Rising from the grip of death: The combined association of skeletal muscle strength and physical activity on mortality in older women: the HUNT2 Study
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Abstract 
Objective: To assess the isolated and combined associations of leg- and arm strength with adherence to current physical activity guidelines with all-cause and cause specific mortality in healthy elderly women.
Patients and Methods: Prospective cohort study of 2529 elderly women (72.6±4.8 years) from the Norwegian HUNT2 survey between August 1995 and June 1997 with a median of 15.6 (IQR, 10.4-16.3) years follow up. Chair-rise-test and handgrip strength performances were assessed, and divided into tertiles. The hazard ratio (HR) of all-case and cause specific mortality by tertiles of handgrip strength and chair rise test performance, and combined associations with physical activity were estimated by using Cox proportional hazard regression models. 
Results: We observed independent associations of physical activity and the chair-rise test performance with all-cause and cardiovascular mortality, and between hand-grip strength and all-cause mortality. Despite following physical activity guidelines, women with low muscle strength had increased risk of all-cause mortality (HR chair test: 1.37 (95% confidence interval [CI], 1.07-1.76); grip-strength 1.39 (95% CI, 1.05-1.85)), and cardiovascular disease (CVD) mortality (HR, chair test: 1.57 (95% CI, 1.01-2.42). Slow chair test performance was associated with all-cause (HR 1.32 (95% CI, 1.16-1.51)), cardiovascular disease (HR 1.41 (95% CI, 1.14-1.76)). The association between handgrip strength and all-cause mortality was dose dependent (P value for trend <.01). 
Conclusion: Handgrip strength and chair rise test performance predicted the risk of all-cause and CVD mortality independent of physical activity. Clinical feasible tests of skeletal muscle strength could increase the precision of prognosis, even in elderly women following current physical activity guidelines. 
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SD = standard deviation 
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Introduction 
Skeletal muscle strength is an important health predictor1, 2 found to be negatively associated with all-cause,3, 4 cardiovascular,3-6 and cancer mortality,7 as well as with myocardial infarction and stroke.3 Multiple tests of skeletal muscle strength exist. Two simple, clinically feasible and inexpensive tests are handgrip strength and chair-rise ability.3, 8, 9 Handgrip strength has been found to be a robust predictor of all-cause mortality in both men and women in many cohort studies,3, 5, 6, 10 and has shown to predict all-cause mortality in both healthy and disabled women over a large age range (35-74 years)10, 11 6. Muscle strength declines with increasing age,9, 12 and leg strength decreases to a lesser degree with aging than handgrip strength.12 The chair rising test, a surrogate of functional leg strength, is integrated with several other tests into the clinical short physical performance battery score.13, 14 As both muscle strength3 and physical activity predict health outcomes,15 it is of interest to understand the combined association between muscle strength, adherence to guidelines for physical activity and health outcomes.16, 17 The combined associations of physical activity with handgrip and leg strength in prediction of all-cause and cause-specific mortality has never been studied. Therefore, the aim of this study was to determine the isolated and combined association between leg- and arm strength and adherence to current physical activity guidelines with all-cause and cause-specific mortality in healthy elderly women.
Methods 
Study population
Between August 1995 and June 1997, adults 20 years and older, living in the county of Nord-Trøndelag in Norway, were invited to participate in the second wave of the HUNT study (HUNT2). In total 65,237 individuals participated (69.5 % of invited). In an osteoporosis sub-study, women aged >65 years were invited to forearm bone densitometry test, and among these 3016 randomly selected women between 65 to 88 years of age performed a handgrip strength- and a chair-rise test. The full survey details are described elsewhere.18, 19 For this study, we excluded the women with self-reported history of myocardial infarction (n=131), angina pectoris (n=259), and stroke (n=79). Eighteen women had missing data on the chair rise test, therefore, a total of 2529 women were included in this study. The HUNT2 survey and the current study were approved by the regional committee for medical research ethics (REK# 152/95/AH/JGE and REK# 2012/669). 
Chair test performance 
The test started from the seated position, and participants were instructed to stand up and sit down as fast as possible for five consecutive times. Arms were crossed at the chest to avoid use of arm force while rising and sitting. The test administrator timed the individuals, and test time was recorded in whole seconds with a stopwatch. The test was performed once. 
Handgrip strength 
Handgrip strength was measured in the non-dominant arm with a Martin Vigorimeter (Gebrüder Martin, W. Germany).9 Participants seated in a chair with the arm held freely and comfortably without any support. They squeezed the Vigorimeter rubber ball with all their strength three consecutive times to evaluate grip strength. The size of the rubber balls was adjusted according to hand size (three different sizes), and 1 minutes of rest were given in-between attempts. The test administrator registered the mean of the two highest tests as maximal effort. 
Clinical information 
A medical examination by trained nurses included blood pressure, resting heart rate and anthropometric measurements. Height was measured to the nearest 1 cm, and weight to the nearest 0.5 kg. Hypertension was defined as having systolic blood pressure ≥140 and/or diastolic blood pressure ≥90 mmHg. Body mass index (BMI) was calculated as weight in kilograms divided by height in meters square, and categorized into following categories:  <18.5, 18.5-24.9, 25.0-29.9, and ≥30.0 kg·m-2.  
