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Abstract

Background: Hand grip strength (HGS), a common proxy of whole-body muscular
strength, is associated with a wide range of adverse health outcomes and mortality.
However, there are limited data on the association between HGS and risk of venous
thromboembolism (VTE).

Objectives: We aimed to investigate the association between HGS and risk of incident
VTE in a population-based cohort.

Methods: Participants (n = 13,704) from the fourth to seventh surveys of the Tromsg
study (Troms@4-Tromsg7, enrollment: 1994-2016) were followed throughout 2020,
and all incident VTEs were recorded. HGS of the nondominant hand was measured
using a Martin Vigorimeter (Tromsg4-Troms@é6) and a Jamar Digital Dynamometer
(Troms@7). Hazard ratios (HRs) for VTE with 95% confidence intervals (Cls) accord-
ing to weak HGS (less than 25th percentile) versus normal HGS (25th percentile or
greater) were estimated using Cox regression models and adjusted for age, sex, body
height, body mass index, physical activity, cardiovascular disease, and cancer.
Results: During a median of 6.5years of follow-up, 545 incident VTEs occurred.
Participants with weak HGS had a 27% higher risk of VTE (HR, 1.27; 95% Cl, 1.03-
1.57) compared to those with normal HGS. Subgroup analyses revealed that the point
estimates were higher for unprovoked VTE (HR, 1.35; 95% Cl, 0.96-1.91) and deep
vein thrombosis (DVT; HR, 1.52; 95% ClI, 1.14-2.01). Similar results were found in
analyses restricted to men, women, and elderly (aged greater than 75 years).
Conclusion: A weak HGS was associated with increased risk of VTE, and particularly
unprovoked VTE and isolated DVT. Our findings suggest that weak muscle strength
may be a risk factor for VTE.
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Essentials

e Hand grip strength (HGS) is associated with a wide range of adverse outcomes and mortality.

e We investigated the association between HGS and risk of venous thromboembolism (VTE).

e Participants with low HGS had a higher risk of VTE compared to those with normal HGS.

e Our findings suggest that weak muscle strength is a risk factor for VTE.

1 | INTRODUCTION

Venous thromboembolism (VTE) is a major cause of human suffering
and premature mortality.? The incidence of VTE rises exponentially
with age, from around 1 per 10,000 per year in the young to 1 per
100 per year in the elderly.® The reason why aging leads to increased
thrombosis risk is not fully understood.*? Physiological function
and muscular strength are known to decline with age, and a loss of
overall muscle mass, particularly calf muscle strength, may reduce
the efficacy of the muscle-vein pump, causing disturbed blood flow
and stasis.®” Recently, Houghton et al.® reported that reduced calf
pump function, assessed by plethysmograph in a cohort of 1532 par-
ticipants, was associated with increased risk of VTE, and deep vein
thrombosis (DVT) in particular.

Hand grip strength (HGS) is a performance-based measure
commonly used as a proxy of whole-body muscular strength.9 HGS
is correlated with lower-extremity strength and physical capabil-
ity in adults and is a main component of intrinsic capacity.'°*®
Studies have shown that a weaker hand grip is associated with a
wide range of adverse health outcomes, including cardiovascular
and respiratory diseases, cancer, and mortality.}*"2° In the AT-AGE
study, which included 401 VTE cases and 431 controls aged greater
than 70vyears, a weak HGS was associated with a 2.1 times greater
risk of VTE. Weak HGS was more strongly associated with DVT
than with pulmonary embolism (PE).?! In contrast, no association
between grip strength and VTE was found among 864 participants
aged greater than 70years from the Kupio Ischemic Heart Diseases
cohort.??

Reduced muscular strength may be associated with increased
risk of VTE, particularly in the elderly. However, studies on the
association between HGS and VTE are scarce and have provided
inconsistent results. Therefore, the aim of this study was to inves-
tigate the association between HGS and risk of future VTE in a
large population-based cohort. We hypothesized that a weak grip

strength measure is associated with an increased risk of VTE.

2 | METHODS

2.1 | Study population

The Tromsg study, initiated in 1974, is a single-center population-
based study with repeated health surveys of inhabitants in the
municipality of Tromsg, Norway. So far, seven surveys have been
conducted, and the present study is based on data from surveys 4-7
(conducted in 1994-1995, 2001-2002, 2007-2008, and 2015-2016,

respectively). In the fourth survey of the Tromsg study (Tromsg4),
which is the largest completed survey to date, all inhabitants aged
25years or older were invited, and 27,158 subjects (77% of the eli-
gible population) participated. The fifth survey (Tromsg5) included
8130 subjects aged 30-89 years (79% of those invited), and the sixth
survey (Tromsgé) included 12,984 subjects aged 30-87 years (66%
of those invited). In Tromsg7, a total of 21,083 subjects aged greater
than 40vyears participated (65% of those invited). Altogether, 36,627
unique individuals participated in one or more of the Tromsg4-7
surveys.

Hand grip strength was measured in subgroups of the partic-
ipants at each survey. In Tromsg4, all inhabitants aged 55-74 and
5%-10% of random samples from the other age groups were invited
to a more extensive examination that included grip strength mea-
surements. The same participants were reinvited to a second visit in
Tromsg5 and Tromsgé, in addition to random samples from the other
age groups. In Tromsg7, a random predefined sample was invited to
the second, more extensive examination, as well as additionally in-
cluding former Tromsg study participants not already selected in the
random selection process. Grip strength was measured in Tromsg4
(n = 7871), Tromsg5 (n = 1106), Tromsgé (n = 3630), and Tromsg7
(n = 7864). A total of 13,826 unique individuals aged 25-89 partici-
pated in at least one survey, and 4613 of these participated in two or
more surveys, as described in Figure 1.

