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Abstract

The relationship between grip strength and mortality is often used to underscore the importance of resistance
exercise in physical activity guidelines. However, grip strength does not appear to appreciably change following
traditional resistance training. Thus, grip strength could be considered reflective of strength independent of
resistance exercise. If true, grip strength is not necessarily informing us of the importance of resistance exercise
as an adult, but potentially highlighting inherent differences between individuals who are stronger at ‘‘baseline”
compared to their weaker counterpart. The purpose of this article is to discuss: (1) potential factors that may
influence grip strength and (2) hypothesize strategies that may be able to influence grip strength and ultimately
attain a higher baseline level of strength. Although there appears to be a limited ability to augment grip strength
as an adult, there may be critical periods during growth/development during which individuals can establish a
higher baseline. Establishing a high baseline of strength earlier in life may have long-term implications related

to mortality and disease.
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Introduction

IN PAST YEARS there has been an increased focus on the
importance of including resistance type exercise in the
physical activity guidelines. For example, recommendations
from the American College of Sports Medicine and the U.S.
Departments of Health and Human Services have re-
commended strength training at least twice a week to im-
prove muscular strength.' In addition, recent studies have
shown that grip strength is associated with several clinically
relevant health outcomes and biomarkers.*® Grip strength is
commonly used as a proxy measure of overall strength,”"'
in part, because it is quick, easy to administer, and cost
effective. The relationship between grip strength and mor-
tality is often used to underscore the importance of resis-
tance exercise in physical activity guidelines. However, it is
mechanistically unclear how mortality might be improved
through increasing grip strength.

The human baseline hypothesis suggests that strength
prior to, and independent of, resistance exercise may rep-
resent the most appropriate biomarker of long-term health
outcomes.'? Herein, we suggest that much of an adult’s

muscle strength is realized prior to training. In addition, we
suggest that interventions may have a limited ability to
change what a person is relative to what they are at baseline
(will vary depending on the strength measure).'> The human
baseline would represent the value of strength an individual
possesses as an adult before resistance training and returns
to following detraining. From a clinical perspective, the
“baseline’ is the strength one attempts to regain following
an injury (if they were not resistance trained) and the
baseline one seeks to maintain (as long as possible) with
aging. Interestingly, grip strength does not appear to ap-
preciably change following traditional resistance training.'>
Thus, grip strength could be considered reflective of strength
independent of resistance exercise. If true, grip strength is
not necessarily informing us of the importance of resistance
exercise as an adult, but potentially highlighting inherent
differences between individuals who are stronger at baseline
compared to their weaker counterparts. If grip strength is not
underpinning the importance of resistance training, it is
unclear what the relationship between grip strength and
mortality actually means. The purpose of the present article
is to discuss: (1) potential factors that may influence grip
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strength and (2) hypothesize strategies that may be able to
influence grip strength and ultimately attain a higher base-
line level of strength.

Discussion
Why grip strength?

The relationship between grip strength and mortality has
been used to underpin the importance of resistance exercise;
however, there is little mechanistic reason to believe that
increasing grip strength would decrease mortality. Interest-
ingly, some of the best correlates with grip strength are
height,*'* body mass,'> and BMI,>'*!5 which suggest that
being a large person may be the best way to acquire a high
level of grip strength. Yet, Rantanen et al.'* found that grip
strength measured during mid-life, in a healthy population,
predicts mortality in a 30-year follow-up, independent of
BMI. Specifically, within all BMI categories, individuals in
the lower tertile of grip strength had a 20%-39% increased
risk of mortality. This would suggest that the association is
not driven solely by body size and that there appears to be a
benefit to being inherently stronger within a given BMI
classification.

