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Summary 

Introduction: Global prevalence of prediabetes and type 2 diabetes mellitus (T2DM) is rising 

rapidly. Early intervention in prediabetic individuals significantly reduces the risk of progression 

to T2DM. Thus, identifying individuals at higher risk of prediabetes would provide the best 

opportunity to implement preventive strategies. Shared risk factors for non-communicable 

diseases (NCDs), such as obesity, are well reported. However, contrary to data from western 

populations, studies from Sub-Saharan Africa (SAA) and Asia show that a substantial proportion 

of people with diabetes are not overweight or obese. One possible explanation might relate to the 

limitation of body mass index (BMI) since it lacks sensitivity for assessing disease risks, especially 

in people with normal or mildly elevated body weight. Low muscle strength has recently been 

suggested as another modifiable risk factor for T2DM. However, some studies do not report such 

an association, while others suggest reverse causation. Furthermore, no studies investigated the 

relationship between muscle strength and incident prediabetes to the best of my knowledge.  

Objectives: The purpose of this study was to investigate the relationship between muscle strength, 

body composition, and incident prediabetes among adults. I, therefore, conducted studies in two 

different populations with the specific objectives outlined below. 
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Summary of study 1 

Objective: To examine the longitudinal relationship of handgrip strength, a measure of muscle 

strength, with incident prediabetes among adults in Japan. 

Methods: This was a cohort study instituted under the Center of Innovation (COI) program of 

Japan, aiming to improve the population's health status. The study was conducted in Ibaraki 

prefecture, whose capital city, Mito, is situated about 125 kilometers north-east of Tokyo. Most of 

the study participants belonged to the Japan Agriculture Cooperative of Ibaraki (JA Ibaraki). 

Participants were invited to attend annual medical examinations organized in partnership with JA 

at the regional hospital (Mito-Kyodo Hospital) and outreach services in the area or attend medical 

examinations organized by employers, with an annual attendance of 5000 individuals.  

The study recruited individuals without prediabetes and diabetes attending lifestyle-related 

medical examinations between April 2016 and March 2017 (n = 2054). A standardized self-

administered questionnaire of 22 items recommended by the Japan Ministry of Health, Labor, and 

Welfare was used to collect lifestyle-related information and medical history. After that, 

anthropometric measures, blood pressure fasting blood samples, and handgrip strength measures 

were taken. Individuals who came for the follow-up medical examinations between April 2018 

and March 2019 were included in the analysis (n = 1075).  
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Results: One hundred sixty-nine individuals (15.7%) developed prediabetes after a mean follow-

up of 24.2 months (SD = 1.9 months). Multivariable adjusted hazard ratios (aHR) of new 

prediabetes cases were calculated using Cox regression. Higher baseline relative handgrip strength 

predicted a lower risk (aHR [95% CI] = 0.38 [0.21–0.71] of prediabetes incidence among adults. 

Importantly, relative handgrip strength predicted new prediabetes cases among normal-weight 

individuals (aHR [95% CI] = 0.39 [0.16–0.96]). 

Summary of study 2 

Objective: To assess the association of body composition, muscle strength, and quality with 

prediabetes and T2DM among adults in Malawi. 

Methods: This was a cross-sectional study nested in a follow-up study of prediabetic and 

prehypertensive individuals identified during an extensive NCDs survey in Malawi, which 

enrolled adults from two defined geographical areas within Karonga District and Lilongwe city. 

The Malawi Epidemiology and Intervention Research Unit (MEIRU) conducted the baseline 

NCDs survey between May 16, 2013, and Feb 8, 2016. In the follow-up study, participants were 

interviewed, had anthropometry, handgrip strength, blood pressure measured, and had fasting 

blood samples collected. A total of 261 participants were recruited between November 2018 and 

February 2019. 
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Results: The mean (SD) age of participants was 49.7 (13.6) years, and 54.0% were between 40 

and 59 years. The mean (SD) absolute handgrip strength and relative handgrip strength were 28.8 

(7.3) kg and 1.16 (0.40) kg/BMI, respectively, and the mean relative handgrip strength differed 

significantly (p<0.001) by T2DM status. Relative handgrip strength was well correlated with 

anthropometric and body composition measures such as waist circumference (r=-0.510, P<0.001), 

hip circumference (r=-0.572, P<0.001), body fat (r=-0.501, P<0.001), muscle mass (r=-0.521, 

P=<0.001), and muscle quality (r=0.215, P=0.037). In the unadjusted model, the odds ratio (OR) 

of prediabetes and T2DM per unit increase of relative handgrip strength was 0.12 [95% CI; 0.04-

0.33]. The result remained significant after adjusting for age (continuous), sex, place of study, 

hypertension, dyslipidemia, and level of education (AOR [95% CI]; 0.19 [0.03-0.95]). 

Discussion:  

This study found that lower baseline relative handgrip strength predicts a higher risk of prediabetes 

incidence among adults in Japan. This study's important finding was that relative handgrip strength 

predicted a lower and significant risk of prediabetes incidence among individuals with normal 

weight (BMI 18.5–24.9 kg/m2). This study continued to demonstrate this association among 

participants from the urban and rural areas of Malawi, where it was found that relative handgrip 

strength is associated with prediabetes and type 2 diabetes mellitus. The findings demonstrated the 

utility of handgrip strength measurements among sub-Saharan Africa populations. 
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This simple muscle strength measure is also well correlated with anthropometric and body 

composition measures among the participants. Additionally, relative handgrip strength was 

associated with other cardiovascular disease biomarkers. Body mass index alone has a limitation 

in assessing body composition since it lacks sensitivity for assessing disease risks, especially in 

people who have normal or mildly elevated BMI. Therefore, handgrip grip strength measurement 

would provide an opportunity for prediabetes and type 2 diabetes risk screening. Handgrip strength 

testing is cheap, non-invasive, and is easy to conduct in fieldwork, which would make its adoption 

in health examinations effortless. Furthermore, like body mass index, participants quickly 

understood their handgrip strength measurement outcome, which would motivate them to change 

their lifestyle. 

Conclusions:  

The use of handgrip strength, a simple measure of muscle strength, may have utility in identifying 

individuals at high risk of prediabetes who can then be targeted for intervention. Muscle strength 

may be uniquely important in stratifying prediabetes and type 2 diabetes risk among normal-weight 

adults considering BMI limitations. Participants of medical examinations could be motivated to 

improve muscle strength after understanding the risk that lower relative handgrip strength may 

indicate future prediabetes incidence and risk of type 2 diabetes.  
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1.1 Global prediabetes and type 2 diabetes mellitus  

 The global prevalence of type 2 diabetes is rapidly increasing: in 2017, among adults aged 18-

99 years, there were 451 million people with diabetes, which was 8.4% of the global adult 

population, and 5.0 million deaths due to diabetes. The prevalence is expected to rise to 693 million, 

equaling 9.9% of the adult population by 2045 [1]. Japan is among the countries with the highest 

prevalence of diabetes mellitus in the world (8.0%–12.1%) [2,3], and the prevalence of diabetes 

mellitus is increasing rapidly in the Malawi general population, currently estimated at 2.4–6.0% 

[4,5]. The prevalence of diabetes rises with age such that it reaches 16.0% among those aged 60–

64 years in Japan and is as high as 15% in adults aged 50–59 years in Malawi. Furthermore, almost 

half of people with diabetes were undiagnosed in 2017, and low-income countries had the highest 

percentage (69.2%) of undiagnosed cases, while the highest number was in middle-income 

countries. The economic burden of diabetes is also high, with an estimated global cost of US$ 1.31 

trillion in 2015, which is 1.8% of the global gross domestic product [6].  

 Before developing type 2 diabetes, individuals undergo an intermediate phase termed 

prediabetes, characterized by blood glucose concentrations higher than normal but not high enough 

to diagnose type 2 diabetes [7–9]. In 2017 there were 374 million people with prediabetes (7.7% 

of the world population), and most of them lived in low-and middle-income countries [1]. The 

number of those with impaired glucose tolerance is expected to rise to 587 by 2045. The estimated 

lifetime risk of progression from prediabetes to type 2 diabetes mellitus in individuals aged 45 
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years or older is as high as 74.0% [10]. Lifestyle intervention in people with prediabetes may help 

them revert to normal or delay progression to type 2 diabetes.  

 Many undiagnosed cases highlight the need to implement screening strategies to identify not 

only those with diabetes but also those at high risk of diabetes. Most of the cases from low-income 

countries, especially those in sub-Saharan Africa (SSA), are diagnosed late when individuals 

report diabetic complications [11]. However, it must be mentioned that there is no evidence that 

diabetes screening would be effective in diabetes control and management since, to date, no studies 

have been conducted to demonstrate the cost-effectiveness of screening programs, especially in 

SSA. Nevertheless, many academics and policymakers maintain that diabetes screening would be 

beneficial, given the high number of undiagnosed cases.  

1.2 Prediabetes, type 2 diabetes mellitus, and muscle strength 

 Several factors, such as physical inactivity and obesity, are known to increase the risk of type 

2 diabetes mellitus and the progression of prediabetes to overt type 2 diabetes mellitus. Recent 

studies have also examined the role of muscle strength in metabolic conditions. Muscle strength is 

commonly used to assess overall nutrition, functional capacity, and future disability and is widely 

used in studies related to aging and frailty [12]. Handgrip strength is a simple measure of muscle 

strength and has been associated with metabolic syndrome and its components [13,14], type 2 

diabetes mellitus [15–17], and overall mortality [18–21]. Handgrip strength has also been 
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associated with hypertension [22], mental health [23], and nutrition status [24]. While most 

handgrip strength and type 2 diabetes studies were cross-sectional, five were longitudinal, four 

among both men and women [16,25–27], the other among men only [15]; however, none of these 

studies were conducted in sub-Saharan Africa.  

 In an extensive study of normal-weight adults using data from the 2011 to 2012 American 

National Health and Nutrition Examination Survey, combined handgrip strength was inversely 

associated with prediabetes among both men and women. However, prediabetes was defined by 

hemoglobin A1c only, and there was no adjustment for any potential confounders [28]. Another 

recent study conducted in China reported the cross-sectional association of relative handgrip 

strength with prediabetes [29]. It is plausible that reduction in muscle strength may precede 

prediabetes development and that handgrip strength may be used to identify individuals at high 

risk of prediabetes and type 2 diabetes. This would provide a favorable timing for the 

implementation of preventive interventions. However, no study had examined the longitudinal 

relationship between prediabetes and handgrip strength.  

 Handgrip strength has been associated with incident type 2 diabetes. A recent prospective study 

of community-dwelling men conducted in Australia found an inverse association between incident 

type 2 diabetes with grip strength and arm muscle quality [15]. The study was, however, conducted 

among men only hence not generalizable to women. Similarly, a study conducted among Japanese 
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Americans found that greater handgrip strength predicted a lower risk of developing type 2 

diabetes over ten years in leaner individuals, but the study had a small sample size; hence they 

could not perform sex-stratified analysis [16]. In Japan, a more extensive cohort study of the 

longitudinal association between performances on simple physical fitness tests and the incidence 

of type 2 diabetes mellitus reported that lower relative grip strength (grip strength/body weight) 

and single-leg balance performance were associated with a higher incidence of type 2 diabetes 

mellitus among adults aged 20 to 92 years [27]. 

 Several studies have highlighted the importance of skeletal muscle and exercise on glucose 

deposition and adipose tissue interaction [30–32]. Handgrip strength may be an indicator of muscle 

strength and quality. However, the underlying mechanism of the observed association is still 

unclear. One plausible explanation would be that reduction in muscle strength results in insulin 

resistance. A hypothesis was formulated because of findings suggesting that muscle strength 

affects the abundance of GLUT-4 receptors involved in insulin-mediated glucose uptake in 

muscles [30]. Several studies investigating the effects of muscle training exercise have reported 

significant increases in skeletal muscle GLUT-4 expression and glucose uptake [31,33]. For 

instance, a randomized clinical trial in Denmark investigated the effects of aerobic exercise 

training on insulin-stimulated glucose uptake in femoral muscle groups and adipose tissue regions 

[32]. The study found that aerobic exercise training increased insulin-stimulated glucose uptake in 
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the intervention group but not in their adipose tissue, highlighting the importance of muscle 

strength training exercises to improve glucose deposition [34].  

 Studies investigating the biochemical and molecular mechanisms of glucose uptake stimulated 

by physical exercise in an insulin resistance state have shown that muscle training exercise plays 

a role as an anti-inflammatory strategy associated with insulin resistance [35]. Mechanistic studies 

in humans suggest that moderate acute elevations in myokines such as muscle-derived interleukin-

6 (IL-6), as provoked by exercise, exert anti-inflammatory effects. Therefore, each acute bout of 

exercise has a direct impact on protecting against chronic systemic low-grade inflammation. 

Regular exercise may also mediate anti-inflammatory effects by protecting against visceral fat 

accumulation, which contributes more to inflammation [36]. These anti-inflammatory properties 

might be a common denominator for exercise's protective effect on type 2 diabetes and other 

metabolic conditions. Muscle strength and quality may be indicative of improved muscle function 

from regular exercise.  

 However, there are still conflicting findings on the association of handgrip strength and 

incident type 2 diabetes. For instance, in one prospective study of healthy and relatively young 

adults, handgrip strength was not associated with incident type 2 diabetes after a median of 10.5 

years of follow-up [26]. This study reported that the association of handgrip strength and type 2 

diabetes mellitus was not significant after adjustment with risk scores and emphasized the positive 
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correlation of handgrip strength and body mass index as a possible reason for the results from 

previous studies. The other prospective cohort study reported no association between handgrip 

strength and incident type 2 diabetes was conducted among relatively older adults in the Health 

ABC study [25]. The older age of participants was postulated as the reason for the lack of 

significant results in the Health ABC study. In addition, there are no studies investigating the 

association of muscle strength with prediabetes and type 2 diabetes in populations in the sub-

Saharan Africa region. 