Subjects with a known prebaseline history of VTE (n = 114) were
excluded from the study. Furthermore, 8 participants were excluded
due to insufficient grip strength measures, leaving 13,704 unique
participants for final analyses.

2.2 | Hand grip strength

Trained health care professionals assessed grip strength using the
same standardized protocol. In Tromsg4-6, the Martin Vigorimeter
was used, and this device was replaced in Tromsg7 with the Jamar
Digital Dynamometer.

For the Martin Vigorimeter, the largest and medium-sized bal-
loons were used, for men and women, respectively. Each partic-
ipant was allowed two attempts with the nondominant hand, and
the highest score registered was recorded and used in analyses. In
the Tromsg7 (2015-2016) study wave, the participants had their grip
strength measured with a Jamar Digital Dynamometer, and each
participant was allowed three attempts for each hand. To ensure
similarity between the Tromsg4-6 and Tromsg7 measurements, we
used the highest score of the two first attempts of the nondominant
hand in the analyses.
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FIGURE 1 Overview of included
participants. Dots represent participation
at the survey, and lines between dots
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2.3 | Other measurements

Previously known confounders between HGS and VTE were iden-
tified, and baseline information was collected through physical
examinations and self-administered questionnaires. Height and
weight were measured with standardized procedures, and body
mass index (BMI) was calculated from these measures using the
weight in kilograms, divided by the square of height in meters (kg/
m?). All information on physical activity, history of cancer and car-
diovascular diseases (CVDs) and concurrent diseases was obtained
through standard, validated questionnaires. CVD was defined as a
history of myocardial infarction, angina pectoris, or cerebral stroke.
Information on physical activity was obtained through questions on
weekly frequency (never, less than once, once, two to three times, or
approximately every day), duration per session (<15min, 15-29 min,
30-60min, or more than 1 h) and the sessions intensity (not short-
winded or sweaty, becoming short-winded or sweaty, or becoming
exhausted). A physical activity index was calculated by multiplying
weighted values from the questionnaire responses. A more detailed
description of the physical activity index has been published previ-
ously.23'24 Data on previous cancer were obtained from the Cancer
Registry of Norway.

24 | Assessment of VTE during follow-up

Participants were followed from the date of enrollment to the end of
2020. All first lifetime events of VTE during follow-up were identified

o
[-c ® e

by searching the hospital discharge registry, the radiology procedure
registry, and the autopsy registry at the University Hospital of North
Norway (UNN) and adjudicated by review of medical records. UNN
is the only hospital in the region, and all hospital care and relevant
diagnostics for VTE are provided by this hospital.

Trained health care personnel who were blinded to the baseline
variables reviewed the medical records for each potential VTE case.
For subjects derived from the hospital discharge diagnosis register
and the radiology procedure register, an episode of VTE was adju-
dicated and recorded when all four of the following criteria were
met: (i) objectively confirmed by diagnostic procedures (compres-
sion ultrasonography, venography, spiral computed tomography,
perfusion-ventilation scan, pulmonary angiography, or autopsy); (ii)
the medical record indicated that a physician had made a diagnosis
of DVT or PE; (iii) signs and symptoms consistent with DVT or PE
were present; and (iv) therapy with anticoagulants, thrombolytics, or
vascular surgery was initiated unless contraindications were speci-
fied. For subjects derived from the autopsy register, a VTE event was
recorded as an outcome when the autopsy record indicated VTE as
a cause of death or as a significant condition associated with death.
A more detailed description of the VTE register has been published
previously.2>2¢

All VTEs were classified as DVT or PE. Cases in which both clin-
ical presentations were present were classified as a PE. VTEs were
also classified as either provoked or unprovoked depending on the
presence of provoking factors. In this study, provoking factors in-
cluded surgery or trauma within 8 weeks prior to the event; acute
medical conditions (acute myocardial infarction, ischemic stroke,
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major infectious disease); active cancer; immobilization (bed rest
more than 3days, wheelchair use, long-distance travel exceeding 4 h
within the 14 days prior to the event); and other factors described
by physicians in the medical records, for example, intravascular
catheters.

2.5 | Statistical analysis

For each participant, person-time of follow-up was accrued from in-
clusion in first survey with hand grip measurement until an incident
VTE, migration from Tromsg, death, or end of follow-up (December
31, 2020), whichever came first. We used a time-varying analysis
in which subjects who participated in more than one survey con-
tributed with one observation period per attended survey. This
approach allowed for update of the grip strength measure and con-
founder information for those who were remeasured during follow-
up. This resulted in 20,109 observational periods derived from the
18,704 participants (Figure 1). Statistical analyses were performed
with STATA 16.0 (Stata Corporation).

Measures of HGS were divided into dynamometer-specific
quartiles (as different dynamometers were used in Tromsg4-6 and
Tromsg7). Crude incidence rates (IRs) were calculated by dividing the
number of events by the total accrued person-time in each quartile
and expressed as number of events per 1000 person-years.

Cox proportional hazard regression models, with and without
adjustment for potentially relevant confounders, were used to es-
timate hazard ratios (HRs) with 95% confidence intervals (Cls) for
VTE across quartiles of HGS. Age was used as the time scale in the
Cox models. An individual's age at study enrollment was defined
as entry time, and exit time was defined as age at time of VTE, mi-
gration, death, or study end. The proportional hazards assumption
was evaluated and verified on the basis of Schoenfeld residuals,
and no statistical interaction between age and HGS was found. We
performed complete case analysis, and HRs for all VTE events, and
subgroups were estimated in sex- and multivariable-adjusted anal-
yses. Adjustment model 1 included age (time scale) and sex only. In
model 2, we also adjusted for height and BMI, and in model 3 we
added adjustment for relevant comorbidities (previous cancer, CVD,
and physical activity). The variables age, sex, height, BMI, CVD, and
cancer all had less than 2% missing across all quartiles. For the phys-
ical activity index, the overall proportion of missing was 7.1%. We
performed analyses comparing each quartile with the highest grip
strength quartile (reference) and analyses in which the lowest grip
strength quartile was compared with the remaining quartiles (ref-
erence). Analysis comparing the weakest quartile of HGS with the
three higher quartiles combined was a post hoc analysis, as there
seemed to be a threshold effect at the weakest quartile of HGS.
We additionally performed subgroup analyses with DVT, PE, pro-
voked VTE, and unprovoked VTE as outcomes, respectively. Due to
the strong impact of sex and age on both HGS and VTE risk, we
performed analyses stratified by men and women (using sex- and

