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Abstract

Background: Epidemiological studies demonstrate an association between diabetes and low neuromuscular strength (NMS). However, none 
have grouped participants into nondiabetics (ND), undiagnosed diabetics (UDD), controlled diabetics (CD), and uncontrolled diabetics (UCD) 
or investigated what glycated hemoglobin levels (HbA1c) are associated with low NMS (dynapenia) by sex.
Methods: We analyzed the association between UDD, CD, and UCD and dynapenia, the extent to which the different groupings of these 
individuals modifies this association and the association between HbA1c levels and NMS, by sex, in a cross-sectional study involving 5,290 
participants ≥50 years from the ELSA study. In the first two analyses, logistic regression models were used with dynapenia (grip strength 
<26 kg in men and <16 kg in women) as outcome and diabetes (ND, UDD, CD, and UCD) as exposure. Next, linear regression was performed 
with grip strength as the outcome, and the participants were classified based on HbA1c level as exposure. The models were adjusted by 
sociodemographic, behavioral, and clinical characteristics. 
Results: Compared to ND, only UCD was associated with dynapenia (men OR = 2.37 95% CI 1.36–4.14; women OR = 1.67 95% CI 
1.01–2.79). This association was less clear, particularly in women, when CD and UCD groups were merged. HbA1c ≥6.5% in men and ≥8.0% 
in women were associated with lower NMS. 
Conclusions: UCD increases the chance of dynapenia in both sexes. The different groupings based on diabetes status modify the association 
between UCD and dynapenia. The threshold of HbA1c associated with reduced NMS is lower in men compared to women.
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The mechanisms by which the greater decline in neuromuscular 
strength (NMS) occurs in individuals with diabetes and the level of 
glycated hemoglobin (HbA1c) considered harmful to the mainten-
ance of NMS in this population are not fully known.

Epidemiological studies offer conflicting results. A longitudinal 
investigation involving 1,840 participants found that both men and 
women with diabetes had a greater loss of strength in their lower 
limbs, but not the upper limbs (1). Another longitudinal study 
involving 984 participants with a broad age range demonstrated 
that NMS loss was greater in diabetic participants with HbA1c 
higher than 6.1% (2). On the other hand, in a cross-sectional study 
involving 269 men aged 65 years or older, Yoon and collaborators 

found no differences in NMS between diabetics and nondiabetics 
or between the different strata of HbA1c. In a subanalysis involving 
only those with diabetes, however, the authors found an associ-
ation between the lowest quartiles of muscle quality and HbA1c 
≥8.5% (3).

Prolonged hyperglycemia is considered the cause of harm to 
muscle and its innervations, with a change in muscle strength and 
function in individuals with diabetes due to the increase in re-
active oxygen species, the glycation of proteins, and the formation 
of advanced glycation end-products, leading to macrovascular and 
microvascular damages (4). Furthermore, chronic hyperglycemia in-
creases the basal production of hepatic glucose and induces insulin 

http://creativecommons.org/licenses/by/4.0/
mailto:tiagoalexandre@ufscar.br?subject=


resistance in the liver and skeletal muscle, which can exert a negative 
impact on NMS (5).

However, epidemiological studies analyzing the association be-
tween diabetes and low NMS (dynapenia) have neither considered 
the high prevalence of undiagnosed diabetics nor separated individ-
uals in controlled and uncontrolled diabetes, which is an important 
factor to consider due to prolonged hyperglycemia exposure. In 
addition, the current evidence has not investigated sex differences. 
Men have higher NMS and also a greater NMS loss rate over time 
compared to women (6). Therefore, four hypotheses were tested 
in the present study: (a) there is an association between dynapenia 
and uncontrolled diabetes; (b) the different groupings of individuals 
according to their diabetes status modify the association between 
dynapenia and diabetes; (c) high HbA1c serum levels are associated 
with lower NMS in individuals aged 50  years and older; and (d) 
there are sex differences in these associations.

Methods

Study Population
ELSA is an ongoing panel study of community-dwelling individ-
uals aged 50 years and over in England that commenced in 2002. 
The ELSA sample was drawn from participants who had previously 
participated in the Health Survey for England (7). After baseline, 
follow-up interviews occur biannually and health examinations 
every 4 years. A detailed description of the study can be found else-
where (8).

This cross-sectional study used data from wave 6 (2012–2013), 
which was composed of 9,169 individuals aged ≥50 and older, 7,730 
of whom underwent blood exams. A total of 5,814 blood samples 
were adequate for analysis, and 524 individuals were excluded for 
having incomplete information regarding the control variables. 
Therefore, our analytic sample comprised 5,290 individuals.

Assessment of Neuromuscular Strength
Grip strength (GS) was measured using a dynamometer (Smedley’s). 
The participant remained standing with the arm alongside the trunk 
and the elbow at 90°. Three trials were performed with each hand, 
with a 1-min rest between trials. The highest value for the dominant 
hand was used in our analysis (9). To test the first and second hy-
potheses, men with GS <26 kg and women with GS <16 kg were 
considered to have dynapenia (9–12). To test the third hypothesis, 
GS was considered a continuous variable.

