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strength at age 46 years: findings from the 1970
British Cohort Study

Mohamed Yusuf'?", Gallin Montgomery'?, Mark Hamer?, Jamie McPhee'? and Rachel Cooper'?#°

Abstract

Background: Muscle weakness is a key criterion for important age-related conditions, including sarcopenia and
frailty. Research suggests lower childhood socioeconomic position (SEP) may be associated with muscle weakness
in later life but there is little evidence on associations in younger adults closer to peak muscle strength. We aimed to
examine relationships between indicators of SEP in childhood and adulthood and grip strength at age 46y.

Methods: We examined 7,617 participants from the 1970 British Cohort Study with grip strength measurements at
46y. We used sex-specific linear regression models to test associations between five different indicators of SEP in child-
hood and adulthood (paternal occupational class and parental education levels at age 5 and own occupational class
and education level at age 46) and maximum grip strength. Models were adjusted for birth weight, BMI in childhood
and adulthood, adult height, disability in childhood, leisure-time physical activity in childhood and adulthood, seden-
tary behaviour in childhood and adulthood, occupational activity and smoking at age 46.

Results: Among women, lower SEP in childhood and adulthood was associated with weaker grip strength even
after adjustments for covariates. For example, in fully-adjusted models, women whose mothers had no qualifications
at age five had mean grip strength 0.99 kg (95% Cl: -1.65, -0.33) lower than women whose mothers were educated
to degree and higher. Among men, lower levels of father's education and both adult SEP indicators were associated
with stronger grip. The association between own occupational class and grip strength deviated from linearity; men in
skilled-manual occupations (i.e. the middle occupational group) had stronger grip than men in the highest occupa-
tional group (Difference in means: 1.33 kg (0.60, 2.06)) whereas there was no difference in grip strength between the
highest and lowest occupational groups. Adjustment for occupational activity largely attenuated these associations.

Conclusion: Findings highlight the need to identify age and sex-specific interventions across life to tackle inequali-
ties in important age-related conditions related to weakness.
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Research summary
What is already known on this subject?
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highly prevalent in later life and can result from poor
muscle development in earlier life and/or faster rates
of age-related decline in strength from midlife.

« A growing body of evidence has shown that weak
grip strength in later life may originate in early life
and be influenced by factors including childhood
and adulthood socioeconomic position (SEP).

+ Most studies that have examined the association
between early life SEP and grip strength have focused
on older adults, and in the few studies that have
examined younger adults findings are inconsistent.

What this study adds?

« In a relatively large, nationally representative pop-
ulation of middle-aged adults in Great Britain we
found sex differences in the associations between
SEP and grip strength.

« In women, lower SEP in childhood and adult-
hood was consistently associated with weaker grip
strength at age 46y.

+ In men, there were no evidence of an association
between two indicators of childhood SEP (father’s
occupational class and mother’s education) and grip
strength at age 46y. However, lower father’s educa-
tional attainment and lower adult SEP were associ-
ated with stronger grip, largely explained by higher
levels of occupational activity in the skilled manual
occupational group.

Background

Muscle weakness, commonly indicated by low grip
strength, is associated with mobility disability, loss of
independence, premature mortality and many other
adverse health outcomes [1-6]. It is also a key criterion
for important age-related conditions including sarcope-
nia and frailty [7, 8]. These age-related conditions which
are highly prevalent [9, 10] have profound implications
for individuals, their families and society. In addition,
estimates of the annual healthcare costs associated with
muscle weakness and sarcopenia in a range of different
countries around the world are substantial [11] and likely
to increase with time as the global population ages. To
address the public health challenge that muscle weakness
represents we need to identify strategies that improve
people’s chances of developing optimal strength in early
life, maintaining strength through midlife and minimis-
ing decline in later life. This requires a better understand-
ing of the risk factors across life that are associated with
grip strength at different life stages.
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Over the last two decades, a growing body of evidence
has shown that differences in levels of grip strength
in later life may originate in early life [12, 13]. This has
resulted in investigations into the associations of vari-
ous childhood factors with grip strength in adulthood,
including indicators of socioeconomic position (SEP) [14,
15]. However, despite a systematic review published in
2011 that synthesised data from 12 studies on the asso-
ciation between childhood SEP and adult grip strength
[14], and several subsequent investigations [15-23], evi-
dence of an association between lower childhood SEP
and weaker grip strength in adulthood remains equivo-
cal. The authors of the systematic review reported con-
siderable heterogeneity between studies [14]. This may
be due to variations in the scale and direction of associa-
tions between childhood SEP and grip strength by age,
sex, birth cohort, and/or place.

