Department of Health. Start active, stay active: A report on physical activity
from the four home countries’ Chief Medical Officers. London: Department
of Health; 2011.

4. Katzmarzyk PT, Craig CL. Musculoskeletal fitness and risk of mortality. Med
Sci Sports Exerc. 2002;34(5):740–4.

5. Warburton DE, Gledhill N, Quinney A. Musculoskeletal fitness and health.
Can J Appl Phys. 2001;26(2):217–37.

6. Metter EJ, Talbot LA, Schrager M, Conwit R. Skeletal muscle strength as a
predictor of all-cause mortality in healthy men. J Gerontol A Biol Sci Med
Sci. 2002;57(10):B359–65.

7. Colberg SR, Albright AL, Blissmer BJ, Braun B, Chasan-Taber L, Fernhall B,
Regensteiner JG, Rubin RR, Sigal RJ. Exercise and type 2 diabetes: American
College of Sports Medicine and the American Diabetes Association: Joint
position statement. Exercise and type 2 diabetes. Med Sci Sports Exerc.
2010;42(12):2282–303.

8. Johnson JL, Slentz CA, Houmard JA, Samsa GP, Duscha BD, Aiken LB,
McCartney JS, Tanner CJ, Kraus WE. Exercise training amount and
intensity effects on metabolic syndrome (from studies of a targeted
risk reduction intervention through defined exercise). Am J Cardiol.
2007;100(12):1759–66.

9. Spence JC, McGannon KR, Poon P. The effect of exercise on global self-
esteem: A quantitative review. J Sport Exercise Psy. 2005;27(3):311–34.

10. O’Connor PJ, Herring MP, Caravalho A. Mental health benefits of strength
training in adults. Am J Lifestyle Med. 2010;4(5):377–96.

11. Strohle A. Physical activity, exercise, depression and anxiety disorders.
J Neural Transm. 2009;116(6):777–84.

12. Lang T, Streeper T, Cawthon P, Baldwin K, Taaffe DR, Harris TB. Sarcopenia:
Etiology, clinical consequences, intervention, and assessment. Osteoporos
Int. 2010;21(4):543–59.

13. Kohrt WM, Bloomfield SA, Little KD, Nelson ME, Yingling VR. American
College of Sports Medicine. Position Stand. Physical activity and bone
health. Med Sci Sports Exerc. 2004;36(11):1985–96.

14. Gillespie LD, Robertson MC, Gillespie WJ, Sherrington C, Gates S, Clemson
LM, Lamb SE. Interventions for preventing falls in older people living in the
community. Cochrane Database Syst Rev. 2012;9:CD007146.

15. Chodzko-Zajko WJ, Proctor DN, Fiatarone Singh MA, Minson CT, Nigg CR, Salem
GJ, Skinner JS. American College of Sports Medicine. Position Stand. Exercise and
physical activity for older adults. Med Sci Sports Exerc. 2009;41(7):1510–30.

16. Judge J. Balance training to maintain mobility and prevent disability. Am J
Prev Med. 2003;25(3):150–6.

17. Gardner MM, Buchner DM, Robertson MC, Campbell AJ. Practical
implementation of an exercise-based falls prevention programme. Age
Ageing. 2001;30(1):77–83.

18. Tinetti ME, Speechley M, Ginter SF. Risk factors for falls among elderly
persons living in the community. N Engl J Med. 1988;319(26):1701–7.

19. Campbell AJ, Borrie MJ, Spears GF, Jackson SL, Brown JS, Fitzgerald JL.
Circumstances and consequences of falls experienced by a community
population 70 years and over during a prospective study. Age Ageing.
1990;19(2):136–41.

20. Bromley C. Chapter 6: Physical activity. In: Rutherford L, Hinchliffe S, Sharp C,
editors. The Scottish Health Survey 2012 Volume 1: Main report. Edinburgh:
The Scottish Government; 2013.