Although the relative composition of the mass (i.e., sar-
copenic obesity) is an important consideration, those authors
speculated that the mechanisms underlying this association
may be attributed to: (1) the influence of early life factors
(i.e., nutrition and physical activity); (2) strength being a
risk factor for disease or an indicator of subclinical disease;
(3) strength being related to muscle mass which acts as a
protein reserve during cases of trauma; (4) strength being
related to physical activity which is related to mortality; and
(5) other genetic (hereditary) contributions. Of those pro-
posed mechanisms, it seems unlikely that physical activity is
playing a large role with grip strength. Specifically, there
appears little evidence that grip strength undergoes any ap-
preciable change following traditional resistance exercise in
adults.'>'® Furthermore, baseline muscle mass is likely more
important than hypertrophy of existing muscles regarding the
outcome of grip strength.!” Meaning, having a larger muscle
may be important for grip strength; however, making that
muscle larger through compensatory hypertrophy (i.e., resis-
tance training for growth) agppears to have little influence on
the outcome of strength.'®'® Thus, of the strategies related to
optimizing early life factors (i.e., physical activity and nutri-
tion) both intrauterine and during growth/development may
be most important for establishing a high baseline of grip
strength. Under this paradigm, the goal would not be the
promotion of resistance training as an adult, but using strat-
egies during development to acquire a higher baseline level of
strength. Given the great deal of variability observed in grip
strength,?” it seems plausible that strategies involving physi-
cal activity and nutrition can be implemented to help achieve
a higher baseline value of grip strength.

The variability in grip strength

There is a large amount of variability in grip strength
values, even among adults (ages 39-73) with a similar
height (e.g., range of 14-32kg for men 150-154.6cm in
height).”® Yet, typical resistance training programs do not
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appear to result in changes in grip strength as measured by a
hand dynamometer. For example, Rhodes et al.,13 found that
52 weeks of full body exercise did not facilitate any changes
in grip strength in a group of older women, despite increased
bench press, bilateral leg press, and unilateral elbow flexion
strength. Similarly, Tieland et al.'® found that 24 weeks of
whole body resistance training increased lower body muscle
strength and physical performance without any meaningful
change in grip strength (~2kg). The authors suggested that
handgrip strength does not represent a valid measure to
evaluate changes in muscle strength with training.'® This
suggests that the variability in grip strength is not driven by
engagement in resistance exercise, but is attributed to other
factors. It seems reasonable to suggest that if it is possible
to augment ‘‘baseline strength,”” it must be done during de-
velopment. Sayer et al.?! demonstrated that a higher birth
weight is associated with better grip strength in later life in
men and women. Similarly, Kuh et al.?? examined the re-
lationship between birth weight and adult weight at the age
of 53, finding that an extra kilogram of birth weight was
associated with a 3.05-kg difference in grip strength for men
and a 2.00-kg difference for women. Authors suggest that
part of this observation is explained by genetic factors, but
also likely due to nutrition during critical periods of de-
velopment. Gale et al.” found that birth weight was a sig-
nificant predictor of bone mineral content at the lumbar
spine, femoral neck, and whole body of men and women in
the sixth and seventh decade of life. Most interestingly,
these relationships were observed independent of known
adult lifestyle determinants of bone loss such as physical
inactivity, low dietary calcium intake, and cigarette smok-
ing. Authors suggest that ‘‘genetic and/or intrauterine en-
vironmental factors that influence the fetal growth trajectory
and are reflected in birth weight have long-term conse-
quences on body composition.”” Although there does not
appear to be a consensus on the contributions of genomics
versus intrauterine environment on birth weight, data ex-
amining the birth weight in twins (in a large sample of 2930
pairs) suggest that ~10% of birth weight is attributed to
heritability, with a large part of the variability explained by
gestational age. In addition, authors noted lower birth
weights if there was maternal smoking during pregnancy.
Further, animal models have demonstrated that nutrition can
influence muscle mass. For example, in large litters of
piglets, it has been suggested that intrauterine position can
influence nutrition and have subsequent influence on the
number of muscle fibers.”® It seems reasonable to suggest
that such intrauterine factors may also contribute to differences
observed in “baseline strength” (i.e., grip strength). Con-
sidering this, strategies to increase birth weight and provide
optimal intrauterine nutrition may be of the utmost impor-
tance if trying to maximize an individual’s baseline strength.