As most existing studies of childhood SEP and grip
strength have focused on adults aged 60 and over [14,
16-19, 21-23], it is difficult to establish how associations
vary across adulthood. In addition, even where existing
studies have examined populations spanning a wide age
range, including younger adults [18-22], interactions
between age and SEP have rarely been formally tested
[24]. Where associations have been observed between
low childhood SEP and weak grip strength, it has not
been possible to establish whether these are explained
by the influences of SEP in early life on the attainment
of peak grip strength or its subsequent decline. More
studies of younger adults closer to peak grip strength
are required to establish this. This is especially as the
only study on younger adults, included in the system-
atic review [14], found lower childhood SEP was associ-
ated with stronger grip in Swedish males at age 18. This
is in the opposite direction to the association reported in
some studies of older adults highlighting that childhood
SEP may have different patterns of association with grip
strength at different life stages.

Also limiting our understanding of childhood SEP and
grip strength associations is the fact that most studies
only include adults born before 1950 [15-23]. Whether
similar associations are also found in more recently born
generations exposed to different social, political, eco-
nomic and work environments across life also remains to
be established.

To address the need for studies of the association
between SEP and grip strength in younger adults from
more recently born cohorts, we aimed to explore the
relationships between indicators of SEP in childhood and
adulthood with grip strength at age 46y in the 1970 Brit-
ish Cohort Study. We examined: (a) whether indicators
of SEP prospectively ascertained in childhood and adult-
hood were associated with grip strength; (b) whether
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these associations varied by sex and were explained by
several important covariates.

Methods

Study design and population

We conducted secondary analysis using data from the
1970 British Cohort Study (BCS70), an ongoing prospec-
tive study of males and females born in England, Scot-
land and Wales within a single week in March 1970, with
immigrants added into the sample during the first three
waves [25]. A total of 18,037 males and females were
recruited and assessed on at least one occasion (at birth,
and ages 5, 10, 16, 26, 30, 34, 38, 42 and 46) [26]. At age
46, a home visit was conducted, during which a 50-min
interview and a nurse-led biomedical assessment, includ-
ing grip strength measurement, was undertaken. A total
of 8,581 participants completed at least one component
of the data collection at age 46 (Fig. 1). Of these, 7,685
completed a nurse biomedical assessment, and 7,547
had valid grip strength measures. Participants provided
informed consent and the assessment at age 46y received
full ethical approval from NRES Committee South East
Coast—Brighton & Sussex (Ref 15/1.0/1446).

Assessment of grip strength

During the biomedical assessment at age 46y, grip
strength was measured in kilograms using a Smedley
hand-held dynamometer by trained nurses following
standardised protocols. The maximum measurement of
six attempts (three in each hand) was used in analyses.
Participants were excluded from the grip strength assess-
ment if they had had hand surgery in the past six months
or had swelling, inflammation, severe pain, or a recent
injury to their hands. If participants were unable or
unwilling to complete the grip strength tests, the reason
for this was recorded. Participants unable to complete
the grip strength assessment for health reasons (n=70)
were allocated a value of grip strength equivalent to the
mean of the bottom sex-specific fifth of the grip strength
distribution [17] on the assumption that these partici-
pants were likely to have had low grip strength whereby
their exclusion may bias results [27].

Socioeconomic position

We chose a priori to use indicators of SEP ascertained
at ages five and 46y. At age five, we used father’s occupa-
tional class (or at birth if missing (»=1,176)) and moth-
er’s and father’s educational levels. Using the Registrar
General’s Social Classification (RGSC), occupational class
was categorised into four groups: I professional/Il inter-
mediate, III skilled non-manual, III skilled manual and
IV partly skilled/V unskilled. Both mother’s and father’s
educational levels were based on the highest qualification
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achieved categorised into four groups: Higher vocational/
degree and higher, A-level/equivalent (advanced second-
ary education), Vocational/O-level/equivalent (ordinary
secondary education) and No qualification. At age 46,
we selected to use own occupational class, back-coded
from National Statistics Socio-Economic Classification
of occupations to RGSC, and then similarly categorised
as father’s occupational class. Own highest qualification
at age 46 was also used, categorised into four groups:
Degree and higher, A-level and vocational qualification
(advanced secondary education), GCSEs (ordinary sec-
ondary education) and no qualifications.

