Associations between handgrip strength and mild cognitive impairment in middle-aged and older adults in six low- and middle income countries
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Abstract 
Objectives: A number of small scale, single country studies have suggested that muscular weakness may be a biomarker for cognitive health, mild cognitive impairment (MCI) and dementia. However, multinational, representative studies are lacking, particularly from low- and middle-income countries (LMICs). Thus, we assessed the association between muscular strength (measured by maximal handgrip) and MCI in six LMICs (China, Ghana, India, Mexico, Russia, South Africa), using nationally representative data.
Methods: Cross-sectional, community-based data on individuals aged ≥50 years from the World Health Organization’s Study on Global Ageing and Adult Health were analyzed. MCI was defined according to the National Institute on Ageing-Alzheimer’s Association criteria. Weak handgrip strength was defined as <30kg for men and <20 kg for women using the average value of two handgrip measurements of the dominant hand. Multivariable logistic regression analysis was conducted to assess the association between muscular strength and MCI.
Results: 32,715 participants were included (mean age 62.± SD 15.6 years and 51.7% female). The prevalence of MCI and weak handgrip strength were 15.3% (95%CI=14.4%-16.3%) and 46.5% (95%CI=43.6%-49.5%) respectively. After adjustment for potential confounders, weak handgrip strength was associated with 1.41 (95%CI=1.23-1.61) times higher odds for MCI. The corresponding figures for those aged 50-64 years and ≥65 years were 1.35 (95%CI=1.14-1.60) and 1.54 (95%CI=1.27-1.86) respectively. 
Conclusions: Muscular weakness may provide a clinically useful indicator of MCI risk. Increasing our understanding of the connection between muscular and cognitive function could ultimately lead to the development and broader implementation of resistance-training interventions targeting both physical and cognitive health.  
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Introduction
Dementia is one of the most important causes of dependency and disability in the global adult population (Wimo, et al. 2017). It is estimated that currently almost 50 million people are diagnosed with dementia, and this figure is projected to increase to 132 million by 2050 (Prince 2015). The prevalence of dementia in low- and middle-income countries (LMICs) is rapidly growing owing to an increase in life expectancy. This evolution places pressure on the socio-economic systems in these countries (Wimo et al. 2017). Specifically, the proportion of those with dementia residing in LMICs is expected to rise from 58% in 2015 to 68% in 2050 (Alzheimer's Disease International 2015). As there are at present no effective treatments for dementia (Cummings 2004; Kaduszkiewicz, et al. 2005), there is an increasing emphasis on intervening in the precursory stage of dementia such as mild cognitive impairment (MCI). The identification of modifiable risk factors for cognitive decline among people with MCI can serve as a target for prevention of later onset dementia. As a next step, evidence for the efficacy and (cost-)effectiveness of prevention programs that focus on local contexts and modifiable risk factors needs to be strengthened in order to design effective interventions and appropriate public health policies. This may be particularly relevant in the context of LMICs where availability of health care for dementia may be limited.

