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Role of Smoking Status in Muscle Strength in Older Adults 

 

  

Abstract 

 

Purpose: Adequate muscle strength in older adults improves physical ability.  Identifying 

interventions to maintain muscle strength would improve quality of life.  The purpose of this 

study is to evaluate if smoking status is associated with a decrease in muscle strength in older 

adults. 

Methods: Health Retirement Study (HRS), years 2012-2014 data were analyzed for maximum 

dominant hand grip strength and maximum overall hand grip strength and smoking status 

(current, former, never).  Unadjusted linear regression was conducted.  Other known factors 

related to strength were included in the adjusted linear regression analyses. 

Results: For the maximum grip, the regression coefficient for current smoking on handgrip was 

4.91 (SE: 0.58, P<.0001); for former smoking it was 3.58 (SE: 0.43, P<.0001); and for never 

smoking it was 28.12 (SE: 0.34).  Fully adjusted linear regression on dominant hand grip, 

smoking failed to reach significance.  The significant associations with dominant hand grip were 

male sex, younger age, being Non-Hispanic white or Non-Hispanic black, higher income, ≤1 

multiple morbidity, no pain, and moderate or vigorous exercise more than once a week.   

Conclusion: Muscle strength in older adults was not associated with smoking status in adjusted 

analysis. 

Keywords: Hand grip, smoking, muscle strength, older adults  
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Age-related loss in skeletal muscle mass (sarcopenia) is a public health concern  [1-3].  

Sarcopenia impacts activities of daily living from minor inconveniences like difficulty opening 

jars, to major limitations on physical health.  Loss of  muscle strength is a risk factor for incident 

cardiovascular disease  [4, 5] and all-cause mortality  [6, 7].  As the U.S. population ages, 

maintaining muscle mass and strength will be important for improved health, better quality of 

life, more independence, and fewer healthcare expenditures.    

To understand factors associated with sarcopenia and to determine targets for 

intervention, a reliable and valid muscle strength test is needed.  One such test involves hand grip 

strength (HGS).  HGS is correlated with other valid measures of muscle strength in adults [8] 

and with upper body strength in children  [9].  HGS vs knee extension strength had a correlation 

of r=.55 to .89 and factor loadings of .85 to .91  [8].  HGS was shown to be a biomarker of 

aging  [10]. A 5 kg lower HGS was associated with a higher hazard for all-cause mortality  [11].  

HGS research cut points of 37 kg for older men and 21 kg for older women were associated with  

mobility limitations  [12].  

In older adults, it is important to distinguish between sarcopenia (normal loss of muscle 

mass due to aging) and preventable loss of muscle mass due to pathology  [13]  bio-psycho-

social factors and/or self-care behaviors. One potential factor impacting muscle strength in older 

adults is tobacco use.  Tobacco use is known to have negative health consequences.  It is a major 

public health concern.  Approximately 15.5% of U.S. adults are current smokers.  Annually there 

are more than 480,000 U.S. smoking-related deaths  [14].  The hazards of smoking include 87% 

of lung cancer deaths, 32% coronary heart disease deaths, and 79% cases of chronic obstructive 

pulmonary disease. Smoking effects overall health; the immune system; and quality of life.  It is 

a risk factor for diabetes mellitus, rheumatoid arthritis, and poor birth consequences [15].  
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 Although many health consequences of tobacco use have been studied, there is limited 

research on tobacco’s effect on human muscle.  Researchers using an animal in vitro model 

showed solubilized tobacco smoke induced aortic smooth muscle cell death; and in vivo tobacco 

smoke caused elastin muscle fibers to break without an inflammatory infiltrate in mice  [16].  In 

another in vivo study of mice, long-term smoke exposure resulted in systemic inflammation and 

subsequent muscle decline with a reduction in type I muscle fibers and atrophy of type II muscle 

fibers  [17].  

There were fewer type I muscle fiber cross-sectional areas, more oxidative fiber atrophy; 

increased glycolytic capacity; and reduced expression of nitric oxide synthesis in a study of older 

smokers  [18].  In a study of healthy, young (18-45 years) smokers vs non-smokers, smokers  had 

increased oxidative stress and skeletal muscle dysfunction in their dominant leg’s muscular 

performance  [19].  

Smoking may affect muscle mass and strength through several mechanisms and pathways.  