dynamometer-specific quartiles) and analyses restricted to those
above and below age 75years. For sensitivity purposes, we also per-
formed analyses stratified by the dynamometer device (since two
different devices were used in Tromsg4-6 and Tromsg7). To check
for potential regression dilution bias, we also performed the analysis
with follow-up restricted to 5years from inclusion in the study.

2.6 | Ethics statement
This study was conducted in accordance with the 1964 Helsinki
Declaration ethical standards.

3 | RESULTS

Study population characteristics are shown in Table 1. Mean age
at study inclusion in quartile 1 versus quartile 4 was 69 years and
56years, respectively (range, 25-89years). The proportion of
women decreased across quartiles from 82.2% women in quartile
1 to 24.5% in quartile 4. The average BMI was 26.5 kg/m? in quar-
tile 1 and increased to 27.1 kg/m2 in quartile 4. There was a higher
prevalence of CVD among the participants in quartile 1 compared to
the reference quartiles (23.5% in quartile 1 and 15.4% in quartile 4).

There were 545 recorded incident VTEs during a total of 173,905
person-years’ follow-up. Median follow-up time was 6.5 years (range,
0.01-26.3years). The average age at event was 74 + 8.9 years, and the
proportion of men was 45.1% (Table 2). With regard to localization of
the VTE, 45.9% (n = 250) had a PE with or without concomitant DVT,
and 54.1% (n = 295) had isolated DVT. Moreover, 59.6% (n = 325) of
the events were classified as provoked, while 40.4% (n = 220) were
unprovoked. The most common provoking factors were active can-
cer (25.9%), immobilization (21.1%), and surgery (15.8%).

Table 3 shows the crude IRs and HRs across quartiles of grip
strength. For overall VTE, the crude IR per 1000 person-years was
4.52 (95% Cl, 3.91-5.22) in the lowest grip strength quartile (i.e.,
quartile 1) and 2.30 (95% Cl, 1.89-2.78) in the highest grip strength
quartile (i.e., quartile 4). The age- and sex-adjusted HR for over-
all VTE was 1.13 (95% Cl, 0.86-1.49) for those in the lowest ver-
sus the highest grip strength quartile. After further adjustment for
height and BMI (model 2), the HR was 1.38 (95% Cl, 1.04-1.83), and
in model 3, after additional adjustment for multiple potential con-
founders (cancer, physical activity, and CVD), the HR was 1.32 (95%
Cl, 0.98-1.78). Subgroup analyses revealed that the association was
particularly strong for unprovoked VTE and isolated DVT, with ad-
justed HRs for quartile 1 versus quartile 4 of 1.59 (95% Cl, 0.97-2.61)
and 1.64 (95% Cl, 1.10-2.45), respectively.

As shown in Table 3, there was apparently a threshold effect
for VTE risk at the lowest quartile of HGS. We therefore performed
analyses comparing the lowest dynamometer specific quartile
(quartile 1) with the three higher quartiles combined (quartiles 2-4)
(Table 4). With this approach, the HR for overall VTE according to
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TABLE 1 Study population
characteristics across dynamometer-

Variabl
specific quartiles of hand grip strength ariables

Age (years), mean+SD

Sex, female, n (%)

BMI (kg/m?), mean+SD
Height (cm), mean+SD

History of CVD, n (%)

History of cancer, n (%)

a ﬂ“
Tesearch & practice
in thrombosis & haemostasis

Physical activity index, n (%)

1

2
3
4
5

Quartile 1 Quartile 2 Quartile 3 Quartile 4
(n=5163) (n = 5145) (n=5038) (n =4757)
69+9.1 64+10.0 62+10.6 56+10.9
4243 (82.2) 3739 (72.7) 2325 (46.2) 1166 (24.5)
26.5+4.7 26.5+4.4 26.7+4.0 27.1+3.9
162+7.8 166+7.8 170+8.5 175+8.5
1215 (23.5) 976 (19.0) 980 (19.5) 733(15.4)
1396 (27.0) 1417 (27.5) 1449 (28.8) 1108 (23.3)
1441 (27.9) 1301 (25.3) 1281 (25.4) 1221 (25.7)
1081 (20.9) 1079 (21.0) 962 (19.1) 858 (18.0)
948 (18.4) 976 (19.0) 905 (18.0) 712 (15.0)
664 (12.9) 972 (18.9) 1062 (21.1) 1257 (26.4)
391(7.8) 460 (8.9) 563(11.2) 543 (11.4)

Note: A total of 13,704 unique individuals aged 25-89 participated in at least one of the Tromsg
surveys, and this resulted in 20,109 observational periods.

Abbreviations: BMI, body mass index; CVD, cardiovascular disease (history of cerebral stroke,
myocardial infarction, or angina pectoris); SD, standard deviation.