An emerging body of evidence shows that non-cognitive features such as muscular weakness and slow gait speed (measures of physical functioning) may be useful biomarkers to predict the incidence of cognitive decline (Boyle, et al. 2010; Fritz, et al. 2017; Veronese, et al. 2016). Changes in the performance of motor tasks (e.g., handgrip strength and gait) have been associated with changes in cognition and are a harbinger of impending cognitive decline (Cohen, et al. 2016; Fritz et al. 2017). This may be due to several mechanisms. First, both cognitive and motor performance rely upon the nervous system to execute physical activities, thus, any deficit in the nervous system may result in deficits in cognitive and motor functioning (Boyle et al. 2010). Second, white matter hyperintensities, which are a common neuropathological characteristic of MCI (Boyle, et al. 2016), have been associated with greater cognitive (Boyle et al. 2016) and muscular mass decline (Kohara, et al. 2017) and slowing of gait speed (Ghanavati, et al. 2018). Finally, participation in physical activity improves muscular fitness (Opdenacker, et al. 2011) while it may be useful for maintaining neuronal health (Engeroff, et al. 2018), indicating that a person’s lifestyle serves as a mediating factor to offset potential cognitive decline and physical frailty. From a public health and clinical perspective, the assessment of handgrip strength is of particular relevance as it is an objective measure of muscular fitness which is easily measurable at a low cost (Leong, et al. 2015). Stronger handgrip strength is also related to a better ability to perform self-care tasks (Gopinath, et al. 2017). Although it is well established that increasing age is associated with a decline in physical and cognitive abilities, the association between these abilities has most often been reported in normal aging studies and less in people with MCI (Fritz et al. 2017). Additionally, whereas multiple population-scale studies have shown associations between weak handgrip and cognitive impairments in high-income countries (Firth, et al. 2018; Fritz et al. 2017; Moon, et al. 2016), this is currently under-explored in LMICs. To the best of our knowledge, the only population-based study from a LMIC exploring the association between handgrip strength and cognitive impairment demonstrated that in 564 older Colombian adults (i.e. 65 years of age or older) in Bogota, having cognitive impairment is significantly associated with weak handgrip strength (OR=2.25; 95%CI=1.52-3.33) (Garcia-Cifuentes, et al. 2017). Whilst novel, the lack of nationally representative population-based studies investigating the associations between handgrip strength and cognitive impairment in LMICs is an important research gap given the rapid increase of people with dementia and other cognitive impairment in these countries. Furthermore, this study from Colombia was not specifically on MCI which may be more strongly related with risk for future dementia. More research in LMICs is needed as the association between hand grip strength and MCI may differ in LMICs due to suboptimal health care systems (Chow, et al. 2013; Patel, et al. 2007) and differences in knowledge regarding the risks of being sedentary and its associated decrease in muscular strength (Pengpid, et al. 2015) compared to people in high-income countries. 

Given the aforementioned, the aim of the current study was to assess associations between MCI and handgrip strength among community-dwelling middle-aged and older adults using nationally representative data from six LMICs which represent different geographical locations and levels of socio-economic transition.  
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Methods
The survey
Data from the World Health Organization’s Study on Global Ageing and Adult Health (SAGE) were analyzed. These data are publically available through http://www.who.int/healthinfo/sage/en/. This survey was undertaken in China, Ghana, India, Mexico, Russia, and South Africa between 2007 and 2010. Based on the World Bank classification at the time of the survey, Ghana was the only low-income country, and China and India were lower middle-income countries although China became an upper middle-income country in 2010. The remaining countries were upper middle-income countries. 

Details of the survey methodology have been published elsewhere (Kowal, et al. 2012). In brief, in order to obtain nationally representative samples, a multistage clustered sampling design method was used. The sample consisted of adults aged ≥18 years with oversampling of those aged ≥50 years. Trained interviewers conducted face-to-face interviews using a standard questionnaire. Standard translation procedures were undertaken to ensure comparability between countries. If a respondent was unable to undertake the interview because of limited cognitive function, then a separate questionnaire was administered to a proxy respondent. These individuals were not included in the current study. The survey response rates were: China 93%; Ghana 81%; India 68%; Mexico 53%; Russia 83%; and South Africa 75%. Sampling weights were constructed to adjust for the population structure as reported by the United Nations Statistical Division. Ethical approval was obtained from the WHO Ethical Review Committee and local ethics research review boards. Written informed consent was obtained from all participants.