Participants filled in questionnaires on smoking, alcohol consumption, education and occupation, and current and previous medical history. Smoking status was classified into never, current or former smoker. Alcohol consumption was categorized as, abstainer, 0-7, 8-14, and >14 drinks over a period of two weeks. Self-reported use of blood pressure medication, diabetes and first-degree family history of cardiovascular disease were classified as either yes or no. 
Physical activity 
Physical activity was self-reported through the HUNT2 questionnaire.20 Participants reported average hours of light and vigorous leisure time physical activity for a normal, representative week the past year. Light activity was explained as not sweating/being out of breath, while vigorous activity was explained as sweating/being out of breath. Four response options were available for each intensity; none, <1 hour, 1-2 hours, or ≥3 hours. As the questions about vigorous and light physical activity were not mutually exclusive, we constructed a physical activity variable that roughly corresponded to the current recommendation of physical activity (WHO ref).  In the constructed variable, duration of physical activity was divided into light physical activity (less than one hour and at least three hours of light activity) and hard physical activity (less than one hour and at least one hour of activity). Further, light and hard physical activity were combined into four activity categories. hysical activity was categorized into No physical activity (no activity of both light and vigorous physical activity), low (less than three hours of light- and no vigorous physical activity), moderate (less than three hours of light- and less than one hour of vigorous physical activity or at least three hours of light, and no hard physical activity) or high physical activity (at least three hours of light physical activity and less than hour of vigorous physical activity, at least three hours of light physical activity and at least one hour of vigorous physical activity, or less than three hours of light physical activity and at least one hour of vigorous physical activity),21 and further into below or above current physical activity recommendations of 150 minutes of light and 75 minutes of vigorous physical activity  weekly.16 Low physical activity indicated below current recommendations, moderate physical activity corresponded fairly well with the recommendations, and high physical activity indicated higher levels than the minimum recommendations. The physical activity index has been shown to be associated with mortality in a general population and among people with the metabolic syndrome.21   The physical activity questionnaire has previously been validated in males in the cohort.20 
Endpoints
Our study had a virtually complete follow-up due to the unique 11- digit Norwegian person identification number that allows accurate matching to the National Cause of Death Register. The primary endpoint was death from any cause until the end of follow-up on December 31, 2012. In addition, we assessed deaths from cardiovascular causes (International Classification of Diseases (ICD), 9th revision: 390-459; ICD, 10th revision: I00-99), deaths from ischaemic heart disease (ICD, 9th revision: 410-414; ICD, 10th revision: I20-25), deaths from stroke (ICD, 9th revision: 430-438; ICD, 10th revision: I60-69), and deaths from cancer (ICD, 10th revision: C00-97).
Statistical analyses 
Data were categorized into tertiles based on handgrip strength and chair-rise performance. Continuous Descriptive data are presented as mean (SD), and baseline characteristics of participants were compared using linear regression analyses for continuous variables, and chi-square tests for categorical variables. By use of Cox proportional hazards regression analysis, hazard ratios with 95% confidence intervals were estimated for the association between tertiles of handgrip strength, chair-rise performance and cause specific mortality. The proportional hazard assumption was evaluated by plots of Schoenfeld residuals, and we found no evidence of departure. 
The basic models included explanatory variables adjusted for age by entering attained age as the time scale, while the multi-adjusted models further included BMI, smoking, alcohol consumption, hypertension, blood pressure medication, diabetes, family history of cardiovascular disease, (Model 1 is adjusted for age by entering attained age as the time scale, Model 2 is further adjusted for BMI, smoking, alcohol consumption, hypertension, blood pressure medication, diabetes, family history of myocardial infarction, physical activity, Model 3 is adjusted for Model 2 and chair test performance for handgrip strength, and handgrip strength for chair test performance, respectively. In analysis of cancer mortality, hypertension, blood pressure medication and family history of MI were not included as confounderssee tables for details). In total, 1153 women had missing information about physical activity (n = 1088), or any of the confounders (n = 65). As participants with complete data might have a different health status compared with those with missing data, we performed both a complete case analysis, and analyses including multiple imputation of missing values to reduce the biases that can occur in complete case analysis along with a substantial loss of power and precision.22 We used ICE procedure in Stata23 to obtain 20 imputed datasets, and used Rubin’s rules to combine effect estimates and estimate standard errors to allow for the uncertainty caused by missing data. 
We further assessed the combined associations of handgrip strength and chair-rise performance respectively, with physical activity for cause-specific mortality. The formal tests were performed by an interaction term between tertiles of handgrip strength, or chair-rise performance with physical activity above and below current recommendations. Participants in tertiles with fast chair performance and high grip strength, respectively, and following the current recommendations of physical activity were used as the referent. All statistical tests were 2 sided. A P-value of <.05 was considered significant. All analyses were conducted using Stata (version 13.1 StataCorp).