1.3 Scientific rationale of the study  

 Early intervention in prediabetic individuals significantly reduces the risk of progression to 

type 2 diabetes mellitus. Identifying individuals at higher risk of prediabetes would provide the 

best opportunity for the implementation of preventive strategies. While much has been studied 

about obesity-related risk factors, low muscle strength has recently been suggested as a risk factor 

for type 2 diabetes mellitus. However, some studies did not find such an association, while others 

suggest reverse causation. Therefore, I conducted two studies, one in Japan and the other in Malawi, 

to investigate this relationship. The first study in Japan has the potential of providing evidence that 

reduction in muscle strength precedes the development of both prediabetes and type 2 diabetes. 

The findings would position muscle strength measurement among the early indicators of 

prediabetes and type 2 diabetes mellitus risk in the population.  
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 The study in Malawi has the potential of providing preliminary evidence on the utility of 

handgrip strength in prediabetes and type 2 diabetes screening programs. Despite the rapidly 

increasing NCD epidemic in SSA, particularly diabetes and hypertension, these conditions remain 

undetected in most individuals. For example, population surveys have revealed that 73% of people 

with hypertension and 50 percent of those with diabetes had not been previously diagnosed [11,37]. 

Therefore, it is crucial to find appropriate low-cost screening interventions to improve detection 

and increase access to care for patients with NCDs in Africa. Traditional screening approaches rely 

on age and BMI, but these on their own may not be optimal for SSA, where the significant 

proportion of individuals with diabetes or hypertension are young and not necessarily overweight 

or obese. Combined with a very young population, the different origins mean that nearly 50% of 

individuals with diabetes cannot be identified as high risk by age or BMI [5].  

 Studies, mostly from high-income countries, have reported that handgrip strength, a simple 

measure of muscle strength and quality, is associated with type 2 diabetes mellitus. The current 

evidence suggests that handgrip strength may be a relatively cheap and non-invasive screening 

tool. However, the utility of handgrip strength measurement in settings of LMIC, and SSA, is 

unknown.  

 Importantly, unlike among western populations, prediabetes and type 2 diabetes risk are high 

among normal-weight individuals in both Japan and Malawi. Therefore, examining other risk 

states such as low muscle strength may have merit in such populations. 



20 
 

1.4 Research objectives  

 The present study hypothesized that a reduction in muscle strength precedes prediabetes and 

type 2 diabetes among adults. Handgrip strength is a simple measure of muscle strength was 

therefore expected to predict new prediabetes among adults. Handgrip strength was also expected 

to be associated with type 2 diabetes. This study's main objective was to examine the relationship 

between muscle strength, body composition, and incident prediabetes among adults. The study 

purposes were achieved through conducting studies in different populations with the following 

specific objectives. 

1.5 Outline of this thesis  

 The first study was titled, “Relative handgrip strength predicts incident prediabetes among 

adults in Japan: a prospective cohort study.” It aimed to examine the longitudinal relationship 

of handgrip strength, a measure of muscle strength with incident prediabetes among adults in Japan. 

The study was a longitudinal study conducted in Ibaraki prefecture, Japan, and recruited 

individuals without prediabetes and type 2 diabetes mellitus attending lifestyle-related medical 

examinations between April 2016 and March 2017 (n = 2054). 

 While the second study titled, “Association of type 2 diabetes, prediabetes, and muscle 

strength among adults in Malawi”, aimed at assessing the association of body composition, 

muscle strength, and quality with prediabetes and T2DM among adults in Malawi. This was a 
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cross-sectional study nested in a cohort study called “Progress of Disease in Prediabetic and 

Prehypertensive Patients in Malawi: Assessment of Risk Factors and Complications,” which aimed 

to follow 900 prediabetes and prehypertensive participants identified during the Malawi 

Epidemiology and Intervention Research Unit (MEIRU) non-communicable diseases (NCDs) 

survey conducted in Malawi between May 16, 2013, and Feb 8, 2016.  
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2.1 Abstract  

 Background: Conventional risk factors for prediabetes and type 2 diabetes such as obesity do 

not completely explain the higher prevalence of prediabetes; therefore, research to investigate the 

role of other independent risk factors is required. A few cross-sectional studies have reported an 

association between muscle strength and prediabetes among normal-weight adults, but the 

longitudinal relationship of muscle strength with incident prediabetes among adults has not been 

reported. This prospective cohort study was conducted to investigate whether relative handgrip 

strength in adults predicted prediabetes incidence after 2 years of follow-up.  

 Methods: The study was conducted in Ibaraki prefecture, Japan, and recruited individuals 

without prediabetes and diabetes attending lifestyle-related medical examinations between April 

2016 and March 2017 (n = 2054). Individuals who came for the follow-up medical examinations 

between April 2018 and March 2019 were included in the analysis (n = 1075; women: 44.8%).  

 Results: One hundred sixty-nine individuals (15.7%) developed prediabetes after a mean 

follow-up of 24.2 months (SD = 1.9 months). Multivariable adjusted hazard ratios (aHR) of new 

prediabetes cases were calculated using Cox regression. Higher baseline relative handgrip strength 

predicted a lower risk (aHR [95% CI] = 0.38 [0.21–0.71] of prediabetes incidence among adults. 

Importantly, relative handgrip strength predicted new prediabetes cases among normal-weight 

individuals (aHR [95% CI] = 0.39 [0.16–0.96]).  
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 Conclusion: The findings suggest that handgrip strength measurement may help identify 

individuals at high risk of newly diagnosed prediabetes, importantly, among normal-weight 

individuals. The identified individuals may benefit from early intervention to reduce the risk of 

prediabetes. 
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 2.2 Introduction 

 There were 451 million people with diabetes and 5 million deaths due to diabetes in 2017, with 

this prevalence expected to rise to 693 million by 2045 [1]. Before developing type 2 diabetes, 

individuals undergo an intermediate state termed prediabetes, characterized by blood glucose 

concentrations higher than normal but not high enough for diagnosis [2, 3]. Japan is among the 

countries with a high prevalence (15%–35%) of prediabetes [4, 5]. Individuals with prediabetes 

defined as impaired glucose tolerance, impaired fasting glucose, or raised hemoglobin A1c 

(HbA1c) have a high risk of composite cardiovascular events, coronary heart disease, stroke, and 

all-cause mortality [6]. Furthermore, the lifetime risk for individuals with prediabetes years to 

progress to diabetes may be as high as 74·0% among individuals aged 45 years.  Early intervention 

in prediabetic individuals significantly reduces the risk of progression to type 2 diabetes [7], but 

identifying individuals at higher risk of prediabetes would provide the best opportunity to 

implement preventive strategies. 

 While conventional factors such as obesity are well studied, they do not entirely explain the 

higher prediabetes prevalence observed in Japan, which has a lower rate of obesity than those of 

western populations [8]. Therefore, other independent risk factors may explain the high prevalence. 

For instance, it is postulated that Japanese and other Asians have a limited innate ability of insulin 

secretion and have lower insulin sensitivity, making them more susceptible to insulin resistance 
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with small changes in body composition [9,10]. Studies are required to clarify prediabetes and type 

2 diabetes' pathogenesis among such populations to formulate preventive programs that 

incorporate new messages on the identified independent risk. 

  Handgrip strength, a simple measure of muscle strength that is well correlated with other 

strength measures such as quadriceps strength [11], was reported to be associated with metabolic 

syndrome [12–14], type 2 diabetes mellitus [15–18], and overall mortality [19–21]. While the 

underlying mechanism has not been well explained, studies exploring the role of muscle resistance 

exercises in glucose metabolism have reported that such muscle-strengthening activities improve 

muscle function and glucose deposition [21, 22]. Furthermore, such studies have shown that the 

impact of exercise training favors insulin-mediated glucose uptake in skeletal muscle rather than 

in adipose tissue [24]. The results of these studies suggest that muscle strength (a proxy measure 

of muscle quality) may be an important factor in the development of prediabetes and type 2 

diabetes.  

 However, the longitudinal relationship of handgrip strength with newly diagnosed prediabetes 

has not been reported. Therefore, whether handgrip strength can be used to identify individuals at 

high risk of prediabetes who would benefit from early interventions is unknown. Additionally, the 

association between handgrip strength and type 2 diabetes has not been consistently reported [24, 

25], with some studies reporting no association and others suggesting that the observed association 



35 
 

results from reverse causation. The confounding effect of body size has been cited as one reason 

for the conflicting findings; hence, relative handgrip strength has been recommended as a better 

indicator for considering both the effect of body mass and muscular strength [27]. Therefore, this 

study was conducted to investigate whether relative handgrip strength predicted prediabetes 

incidence among adults participating in annual medical examinations in Japan after 2 years of 

follow-up. 

 2.3 Methods 

Study area and population 

 The present study was instituted under the Center of Innovation (COI) program of Japan, 

aiming to improve the population's health status. The study was conducted in Ibaraki prefecture, 

whose capital city, Mito, is situated about 125 kilometers north-east of Tokyo. Most of the study 

participants belonged to the Japan Agriculture Cooperative of Ibaraki (JA Ibaraki). Participants 

were invited to attend annual medical examinations organized in partnership with JA at the 

regional hospital (Mito-Kyodo Hospital) and outreach services in the area or attend medical 

examinations organized by employers, with an annual attendance of 5000 individuals. Annual 

medical examinations are conducted along with the Japanese Industry Safety and Health Act [28] 

and are performed to facilitate lifestyle change and early disease diagnosis, lower health 

expenditure, and improve life quality.  
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 This prospective study recruited individuals without prediabetes and diabetes who performed 

handgrip strength measurement during lifestyle-related medical examinations at a regional hospital 

and outreach sites between April 2016 and March 2017 (n = 2054). Individuals who were aged 

younger than 20 (n = 10) or older than 75 years (n = 37); or had handgrip strength measured in one 

hand or while seated (n = 6); or had a history of stroke (n = 18), heart disease (n = 31), chronic 

renal failure (n = 6) at baseline were excluded from the study. Some individuals met more than 

one of the exclusion criteria. Persons were followed up between April 2018 and March 2019, with 

1075 (54.7%) individuals attending the 2-years follow-up medical examinations (men: 55.2%; age, 

mean [SD]: 42.2 [12.7] years). Participants who attended follow-up medical examination within 

one year after baseline examinations were not included in this analysis. Figure 2.1 shows the 

flowchart of the participants. 

 This study was reviewed and approved by the ethics review committee of the University of 

Tsukuba. It was conducted according to the principles of the Declaration of Helsinki. Written 

informed consent was obtained from each participant. 

Measures and definitions  

 Anthropometric measurements such as body weight (kg) and height (cm) using a Tanita DC250 

(TANITA Co, Japan), waist circumference (cm), and blood pressure (mmHg) were performed at 

the regional hospital or the outreach medical examination by trained personnel. Fasting blood 
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samples were collected, and biochemical tests including hemoglobin A1c (HbA1c), fasting plasma 

glucose (FPG), high-density lipoprotein (HDL) cholesterol, low-density lipoprotein (LDL) 

cholesterol, and triglycerides were conducted at the regional hospital laboratory.  

 Body mass index (BMI; calculated as weight/height2) was categorized as underweight (<18.5 

kg/m2), normal (18.5–24.9 kg/m2), overweight (25.0–29.9 kg/m2), or obese (≥30 kg/m2). 

Hypertension was defined as any of the following: systolic blood pressure ≥140 mmHg, diastolic 

blood pressure ≥90 mmHg, or use of antihypertensive medication, while dyslipidemia was defined 

as triglycerides ≥150 mg/dL, LDL-cholesterol ≥140 mg/dL, HDL-cholesterol <40 mg/dL, or self-

reported use of anticholesteremic agents [29]. 

Handgrip strength 

 Handgrip strength was assessed using a Smedley digital handgrip test machine (Takei 

Corporation, Japan) following standard operating procedures [30]. The participants were 

instructed to stand upright and to look straight ahead. The dynamometer handle was adjusted to 

ensure a comfortable fit. The participants were then told to hold the handle in hand to be tested, 

with arms straight down by the sides of the body but not touching it or any other object. The 

participants were instructed to squeeze the dynamometer with a maximum isometric effort for 

about 5 seconds, and no other body movements were allowed. Handgrip strength was measured 
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twice in each hand, and the average of the maximum handgrip strength values (kg) from each hand 

was displayed in the machine and used for our analysis. 

Relative handgrip strength  

 Relative handgrip strength was calculated as absolute handgrip strength (kg) divided by BMI 

(reported as kg/BMI). The use of relative handgrip strength over absolute handgrip strength has 

been proposed to adjust the direct relationship between mass and force [27]. Absolute handgrip 

strength is indicative not only of muscle quality but also of the combined effect of fat mass and 

muscle mass. This was also observed in our data showing that while overweight and obese 

individuals may have a higher absolute handgrip strength, their relative handgrip strength is lower 

than normal-weight individuals. This is shown in Figure 2.2. 

Prediabetes and type 2 diabetes mellitus 

 Prediabetes was defined as one or a combination of the following blood glucose results: HbA1c 

of 5.7% to 6.4% or FPG of 110 to 125 mg/dL [2]. Type 2 diabetes mellitus was defined as any of 

the following: physician’s diagnosis, use of anti-diabetic medication, FPG ≥ 126 mg/dL, or HbA1c 

≥ 6.5%. 
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Lifestyle and medical history 

 A standardized self-administered questionnaire of 22 items recommended by the Japan 

Ministry of Health, Labor, and Welfare was used to collect lifestyle-related information and 

medical history [31]. It included questions on current smoking (smoking in the past month) and 

weight change in the past year (±3 kg), regular physical activity (exercising ≥30 minutes per 

session, ≥2 times per week for ≥1 year, or daily walking or physical activity equal to walking ≥1 

hour per day), and alcohol consumption frequency (rarely, sometimes, or every day). The 

questionnaire included the medical history of type 2 diabetes mellitus, hypertension, heart disease, 

stroke, renal failure, cancer, and anemia. It also asked about the use of antihypertensive, 

antidiabetic, and anticholesteremic agents.  

