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Aim: This study aimed to assess the association between grip strength and glucose regulation in a cross-sectional setting. 
Methods: Using data from the Helsinki Birth Cohort Study, 924 men and 953 women were studied at a mean age of 61.6 years. Grip strength was assessed in the dominant hand using a Newtest Grip Force dynamometer. A standard 2-h 75g oral glucose tolerance test (OGTT) was used to define glucose regulation. The participants were classified into four groups: normoglycaemia, prediabetes (impaired fasting glucose or impaired glucose tolerance), newly diagnosed diabetes and previously known diabetes. The association between grip strength and glucose regulation was assessed using multiple linear regression models.
Results: Prediabetes was diagnosed in 32.2% and diabetes in 8.4% using the OGTT. A total of 7.8% of the individuals had previously known diabetes. Compared to individuals with normoglycaemia, grip strength was lower for those with newly diagnosed diabetes (-1.8kg, 95% CI -3.2 to -0.5) as well as those with previously known diabetes (-1.8kg, 95% CI -3.2 to -0.4) after adjusting for covariates (age, sex, body mass index, physical activity, education and smoking). No difference in grip strength was found when comparing those with prediabetes and normoglycaemia.
Conclusion: In adults, grip strength was lower among those with known and newly diagnosed diabetes compared to those with normoglycaemia. Together with previous findings on associations between grip strength and chronic diseases, these results support the use of grip strength as an overall health marker in adults.
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1. Introduction
	With an increase in the aged population, finding methods for predicting and preventing chronic diseases is inevitable in order to reduce severe disability and subsequently reduce health care costs (World Health Organization, 2011). Grip strength has been used as a marker of both muscle strength and quality and is a strong predictor of physical functioning at older age (Rantanen et al., 1999). Poor grip strength has also been associated with cardiovascular disease events (Silventoinen et al., 2009), and has been shown to predict all-cause and disease specific mortality (Leong et al., 2015). Thus, grip strength is a useful method to assess and predict health-related outcomes in the aging population.
	Type 2 diabetes has been associated with decreased muscle quality and reduced muscle mass in both upper and lower extremities, with poorest muscle quality among those with longest duration of diabetes (Park et al., 2006). Therefore, one would expect a marker of muscle strength and quality such as grip strength to be associated with different degrees of impairment in glucose regulation. However, previous reports on the association between grip strength and type 2 diabetes have been inconsistent, some showing an association while others have found no relationship between the two variables (Kunutsor et al., 2020; Leong et al., 2015). In addition, there are only sparse data on the association between grip strength and prediabetes, i.e. impaired fasting glucose (IFG) or impaired glucose regulation (IGT), however, these studies have suggested a decrease in grip strength among those with prediabetes compared to those with normoglycaemia (Hu et al., 2019; Manda et al., 2020).
	The aim of this study was to further investigate the relationship between grip strength and different stages of impairment in glucose regulation, including prediabetes, newly diagnosed diabetes and previously known diabetes. We hypothesised that more severe disturbances in glucose regulation would be associated with poorer grip strength. 


2. Methods
2.1. Study population
	The study population has been described previously (Åström et al., 2019). Briefly, this cross-sectional study was part of the Helsinki Birth Cohort Study and used data from a sub-population consisting of 8760 individuals born at the Helsinki University Central Hospital in 1934–1944. The cohort members visited child welfare clinics and were still living in Finland in 1971, when all Finnish residents received a unique personal identification number. In the year 2000, a sample of 2902 individuals were selected using random-number tables and were invited to a clinical examination. A total of 2003 individuals participated in this clinical examination carried out between 2001 and 2004. This study included 1877 individuals who had data available on both glucose regulation and grip strength.
	The study complies with the guidelines of the Declaration of Helsinki and the study protocol was approved by the Ethics Committee of Epidemiology and Public Health of the Hospital District of Helsinki and Uusimaa, as well the National Public Health Institute. A written informed consent was acquired from all participants.