Results 
The median follow-up time in the study was 15.6 (interquartile range, 10.4-16.3) years. A total of 1300 (51%) women died during follow-up, of which 40% (n=515) due to CVD and 22.7% (n=295) because of cancer. Mean age in the cohort was 72.6 ± 4.8 years and BMI was 27.5 ± 4.4 kg·m2 (Table 1).
The mean chair test time was 14.8±11.8 seconds, and average hand grip strength was 72.0±18.5 Kpa. Both high handgrip strength and fast chair test were associated with younger age, lack of diabetics, lack of blood pressure medication, fewer alcohol abstainers, and higher physically activity level (P<0.001). The women in the fastest chair test tertile had lower BMI and body weight compared to the middle and slow tertiles, and those with highest handgrip strength had higher BMI and body weight (P<.01) (Table 1). 
Chair rise test performance was associated with all-cause, CVD and stroke mortality (Table 2), but not IHD and cancer mortality. Women in the slowest chair test tertile had 32% (HR, 1.32; 95% CI, 1.16-1.51), 41% (HR, 1.41; 95% CI, 1.14-1.76), and 80% (HR, 1.80; 95% CI, 1.23-2.64) higher risk of all-cause, CVD and stroke mortality, respectively, compared with the fastest tertile (Model 3) (Table 2). 
Hand-grip strength was associated with all cause and CVD mortality, but not with stroke, IHD and cancer mortality. Women in the weak tertile had 41% (HR, 1.41; 95% CI, 1.20-1.66) higher risk of all-cause mortality compared with the strongest tertile. The weakest tertile had 32% (HR, 1.32; 95% CI, 1.02-1.71) higher risk of CVD mortality compared to the strongest tertile (Model 1) (Table 2). Further confounder adjustment, maintained the significant association for all-cause mortality, while the association between grip strength and CVD mortality was no longer statistical significant attenuated (Model 2 and 3) (Table 2). The results of complete case analyses were not materially different than the imputation analyses (Supplementary Table 1).
Table 3 shows the hazard ratios of mortality according to chair test and hand grip strength respectively, in combination with physical activity above and below current recommendations. There was an independent association between physical activity and the chair-rise test performance in predicting all-cause and CVD mortality. Women with a slow chair rise test, and below current recommendations of physical activity had higher risk of all-cause and CVD mortality (P for interaction; 0.36 for all-cause, 0.23 for CVD) compared with the reference group (fast chair test and following current recommendations of physical activity). Women with a slow chair rise test and following current recommendations had comparable risk of all-cause mortality (HR, 1.37; 95% CI, 1.07-1.76) with women with a fast chair rise test and below current recommendations of physical activity (HR, 1.38; 95% CI ,1.07-1.77) (Model 3). The handgrip test results were independent of physical activity in predicting all-cause mortality (P for interaction; 0.28 for all-cause). Women with weak handgrip strength had higher risk of all-cause mortality compared to the reference (strong handgrip strength and recommended physical activity), independent of whether they followed the physical activity recommendations (HR, 1.39; 95% CI, 1.05-1.85) or not (HR, 1.70; 95% CI, 1.28-2.26) (Model 3). 
The combined analyses of grip strength and chair rise performance showed that each measure of muscle strength was independently associated with all cause and CVD mortality (P for interaction; 0.52 for all-cause, 0.13 for CVD), with worse performance on either handgrip or chair performance being associated with higher risk (Supplementary Table 2). Compared with the reference group of fast chair test and high grip strength, the hazard ratios were 1.59 (95% CI, 1.27-2.00) for all-cause mortality, and 1.49 (95% CI, 1.04-2.13) for CVD mortality in those with slow chair performance and low handgrip (Model 3).