When a person smokes, the level of carbon monoxide in the body increases.  This interferes with 

respiratory and muscle proteins (hemoglobin, myoglobin, and other proteins). Smoking impairs 

oxygen going to the mitochondria, leading to impaired ATP generation, and hampered 

contractile functions [20].  Smoking was also shown to impair muscle protein synthesis and 

increase the expression of genes associated with impaired muscle maintenance  [21].  On the 

contrary, researchers showed that the nicotine in tobacco smoke may have immediate beneficial 

effects on motor skills.  

For older adults, it is important to know if smoking may add to the loss of muscle mass 

and strength during the aging process.  Therefore, the purpose of this study is to evaluate muscle 

strength in older adults and smoking. The null hypothesis for this research is that smoking has no 
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significant effect on older adult muscle grip strength, an indicator of overall muscle strength.  

The research hypothesis is that there is a significant difference between older smokers and non-

smokers in muscle strength as indicated by grip strength.  The rationale for such a difference is 

that smoking potentially damages muscle fibers and impairs protein synthesis  [18, 21].   

Method 

This study was reviewed by the West Virginia University Institutional Review Board 

(1910762141) and was acknowledged as non-human subject (secondary data) analysis. 

Data Source 

The data used in this study were obtained from the Health Retirement Study (HRS), years 2012-

2014.  The HRS is a nationally representative longitudinal panel study of an estimated 20,000 

U.S. residents and their spouses.  The survey began in 1992 and consisted of a cohort born 

between 1931 and 1941 (ages 51 to 61) and their spouses.  This first cohort are the current 

members who are now in their 70s and 80s  [22].  HRS consists of birth cohorts described as the 

Children of the Depression (born between 1924 and 1930), War Babies (born 1942 to 1947), 

Early Baby Boomers (born 1948 to 1953), Mid Baby Boomers (born 1954 to 1959) and Late 

Baby Boomers (born 1960 to 1965)  [22].  We used longitudinal data from the years 2012 to 

2014. 

Study design 

This study was a cohort study. 

Measures 

Dependent variable 

The dependent variables for this study were the maximum dominant HGS and maximum overall 

HGS.  The hand-held dynamometer was a pistol grip device used by participants in a standing 
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position.  The device was held with the participant’s arm at his or her side at a 90-degree angle to 

the floor.  Participants were provided one practice attempt using the dynamometer followed by 

two recorded tests on each hand.  If a participant could not stand, he or she would complete the 

process while sitting [23]. 

These were anthropometric physical measurements of hand strength in kilograms to the 

nearest 0.5 kilogram.  For the HRS, participants held and squeezed a hand-held dynamometer 

two times with each hand.  The greater of the two results for the dominant hand and overall were 

used in this study. 

Key independent variable 

The key independent variable was smoking status.  The physical health file of the HRS had 

responses to questions about smoking.  Participants were identified as current smokers if they 

endorsed the question “Do you smoke now?”  They were identified as never smokers if they 

responded negatively to the question “Have you ever smoked cigarettes?  (By smoking we mean 

more than 100 cigarettes in your lifetime.  Do not include pipes or cigars).”  Determining former 

smokers required accessing the data from 1992 to 2014.  This was necessary as the participants 

had many quit attempts in which they were not current smokers but had a smoking history. 

Other variables 

Socioeconomic factors (sex, age, race/ethnicity, education, poverty status, living arrangements, 

attending religious services) are known to be supports or barriers to engaging in preventive 

health behaviors  [24] that could influence muscle mass and strength such as exercise.  Therefore 

we included sex (male, female), age groups (50-64 years, 65-69 years, 70-74 years, 75-79 years, 

and 80 and above), race/ethnicity (non-Hispanic white, non-Hispanic black, Hispanic, other),  

education ( less than high school diploma, high school graduate, some college, college degree 
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and above), poverty status (poor federal poverty level, low income federal poverty level, 

moderate income federal poverty level, high income federal poverty level), and multiple 

morbidities (≤1, ≥2).  Multiple morbidity data were determined for common chronic disease of 

older adults that could impact muscle strength and mass.  The diseases/conditions considered 

were arthritis, cancer, COPD, diabetes, heart disease, hypertension, mental illness, stroke, and 

multiple morbidities.  