Covariates

Covariates were selected a priori based on previous liter-
ature [28, 29] and considered within the framework out-
lined in supplementary Figure S1. As height is strongly
associated with grip strength [28], and in many cases, rel-
ative grip strength (i.e., grip strength adjusted for height)
is presented as a primary outcome measure [30], analyses
were initially adjusted for adult height (nurse-measured
at age 46). Childhood factors included: birth weight (kg)
(ascertained from birth records) and the following vari-
ables assessed at age ten: body mass index (BMI) (calcu-
lated as kg/m? from nurse-measured height and weight);
leisure-time physical activity (maternal report of how
often the participant played sports in their spare time);
sedentary behaviour (maternal report of how often the
participant watched television in their spare time); dis-
ability (parental report of whether they considered the
participant to have a physical or mental disability or
handicap, or any other disabling condition which inter-
fered with everyday life, or which might be a problem at
school).

Adulthood covariates were BMI at age 46 (derived from
nurse-measured height and weight); self-reported smok-
ing status at age 42; sedentary behaviour at age 42 (self-
reported length of time spent watching television on a
typical weekday); leisure-time physical activity at age
42 (self-reported number of days spent doing 30 min or
more of exercise in a typical week); occupational activ-
ity at age 46 (self-report of the types of physical activity
involved in the participant’s work). The categorisation of
all covariates are presented in Table 1.

Statistical analyses

T-tests and chi-squared tests were used to examine
sex differences in continuous and categorical variables,
respectively. We tested the associations between each
SEP indicator and maximum grip strength at 46y using
linear regression models. We first ran formal tests of
interaction between sex and each SEP indicator and
where there was evidence of sex interaction (based on
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Contributed data at least once
since birth in 1970

N=18,037

Did not participate at age 46

Dead, n=986
“““““““““““ » Emigrant, n=466
Invitation not issued, n=4,395
Non-response or refusal, n=3,609

\ 4

Completed interview and/or
nurse biomedical assessment
at age 46

N=8,581

Did not complete biomedical
assessment at age 46, n=892
Nurse biomedical assessment
only partially productive, n=4

v

Completed all (or relevant
components) of nurse biomedical
assessment at age 46

N=7,685 Grip strength measures

not ascertained

————————————————————— Unwilling to complete, n=39
Unable for other reasons, n=19
Unknown reason for missing,
n=10

\ 4

/ Valid grip strength measures ascertained: N=7,547 \

Unable to complete grip strength for health reasons: N=70
MSK condition/injury (55)
Other health condition/injury (15)