Statistical analyses 

 Participants’ baseline demographics, anthropometrics, and lifestyle characteristics were 

reported as mean values with standard deviations (SD) or median values with interquartile ranges 

for continuous variables and percentages for categorical variables. Continuous and categorical 

variables were analyzed using the t-test and chi-square test, respectively. Mean biomarker values 

were presented by sex to show the cardiovascular risk differences between men and women among 

our study participants. After that, the ANOVA test was used to analyze the mean biomarkers values 

within age and sex-adjusted tertiles of relative handgrip strength. Skewed variables such as 
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triglycerides, γ-glutamyl transferase, and alanine transaminase were log-transformed, and their 

geometric means and standard deviations were presented. 

 I calculated the follow-up period in months from the date of the baseline medical examination 

to the date of diagnosis of prediabetes at the follow-up medical examination or the last medical 

examination date. Cox proportional hazards regression analysis was conducted to assess whether 

baseline relative handgrip strength predicted prediabetes incidence. The analysis was firstly 

performed among all participants. After that, stratified analyses were performed with age (<40 or 

≥40 years) and BMI (18.5–24.9 or ≥25.0 kg/m2). The stratified analyses with BMI were conducted 

to assess whether relative handgrip strength predicted the risk of newly diagnosed cases among 

normal-weight individuals who made up most of our study participants. 

 Further multivariable-adjusted Cox regression analysis was conducted for the risk of new 

prediabetes cases within tertiles of age and sex-adjusted relative handgrip strength. Hazard ratios 

were reported with 95% confidence intervals at a .05 significance level. Variance inflation factors 

(VIFs) were used to assess multicollinearity, and the VIF values of the fitted models were below 

3 (Appendix 1.0). The models were adjusted for body composition, lifestyle characteristics, and 

other metabolic disease factors. Model 1 was adjusted for age and sex only. Model 2 was adjusted 

for age, sex, current smoking, dyslipidemia, alcohol consumption frequency, and hypertension. 

Model 3 was adjusted for the same variables as those in model 2 but included further adjustment 
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for regular physical activity. Additionally, an analysis was conducted to test any interaction 

between relative handgrip strength and regular physical activity. 

 Finally, a sensitivity analysis was conducted using multiple imputed datasets. This was done 

since 4.4 % missing data were observed on some covariates (smoking status, alcohol consumption, 

and regular physical activity). The multiple imputations were conducted with chained equations, 

which are widely used [32]. In addition, the models were further adjusted for baseline fasting 

plasma glucose. Furthermore, I performed a receiver-operating characteristic (ROC) analysis for 

the models to compare relative handgrip strength and BMI in predicting prediabetes incidence. 

Also, absolute handgrip strength was investigated if it predicted incident prediabetes among men 

and women. 

 All statistical analyses were conducted with SPSS version 24 (IBM, USA) and R statistics 

version 3.5.2.  

2.4 Results  

 During a mean follow-up period of 24.2 months (SD = 1.9 months), 169 (15.7%) of the 1075 

normoglycemic individuals at baseline developed prediabetes, and women had a lower prediabetes 

incidence (14%) compared to men (17%). The baseline demographics and anthropometric and 

lifestyle characteristics are shown in Table 2.1. The mean (SD) age and BMI of the participants at 

baseline were 42.2 (12.7) years and 22.8 (3.5) kg/m2, respectively. The women were relatively 
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older than the men at baseline (43.7 ± 13.0 vs. 41.0 ± 12.3 years, P = 0.001). Higher proportions 

of the participants were within the age groups of 20 to 39 (44.9%) and 40 to 59 years (44.8%), 

while only a few (10.3%) individuals were aged older than 60 years. The proportion of 

underweight women was higher than that of men (14.7% vs. 3.2%, P < 0.001), and the proportion 

of overweight or obese men was higher than that of women (30.0% vs. 15.8%, P < 0.001). There 

was a positive correlation between BMI and absolute handgrip strength among both women 

(r=0.165, P<0.001) and men (r=0.261, P<0.001). The mean (SD) absolute handgrip strength and 

relative handgrip strength were 32.8 (9.8) kg and 1.5 (0.4) kg/BMI, respectively, and the relative 

handgrip strength peaked among individuals aged between 30 and 40 years.  

 Men and women differed significantly in terms of mean values of waist circumference (83.6 ± 

8.9 vs 77.4 ± 10.1 cm, P < 0.001), systolic blood pressure (129.3 ± 16.3 vs 121.7 ± 18.1 mmHg, P 

< 0.001), diastolic blood pressure (79.5 ± 12.1 vs 73.1 ± 12.0 mmHg, P < 0.001), HDL cholesterol 

(55.7 ± 13.6 vs 67.3 ± 15.1 mg/dL, P < 0.001), LDL cholesterol (119.5 ± 30.9 vs 114.3 ± 30.0 

mg/dL, P =0.006), triglycerides (median [IQR]: 93.0 [65.0–138.0] vs 67.0 [50.0–92.0] mg/dL, P 

< 0.001), and creatinine (0.9 ± 0.1 vs 0.6 ± 0.1 mg/dL, P < 0.001), with women tending to have 

healthier cardiovascular biomarker values (Table 2.2). The differences were still observed in age 

stratified analysis (≤50 and >50 years) conducted to control for pre-menopausal protective effect 

of estrogen, except for LDL-cholesterol where women aged >50 years had higher but not 

significant values (124.0 ± 29.6 vs 128.2 ± 29.1 mg/dL, P =0.200) (Appendix 2.0).  
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 Compared with the lower tertile of age and sex-adjusted relative handgrip strength, the middle 

and higher tertiles were significantly associated with more favorable waist circumference (P < 

0.001), systolic blood pressure (P = 0.012), diastolic blood pressure (P = 0.016), total cholesterol 

(P = 0.004), HDL-cholesterol (P < 0.001), LDL cholesterol (P < 0.001), non-HDL cholesterol (P 

< 0.001), and triglycerides (P < 0.001). The results of the mean biomarker values of age and sex-

specific tertiles of relative handgrip strength are shown in Table 2.3. 

 The relationship of baseline relative handgrip strength analysis and prediabetes incidence after 

2 years of follow-up are shown in Table 2.4. A unit increase in relative handgrip strength predicted 

a lower and significant risk of prediabetes incidence among all the participants (adjusted hazard 

ratio, aHR [95% CI] = 0.40 [0.21–0.71]) after adjusting for age (continuous), sex, current smoking, 

dyslipidemia, alcohol consumption frequency, and hypertension in model 2. Moreover, the results 

remained significant even after further adjustment for regular physical activity in model 3 (aHR 

[95% CI] = 0.38 [0.21–0.71]), while no significant interaction was found between relative handgrip 

strength and regular physical activity.  

 In stratified analyses, similar and significant results were observed among individuals younger 

than 40 years (aHR [95% CI] = 0.25 [0.08–0.72]) and those 40 years or older (aHR [95% CI] = 

0.45 [0.21–0.95]) after adjusting for age (continuous), sex, current smoking, dyslipidemia, alcohol 

consumption frequency, hypertension and regular physical activity. Importantly, a unit increase in 
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relative handgrip strength predicted a lower and significant risk (aHR [95% CI] = 0.39 [0.16–

0.96]) of prediabetes incidence among individuals with normal BMI (18.5–24.9 kg/m2). 

Furthermore, a lower but not significant risk (aHR [95% CI] = 0.75 [0.25–2.26]) was also observed 

among those with BMI ≥ 25.0 kg/m2 after adjusting for age (continuous), sex, current smoking, 

dyslipidemia, alcohol consumption frequency, hypertension, and regular physical activity. 

 Additional analysis using sex and age-adjusted tertiles of relative handgrip strength produced 

similar results (Table 2.5). Compared with those in the lower tertile of relative handgrip strength, 

lower risk of prediabetes incidence was observed among those in the middle (aHR [95% CI] = 

0.61 [0.42–0.87]) and upper tertiles (aHR [95% CI] = 0.59 [0.40–0.86]). Sensitivity analysis using 

multiple imputed data showed comparable results with analyses using complete-case analysis even 

when baseline fasting plasma glucose was considered (Table 2.6). In sensitivity analysis using 

absolute handgrip strength, lower risk of prediabetes incidence was observed among men in the 

upper (aHR [95% CI] = 0.55 [0.31–0.98]) and middle tertiles of absolute handgrip strength (aHR 

[95% CI] = 0.94 [0.56–1.59]) compared to those in the lower tertile. Similarly, women in the upper 

(aHR [95% CI] = 0.71 [0.36–1.40]) and middle (aHR [95% CI] = 0.82 [0.43–1.55]) tertiles of 

absolute handgrip strength had lower risk of incident prediabetes compared to those in the lower 

tertile. However, the results in women did not reach statistical significance. ROC analysis for the 

models showed that overall, the relative handgrip strength model performed similarly to the BMI 

model (AUC [95% CI] = 0.698 [0.658–0.738] vs. 0.695 [0.654–0.736] but the relative handgrip 
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strength model was slightly better among normal-weight individuals (AUC [95% CI] = 0.702 

[0.654–0.751] vs. 0.695 [0.646–0.743].  

 2.5 Discussion  

 This study examined whether relative handgrip strength predicts incident prediabetes among a 

sample of Japanese adults attending annual medical examinations. Fifteen percent of individuals 

had incident prediabetes within 2 years of follow-up, suggesting a high risk of prediabetes among 

the participants. The high prediabetes incidence is similar to an earlier incidence rate (17%) 

reported in a Japanese population using both HBA1c and fasting plasma glucose for diagnosis [2]. 

The current study population could benefit from lifestyle and pharmacological interventions 

known to have a preventive effect on prediabetes's progression to type 2 diabetes [7].  This study 

found that lower baseline relative handgrip strength predicted a higher risk of prediabetes 

incidence among the participants. This study's important finding was that relative handgrip 

strength predicted a lower and significant risk of prediabetes incidence among individuals with 

normal weight (BMI 18.5–24.9 kg/m2). This was also shown in Receiver-operating characteristic 

(ROC) analysis comparing relative handgrip strength and BMI models, which found that the 

relative handgrip strength model performed best among normal-weight individuals. The use of 

handgrip strength, a simple measure of muscle strength, may have utility in identifying individuals 

at high risk of prediabetes who can then be targeted for intervention. Participants of annual medical 
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examinations could be motivated to improve muscle strength after understanding the risk that 

lower relative handgrip strength may indicate for future prediabetes incidence and risk of type 2 

diabetes.  

 A positive correlation between BMI and absolute handgrip strength was observed among both 

women and men; therefore, normalizing HGS by BMI was necessary. However, the distribution 

of absolute handgrip strength and relative handgrip strength with BMI is different among men and 

women. This could be because women in this study are mostly normal weight and have a narrow 

distribution of handgrip strength. Moreover, women in this study have better cardiovascular 

diseases profile as well, and their prediabetes incidence is lower (14%) compared to men (17%). 

This may be why the results of the association of absolute handgrip strength and incidence of 

prediabetes were not significant in women. Further studies are required to clarify this association.   

 This is the first study to report the impact of handgrip strength on prediabetes incidence after 

2-years of follow-up. It extends the findings on the cross-sectional association of relative handgrip 

strength with fasting blood glucose [27], prediabetes [34, 35], and incident type 2 diabetes [18]. 

Relative handgrip strength was also associated with several cardiovascular biomarkers in our study, 

similar to findings from an earlier study [27]. Prediabetes is associated with higher cardiovascular 

risk [6]; therefore, simple indicators combining various risk states such as relative handgrip 
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strength may have utility in screening and intervention programs for both conditions in the 

community.  

 The findings suggest that reduction in muscle strength may precede the development of 

prediabetes, thereby providing a favorable window where meaningful intervention programs can 

be implemented. In addition, interventions targeted to high-risk individuals may result in more 

individuals taking part in community self-exercise campaigns, which we believe would benefit 

this community. Some simple exercises, such as elastic resistance training that can be performed 

at home, are already known to improve muscle strength and functional performance [35]. 

 The current study shows that relative handgrip strength may be used to stratify prediabetes risk 

among populations with lower rates of obesity, such as Japan, where a higher risk of prediabetes 

and type 2 diabetes is observed even in individuals with normal body mass index [4, 36]. Indeed, 

baseline relative handgrip strength predicted newly diagnosed prediabetes cases among individuals 

with normal weight (BMI 18.5–24.9 kg/m2). This is, to my knowledge is the first study to report 

such findings. The association was, however, not significant among overweight and obese 

individuals in this study. While the result may be due to the smaller number of individuals with 

BMI ≥ 25.0 kg/m2 in the current study, a few studies investigating the association of muscle mass 

and metabolic syndrome reported significant results only in non-obese individuals in Asia. Several 

explanations have been suggested, including that muscle mass may have a lesser impact because 



48 
 

of pre-existing imbalances in obese participants [37]. The greater the fat content in skeletal muscle 

disrupts glucose metabolism since it is associated with reduced insulin sensitivity. 

 Additionally, BMI does not distinguish between fat mass and fat-free mass, which may 

contribute to the failure to detect a significant association in the overweight/obese stratum since 

fat mass contribution to muscular strength is minimal compared to fat-free mass (FFM). Studies 

are required to investigate further the association of relative handgrip strength with incident 

prediabetes among overweight and obese individuals. These studies may explore the use of fat-

free mass in the denominator of the strength metric (kg/kgFFM). 