 Other included factors were: level of pain (none, mild, moderate, severe); depression 

(Center for Epidemiologic Studies Depression score ≥ 3, <3); cognition (fair/poor, good, very 

good/excellent); and exercise (none, moderate to vigorous more than one time per week). 

Statistical techniques 

We used t-tests to examine the pair-wise comparisons.  We also used F-tests with 

variables of more than 3 categories.   For multivariate analysis, we employed three ordinary least 

squares regressions for hand grip strength. The three models differ in terms of the set of variables 

we adjust for. Model 1 adjusted for sex, age, race and ethnicity; Model 2 further adjusted for 

education and income; while Model 3 included all the above variables adding pain, 

multimorbidity, depression, cognition and physical activity into the model.  

Weights and HRS study design features were considered in the data analysis.  Data were 

analyzed using SAS version 9.4 software (Carey, NC, USA). 

Results 

Table 1 provides sample characteristics by smoking status. The study sample included 

906 (19.6%) current smokers, 3005 (56.3%) former smokers, and 1560 (26.8%) individuals who 

never smoked. There were significant subgroup differences. For example, smoking is 
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significantly more prevalent in men; African Americans, people who were poor, had less 

education, severe pain, depression, no exercise were more likely to be current smokers.  

Table 2 presents results comparing maximum hand grip and dominant hand grip by 

individual characteristics. In this bivariate analysis, we found significant differences in almost all 

variables we examined including smoking status. Current smokers had significantly higher 

maximum grip strength and dominant hand grip without adjusting for other characteristics.   

We provide results from ordinary least squares regression for HGS controlling for the 

three different sets of variables in Table 3. We found that Model 1, which adjusted for only sex, 

age and race/ethnicity showed that current smokers had significantly worse HGS in terms of both 

maximum grip strength and dominant hand grip strength. However, the association between 

smoking status and HGS was attenuated after adding education and income into the analysis in 

Model 2.  It remained insignificant in Model 3 with the full set of covariates.  

Discussion 

Current smokers had reduced maximum and reduced dominant HGS compared with non-

smokers in our initial model adjusted for age, sex race/ethnicity. We did not find significant 

association between smoking and HGS when adjusting for sex, age, race/ethnicity, education, 

income, multimorbidity, depression, cognition, and physical activity.    

There are not many studies with which to compare our study of both male and female 

older adults.  Our study findings from the fully-adjusted model conflict with the result a Korean 

study that was limited to men where smoking increased the odds of decreased HGS (AOR: 4.58; 

95%CI: 1.31, 16.04)  [25] however, their wide confidence interval suggests results could be 

different with a larger sample size.  Similarly, results of a study of middle-aged Japanese men 
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(ages, 43.3±13.9 years), also had an association of smoking and decreased HGS  [26]. Both of 

these studies were dissimilar to ours in that we included both older males and older females. 

 HGS is an important index of the body's muscle function. Decreased muscle strength 

predisposes people to functional limitations and disability in near future  [27].  However, in this 

study an additional impact of smoking upon muscle strength was not evident.  Aging was the 

driving force of decreased HGS.  Our study included older adults, both males and females who 

were community dwelling.  It is possible that the older adults who were smokers or former 

smokers did, in fact, have decreased muscle mass and strength but it was to the extent that they 

were no longer community dwelling (i.e. living in nursing homes or assisted living) and were not 

able to be a part of the study.  It is also possible that an unknown factor is mediating the response.  

As reported in the introduction, researchers showed that the nicotine in tobacco smoke may have 

immediate beneficial effects on motor skills [21]. It may be possible that there are lingering 

effects of nicotine or another similar mediator.  Nevertheless, the study has the strength of being 

a large, national study of older adults.  The study was a valid evaluation of participants and the 

results tended toward the null.  

 The lack of association of smoking to HGS in our study may be due to many factors. Our 

study included older adults, both males and females who were community dwelling.  It is 

possible that the older adults who were smokers or former smokers did, in fact, have decreased 

muscle mass and strength but it was to the extent that they were no longer community dwelling 

(ie. living in nursing homes or assisted living) or died and were not able to be a part of the study. 