K Total N for analyses: 7,547 + 70 = 7,617 /

Fig. 1 Flow diagram of participation in the BCS70

p<0.1) subsequent models were stratified by sex. Lin-  Initially, adult height was included, then childhood fac-
ear trends were assessed using likelihood ratios tests.  tors, and then adulthood factors. As well as running
Covariates were added to the models sequentially. models with factors grouped (as presented) we also
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Table 1 Characteristics of the BCS70 participants included in analyses (maximum N=7,617%)
Mean (SD) or N (%) ?
Characteristics OverallN? Female (N=3,922) Male (N=3,695) p-value b
Outcome
Max grip strength (kg) at age 46y © 7617 29.51 (5.83) 48.03 (9.01) <0.001
Socioeconomic indicators
Father's occupational class at age 5y 7,198 0.07
| Professional/ll Intermediate 1,059 (284) 1,039 (29.9)
Il Skilled non-manual 399 (10.7) 390 (11.3)
Il Skilled manual 1,584 (42.5) 1,479 (42.6)
IV Partly skilled/V Unskilled 686 (18.4) 562 (16.2)
Mother’s highest qualification at age 5y 5931 0.96
Higher vocational/degree and higher 289 (9.4) 276 (9.7)
A-level/equivalent 138 (4.5) 134 (4.7)
Vocational/O-level/equivalent 1,095 (35.5) 1,010 (35.4)
No qualification 1,557 (50.6) 1,432 (50.2)
Father’s highest qualification at age 5y 5,565 0.74
Higher vocational/degree and higher 520(18.1) 512 (19.0)
A-level/equivalent 253(8.8) 221(8.2)
Vocational/O-level/equivalent 845 (29.5) 789 (29.2)
No qualification 1,252 (43.6) 1,173 (43.5)
Own occupational class at age 46y 6,404 <0.001
| Professional/ll Intermediate 1,410 (454) 1,614 (48.9)
Il Skilled non-manual 997 (32.1) 469 (14.2)
Il Skilled manual 326 (10.5) 959 (29.1)
IV Partly skilled/V Unskilled 372(12.0) 257 (7.8)
Own highest qualification at age 46y 7,512 <0.001
Degree and higher 1,055 (27.2) 923 (25.4)
A-level and vocational qualification 608 (15.7) 467 (12.9)
GCSEs 1,243 (32.1) 1,119 (30.8)
No qualification 973 (125)) 1,124 (31.0)
Covariates
Birth weight (kg) (Mean (SD)) 7,046 3.26 (0.50) 3.37(0.53) <0.001
BMI (kg/mz) atage 10y (Mean (SD)) 6,016 16.93 (2.20) 16.73 (1.90) 0.025
Leisure-time physical activity at age 10y 6,607 <0.001
Never or hardly ever 365 (10.7) 158 (4.9)
Sometimes 1,643 (48.3) 920 (28.7)
Often 1,392 (40.9) 2,129 (66.4)
Sedentary behaviour (TV watching) at age 10y 6,626 <0.001
Never or hardly ever 49 (14) 26 (0.8)
Sometimes 810 (23.7) 512 (15.9)
Often 2,559 (74.8) 2,670(83.3)
Disability at age 10y 6,606 0.057
No 3,203 (93.7) 2,943 (923)
Yes, slight 195 (5.7) 228(7.1)
Yes, severe 19 (0.6) 18 (0.6)
Height (m) at age 46y (Mean (SD)) 7,553 1.64 (0.06) 1.77 (0.07) <0.001
BMI (kg/mz) at age 46y (Mean (SD)) 7,387 28.22 (6.17) 28.64 (4.63) <0.001
Smoking status at age 42y 711 0.003
Never smoker 1,776 (48.0) 1,590 (46.6)
Ex-smoker 1,111 (30.0) 966 (28.3)
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Table 1 (continued)
Mean (SD) or N (%) ?
Characteristics OverallN? Female (N=3,922) Male (N=3,695) p-value b
Current smoker (less than daily) 210(5.7) 183 (54)
Current smoker (daily) 604 (16.3) 671(19.7)
Sedentary behaviour (TV watching) at age 42y 6,368 <0.001
Oto<1h 624 (18.4) 447 (15.0)
Tto<3h 1,976 (58.4) 1,790 (60.0)
3to<5h 621 (184) 555(18.6)
5+ hours 162 (4.8) 193 (6.5)
Leisure-time physical activity (days/week) at age 42y 7,008 <0.001
0days 1,135 (31.1) 809 (24.0)
1 day per a week 438 (12.0) 390 (11.6)
2 days per a week 560 (15.4) 482 (14.3)
3 days per a week 534 (14.6) 506 (15.1)
4/5 days per a week 549 (15.1) 661 (19.7)
6/7 days per a week 430(11.8) 514 (15.3)
Occupational activity at age 46y 6,291 <0.001
Sitting occupation 1,756 (55.7) 1,682 (53.6)
Standing occupation 635 (20.1) 337(10.7)
Physical work 733 (23.3) 850 (27.1)
Heavy manual work 28(0.9) 270 (8.6)

" Sampile restricted to those with valid measures of grip strength at age 46y. Including those who were unable to complete the grip strength for health reasons whose
values have been imputed a value of grip strength equivalent to the mean of the bottom sex-specific fifth of the grip strength distribution (N=70)

N =Total number
@ Ns presented in table vary due to missing data

b Statistical tests of sex difference: chi-square of independence; t-test

¢ Including those 70 people with imputed grip strength values. Observed mean max grip strength (N=7,547): Females 29.60 kg (SD 5.81 kg); Males 48.09 kg (SD

8.99 kg)

examined associations with adjustment for each adult-
hood covariate added in turn. To take account of the
continuity of SEP from childhood to adulthood, asso-
ciations between childhood SEP indicators and grip
strength were also adjusted for adulthood SEP.