Mild cognitive impairment (outcome)
MCI was ascertained based on the recommendations of the National Institute on Aging-Alzheimer’s Association (Albert, et al. 2011). We applied the identical algorithms used in previous SAGE publications to identify cases of MCI (Koyanagi, et al. 2018a; Vancampfort, et al. 2018; Vancampfort, et al. 2017b). Briefly, individuals fulfilling all of the following conditions were considered to have MCI: 
(a) Concern about a change in cognition: Individuals who replied ‘bad’ or ‘very bad’ to the question “How would you best describe your memory at present?” and/or those who answered ‘worse’ to the question “Compared to 12 months ago, would you say your memory is now better, the same or worse than it was then?” were considered to have this condition.
(b) Objective evidence of impairment in one or more cognitive domains: was based on a <-1 SD cut-off after adjustment for level of education, age, and country. Cognitive function was assessed through the following performance tests: word list immediate and delayed verbal recall from the Consortium to Establish a Registry for Alzheimer's Disease (Morris, et al. 1989), which assessed learning and episodic memory; digit span forward and backwards from the Weschler Adult Intelligence Scale (The Psychological Corporation 2002), that evaluated attention and working memory; and the animal naming task (Morris et al. 1989), which assessed verbal fluency.
(c) Preservation of independence in functional abilities: was assessed by questions on self-reported difficulties with basic activities of daily living (ADL) in the past 30 days (Katz, et al. 1963). Specific questions were: “How much difficulty did you have in getting dressed?” and “How much difficulty did you have with eating (including cutting up your food)?” The answer options were none, mild, moderate, severe, and extreme (cannot do). Those who answered either none, mild, or moderate to both of these questions were considered to have preservation of independence in functional activities. All other individuals were deleted from the analysis (935 individuals aged ≥50 years).
 (d) No dementia: Individuals with a level of cognitive impairment severe enough to preclude the possibility to undertake the survey were not included in the current study.

Handgrip strength (exposure)
Grip strength was measured twice by trained research assistants for both hands with the use of the Smedley’s hand dynamometer. If the participant had any surgery in the last three months or arthritis or pain in the hand/wrist/arm, grip strength was not measured for that hand. Weak handgrip strength was defined using standard cut-offs of <30kg for men and <20 kg for women (Cruz-Jentoft, et al. 2010), using the mean average of the two handgrip measurements of the dominant hand 

Control variables
The selection of control variables was based on past literature and included age, sex, wealth quintiles based on country-specific income, years of education, physical activity, obesity, number of chronic physical conditions, and depression (Lara, et al. 2016; Veronese et al. 2016). Physical activity levels were assessed with the Global Physical Activity Questionnaire (Bull, et al. 2009). The total amount of moderate to vigorous physical activity in a typical week was calculated based on self-report. Those scoring ≥150 minutes of moderate to high intensity physical activity were classified as meeting the recommended guidelines (coded=0), and those scoring <150 minutes (low physical activity) were classified as not meeting the recommended guidelines (coded=1) (Organization 2010). Body mass index (BMI) was calculated as weight in kilograms divided by height in meters squared based on measured weight and height. Obesity was defined as BMI≥30kg/m2 (World Health Organization). The total number of 11 chronic physical conditions (angina, arthritis, asthma, chronic back pain, chronic lung disease, diabetes, edentulism, hearing problems, hypertension, stroke, visual impairment) was summed per individual. These conditions were assessed by self-report of diagnosis, symptoms, or blood pressure measurement (See eTable 1 of the Appendix). Questions based on the World Mental Health Survey version of the Composite International Diagnostic Interview (Kessler and Ustun 2004) were used for the endorsement of DSM-IV depression.

Statistical analysis
The statistical analysis was done with Stata 14.1 (Stata Corp LP, College station, Texas). The analysis was restricted to individuals aged ≥50 years due to the age-related nature of MCI. The difference in sample characteristics by handgrip strength was tested by Chi-squared tests and Student’s t-tests for categorical and continuous variables respectively. We assessed the association between weak handgrip strength (exposure) and MCI (outcome) with multivariable logistic regression. Analyses using the overall sample and analyses stratifying by age (50-64 years and ≥65 years) and country were done. The regression analyses were adjusted for age, sex, wealth, education, physical activity, obesity, number of chronic physical conditions, and depression. To assess the level of between-country heterogeneity, the Higgins’ I2 statistic was calculated. This represents the degree of heterogeneity that is not explained by sampling error with a value of <40% often considered as negligible and 40-60% as moderate heterogeneity (21). A pooled estimate was obtained by combining the estimates for each country into a random-effect meta-analysis. Analyses using the overall sample were also adjusted for country by including dummy variables for each country. All variables were included in the models as categorical variables with the exception of age, years of education, and number of chronic conditions (continuous variables). The sample weighting and the complex study design were taken into account in all analyses. Results from the regression analyses are presented as odds ratios (ORs) with 95% confidence intervals (CIs). The level of statistical significance was set at P<0.05. 




