 These findings also suggest that muscle strength may play a role in the development of 

prediabetes. While the underlying mechanism has not been well explained, physiological research 

suggests potential causal pathways and muscle strength benefits. For example, muscle strength 

affects the abundance of GLUT-4 receptors involved in insulin-mediated glucose uptake in 

muscles [24], and several studies investigating the effects of muscle training exercise have reported 

significant increases in skeletal muscle GLUT-4 expression and glucose uptake [21, 37]. However, 

the present study found that the association between relative handgrip strength and incident 

prediabetes was still significant even after adjusting for regular physical activity. A finding 

suggesting that this association may be independent of regular physical activity or that resistance 

exercises are not well highlighted in the standard regular physical activity questionnaire 
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implemented in the annual medical examinations, thereby necessitating the inclusion of handgrip 

strength in these examinations to ascertain the muscle function capacity of participants fully. 

 This study's strength was the broad age range of the individuals attending the annual medical 

examinations, which enables its generalizability with age. This advantage is lost when dealing with 

similar assessments conducted among company working individuals in which the age range is 

narrow. Also, the use of both hemoglobin A1c and fasting plasma glucose may have increased our 

ability to detect individuals with prediabetes [2, 38]. Finally, these annual medical examinations 

are open not only to farmers but also to their dependents and nonfarming community members, 

making the community's data representative. 

Limitations 

 The present study has some limitations. Firstly, an oral glucose tolerance test (OGTT), which 

is used to identify individuals with impaired glucose tolerance, was not performed, which may 

have resulted in the misclassification of some individuals. Selection bias is also possible since we 

used data from individuals taking annual medical examinations who may be more health-conscious 

than the general population. Furthermore, most individuals join medical examinations at an 

average of 1.5 years; therefore, some participants did not come for medical examinations during 

the 2018 fiscal year. However, the age and sex distributions of those who did not participate in the 

2-year follow-up were comparable to those who came for the follow-up examinations. The study 
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also followed up the participants for 2 years only, which may not be enough time to rule out reverse 

causation; however, the present study results still have utility in the identification of individuals at 

high risk of prediabetes in medical examinations who may benefit from early interventions. The 

study had no information on family history of type 2 diabetes and, therefore, did not adjust for 

genetic influence. Lastly, while we excluded participants with stroke, heart disease and adjusted 

for other conditions such as dyslipidemia and hypertension, residual confounding cannot be 

completely ruled out.  

 Further studies are required to examine muscle strength association with incident prediabetes, 

especially among overweight and obese individuals. Furthermore, studies to identify age-specific 

cutoff values of relative handgrip strength to identify the target population with a high risk of 

developing prediabetes are required to facilitate easy interpretation and feedback to participants.  

Conclusions 

 This study found that baseline relative handgrip strength predicts incident prediabetes among 

adults in Japan. The findings suggest that relative handgrip strength may be used to identify 

individuals at high risk of prediabetes, especially among normal-weight individuals who may 

benefit from early intervention to reduce the risk of type 2 diabetes and cardiovascular diseases. 

 



51 
 

2.6 References   

1.  Cho NH, Shaw JE, Karuranga S, Huang Y, da Rocha Fernandes JD, Ohlrogge AW, et al. 

IDF Diabetes Atlas: Global estimates of diabetes prevalence for 2017 and projections for 

2045. Diabetes Res Clin Pract. 2018;138: 271–281. doi:10.1016/j.diabres.2018.02.023. 

2.  Heianza YR, Saito K, Fujiwara K, Kodama S, Shimano H, Yamada N, et al. HbA 1c 5.7-

6.4% and impaired fasting plasma glucose for diagnosis of prediabetes and risk of 

progression to diabetes in Japan (topics 3): A longitudinal cohort study. Lancet. 2011;378: 

147–155. doi:10.1016/S0140. 

3.  Tabák AG, Herder C, Rathmann W, Brunner EJ, Kivimäki M. Prediabetes: a high-risk state 

for diabetes development. Lancet (London, England). 2012;379: 2279–90. 

doi:10.1016/S0140-6736(12)60283-9. 

4.  Uehara A, Kurotani K, Kochi T, Kuwahara K, Eguchi M, Imai T, et al. Prevalence of 

diabetes and prediabetes among workers: Japan Epidemiology Collaboration on 

Occupational Health Study. Diabetes Res Clin Pract. 2014;106: 118–127. 

doi:10.1016/j.diabres.2014.07.013. 

5.  Mukai N, Doi Y, Ninomiya T, Hirakawa Y, Nagata M, Yoshida D, et al. Trends in the 6 

prevalence of type 2 diabetes and prediabetes in community-dwelling Japanese subjects: 



52 
 

The Hisayama Study. 2014;5. doi:10.1111/jdi.12136. 

6.  Huang Y, Cai X, Mai W, Li M, Hu Y. Association between prediabetes and risk of 

cardiovascular disease and all cause mortality: systematic review and meta-analysis. BMJ. 

2016;355: i5953. doi:10.1136/bmj.i5953. 

7.  Ligthart S, van Herpt TTW, Leening MJG, Kavousi M, Hofman A, Stricker BHC, et al. 

Lifetime risk of developing impaired glucose metabolism and eventual progression from 

prediabetes to type 2 diabetes: A prospective cohort study. Lancet Diabetes Endocrinol. 

2016;4: 44–51. doi:10.1016/S2213-8587(15)00362-9. 

8.  Finucane MM, Stevens GA, Cowan MJ, Danaei G, Lin JK, Paciorek CJ, et al. National, 

regional, and global trends in body-mass index since 1980: systematic analysis of health 

examination surveys and epidemiological studies with 960 country-years and 9·1 million 

participants. Lancet (London, England). 2011;377: 557–67. doi:10.1016/S0140-

6736(10)62037-5. 

9.  Uemura H, Katsuura-Kamano S, Yamaguchi M, Bahari T, Ishizu M, Fujioka M, et al. 

Relationships of serum high-sensitivity C-reactive protein and body size with insulin 

resistance in a Japanese cohort. PLoS One. 2017;12: 1–11. 

doi:10.1371/journal.pone.0178672. 



53 
 

10.  Raygor V, Abbasi F, Lazzeroni LC, Kim S, Ingelsson E, Reaven GM, et al. Impact of 

race/ethnicity on insulin resistance and hypertriglyceridaemia. Diabetes Vasc Dis Res. 

2019;16: 153–159. doi:10.1177/1479164118813890. 

11.  Newman AB, Kupelian V, Visser M, Simonsick EM, Goodpaster BH, Kritchevsky SB, et 

al. Strength, But Not Muscle Mass, Is Associated With Mortality in the Health, Aging and 

Body Composition Study Cohort. 2006. Available: 

https://academic.oup.com/biomedgerontology/article-abstract/61/1/72/549632. 

12.  Kawamoto R, Ninomiya D, Kasai Y, Kusunoki T, Ohtsuka N, Kumagi T, et al. Handgrip 

strength is associated with metabolic syndrome among middle-aged and elderly 

community-dwelling persons. Clin Exp Hypertens. 2016;38: 245–251. 

doi:10.3109/10641963.2015.1081232. 

13.  Ishii S, Tanaka T, Akishita M, Ouchi Y, Tuji T, Iijima K, et al. Metabolic syndrome, 

sarcopenia and role of sex and age: cross-sectional analysis of Kashiwa cohort study. PLoS 

One. 2014;9: e112718. doi:10.1371/journal.pone.0112718. 

14.  Atlantis E, Martin SA, Haren MT, Taylor AW, Wittert GA. Inverse associations between 

muscle mass, strength, and the metabolic syndrome. Metabolism. 2009;58: 1013–1022. 

doi:10.1016/j.metabol.2009.02.027. 



54 
 

15.  Li JJ, Wittert GA, Vincent A, Atlantis E, Shi Z, Appleton SL, et al. Muscle grip strength 

predicts incident type 2 diabetes: Population-based cohort study. 2016 [cited 21 Jan 2019]. 

doi:10.1016/j.metabol.2016.03.011. 

16.  Wander PL, Boyko EJ, Leonetti DL, McNeely MJ, Kahn SE, Fujimoto WY. Greater hand-

grip strength predicts a lower risk of developing type 2 diabetes over 10 years in leaner 

Japanese Americans. Diabetes Res Clin Pract. 2011;92: 261–264. 

doi:10.1016/j.diabres.2011.01.007. 

17.  Van der Kooi A-LLLFF, Snijder MB, Peters RJGG, van Valkengoed IGMM. The 

Association of Handgrip Strength and Type 2 Diabetes Mellitus in Six Ethnic Groups: An 

Analysis of the HELIUS Study. PLoS One. 2015;10: e0137739. 

doi:10.1371/journal.pone.0137739. 

18.  Momma H, Sawada SS, Kato K, Gando Y, Kawakami R, Miyachi M, et al. Physical Fitness 

Tests and Type 2 Diabetes Among Japanese: A Longitudinal Study From the Niigata 

Wellness Study. 2019; 8–13.  

19.  Lopez-Jaramillo P, Cohen DD, Gómez-Arbeláez D, Bosch J, Dyal L, Yusuf S, et al. 

Association of handgrip strength to cardiovascular mortality in pre-diabetic and diabetic 

patients: A subanalysis of the ORIGIN trial. Int J Cardiol. 2014;174: 458–461. 



55 
 

doi:10.1016/j.ijcard.2014.04.013. 

20.  Leong DP, Teo KK, Rangarajan S, Lopez-Jaramillo P, Avezum A, Orlandini A, et al. 

Articles Prognostic value of grip strength: Findings from the Prospective Urban Rural 

Epidemiology (PURE) study. Lancet. 2015;386: 266–273. doi:10.1016/S0140-

6736(14)62000-6. 

21.  Celis-Morales CA, Welsh P, Lyall DM, Steell L, Petermann F, Anderson J, 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. [cited 

19 Apr 2019]. doi:10.1136/bmj.k1651. 

22.  Richter EA, Hargreaves M. Exercise, GLUT4, and skeletal muscle glucose uptake. Physiol 

Rev. 2013;93: 993–1017. doi:10.1152/physrev.00038.2012. 

23.  Castorena CM, Arias EB, Sharma N, Bogan JS, Cartee GD. Fiber type effects on 

contraction-stimulated glucose uptake and GLUT4 abundance in single fibers from rat 

skeletal muscle. Am J Physiol Endocrinol Metab. 2015;308: 223–230. 

doi:10.1152/ajpendo.00466.2014. 

24.  Reichkendler MH, Auerbach P, Rosenkilde M, Christensen AN, Holm S, Petersen MB, et 

al. Exercise training favors increased insulin-stimulated glucose uptake in skeletal muscle 



56 
 

in contrast to adipose tissue: a randomized study using FDG PET imaging. Am J Physiol 

Metab. 2013;305: E496–E506. doi:10.1152/ajpendo.00128.2013. 

25.  Marques-Vidal P, Vollenweider P, Waeber G, Jornayvaz FR. Grip strength is not associated 

with incident type 2 diabetes mellitus in healthy adults: The CoLaus study. Diabetes Res 

Clin Pract. 2017;132: 144–148. doi:10.1016/j.diabres.2017.08.004. 

26.  Larsen BA, Wassel CL, Kritchevsky SB, Strotmeyer ES, Criqui MH, Kanaya AM, et al. 

Association of Muscle Mass, Area, and Strength With Incident Diabetes in Older Adults: 

The Health ABC Study. J Clin Endocrinol Metab. 2016;101: 1847. doi:10.1210/jc.2015-

3643. 

27.  Lawman HG, Troiano RP, Perna FM, Wang CY, Fryar CD, Ogden CL. Associations of 

Relative Handgrip Strength and Cardiovascular Disease Biomarkers in U.S. Adults, 2011-

2012. Am J Prev Med. 2016;50: 677–683. doi:10.1016/j.amepre.2015.10.022. 

28.  Ministry of Justice, Japan, 2009. Industrial safety and health act, article 66 (medical 

examination). 2009 [cited 26 Jun 2019]. Available: 

http://www.japaneselawtranslation.go.jp/law/detail/?id=3257&vm=04&re=01. 

29.  Kinoshita M, Yokote K, Arai H, Iida M, Ishigaki Y, Umemoto S, et al. Japan 

Atherosclerosis Society (JAS) Guidelines for Prevention of Atherosclerotic Cardiovascular 



57 
 

Diseases 2017 Committee for Epidemiology and Clinical Management of Atherosclerosis. 

J Atheroscler Thromb. 2018;25: 846–984. doi:10.5551/jat. 

30.  NHNES. Muscle strength Procedure Manual. [cited 25 Jun, 2016]. Available: 

https://wwwn.cdc.gov/nchs/data/.../2011.../manuals/muscle_strength_proc_manual.pdf. 

31.  MHLW. Japanese ministry of health, labor, and welfare standard health examination 

questionnaire. [cited 25 Dec 2017]. Available:http://www.mhlw.go.jp/seisakunitsuite/ 

 bunya/kenkou_iryou/kenkou/seikatsu/dl/hoken-program2_02.pdf. 

32.  White IR, Royston P, Wood AM. Multiple imputation using chained equations: Issues and 

guidance for practice. Stat Med. 2011;30: 377–399. doi:10.1002/sim.4067. 

33.  Hu S, Gu Y, Lu Z, Zhang Q, Liu L, Meng G, et al. Relationship Between Grip Strength and 

Prediabetes in a Large-Scale Adult Population. Am J Prev Med. 2019;56: 844–851. 

doi:10.1016/j.amepre.2019.01.013. 

34.  Mainous AG, Tanner RJ, Anton SD, Jo A. Low Grip Strength and Prediabetes in Normal-

Weight Adults. J Am Board Fam Med. 2016;29: 280–2. doi:10.3122/jabfm.2016.02.150262. 

35.  De Oliveira PA, Blasczyk JC, Junior GS, Lagoa KF, Soares M, de Oliveira RJ, et al. Effects 

of Elastic Resistance Exercise on Muscle Strength and Functional Performance in Healthy 



58 
 

Adults: A Systematic Review and Meta-Analysis. J Phys Act Heal. 2016;14: 317–327. 

doi:10.1123/jpah.2016-0415. 