Diabetes
Diabetes was defined by a self-report and confirmed by HbA1c. To 
test the first two hypotheses, the participants were classified into four 
groups: nondiabetic (ND)—no self-reported diabetes and HbA1c 
<5.7% or 5.7% to <6.5%; undiagnosed diabetics (UDD)—no self-
reported diabetes combined with HbA1c ≥6.5%; controlled diabetic 
(CD)—self-reported diabetes, and HbA1c <7%; and uncontrolled 
diabetic (UCD)—self-reported diabetes and HbA1c ≥7%. To test the 
third hypothesis, the participants were classified according to HbA1c 
level: <6.5%; 6.5 to <7.0%; 7.0 to <8.0%; and ≥8.0% (13).

Covariates
The sociodemographic variables were age group (50–59, 60–69, 
70–79, 80–89, and ≥90), marital status (with or without conjugal 
life), level of education (0–11, 12–13, and >13 years of study), and 
household wealth (quintiles).

The behavioral characteristics were smoking (nonsmoker, 
ex-smoker, or smoker), frequency of alcohol intake (never/rarely, 
once a week, two to six times a week, daily, or no answer), and phys-
ical activity (PA). Self-reported PA data were collected using three 
questions on the frequency of participation in vigorous-, moderate-, 
and mild-intensity PA, with the response options for each being more 
than once per week, once per week, one to three times per month, 
or hardly ever. PA was further categorized into the following two 
groups: sedentary lifestyle (no activity on a weekly basis) or active 
(mild, moderate, or vigorous activity at least once a week) (11,14).

The health conditions were self-reported osteoarthritis, hyper-
tension, cardiovascular disease, lung disease, osteoporosis, cancer, 
stroke, dementia, falls, hip fracture, and use of corticoids (systemic 
use, nasal preparations, and topic use). Depressive symptoms were 
defined by a score of ≥4 points on the Center for Epidemiologic 
Studies Depression Scale (15). Body mass index (BMI) was classified 
as ideal (18.5–24.9 kg/m2), underweight (<18.5 kg/m2), overweight 
(25.0–29.9 kg/m2), or obesity (≥30 kg/m2) (16). Waist circumference 
(WC) in centimeters was determined using a flexible metric tape at 
the midpoint between the last rib and upper margin of the iliac crest. 
For such, the participant remained standing with the arms alongside 
body with trunk free of clothing. The measurement was made with 
the abdomen relaxed at the end of expiration. Abdominal obesity 
was defined as a WC >102  cm for men and >88  cm for women 
(17,18).

Statistical Analysis
The sample characteristics were expressed as means and propor-
tion values. Differences between (1): men and women (2), the dif-
ferent diabetic groups, and (3) included and excluded individuals 
(due to missing data) were performed using the chi-square test and 
analysis of variance with Tukey’s post hoc test. Four logistic regres-
sion models for men and women separately were performed to test 
the first, second, and fourth hypotheses, using dynapenia as the out-
come, since significant differences in NMS were found between men 
and women (p < .001).

In Model 1, the four diabetes status groups were analyzed sep-
arately: ND, UDD, CD, and UCD. From Models 2 to 4, different 
group combinations were used: Model 2 combined ND with UDD; 
Model 3 combined CD with UCD, and Model 4 combined ND with 
UDD and CD with UCD. Another three extra models with different 
combinations of diabetes status groups and their association with 
dynapenia are presented as supplementary material (Supplementary 
Table 5).

The odds ratios (ORs) of the models were used to calculate 
the percentage variation in the association between diabetes and 
dynapenia when the participants with diabetes were grouped inad-
equately. The percentage variation was calculated using the equation 
(ORDM1 – ORDM*)/ORDM1, in which ORDM1 is the odd ratio of dia-
betes in Model 1 and ORDM* is the odds ratio of diabetes in Models 
2 to 4 and Supplementary Models.

The linear regression model, by sex, was used to test the third 
and fourth hypotheses. Univariate analyses were first performed 
in both the logistic and linear models. Control variables with a 
p-value of <.20 were incorporated into the multiple models using 
the stepwise forward method. The control variables included in the 
multivariate models were different for men and women. In the final 
model, a p-value of ≤.05 was considered indicative of a statistically 
significant association. The Stata 14 statistical package was used for 
all analyses.
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Ethical Approval and Informed Consent
The National Research Ethics Service (London Multicentre Research 
Ethics Committee [MREC/01/2/91]) approved the ELSA study. All 
participants gave written informed consent.

Results

The mean age was 67 years, and the prevalence rates of UDD, CD, 
and UCD for men and women were 3.0 (95% CI: 2.3–3.7), 6.1 
(95% CI: 5.2–7.1), 5.4 (95% CI: 4.6–6.4), 3.2 (95% CI: 2.6–3.9), 
4.5 (95% CI: 3.8–5.4), and 3.8 (95% CI: 3.2–4.6), respectively. 
Mean GS was 39.3 kg for men and 23.5 kg for women, whereas 
the prevalence rates of dynapenia were 8.3% for men and 12.2% 
for women. The comparison of sociodemographic, behavioral, and 
clinical characteristics between men and women are shown in Tables 
1 and 2.