TABLE 2 Characteristics of VTE events

n (%)
Age, years (mean+SD) 74+8.9
Sex (male) 246 (45.1)
Clinical characteristics
Pulmonary embolism 250 (45.9)
Deep vein thrombosis 295 (54.1)
Provoked 325 (59.6)
Unprovoked 220 (40.4)
Provoking factors
Surgery 86 (15.8)
Trauma 45 (8.3)
Acute medical condition 67 (12.3)
Active cancer 141 (25.9)
Immobilization 58 (21.1)
Other 27 (5.0)

Abbreviations: SD, standard deviation; VTE, venous thromboembolism.

weak HGS was 1.27 (95% Cl, 1.03-1.57) in the multivariable adjust-
ment model (Table 4, model 3). The corresponding HRs were 1.22
(95% Cl, 0.93-1.60) for provoked VTE, 1.35 (95% Cl, 0.96-1.91) for
unprovoked VTE, 1.02 (95% Cl, 0.74.1.42) for PE and 1.52 (95% Cl,
1.14-2.01) for DVT, respectively.

Similar results were found in analyses restricted to elderly par-
ticipants (aged greater than 75years) (Table S1), as well as in the
sex-specific analyses (Table S3). Furthermore, sensitivity analyses
restricted to HGS measured with the Martin Vigorimeter showed
similar results (quartile 1 compared to quartiles 2-4, multivariable
adjusted HR, 1.34; 95% Cl, 1.09-1.66). When analysis was restricted
to the first 5years of follow-up after enrollment in the study, the
fully adjusted HR for overall VTE was 1.38 (95% Cl, 0.88-2.16) for

the lowest HGS quartile (quartile 1) compared to the three other
quartiles (quartiles 2-4).

4 | DISCUSSION

In this population-based cohort study, we found that weak HGS,
defined as lowest hand grip quartile, was associated with a 27%
increased risk of VTE. The association appeared to be particularly
pronounced for unprovoked VTE and DVT, with a 35% and 52%
increased relative risk, respectively. Analyses restricted to elderly
participants (aged greater than 75years) and sex-specific analyses
yielded similar results, supporting the robustness of our findings.
Moreover, the association between weak HGS and overall VTE
was stronger when the analysis was restricted to the first 5years
of follow-up.

Few studies have investigated the association between HGS and
risk of VTE, and they showed somewhat inconsistent results. In the
AT-AGE study, a case-control study consisting of elderly individu-
als (aged greater than 70years), weak HGS, defined as the lowest
sex-specific 15th percentile, was associated with a 2.1-fold higher
risk of VTE after adjustment for age, sex, study center, and BM[.?
Furthermore, results from the Cardiovascular Health Study (CHS),
a cohort of 4859 participants aged greater than 65years followed
for a median of 9.3years, showed that frailty was associated with
a 1.4-fold increased risk of VTE after adjustment for age, sex, race,
BMI, diabetes, and physical activity. Weak grip strength, defined
as the lowest sex- and BMI-specific quintile, was used to define
frailty together with four other physical function measures, but,
unfortunately, the association between grip strength and VTE was
not investigated separately.27 In contrast to our findings, the Kupio
Ischemic Heart Disease study, a cohort of 864 men and women aged
greater than 70years in whom 58 developed VTE during a median of
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TABLE 3 Crude IRs per 1000 person-years and HRs of VTE with 95% Cls across dynamometer-specific quartiles of hand grip strength

Person-years VTE Crude IR (95% ClI)
Overall VTE
Quartile 4 45,299 104 2.30(1.89-2.78)
Quartile 3 44,726 124 2.77 (2.33-3.31)
Quartile 2 43,190 133 3.08 (2.60-3.65)
Quartile 1 40,692 184 4.52(3.91-5.22)
Provoked VTE
Quartile 4 45,299 68 1.50(1.18-1.90)
Quartile 3 44,726 76 1.70 (1.36-2.13)
Quartile 2 43,190 78 1.81(1.45-2.25)
Quartile 1 40,692 103 2.53(2.09-3.07)
Unprovoked VTE
Quartile 4 45,299 36 0.79 (0.57-1.10)
Quartile 3 44,726 48 1.07 (0.81-1.42)
Quartile 2 43,190 55 1.27 (0.98-1.66)
Quartile 1 40,692 81 1.99 (1.60-2.47)
Pulmonary embolism
Quartile 4 45,299 48 1.06 (0.80-1.41)
Quartile 3 44,726 59 1.32 (1.02-1.70)
Quartile 2 43,190 63 1.46(1.14-1.87)
Quartile 1 40,692 80 1.97 (1.58-2.45)
Deep vein thrombosis
Quartile 4 45,299 56 1.24(0.95-1.61)
Quartile 3 44,726 65 1.45(1.14-1.85)
Quartile 2 43,190 70 1.62(1.28-2.05)
Quartile 1 40,692 104 2.56(2.11-3.10)

Model 1

HR (95% Cl)

1

0.91 (0.69-1.18)
0.91(0.70-1.20)
1.13(0.86-1.49)

1

0.87(0.62-1.21)
0.85 (0.60-1.20)
1.02 (0.72-1.45)

1

0.98 (0.63-1.53)
1.04 (0.66-1.62)
1.33(0.85-2.07)

1

0.85(0.58-1.26)
0.84 (0.56-1.25)
0.92(0.61-1.37)

1

0.95 (0.66-1.36)
0.98 (0.67-1.42)
1.34(0.92-1.95)

Model 2

HR (95% ClI)

1

1.01(0.77-1.32)
1.04 (0.79-1.37)
1.38(1.04-1.83)

1

0.96 (0.68-1.34)
0.96 (0.68-1.37)
1.25(0.87-1.79)

1

1.09 (0.70-1.70)
1.17(0.75-1.85)
1.62(1.03-2.56)

1

0.95 (0.64-1.40)
0.96 (0.64-1.44)
1.12 (0.74-1.70)

1

1.05(0.73-1.51)
1.09 (0.75-1.60)
1.64(1.12-2.42)

Model 3

HR (95% ClI)

