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Abstract

Summary In 50-79-year-olds who participated in the Tromse Study (1994—1995), the risk of non-vertebral osteoporotic fractures
during 15 years follow-up increased by 22% in men and 9% in women per 1 SD lower grip strength. The strongest association
was observed in men aged 50—64 years.

Introduction We aimed to explore whether low grip strength was associated with increased risk of non-vertebral osteoporotic
fracture in the population-based Tromse Study 1994-1995.

Methods Grip strength (bar) was measured by a Martin Vigorimeter and fractures were retrieved from the X-ray archives at the
University Hospital of North Norway between 1994 and 2010. At baseline, weight and height were measured, whereas infor-
mation on the other covariates were obtained through self-reported questionnaires. Cox regression was used to estimate the
hazard ratio (HR) of fracture in age- and gender-specific quintiles of grip-strength, and per 1 SD lower grip strength. Similar
analyses were done solely for hip fractures. Adjustments were made for age, height, body mass index (BMI), marital status,
education, smoking, physical activity, use of alcohol, self-perceived health, and self-reported diseases.

Results In 2891 men and 4002 women aged 50-79 years, 1099 non-vertebral osteoporotic fractures—including 393 hip
fractures—were sustained during the median 15 years follow-up. Risk of non-vertebral osteoporotic fracture increased with
declining grip strength: hazard ratios per SD decline was 1.22 (95% CI 1.05-1.43) in men and 1.09 (95% CI 1.01-1.18) in
women. HR for fracture in lower vs. upper quintile was 1.58 (95% CI 1.02-2.45) in men and 1.28 (95% CI 1.03—1.59) in women.
The association was most pronounced in men aged 50—64 years with HR =3.39 (95% CI 1.76—6.53) in the lower compared to the
upper quintile.

Conclusions The risk of non-vertebral osteoporotic fracture increased with declining grip-strength in both genders, particularly in
men aged 50—64 years.
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Introduction Methods
Norway has the world’s highest hip and forearm fracture in-  Study population

cidence rates [1, 2]. In spite of a reported decline in the age-
specific incidence of hip fractures in Norway [3] and other
Western countries in the last decades [2, 4], the future burden
of hip fractures is expected to increase due to aging popula-
tions [5, 6]. The consequences for the society and the impact-
ed individuals are significant, entailing pain and suffering, loss
of function and quality of life, and reduced life expectancy
[6-8].

The causes of osteoporotic fractures are multifactorial.
Osteoporosis [9] and falls [10] are important risk factors.
However, less than half of the fractures occur in patients with
bone mineral density (BMD) in the osteoporotic range (T-
score < — 2.5) [11], so relying on BMD screening only will
not be sufficient for prediction of future fracture [12].

As neuromuscular strength and control are associated with
several of the shared risk factors for osteoporosis and falls, i.e.,
age, physical activity, and alcohol use, we wanted to explore a
simple physical measure like grip strength and its association
with fracture. Handgrip strength is a powerful predictor of
disability, morbidity, and mortality [13—17]. We have reported
a strong inverse relation between handgrip strength and mor-
tality in the Tromse Study [18].

Although grip strength cannot be assumed a strong proxy
for overall muscle strength [19], it might be an indicator of
frailty and thus a predictor of fall-risk [20, 21]. Poor grip
strength has also been suggested as one of the primary indi-
cators of sarcopenia in the updated frailty definition [22].

In a review, comprising six case-control and five cohort
studies published 1992-2014, Denk et al. [17] reported that
all the studies described some evidence for a relationship be-
tween handgrip strength and hip fracture incidence. The larg-
est of the included case-control studies (246 fractures) [23]
found a linear increased risk through decreasing quartiles,
and an adjusted odds ratio of 3.27 (95% CI 1.54-6.97), puend
= 0.0005, for the lowest vs the highest quartile. However, the
extensive PURE study [14] based on data from 17 different
countries, not included in the review, did not find any in-
creased risk of fracture with decreasing grip strength. On the
other hand, the Osteoporotic Fractures in Men (MrOS) Study
reported an association between increased grip strength and
lower risk of both osteoporotic and hip fracture [24]. Few if
any other studies have investigated the relationship between
grip strength and fractures other than at the hip. Thus, evi-
dence on grip strength and overall fracture risk are sparse
and disparate, and potential differences between men and
women have not been systematically or thoroughly
investigated.