Results
The final sample consisted of 32,715 individuals (n China = 12,815; n Ghana = 4201; n India = 6191; n Mexico = 2070; n Russia = 3766; n South-Africa = 3672), aged ≥50 years with preserved independence in functional abilities. The mean (SD) age of the sample was 62.1 (15.6) years and 49.0% were males (Table 1). Individuals with weak handgrip strength were significantly more likely to be older, female, poorer, have lower education, engage in lower levels of physical activity, and have depression and higher numbers of chronic physical conditions, while they were less likely to be obese. The prevalence of MCI and weak handgrip strength were 15.3% (95%CI=14.4%-16.3%) and 46.5% (95%CI=43.6%-49.5%) respectively. The prevalence of MCI was higher among those with weak handgrip strength compared to those without this condition in the overall sample (18.7% vs. 12.6%) and country-wise samples (Figure 1). After adjustment for potential confounders, weak handgrip strength was associated with 1.41 (95%CI=1.23-1.61) times higher odds for MCI. The corresponding figures for those aged 50-64 years and ≥65 years were 1.35 (95%CI=1.14-1.60) and 1.54 (95%CI=1.27-1.86) respectively (Table 2). Country-wise analyses showed that weak handgrip strength is associated with MCI in all countries although statistical significance was reached only in Ghana and China (Figure 2). The Higgin’s I2 showed that there was no between-country heterogeneity in the association between weak handgrip strength and MCI.













Discussion
General findings
The current study shows that the prevalence of MCI is higher among those with weak handgrip strength. More specifically, a weak handgrip strength was associated with an almost 1.5 times higher odds of having MCI after adjustment for age, sex, wealth, years of education, physical activity, obesity, number of chronic physical conditions, and depression. The current study therefore extends the limited prior work on muscular weakness and cognitive decline in LMICs and suggests that handgrip measures may help to identify persons who are likely to have MCI and who are most likely to benefit from interventions to improve or maintain their current cognitive function. Given the increase in risk factors for dementia (e.g., low physical activity, chronic diseases such as diabetes, obesity) (Lara et al. 2016), rapid aging, and the potentially heighted risk for stress in LMICs due to factors such as poverty, our study results highlight the need to further investigate muscle weakness as a potential risk factor for dementia in this setting.

The exact nature of the relationship between handgrip strength and cognition is unclear. For instance, some studies have shown that weak handgrip strength precedes cognitive decline (Alfaro-Acha, et al. 2006; Jeong and Kim 2018; Veronese et al. 2016; Viscogliosi, et al. 2017). A four year longitudinal study with just over 3000 community dwelling adults compared four objective performance tests as a predictor of developing cognitive decline (MMSE decline below 24 or decline in 3 points) and the authors found that after adjusting for multiple confounders (and excluding those with cognitive impairment at baseline), weaker handgrip strength was a robust predictor of incident cognitive decline and impairment (Veronese et al. 2016). Vice versa, there is evidence that cognitive decline precedes declines in handgrip strength as greater cognitive loss is associated with weaker grip strength (Taekema, et al. 2012). Support for the proposition that cognitive decline precedes declines in handgrip strength may be based on the understanding that motor skill learning and motor output are dependent on the activity of the frontal and parietal brain regions and the interconnection between these regions are related to motor output (Taekema et al. 2012). Nonetheless, a recent study with a longer follow up period assessed 708 adults at six time points over a 20-year period, and concluded that the strength and stability of the connections between handgrip strength and cognition indicate bi-directionality and/or third-factor causality (Sternäng, et al. 2015). With regards to third-factor causality, both lower muscle strength and cognitive impairment occur in concert with a higher risk for chronic diseases (Koyanagi, et al. 2018b) and low physical activity participation (Koyanagi, et al. 2017; Vancampfort, et al. 2017a) which are on their turn risk factors for further cognitive decline. However, the association between weak handgrip strength and MCI remained significant in our study even after controlling for chronic conditions, depression and physical inactivity indicating that the relationship is likely to be explained by underlying biological mechanisms, which were not assessed in the current study. However, the biological basis of the association remains largely unknown. It may be that weak muscle strength and cognitive impairments may share an underlying pathogenesis. It is nowadays well known that skeletal muscles are the target of numerous hormones, and recent evidence has shown that skeletal muscles have a role as a secretory organ of cytokines, peptides, cytokines such as brain-derived neurotrophic factor (BDNF), and several interleukins (IL-6, IL-8, IL-15) (Pedersen 2013; Pedersen and Febbraio 2008, 2012). In addition, recent research has suggested that sarcopenia (Bano, et al. 2017) and frailty (Soysal, et al. 2016) are associated with an adverse inflammatory and oxidative stress profile (Soysal, et al. 2017), both of which are associated with cognitive decline (Crichton, et al. 2013; Lai, et al. 2017). Decline in muscle mass and strength may reduce expression of BDNF which is thought to play a role in brain health (Pedersen 2013; Pedersen and Febbraio 2012). Thus, examination of serum-biomarkers such as BDNF in addition to cognition and strength may be an important addition to future longitudinal work. Another biological factor which should be considered is vitamin D deficiency. Evidence indicates that serum 25-hydroxyvitamin D (25(OH)D) may impact brain health (Aspell, et al. 2017) as epidemiological evidence supports associations between low serum 25(OH)D concentrations and poorer cognitive performance in community-dwelling older populations (Toffanello, et al. 2014). Next to this, associations between low serum 25(OH)D concentrations and handgrip strength have also been found (Dhanwal, et al. 2013; Haslam, et al. 2014). However, longitudinal and interventional studies are needed to confirm or refute the vitamin D deficiency hypothesis.  