Discussion 
This prospective study of apparently healthy older women at baseline demonstrates that two affordable, quick and clinically feasible tests of skeletal muscle strength in the arms (handgrip strength) and the legs (chair rise test) predicts future all-cause, CVD and stroke (the latter associated with chair rise test only) mortality. The novel finding is that these tests predict mortality independent of whether the today’s recommendations of physical activity were followed or not. This implies that elderly women following the current recommendations for physical activity still have a higher risk of mortality if skeletal muscle strength is reduced. It has been speculated that physical activity may improve factors as autonomic imbalance, arterial stiffness and endothelial dysfunction, and that this might mediate the association between muscle strength and cardiovascular events.3 As muscle strength was independent of physical activity in the association with both all-cause, CVD and stroke mortality in our study, muscle strength seems to be an independent predictor of mortality.17 
We observed a dose response relationship between handgrip strength and all-cause and CVD mortality, confirming the results from other studies with shorter follow up time in old and disabled women,6, 11 in both high and low income countries.3 Prior studies have suggested that reduced muscle strength is a risk factor for incident CVD, and that loss of muscular strength might be part of a CVD event casual cascade.3 As we found low muscle strength to be associated with CVD mortality, our data supports this notion. Strength testing could be viewed as a marker of the nerve-muscle interaction, where reduced neural drive to the muscles, could be a possible early disease marker. We observed no association between muscle strength and cancer-12 or ischemic heart disease mortality.6 This is somewhat in contradiction to the PURE study,3 where low handgrip strength was associated with low cancer risk in participants from high-income countries; unknown for what reason. Future studies might reveal why this association is more pronounced for cardiovascular diseases than for cancer mortality. The low number of women dying of ischemic heart disease may have influenced our analysis. Women in our study had a strong grip strength compared to normative data from Canadian women above 60 years of age reporting to be in excellent health, and highly physically active.9 This could be due to the woman in our study being taller and heavier, as body height in particular has been found to predict grip strength as the Martin Vigorimeter was used to measure grip strength in both studies.9
The strengths of this study are that we have a long term prospective design follow-up in home dwelling older women that were healthy at baseline, high quality national disease specific mortality registers, and the ability to control for physical activity and several well-known confounding factors for cardiovascular disease, cancer and mortality. 
Study limitations include, that 1088153 women did not respond to the questions about physical activity. As shown in Table 1 in the supplementary material, the complete case analyses did not reveal a materially different result for the associations, confirming that the imputation analysis made is valid. Physical activity was self-reported, not objectively measured, and the questionnaires have been validated in men in the HUNT cohort.24 Another limitation is the lack of diet behaviour, muscle mass and inflammatory measurements. It has been shown that older adult women with the poorest grip strength, also have the worse nutrition status,6 however few women in our study were underweighted according to BMI. Also, only women above 65 years of age were studied, limiting generalizability to male gender and other age groups. 