The aim of the present study was to explore whether lower
handgrip strength was associated with a higher risk of non-
vertebral osteoporotic fracture during 15 years follow-up.
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The Tromse Study is a longitudinal population-based multi-
purpose study focusing on lifestyle-related diseases, risk fac-
tors, quality of life, and use of drugs (www.tromsostudy.com).
The study was initiated in 1974 inviting all inhabitants of the
municipality of Tromse in predefined age groups to survey
and questionnaires [25]. The study has been repeated seven
times, the last one in 2015/2016—each time inviting earlier
participants as well as recruiting new ones. In the current
analysis, we have used baseline data from the fourth wave
(Tromse 4) in 1994-1995, inviting all individuals aged 25
years or older living in Tromse (n = 37,558) to the first
phase of the study, of whom 27,158 participated (72%) [25].
All men aged 55-74 years, all women aged 50—74 years, and a
random sample of 5-10% of the remaining age groups be-
tween 25 and 84 years (n = 10,542 in total) were preselected
to undergo more extensive phase II examinations including
measurement of grip strength, with a final participation rate
of 75% [18]. The current study includes all participants in the
second phase aged 50—79 years (at the time of screening) with
valid measure of grip strength, and with measured height and
weight from the first phase—i.e., 2891 men and 4002 women
(99.3% of all phase II participants aged 50-79 years).
Participants outside this age range were not included because
of few osteoporotic fractures below age 50, and very few
participants 80 years or above in phase II (n = 20).

Grip strength and all covariates were measured only in
1994-1995.

Baseline measurements and questionnaires

Height (cm) and weight (kg) were measured with participants
wearing light clothing and no shoes, and body mass index
(BMI) in kilogram per square meter was constructed. Each
participant filled in two self-administered questionnaires.
The first one-page questionnaire was enclosed with the invi-
tation and contained some key subjects about diseases and risk
factors, such as smoking habits, self-perceived health, and
physical activity. The second questionnaire (separate for peo-
ple aged < 70 and those aged > 70 years), was handed out at
the survey station, filled in at home and returned by mail in a
pre-addressed stamped envelope. This four-page question-
naire covered much of the same topics like sociodemographic
factors, diseases and symptoms, use of medication, and life-
style factors. About 90% of the participants responded to the
second questionnaire [25].

Bisphosphonates or any other anti-osteoporosis drugs (ex-
cept estrogen) were not on the market in Norway at the time of
the baseline examination.


http://www.tromsostudy.com
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Measurement of grip strength—exposure variable

Grip strength (in bar units) of the non-dominant hand was
measured using a Martin Vigorimeter [26]. All assessments
were done by trained health professionals using a standardized
protocol [18, 27]. The Martin Vigorimeter comes with three
balloon sizes, and we used the largest and medium-sized bal-
loons for men and women, respectively. Each participant was
allowed two attempts, and the highest score registered was
recorded and used in analyses [18, 27].

Fracture registration—outcome variables

All non-vertebral fractures were registered from the X-ray
archives of the University Hospital of North Norway in
Tromse, Norway [28]. The nearest alternative radiographic
service or fracture treatment facility is located 250 km from
Tromse. Fractures that would be missed were fractures occur-
ring while inhabitants were traveling with no control X-ray
after returning home, in addition to fractures not radiographi-
cally examined. The computerized records in the radiographic
archives contain the national personal identification number,
date of the fracture, fracture codes, and descriptions. All ab-
normally coded radiographic examinations on participants in
the Tromse 4 survey were reviewed. In addition, the discharge
records were reviewed with respect to hip fractures. The val-
idation of the fracture registration has been reported [29]. Our
analyses of non-vertebral osteoporotic fractures include frac-
tures of the distal forearm (distal radius, distal ulna), hip (fem-
oral neck, trochanter), pelvis, and proximal humerus. This will
henceforth be referred to as “osteoporotic fractures.” We also
performed separate analyses with hip fracture as outcome.
Each individual’s first fracture (osteoporotic fracture or hip
fracture, respectively) after baseline measurement of grip
strength was included in the presented analyses. For the anal-
yses of osteoporotic fractures, all individuals with an osteopo-
rotic fracture before baseline were excluded. Correspondingly,
for the analyses of hip fractures, individuals with a hip fracture
before baseline measurement of grip strength were excluded.
Because 14 fewer individuals had sustained a hip fracture than
an osteoporotic fracture before baseline, the total sample sizes
in Tables 2 and 3 differ slightly.