To reduce selection bias, we used sex-stratified mul-
tiple imputation, which assumes that the data were
missing at random, with chained equations to impute
missing values in the explanatory factors and covariates
(missing data ranged from 0.8% (height at 46y) to 26.9%
(father’s education) — see Table S1 and S2 in Additional
file 1) in the sample with valid data on grip strength
(including those 70 individuals unable for health rea-
sons with imputed values) (N=7,617) (Fig. 1) [31]. As
a larger number of imputations have been suggested
in settings where high statistical power is needed, we
utilised 50 imputations [32]. Analyses were run on
the 50 imputed data sets created, and estimates were
combined using Rubin’s rules [33]. All analyses were
conducted using R (R Foundation for Statistical Com-
puting, v4.0.3, Vienna, Austria).

Sensitivity analyses

Sensitivity analyses were conducted to check that the
results were not influenced by: 1) inclusion of partici-
pants who completed the grip strength assessment sat
down or with their arm supported (N=727); 2) inclu-
sion of participants who were unable to complete their
grip strength assessment due to health reasons (N=70);
3) inclusion of participants who reported disability at
age 46 according to the European Statistics of Income
and Living Conditions classification (severely hampered
(n=452) or missing information disability (N=3)).

Results
Table 1 shows the distributions of childhood and adult-
hood characteristics by sex in the analytic sample. Men
had higher mean grip strength at age 46 than women
(48.0 kg vs 29.5 kg; p<0.001). Participants were most
often born to fathers with occupational class III manual
and parents with no formal qualifications.

Figures 2 and 3, and Tables S3 and S4 in Additional
file 1, show the sex-stratified associations between child-
hood and adulthood SEP indicators and grip strength. All
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Sex + Female 4+ Male

Model 1 Model 2 Model 3 Model 4 Model 5
Unadjusted ||Model 1 + adult height| |Model 2 + child factors| Model 3 + adult factors| Model 4 + adult SEP

E | Professional/ll ¢ ’ °
.% Intermediate (ref) ! 1 ?
2@ Il Skilled non-manual — S — e e ——
Q i
o i

2 i
z, g 11l Skilled manual ot T T r— —
2 IV Partly skilled/V ——t 1 —— —_— n—o—:c
8 Unskilled| == — - — —r ==

_| Higher vocational/degree 1 > ’
Z}";‘ and higher (ref) 4
-g’ s A-level/equivalent it —_ ——i [ — ———t

-
28 i o
g % Vocatlonzlégivl:l\éerz :—o—c e e— —_ =
© S
L& No qualification il g ot —_— it
e Higher vocational/degree r > I
25 and higher (ref) ! 4 !
E’; A-level/equivalent ——— [—- — ——— [Sa—— i
g z’ Vocational/O-level/ —_———y f———] —— ——— ———
= equivalent —o— —c— —o—] —c —o—1
Qs . . . . . .
=5 No qualification —— ——t | ——i | ——i ——ti

o
-
N

3-2-1012-3-2-1012-3-2-101 2-3-2-101 2-3-2-1

Difference in mean grip strength (kg)

Fig. 2 Associations between indicators of childhood socioeconomic position and grip strength at age 46 years in the BCS70 (linear regression
models stratified by sex with sample restricted to those with valid measures of grip strength at age 46 years (maximum N=7,617* (3,922 females
and 3,695 males))) results are combined from analyses run across 50 imputed datasets. *70 participants unable to complete the grip strength

tests for health reasons were included by allocating them grip strength values equivalent to the mean of the bottom sex-specific fifth. Model 1:
unadjusted (p-values from formal tests of sex interaction, p=0.015 for Father's occupation at age 5y, p=0.025 for Mother's highest qualification

at age 5y and p=0.016 for Father’s highest qualification at age 5y); Model 2: adjusted for height at age 46y; Model 3: adjusted for Model 2 4 birth
weight (kg), BMI at age 10y (kg/m?), leisure-time physical activity at age 10y, sedentary behaviour (TV watching) at age 10y and disability at age 10y;
Model 4: adjusted for Model 3 +BMI at age 46y (kg/m?) 4 smoking status at age 42y, sedentary behaviour (TV watching) at age 42y, leisure-time
physical activity (days/week) at age 42y and occupational activity at age 46y