Clinical Scientific importance
As this was an observational study, the causal relationship between grip strength and chair rise test may indicate underlying disease and a lifestyle effecting future adverse outcomes. Both the chair rise- and handgrip test could be used independently of physical activity to identify women at higher risk of dying; thereby muscle strength may be viewed as a biomarker for underlying disease or lifestyle.3 As both tests require very little equipment, and can be performed everywhere in a short amount of time and with little instruction, the practical implications might be that tests of skeletal muscle strength should be used more extensively when current and future health prognosis is to be evaluated, also in women fulfilling the current recommendations for endurance based physical activity. The study may indicate a need for a stronger focus on adhering to strength training recommendations, particularly in older women.25 Clinicians diagnosing patients with low skeletal muscle strength should prescribe systematic strength training and investigate if patients suffer from malnutrition or cachexia17. 

Conclusion
Handgrip strength and chair rise test performance is strongly associated with all-cause and CVD mortality in elderly women, independent of whether they follow todays recommendations for physical activity or not. 
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Table 1. Descriptive of participants according to tertiles of hand-grip strength and chair test performance.
	Chair test 
	Total
 (n=2529)
	Slow
(n=730)
	Middle
 (n=698)
	Fast
 (n=1101)

	Chair test performance (seconds) 
	14.8 ± 11.8
	22.4 ± 19.9
	13.9 ± 0.8
	10.4 ± 1.4

	Age (years)
	72.6 ±4.8
	74.1 ±5.11
	72.5 ± 4.7
	71.6 ± 4.5

	Body mass index (kg · m2)
	27.5 ± 4.4
	28.0 ± 4.6
	27.8 ± 4.4
	27.0 ± 4.1

	Height (cm)
	159.6 ± 5.6
	159.2 ± 5.9
	159.9 ± 5.6
	159.8 ± 5.5

	Body weight (kg)
	70.1 ± 11.7
	70.9 ± 12.4
	71.0 ± 11.9
	69.0 ± 11.0

	Systolic blood pressure (mmHg)
	158 ± 234
	159 ± 24
	158 ± 24
	157 ± 23

	Diastolic blood pressure (mmHg)
	86 ± 14
	87 ± 14
	87 ± 14
	86 ± 14

	Hypertension, n (%)
	1960 (78)
	583 (80)
	545 (78)
	832 (76)

	Free from blood pressure medication, n (%)
	1777 (70)
	480 (66)
	480 (69)
	817 (74)

	Diabetic, n (%)
	147 (6)
	53 (7)
	37 (5)
	57 (5)

	Alcohol abstainer, n (%)
	807 (32)
	280 (38)
	206 (30)
	321 (29)

	Physical active, n (%)
	1441 (45)
	363 (50)
	374 (54)
	704 (64)

	Inactive, n (%)
	180 (127)
	757 (218)
	46 (127)
	57 (85)

	Low active, n (%) 
	613 (243)
	172 (4724)
	164 (4423)
	277 (3925)

	Moderate active, n (%) 
	512 (369)
	94288 (2639)
	130 (3519)
	94 288 (419)

	Highly active, n (%) 
	136 (95)
	20 (63)
	34 (95)
	82 (127)

	All-cause mortality, n (%)
	1300 (51)
	478 (65)
	340 (49)
	482 (44)

	Cardiovascular disease mortality, n (%)
	515 (20)
	202 (28)
	139 (20)
	174 (16)

	Ischemic heart disease mortality, n (%)
	155 (6)
	48 (7)
	49 (7)
	58 (5)

	Stroke mortality, n (%)
	169 (7)
	72 (10)
	47 (7)
	50 (5)

	Cancer mortality, n (%)
	295 (12)
	88 (12)
	79 (11)
	128 (12)

	Handgrip Strength 
	Total
(n=2529)
	Low
(n=818)
	Middle 
(n=1087)
	High 
(n=624)