Beyond considering grip strength as a marker of cognitive and functional capacities, further work should also investigate how increasing muscular fitness may be a therapeutic target for improving cognitive and functional outcomes of those with MCI in LMICs. There is now compelling evidence from randomized controlled trials in aging populations that strength training exercise interventions significantly improve cognitive functioning (Cassilhas, et al. 2007; Liu-Ambrose, et al. 2010). The beneficial effects of resistance training may be mediated through exercise-induced increases in grey matter and attenuation of aging-related white matter abnormalities (Suo, et al. 2016).

Limitations
Although the strength of the study includes the large sample size and the use of nationally representative samples from six countries, our results should be interpreted in the light of several limitations. First, because the study was not designed to generate clinical diagnoses of dementia nor MCI, some individuals with mild dementia may have been included in our analytical sample. However, the prevalence of MCI in our study was well-aligned with population estimates (Petersen, 2016). Second, there is currently no consensus in terms of the an acceptable level of functional impairment that individuals with MCI could present (Lindbergh, et al. 2016). In the current study, and in accordance with previous publications (Lara, et al. 2017; Lara et al. 2016), a rather conservative definition for preservation of independence in functional abilities was used in order to not exclude people with MCI with disability not related with their cognitive ability. Third, because this was a cross-sectional study, causality cannot be inferred. Although our data provides some potential hypotheses to address the weak muscle strength and MCI relationship, longitudinal studies are required to better disentangle the relationships we observed.

In conclusion, despite these limitations the current study shows that the prevalence of MCI is higher among those with weak handgrip strength. Future research should explore whether grip strength may be an early indirect non-cognitive marker of subsequent cognitive decline, as it has many advantages over other biological measurements which make it very attractive to use within LMIC settings. Handgrip dynamometers are inexpensive, easily portable, non-invasive, fast, reliable, and do not require extensive training. Additionally, increasing our understanding of the connection between muscular and cognitive function could ultimately lead to the development and broader implementation of resistance-training interventions targeting both physical and cognitive health.  
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	Table 1 Sample characteristics (overall and by handgrip strength)

	 
	 
	 
	Weak handgrip strength
	 

	Characteristic
	Category
	Total
	No
	Yes
	P-valuea

	Age (years)
	