36.  Price AJ, Crampin FFPHM AC, Branson K, Glynn JR, Nyirenda M, Smeeth FMedSCi L, 

et al. Prevalence of obesity, hypertension, and diabetes, and cascade of care in sub-Saharan 

Africa: a cross-sectional, population-based study in rural and urban Malawi. 

www.thelancet.com/diabetes-endocrinology. 2018;6: 208–230. doi:10.1016/S2213-

8587(17)30432-1. 

37.  Kim BC, Kim MK, Han K, Lee S-Y, Lee S-H, Ko S-H, et al. Low muscle mass is associated 

with metabolic syndrome only in nonobese young adults: The Korea National Health and 

Nutrition Examination Survey 2008-2010. Nutr Res. 2015;35: 1070–1078. 

doi:10.1016/j.nutres.2015.09.020. 

38.  Sénéchal M, Johannsen NM, Swift DL, Earnest CP, Lavie CJ, Blair SN, et al. Association 

between Changes in Muscle Quality with Exercise Training and Changes in 

Cardiorespiratory Fitness Measures in Individuals with Type 2 Diabetes Mellitus: Results 

from the HART-D Study. Reddy H, editor. PLoS One. 2015;10: e0135057. 

doi:10.1371/journal.pone.0135057. 

39.  Heianza Y, Arase Y, Fujihara K, Tsuji H, Saito K, Hsieh SD, et al. Screening for prediabetes 



59 
 

to predict future diabetes using various cut-off points for HbA1c and impaired fasting 

glucose: the Toranomon Hospital Health Management Center Study 4 (TOPICS 4). Diabet 

Med. 2012;29: e279–e285. doi:10.1111/j.1464-5491.2012.03686.x. 

 

 



60 
 

 

 Abbreviations: HbA1c: hemoglobin A1c; FPG: Fasting plasma glucose. 

Figure 2.1 Flow-chart of study participants.  
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Figure 2.2 Absolute and relative handgrip strength by sex and BMI categories. 
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Table 2.1 Demographics, anthropometrics, and lifestyle characteristics at baseline. 

Abbreviations: BMI: body mass index; Means and standard deviations (SD) are shown for continuous variables, and 

the number of participants and percentages, for categorical variables. aNumber of participants = 1029. 

 

 

 

Characteristic 

All 

n = 1075 

Men  

n = 593 (55.2%) 

Women 

n = 482 (44.8%) 

Age (years), mean ± SD 42.2 ± 12.7 41.0 ± 12.3 43.7 ± 13.0 

 20–39 483 (44.9) 294 (49.6) 189 (39.2) 

 40–59 

60–75 

482 (44.8) 

110 (10.3) 

248 (41.8) 

51 (8.6) 

234 (48.5) 

59 (12.3) 

 

BMI (kg/m2), mean ± SD 

 

22.8 ± 3.5 

 

23.7 ± 3.3 

 

21.8 ± 3.6 

 Underweight 90 (8.4) 19 (3.2) 71 (14.7) 

 Normal  731 (68.0) 396 (66.8) 335 (69.5) 

 Overweight  

Obese 

208 (19.3) 

46 (4.3) 

150 (25.3) 

28 (4.7) 

58 (12.1) 

18 (3.7) 

 

Alcohol consumption frequency a 

 

 

 

 

 

 

 Rarely 472 (45.9) 205 (36.0) 267 (58.2) 

 Sometimes 332 (32.3) 200 (35.1) 132 (28.8) 

 Every day 225 (21.8) 165 (28.9) 60 (13.0) 

 

Regular physical activity a 

 

 

 

 

 

 

 Yes 340 (33.0) 211 (37.0) 129 (28.1) 

 No 689 (67.0) 359 (63.0) 330 (68.5) 

 

Current smoking a  

 

 

 

 

 

 

 Yes 248 (24.1) 192 (33.7) 56 (12.2) 

 No 781 (75.9) 378 (66.3) 403 (87.8) 

 

Hypertension  

 

 

 

 

 

 

 Yes 287 (26.7) 191 (32.2) 96 (19.9) 

 No 788 (73.3) 402 (67.8) 386 (80.1) 

 

Dyslipidemia 

 

 

 

 

 

 

Yes 

No 

379 (35.3) 

696 (64.7) 

246 (41.5) 

347 (58.5) 

133 (27.6) 

349 (72.4) 
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Table 2.2 Biomarker values by sex at baseline. 

 

Characteristic  

 Men 

n = 593 

Women 

n = 482 

 

P-value b 

Waist circumference  cm 83.6 ± 8.9 77.4 ± 10.1 < 0.001 

Systolic blood pressure mmHg 129.3 ± 16.3 121.7 ± 18.1 < 0.001 

Diastolic blood pressure mmHg 79.5 ± 12.1 73.1 ± 12.0 < 0.001 

Total cholesterol  mg/dL 195.4 ± 32.8 199.2 ± 35.4    0.069 

HDL cholesterol  mg/dL 55.7 ± 13.6 67.3 ± 15.1 < 0.001 

LDL cholesterol  mg/dL 119.5 ± 30.9 114.3 ± 30.0    0.006 

Triglycerides a 

Creatinine                                   

mg/dL 

mg/dL 

93.0 (65.0 – 138.0) 

0.9 ± 0.1 

67.0 (50.0 – 92.0) 

0.6 ± 0.1 

< 0.001 

< 0.001 

Relative handgrip strength kg/BMI 1.7 ± 0.3 1.1 ± 0.2 < 0.001 

 
Abbreviations: HDL: high-density lipoprotein; LDL: low-density lipoprotein.  

Means and standard deviations are shown for continuous variables and the number of participants and percentages 

for categorical variables.  

 aData for triglycerides were skewed and, therefore, presented as median (interquartile range) values and P-values 

obtained with the Kruskal-Wallis test.  

 bP-values were obtained with the t-test. 
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Table 2.3 Mean biomarker values by age and sex-specific tertiles of relative handgrip strength at 

baseline. 

 

Biomarker  

 Q1 

n = 320 

Q2 

n = 392 

Q3 

n = 363 

 

P-valueb 

Waist circumference cm 86.0 ± 10.6 80.0 ± 9.0 77.0 ± 8.1 < 0.001 

Systolic BP mmHg 127.9 ± 17.3 126.0 ± 18.4 124.0 ± 16.7    0.012 

Diastolic BP mmHg 78.3 ± 12.2 76.1 ± 13.0 75.7 ± 12.0    0.016 

Total Cholesterol mg/dL 202.3 ± 34.7 196.0 ± 34.1 194.0 ± 32.8    0.004 

HDL Cholesterol mg/dL 58.5 ± 15.0 60.3 ± 15.0 63.7 ± 15.8 < 0.001 

LDL Cholesterol mg/dL 123.8 ± 31.5 116.6 ± 29.3 111.9 ± 30.0 < 0.001 

Non-HDL Cholesterol  mg/dL 143.9 ± 34.8 135.5 ± 33.3 130.2 ± 32.9 < 0.001 

Triglycerides a mg/dL 91.6 ± 1.7 84.1 ± 1.7 77.1 ± 1.7  < 0.001 

Alanine transaminase a IU/L 21.3 ± 1.8 19.1 ± 1.7 16.7 ± 1.5 < 0.001 

γ-glutamyl transferase a IU/L 26.8 ± 1.9 25.0 ± 2.0 22.8 ± 1.8    0.005 

Albumin  g/dL 4.5 ± 0.3 4.5 ± 0.3 4.6 ± 0.3    0.128 

Abbreviations: BP, blood pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein.  

Means and standard deviations are shown. 

 aCalculated using geometric means and standard deviations.  

 bP-values by ANOVA test. 
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Table 2.4 Adjusted hazard ratios for the risk of new prediabetes cases with increasing relative handgrip strength. 

   Model 1a   Model 2b Model 3c 

 Cases (%) n aHR (95% CI) Cases (%) n d aHR (95% CI) aHR (95% CI) 

All participants 169 (15.8) 1073 0.33 (0.18 – 0.60) 165 (16.1)  1027 0.40 (0.21 – 0.71) 0.38 (0.21 – 0.71) 

Age (years) 

    < 40 

    ≥ 40 

 

43 (8.9) 

126 (21.3) 

 

483 

590 

 

0.27 (0.10 – 0.73) 

0.37 (0.21 – 0.95) 

 

43 (9.5)      

122 (21.3) 

 

455 

572 

 

0.25 (0.09 – 0.74) 

0.47 (0.22 – 0.98) 

 

0.25 (0.08 – 0.72) 

0.45 (0.21 – 0.95) 

BMI (kg/m2) 

    18.5 – 25.0  

    ≥ 25.0 

 

100 (13.7) 

61 (24.0) 

 

729 

254 

 

0.37 (0.15 – 0.90)  

0.66 (0.24 – 1.84) 

 

98 (14.0)  

59 (24.4) 

 

698 

242 

 

0.39 (0.16 – 0.95) 

0.78 (0.26 – 2.33) 

 

0.39 (0.16 – 0.96) 

0.75 (0.25 – 2.26) 

 
 Abbreviations: aHR, Adjusted hazard ratio; CI, confidence interval.  

 Boldface indicates statistical significance (P < .05). 

 aModel 1: adjusted for age and sex.  

 bModel 2: adjusted for age, sex, dyslipidemia, hypertension, smoking status, and alcohol consumption frequency.  

 cModel 3: model 2 + regular physical activity.  

 dn, only participants with complete information on covariates included in models 2 and 3. 
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Table 2.5 Adjusted hazard ratios for the risk of new prediabetes cases within tertiles of relative 

handgrip strength.  

 

Abbreviations: aHR, Adjusted hazard ratio; CI, confidence interval.  

Boldface indicates statistical significance (P < 0.05). 

aModel 1: adjusted for age and sex.  

bModel 2: adjusted for age, sex, dyslipidemia, hypertension, smoking status, and alcohol consumption frequency.  

cModel 3: model 2 + regular physical activity.  

dOnly participants with complete information on covariates included in models 2 and 3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Model 1a Model 2b Model 3c 

 aHR (95% CI) aHR (95% CI) aHR (95% CI) 

n 

Cases (%) 

Tertiles                                                      

Lower 

Middle 

Upper 

1073 

169 (15.8) 

 

1 (reference) 

0.60 (0.47 – 0.86) 

0.55 (0.38 – 0.80) 

1027d 

165 (16.1) 

 

1 (reference) 

0.61 (0.42 – 0.88) 

0.60 (0.40 – 0.88) 

1027d 

165 (16.1) 

 

1 (reference) 

0.61 (0.42 – 0.87) 

0.59 (0.40 – 0.86) 
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Table 2.6 Adjusted hazard ratios for the risk of new prediabetes cases with increasing relative 

handgrip strength (multiple imputed dataset). 

   Model 1a Model 2b Model 3c 

 Cases (%) n aHR (95% CI) aHR (95% CI) aHR (95% CI) 

All participants 169 (15.3) 1073 0.33 (0.18 – 0.60) 0.38 (0.21 – 0.70) 0.37 (0.20 – 0.68) 

Age (years) 

  < 40 

  ≥ 40 

 

43 (8.9),         

126 (21.3)    

 

483 

590 

 

0.27 (0.10 – 0.73) 

0.37 (0.21 – 0.95) 

 

0.29 (0.10 – 0.86) 

0.41 (0.20 – 0.86) 

 

0.28 (0.09 – 0.84) 

0.39 (0.19 – 0.82) 

BMI (kg/m2) 

  18.5 – 25.0  

  ≥ 25.0 

 

100 (13.7)     

61 (24.0)    

 

729 

254 

 

0.37 (0.15 – 0.90)  

0.66 (0.24 – 1.84) 

 

0.39 (0.16 – 0.99) 

0.67 (0.23 – 1.94) 

 

0.39 (0.16 – 0.98) 

0.64 (0.22 – 1.86) 

Abbreviations: aHR, Adjusted hazard ratio; CI, confidence interval.  

Boldface indicates statistical significance (P < 0.05). 

aModel 1: adjusted for age and sex.  

bModel 2: adjusted for age, sex, baseline fasting plasma glucose, dyslipidemia, hypertension, smoking status, and 

alcohol consumption frequency.  

cModel 3: model 2 + regular physical activity.  
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Chapter 3: Association of type 2 diabetes, prediabetes, 

and muscle strength among adults in Malawi 
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 3.1 Abstract  

 Background: The shared risk factors for non-communicable diseases (NCDs), such as obesity, 

are well reported. However, contrary to data from high-income countries, studies from Sub-

Saharan Africa (SAA) show that a substantial proportion of people with diabetes are not 

overweight or obese. One possible explanation might relate to the limitation of body mass index 

(BMI) since it lacks sensitivity for assessing disease risks, especially in people with normal or 

mildly elevated body weight. On the other hand, muscle strength has been reported as a predictor 

of both prediabetes and type 2 diabetes mellitus (T2DM) in populations outside SSA. Therefore, 

this study examined the relationship of handgrip strength with prediabetes and T2DM among rural 

and urban-dwelling adults in Malawi to assess its utility in prediabetes and T2DM screening during 

medical examinations. 

 Methods: This was a cross-sectional study nested in a follow-up study of prediabetic and 

prehypertensive individuals identified during an extensive NCDs survey in Malawi, which 

enrolled adults from two defined geographical areas within Karonga District and Lilongwe city. 

Participants were interviewed, had anthropometry, handgrip strength, and blood pressure 

measured, and had fasting blood samples collected. A total of 261 participants (women: 64%) were 

recruited between November 2018 and February 2019. Univariate and multivariate binary logistics 
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regression analysis was performed to examine the association of prediabetes and T2DM with 

relative handgrip strength. 