2.2. Glucose regulation
	A standard 2-h 75 g oral glucose tolerance test (OGTT) was carried out on all subjects, except those with previously known diabetes, which was defined by a self-reported history of diabetes, a diabetes diagnosis in medical records, or use of medication for diabetes prior to participating in the study. The 1999 criteria by The World Health Organization (WHO) (World Health Organization, 1999) were used to define disturbances in glucose regulation. Diabetes was defined as a fasting plasma glucose level of at least 7.0 mmol/l or a 2-h glucose level of over 11.0 mmol/l. IGT was defined as a 2-h glucose level of 7.8–11.0 mmol/l, and IFG as a fasting plasma glucose level of 6.1–6.9 mmol/l, both in the absence of diabetes. Those not meeting any of these criteria were defined as having normoglycaemia. The individuals who did not have previously known diabetes and who met the criteria for diabetes at the clinical examination were defined as having newly diagnosed diabetes. Those with IFG or IGT or both were defined as having prediabetes. 

2.3. Grip strength
	Isometric grip strength was tested using a Newtest Grip Force dynamometer (Newtest Oy, Oulu, Finland) and was measured to the nearest 0.1 kg. The dominant hand was assessed and the maximum value of three squeezes was used in the analysis.

2.4. Covariates
	Anthropometric measurements were acquired at the clinical examination. Body mass index (BMI) was calculated as kg/m2. Lean body mass was estimated with bioelectrical impedance using the InBody 3.0 eight polar tactile electrode system (Biospace Co., Ltd., Seoul, South Korea). Questionnaires were used to gather information on lifestyle habits, including smoking, as well as information on educational attainment and occupational status. Physical activity was estimated using the validated Kuopio Ischaemic Heart Disease (KIHD) Risk Factor Study 12-month leisure-time physical activity (LTPA) exercise questionnaire (Lakka  et al., 1994). The KIHD assigns a metabolic equivalent of task (MET) to both non-conditioning and conditioning activities, and the results are presented as MET-hours per week.

2.5. Statistical analysis
	Continuous variables are presented as means and standard deviations (SD), whereas categorical variables are presented as proportions and percentages. Differences between cohort characteristics across the glucose regulation groups were assessed using analysis of variance or the Kruskal-Wallis test for continuous variables and Pearson’s chi-square test for categorical variables. Multiple linear regression models were used to assess the association between glucose regulation and grip strength. The results were pooled by sex, as none of the interactions for sex and glucose regulation groups on grip strength were statistically significant (all p-values > 0.40). In model 1, we adjusted for sex and age. In model 2, we further adjusted for BMI. Finally, we further adjusted for educational attainment, smoking status and LTPA in model 3. The covariates used in the analyses were selected based on the literature, as age, obesity, socioeconomic status and lifestyle habits have all been shown to associate with both grip strength and diabetes (Kim et al., 2019; Stenholm et al., 2012; Zheng et al., 2018). All analyses were performed using IBM SPSS Statistics Version 25.0 (IBM Corp., Armonk, New York, USA).

3. Results
	A total of 924 men and 953 women were included in this study. The mean age of the participants was 61.6 years (SD 2.9). A total of 147 individuals (7.8%) were classified as having previously known diabetes (Table 1). Based on the OGTT, 157 individuals (8.4%) received a diabetes diagnosis, whereas 604 (32.2%) were diagnosed with prediabetes. The glucose regulation groups differed in age and those with normoglycaemia were more likely to be women, whereas those with newly diagnosed or previously known diabetes were more likely to be men. Body mass index increased gradually across the glucose regulation groups, with the highest BMI in those with known diabetes. For both men and women, those with known diabetes had higher lean body mass compared to the other glucose regulation groups. In addition, smoking habits, education years and leisure-time physical activity differed between the groups. Crude grip strength did not differ between the groups for neither men nor women.
	Table 1. Characteristics of study participants from the Helsinki Birth Cohort Study grouped by glucose regulation. Results are presented as means and standard deviations unless otherwise stated.