	Handgrip strength (Kpa)
	72.0 ± 18.5
	51.9 ± 11.5
	73.7 ± 5.4
	94.4 ± 9.2

	Age (years)
	72.6 ±4.8
	74.3 ± 5.1
	72.4 ± 4.6
	70.6 ±4.0

	Body mass index (kg · m2)
	27.5 ± 4.4
	27.0 ± 4.4
	27.5 ± 4.4
	28.1 ± 4.1

	Height (cm)
	159.6 ± 5.6
	158.3 ± 5.8
	159.6 ± 5.5
	161.5 ± 5.2

	Body weight (kg)
	70.1 ± 11.7
	67.8 ± 11.4
	70.0 ± 11.8
	73.4 ± 11.3

	Systolic blood pressure (mmHg)
	158 ± 23
	158 ± 25
	158 ± 23
	157 ± 22

	Diastolic blood pressure (mmHg)
	86 ± 14
	86 ± 15
	87 ± 14
	8 ± 13

	Hypertension, n (%)
	1960 (78)
	621 (76)
	846 (78)
	493 (79)

	Free from blood pressure medication, n (%)
	1777 (70)
	561 (69)
	754 (69)
	462 (74)

	Diabetic, n  (%)
	147 (6)
	52 (6)
	68 (6)
	27 (4)

	Alcohol abstainer, n (%)
	807 (32)
	288 (35)
	336 (31)
	183 (29)

	Physical active, n (%) 
	11441 (45)
	432 (53)
	620 (57)
	389 (62)

	Inactive, n (%)
	180 (127)
	72 (169)
	78 (137)
	30 (85)

	Low active, n (%)
	613 (4324)
	198 (4624)
	253 (4123)
	162 (4226)

	Moderate active, n (%) 
	512 (369)
	129 (3016)
	230 (3721)
	153 (3925)

	Highly active, n (%) 
	136 (95)
	33 (84)
	59 (95)
	[bookmark: _GoBack]44 (117)

	All-cause mortality, n (%)
	1300 (51)
	517 (63)
	549 (51)
	234 (38)

	Cardiovascular disease mortality, n (%)
	515 (20)
	209 (26)
	215 (20)
	91 (15)

	Ischemic heart disease mortality, n (%)
	155 (6)
	55 (7)
	68 (6)
	32 (5)

	Stroke mortality, n (%)
	169 7)
	69 (8)
	72 (7)
	28 (4)

	Cancer mortality, n (%)
	295 (12)
	104 (13)
	128 (12)
	63 (10)


 Data are mean±SD, otherwise indicated.
Chair test performance (seconds): slow, 16-300; middle, 13-15; fast, 5-12.
Handgrip strength (Kpa): low, 5-60; middle, 61-80; high, 81-140.


Table 2. Hazard ratio (95% confidence interval) for all-cause, cardiovascular disease, stroke, ischemic heart disease or cancer mortality. 
	Chair test 
	Deaths (n)
	Model 1
	Model 2
	Model 3

	All-cause mortality
	
	
	
	

	Fast (5-12 sec)
	482
	1.00 (ref)
	1.00 (ref)
	1.00 (ref)

	Middle (13-15 sec)
	340
	1.06 (0.93-1.22)
	1.04 (0.90-1.20)
	1.03 (0.90-1.19)

	Slow (16-300 sec)
	478
	1.43 (1.26-1.82)
	1.37 (1.20-1.57)
	1.32 (1.16-1.51)

	P-trend
	
	<.001
	<.001
	<.001

	CVD mortality 
	
	
	
	

	Fast (5-12 sec)
	174
	1.00 (ref)
	1.00 (ref)
	1.00 (ref)

	Middle (13-15 sec)
	139
	1.18 (0.95-1.48)
	1.12 (0.90-1.41)
	1.12 (0.89-1.40)

	Slow (16-300sec)
	202
	1.60 (1.29-1.96)
	1.45 (1.17-1.79)
	1.41 (1.14-1.76)

	P-trend
	
	<.001
	<.01
	<.01

	Stroke mortality 
	
	
	
	

	Fast (5-12 sec)
	50
	1.00 (ref)
	1.00 (ref)
	1.00 (ref)

	Middle (13-15 sec)
	47
	1.38 (0.93-2.06)
	1.33 (0.89-1.99)
	1.33 (0.88-1.90)

	Slow (16-300 sec)
	72
	1.95 (1.35-2.82)
	1.84 (1.26-2.68)
	1.80 (1.23-2.64)

	P-trend
	
	<.001
	<.01
	<.01

	IHD mortality 
	
	
	