Covariates

Covariates reported to be associated with grip strength or os-
teoporotic fractures were selected a priori for inclusion as
possible confounders. Age, height (cm), and BMI were used
as continuous variables in gender-specific analyses. Marital
status was dichotomized into single (never married/divorced/
separated/widowed) vs. married/registered partner based on
previous findings of single men as a vulnerable group [30].
Information about age, gender, and marital status was

obtained from Statistics Norway. All other baseline variables
obtained from questionnaires were categorized with missing
information included as a separate category. Years of
education had five levels ranging from 7 to 10 years in school
to 4 or more years at college/university. Two questions about
light physical activity (not sweating or out of breath) and
strenuous physical activity (sweating or out of breath) in lei-
sure time had four response categories ranging from none
(score 1) to 3 h or more per week (score 4). The answers to
these two questions were summed up (resulting score 1-8),
and then grouped in four physical activity levels—the lowest
group with score 1-3 and the highest with 6-8. The frequency
of alcohol consumption was assessed by asking whether or
not the respondents were teetotaller and how many times a
month the consumers used alcohol (not counting low-alcohol
beer)—from none to several times a month. These questions
were combined and grouped into five categories—from never
drinking alcohol to drinking more than once a week. Smoking
status was used with three categories current, former, and
never smokers. Self-perceived health was measured by a ques-
tion with four categories from poor to very good. The partic-
ipants were also asked whether they had any of the following
conditions or diseases: myocardial infarction, angina pectoris,
cerebral stroke/brain hemorrhage, asthma, or diabetes. Those
answering yes to one or more of these questions were catego-
rized as having a disease. The participants were asked about
the regular use of a number of different drugs subsequently
grouped according to ATC-codes [31]. Women were asked
about use and brand name of estrogen tablets/patches
(ATC-codes GO3C, GO3F), and the answers were dichoto-
mized into current use vs. no use/no answer.

Statistics

Data were analyzed in IBM SPSS Statistics for Windows
(Version 24.0, Armonk, NY). Baseline data were described
according to age- (50-59, 60-69, 70-79 years) and gender-
specific quintiles of grip strength as previously reported [18].
In brief, we used the cut points for the quintiles in each of the
three age groups for each gender and then combined these
quintiles. Differences between the quintiles were tested by
Pearson’s two-sided chi-squared test for categorical variables
and F test (ANOVA) for continuous variables. In addition to
the covariates described above, we also tested the association
between quintile of grip strength and time to fracture (mean
number of years) in both genders and for both fracture
outcomes.

Incidence rates of fractures according to quintiles of
grip strength were calculated. Cox proportional hazards
regression was performed for osteoporotic and hip frac-
tures, separately. All analyses were performed stratified
by gender. Because we had a hypothesis of decreasing
risk of fracture with increasing grip strength, we used
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the upper quintile as a reference category. For both frac-
ture outcomes, three models with an increasing number of
covariates were constructed. In the basic model (model
1), we adjusted for age, the intermediate model (model
2) additionally for height and BMI, whereas the fully
adjusted model (model 3) also included marital status,
level of education, physical activity, consumption of al-
cohol, smoking, self-perceived health, and self-reported
diseases. In women, we also adjusted for use of postmen-
opausal hormone therapy (estrogen). In the Cox models,
p values for the linear associations between grip strength
quintiles and fractures were reported. Corresponding Cox
analyses were performed estimating hazard ratios per age-
and gender-specific standard deviation (SD) lower grip
strength.

For incomplete covariates, missing values in each variable
were treated as a separate category in the fully adjusted regres-
sion model (model 3). The number of participants with miss-
ing values was low: physical activity n = 10, alcohol con-
sumption n = 28, marital status n = 2, education n = 43,
smoking n = 5, self-perceived health n = 10, and one or more
diseases n = 3. Overall, these constituted 1.5% of the partici-
pants with valid information on grip strength, height, and
BMI. Only 219 women 50-79 years with valid information
on gip strength, height, and BMI, reported current use of es-
trogen. Additional adjustment for this variable did not change
the results and is not included in the tables.

To verify the final conclusions, complete-case analyses
(without the missing categories) were also performed includ-
ing all variables in model 3.