1

1.03(0.78-1.35)
1.06 (0.80-1.42)
1.32(0.98-1.78)

1

0.96 (0.68-1.36)
0.97 (0.68-1.39)
1.19 (0.82-1.73)

1

1.16 (0.73-1.85)
1.25(0.78-2.02)
1.59 (0.97-2.61)

1

0.97 (0.65-1.45)
0.99 (0.65-1.50)
1.01 (0.65-1.57)

1

1.07 (0.73-1.57)
1.12(0.75-1.66)
1.64 (1.10-2.45)

Note: Model 1: adjusted for age (as time scale) and sex. Model 2: adjusted for age (as time scale), sex, height, and BMI. Model 3: adjusted for age (as
time scale), sex, height, BMI, physical activity, cancer, and CVD.Abbreviations: BMI, body mass index; Cl, confidence interval; CVD, cardiovascular
disease; HR, hazard ratio; IR, incidence rate; VTE, venous thromboembolism.

17.2years of follow-up,?? reported no association between tertiles
of normalized HGS and risk of VTE. Of note, the long follow-up time
with lack of repeated measures and few VTE events could have led
to underestimation of the true association due to regression dilu-
tion, as muscle strength may vary in individuals over time. To min-
imize the chance of regression dilution in our study, we performed
a time-varying analysis that allowed for updated grip strength mea-
surements over time in participants attending repeated surveys.
Still, with this approach, the median follow-up time in our study was
6.5years. When we restricted our analyses to the first 5years of fol-
low-up after enrollment in the Tromsg study, the association was
stronger, which might point toward some regression dilution also in
our study.

In agreement with the AT-AGE study, which reported higher
odds ratios (ORs) for DVT than for PE in subjects with weak HGS,?*
we also observed higher HRs for DVT than for PE in our study.
Venous blood from the lower extremities returns to the heart by a
venous pressure gradient created by the calf muscle pump.® Weak

HGS correlates with lower-extremity strength and a weaker calf
muscle pump in adults.'7%328 A weak calf muscle pump may lead to
venous stasis and thereby increase the risk of thrombus formation
in the deep veins. This is further supported by Houghton et al.®
who reported that reduced calf muscle pump function was associ-
ated with increased risk of DVT, but not with PE.

In the present study, risk estimates for unprovoked VTE were
higher than for provoked VTE. This indicates that the association be-
tween weak HGS and VTE is independent of the presence of known
predisposing factors for VTE (e.g., active cancer or immobilization) or
frailty-induced comorbidities. Weak HGS was also associated with
increased risk of unprovoked VTE in the AT-AGE study (OR, 1.8), but
in contrast to our findings, the risk estimates for provoked VTE (OR,
2.8) were higher in AT-AGE.?! In the CHS, frailty was associated with
a 1.9-fold increased risk of unprovoked VTE after adjustment for age,
sex, race, BMI, diabetes, and physical activity, while corresponding
results for provoked VTE were not reported.27 Taken together, these
studies support that weak muscle strength may play a role in the
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TABLE 4 Crude IRs per 1000 person-years and HRs of VTE with 95% Cls for weak grip strength (<25th percentile, quartile 1) compared
to normal hand grip strength (225th percentile, quartiles 2-4)

Person years VTE Crude IR (95% ClI)

Overall VTE

Quartiles 2-4 133,214 361 2.71(2.44-3.00)

Quartile 1 40,692 184 4.52(3.91-5.22)
Provoked VTE

Quartiles 2-4 133,214 222 1.67 (1.46-1.90)

Quartile 1 40,692 103 2.53(2.09-3.07)
Unprovoked VTE

Quartiles 2-4 133,214 139 1.04(0.88-1.23)

Quartile 1 40,692 81 1.99 (1.60-2.47)
Pulmonary embolism

Quartiles 2-4 133,214 170 1.28(1.10-1.48)

Quartile 1 40,692 80 1.97 (1.58-2.45)
Deep vein thrombosis

Quartiles 2-4 133,214 191 1.43(1.24-1.65)

Quartile 1 40,692 104 2.56(2.11-3.10)

Model 1

HR (95% ClI)

1
1.22(1.00-1.48)

1
1.16 (0.90-1.49)

1
1.31(0.97-1.77)

1
1.05 (0.79-1.40)

1
1.38 (1.07-1.80)

Model 2

HR (95% Cl)

1
1.35(1.11-1.65)

1
1.29 (1.00-1.67)

1
1.45(1.07-1.97)

1
1.16 (0.87-1.55)

1
1.55(1.19-2.02)

Model 3

HR (95% Cl)

1
1.27 (1.03-1.5¢)

1
1.22(0.93-1.60)

1
1.35(0.96-1.91)

1
1.02(0.74-1.42)

1
1.52(1.14-2.01)

Note: Model 1: adjusted for age (as time scale) and sex. Model 2: adjusted for age (as time scale), sex, height, and BMI. Model 3: adjusted for age (as
time scale), sex, height, BMI, physical activity, cancer, and CVD.Abbreviations: BMI, body mass index; Cl, confidence interval; CVD, cardiovascular
disease; HR, hazard ratio; IR, incidence rate; VTE, venous thromboembolism.

pathogenesis of VTE regardless of other comorbidities and provoking
factors.

It is well established that men have a higher grip strength than
women and that HGS declines with increasing age.??2° Moreover, in-
creasing BMI and body height have been shown to be independently
correlated with a stronger hand grip.2’3! Since overweight/obesity
and taller height are associated with increased VTE risk,”%27%> and
inversely associated with weak HGS, the HRs increased as expected
when we adjusted for these confounders. Age is a particularly im-
portant confounder, as it is strongly related to both HGS and VTE risk.
Therefore, age was used as time scale in the Cox models. To further
explore whether the observed association could be confounded by a
weak grip strength in the elderly, we conducted analyses restricted to
participants aged greater than 75years. The risk estimate for VTE ac-
cording to weak HGS remained elevated also in this age group. Finally,
weak muscle strength can be a consequence of physical inactivity,
which is associated with VTE risk.2* However, adjustment for physical
activity only slightly attenuated the risk estimates in our study.