	62.1 (15.6)
	59.8 (14.5)
	64.2 (15.9)
	<0.001

	Sex
	Male
	49.0
	50.2
	47.6
	0.013

	
	Female
	51.0
	49.8
	52.4
	

	Wealth
	Poorest
	17.0
	14.2
	20.3
	<0.001

	
	Poorer
	18.6
	17.2
	20.1
	

	
	Middle
	19.5
	19.2
	19.9
	

	
	Richer
	21.8
	23.7
	19.6
	

	
	Richest
	23.1
	25.7
	20.0
	

	Education (years)
	
	6.1 (8.9)
	6.9 (9.4)
	4.6 (8.1)
	<0.001

	Low physical activity
	No
	78.7
	82.9
	73.8
	<0.001

	 
	Yes
	21.3
	17.1
	26.2
	 

	Obesity
	No
	89.4
	86.1
	93.1
	<0.001

	
	Yes
	10.6
	13.9
	6.9
	

	No. of chronic diseases
	
	1.6 (2.4)
	1.4 (2.3)
	1.7 (2.4)
	<0.001

	Depression
	No
	94.3
	96.4
	92.0
	<0.001

	 
	Yes
	5.7
	3.6
	8.0
	 


Data are % or mean (standard deviation).
a P-values were calculated with Chi-squared tests and Student’s t-tests for categorical and continous variables respectively.















	Table 2 Association between weak handgrip strength and mild cognitive impairment (outcome) estimated by multivariable logistic regression

	 
	 
	Overall
	Age 50-64 years
	Age ≥65 years

	Characteristic
	Category
	OR
	95%CI
	OR
	95%CI
	OR
	95%CI

	Weak handgrip strength
	Yes vs. No
	1.41***
	[1.23,1.61]
	1.35***
	[1.14,1.60]
	1.54***
	[1.27,1.86]

	Age (years)
	
	1.01**
	[1.00,1.02]
	1.02
	[1.00,1.04]
	1.04***
	[1.03,1.06]

	Sex
	Female vs. Male
	1.05
	[0.92,1.19]
	1.20*
	[1.02,1.41]
	0.89
	[0.72,1.09]

	Wealth
	Poorest
	1.00
	
	1.00
	
	1.00
	

	
	Poorer
	0.95
	[0.79,1.13]
	0.94
	[0.75,1.18]
	0.90
	[0.68,1.19]

	
	Middle
	0.97
	[0.80,1.19]
	0.85
	[0.67,1.07]
	1.10
	[0.79,1.53]

	
	Richer
	0.68***
	[0.56,0.82]
	0.68**
	[0.53,0.85]
	0.59***
	[0.45,0.77]

	
	Richest
	0.39***
	[0.32,0.48]
	0.33***
	[0.25,0.43]
	0.45***
	[0.33,0.62]

	Education (years)
	
	0.98*
	[0.96,1.00]
	0.97**
	[0.95,0.99]
	0.99
	[0.96,1.02]

	Low physical activity
	Yes vs. No
	1.24**
	[1.07,1.44]
	0.85
	[0.71,1.02]
	1.70***
	[1.35,2.14]

	Obesity
	Yes vs. No
	1.24
	[0.97,1.58]
	1.50**
	[1.13,1.99]
	0.95
	[0.64,1.40]

	No. of chronic diseases
	
	1.20***
	[1.15,1.25]
	1.24***
	[1.16,1.32]
	1.17***
	[1.10,1.24]

	Depression
	Yes vs. No
	0.86
	[0.64,1.16]
	0.84
	[0.58,1.20]
	0.83
	[0.51,1.34]





























Abbreviation: OR Odds ratio; CI Confidence interval
Models are adjusted for all variables in the Table and country.
* p<0.05, ** p<0.01, *** p<0.001





Figure 1 Prevalence of mild cognitive impairment by presence or absence of weak handgrip strength (overall and by country)
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Figure 2 Country-wise association between weak handgrip strength and mild cognitive impairment (outcome) estimated by multivariable logistic regression
Abbreviation: OR Odds ratio; CI Confidence interval
Models are adjusted for age, sex, wealth, education, physical activity, obesity, number of chronic physical diseases, and depression.
Overall estimate was obtained by meta-analysis with random effects.
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