Where can we make a difference?

Studies correlating grip strength and morality appear in
position stands promoting resistance exercise. For example,
the ACSM position stand for physical activity cites the Gale
et al.® investigation correlating grip strength with morality
in a section titled: ‘““What are the Benefits of Improving
Muscular Fitness.”” Although other studies are cited that
correlate more complex strength tasks (i.e., IRM leg press
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FIG. 1. Factors contributing to the human baseline. Adapted from Buckner et al.'? This figure displays the human
baseline hypothesis. The present example assumes arbitrary units for handgrip strength (y-axis) across age in years (x-
axis). The circles indicate the establishment of ‘‘baseline’” strength. The human baseline hypothesis would suggest that this
value has more diagnostic value than increases in strength achieved through exercise as an adult. With aging, an individual

attempts to maintain this ‘‘baseline’’ as long as possible.
advances in age.

and bench press) with mortality, it is still unclear if these
associations are linked with behavior. In the case of grip
strength, it seems quite unlikely that the association can be
used as a justification for resistance exercise behaviors. This
is perplexing for health promotion professionals, particu-
larly as it has been suggested that the major environmental
correlate of muscle strength during adult life is physical
activity.”> Despite physical activity’s ineffectiveness to
augment grip strength, there is some evidence to suggest
that intrauterine nutrition and maternal behaviors can in-
fluence birth weight. In addition, heritability studies suggest
that up to 65% of the variance in grip strength is shared by
genetics, leaving some scope for environmental factors.>*
In addition to a focus on intrauterine factors, early
childhood development may be an opportune time to in-
fluence the baseline level of strength. Undernutrition, Ear-
ticularly during development, can lead to stunting.”>~°
Thus, it is no surprise that proper nutrition during devel-
opment is important for proper growth. Interestingly, the
obesity literature may inform us of another important con-
sideration regarding the developmental years. For example,
the majority of adiposity is suggested to be developed dur-
ing the prenatal, adiposity rebound, and adolescent months/
years.”” The adiposity rebound period is thought to be the
period in which behaviors related to food intake acquired in
early childhood begin to be expressed. However, this period
may also reflect early life undernutrition. This critical time
period of fat cell development may also represent a time
where muscle can be developed to establish a higher base-
line of both size and strength. Regarding adolescents, this
time period marks a time of drastic change in body com-
position.?” Results from the Framingham Children’s Study

However, strength will ultimately decline as an individual

have suggested that children in the highest tertile of average
daily activity from ages 4 to 11 years had smaller gains in
BMI, triceg skinfold, and sum of five skinfolds throughout
childhood.”® Applying a similar rational within the context
of the human baseline, it seems reasonable to assume that
this critical time period may also be important for the de-
velopment of other biological variables such as grip strength
and baseline muscle mass.

Conclusions

Cross-sectional literature has informed us on the impor-
tance of high levels of grip strength. Yet, it remains elusive
what the practical application of this knowledge actually is.
Although there appears to be a limited ability to augment
grip strength as an adult, there may be critical periods during
growth/development during which individuals can establish
a higher baseline. Establishing a high baseline of strength
early in life may have long-term implications related to
mortality and disease. Figure 1 has been adapted from
Buckner et al.'? and provided to aid in the understanding of
the human baseline hypothesis.