The comparison between individuals included and those ex-
cluded due to missing data on diabetes, HbA1c, GS or covariates 
showed that excluded participants were older, had lower levels of 
education and wealth, lower alcohol intake, and were more seden-
tary. They also took fewer corticoids, had lower GS, greater WC 
and BMI, as well as greater prevalence rates of dynapenia, arterial 

hypertension, heart disease, cancer, stroke, depression, dementia, and 
hip fracture (Supplementary Table 1).

UCD, CD, and UDD men and women were older than the ND 
group. The women in the UCD, CD, and UDD groups had lower 
levels of education and wealth than those from the ND group. 
However the UCD women were wealthier than CD and UDD 
groups. Alcohol intake was lower for women in the UCD group than 
the ND, UDD, and CD groups and lower in the UCD group than 
the ND and CD groups in men. The UCD group had a higher mean 
HbA1c value compared to the other three groups in both sexes. 
The UDD men used more corticoids compared to the ND. Men and 
women in the ND group had a smaller WC and BMI and lower 
prevalence of hypertension and abdominal obesity. Men in the UCD, 
CD, and UDD groups had lower GS compared to the ND group. 
Among women, GS in CD and UCD groups was lower than in UDD 
and ND groups (Supplementary Tables 2 and 3).

Table 3 summarizes the results of the association between dia-
betes and dynapenia. According to Model 1 that classifies diabetes 

Table 1.   Sociodemographic and Behavioral Characteristics of 
2,406 Men and 2,884 Women Aged ≥50 and Older, ELSA (2012–
2013)

Total 
n = 5,290

Men 
n = 2,406

Women 
n = 2,884

Age, years (SD) 66.6(8.9) 66.5(8.8) 66.7(8.9)
Age, %
 50–59 23.6 24.0 23.3
 60–69 41.2 41.6 40.8
 70–79 26.5 25.8 27.0
 80–89 8.0 8.0 8.1
 90 or older 0.7 0.6 0.8
Marital status (with  
conjugal life), %

67.5 75.2* 61.1*

Education, %
 >Level A 32.9 40.7* 26.5*
 Level O or equivalent 29.0 26.0* 31.5*
 <Level O or equivalent 38.1 33.3* 42.0*
Family wealth, % 
 5th quintile (highest) 23.2 25.0* 21.8*
 4th quintile 22.4 23.7* 21.4*
 3rd quintile 21.4 21.5* 21.3*
 2nd quintile 18.7 17.1* 19.9*
 1st quintile (lowest) 14.3 12.7* 15.6*
Smoking, %
 Never smoked 38.2 32.6* 42.9*
 Ex-smoker 50.5 56.3* 45.7*
 Current smoker 11.3 11.1* 11.4*
Alcohol intake, %
 Never/rarely 18.7 12.2* 24.1*
 Often 40.0 38.1* 41.5*
 Daily 33.6 41.4* 27.1*
 Did not answer 7.7 8.3* 7.3*
Physical activity, %
 Sedentary lifestyle 3.5 3.3 3.6

Note: Data expressed as percentage, mean, and standard deviation (SD) 
values. *Difference between sexes (p ≤.05).

Table 2.   Clinical Characteristics of 2,406 Men and 2,884 Women 
Aged ≥50 and Older, ELSA (2012–2013)

Total 
n = 5,290

Men 
n = 2,406

Women 
n = 2,884

Diabetes, %
 Nondiabetic (ND) 87.1 85.5* 88.5*
 Undiagnosed diabetic 
(UDD)

3.1 3.0* 3.2*

 Controlled diabetic (CD) 5.3 6.1* 4.5*
 Uncontrolled diabetic 
(UCD)

4.5 5.4* 3.8*

HbA1c %, (SD) 5.9(0.8) 5.9(0.8) 5.9(0.7)
<6.5 90.1 88.9 90.9
6.5 to <7.0 4.5 4.8 4.3
7.0 to <8.0 2.9 3.4 2.5
≥8.0 2.5 2.9 2.3
Hypertension (yes), % 37.5 39.6* 35.8*
Cardiovascular disease  
(yes), %

15.7 17.3* 14.3*

Lung disease (yes), % 13.7 12.3* 14.8*
Osteoarthritis (yes), % 38.4 30.6* 44.9*
Osteoporosis (yes), % 7.9 3.0* 12.1*
Cancer (yes), % 5.0 5.4 4.7
Stroke (yes), % 3.5 3.9 3.2
Depression (yes), % 11.2 8.6* 13.5*
Dementia (yes), % 0.6 0.9* 0.4*
Falls (yes), % 20.2 17.8* 22.2*
Hip fracture (yes), % 0.3 0.4 0.3
Use of corticoids (yes), % 11.7 11.1 12.2
Waist circumference,  
cm (SD)