	

	Fast (5-12 sec)
	58
	1.00 (ref)
	1.00 (ref)
	1.00 (ref)

	Middle (13-15 sec)
	49
	1.26 (0.86-1.85)
	1.24 (0.85-1.83)
	1.24 (0.84-1.83)

	Slow (16-300 sec)
	48
	1.15 (0.78-1.70)
	1.05 (0.71-1.57)
	1.06 (0.70-1.59)

	P-trend
	
	.44
	.73
	.72

	Cancer mortality† 
	
	
	
	

	Fast (5-12 sec)
	128
	1.00 (ref)
	1.00 (ref)
	1.00 (ref)

	Middle (13-15 sec)
	79
	0.98 (0.74-1.29)
	0.98 (0.74-1.31)
	0.97 (0.73-1.29)

	Slow (16-300 sec)
	88
	1.15 (0.87-1.52)
	1.16 (0.87-1.54)
	1.11 (0.83-1.48)

	P-trend
	
	.37
	.35
	.52

	Handgrip strength
	
	
	
	

	All-cause mortality 
	
	
	
	

	High (81-140 Kpa)
	234
	1.00 (ref)
	1.00 (ref)
	1.00 (ref)

	Middle (61-80 Kpa)
	549
	1.23 (1.05-1.43)
	1.21 (1.03-1.41)
	1.18 (1.01-1.38)

	Low (5-60 Kpa)
	517
	1.41 (1.20-1.66)
	1.37 (1.16-1.61)
	1.29 (1.09-1.53)

	P-trend
	
	<.001
	<.001
	<.01

	CVD mortality 
	
	
	
	

	High (81-140 Kpa)
	91
	1.00 (ref)
	1.00 (ref)
	1.00 (ref)

	Middle (61-80 Kpa)
	215
	1.18 (0.92-1.51)
	1.15 (0.89-1.47)
	1.11 (0.86-1.43)

	Low (5-60 Kpa)
	209
	1.32 (1.02-1.71)
	1.28 (0.98-1.67)
	1.19 (0.91-1.56)

	P-trend
	
	.03
	.06
	.18

	Stroke mortality 
	
	
	
	

	High (81-140 Kpa)
	28
	1.00 (ref)
	1.00 (ref)
	1.00 (ref)

	Middle (61-80 Kpa)
	72
	1.28 (0.82-1.98)
	1.24 (0.79-1.93)
	1.19 (0.76-1.86)

	Low (5-60 Kpa)
	69
	1.41 (0.89-2.23)
	1.34 (0.84-2.13)
	1.21 (0.75-1.94)

	P-trend
	
	.16
	.24
	.48

	IHD mortality 
	
	
	
	

	High (81-140 Kpa)
	32
	1.00 (ref)
	1.00 (ref)
	1.00 (ref)

	Middle (61-80 Kpa)
	68
	1.06 (0.70-1.63)
	1.06 (0.69-1.63)
	1.05 (0.68-1.62)

	Low (5-60 Kpa)
	55
	1.00 (0.63-1.58)
	1.00 (0.63-1.59)
	1.00 (0.63-1.59)

	P-trend
	
	.94
	.98
	.96

	Cancer mortality†
	
	
	
	

	High (81-140 Kpa)
	63
	1.00 (ref)
	1.00 (ref)
	1.00 (ref)

	Middle (61-80 Kpa)
	128
	1.20 (0.89-1.63)
	1.19 (0.87-1.62)
	1.18 (0.87-1.60)

	Low (5-60 Kpa)
	104
	1.37 (0.99-1.89)
	1.34 (0.97-1.87)
	1.32 (0.94-1.84)

	P-trend
	
	.06
	.08
	.11


CVD, Cardiovascular disease; IHD, Ischemic heart disease 
Model 1 is adjusted for age by entering attained age as the time scale, Model 2 is further adjusted for BMI, smoking, alcohol consumption, hypertension, blood pressure medication, diabetes, family history of myocardial infarction, physical activity, Model 3 is adjusted for Model 2 and chair test performance for handgrip strength, and handgrip strength for chair test performance, respectively. †In analysis of cancer mortality, hypertension, blood pressure medication and family history of MI were not included as confounders. 