Future research

Future studies examining the potential of interventions
during fetal development and childhood years may yield
more favorable outcomes compared with interventions de-
signed to prevent atrophy and maintain strength with ad-
vancing age. With regards to successful aging, particularly
as it related to the prevention muscle mass and strength
loss, there is a great deal of focus on preventing these age
associated losses through both resistance exercise®” " and
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nutrition.>"*> However, based on our interpretation of the
cross-sectional literature combined with knowledge on
biomarkers of health (such as grip strength), it seems that
there may be an opportunity to have additional influence
through early life intervention. Such interventions may in-
clude a focus on intrauterine factors, early childhood de-
velopment, and the influence of physical activity during
early school years. Ethical considerations make this inves-
tigation difficult with respect to traditional randomized
controlled trials (i.e., denying children the extra exposure to
physical activity and nutrition that may influence mortality),
but there are potentially other ways to determine the efficacy
of this idea. One starting point may be longitudinal studies
examining the effect that changes in early life physical ac-
tivity and/or nutrition have on changes in grip strength,
mortality, and other biomarkers of health status. If grip
strength increases in response to these interventions but does
not favorably impact mortality or other health outcomes, the
human baseline hypothesis would need to be revised or
abandoned. However, if these early life interventions pro-
duced changes in grip strength which were favorably asso-
ciated with mortality/health into later adulthood, then this
would provide evidence for the hypothesis that there may be
critical periods during growth/development where health
professionals can effect change for successful aging.

Author Disclosure Statement

No competing financial interests exist.

References

1. Haskell WL, Lee IM, Pate RR, et al. Physical activity and
public health: Updated recommendation for adults from the
American College of Sports Medicine and the American
Heart Association. Circulation 2007;116:1081-1093.

2. US Department of Health and Human Services. 2008
physical activity guidelines for Americans. 2008. www
.health.gov/PAGuidelines. Accessed July 11, 2018.

3. Gale CR, Martyn CN, Cooper C, Sayer AA. Grip strength,
body composition, and mortality. Int J Epidemiol 2007;36:
228-235.

4. Sasaki H, Kasagi F, Yamada M, Fujita S. Grip strength
predicts cause-specific mortality in middle-aged and elderly
persons. Am J Med 2007;120:337-342.

5. Newman AB, Kupelian V, Visser M, et al. Strength, but not
muscle mass, is associated with mortality in the health,
aging and body composition study cohort. J Gerontol A
Biol Sci Med Sci 2006;61:72-77.

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:
B359-B365.

7. Taaffe DR, Harris TB, Ferrucci L, et al. Cross-sectional and
prospective relationships of interleukin-6 and C-reactive
protein with physical performance in elderly persons: Ma-
cArthur studies of successful aging. J Gerontol A Biol Sci
Med Sci 2000;55:M709-M715.

8. Rantanen T, Guralnik JM, Foley D, et al. Midlife hand grip
strength as a predictor of old age disability. JAMA 1999;
281:558-560.

9. Ortega FB, Silventoinen K, Tynelius P, Rasmussen F.
Muscular strength in male adolescents and premature

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

233

death: Cohort study of one million participants. BMJ 20
2012;345:e7279.

Katzmarzyk PT, Craig CL. Musculoskeletal fitness and risk
of mortality. Med Sci Sports Exerc 2002;34:740-744.

Al Snih S, Markides KS, Ray L, et al. Handgrip strength
and mortality in older Mexican Americans. J Am Geriatr
Soc 2002;50:1250-1256.

Buckner SL, Dankel SJ, Mouser JG, et al. Chasing the top
quartile of cross-sectional data: Is it possible with resis-
tance training? Med Hypotheses 2017;108:63—68.

Rhodes E, Martin A, Taunton J, et al. Effects of one year of
resistance training on the relation between muscular
strength and bone density in elderly women. Br J Sports
Med 2000;34:18-22.

Rantanen T, Harris T, Leveille SG, et al. Muscle strength
and body mass index as long-term predictors of mortality in
initially healthy men. J Gerontol A Biol Sci Med Sci 2000;
55:M168-M173.

Rantanen T, Masaki K, Foley D, et al. Grip strength
changes over 27 yr in Japanese-American men. J Appl
Physiol 1998;85:2047-2053.

Tieland M, Verdijk LB, de Groot LC, van Loon LlJ.
Handgrip strength does not represent an appropriate mea-
sure to evaluate changes in muscle strength during an ex-
ercise intervention program in frail older people. Int J Sport
Nutr Exerc Metab 2015;25:27-36.