95.9(18.3) 101.6(21.8)* 91.2(13.2)*

 >102 cm for men >88 cm 
for women (yes), % 

50.6 43.5* 56.6*

Grip strength, kg (SD) 30.6(11.3) 39.3(9.6)* 23.5(6.6)*
 <26 kg for men and  
<16 kg for women (yes), %

10.4 8.3* 12.2*

BMI, kg/m2 (SD) 28.0(5.0) 28.0(4.3) 28.0(5.5)
 Underweight, % 0.9 0.4* 1.3*
 Ideal, % 27.1 22.9* 30.7*
 Overweight, % 42.5 49.3* 36.8*
 Obesity, % 29.5 27.4* 31.2*

Note: Data expressed as percentage, mean, and standard deviation (SD) 
values. *Difference between sexes (p ≤.05).
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status into four groups, only those individuals in the UCD group 
shown more chance of dynapenia than ND (see results for covariates 
in Supplementary Table 4). Models 1 and 2 show that ND or 
ND+UDD as the reference group does not make much difference to 
the OR of having dynapenia for CD and UCD in men and women. 
Models 3 and 4 highlight that combining CD and UCD may mask 
the association between diabetes and dynapenia in women. Only the 
UCD group had a greater OR of dynapenia in men and women.

Table 4 displays the final multiple linear regression models with 
the results of the association between HbA1c level and GS. Men 
with HbA1c ≥6.5 and <7.0%; ≥7.0 and <8.0% and ≥8.0% exhibited 
a mean reduction in GS of 1.62 kg, 3.73 kg e 2.05 kg, respectively. 
Women with HbA1c ≥8.0% exhibited a mean reduction in GS of 
1.77 kg (see results for all covariates on Supplementary Table 6).

Discussion

The main findings of the present study are that men and women with 
uncontrolled diabetes have a greater chance of having dynapenia 
than those with ND. Distinguishing people with well-controlled 
versus not well-controlled diabetes modifies the association between 
UCD and dynapenia in epidemiological studies. Moreover, men with 
HbA1c ≥6.5% and women with HbA1c ≥8.0% have a significant 
reduction in GS.

The few studies that have analyzed the association between low 
NMS, diabetes, and high HbA1c levels report conflicting results. In a 
cross-sectional study involving 2,618 individuals aged 70–79 years, 
Park and coworkers (19). found that the only men with diabetes 
had less upper and lower limb strength compared to nondiabetic 
men. However, in a longitudinal study with a three-year follow up 
involving 1,840 participants, the same authors found that both men 
and women with diabetes had greater loss of knee extensor strength, 
but not upper limb strength (1). In a longitudinal study involving 
984 participants 26 to 96 years of age, Kalyani and coworkers (2). 

found that the loss of strength was greater among individuals with 
the highest HbA1c levels. However, the authors categorized HbA1c 
in quartiles, with the highest quartile HbA1c ≥6.1%, which is con-
sidered a low value.

On the other hand, Yoon and coworkers (3). conducted a 
cross-sectional study and found no differences in NMS of the lower 
limbs among 269 men ≥65 years with and without diabetes or when 
considering different HbA1c strata (<6.5%, 6.5 to <7.5%, 7.5 to 
<8.5% and ≥8.5%). Besides strength, muscle mass, and quality were 
also evaluated in diabetic individuals. The authors only found an as-
sociation between the lowest quartiles of muscle quality and HbA1c 
≥8.5%. It should be stressed that the nonstandardization of cutoff 
points for the definition of dynapenia and the inadequate separ-
ation of diabetic groups may be important factors to the absence of 

Table 3.  Adjusted Logistic Regression Models for Chance of Dynapenia and Variation in Odds Ratio (OR) According to Different Groups of 
Diabetes Classification in Men (n = 2,406) and Women (n = 2,884) Aged ≥50 and Older, ELSA (2012–2013)

Models

Men* Women†

Dynapenia 
OR (95% CI) 
n = 2,406

Percentage variation 
compared to Model 
1 (%)

Dynapenia 
OR (95% CI) 
 n = 2,884

Percentage variation 
compared to Model 
1(%)

Model 1
 ND 1.00  1.00  
 UDD 0.83 (0.35–1.98)  0.43 (0.18–1.02)  
 CD 1.67 (0.95–2.94)  1.11 (0.68–1.83)  
 UCD 2.37 (1.36–4.14)  1.67 (1.01–2.79)  
Model 2
 ND+UDD 1.00  1.00  
 CD 1.69 (0.96–2.96) +1.20 1.14 (0.69–1.88) +2.7
 UCD 2.40 (1.38–4.18) +1.27 1.72 (1.03–2.87) +3.0
Model 3
 ND 1.00  1.00  
 UDD 0.83 (0.35–1.97) −50.3 0.43 (0.18–1.02) −61.3
 CD+UCD 1.98 (1.30–3.02) −16.5 1.35 (0.93–1.95) −19.2
Model 4     
 ND+UDD 1.00  1.00  
 CD+UCD 2.00 (1.32–3.05) −15.6 1.38 (0.96–2.00) −17.4

Note: CI = Confidence interval; ND = Nondiabetic; UDD = Undiagnosed diabetic; CD = Controlled diabetic; UCD = Uncontrolled diabetic.
*Models for men were controlled by age, marital status, family wealth, lung disease, osteoarthritis, osteoporosis, depression, falls, and BMI.
†Models for women were controlled by age, marital status, education level, osteoarthritis, falls, and use of corticoids.