Table 3. Hazard ratios (95% confidence interval) for all-cause and CVD mortality in a combined association between chair test performance and handgrip strength, respectively, with physical activity levels. 
	Chair test 
	Model 1
	Model 2
	Model 3

	
	Following PA recommendations  
	Below PA recommendations  
	Following PA recommendations  
	Below PA recommendations  
	Following PA recommendations  
	Below PA recommendations  

	All cause death
	
	
	
	
	
	

	Fast (5-12 sec)
	1.00 (ref)
	1.44 (1.13-1.83)
	1.00 (ref)
	1.38 (1.08-1.78)
	1.00 (ref)
	1.38 (1.07-1.77)

	Middle (13-15 sec)
	1.17 (0.93-1.47)
	1.36 (1.07-1.75)
	1.16 (0.92-1.46)
	1.34 (1.04-1.74)
	1.15 (0.91-1.44)
	1.32 (1.02-1.71)

	Slow (16-300 sec)
	1.44 (1.13-1.85)
	1.95 (1.56-2.45)
	1.43 (1.11-1.83)
	1.86 (1.47-2.35)
	1.37 (1.07-1.76)
	1.78 (1.40-2.27)

	CVD death 
	
	
	
	
	
	

	Fast (5-12 sec)
	1.00 (ref)
	1.63 (1.02-2.61)
	1.00 (ref)
	1.50 (0.93-2.42)
	1.00 (ref)
	1.49 (0.92-2.41)

	Middle (13-15 sec)
	1.40 (0.92-2.14)
	1.63 (1.06-2.51)
	1.34 (0.87-2.07)
	1.50 (0.96-2.33)
	1.33 (0.87-2.05)
	1.48 (0.95-2.31)

	Slow (16-300 sec)
	1.70 (1.11-2.59)
	2.33 (1.55-3.50)
	1.61 (1.04-2.48)
	2.04 (1.34-3.11)
	1.57 (1.01-2.42)
	1.99 (1.30-3.03)

	Handgrip strength 
	
	
	

	All cause death
	
	
	
	
	
	

	High (81-140 Kpa)
	1.00 (ref)
	1.44 (1.03-2.02)
	1.00 (ref)
	1.41 (1.00-1.99)
	1.00 (ref)
	1.39 (0.99-1.96)

	Middle (61-80 Kpa)
	1.27 (0.99-1.63)
	1.72 (1.29-2.28)
	1.26 (0.98-1.62)
	1.65 (1.23-2.20)
	1.22 (0.95-1.57)
	1.59 (1.19-2.13)

	Low (5-60 Kpa)
	1.48 (1.12-1.95)
	1.93 (1.46-2.55)
	1.48 (1.12-1.96)
	1.83 (1.38-2.44)
	1.39 (1.05-1.85)
	1.70 (1.28-2.26)

	CVD death 
	
	
	
	
	
	

	High (81-140 Kpa)
	1.00 (ref)
	1.53 (0.89-2.64)
	1.00 (ref)
	1.46 (0.83-2.54)
	1.00 (ref)
	1.43 (0.82-2.49)

	Middle (61-80 Kpa)
	1.22 (0.81-1.85)
	1.75 (1.07-2.84)
	1.23 (0.81-1.86)
	1.60 (0.97-2.63)
	1.18 (0.78-1.79)
	1.52 (0.92-2.51)

	Low (5-60 Kpa)
	1.39 (0.88-2.19)
	1.92 (1.20-3.06)
	1.39 (0.88-2.20)
	1.76 (1.10-2.82)
	1.29 (0.82-2.05)
	1.61 (1.00-2.58)


CVD, Cardiovascular disease; IHD, Ischemic heart disease; PA, Physical Activity. n = 1376 (complete case data). The strongest tertile of muscle strength and following the physical activity recommendations served as the reference value.
Model 1 is adjusted for age by entering attained age as the time scale, Model 2 is further adjusted for BMI, smoking, alcohol consumption, hypertension, blood pressure medication, diabetes and family history of myocardial infarction. Model 3 is adjusted for Model 2 and chair test performance for handgrip strength, and handgrip strength for chair test performance, respectively.