Buckner SL, Dankel SJ, Mattocks KT, et al. The problem
of muscle hypertrophy: Revisited. Muscle Nerve 2016;54:
1012-1014.

Mattocks KT, Buckner SL, Jessee MB, et al. Practicing the
test produces strength equivalent to higher volume training.
Med Sci Sports Exerc 2017;49:1945-1954.

Dankel SJ, Counts BR, Barnett BE, et al. Muscle adapta-
tions following 21 consecutive days of strength test fa-
miliarization compared with traditional training. Muscle
Nerve 2017;56:307-314.

Spruit MA, Sillen MJ, Groenen MT, et al. New normative
values for handgrip strength: Results from the UK Biobank.
J Am Med Dir Assoc 2013;14:775. €775-775. e711.
Sayer AA, Syddall HE, Gilbody HIJ, et al. Does sarcopenia
originate in early life? Findings from the Hertfordshire
cohort study. J Gerontol A Biol Sci Med Sci 2004;59:
M930-M934.

Kuh D, Bassey J, Hardy R, et al. Birth weight, child-
hood size, and muscle strength in adult life: Evidence
from a birth cohort study. Am J Epidemiol 2002;156:
627-633.

Dwyer CM, Stickland NC, Fletcher JM. The influence of
maternal nutrition on muscle fiber number development in
the porcine fetus and on subsequent postnatal growth. J
Anim Sci 1994;72:911-917.

Reed T, Fabsitz RR, Selby JV, Carmelli D. Genetic influ-
ences and grip strength norms in the NHLBI twin study
males aged 59-69. Ann Hum Biol 1991;18:425-432.
Uauy R, Kain J, Mericq V, et al. Nutrition, child growth,
and chronic disease prevention. Ann Med 2008;40:11—
20.

Duran P, Caballero B, De Onis M. The association be-
tween stunting and overweight in Latin American and
Caribbean preschool children. Food Nutr Bull 2006;27:
300-305.

Dietz WH. Periods of risk in childhood for the development
of adult obesity—what do we need to learn? J Nutr 1997,
127:18845-1886S.


http://www.health.gov/PAGuidelines
http://www.health.gov/PAGuidelines

Downloaded by 68.122.14.179 from www.liebertpub.com at 03/17/21. For personal use only.

234

28. Moore LL, Gao D, Bradlee ML, et al. Does early physical
activity predict body fat change throughout childhood?
Prev Med 2003;37:10-17.

29. Yarasheski KE, Pak-Loduca J, Hasten DL, et al. Resistance
exercise training increases mixed muscle protein synthesis
rate in frail women and men 276 yr old. Am J Physiol
1999;277:E118-E125.

30. Leenders M, Verdijk LB, van der Hoeven L, et al. Elderly
men and women benefit equally from prolonged resistance-
type exercise training. J Gerontol A Biol Sci Med Sci 2013;
68:769-779.

31. Paddon-Jones D, Rasmussen BB. Dietary protein recom-
mendations and the prevention of sarcopenia. Curr Opin
Clin Nutr Metab Care 2009;12:86-90.

32. Tieland M, Borgonjen-Van den Berg KJ, van Loon LJ, de
Groot LC. Dietary protein intake in community-dwelling,

BUCKNER ET AL.

frail, and institutionalized elderly people: Scope for im-
provement. Eur J Nutr 2012;51:173-179.

Address correspondence to:

Jeremy P. Loenneke

Kevser Ermin Applied Physiology Laboratory
Department of Health, Exercise

Science, and Recreation Management

The University of Mississippi

231 Turner Center

University, MS 38677

E-mail: jploenne @olemiss.edu

Received: July 25, 2018
Accepted: September 10, 2018



	The association of handgrip strength and mortality: What does it tell us and what can we do with it?
	Recommended Citation

	The Association of Handgrip Strength and Mortality: What Does It Tell Us and What Can We Do With It?