Interaction terms were entered to test whether grip strength
interacted multiplicatively with age, gender, height, or BMI
for each fracture type.

Log minus log curves suggested no deviation from the
proportional hazards assumption for grip strength. A p value
below 0.05 (two-sided test) was considered statistically
significant.

Follow-up time was assigned from the date of participation
in Tromse 4 (1994-1995) to date of any first fracture, emigra-
tion, death, or end of follow-up (January 31, 2010).
Information on deaths and emigration was obtained from
Statistics Norway. Crude incidence rates were calculated and
presented as the number of fractures per 10,000 person-years
of follow-up time.

Results
Baseline characteristics
Baseline characteristics of participants by age- and gender-

specific quintiles of handgrip strength are shown in Table 1.
Most variables in Table 1 were associated with grip strength (p
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< 0.05). We observed that men and women in the two lowest
grip strength quintiles had the lowest height and the lowest
BMI. They also had the highest proportion of individuals who
were daily smokers, had a low level of education (7-10 years),
low level of physical activity, poor/not very good self-
perceived health, and reported one or more diseases. No sta-
tistically significant associations were found between the
quintiles of grip strength and time to fracture (results not
shown in tables).

Osteoporotic fracture

A total of 231 men (8.0 %) and 868 women (21.8%) suffered
an osteoporotic fracture during a median of 14.6 years follow-
up. Mean age (SD) at fracture was 73.8 (7.7) years in men and
71.2 (8.4) years in women. Compared with the upper quintile
of grip strength, men in the two lowest quintiles had the
highest hazard ratios of any osteoporotic fracture adjusted
for age, height, and BMI (Table 2, model 2). Adjusting for
all covariates gave only minor changes in the risk estimates
(Table 2, model 3). In women, the highest fracture risk was
found in the lowest grip strength quintile in all models, and the
estimates did not change with full adjustments (Table 2).

In both genders, the increased hazard ratio per 1 SD re-
duced grip strength was statistically significant (Table 2).

Except for age in men (p < 0.001), there was no significant
interactions. Thus, we did age-stratified fully adjusted analy-
ses for two strata of men: 50-64 years and 65-79 years. Only
men aged 50-64 years had significantly increased risk of os-
teoporotic fracture in the lower compared with the upper grip
strength quintile (HR = 3.39, 95% CI 1.76-6.53). In these
men, the HR was 1.36 (95% CI 1.11-1.68) per 1 SD lower
grip strength. In men 65-79 years old, the corresponding HR
was 1.06 (95% CI 0.85-1.34). (Results not shown in tables).

Hip fracture

During the median follow-up of 14.7 years, 131 (4.5%) men
and 262 (6.5%) women suffered a hip fracture. Mean age (SD)
at hip fracture was 75.6 (7.0) and 76.2 (7.4) in men and wom-
en, respectively. Reduced grip strength was not significantly
associated with hip fracture in men (p > 0.05), but women in
the lowest quintile of grip strength had 51% higher risk of hip
fracture compared to women in the upper quintile (Table 3,
model 3). When combining the genders, participants in the
lowest grip strength quintile had 34% higher risk of hip frac-
ture than those in the upper quintile (Fig. 1, pyeng = 0.022).

None of the interaction terms tested for hip fractures were
statistically significant.

Complete-case analyses for both osteoporotic and hip frac-
ture gave similar results as those shown in Tables 2 and 3.
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Table 1.  Baseline characteristics according to quintiles' of hand grip-strength in men and women 5079 years. The Tromse Study 1994-1995
Quintiles of grip-strength. Martin Vigorimeter (bar) Q1 Q2 Q3 Q4 Q5 Total? p value®