Table 4.   Association Between HbA1c and GS in 2,406 Men,and 
2,884 Women Aged ≥50, and Older, ELSA (2012–2013)

HbA1c% 

Multiple Linear Regression Model

β coefficient (95% CI)

Men* Women†

<6.5 1.00 1.00
≥6.5 to <7.0 −1.62 (−3.19 to −0.04) 0.15 (−0.91 to 1.21)
≥7.0 to <8.0 −3.73 (−5.56 to −1.90) −0.51 (−1.88 to 0.86)
≥8.0 −2.05 (−4.06 to −0.04) −1.77 (−3.21 to 

−0.33)

Note: *Men’s model were controlled by age, stroke, osteoporosis, osteo-
arthritis, cancer, falls, depression, BMI, marital status, level of education, and 
dementia.

†Women’s model were controlled by age, dementia, stroke, osteoarthritis, 
level of education, use of corticoids, osteoporosis, depression, falls, and ab-
dominal obesity.
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such associations. Furthermore, such findings suggest that only high 
HbA1c levels are associated with poor muscle quality, which could 
be a misleading assumption.

However, no previous study has analyzed ND, UDD, CD, and 
UCD groups separately. Therefore, besides identifying that UCD 
was the only condition associated with dynapenia in men and 
women, the adoption of glycated hemoglobin categories based on 
the glycemic cutoff levels recommended by the American Diabetes 
Association (ADA), allowed us to identify that in men a decline in 
grip strength occurs with a HbA1c ≥6.5% and, in women, only with 
higher levels (≥8.0%) (13).

Despite the divergent results in previous studies, the greater oc-
currence of dynapenia and lower muscle strength in individuals with 
uncontrolled diabetes have been attributed to the effects of exposure 
to prolonged hyperglycemia (2,20–23).

High concentrations of blood sugar lead to peripheral nerve 
dysfunction due to demyelination and atrophy of the motor axon, 
affecting the capacity of nerve impulse conduction, reducing the re-
generative potential (24) and causing the loss of nerve fibers (25). 
The main pathways responsible for these dysfunctions are the in-
creased flow of the polyol pathway, the accelerated formation of ad-
vanced glycation end-products (AGEs), the activation of hexosamine 
and protein kinase C (26,27), and accentuated oxidative stress, 
which facilitate muscle atrophy and the loss of strength (27–29).

The cells that make up skeletal muscle also have several modi-
fications due to exposure to prolonged hyperglycemia. There is evi-
dence that fast-twitch fibers are more sensitive to the loss of strength 
when exposed to this condition (30). Exposure to prolonged hyper-
glycemia increases protein glycation in the muscle, favoring muscle 
atrophy, interruptions, and modifications in the structure of Z lines 
as well as morphological abnormalities in the skeletal muscle mito-
chondria, which hinders the production of energy for contractions 
and the generation of force (30).

The buildup of AGEs is regarded as a factor associated with 
lower NMS (31,32). In individuals with diabetes, this accumulation 
is accelerated, i.e., the higher the glycemia, the greater the formation 
of these components (33). In a cross-sectional study involving 36 
Japanese patients with diabetes, Mori and coworkers (34). found 
that the buildup of AGEs was correlated with lower knee extensor 
strength, but not with sarcopenia. These findings lend support to the 
notion that the reduction in muscle strength and mass may not be 
linear and the reduction in strength may be mediated by mechanisms 
other than only the reduction in muscle mass in this population.

Additionally, there is evidence that diabetes exerts a negative ef-
fect on the quantity and/or function of satellite cells. While the mech-
anism for this dysfunction is not yet fully clarified, in vitro studies 
have demonstrated that satellite cells in a hyperglycemic medium 
have an increased predisposition to differentiate into adipocytes, 
which would negatively impact the quantity of contractile tissue in 
muscle (35,36).

This evidence of impairment to skeletal muscle and the periph-
eral nervous system, which culminate in compromised NMS, fur-
ther underscores the fact that we found no association between 
dynapenia and controlled diabetes in the present study. This likely 
occurred because, although diabetics, HbA1c levels in men and 
women groups were indicative of good glycemic control, reducing 
the chance of muscular and neural harm caused by exposure to pro-
longed hyperglycemia, which underscores the importance of blood 
sugar control to the maintenance of NMS.