	Variable
	NG
(n=969)
	 
	Prediabetes (n=604)
	 
	New DM (n=157)
	 
	Known DM (n=147)
	 
	p

	Age (years)
	61.4 (2.8)
	
	61.9 (3.0)
	
	61.8 (2.9)
	
	61.1 (2.6)
	
	<0.001

	Women, n (%)
	530 (54.7)
	
	301 (49.8)
	
	67 (42.7)
	
	55 (37.4)
	
	<0.001

	BMI (kg/m2)
	26.4 (4.1)
	
	28.2 (4.3)
	
	29.7 (5.8)
	
	31.2 (5.3)
	
	<0.001

	Lean body mass (kg)
	
	
	
	
	
	
	
	
	

	Women
	47.3 (5.3)
	
	48.2 (6.0)
	
	48.2 (5.2)
	
	51.9 (6.5)
	
	<0.001

	Men
	64.0 (7.2)
	
	65.3 (8.0)
	
	65.9 (8.9)
	
	68.6 (8.2)
	
	<0.001

	Current/ex-smoker, n (%)
	570 (58.8)
	
	364 (60.3)
	
	100 (63.7)
	
	111 (75.5)
	
	0.001

	Education (years)
	12.4 (3.8)
	
	12.2 (3.5)
	
	11.6 (3.4)
	
	11.6 (3.4)
	
	0.026

	LTPA (METh/week)
	39.8 (27.6)
	
	35.6 (25.7)
	
	36.4 (28.6)
	
	33.0 (24.2)
	
	0.001

	Grip strength (kg)
	
	
	
	
	
	
	
	
	

	Women
	23.1 (6.0)
	
	23.2 (6.5)
	
	21.6 (5.6)
	
	22.0 (8.2)
	
	0.062

	Men
	40.8 (9.2)
	 
	40.7 (10.0)
	 
	38.7 (9.5)
	 
	39.3 (9.4)
	 
	0.207


	The association between glucose regulation and grip strength is presented in Table 2. When adjusting for age and sex, those with newly diagnosed diabetes had significantly lower grip strength compared to those with normoglycaemia. However, after further adjusting for BMI as well as LTPA, educational attainment and smoking status in the final model, lower grip strength was reported for both those with newly diagnosed diabetes (-1.8kg, 95% CI -3.2 to -0.5) and previously known diabetes (-1.8kg, 95% CI -3.2 to -0.4) compared to those with normoglycaemia. The differences were even greater when adjusting for lean body mass instead of BMI in the final model. No differences in grip strength was found between those with prediabetes and normoglycaemia. 


NG, normoglycaemia; New DM, diabetes diagnosed at oral glucose tolerance test in 2001–2004; Known DM, diabetes diagnosed before oral glucose tolerance test in 2001–2004; BMI, body mass index; LTPA, leisure-time physical activity; MET, metabolic equivalent of task.








 a Normoglycaemia served as reference.
	Table 2. Regression coefficients (unstandardised) for the association between glucose regulation and grip strength in the Helsinki Birth Cohort Study.

	Glucose regulationa
	Model 1
	
	Model 2
	
	Model 3

	
	b
	95% CI
	p
	 
	b
	95% CI
	p
	 
	b
	95% CI
	p

	Prediabetes
	0.4
	-0.4 to 1.2
	0.377
	
	0.1
	-0.7 to 0.9
	0.744
	
	0.2
	-0.6 to 1.0
	0.614

	New diabetes
	-1.4
	-2.8 to -0.1
	0.032
	
	-1.9
	-3.2 to -0.5
	0.006
	
	-1.8
	-3.2 to -0.5
	0.007

	Known diabetes
	-1.2
	-2.6 to 0.1
	0.073
	 
	-1.9
	-3.3 to -0.5
	0.007
	 
	-1.8
	-3.2 to -0.4
	0.013


New diabetes, diabetes diagnosed at oral glucose tolerance test in 2001–2004; Known diabetes, diabetes diagnosed before oral glucose tolerance test in 2001–2004.
Model 1: Adjusted for sex and age. Model 2: Further adjusted for body mass index. Model 3: Further adjusted for leisure-time physical activity, education years and smoking status. 