21. ScotCen Social Research. Scottish Health Survey 2014. UK Data Archive,
Colchester, Essex. 2015. http://dx.doi.org/10.5255/UKDA-SN-7851-1.
Accessed 15 Dec 2015.

22. Bromley C, Campbell-Jack D, Hinchliffe S. The Scottish Health Survey 2014.
Volume 2: Technical Report. Edinburgh: The Scottish Government; 2015.

23. Corbett J, Day J, Davidson M, Doig M, Dowling S, Gharib W, Hampson A,
Roth M. The Scottish Health Survey 2012. Volume 2: Technical Report.
Edinburghx: Edinburgh; 2013.

24. Heeringa S, West B, Berglund P. Applied Survey Data Analysis. London:
Chapman & Hall; 2010.

25. Strain T, Fitzsimons C, Foster C, Mutrie N, Townsend N, Kelly P. Age-related
comparisons by sex in the domains of aerobic physical activity for adults in
Scotland. Prev Med Rep. 2016;3:90–7.

26. Hallal PC, Martins RC, Ramirez A. The Lancet Physical Activity Observatory:
promoting physical activity worldwide. Lancet. 2014;384(9942):471–2.

27. Tremblay MS, Gonzalez SA, Katzmarzyk PT, Onywera VO, Reilly JJ, Tomkinson G.
Active Healthy Kids Global A. Physical activity report cards: Active Healthy Kids
Global Alliance and The Lancet Physical Activity Observatory. J Phys Act Health.
2015;12(3):297–8.

28. Lim SS, Vos T, Flaxman AD, Danaei G, Shibuya K, Adair-Rohani H, Amann M,
Anderson HR, Andrews KG, Aryee M, et al. A comparative risk assessment of
burden of disease and injury attributable to 67 risk factors and risk factor
clusters in 21 regions, 1990–2010: A systematic analysis for the Global
Burden of Disease Study 2010. Lancet. 2013;380(9859):2224–60.

29. Scholes S, Mindell J. Chapter 2: Physical activity in adults. In: Craig R,
Mindell J, editors. Health Survey for England 2012 Volume 1: Health,
social care and lifestyles. Leeds: Health and Social Care Information
Centre; 2013.

30. Walker H, Scarlett M, Williams B. Health Survey Northern Ireland: First results 13/
14. Belfast: Public Health Information & Research Branch, Information Analysis
Directorate; 2014.

31. Office of Disease Prevention and Health Promotion: Healthy People 2020:
Data details. https://www.healthypeople.gov/node/5071/data_details.
Accessed Aug 2014

32. Office of Disease Prevention and Health Promotion: Healthy People 2020:
Search the data. http://www.healthypeople.gov/2020/data-search/Search-
the-Data?f%5B%5D=field_topic_area%3A3504&ci=0&se=0&pop. Accessed:
Jan 2014

33. Bennie JA, Pedisic Z, van Uffelen JG, Gale J, Banting LK, Vergeer I, Stamatakis
E, Bauman AE, Biddle SJ. The descriptive epidemiology of total physical
activity, muscle-strengthening exercises and sedentary behaviour among
Australian adults - results from the National Nutrition and Physical Activity
Survey. BMC Public Health. 2016;16(1):73.

34. Bennie JA, Pedisic Z, van Uffelen JG, Charity MJ, Harvey JT, Banting LK,
Vergeer I, Biddle SJ, Eime RM. Pumping Iron in Australia: Prevalence, Trends
and Sociodemographic Correlates of Muscle Strengthening Activity Participation
from a National Sample of 195,926 Adults. PLoS One. 2016;11(4):e0153225.

35. Montero-Fernandez N, Serra-Rexach JA. Role of exercise on sarcopenia in
the elderly. Eur J Phys Rehab Med. 2013;49(1):131–43.

36. The Lancet. Physical activity in old age. Lancet. 1986;2(8521–22):1431.
37. Mitchell WK, Williams J, Atherton P, Larvin M, Lund J, Narici M. Sarcopenia,

dynapenia, and the impact of advancing age on human skeletal muscle size
and strength; a quantitative review. Front Physiol. 2012;3:260.