However, the gender differences found in the present study in the 
associations between HbA1c and GS could be explained. Women 

have physiologically a smaller NMS rate of loss, mass and muscular 
quality compared to men. In addition, women are more sensitive 
to insulin, have higher capillary density, and more fibers type I that 
are responsible for the oxidative metabolism of glucose and fatty 
acids (6,37,38). Therefore, they may utilize glucose more efficiently 
and therefore have their NMS affected at higher HbA1c levels than 
men. On the other hand, in men a greater damage to the muscular 
structure occurs due to a reduction in number and size of fibers type 
II (39) accompanied by reductions in both growth hormone and 
testosterone levels (40). In addition, there is evidence that men are 
less sensitive to insulin and have more visceral and hepatic fat (41) 
and, consequently, more susceptible to reductions in NMS at lower 
HbA1c levels than women.

The present study has strong points that should be considered. 
First, the study was conducted with a large sample of community-
dwelling men and women aged 50 years and older, which enabled 
adequately dividing them into four groups by sex and diabetes 
status. Second, the different regression models enabled more as-
sertive conclusions with regard to the association between uncon-
trolled diabetes and dynapenia. Third, the use of grip strength as an 
assessment method for NMS enabled the identification of the asso-
ciation between low upper limb strength and both uncontrolled dia-
betes and different HbA1c categories, as most previous studies have 
only found an association with lower limb strength.

This study also has limitations that need to be recognized. The 
study design does not enable the establishment of associations of 
causality or the extent to which survivorship bias may have exerted 
an influence on the associations encountered. Moreover, the individ-
uals excluded from the sample for diverse reasons where older and 
had lower grip strength, a higher prevalence of dynapenia as well as 
generally worse socioeconomic and clinical status, which may have 
introduced some degree of bias into the results. However, despite the 
differences between the included and excluded individuals, it was 
possible to find associations between UCD and dynapenia as well as 
between HbA1c and low neuromuscular strength in men and women. 
Another limitation was the lack of information on the time since the 
diagnosis of diabetes and the nonevaluation of possible neuropathies.

In summary, individuals with UCD have a greater chance of ex-
hibiting dynapenia than those with ND. Distinguishing people with 
well controlled versus not well-controlled diabetes modifies the asso-
ciation between UCD and dynapenia. Men and women with HbA1c 
≥6.5% and ≥8.0%, respectively, have lower neuromuscular strength 
than those with HbA1c <6.5%. NMS in men is more susceptible 
to hyperglycemia than in women. Follow-up studies using mixed 
models in order to estimates the trajectories of NMS according dif-
ferent status of HbA1c are needed to confirm whether hypergly-
cemia is a risk factor for the development of dynapenia and whether 
maintaining HbA1c levels <7.0% may be a protective factor that 
minimizes the loss of neuromuscular strength.
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Supplementary data is available at The Journals of Gerontology, 
Series A: Biological Sciences and Medical Sciences online.

Funding
ELSA is funded by ESRC-UK, and the National Institute on Aging NIH-USA 
(grants numbers: 5R01AG017644-16, and 5R01AG017644-18) and a con-
sortium of the United Kingdom government departments coordinated by the 
Office for National Statistics. The Brazilian National Council for Scientific 

Journals of Gerontology: MEDICAL SCIENCES, 2020, Vol. 75, No. 6 1195



and Technological Development (CNPq) and Sao Paulo Research Foundation 
funds Tiago da Silva Alexandre (grants numbers: 303981/2017-2 and 
2018/13917-3). This study was financed in part by the Brazilian Coordination 
for the Improvement  of Higher Education Personnel (CAPES) - Finance Code 
001.

Conflict of Interest
None reported.

References
 1. Park SW, Goodpaster BH, Strotmeyer ES, et al.; Health, Aging, and Body 

Composition Study. Accelerated loss of skeletal muscle strength in older 
adults with type 2 diabetes: the health, aging, and body composition study. 
Diabetes Care. 2007;30:1507–1512. doi: 10.2337/dc06-2537

 2. Kalyani RR, Metter EJ, Egan  J, Golden  SH, Ferrucci L. Hyperglycemia 
predicts persistently lower muscle strength with aging. Diabetes Care. 
2015;38:82–90. doi: 10.2337/dc14-1166

 3. Yoon JW, Ha YC, Kim KM, et al. Hyperglycemia is associated with im-
paired muscle quality in older men with diabetes: the Korean longitudinal 
study on health and aging. Diabetes Metab J. 2016;40:140–146. doi: 
10.4093/dmj.2016.40.2.140

 4. Feldman EL, Nave KA, Jensen TS, Bennett DLH. New horizons in diabetic 
neuropathy: mechanisms, bioenergetics, and pain. Neuron. 2017;93:1296–
1313. doi: 10.1016/j.neuron.2017.02.005

 5. Tripathy  D, Merovci  A, Basu  R, Abdul-Ghani  M, DeFronzo  RA. 
Mild physiologic hyperglycemia induces hepatic insulin resistance in 
healthy normal glucose-tolerant participants. J Clin Endocrinol Metab. 
2019;104:2842–2850. doi: 10.1210/jc.2018-02304