It is also possible that unmeasured factors such as history of moderate-and-vigorous intensity 

physical activities from childhood to late adolescence  [28], early onset-obesity, and 

inflammation  [29] may have suppressed the relationship of smoking to hand grip strength. As 
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noted above as well as in the introduction, researchers showed that the nicotine in tobacco smoke 

may have temporary effects on improving motor skills [21] .  

While aging is the driving force of decreased hand grip strength and is immutable as a 

factor, other known healthful behaviors of exercise, restful sleep, healthful diets, and social 

interaction may help attenuate the process.  As stated in the introduction smoking has been 

shown to decrease hand grip strength in Japanese men [26], and new research shows that 

cigarette smoking directly damages muscles in animal models [30]. Our study did not find an 

association of tobacco use to hand grip strength, a measure of muscle health among older adults.  

As muscle health may vary depending on the measurement, it is recommended that muscle 

health in older adults be measured with the following variables: muscle mass, strength, and 

functional capacity [31].  Prospective cohort studies that measure various components of muscle 

mass and function in addition to strength are needed to confirm the association or lack of 

association of smoking to muscle health among older adults.  

 Some limitations of our study need to be considered. The diagnostic information used in 

the study was based on self-reports only. This could have introduced measurement bias because 

of under- or over- reporting by some respondents [32].  Additionally, we included many factors; 

however, there may have been mediators that were not included, such as alcohol use.  There is 

also the possibility of healthy survivor effect in which smokers were no longer alive to be 

included in the sample, as the data from this study is of older adults included in the Health 

Retirement Study.  

 There are some implications for this study.  Aging is the driving force of decreased HGS.  

As aging is a factor that is immutable, it was hoped that preventive behaviors, such as tobacco 

cessation or never smoking would have had a beneficial effect upon muscle strength.  
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Nevertheless, known healthful behaviors of exercise, restful sleep, healthful diets, and social 

interaction may help attenuate the process.  There is also the possibility of healthy survivor effect 

bias in which smokers were no longer alive to be included in the sample, as this study consisted 

of older adults from the Health Retirement Study. 

 

Conclusion 

Muscle strength in older adults was not associated with smoking status in adjusted analysis. 

 

 

  

Ep
ub

 ah
ea

d 
of
 p
rin

t



11 
 

  

Ep
ub

 ah
ea

d 
of
 p
rin

t



12 
 

Table 1 
Sample Characteristics by Smoking Status  

Health Retirement Study, 2012-2014 

    Current Smoker  Former Smoker   Never Smoked      

  
N Wt %  N  Wt %  N   Wt % Chi-sq Prob 

All   906 16.9       3,005  56.3            1,560  26.8     

Sex 
       

78.662 < 0.001 

 
Women 498 16.0 1,530  51.3         1,069  32.7 

  

 
Men 408 17.9    1,475  62.3             491  19.8 

  Age Group in Years 
      

652.430 < 0.001 

 
50-64 614 27.6 1,180  62.2              175  10.2 

  

 
65-69 108 13.2 408  48.8              315  38.0 

  

 
70-74 100 9.5  479  47.0             421  43.5 

  

 
75-79 54 6.1  427  52.1             349  41.8 

  

 
80 or Older 30 3.1         511  62.2               300  34.7 

  Race/Ethnicity 
      

29.224 < 0.001 

 
White 512 15.6    2,055  56.0            1,214  28.4 

  

 
AA 266 26.8          499  53.5              179  19.8 

  

 
Latino 100 17.7           363  60.5             133  21.8 

  

 
Other Race 28 17.4 88  61.0                 34  21.6 

  Education  
      

85.459 < 0.001 

 
LT HS 245 23.5          573  54.0               263  22.5 

  

 
HS 315 18.0           951  52.7                566  29.3 

  

 
Some College 247 20.6           739  56.7               322  22.7 

  

 
College 93 7.8           728  61.7              409  30.6 

  Poverty Status 
      

158.700 < 0.001 

 
Poor 226 38.2          291  44.2                113  17.6 

  

 
Low Income 224 21.2           562  51.5                322  27.2 

  

 
Middle Income 242 14.4           924  55.1                534  30.4 

  

 
High Income 214 12.0        1,228  61.6                591  26.4 

  Pain  
      

63.323 < 0.001 

 
None 507 14.7        1,929  56.4            1,074  28.9 

  

 
Mild 88 16.6 305  58.4               155  25.0 

  

 
Moderate 218 19.7           619  57.0                275  23.3 

  