associations between childhood and adulthood SEP indi-
cators and grip strength varied by sex (Pipteraction <0-05)
(Tables S3 and S4 in Additional file 1). Among women,
in unadjusted analyses, lower SEP was linearly associated
with weaker grip strength (p <0.001) (Figs. 2 and 3, Tables
S3 and S4); this was observed for all five SEP indicators.
When models of the associations between the three indi-
cators of childhood SEP and grip strength were adjusted
for covariates, associations of lower father’s occupational
class and lower mother’s education with weaker grip
strength were partly attenuated but even after adjustment
for adult SEP, modest associations remained (Fig. 2). For
example, in the unadjusted model, women whose moth-
ers had no qualifications had mean grip strength 1.46 kg
(95% CI: -2.14, -0.78) lower than women whose mothers
were educated to vocational/degree or higher, and in the
fully adjusted model, this difference was 0.99 kg (-1.65,
-0.33). However, associations between lower father’s
education and weaker grip strength were fully attenu-
ated after adjustment for adult height. In adulthood, the

association of lower educational attainment and weaker
grip strength was partially attenuated after adjustments,
but an association remained in the final model (Fig. 3,
Table S4). In contrast, the association between lower own
occupational class and weaker grip strength was fully
attenuated after adjustment for adult height (Fig. 3).

In men, there was no evidence of association between
father’s occupational class or mother’s education and grip
strength (Fig. 2, Table S3). However, in height-adjusted
models, there was evidence that lower father’s education
was associated with stronger grip. This association was
maintained after adjustment for childhood factors but
fully attenuated after adjustment for adulthood factors
(Fig. 2). Lower SEP in adulthood was also associated with
stronger grip at age 46 (Fig. 3, Table S4). The associa-
tion between lower own education and stronger grip was
strengthened after adjustment for height and childhood
covariates and only partially attenuated after adjustment
for adulthood covariates.
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Sex + Female + Male

models stratified by sex with sample restricted to those with valid measures

unadjusted (p-values from formal tests of sex interaction, p=0.015 for Fathe
at age 5y and p=0.016 for Father’s highest qualification at age 5y); Model 2:
weight (kg), BMI at age 10y (kg/m?), leisure-time physical activity at age 10y,
Model 4: adjusted for Model 34 BMI at age 46y (kg/m?) 4 smoking status at
physical activity (days/week) at age 42y and occupational activity at age 46y

Model 1 Model 2 Model 3 Model 4
Unadjusted | Model 1 + adult height | | Model 2 + child factors | Model 3 + adult factors
| Professional/ll ¢ ¢ 'Y *
Ed Intermediate (ref) e . st .
O~ i i i i
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Difference in mean grip strength (kg)
Fig. 3 Associations between indicators of adulthood socioeconomic position and grip strength at age 46 years in the BCS70 (linear regression

and 3,695 males))) results are combined from analyses run across 50 imputed datasets. *70 participants unable to complete the grip strength
tests for health reasons were included by allocating them grip strength values equivalent to the mean of the bottom sex-specific fifth. Model 1:

of grip strength at age 46 years (maximum N=7,617* (3,922 females

rs occupation at age 5y, p=0.025 for Mother's highest qualification
adjusted for height at age 46y; Model 3: adjusted for Model 2 + birth
sedentary behaviour (TV watching) at age 10y and disability at age 10y;
age 42y, sedentary behaviour (TV watching) at age 42y, leisure-time

The association between own occupational class and
grip strength in men deviated from linearity (Fig. 3, Table
S4); men in skilled manual occupations had a stronger
grip than men in professional/intermediate occupations
(unadjusted regression coefficient: 1.33 kg (0.60, 2.06))
whereas there was no difference in grip strength between
the highest and lowest occupational groups. This associa-
tion strengthened after adjustment for height and child-
hood factors, but inclusion of adulthood factors fully
attenuated the association (0.01 kg (-0.85, 0.88)). The
attenuation of associations in men after adjustment for
adult factors was found to be largely driven by occupa-
tional activity (Table S5).