lowest highest

Men
Number of participants* 533 591 547 606 614 2891
Hand grip-strength (bar), mean (SD) 0.57(0.12)  0.73 (0.08) 0.83(0.09) 0.94(0.11) 1.11(0.15) 0.84(0.21) <0.001
Age (years), mean (SD) 63.5(6.5) 635(62) 62.6(6.5) 62.6(6.6) 62365 62965  0.001°
Height (cm), mean (SD) 1723 (6.8) 173.7(6.9) 174.7(6.5) 176.0(6.6) 177.0(6.0) 174.8(6.8) <0.001
Body mass index (kg/m?), mean (SD) 255(3.7) 25735 2603.1) 263(3.1) 268(3.3) 26134 <0.001
Marital status as single (%)° 29.8 21.3 24.1 20.3 21.7 233 0.004
Education, 7-10 years in school (%) 56.7 50.8 48.4 449 384 47.6 < 0.001
Low physical activity (value 1 or 2, range 1-8) (%) 14.3 13.4 8.0 10.4 7.5 10.7 0.002
Drinking alcohol more than once a week (%) 17.6 16.8 19.7 22.1 22.8 19.9 0.155
Currently daily smoking (%) 343 36.4 33.8 29.2 25.1 31.6 0.001
Poor/not very good self-perceived health (%) 52.0 474 39.7 43.1 35.7 434 < 0.001
Self-reported one or more diseases (%)’ 32.1 30.6 27.1 29.2 21.3 279 < 0.001

Women
Number of participants® 719 833 744 858 848 4002
Hand grip-strength (bar), mean (SD) 0.46 (0.11)  0.63 (0.06) 0.72 (0.06) 0.81(0.07) 0.98 (0.13) 0.73(0.20) <0.001
Age (years), mean (SD) 61.2(72) 61.5(7.5) 61.0(73) 60.7(73)  60.7(7.6) 61.0(7.4)  0.082°
Height (cm), mean (SD) 160.5 (6.4) 161.0(6.2) 161.3(6.5) 162.0(59) 163.0(5.8) 161.6(6.2) <0.001
Body mass index (kg/m?), mean (SD) 2594.8) 25744 262(4.6) 263@4.1) 26443 26144 0016
Marital status as single (%)° 37.8 38.4 37.6 34.0 335 36.2 0.185
Education, 7-10 years in school (%) 68.8 63.5 58.2 59.2 55.5 60.9 < 0.001
Low physical activity (value 1 or 2, range 1-8) (%) 20.0 15.4 12.0 9.7 11.7 13.6 < 0.001
Drinking alcohol more than once a week (%) 6.7 7.9 10.3 11.0 10.1 9.3 0.004
Currently daily smoking (%) 34.6 32.1 332 26.0 27.6 30.5 0.009
Poor/not very good self-perceived health (%) 70.4 49.8 47.5 45.2 40.2 50.1 < 0.001
Self-reported one or more diseases (%)’ 22.5 22.3 16.4 16.8 15.8 18.7 0.001

! The participants were grouped according to age- (50-59, 60-69, 70-79 years) and gender-specific quintiles of grip strength

2 Total represents the number of participants in the analyses of hip fractures. Corresponding numbers in the analyses of osteoporotic fractures were 2889
and 3990 in men and women, respectively, because of different time of observation for hip- and osteoporotic fractures

3 Tests for differences between the hand grip-strength quintiles, Pearson two-sided chi-squared test for categorical variables, F test (ANOVA) for

continuous variables

#Means and standard deviations (SD) for continuous variables, proportions (%) for categorical variables

> The associations between age and the continuous grip strength variable were highly significant (p < 0.001)

6 Single = unmarried, divorced, separated, widowed

"Myocardial infarction, angina pectoris, cerebral stroke/brain hemorrhage, asthma, diabetes

Discussion

In this large population-based study from Tromse, Norway,
low grip strength was associated with higher rates of osteopo-
rotic fractures in both men and women. The association was
strongest in men 5064 years. Low grip strength was also
associated with higher rates of hip fracture in women.

Comparison with existing studies

Our main findings regarding hip fracture correspond with the
conclusions of the systematic review by Denk et al. [17].

However, none of the original studies’ primary objectives
was to assess the relationship between handgrip strength and
hip fracture risk. Because the studies were not comparable
with regard to design, analyses, population, primary objec-
tives, and dynamometer brand, the review authors did not
comment on the strength of the relationship. In one of the
original papers included in the review, the magnitude of the
association between grip strength and hip fracture was com-
parable with our results for HR per 1 SD [32], whereas the HR
in the Norwegian case-control study [23] had much higher OR
for the lowest vs. the highest quartile. The participants in the
study were, however, about 10 years older compared to the
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Table2  Number of any osteoporotic fractures per 10,000 person-years
and hazard ratio (HR) with 95% confidence interval (CI) of osteoporotic
fracture in men and women, 5079 years at baseline according to age- and

gender-specific hand grip-strength (Martin Vigorimeter (bar)). The
Tromse Study 1994-1995