 6. Goodpaster BH, Park  SW, Harris TB, et  al. The loss of skeletal muscle 
strength, mass, and quality in older adults: the health, aging and body 
composition study. J Gerontol A Biol Sci Med Sci. 2006;61:1059–1064. 
doi: 10.1093/gerona/61.10.1059

 7. Mindell J, Biddulph JP, Hirani V, et al. Cohort profile: the health survey for 
England. Int J Epidemiol. 2012;41:1585–1593. doi: 10.1093/ije/dyr199

 8. Steptoe A, Breeze E, Banks J, Nazroo J. Cohort profile: the English longitu-
dinal study of ageing. Int J Epidemiol. 2013;42:1640–1648. doi: 10.1093/
ije/dys168

 9. Alley DE, Shardell MD, Peters KW, et al. Grip strength cutpoints for the 
identification of clinically relevant weakness. J Gerontol A Biol Sci Med 
Sci. 2014;69:559–566. doi: 10.1093/gerona/glu011

 10. Studenski SA, Peters KW, Alley DE, et al. The FNIH sarcopenia project: 
rationale, study description, conference recommendations, and final esti-
mates. J Gerontol A Biol Sci Med Sci. 2014;69:547–558. doi: 10.1093/
gerona/glu010

 11. Alexandre TDS, Scholes S, Ferreira Santos JL, Duarte YAO, de Oliveira C. 
The combination of dynapenia and abdominal obesity as a risk factor 
for worse trajectories of IADL disability among older adults. Clin Nutr. 
2018;37(6 Pt A):2045–2053. doi: 10.1016/j.clnu.2017.09.018

 12. Alexandre TS, Scholes S, Santos JLF, et al. Dynapenic abdominal obesity as 
a risk factor for worse trajectories of ADL disability among older adults: 
the ELSA Cohort Study. J Gerontol A  Biol Sci. 2019;74:1112–1118.  
doi: 10.1093/gerona/gly182

 13. American Diabetes Association. Glycemic targets: standards of med-
ical care in diabetes. Diabetes Care.  2018;41:S55–64. doi:10.2337/
dc18-S006

 14. Joint Health Surveys Unit, National Centre Social Research and University 
College London Research Department of Epidemiology and Public Health. 
The Health Survey for England Physical Activity Validation Study: Substantive 
Report. Leeds, UK: NHS Information Centre for Health and Social Care; 2008.

 15. Radloff LS. The CES-D Scale. Appl Psychol Meas.1977;1:385–401. doi: 
10.1177/014662167700100306

 16. World Health Organization. Obesity: Preventing and Managing the 
Global Epidemic. Switzerland: WHO; 2000. WHO Technical Report 
Series 894. doi: 10.1017/s0021932003245508

 17. Carvalho  DHT, Scholes  S, Ferreira  JL, et  al. Does abdominal obesity 
accelerate muscle strength decline in older adults? Evidence from the 
English Longitudinal Study of Ageing. J Gerontol A  Biol Sci Med Sci.  
2019;74(7):1105–1111. doi:10.1093/gerona/gly178/5068954

 18. World Health Organization. Waist circumference and waist–hip ratio: re-
port of a WHO expert consultation. Geneva: WHO; 2008. https://apps.
who.int/iris/handle/10665/44583

 19. Park SW, Goodpaster BH, Strotmeyer ES, et al. Decreased muscle strength 
and quality in older adults with type 2 diabetes: the health, aging, and body 
composition study. Diabetes. 2006;55:1813–1818. doi: 10.2337/db05-1183

 20. Sayer AA, Dennison EM, Syddall HE, Gilbody HJ, Phillips DI, Cooper C. 
Type 2 diabetes, muscle strength, and impaired physical function: the 
tip of the iceberg? Diabetes Care. 2005;28:2541–2542. doi: 10.2337/
diacare.28.10.2541

 21. Kalyani  RR, Saudek  CD, Brancati  FL, et  al. Association of diabetes, 
comorbidities, and A1C with functional disability in older adults: re-
sults from the National Health and Nutrition Examination Survey 
(NHANES), 1999–2006. Diabetes Care. 2010;33:1055–1060. 
doi:10.2337/dc09-1597

 22. Kalyani RR, Tian J, Xue QL, et al. Hyperglycemia and incidence of frailty 
and lower extremity mobility limitations in older women. J Am Geriatr 
Soc. 2012;60:1701–1707. doi: 10.1111/j.1532-5415.2012.04099.x

 23. Kalyani  RR, Tra  Y, Egan  JM, Ferrucci  L, Brancati  F. Hyperglycemia is 
associated with relatively lower lean body mass in older adults. J Nutr 
Health Aging. 2014;18:737–743. doi: 10.1007/s12603-014-0445-0

 24. Yasuda  H, Terada  M, Maeda  K, et  al. Diabetic neuropathy and nerve 
regeneration. Prog Neurobiol. 2003;69:229–285. doi: 10.1016/
S0301-0082(03)00034-0