A weak HGS is associated with a variety of diseases and phys-

ical conditions'*%°

and is frequently used together with other
components to assess frailty.3“"37 We therefore performed several
adjustments and sensitivity analyses to try to account for potential
confounding by comorbidities and frailty. In the main analysis, we
adjusted for previous cancer, cardiovascular disease, and physical
activity. Furthermore, we performed sensitivity analyses in which
participants with major comorbidities for VTE (i.e., cancer and CVDs)
were excluded, and we performed analyses restricted to those aged

greater than 75years to account for frailty by old age. However,

despite all these efforts to account for frailty and comorbidities, the
presence of residual confounding cannot be completely ruled out,
and the observed association between weak HGS and VTE could be
rather a marker of a complex association between frailty, multimor-
bidity, and VTE.

Notable strengths of this study are the prospective cohort study
design with a large number of participants selected from the general
population and large number of adjudicated VTE events. The Tromsg
study has an overall high attendance rate, and all hospital care and
diagnostic workups for VTE in the region are provided by the same
hospital, which facilitates a thorough outcome detection. All VTE
events are well validated from hospital records, and detailed infor-
mation on VTE subtypes and provoking factors was obtained.

Two different instruments were used to assess HGS, and this
could potentially limit the precision of our results. In addition to
applying device-specific quartiles, we also performed analyses
restricted to participants measured with the Martin Vigorimeter
in Troms@4-6, and the results remained similar. Unfortunately,
we did not have information on concomitant use of medications
such as antiplatelet and anticoagulant therapy. However, lack
of adjustment for these confounders would probably lead to an
underestimation of the true association as the prevalence of an-
tiplatelet and anticoagulant therapy is expected to be highest in
the lowest grip strength quartile. The study population consisted
of a predominantly Caucasian population, as the Tromsg study is
based in Tromsg, a Norwegian city with relatively few immigrants.
The findings might therefore not be generalizable across all ethnic-
ities. Information about diseases and physical activity levels was
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obtained through self-administered questionnaires, which could
potentially introduce misclassification. The study population also
varied a little between adjustment models 2 and 3, due to missing
physical activity variables.

In conclusion, a weak HGS was associated with increased risk of
overall VTE, and particularly DVT and unprovoked VTE. Our find-
ings support the hypothesis that weak muscle strength may be a risk
factor for VTE.

AUTHOR CONTRIBUTIONS

Conception and design: SKB, JBH, and VMM. Data collection: BHS,
SKB, and JBH. Data analysis: OGL and SKB. Interpretation of results:
OGL, SKB, VMM, JBH, and BHS. Manuscript draft: OGL and SKB.
Critical revision of manuscript: VMM, JBH, and BHS. All authors

read and approved the submitted version of the manuscript.

FUNDING INFORMATION
This research did not receive any grants from public or commercial

funding agencies.

RELATIONSHIP DISCLOSURE
The authors have no competing interests to declare.

CONSENT TO PARTICIPATE AND PUBLICATION
Written informed consent to participate in the Tromsg study was

obtained from all individual participants included.

ORCID

Oda G. R. Leknessund " https://orcid.org/0000-0001-6583-2914

Vania M. Morelli "= https://orcid.org/0000-0002-0872-6645

Bjorn Heine Strand "= https://orcid.org/0000-0003-4385-8886
https://orcid.org/0000-0003-4854-3162

https://orcid.org/0000-0002-9678-9696

John-Bjarne Hansen
Sigrid K. Braeekkan

REFERENCES

1. HeitJA, Spencer FA, White RH. The epidemiology of venous throm-
boembolism. J Thromb Thrombolysis. 2016;41:3-14. doi:10.1007/
s11239-015-1311-6

2. Naess IA, Christiansen SC, Romundstad P, Cannegieter SC,
Rosendaal FR, Hammerstrgm J. Incidence and mortality of ve-
nous thrombosis: a population-based study. J Thromb Haemost.
2007;5:692-699. doi:10.1111/j.1538-7836.2007.02450.x

3. Silverstein MD, Heit JA, Mohr DN, Petterson TM, O'Fallon
WM, Melton LJ 3rd. Trends in the incidence of deep vein
thrombosis and pulmonary embolism: a 25-year population-
based study. Arch Intern Med. 1998;158:585-593. do0i:10.1001/
archinte.158.6.585

4. Stein PD, Hull RD, Kayali F, Ghali WA, Alshab AK, Olson RE. Venous
thromboembolism according to age: the impact of an aging pop-
ulation. Arch Intern Med. 2004;164:2260-2265. doi:10.1001/
archinte.164.20.2260

5. Heit JA, Silverstein MD, Mohr DN, et al. The epidemiology of
venous thromboembolism in the community. Thromb Haemost.
2001;86:452-463.

6. Matzger AD. Pathogenesis
1971;215:799.

of venous thrombosis. JAMA.

10.

11.

12.

13.

14.

15.

16.

18.

19.

20.

21.

22.

23.