No. of No. of any Person  Crude HR (95% CI) HR (95% CI) HR (95% CI)*
individuals' osteoporotic fractures® years incidence®
Men
Grip-strength Model 1 Model 2 Model 3
in quintiles Adjusted for age Adjusted for age, Fully adjusted
height, BMI model*
Quintile 1 (lowest) 533 45 5899 76.3 1.36 (0.90-2.07) 1.61 (1.05-2.47) 1.58(1.02-2.45)
Quintile 2 590 59 7060 83.6 149 (1.01-2.21) 1.70 (1.14-2.53) 1.72(1.15-2.58)
Quintile 3 546 34 6599 51.5 0.96 (0.61-1.50) 1.04 (0.66-1.63) 1.02(0.65-1.60)
Quintile 4 606 50 7520 66.5 1.20(0.80-1.81) 1.27(0.84-1.91) 1.28(0.85-1.94)
Quintile 5 (highest) 614 43 7879 54.6 1.0 (ref) 1.0 (ref) 1.0 (ref)
Linear association p value 0.068 0.009 0.012
Per SD reduced grip strength 2889 231 34956  66.0 1.14(0.98-1.33) 1.23 (1.06-1.43) 1.22(1.05-1.43)
Women
Quintile 1 (lowest) 717 173 8310 208.2 1.28 (1.04-1.58) 1.29 (1.04-1.60) 1.28 (1.03—1.59)
Quintile 2 831 193 10022 192.6 1.14(0.93-1.41) 1.14(0.92-1.40) 1.13 (0.92-1.40)
Quintile 3 742 161 9183 1753 1.08 (0.87-1.34) 1.09 (0.88-1.35) 1.08 (0.87-1.34)
Quintile 4 855 172 10684  161.0 1,01 (0.82-1.25) 1.03 (0.83-1.27) 1.04 (0.84-1.29)
Quintile 5 (highest) 845 169 10566  159.9 1.0 (ref) 1.0 (ref) 1.0 (ref)
Linear association p value 0.011 0.014 0.024
Per SD reduced grip strength 3990 868 48765  178.0 1.10(1.02-1.18) 1.10(1.02-1.18) 1.09 (1.01-1.18)

! The numbers in all the analyses are the same. Figures in italics are statistically significantly different from reference (p < 0.05)

2 Distal forearm (distal radius, distal ulna), hip (femoral neck, trochanter), pelvis, and proximal humerus

3 Number of osteoporotic fractures per 10,000 person-years

* Adjusted for age, height, body mass index, marital status, level of education, leisure-time physical activity, daily smoking, consumption of alcohol, self-

perceived health, self-reported one or more diseases

mean age in our study, and the researchers used quartiles not
quintiles.

As already mentioned, the PURE study with data from 17
different countries [14] did not report any associations be-
tween grip strength and fractures. However, they did not pres-
ent the types of fractures included, the number of fractures, or
any gender-specific analyses. Moreover, the age-distribution
was 35-70 years with a median age 50 years, whereas about
50% of hip fractures in Norway occur after passing 80 years
[3]- The authors report, however, that case-fatality from frac-
tures was higher in individuals with low grip strength mea-
sured before the fracture [14], implying that low muscle
strength may predispose to a fatal outcome when sustaining
a fracture.

In men, we found an inverse association between grip
strength and osteoporotic fracture, and most pronounced in
men aged 50—64 years. It is interesting to notice that men aged
50-59 years—not older men, drinking frequently or consum-
ing high quanta of alcohol had increased risk of hip fracture in
Cohort of Norway [33]. A post hoc analysis in our data of the
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association between grip-strength and Aip fracture in men
aged 5064 years, revealed a significantly increased hazard
ratio with lower grip strength (HR = 1.35, 95% CI 1.00-1.83
per 1 SD in grip strength).

In a paper from the MrOS study (men aged > 65 years)
published in 2008, no association was reported between grip
strength and hip fractures [34], whereas more recent results
with updated fracture follow-up showed statistically signifi-
cant inverse associations between grip strength and both oste-
oporotic and hip fractures [24]. The HR estimates for osteo-
porotic fractures in MrOs per 1 SD reduced grip strength were
in the same magnitude as those for men in our study (Table 2)
and within the confidence interval for our insignificant results
for hip fracture (Table 3). We did not find a statistically sig-
nificant inverse association between grip strength and osteo-
porotic fracture in men 65-79 in our study, but this might
depend on lack of power.