 Results: The mean (SD) age of participants was 49.7 (13.6) years, and 54.0% were between 

40 and 59 years. The mean (SD) absolute handgrip strength and relative handgrip strength were 

28.8 (7.3) kg and 1.16 (0.40) kg/BMI, respectively, and the mean relative handgrip strength 

differed significantly (P <0.001) by T2DM status. Relative handgrip strength was well correlated 

with anthropometric and body composition measures such as waist circumference (r=-0.510, 

P<0.001),hip circumference (r=-0.572, P<0.001), body fat (r=-0.501, P<0.001), muscle mass (r=-

0.521, P=<0.001), and muscle quality (r=0.215, P=0.037). In the unadjusted model, the odds ratio 

(OR) of prediabetes and T2DM per unit increase of relative handgrip strength was 0.12 [95% CI; 

0.04-0.33]. The result remained significant after adjusting for age (continuous), sex, place of study, 

hypertension, dyslipidemia, and level of education (AOR [95% CI]; 0.19 [0.03-0.95]).  

 Conclusions: The findings provide preliminary evidence for adopting handgrip strength 

during medical examinations in Malawi, given earlier evidence of a high prevalence of diabetes 

among normal-weight individuals. 
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 3.2 Introduction  

 Sub-Saharan Africa (SSA) is experiencing a rapid increase in the burden of non-communicable 

diseases (NCDs) such as diabetes mellitus [1,2] and hypertension. Malawi is one of the SSA 

countries experiencing the rise of NCDs. A few extensive population-based surveys conducted 

between 2009 and 2016 found a higher prevalence of hypertension (18.0% to 33.0%) and diabetes 

mellitus (2.4% to 6.0%) in the Malawi general population [3,4]. The rapid rise has been attributed 

to urbanization and associated lifestyle changes (such as physical inactivity, poor nutrition, alcohol 

consumption, smoking, and poor sleep habits), increasing wealth, and rising population age [4].  

 Therefore, it is necessary to intensify research on the emerging NCDs burden since most of the 

available literature is from western populations. Notably, 80% of all NCDs mortality happens in 

developing countries, exacerbated by inadequate health care systems [5]. Effective control of 

NCDs starts with well-designed screening strategies to identify individuals at high risk and 

implement intervention programs besides treating individuals with these conditions. The approach 

is the most cost-effective to control NCDs, considering the high cost of treating these conditions 

[6,7]. 

 The shared risk factors for NCDs are well studied. However, population-based studies 

conducted in SSA reveal differences in the contribution of known risk factors on non-

communicable disease outcomes compared to high-income countries, and the reasons for the 
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observed differences are unclear [1]. For instance, an increased risk of hypertension and T2DM 

has been reported among relatively low or normal body mass index (BMI) individuals in Malawi, 

a setting with high mean adult BMI. [4]. One possible explanation for this discrepancy might relate 

to factors specific to this setting, including fetal exposure to maternal undernutrition or early 

childhood malnutrition, which are thought to increase NCDs' susceptibility in adulthood according 

to the Developmental Origins of Health and Disease hypothesis (DOHaD) [8,9]. The other 

explanation might relate to BMI limitation in assessing body composition since it lacks sensitivity 

for assessing disease risks, particularly in people who have normal or mildly elevated body weight 

[10]. Consequently, current hypertension and diabetes screening guidelines, which focus on 

overweight, smoking, excess alcohol drinking, family history, and age, may miss some individuals 

at high risk.  

 Studies mostly from high-income countries have reported that handgrip strength, a simple 

measure of muscle strength and quality, is associated with metabolic syndrome [11], type 2 

diabetes mellitus [12–14], and overall mortality [15,16]. Therefore, it is conceivable that muscle 

strength might also be associated with prediabetes and T2DM in Malawi. Handgrip strength testing 

is cheap, non-invasive, and easy to use in fieldwork, which would make its adoption in prediabetes 

and type 2 diabetes screening programs easy. However, there is a need for evidence to adopt the 

use of handgrip strength together with body composition measurements to identify individuals at 
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high risk of T2DM in Malawi. Therefore, this study aimed to examine the relationship of handgrip 

strength with prediabetes and T2DM among rural and urban-dwelling adults in Malawi.  

3.3 Methods 

Study design 

 This cross-sectional study is part of a follow up of the Malawi NCDs survey that provided 

detailed baseline data on blood glucose regulation by subgroups of age, location (urban vs. rural), 

and multi-morbidity, and established a research infrastructure to conduct longitudinal follow-up of 

participants’ access to health-care, health outcomes, and vital statistics. The Malawi NCDs survey 

was conducted in the northern rural Karonga District and Malawi’s central capital, Lilongwe. The 

details of the NCDs survey design and methodology are described in earlier publications [4,17]. 

The NCDs survey provided an opportunity to conduct a follow-up study on disease progression 

among prediabetic and prehypertensive individuals identified during the survey.  

 The follow-up study was called “the progress of disease in prediabetic and prehypertensive 

patients in Malawi: assessment of risk factors and complication.” It was designed to recruit all 388 

prediabetic participants and a further random sample of 512 “prehypertensive” participants to 

determine disease progression in this population. Prediabetes participants were defined according 

to the WHO classification of a fasting plasma glucose between 6.0 mmol/L and less than 7 mmol/L 
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with no history of diabetes and no history of taking diabetes medication, while prehypertensive 

participants were defined by systolic blood pressure between 120 to 139 mmHg and/or diastolic 

blood pressure between 80 to 89 mmHg based on two or more properly measured seated blood 

pressure readings.  

 The current cross-sectional study was designed to collect data on muscle strength. A total 

of 261 participants from both the rural and urban locations were recruited in this current cross-

sectional study to assess handgrip strength. This study was reviewed and approved by the ethics 

committee of the National Health Sciences Research Committee (NHSRC) in Malawi and the 

University of Tsukuba in Japan. 

Study area and population  

 The urban study site, Area 25 in Lilongwe, is an area with a population of 66,000 individuals 

of mixed social-economic status with a relatively poor lifestyle compared to the rural population. 

During the 2008 national population census, there were 24,367 adults aged ≥18 years. This 

population was targeted for recruitment in the NCDs survey between May 16, 2013, and Feb 8, 

2016. Among those targeted in area 25 Lilongwe, 15,013 individuals were recruited. While the 

rural site, Chilumba Health, and Demographic Surveillance Site (HDSS) in Karonga, is an area 

with a population of 39,000 individuals, of whom 15,806 were adults aged ≥18 years. These were 



75 
 
 

targeted for recruitment in the survey. Unlike the urban study area, the rural site is a predominantly 

subsistence economy with farming and fishing as the main economic activities.  

Data collection 

 Participants’ information on risk factors for T2DM was extracted for analysis, and this 

information was collected through a questionnaire partly adapted from the WHO STEPS survey, 

biophysical measurements, and examination of biological specimens. After that, participants were 

contacted for follow up visits.  

 A field team of trained data collectors visited the participants at their respective homes between 

November 2018 and February 2019 using the contact information collected during the baseline 

NCDs survey for follow-up purposes. The field team administered an in-depth questionnaire and 

clinical measurements to reassess the risk factors for T2DM and hypertension. The information 

collected under the survey included: age, gender, urban/rural residence, occupation, environmental 

exposures, biophysical profiles, medical history and medication, meat consumption, smoking, and 

alcohol consumption. After that, the field team measured participants’ height, weight, and blood 

pressure following standardized protocols, as documented in an earlier publication [4]. 

 Handgrip strength was then measured using the Takei handgrip strength machine (Model TKK 

5401) following the manufacturer's standard operating procedure. Additionally, the field team 
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measured the bioelectrical impedance (BIA) of participants recruited in Area 25 in Lilongwe using 

a compact Tanita BIA machine (RD-800). The information recorded included participants’ body 

mass index, body water percentage, bone mass, body fat, muscle quality score, and muscle mass 

on standard data collection forms sent to the MEIRU data offices for entry. 

 The field team advised the participants to have an overnight fast of 8 hours to prepare a blood 

sample collection the following morning. The fasting blood samples were collected to test fasting 

plasma glucose (FPG), Hemoglobin A1c (HbA1c), low-density lipoprotein (LDL-cholesterol), 

high-density lipoprotein (HDL-cholesterol), total cholesterol, triglycerides, and creatinine.  

Measures and definitions  

 Body mass index (BMI; calculated as weight/height2) was categorized as underweight (<18.5 

kg/m2), normal (18.5–24.9 kg/m2), overweight (25.0–29.9 kg/m2), or obese (≥30 kg/m2). 

Hypertension was defined as any of the following: systolic blood pressure ≥140 mmHg, diastolic 

blood pressure ≥90 mmHg, or use of antihypertensive medication, while dyslipidemia was defined 

as triglycerides ≥150 mg/dL, LDL-cholesterol ≥140 mg/dL, HDL-cholesterol <40 mg/dL. 

Prediabetes was defined as FPG of 6.1 to 6.9 mmol/L (110 to 125 mg/dL). Type 2 diabetes mellitus 

was defined as any of the following: physician’s diagnosis, use of anti-diabetic medication, FPG 

≥7.0 mmol/L (≥126 mg/dL).  



77 
 
 

 Educational attainment was categorized according to the highest level reached. The levels 

included: those who had attended none, primary school (standards 1-8), secondary school (forms 

1-4), or post-secondary education (including vocational training). Employment data was also 

collected in pre-coded categories and were further grouped into salaried, self-employed, 

subsistence, housework, and not working [4]. Estimated family monthly income information was 

summarized using predefined income categories in Malawi Kwacha (1. ≤ MWK 20,000 (26 USD); 

2. More than MWK 20,000 and ≤ MWK 100,000 (131 USD); 3. MWK>100,000 (131 USD)). 

Physical activity information was collected by asking whether the participants performed vigorous 

work, which caused significant breathing/heart rate increases. Current smokers were those who 

were still smoking or stopped in the previous six months. Alcohol use was reported as any 

consumption of alcohol in the past year.  

 The handgrip strength measurement procedure involved instructing participants to stand 

upright and to look straight ahead. The dynamometer handle was adjusted to ensure a comfortable 

fit. The participants were then told to hold the handle in hand to be tested with arms straight down 

by the sides of the body but not touching it or any other object. The participants were instructed to 

squeeze the dynamometer with a maximum isometric effort for about 5 seconds, and no other body 

movements were allowed. Handgrip strength was measured twice in each hand, and the average 
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of the maximum handgrip strength values (kg) from each side was displayed in the machine and 

used for our analysis.  

 Relative handgrip strength was calculated as absolute handgrip strength (kg) divided by BMI 

(reported as kg/BMI). Handgrip strength and BMI are highly correlated [18]. Therefore, the use of 

relative handgrip strength over absolute handgrip strength has been proposed to adjust for the 

direct relationship between mass and force [19]. Absolute handgrip strength is not only indicative 

of muscle quality but also the combined effect of fat mass and muscle mass.  

Statistical analyses 

 Sociodemographic, anthropometric, and lifestyle characteristics were reported as mean values 

with standard deviations (SD) for continuous variables and percentages for categorical variables. 

Continuous variables were analyzed using the t-test and ANOVA test, while categorical variables 

were analyzed using the chi-square test. The characteristics of the participants were presented 

according to their type 2 diabetes status. Multiple linear regression of relative handgrip strength 

on selected biomarker outcomes was performed to understand the association of relative handgrip 

strength with the biomarker outcomes adjusted for age, sex, and study place. After that, the 

correlation of handgrip strength with body composition measurements was analyzed in a 

subsample comprising of urban-dwelling participants.  
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 Finally, I performed univariate and multivariate binary logistic regression to examine the 

association of prediabetes and type 2 diabetes with relative handgrip strength. Individuals with 

complete information (n=254) were included in the models. The covariates considered in the 

models were age (continuous), sex, place of study, hypertension, dyslipidemia, and level of 

education (the four levels of education categories were merged into 2 before including in the 

models: those with none or primary education were put into one group while those with secondary 

and post-secondary were combined into another group). Model 1 was adjusted for age, sex, and 

study place, while Model 2 included hypertension status. The final Model 3 included all variables 

adjusted for in model 2 and was further adjusted for dyslipidemia and education level. The 

education level was strongly correlated with employment status and was therefore selected to 

adjust for socioeconomic status. On the other hand, dyslipidemia was included since it was 

significantly associated with prediabetes and type 2 diabetes.  

 Variance inflation factors were used to assess multicollinearity, and the VIF values of the fitted 

models were below 3 (Appendix 3.0). Odds ratios were reported with a 95% confidence interval 

at a 0.05 significance level. All statistical analyses were conducted with SPSS version 26 (IBM, 

USA).  
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3.4 Results  

 The participants' sociodemographic characteristics, consisting of 169 (64.8%) women and 92 

(35.2%) men, are summarized in Table 3.1. A significant proportion of the participants, 166 

(63.6%), were recruited from the rural area. The mean (SD) age of participants was 49.7 (13.6) 

years, and 54.0% were between 40 and 59 years. Overall, more than 90% of the participants had 

attended some primary education or higher, and those in the urban area were more likely to have 

attended secondary school level or higher (57.9%) compared to their rural counterparts (30.7%). 

Most participants (66.0%) reported that they depended on subsistence or self-employed work, such 

as fishing and farming. Only five percent of those living in the rural area had salaried employment 

compared to 22.1% in the urban area. On the other hand, a higher proportion of the urban 

participants reported that they were not working compared to those from the rural area (23.2% v. 

9.6%). A majority of participants (64.5%) from the rural study area reported lower estimated 

monthly incomes than urban participants (6.3%).  

 The mean (SD) absolute handgrip strength and relative handgrip strength were 28.8 (7.3) kg 

and 1.16 (0.40) kg/BMI, respectively. Characteristics of the participants, according to T2DM status, 

are reported in Table 3.2. Those with prediabetes and T2DM were older (P=0.006) and more likely 

to be from the urban area (P<0.001). They also had a higher body mass index (P<0.001), lower 

relative handgrip strength (P<0.001), and were more likely to be classified as having dyslipidemia 



81 
 
 

(P=0.020). No significant differences were observed according to sex, hypertension status, and 

lifestyle factors such as vigorous physical activity, smoking status, and alcohol consumption.  