 
Severe 85 34.1           140  49.7                44  16.2 

  Cognition Status 
      

17.184 0.009 

 
Cogn. Ex/VG 248 17.0        836  59.4               370  23.6 

  

 
Cogn. Good 354 15.5       1,275  56.5               695  28.0 

  

 
Cogn. Fair/poor 295 19.0           853  52.8           469  28.2 

  Multimorbidity 
      

13.392 0.001 

 
GE 2 Conditions 465 15.1    1,759  56.2               949  28.7 

  

 
0, 1 Condition 441 18.9       1,246  56.4               611  24.7 

  Depression 
      

80.804 < 0.001 

 
CIDI >= 3 314 28.6           573  49.7                256  21.7 

  

 
CID < 3 583 14.0 2,393  57.9            1,281  28.0 

  Physical Activity 
      

46.466 < 0.001 

 
Moderate/Vigorous 400 13.5    1,694  58.5               912  28.0 

  

 
No exercise 506 21.7       1,310  53.1                647  25.2 
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Note:  Based on 5,471 Health Retirement Study participants in 2012 and 2014, who were alive, with no missing 
data on smoking, race, and hand grip strength. Significant group differences in smoking status were evaluated with 
Rao-Scott Chi-square tests. 
CIDI: Composite International Diagnostic Interview; Cogn: Cognition; LT:  Less than; HS:  High School; Ex: Excellent; 
VG: Very Good. 
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Table 2 
Weighted Mean and Standard Errors (SE) of Hand Grip Strength 

by Sample Characteristics 
Health Retirement Study, 2012-2014 

    Maximum Grip Strength   Dominant Hand     

  
Mean SE Prob Sig Mean SE Prob Sig 

ALL 30.96 0.20     27.84 0.19     

         

Smoking Status 
        

 
Current Smoker 33.03 0.58 < 0.001 *** 29.57 0.57 < 0.001 *** 

 
Former Smoker 31.70 0.43 < 0.001 *** 28.56 0.41 < 0.001 *** 

 
Never Smoked 28.12 0.34 

  
25.22 0.31 

  Sex 
  

< 0.001 *** 
  

< 0.001 *** 

 
Women 24.02 0.26 

  
21.36 0.25 

  

 
Men 39.40 0.23 

  
35.70 0.25 

  Age Group in Years 
        

 
50-64 34.41 0.26 

  
31.00 0.27 

  

 
65-69 31.87 0.53 < 0.001 *** 28.61 0.53 < 0.001 *** 

 
70-74 29.84 0.53 < 0.001 *** 26.97 0.51 < 0.001 *** 

 
75-79 26.97 0.46 < 0.001 *** 23.90 0.43 < 0.001 *** 

 
80 or Older 22.14 0.40 < 0.001 *** 19.88 0.39 < 0.001 *** 

Race/Ethnicity 
        

 
White 31.06 0.22 

  
28.04 0.21 

  

 
AA 31.13 0.52 0.8913 

 
27.50 0.53 0.3147 

 

 
Latino 29.86 0.67 0.0795 

 
26.42 0.55 0.0050 ** 

 
Other Race 30.97 0.78 0.9098 

 
27.38 0.75 0.3820 

 Education  
        

 
LT HS 29.50 0.60 < 0.001 *** 26.24 0.60 < 0.001 *** 

 
HS 29.83 0.56 < 0.001 *** 26.94 0.56 < 0.001 *** 

 
Some College 31.41 0.48 0.0068 ** 28.19 0.50 0.0123 * 

 
College 32.75 0.40 

  
29.48 0.39 

  Poverty Status 
        

 
Poor 28.47 0.66 < 0.001 *** 25.24 0.58 < 0.001 *** 

 
Low Income 27.76 0.51 < 0.001 *** 24.88 0.50 < 0.001 *** 

 
Middle Income 30.03 0.40 < 0.001 *** 26.97 0.40 < 0.001 *** 

 
High Income 33.43 0.30 

  
30.17 0.29 

  Pain  
        

 
None 31.81 0.26 

  
28.64 0.25 

  