Our findings, together with conclusions from several other
studies [13, 14, 16, 17], could have important public health
implications. Grip strength is, in comparison with other
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Table 3.  Number of hip fractures per 10,000 person-years and hazard
ratio (HR) with 95% confidence interval (CI) of hip fracture in men and
women, 50-79 years at baseline according to age- and gender-specific

hand grip-strength (Martin Vigorimeter (bar)). The Tromse Study 1994—
1995

No. of No. ofhip  Person Crude HR (95% CI) HR (95% CI) HR (95% CI)*
individuals' fractures® years incidence®
Men
Grip-strength Model 1 Model 2 Model 3
in quintiles Adjusted forage  Adjusted forage,  Fully adjusted
height, BMI model*
Quintile 1 (lowest) 533 25 5989 41.7 1.16 (0.68-2.00)  1.40 (0.81-2.44) 1.15(0.65-2.02)
Quintile 2 591 34 7181 473 1.30(0.79-2.14)  1.52(0.91-2.54) 1.43(0.85-2.40)
Quintile 3 547 18 6715 26.8 0.78 (0.43-1.41)  0.85(0.47-1.54) 0.78 (0.43-1.41)
Quintile 4 606 26 7701 33.8 0.95(0.56-1.61)  1.01 (0.59-1.72) 0.91 (0.53-1.56)
Quintile 5 (highest) 614 28 7973 35.1 1.0 (ref) 1.0 (ref) 1.0 (ref)
Linear association p value 0.298 0.081 0.247
Per SD reduced grip strength 2,891 131 35558 36.8 1.12(0.92-1.37)  1.22 (0.99-1.50) 1.14 (0.92-1.40)
Women
Quintile 1 (lowest) 719 59 9218 64.0 1.48(1.01-2.16)  1.58 (1.08-2.31) 1.51(1.02-2.23)
Quintile 2 833 57 11062 51.5 1.08 (0.74-1.58)  1.13 (0.77-1.66) 1.12 (0.76-1.64)
Quintile 3 744 53 9981 53.1 1.19(0.81-1.74)  1.25(0.85-1.84) 1.23(0.83-1.82)
Quintile 4 858 43 11702 36.7 0.85(0.56-1.27)  0.90 (0.60-1.36) 0.91 (0.60-1.37)
Quintile 5 (highest) 848 50 11462 43.6 1.0 (ref) 1.0 (ref) 1.0 (ref)
Linear association p value 0.021 0.011 0.027
Per SD reduced grip strength 4,002 262 53425 49.0 1.16 (1.01-1.34)  1.19 (1.03-1.37) 1.16 (1.00-1.34)

! The numbers in all the analyses are the same. Figures in italics are statistically significantly different from reference (p < 0.05)

2 Hip fracture = femoral neck, trochanter

3 Number of hip fractures per 10,000 person-years

* Adjusted for age, height, body mass index, marital status, level of education, leisure time physical activity, daily smoking, consumption of alcohol, self-
perceived health, self-reported one or more diseases

physical measures, easily measured, cheap, and highly repro-
ducible in clinical practice [35, 36]. An intriguing implication
is that grip strength might act as a biomarker of aging across
the life course [37], which is supported by the observed in-
verse association between grip strength and fracture risk in
men 50-64 years in our data. Grip strength could, at least

Fig. 1. Hazard ratios (HR) with 2.00
95% confidence intervals (CI) for
hip fracture in quintiles of grip
strength measured with Martin
Vigorimeter (bar) in men and 1.60

1.80

women combined aged 50-79 :
intile i & 140
years. The upper quintile is 1
reference. <
T 120
o
T
1.00
0.80
0.60

Quintile 1
(Lowest)

Hand grip-strength Martin vigorimeter (bar)

partly, be attributed to exposures accumulating from early life
onwards. Findings from studies of birth cohorts have shown
that early life factors have long-term associations with grip
strength in adulthood [38].