Results from models run on complete cases were
similar to those run across imputed datasets (Table S6).
Results from sensitivity analyses were similar to those
described above, suggesting that our analyses are unlikely
to be impacted by the: 1) inclusion of participants who
completed grip strength assessment sat down or with
the arm supported (Table S7); 2) inclusion of partici-
pants who were unable to complete their grip strength

assessment due to health reasons (Table S8); 3) the inclu-
sion of participants who were severely hampered or had
missing information on disability (Table S9).

Discussion

Main findings

In a cohort of men and women followed from birth
in 1970 until midlife, we found sex-specific associa-
tions between SEP in childhood and adulthood and
grip strength at age 46y. In women, there was evidence
of associations between all five indicators of SEP and
weaker grip strength, and many of these, including asso-
ciations of father’s occupational class and mother’s edu-
cation with grip strength, were robust to adjustments
for body size and childhood and adulthood factors.
Notably, associations between childhood SEP and grip
strength were not fully explained by the continuity of SEP
between childhood and adulthood. In men, there was
no evidence of an association between two of the three
childhood indicators of SEP and grip strength. However,
lower father’s education (once height-adjusted) and lower
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adulthood SEP were associated with stronger grip. The
non-linear association for own occupational class was
explained by higher levels of occupational activity among
men in skilled manual occupations.

Comparison with previous studies

Our work adds to existing literature on associations
between childhood and adulthood SEP and grip strength.
We found evidence of associations between child-
hood and adulthood SEP and weaker grip strength in
women. In previous studies, where associations have
been observed, lower SEP was typically associated with
weaker grip strength and so our findings in women are
consistent [16, 18—22]. However, our study is the first to
show robust associations between prospectively ascer-
tained childhood and adulthood SEP and grip strength
in middle-aged women. Our findings of associations
between lower adulthood SEP and stronger grip in men
contrast with what has been reported in many previous
studies in older adults [14, 16—-23]. It is also not fully con-
sistent with analyses of the UK Household Longitudinal
Study (UKHLS) which reported that in men there was
no overall association between educational attainment
and grip strength and associations between lower mater-
nal education, lower income and weaker grip [24]. How-
ever, in UKHLS, participants were aged 16 to 99y, and
so the authors were able to test variation by age. When
they did this there was some evidence of an association
between lower SEP and stronger grip in earlier adult-
hood. This is consistent with our findings and another
study of younger men—an association between lower
SEP and stronger grip was reported in a study of Swedish
male military personnel aged 18y [34]. Our findings thus
add further weight to the suggestion that in men, associa-
tions between SEP and grip strength may change direc-
tion with age.

Explanation of findings

In considering potential explanations of the consist-
ent associations between lower childhood and adult-
hood SEP and weaker grip in women, it is necessary to
consider the different factors that could be acting on
pathways between SEP across life and grip strength in
midlife. This is because SEP indicators are distal factors,
and therefore associations would be expected to be medi-
ated by more proximal factors that are socioeconomi-
cally patterned and relate to subsequent grip strength.
In identifying these factors, it is important to consider
the complex biological and social pathways that have
been proposed to explain socioeconomic differences in
health outcomes [35]. In the case of grip strength, there
are likely to be a range of factors and pathways implicated
including those related to growth and development (both
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in utero and across childhood and adolescence), and the
factors that drive this (i.e. nutrition and exposure to hor-
mones), attainment of adult body size and composition,
health behaviours (most importantly physical activity)
and health status [29]. Although we were able to adjust
for some of these factors in our analyses, there are others
that we were not able to, such as differences in sex hor-
mones and diet across life.

While similar pathways are likely to operate in men,
our findings suggest that occupational activity (spe-
cifically physical and heavy manual work) is countering
some of the potentially adverse effects of low SEP on
grip strength in midlife. As occupational activity was the
factor in adulthood that caused the greatest attenuation
in the scale of the associations between father’s educa-
tion and both indicators of adult SEP and grip strength,
this would suggest that occupational activity may be
responsible for the associations we observe in men. This
is consistent with findings from a study of Danish men
with a mean age of 59y which reported an association
between higher levels of specific types of occupational
activity and stronger grip [36]. Occupational activity has
historically been linked with premature mortality [37];
however, a recent nationwide prospective cohort study
in Norway found a positive dose—response relationship
between occupational activity and longevity in men that
was explained by a range of covariates including body
mass index, lifestyle factors, cardiovascular diseases, and
childhood SEP [38], and an umbrella review prepared for
the 2020 WHO Physical Activity Guideline Development
Group found occupational activity to protect against
most health-related outcomes, including cancers, heart
disease, and type 2 diabetes [39]. Our results are consist-
ent with these studies suggesting potentially protective
effects of occupational activity in middle-aged men.