4. Discussion
	In this study, we found that individuals with diabetes, including both newly diagnosed and previously known diabetes, had lower grip strength compared to those with normoglycaemia. Controlling for potential confounders did not attenuate these associations. We did not, however, find any differences in grip strength between individuals with prediabetes and normoglycaemia.
	Our results confirm the findings from previous studies of an inverse association between diabetes and grip strength. In a recent cross-sectional study of older adults, maximum grip strength relative to BMI decreased linearly when transitioning from normoglycaemia to previously known diabetes in both men and women, whereas a similar trend for absolute grip strength was found only in men.  (Liang et al., 2020). The same study also found an inverse association between fasting glucose levels and grip strength in women with normoglycaemia. Some previous studies have also found a difference in grip strength between those with newly diagnosed and previously known diabetes. In unadjusted analysis, Mainous III and colleagues reported approximately 10kg lower combined grip strength of both hands in those with previously known diabetes compared to those with newly diagnosed diabetes (Mainous III et al., 2015). Their study, however, focused on adults with a healthy BMI of at least 18.5 but less than 25 and the majority of participants were under 65 years. In addition, diabetes was diagnosed using only HbA1c making it likely that some cases of diabetes remained undiagnosed. Thus, their results are not fully comparable to our findings. 
	In contrast to previous reports, we did not find any association between prediabetes and poor grip strength. This may be due to differences in study methodology and population. In a Chinese study of over 27 000 individuals, lower grip strength was associated with a 52–62% lower odds of prediabetes (Hu et al., 2019). This study, however, measured grip strength normalised to body weight instead of absolute grip strength and defined prediabetes using the American Diabetes Association (ADA) criteria, which has a lower fasting plasma glucose threshold for diagnosing IFG (5.6–6.9 mmol/l) compared to the WHO criteria (6.0–6.9 mmol/l) used in our study (American Diabetes Association, 2014). A higher mean age could also explain why our results differed from previous findings (Manda et al., 2020). Grip strength has been shown to differ between ethnic groups, thus differences in ethnicity between study populations may account for the inconsistent association between prediabetes and grip strength (van der Kooi et al., 2015). Finally, hyperglycaemia affects muscle strength and quality to a greater extent in the legs compared to the arms, at least in individuals with diabetes (Park et al., 2007). Therefore, individuals with early stages of impaired glucose regulation such as prediabetes may not yet have experienced any considerable decline in grip strength.
	Several potential underlying factors may explain the decreased grip strength in individuals with diabetes. Previous studies have reported an accelerated loss of skeletal muscle mass and increased intramuscular fat infiltration in those with diabetes (Bianchi and Volpato, 2016). This causes a loss in muscle strength but also further aggravates insulin resistance, as skeletal muscle tissue are important sites for glucose uptake (Perkisas and Vandewoude, 2016). Low-grade inflammation has been shown to contribute to the development of diabetes but has also been associated with poor physical performance and could be a mechanism linking diabetes to poor grip strength (Tay et al., 2019). Peripheral neuropathy and diabetic hand syndrome, including limited joint mobility, flexor tenosynovitis and Dupuytren’s disease are other possible reasons for the loss of grip strength among those with diabetes (Arkkila and Gautier, 2003; Mainous III et al., 2015). Diabetes is linked to several comorbidities, such as osteoarthritis and neurodegenerative diseases, and these conditions have also independently been associated with a decline in grip strength (Adamo et al., 2020; Zhang et al., 2002). Finally, individuals with diabetes tend to engage less regularly in physical activity compared to those without diabetes (Morrato et al., 2007). As physical inactivity is strongly related to poor physical performance (Patel et al., 2006), lower levels of physical activity in individuals with diabetes could explain why these individuals also have decreased grip strength.
	This study benefits from its well-characterised population of both men and women. We were able to accurately classify the participants into different groups of impaired glucose regulation by using the OGTT. We were also able to control for a number of possible confounders. On the other hand, the cross-sectional design can be considered a limitation as it prevented us from assessing causality. We acknowledge that there may be other confounders that we did not have information on, including diabetes complications such as neuropathy, which is a limitation of this study. The participants originated from a restricted area in Finland, and this should be taken into account when interpreting the results.
	In conclusion, grip strength is an accessible and inexpensive method to assess muscle strength and has been associated with age-related conditions such as cardiovascular disease. We further reported lower grip strength among those with both previously known and newly diagnosed diabetes compared to those with normoglycaemia. Our findings therefore support the use of grip strength as a marker of overall health among adults, however, longitudinal studies are needed to investigate how the presence and duration of disturbances in glucose regulation affect grip strength over time.
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