 
Mild 30.38 0.63 0.0267 * 27.37 0.59 0.0370 * 

 
Moderate 29.50 0.46 < 0.001 *** 26.24 0.44 < 0.001 *** 

 
Severe 27.38 0.84 < 0.001 *** 24.95 0.78 < 0.001 *** 

Cognition Status 
        

 
Cogn. Ex/VG 32.36 0.36 

  
29.18 0.33 

  

 
Cogn. Good 30.85 0.45 0.0015 ** 27.72 0.42 0.0010 ** 

 
Cogn. Fair/poor 29.33 0.45 < 0.001 *** 26.29 0.45 < 0.001 *** 

Ep
ub

 ah
ea

d 
of
 p
rin

t



15 
 

Table 2 
Weighted Mean and Standard Errors (SE) of Hand Grip Strength 

by Sample Characteristics 
Health Retirement Study, 2012-2014 

    Maximum Grip Strength   Dominant Hand     

  
Mean SE Prob Sig Mean SE Prob Sig 

ALL 30.96 0.20     27.84 0.19     

         

Multimorbidity 
  

< 0.001 *** 
  

< 0.001 *** 

 
GE 2 Conditions 28.76 0.35 

  
25.79 0.34 

  

 
0, 1 Condition 33.50 0.27 

  
30.19 0.27 

  Depression 
  

< 0.001 *** 
  

< 0.001 *** 

 
CIDI >= 3 28.43 0.45 

  
25.52 0.43 

  

 
CIDI < 3 31.49 0.23 

  
28.32 0.21 

  Physical Activity 
  

< 0.001 *** 
  

< 0.001 *** 

 

Moderate/Vigorous 
Activity 32.34 0.26 

  
29.20 0.25 

  

 
No Exercise 29.00 0.37 

  
25.89 0.38 

  

           
Note:  Based on 5,471 Health Retirement Study participants in 2012 and 2014, who were alive, with no missing 
data on smoking, race, and hand grip strength. Significant group differences in hand grip strength were evaluated 
with t-tests from unadjusted ordinary least squares regression.  The reference groups are in italics font. 
CIDI: Composite International Diagnostic Interview; Cogn:  Cognition; LT:  Less than; HS:  High School; Ex: Excellent; 
Prob: Probability; VG: Very Good. 
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Table 3 
Regression Co-efficients and Standard Errors (SE) of Smoking Status 

from Ordinary Least Squares Regressions on Hand Grip Strength 
Health Retirement Study, 2012-2014 

    Maximum Grip Strength   Dominant Hand Grip Strength   

    Beta SE T-value Prob Beta SE  T-value Prob 

Model 1 adjusting for sex, age, race/ethnicity 
     

 

Intercept 17.081 0.309 55.35 
< 

0.0001 15.217 0.329 46.23 < 0.0001 

Tobacco Use 
        

 

Current Smoker -0.735 0.354 -2.08 0.0426 -0.846 0.377 -2.24 0.0290 

 
Former Smoker  -0.447 0.263 -1.70 0.0946 -0.391 0.271 -1.44 0.1543 

 
Never Smoked (Ref) 

        

          Model 2 adjusting for sex, age, race/ethnicity, education, income 
   

 

Intercept 18.475 0.441 41.93 < 0.001 16.419 0.444 37.01 < 0.001 

Tobacco Use 
        

 

Current Smoker -0.223 0.376 -0.59 0.5558 -0.371 0.391 -0.95 0.3469 

 
Former Smoker -0.466 0.255 -1.82 0.0737 -0.404 0.261 -1.55 0.1277 

 
Never Smoked (Ref) 0.000 0.000 

      

          Model 3 adjusting for sex, age, race/ethnicity, education, income, pain, multimorbidity, depression, cognition 
and physical activity 

 
Intercept 19.892 0.482 41.25 

< 
0.0001 17.798 0.482 36.90 < 0.0001 

Tobacco Use 
        

 

Current Smoker 0.185 0.367 0.50 0.6162 0.015 0.399 0.04 0.9703 

 
Former Smoker -0.358 0.255 -1.40 0.1658 -0.278 0.256 -1.09 0.2821 

 
Never Smoked (Ref) 

        

           
Note:  Based on 5,471 Health Retirement Study participants in 2012 and 2014, who were alive, with no missing 
data on smoking, race, and hand grip strength. Significant group differences in hand grip strength were evaluated 
with t-tests from multivariable ordinary least squares regressions.  
Prob: Probability 
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