 Men and women differed significantly in terms of mean values of waist circumference (82.8 ± 

9.8 vs 88.5 ± 11.2 cm, P < 0.001), total cholesterol (169.1 ± 40.7 vs 181.3 ± 50.4 mg/dL, P < 

0.048), and  LDL cholesterol (96.7 ± 31.2 vs 108.2 ± 37.5 mg/dL, P =0.012), with men tending to 

have healthier cardiovascular biomarker values compared to women (Table 3.3). Relative handgrip 

strength was well correlated with anthropometric and body composition measures such as waist 

circumference (r=-0.510, P<0.001), hip circumference (r=-0.572, P<0.001), body fat (r=-0.501, 

P<0.001) muscle mass (r=0.521, P<0.001), and muscle quality (r=0.215, P=0.037). The results are 

shown in Table 3.4. 

 Additionally, there was a tendency for higher relative handgrip strength to be associated with 

lower systolic blood pressure (β [SE]; -4.56 [4.95]; P=0.358), diastolic blood pressure (β [SE]; -

4.94 [2.80]; P=0.078), fasting plasma glucose (β [SE]; -1.00 [0.71]; P=0.159), total cholesterol (β 

[SE]; -0.52 [0.29]; P=0.062), LDL cholesterol (β [SE]; -0.47 [0.22]; P=0.030), triglycerides (β 

[SE]; -0.35 [0.21]; P=0.088) and higher HDL cholesterol level (β [SE]; 0.05 [0.10]; P=0.657). The 

models were adjusted by age (continuous), sex, and place of residence (Table 3.5).  
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 The logistic regression analysis results for the association of prediabetes and T2DM with 

relative handgrip strength are shown in Table 3.6. In the unadjusted model, the odds ratio (OR) of 

prediabetes and type 2 diabetes mellitus per unit increase of relative handgrip strength was 0.12 

[95% CI; 0.04-0.33]. The result remained significant after adjusting for age (continuous), sex, 

place of study, and hypertension (AOR [95% CI]; 0.16 [0.03-0.75]). The lower odds of prediabetes 

and type 2 diabetes were still found after further adjustment with dyslipidemia and level of 

education (AOR [95% CI]; 0.19 [0.03-0.95]).  

3.5 Discussion  

 This cross-sectional study of participants from Malawi's urban and rural areas found that 

relative handgrip strength is associated with prediabetes and type 2 diabetes mellitus. This simple 

muscle strength measure was also well correlated with anthropometric and body composition 

measures among the participants. Additionally, relative handgrip strength was associated with 

other cardiovascular disease biomarkers. Body mass index alone has a limitation in assessing body 

composition since it lacks sensitivity for assessing disease risks, especially in people who have 

normal or mildly elevated BMI [10]. Therefore, handgrip grip strength measurement would 

provide an opportunity for prediabetes and type 2 diabetes risk screening. Handgrip strength 

testing is cheap, non-invasive, and is easy to conduct in fieldwork, which would make its adoption 

in health examinations effortless. Furthermore, like body mass index, participants quickly 
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understood their handgrip strength measurement outcome, which would motivate them to change 

their lifestyle. 

 To the best of my knowledge, this is the first study in sub-Saharan Africa to examine the 

association of relative handgrip strength with prediabetes and T2DM among both rural and urban 

populations. However, the use of simple binary logistic regression models of handgrip strength for 

the screening of diabetes was reported earlier in a smaller study in Kenya. The participants of that 

study were recruited from a diabetic hospital and surrounding locations [20]. Our findings show 

that relative handgrip strength may have utility in disease screening among a population with wide-

ranging sociodemographic characteristics. Most of the study participants from the rural area 

depended on subsistence work such as farming and fishing. In contrast, most of those from the 

urban area were self-employed or employed by the government. The occupation was suspected to 

influence participants’ handgrip strength and its subsequent association with prediabetes and 

T2DM; to the contrary, the present study findings on the association of relative handgrip strength 

with prediabetes and T2DM are similar to those reported elsewhere [14,21,22].  

 However, it should be noted that the mean handgrip strength and relative handgrip strength in 

this population were lower than those reported in earlier studies. Participants recruited in the 

present study were either prediabetic or prehypertensive during the baseline NCDs survey, which 

might explain the difference. Furthermore, unlike in the earlier studies, robust adjustment for all 
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distal and proximal risk factors was not done due to the smaller number of participants in the 

present study. We recommend future population studies to consider these. 

 Participants from the urban area had a higher proportion of prediabetes and T2DM. This was 

expected since higher prediabetes and T2DM prevalence was also reported in the urban population 

in the earlier study [4]. The urban population has higher rates of cardiovascular risk factors such 

as obesity and physical inactivity (although the levels are still above WHO physical activity 

recommendations). Indeed, the present study showed that body mass index was associated with 

prediabetes and T2DM. However, this finding should be interpreted with care. The extensive cross-

sectional study from the same population investigating various cardiovascular risk factors found 

that a substantial proportion of people with diabetes were not overweight or obese (46% of urban 

and 26% of rural diabetes individuals) [4]. Similar to the previous study findings, alcohol 

consumption and smoking were not associated with prediabetes and T2DM. This population has a 

lower prevalence of these lifestyle risk factors. 

 A few prospective studies suggest that reduced muscle strength and quality may play a role in 

the development of prediabetes and type 2 diabetes [13,23]. While the underlying mechanism is 

not well understood, some physiological research suggests a potential causal pathway that points 

to the benefit of muscle strength and quality. Exercise training, which may improve muscle 

strength and quality, is reported to favor increased insulin-stimulated glucose uptake in skeletal 
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muscle in contrast to adipose tissues [24]. Besides, previous studies suggest that the role of muscle 

strength in the development of insulin resistance may be separate from that of skeletal muscle fat 

content [25]. Handgrip strength measurement may thus provide a way to assess overall muscle 

strength and quality, which is associated with prediabetes and T2DM risk. 

 There is evidence that lifestyle interventions conducted among prediabetes individuals may 

help them revert to normal glucose levels or delay progression to T2DM [26]. This study findings 

show that relative handgrip strength was not only associated with T2DM but also prediabetes in 

this population comprising of both urban and rural participants. Therefore, these findings suggest 

that using relative handgrip strength may help identify individuals at a high risk of prediabetes 

who can benefit from intervention programs. On the other hand, muscle strength is also associated 

with a wide range of health conditions, including nutrition [27], mental health [28], and increased 

mortality [16,29]. Therefore, assessment of handgrip strength may benefit not only for prediabetes 

and T2DM screening but also during general health examinations. Further studies are required to 

establish screening cutoff points for prediabetes and T2DM risk in this population. 

 The present study has some strengths; given the paucity of muscle strength studies and diabetes 

in the sub-Saharan African population, this study provided some preliminary evidence on adopting 

handgrip strength measurement in health examinations. Notably, the study participants came from 

diverse rural and urban populations, enhancing the findings' generalizability.  
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 Some limitations of the study should be noted. Since this study was cross-sectional, causality 

cannot be reported. Additionally, BMI stratified analyses were not conducted due to the smaller 

number of participants. However, a previous study from the same population found an increased 

risk of diabetes at a relatively low or normal body mass index compared to data from high-income 

countries [4]. Therefore, handgrip strength may help stratify prediabetes and type 2 diabetes risk 

among this population, as observed in other studies. The smaller number of participants in the 

study also prevented the construction of models with full adjustment for all distal and proximal 

factors. 

 Additionally, this study recruited more women than men. Women were more likely to be found 

at home during the data collection period. However, this study reports significant findings. It 

provides important preliminary findings, which could lead to more research on this subject in the 

region. The study only used fasting plasma glucose when determining prediabetes and T2DM. This 

may have resulted in the misclassification of individuals with impaired insulin secretion capacity 

since these individuals may have different characteristics. Furthermore, all lifestyle characteristics 

were self-reported. However, self-reported lifestyle characteristics are commonly used in type 2 

diabetes population studies [30]. 
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Conclusion  

 This study found that relative handgrip strength is associated with prediabetes and type 2 

diabetes among the adult rural and urban populations in Malawi. The findings provide evidence 

for the adoption of handgrip strength measurement during health examinations in Malawi, which 

most of the time only include body mass index measurement. Given earlier evidence of a high 

prevalence of diabetes among normal-weight individuals, handgrip strength measurement may 

provide an opportunity for prediabetes and type 2 diabetes risk screening in Malawi. 
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Figure 3.1 Map of Malawi showing locations of the urban and rural study areas. 
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Figure 3.2 Karonga Demographic Surveillance Site (DSS) study area. 
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Figure 3.3 Lilongwe (Area 25) study area.  
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Table 3.1 Sociodemographic characteristics of the study participants according to the place of 

study.  

 

Characteristic 

Total 

N = 261 

Karonga (rural) 

n = 166 (63.6%) 

Lilongwe (urban) 

n = 95 (36.4%) 

Age (years), mean ± SD a 49.7 ± 13.6 50.3 ± 13.4 48.8 ± 13.9 

Age group (years)    

 20 – 39 

 40 – 59 

 60+ 

59 (22.6) 

141 (54.0) 

61 (23.4) 

35 (21.1) 

92 (55.4) 

39 (23.5) 

24 (25.2) 

49 (51.6) 

22 (23.2) 

Sex 

 Women  

 Men 

 

169 (64.8) 

92 (35.2) 

 

100 (60.2) 

66 (39.8) 

 

69 (72.6) 

26 (27.4) 

Educational achievement  

 None 

 Primary 

 Secondary 

 Post-secondary 

 

18 (6.9) 

137 (52.0) 

84 (32.2) 

22 (8.4) 

 

2 (1.2) 

113 (68.1) 

46 (27.7) 

5 (3.0) 

 

16 (16.8) 

24 (25.3) 

38 (40.0) 

17 (17.9) 

Employment  

 Not working 

 Housework  

 Subsistence  

 Self-employed 

 Salaried  

 Missing 

 

38 (14.6) 

16 (6.1) 

106 (40.6) 

66 (25.3) 

29 (11.1) 

6 (2.3) 

 

16 (9.6) 

11 (6.6) 

103 (62.1) 

28 (16.9) 

8 (4.8) 

0 (0) 

 

22 (23.2) 

5 (5.2) 

3 (3.1) 

38 (40.0) 

21 (22.1) 

6 (6.3) 

Monthly family income   

 Lower ≤ MWK 20,000 (26 USD) 

 Middle ≤ MWK 100,000 (USD 131) 

 Upper MWK>100,000 (USD 131) 

 Missing 

 

113 (43.3) 

83 (31.8) 

54 (20.7) 

11 (4.2) 

 

107 (64.5) 

49 (29.5) 

5 (3.0) 

5 (3.0) 

 

6 (6.3) 

34 (35.8) 

49 (51.6) 

6 (6.3) 
aSD: Standard deviation. 
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Table 3.2 Characteristics of the study participants according to T2DM status. 

Abbreviations: T2DM: Type 2 diabetes mellitus; SD: Standard deviation; BMI: body mass index; HGS: handgrip 

strength; RHGS: relative handgrip strength. a Number of participants with information = 255.

Characteristic  Normal  

n = 209 (80.1) 

Prediabetes   

n = 21 (8.0) 

T2DM 

n = 31 (11.9) 

p-value 

Age (years), mean ± SD  48.5 (13.5) 52.4 (12.3) 56.5 (12.8) 0.006 

Age group (years)     

 20 – 39 

 40 – 59 

  60+ 

53 (25.4) 

114 (54.5) 

42 (20.1) 

4 (19.1) 

12 (57.1) 

5 (23.8) 

2 (6.5) 

15 (48.4) 

14 (45.1) 

0.020 

Sex 

 Women  

 Men 

 

129 (61.7) 

80 (38.3) 

 

16 (76.2) 

5 (23.8) 

 

24 (77.4) 

7 (22.6) 

0.126 

Place of study  

 Karonga (rural) 

 Lilongwe (urban) 

 

146 (69.9) 

63 (30.1) 

 

8 (38.1) 

13 (61.9) 

 

12 (38.7) 

19 (61.3) 

< 0.001 

BMI (kg/m2), mean ± SD  25.1 ± 4.8 29.0 ± 6.8 30.5 ± 5.1 < 0.001 

BMI categories  

 Underweight  

 Normal   

 Overweight  

 Obese  

 

6 (2.9) 

110 (52.6) 

56 (26.8) 

37 (17.7) 

 

0 (0.0) 

5 (23.8) 

8 (38.1) 

8 (38.1) 

 

0 (0.0) 

5 (16.1) 

9 (29.0) 

17 (54.9) 

< 0.001 

 

HGS (kg), mean ± SD 29.2 ± 7.5 27.4 ± 6.9 26.6 ± 6.0 0.119 

RHGS (kg/BMI), mean ± SD 1.21 ± 0.4 1.0 ± 0.1  0.9 ± 0.3 < 0.001 

Hypertension  

 No  

 Yes 

 

109 (52.2) 

100 (47.8) 

 

8 (38.1) 

13 (61.9) 

 

11 (35.5) 

20 (64.5) 

0.129 

Dyslipidemia 

 No 

 Yes 

 

95 (46.1) 

111 (53.9) 

 

6 (28.6) 

15 (71.4) 

 

6 (21.4) 

22 (78.6) 

0.020 

Vigorous physical activity a                                                                                 0.553 

 No 

 Yes  

137 (67.2) 

67 (32.8) 

11 (55.0) 

9 (45.0) 

20 (64.5) 

11 (35.5) 

 

Smoking a 

 Not current  

 Current  

 

187 (78.6) 

17 (8.3) 

 

20 (100.0) 

0 (0.0) 

 

31 (100.0) 

0 (0.0) 

0.101 

Alcohol consumption a  

 Not in last year 

 In last year  

 

136 (66.7) 

68 (33.3) 

 

14 (70.0) 

6 (30.0) 

                                               

25 80.6) 

6 (19.4) 

0.296    
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Table 3.3 Participants biomarker values by sex. 