 25. Cancelliere  P. A review of the pathophysiology and clinical sequelae of 
diabetic polyneuropathy in the feet. J Diabetes Metab Disord Control. 
2016;3:21–24. doi:10.15406/jdmdc.2016.03.00062

 26. Du XL, Edelstein D, Rossetti L, et al. Hyperglycemia-induced mitochon-
drial superoxide overproduction activates the hexosamine pathway and 
induces plasminogen activator inhibitor-1 expression by increasing Sp1 
glycosylation. Proc Natl Acad Sci U S A. 2000;97:12222–12226. doi: 
10.1073/pnas.97.22.12222

 27. Eichberg  J. Protein kinase C changes in diabetes: is the concept rele-
vant to neuropathy? Int Rev Neurobiol. 2002;50:61–82. doi: 10.1016/
S0074-7742(02)50073-8

 28. Andersen  H, Gadeberg  PC, Brock  B, Jakobsen  J. Muscular atrophy in 
diabetic neuropathy: a stereological magnetic resonance imaging study. 
Diabetologia. 1997;40:1062–1069. doi: 10.1007/s001250050788

 29. Yagihashi S, Mizukami H, Sugimoto K. Mechanism of diabetic neuropathy: 
where are we now and where to go? J Diabetes Investig. 2011;2:18–32. 
doi: 10.1111/j.2040-1124.2010.00070.x

 30. Krause  MP, Riddell  MC, Hawke  TJ. Effects of type 1 diabetes mel-
litus on skeletal muscle: clinical observations and physiological 
mechanisms. Pediatr Diabetes. 2011;12(4 Pt 1):345–364. doi: 
10.1111/j.1399-5448.2010.00699.x

 31. Dalal M, Ferrucci L, Sun K, et al. Elevated serum advanced glycation end 
products and poor grip strength in older community-dwelling women. J 
Gerontol A Biol Sci Med Sci. 2008;64:132–37. doi:10.1093/gerona/gln018

 32. Momma  H, Niu  K, Kobayashi  Y, et  al. Skin advanced glycation end 
product accumulation and muscle strength among adult men. Eur J Appl 
Physiol. 2011;111:1545–1552. doi: 10.1007/s00421-010-1779-x

 33. Luevano-Contreras  C, Chapman-Novakofski  K. Dietary advanced 
glycation end products and aging. Nutrients. 2010;2:1247–1265. doi: 
10.3390/nu2121247

 34. Mori H, Kuroda A, Araki M, et al. Advanced glycation end-products are 
a risk for muscle weakness in Japanese patients with type 1 diabetes. J 
Diabetes Investig. 2017;8:377–382. doi: 10.1111/jdi.12582

 35. D’Souza  DM, Al-Sajee  D, Hawke  TJ. Diabetic myopathy: impact of 
diabetes mellitus on skeletal muscle progenitor cells. Front Physiol. 
2013;4:379. doi: 10.3389/fphys.2013.00379

 36. Aguiari  P, Leo  S, Zavan  B, et  al. High glucose induces adipogenic dif-
ferentiation of muscle-derived stem cells. Proc Natl Acad Sci USA 
2008;105:1226–1231. doi: 10.1073/pnas.0711402105

1196 Journals of Gerontology: MEDICAL SCIENCES, 2020, Vol. 75, No. 6

https://apps.who.int/iris/handle/10665/44583
https://apps.who.int/iris/handle/10665/44583


 37. Lundsgaard  AM, Kiens  B. Gender differences in skeletal muscle sub-
strate metabolism-molecular mechanisms and insulin sensitivity. Front 
Endocrinol. 2014;195:2–16. doi: 10.3389/fendo.2014.00195

 38. Stenholm  S, Härkänen  T, Sainio  P, Heliövaara  M, Koskinen  S. Long-
term changes in handgrip strength in men and women–accounting the 
effect of right censoring due to death. J Gerontol A  Biol Sci Med Sci. 
2012;67:1068–1074. doi: 10.1093/gerona/gls064

 39. McPhee JS, Cameron J, Maden-Wilkinson T, et al. The Contributions of 
fiber atrophy, fiber loss, in situ specific force, and voluntary activation to 

weakness in Sarcopenia. J Gerontol A Biol Sci Med Sci. 2018;73:1287–
1294. doi: 10.1093/gerona/gly040

 40. Doherty  TJ. The influence of aging and sex on skeletal muscle mass 
and strength. Curr Opin Clin Nutr Metab Care. 2001;4:503–508. doi: 
10.1097/00075197-200111000-00007

 41. Wannamethee SG, Papacosta O, Lawlor DA, et al. Do women exhibit greater dif-
ferences in established and novel risk factors between diabetes and non-diabetes 
than men? The British Regional Heart Study and British Women’s Heart Health 
Study. Diabetologia. 2012;55:80–87. doi: 10.1007/s00125-011-2284-4

Journals of Gerontology: MEDICAL SCIENCES, 2020, Vol. 75, No. 6 1197