Wolberg AS, Rosendaal FR, Weitz JI, et al. Venous thrombosis. Nat
Rev Dis Prim. 2015;1:15006. doi:10.1038/nrdp.2015.6

Houghton DE, Ashrani A, Liedl D, et al. Reduced calf muscle pump
functionis a risk factor for venous thromboembolism: a population-
based cohort study. Blood. 2021;137:3284-3290. doi:10.1182/
blood.2020010231

Cruz-Jentoft AJ, Baeyens JP, Bauer JM, et al. Sarcopenia: European
consensus on definition and diagnosis: Report of the European
Working Group on Sarcopenia in Older People. Age Ageing.
2010;39:412-423. doi:10.1093/ageing/afq034

Strandkvist V, Larsson A, Pauelsen M, et al. Hand grip strength is
strongly associated with lower limb strength but only weakly with
postural control in community-dwelling older adults. Arch Gerontol
Geriatr. 2021;94:104345. doi:10.1016/j.archger.2021.104345
Decade of Healthy Ageing: Baseline Report. World Health
Organization; 2020.

Bohannon RW, Magasi SR, Bubela DJ, Wang Y-C, Gershon RC.
Grip and knee extension muscle strength reflect a common con-
struct among adults. Muscle Nerve. 2012;46:555-558. doi:10.1002/
mus.23350

Samson MM, Meeuwsen IB, Crowe A, Dessens JA, Duursma SA,
Verhaar HJ. Relationships between physical performance mea-
sures, age, height and body weight in healthy adults. Age Ageing.
2000;29:235-242. doi:10.1093/ageing/29.3.235

Celis-Morales CA, Welsh P, Lyall DM, et al. Associations of grip
strength with cardiovascular, respiratory, and cancer outcomes
and all cause mortality: prospective cohort study of half a million
UK Biobank participants. BMJ. 2018;361:k1651. doi:10.1136/bmj.
k1651

Kunutsor SK, Isiozor NM, Khan H, Laukkanen JA. Handgrip
strength-a risk indicator for type 2 diabetes: systematic review and
meta-analysis of observational cohort studies. Diabetes Metab Res
Rev. 2021;37:e3365. doi:10.1002/dmrr.3365

Kunutsor SK, Seidu S, Voutilainen A, Blom AW, Laukkanen JA.
Handgrip strength-arisk indicator for future fractures in the general
population: findings from a prospective study and meta-analysis
of 19 prospective cohort studies. Geroscience. 2021;43:869-880.
doi:10.1007/s11357-020-00251-8

Laukkanen JA, Khan H, Lavie CJ, et al. Inverse association of
handgrip strength with risk of heart failure. Mayo Clin Proc.
2021;96:1490-1499. doi:10.1016/j.mayocp.2020.09.040
Laukkanen JA, Voutilainen A, Kurl S, Isiozor NM, Jae SY, Kunutsor
SK. Handgrip strength is inversely associated with sudden car-
diac death. Mayo Clin Proc. 2020;95:825-828. doi:10.1016/j.
mayocp.2020.02.029

Strand BH, Cooper R, Bergland A, et al. The association of grip
strength from midlife onwards with all-cause and cause-specific
mortality over 17years of follow-up in the Tromso study. J
Epidemiol Community Health. 2016;70:1214-1221. doi:10.1136/
jech-2015-206776

Ortega FB, Silventoinen K, Tynelius P, Rasmussen F. Muscular
strength in male adolescents and premature death: cohort study
of one million participants. Br Med J. 2012;345:€7279. doi:10.1136/
bmj.e7279

Engbers MJ, Blom JW, Cushman M, Rosendaal FR, van Hylckama
VA. Functional impairment and risk of venous thrombosis in
older adults. J Am Geriatr Soc. 2017;65:2003-2008. doi:10.1111/
jgs.14964

Kunutsor SK, Makikallio TH, Voutilainen A, et al. Handgrip strength
is not associated with risk of venous thromboembolism: a prospec-
tive cohort study a prospective cohort study. Scand Cardiovasc J.
2020;54:253-257. doi:10.1080/14017431.2020.1751267

Evensen LH, Isaksen T, Braekkan SK, Hansen JB. Cardiorespiratory
fitness and future risk of venous thromboembolism. J Thromb
Haemost. 2019;17:2160-2168. doi:10.1111/jth.14619


https://orcid.org/0000-0001-6583-2914
https://orcid.org/0000-0001-6583-2914
https://orcid.org/0000-0002-0872-6645
https://orcid.org/0000-0002-0872-6645
https://orcid.org/0000-0003-4385-8886
https://orcid.org/0000-0003-4385-8886
https://orcid.org/0000-0003-4854-3162
https://orcid.org/0000-0003-4854-3162
https://orcid.org/0000-0002-9678-9696
https://orcid.org/0000-0002-9678-9696
https://doi.org/10.1007/s11239-015-1311-6
https://doi.org/10.1007/s11239-015-1311-6
https://doi.org/10.1111/j.1538-7836.2007.02450.x
https://doi.org/10.1001/archinte.158.6.585
https://doi.org/10.1001/archinte.158.6.585
https://doi.org/10.1001/archinte.164.20.2260
https://doi.org/10.1001/archinte.164.20.2260
https://doi.org/10.1038/nrdp.2015.6
https://doi.org/10.1182/blood.2020010231
https://doi.org/10.1182/blood.2020010231
https://doi.org/10.1093/ageing
https://doi.org/10.1016/j.archger.2021.104345
https://doi.org/10.1002/mus.23350
https://doi.org/10.1002/mus.23350
https://doi.org/10.1093/ageing
https://doi.org/10.1136/bmj.k1651
https://doi.org/10.1136/bmj.k1651
https://doi.org/10.1002/dmrr.3365
https://doi.org/10.1007/s11357-020-00251-8
https://doi.org/10.1016/j.mayocp.2020.09.040
https://doi.org/10.1016/j.mayocp.2020.02.029
https://doi.org/10.1016/j.mayocp.2020.02.029
https://doi.org/10.1136/jech-2015-206776
https://doi.org/10.1136/jech-2015-206776
https://doi.org/10.1136/bmj.e7279
https://doi.org/10.1136/bmj.e7279
https://doi.org/10.1111/jgs.14964
https://doi.org/10.1111/jgs.14964
https://doi.org/10.1080/14017431.2020.1751267
https://doi.org/10.1111/jth.14619

LEKNESSUND ET AL.