 

Characteristic  

 Men 

n = 92 

Women 

n = 169 

 

P-value b 

Waist circumference  cm 82.8 ± 9.8 88.5 ± 11.2 < 0.001 

Systolic blood pressure mmHg 130.6 ± 16.7 134.6 ± 22.2    0.126 

Diastolic blood pressure mmHg 83.0 ± 10.7 85.0 ± 11.4    0.159 

Total cholesterol  mg/dL 169.1 ± 40.7 181.3 ± 50.4    0.048 

HDL cholesterol  mg/dL 47.5 ± 16.4 46.4 ± 15.5    0.596 

LDL cholesterol  mg/dL 96.7 ± 31.2 108.2 ± 37.5    0.012 

Triglycerides a                          mg/dL 111.2 (79.3 – 158.5) 96.1 (65.1 – 157.9)    0.254 

Relative handgrip strength kg/BMI 1.5 ± 0.3 0.9 ± 0.2 < 0.001 

Abbreviations: HDL: high-density lipoprotein; LDL: low-density lipoprotein.  

Means and standard deviations are shown for continuous variables and the number of participants and percentages 

for categorical variables.  

 aData for triglycerides were skewed and therefore are presented as median (interquartile range) values and P-values 

 obtained with the Kruskal-Wallis test.  

 bP-values were obtained with the t-test. 
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Table 3.4 Correlation of relative handgrip strength and body composition measures. 

 

 

 

Waist 

Circumf. 

Hip 

Circumf. 

Waist to 

Hip ratio 

Body 

fat 

Muscle 

quality 

Muscle 

mass 

Relative hand 

grip strength 

Waist  

Circumf. 

Pearson 

Correlation 

1 .811** .620** .484*

* 

-.061 .115 -.510** 

Sig. (2-tailed)  .000 .000 .000 .571 .285 .000 

N 250 250 250 88 88 88 250 

Hip  

Circumf. 

Pearson 

Correlation 

.811** 1 .048 .547*

* 

-.134 -.070 -.572** 

Sig. (2-tailed) .000  .448 .000 .211 .517 .000 

N 250 255 250 89 89 89 255 

Waist to 

Hip ratio 

Pearson 

Correlation 

.620** .048 1 .075 .067 .272* -.112 

Sig. (2-tailed) .000 .448  .488 .536 .010 .076 

N 250 250 250 88 88 88 250 

Body  

fat 

Pearson 

Correlation 

.484** .547** .075 1 .605** .267** -.501** 

Sig. (2-tailed) .000 .000 .488  .000 .009 .000 

N 88 89 88 95 95 95 95 

Muscle  

quality 

Pearson 

Correlation 

-.061 -.134 .067 .605*

* 

1 .758** .215* 

Sig. (2-tailed) .571 .211 .536 .000  .000 .037 

N 88 89 88 95 95 95 95 

Muscle  

mass 

Pearson 

Correlation 

.115 -.070 .272* .267*

* 

.758** 1 .521** 

Sig. (2-tailed) .285 .517 .010 .009 .000  .000 

N 88 89 88 95 95 95 95 

Relative 

handgrip 

strength  

Pearson 

Correlation 

-.510** -.572** -.112 -.501
** 

.215* .521** 1 

Sig. (2-tailed) .000 .000 .076 .000 .037 .000  

N 250 255 250 95 95 95 261 

** Correlation is significant at the 0.01 level (2-tailed). 

* Correlation is significant at the 0.05 level (2-tailed).  
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Table 3.5 Results of multiple linear regression of relative handgrip strength on selected 

biomarker outcomes. 

Characteristic 
 

β SE p-value 

Systolic blood pressure (mmHG) -4.56 4.95 0.358 

Diastolic blood pressure (mmHG) -4.94 2.80 0.078 

Fasting plasma glucose (mmol/L) -1.00 0.71 0.159 

Total cholesterol 

HDL cholesterol 

LDL cholesterol 

(mmol/L) 

(mmol/L) 

(mmol/L) 

-0.52 

0.05 

-0.47 

0.29 

0.10 

0.22 

0.062 

0.657 

0.030 

Triglycerides  (mmol/L) -0.35 0.21 0.088 

Abbreviation: SE: standard error; HDL: high-density lipoprotein; LDL: low-density lipoprotein. 

All models adjusted for age (continuous), sex, and place of residence. 
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Table 3.6 Unadjusted and adjusted association of prediabetes and type 2 diabetes with relative 

handgrip strength. 

Abbreviation: OR: odds ratio; aOR: adjusted odds ratio; CI: confidence interval. 

Model 1: adjusted for age (continuous), sex, and place of study. 

Model 2: adjusted for age (continuous), sex, and place of study, and hypertension. 

Model 3: adjusted for age (continuous), sex, place of study, hypertension, dyslipidemia, and level of education. 

 

 

 

 

 

 

 

 

 

 

 

 
 OR/aOR 95% CI 

   Lower Upper  

N 

Cases (%) 

Unadjusted model 

254 

50 (19.7) 

   OR, 

 

 

0.12 

 

 

0.04  

 

 

0.33  

Model 1   aOR, 0.16 0.03  0.70 

Model 2 

Model 3 

  aOR, 

  aOR, 

0.16 

0.19 

0.03 

0.03 

0.75  

0.95 
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Chapter 4: Overall discussion and conclusion 
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 The present study provides evidence that reduction of muscle strength precedes the 

development of prediabetes among adults. In the first study, I found that baseline relative handgrip 

strength predicts incident prediabetes among adults in Japan. Similarly, the second study also 

found that relative handgrip strength was associated with prediabetes and type 2 diabetes mellitus 

among urban and rural-dwelling adults in Malawi. The most important finding was that this 

relationship was significant among normal-weight individuals. A substantial proportion of type 2 

diabetes mellitus cases in Japan and Malawi are normal or slightly overweight. The results suggest 

that handgrip strength measurement is useful to identify individuals at high risk of prediabetes, 

importantly, among normal-weight individuals. The identified individuals may benefit from early 

intervention to reduce the risk of prediabetes and cardiovascular diseases. 

 A few studies have reported the association of handgrip strength [1,2] and relative handgrip 

strength [3] with incident type 2 diabetes mellitus. However, this is the first study to report the 

longitudinal relationship of relative handgrip strength with incident prediabetes among adults. 

Individuals with prediabetes, defined as impaired fasting glucose or raised hemoglobin A1c have 

a high risk of composite cardiovascular events, coronary heart diseases, stroke, and all-cause 

mortality [4]. Moreover, early intervention in prediabetes individuals significantly reduced the 

progression rate to overt type 2 diabetes mellitus, with some reverting to normal blood glucose 

levels [5]. Therefore, findings in this study have unique implications on the early implementation 
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of preventive programs by providing evidence that handgrip strength measurement may help 

identify individuals at higher risk of incident prediabetes.  

 The Malawi study was the first to characterize handgrip strength and report their relationship 

with prediabetes and type 2 diabetes in a sub-Saharan Africa population. The study provided 

preliminary evidence on the use of handgrip strength in non-communicable disease risk screening 

in sub-Saharan Africa. There are still questions about overweight and obesity's contribution to the 

variance of the prevalence of non-communicable diseases in sub-Saharan Africa. These questions 

arise from the finding that a substantial number of those with type 2 diabetes mellitus tend to have 

normal or slightly elevated body mass index [6]. Therefore, results from western populations that 

have long been extrapolated to other populations such as those in sub-Saharan Africa and Asia 

may not be entirely consistent with research findings from these settings [7]. Our study on muscle 

strength and quality among adults in a sub-Saharan African population provides evidence of 

additional risk factors to consider in NCDs control. Our work is useful in implementing and 

monitoring NCDs preventive programs, especially in settings with significantly different risk 

factors than those reported elsewhere. 

 In conclusion, this study's findings lead to two crucial recommendations on the application of 

handgrip strength. First, muscle strength measurement may be used to identify individuals at risk 

of prediabetes. These individuals may be motivated to change their lifestyle. Through my 
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experience during handgrip strength testing, participants were interested in knowing the meaning 

of their results and were quick to ask for examples of interventions they could apply to improve 

their muscle strength. Currently, resistance training exercises, including simple elastic resistance 

training that can be performed at home, are reported to improve muscle strength and functional 

performance [8,9]. In extension, handgrip strength may also be useful to monitor the progress of 

exercise and muscle strengthening intervention programs in the communities. However, I noted 

that there are no handgrip strength cut-off points for type 2 diabetes mellitus and NCDs risk. Some 

studied have published normal handgrip strength reference values for healthy adults [10]. 

However, there is a need for research to derive simple cut-off points for relative handgrip strength 

to identify those at increased risk of prediabetes and type 2 diabetes mellitus. This would accelerate 

the adoption of handgrip strength into medical examinations. 

 Second, muscle strength may be uniquely necessary for stratifying prediabetes and type 2 

diabetes risk among normal-weight adults. Measurement of body mass index is popular; in most 

cases, it is the only one considered during medical examinations. There is evidence that body mass 

index has a limitation in assessing body composition, especially among those with normal or 

slightly elevated body weight [11]. Therefore, our results highlight the need to use different risk 

indicators while screening for type 2 diabetes mellitus risk. There is merit in including handgrip 

strength measurement in routine medical examinations considering the limitations of body mass 

index. 
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Moreover, handgrip strength measurement is cheap, quick, and well correlated with overall muscle 

strength and other body composition measures. Additionally, muscle strength measurement utility 

goes beyond prediabetes and type 2 diabetes mellitus screening since it has been associated with 

various health states, including all-cause mortality [12–14]. Therefore, this study recommends 

including handgrip strength measurement in medical examinations.  
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Appendix 1.0 Collinearity statistics of exposure variable and variables of interest in the models 

of new prediabetes cases with increasing relative handgrip strength (all participants). 

 Collinearity Statistics 

         Model 1  Model 2         Model 3 

 Tolerance  VIF Tolerance VIF Tolerance VIF 

Age 0.976 1.024 0.854 1.171 0.853 1.172 

Sex 0.452 2.212 0.399 2.504 0.399 2.508 

Relative handgrip 

strength  

0.446 2.241 0.417 2.397 0.416 2.403 

Dyslipidemia   0.882 1.134 0.881 1.136 

Hypertension    0.844 1.184 0.841 1.188 

Smoking status    0.920 1.087 0.919 1.088 

Alcohol 

consumption 

frequency  

  0.902 1.109 0.899 1.112 

Regular physical 

activity  

    0.979 1.022 

Dependent variable: New prediabetes cases 

Abbreviations; VIF: Variance Inflation Factor 
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Appendix 2.0 Biomarker values by sex at baseline stratified by age. 

  Age≤50 years Age >50 years 

Characteristic   Men 

n = 444 

Women 

n = 313 

 

P-value b 

Men 

n = 149 

Women 

n = 169 

 

P-value b 

Waist circumference  cm 83.5 ± 9.5 76.2 ± 9.8 < 0.001 83.7 ± 6.8 79.4 ± 10.1 < 0.001 

Systolic blood pressure mmHg 127.4 ± 15.0 117.0 ± 12.9 < 0.001 134.9 ± 18.6 130.3 ± 22.6    0.049 

Diastolic blood pressure mmHg 77.7 ± 11.5 71.2 ± 11.4 < 0.001 84.6 ± 12.4 76.7 ± 13.7 < 0.001 

Total cholesterol  mg/dL 192.7 ± 33.4 188.8 ± 33.3    0.114 203.0 ± 29.8 217.2 ± 33.8 < 0.001 

HDL cholesterol  mg/dL 55.1 ± 13.2 66.4 ± 14.3 < 0.001 57.3 ± 14.4 68.8 ± 16.3 < 0.001 

LDL cholesterol  mg/dL 117.9 ± 31.2 106.7 ± 27.6 < 0.001 124.0 ± 29.6 128.2 ± 29.1    0.200 

Triglycerides a 

Creatinine                                   

mg/dL 

mg/dL 

70.0 (53.0 – 102.0) 

0.9 ± 0.1 

57.0 (47.0 – 80.0) 

0.6 ± 0.1 

< 0.001 

< 0.001 

91.0 (64.0 – 128.0) 

0.9 ± 0.1 

67.0 (44.7 – 74.0) 

0.6 ± 0.1 

< 0.001 

< 0.001 

Relative handgrip 

strength 

kg/BMI 1.7 ± 0.3 1.1 ± 0.2 < 0.001 1.7 ± 0.3 1.1 ± 0.2 < 0.001 

 

Abbreviations: HDL: high-density lipoprotein; LDL: low-density lipoprotein.  

Means and standard deviations are shown for continuous variables and the number of participants and percentages for categorical variables.  

 aData for triglycerides were skewed and therefore are presented as median (interquartile range) values and P-values obtained with the Kruskal-Wallis test.  

 bP-values were obtained with the t-test. 
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Appendix 3.0 Collinearity statistics of exposure variable and variables of interest in the models of 

prediabetes and type 2 diabetes mellitus cases with increasing relative handgrip strength. 

 Collinearity Statistics 

         Model 1  Model 2         Model 3 

 Tolerance  VIF Tolerance VIF Tolerance VIF 

Age 0.794 1.259 0.776 1.289 0.739 1.353 

Sex 0.448 2.235 0.447 2.235 0.431 2.320 

Relative handgrip 

strength  

0.373 2.684 0.364 2.748 0.352 2.838 

Study place 0.900 1.111 0.898 1.114 0.813 1.229 

Hypertension    0.874 1.144 0.862 1.160 

Dyslipidemia     0.949 1.054 

Level of education      0.793 1.261 

Dependent variable: Prediabetes and type 2 diabetes mellitus cases 

Abbreviations; VIF: Variance Inflation Factor 
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Source 

 

 The contents previously published in the Journal of Preventive Medicine Reports 

2020;17:101056, 2020 (doi:10.1016/j.pmedr.2020.101056) are re-used in this dissertation 

following the guidance from the Public Library of Science. 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