Loss of grip strength is unlikely to depend on a single final
common pathway for the adverse effects of aging, but it might

Quintile 2 Quintile 3 Quintile 4 Quintile 5

(Highest)
Trend p=0.022

@ Springer



138

Osteoporos Int (2020) 31:131-140

be a particularly good marker of the combined impact of be-
havior, and any underlying biological aging processes contrib-
uting to change in muscle function [39]. Results from the
National Health and Nutrition Examination Survey [40] sup-
port this suggestion. In this US study, they found that weak
grip strength was independently associated with physical lim-
itations, lower body weight, and not reporting good health
status, and conclude that grip strength could be a useful indi-
cator for overall health assessment in older adults. Although
handgrip strength cannot be assumed a proxy for overall mus-
cle strength [19], grip strength is associated with many more
markers of frailty than chronological age in men and women
6474 years old [39]. One component of frailty is low bone
mineral density (BMD), one of the main risk factors for frac-
ture. Low grip strength has been found to correlate with low
BMD and osteoporosis in postmenopausal women [41]. Thus,
we may postulate that part of the association between grip
strength and fracture goes through BMD. The same may be
the case for physical limitations and low self-perceived health
which both have shown to be associated with hip fractures
[42]. Low BMI is a well-known risk factor for hip fracture.
We have, however, adjusted for this variable in our study, as
well as for self-perceived health and physical activity.

It has been suggested that grip strength could be an indica-
tor of vitamin D status, since vitamin D might be of impor-
tance in maintaining or improving muscle strength and mobil-
ity in older adults. However, a systematic review and meta-
analysis from 2016 did not find any improvement in handgrip
strength after the administration of vitamin D with or without
simultaneous calcium supplements [43].

On a general note, many studies that find inverse associa-
tions between grip strength and different health outcomes
[13—17] including sarcopenia [22], indicate that handgrip
strength might be an indicator of overall health. This is also
underlined by the fact that handgrip strength has been found to
be an independent predictor of in-hospital complications [44]
and physical function and recovery after hip fracture [45].

Measuring grip strength

In this study, we used Martin Vigorimeter to measure the non-
dominant arm, and we used the highest value of two attempts
in each participant. There is considerable variation in devices,
protocols, and procedures for the measurement of grip
strength, which makes a comparison between studies very
difficult [17, 35]. There is also evidence that variation in ap-
proach can affect the values recorded [35]. One study conclud-
ed that Martin Vigorimeter was a reliable and a more practical
tool than the Jamar dynamometer [26], but another study com-
paring these two instruments, indicated a very high correlation
between the two measures [36]. Although the literature indi-
cates that the morphological parameters of the hand and lower
arm might introduce some bias in the results of grip strength
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measurements, a study comparing the two most commonly
used grip strength devices concluded that the influence of
anatomical factors on grip strength measured with Martin
Vigorimeter was low [36]. A standardized method would en-
able more consistent assessments of grip strength and thus a
more reliable way to compare results from different studies
[35].

Mean age at fracture

In our study, mean age at first fracture was about 72 and 76
years, respectively for osteoporotic and hip fracture, and about
the same in men and women. Because the age-group with
measured grip strength in our sample was 50—79 years at
baseline in 1994-1995, the majority of participants had not
yet reached the peak age of hip fracture.

Strengths and limitations

A strength of this study is the population-based design, the
validated fracture register [29], and a high attendance rate
[25]. The Tromse Study also includes substantial information
regarding several risk factors for fracture, enabling the appro-
priate handling of confounders. Our study is one of the few
prospective studies in this field [17], where grip strength was
measured years before the fracture event. The median follow-
up was close to 15 years, reducing the risk of reverse causa-
tion. However, during this long follow-up, individual changes
could have occurred in the grip strength, health behaviors,
health status, and/ or use of medication affecting bone and
falls. Measuring these factors at only one time point might
introduce bias in our results. However, most likely such po-
tential biases should have led to underestimation of the asso-
ciation between grip strength and fractures.

Although having adjusted for several possible confounders
in our study—including lifestyle factors, BMI, height, several
diseases, and self-perceived health—there might still be resid-
ual confounding. We have, for example, no information about
long-time use of glucocorticoids.

Conclusion

In this population-based cohort study with a median of 15
years follow-up, we found an increased risk of non-vertebral
osteoporotic fracture with lower levels of grip strength in both
men and women, and the association was most pronounced in
men aged 50-64 years. In women, we found an association
between grip strength and hip fracture. Grip strength may be a
useful method of identifying individuals who are at high risk
of fractures and who might benefit from further health assess-
ments and preventive interventions to avoid serious events.
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