9 of 9

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Evensen LH, Braekkan SK, Hansen JB. Regular physical activ-
ity and risk of venous thromboembolism. Semin Thromb Hemost.
2018;44:765-779. doi:10.1055/s-0038-1673636

Braekkan SK, Mathiesen EB, Njolstad |, Wilsgaard T, Stormer
J, Hansen JB. Family history of myocardial infarction is
an independent risk factor for venous thromboembolism:
the Tromso study. J Thromb Haemost. 2008;6:1851-1857.
doi:10.1111/j.1538-7836.2008.03102.x

Borch KH, Braekkan SK, Mathiesen EB, et al. Abdominal obesity is
essential for the risk of venous thromboembolism in the metabolic
syndrome: the Tromso study. J Thromb Haemost. 2009;7:739-745.
doi:10.1111/j.1538-7836.2008.03234.x

Folsom AR, Boland LL, Cushman M, Heckbert SR, Rosamond WD,
Walston JD. Frailty and risk of venous thromboembolism in older adults. J
Gerontol A Biol Sci Med Sci. 2007;62:79-82. doi:10.1093/gerona/62.1.79
Bohannon RW. Are hand-grip and knee extension strength reflec-
tive of a common construct? Percept Mot Skills. 2012;114:514-518.
doi:10.2466/03.26.Pms.114.2.514-518

Massy-Westropp NM, Gill TK, Taylor AW, Bohannon RW, Hill
CL. Hand grip strength: age and gender stratified normative
data in a population-based study. BMC Res Notes. 2011;4:127.
doi:10.1186/1756-0500-4-127

Leyk D, Gorges W, Ridder D, et al. Hand-grip strength of young
men, women and highly trained female athletes. Eur J Appl Physiol.
2007;99:415-421. doi:10.1007/s00421-006-0351-1

Lin MH, Chang CY, Lu CH, et al. Association between grip strength
and anthropometric characteristics in the community-dwelling
elderly population in Taiwan. PLoS One. 2021;16:e0260763.
doi:10.1371/journal.pone.0260763

ISTH Steering Committee for World Thrombosis Day. Thrombosis:
amajor contributor to the global disease burden. J Thromb Haemost.
2014;12:1580-1590. doi:10.1111/jth.12698

Horvei LD, Braekkan SK, Mathiesen EB, Njglstad |, Wilsgaard T,
Hansen J-B. Obesity measures and risk of venous thromboembolism

34.

35.

36.

37.

a ﬂ“
Tesearch & practice
in thrombosis & haemostasis

and myocardial infarction. Eur J Epidemiol. 2014;29:821-830.
doi:10.1007/5s10654-014-9950-z

Braekkan SK, Borch KH, Mathiesen EB, Njglstad I, Wilsgaard T,
Hansen JB. Body height and risk of venous thromboembolism: the
Tromsg study. Am J Epidemiol. 2010;171:1109-1115. do0i:10.1093/
aje/kwq066

Barco S, Klok FA, Mahé |, et al. Impact of sex, age, and risk fac-
tors for venous thromboembolism on the initial presentation of
first isolated symptomatic acute deep vein thrombosis. Thromb Res.
2019;173:166-171. doi:10.1016/j.thromres.2018.09.056
Dudzinska-Griszek J, Szuster K, Szewieczek J. Grip strength as a
frailty diagnostic component in geriatric inpatients. Clin Interv
Aging. 2017;12:1151-1157. doi:10.2147/cia.5140192

Bohannon RW. Grip strength: an indispensable biomarker for
older adults. Clin Interv Aging. 2019;14:1681-1691. doi:10.2147/cia.
5194543

SUPPORTING INFORMATION
Additional supporting information can be found online in the

Supporting Information section at the end of this article.

How to cite this article: Leknessund OGR, Morelli VM,
Strand BH, Hansen J-B, Braekkan SK. Hand grip strength and
risk of incident venous thromboembolism: The Tromsg study.
Res Pract Thromb Haemost. 2022;6:€12833. doi:10.1002/

rth2.12833


https://doi.org/10.1055/s-0038-1673636
https://doi.org/10.1111/j.1538-7836.2008.03102.x
https://doi.org/10.1111/j.1538-7836.2008.03234.x
https://doi.org/10.1093/gerona
https://doi.org/10.2466/03.26.Pms.114.2.514-518
https://doi.org/10.1186/1756-0500-4-127
https://doi.org/10.1007/s00421-006-0351-1
https://doi.org/10.1371/journal.pone.0260763
https://doi.org/10.1111/jth.12698
https://doi.org/10.1007/s10654-014-9950-z
https://doi.org/10.1093/aje
https://doi.org/10.1093/aje
https://doi.org/10.1016/j.thromres.2018.09.056
https://doi.org/10.2147/cia.S140192
https://doi.org/10.2147/cia.S194543
https://doi.org/10.2147/cia.S194543
https://doi.org/10.1002/rth2.12833
https://doi.org/10.1002/rth2.12833

	Hand grip strength and risk of incident venous thromboembolism: The Tromsø study
	Abstract
	1|INTRODUCTION
	2|METHODS
	2.1|Study population
	2.2|Hand grip strength
	2.3|Other measurements
	2.4|Assessment of VTE during follow-­up
	2.5|Statistical analysis
	2.6|Ethics statement

	3|RESULTS
	4|DISCUSSION
	AUTHOR CONTRIBUTIONS
	FUNDING INFORMATION
	RELATIONSHIP DISCLOSURE
	CONSENT TO PARTICIPATE AND PUBLICATION
	REFERENCES