Methodological considerations
Our study addresses an important research gap by exam-
ining the associations between childhood and adulthood
SEP and grip strength in younger adults from a more
recently born cohort than previous studies. Another ben-
efit of studying a younger cohort is that they are still rela-
tively healthy and so the potential confounding effects of
age-related health conditions which may explain associa-
tions in older populations are minimised. We formally
tested sex differences in our associations which is impor-
tant as it has previously been suggested that sex differ-
ences might be a potential source of variation between
studies of the association between childhood SEP and
grip strength [14].

Another key strength of our study is that we used a
large, population-based sample that was nationally rep-
resentative at birth with prospectively ascertained SEP
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indicators and several potentially important covariates
from multiple time points. Nonetheless, as in all longitu-
dinal studies, the BCS70 has experienced attrition, which
may have introduced bias. BCS70 participants who con-
tributed data at age 46y were more likely to be women, be
taller, less likely to be current smokers and have a higher
childhood and adulthood SEP than those lost to follow-
up [26]. However, we maximised our analytic sample and
minimised potential bias due to missing data by using
multiple imputation. Here, we used sex-stratified mul-
tiple imputation to account for the sex-interactions in
our associations [31]. By using multiple imputation, we
were making the assumption that data were missing at
random but, we have to acknowledge that this may not
have been the case. However, we did use a range of aux-
iliary variables that are predictive of missingness within
the BCS70 in our multiple imputation [40, 41]. Other
limitations include the inability to examine associations
between SEP and grip strength by ethnicity, as much of
the BCS70 is white-British. This makes it difficult to fully
generalise our findings to today’s population in Great
Britain, although the BCS70 cohort does provide impor-
tant new insights on the associations between childhood
and adulthood SEP and grip strength that complement
findings from older cohorts because of their exposure to
more contemporaneous social and political factors.
Another potential limitation is that our study utilised a
single question to measure occupational activity; future
research would benefit from more detailed measure-
ments of occupational activity including data on intensity,
duration, and frequency of activity. We also acknowledge
that there may be residual confounding. However, in our
analyses we adjusted for a wide range of covariates.

Policy implications

As low grip strength is associated with higher subsequent
risk of disability [2], and reduces one’s chances of living
a healthy, independent life, the findings reported in this
study are meaningful in the context of the UK govern-
ment’s ambitious goal of ensuring that people can enjoy
at least five extra healthy, independent years of life by
2035, while narrowing the gap between the experience of
the richest and poorest’ [42]. They highlight the complex-
ity of the associations between SEP and grip strength and
the need to identify age and sex-specific interventions
to tackle the stark health inequalities in important age-
related conditions related to muscle weakness.

In women, as lower SEP in childhood and adulthood
was associated with weaker grip strength, strategies to
reduce their exposure to socioeconomic adversity across
life are likely to benefit their grip strength at midlife.
For men, lower SEP in adulthood was associated with
stronger grip at age 46y, which was mostly attenuated by
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higher levels of occupational activity. Evidence from the
oldest British birth cohort, born in 1946, suggests that an
association between lower lifetime SEP and weaker grip
emerges as the cohort age (there is limited evidence of
association at age 53 but an association is seen at 60—64
and 69) [15, 17, 23]. This suggests that the association in
BCS70 may change with age, especially as there is evi-
dence that the protective effects of occupational activ-
ity may recede by the time of retirement [43, 44]. As
this could relate to either reductions in levels of ben-
eficial activity and/or the accumulation of wear and tear
related to heavy manual work, further research is needed
to identify the types of interventions that may be most
effective in ensuring that men of lower SEP maintain any
midlife strength advantage into later life.

Conclusions

We have identified sex differences in the associations
between childhood and adulthood SEP and grip strength
in middle-aged British adults. Our findings highlight the
need to identify age and sex-specific interventions to
tackle inequalities across life in important age-related
conditions related to weakness.
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