38. Sherrington C, Tiedemann A, Fairhall N, Close JC, Lord SR. Exercise to
prevent falls in older adults: an updated meta-analysis and best practice
recommendations. N S W Public Health Bull. 2011;22(3–4):78–83.

39. Latham N, Anderson C, Bennett D, Stretton C. Progressive resistance
strength training for physical disability in older people. Cochrane Database
Syst Rev. 2003;2:CD002759.

40. Marcus BH, Simkin LR. The transtheoretical model: applications to exercise
behavior. Med Sci Sports Exerc. 1994;26(11):1400–4.

41. The Scottish Household Survey Project Team. Scotland’s People Annual
Report: Results from the 2014 Scottish Household Survey. Edinburgh: The
Scottish Government; 2015.

42. Peterson MD, Sen A, Gordon PM. Influence of resistance exercise on lean body
mass in aging adults: a meta-analysis. Med Sci Sports Exerc. 2011;43(2):249–58.

43. Howe TE, Rochester L, Neil F, Skelton DA, Ballinger C. Exercise for improving
balance in older people. Cochrane Database Syst Rev. 2011;11:CD004963.

44. Sherrington C, Whitney JC, Lord SR, Herbert RD, Cumming RG, Close JC.
Effective exercise for the prevention of falls: a systematic review and meta-
analysis. J Am Geriatr Soc. 2008;56(12):2234–43.

45. Murray A, Calderwood C, O’Connor N, Mutrie N. Scotland’s progress in putting
policy about physical activity into practice. Br J Sports Med. 2016;50(6):320–1.

46. Centers for Disease Control and Prevention: 2011 Behavioral Risk Factor
Surveillance System Questionnaire http://www.cdc.gov/brfss/questionnaires/
pdf-ques/2011brfss.pdf. Accessed Jan 2011

Strain et al. BMC Public Health  (2016) 16:1108 Page 11 of 12

http://www.gov.scot/Topics/ArtsCultureSport/Sport/Outcomes-Framework
http://www.gov.scot/Topics/ArtsCultureSport/Sport/Outcomes-Framework
http://dx.doi.org/10.5255/UKDA-SN-7851-1
https://www.healthypeople.gov/node/5071/data_details
http://www.healthypeople.gov/2020/data-search/Search-the-Data?f%5B%5D=field_topic_area%3A3504&ci=0&se=0&pop
http://www.healthypeople.gov/2020/data-search/Search-the-Data?f%5B%5D=field_topic_area%3A3504&ci=0&se=0&pop
http://www.cdc.gov/brfss/questionnaires/pdf-ques/2011brfss.pdf
http://www.cdc.gov/brfss/questionnaires/pdf-ques/2011brfss.pdf


47. Carlson SA, Fulton JE, Schoenborn CA, Loustalot F. Trend and prevalence
estimates based on the 2008 physical activity guidelines for Americans. Am
J Prev Med. 2010;39(4):305–13.

48. Biemer PP. Total survey error: Design, implementation, and evaluation.
Public Opin Quart. 2011;74(5):817–48.

49. Prince SA, Adamo KB, Hamel ME, Hardt J, Connor Gorber S, Tremblay M. A
comparison of direct versus self-report measures for assessing physical
activity in adults: a systematic review. Int J Behav Nutr Phys Act. 2008;5:56.

50. Scottish Executive. All our futures: Planning for a Scotland with an ageing
population. Edinburgh: Scottish Executive; 2007.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Strain et al. BMC Public Health  (2016) 16:1108 Page 12 of 12


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Data source
	Measurement of muscle strengthening and balance & �co-ordination activities in the Scottish Health Survey
	Sample characteristics
	Statistical analyses

	Results
	Muscle strength
	Balance & co-ordination

	Discussion
	Summary of findings
	Muscle strengthening
	Balance & co-ordination
	Strengths and limitations

	Conclusion
	Additional file
	show [a]
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	References

