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AbstrAct
Objective To examine whether the existence and severity 
of diabetic retinopathy (DR) could be associated with the 
prevalent sarcopenia and muscle quality in patients with 
type 2 diabetes.
Research design and methods This is a cross-sectional 
study of 316 patients with type 2 diabetes (mean age 
65±12 years; 38% female). Body compositions were 
measured by the dual-energy X-ray absorptiometry. 
Patients were divided into three groups: patients 
without DR (NDR), with non-proliferative DR (NPDR) 
and proliferative DR (PDR). Sarcopenia was diagnosed 
according to the criteria for Asians, using both skeletal 
muscle index (SMI) and grip strength (kg). Muscle quality 
was also determined by the grip strength divided by SMI. 
Logistic regression analyses were carried out to assess 
the cross-sectional association of the severity of DR with 
sarcopenia. In addition, linear regression analyses were 
performed to determine the associations between DR and 
muscle quality. Selection of covariates in the multivariate 
logistic and linear regression analyses was done by a 
stepwise procedure.
Results Among the patients examined, NDR, NPDR 
and PDR were diagnosed in 261, 38 and 17 patients, 
respectively. The prevalence of sarcopenia significantly 
increased along with the progression of DR. Multivariate 
logistic regression analysis showed that PDR is 
significantly associated with sarcopenia (OR 7.78, 95% CI 
1.52 to 39.81, p=0.014) and low muscle strength (OR 
6.25, 95% CI 1.15 to 33.96, p=0.034). Multivariate linear 
regression analysis additionally showed that the existence 
of DR was significantly associated with the muscle quality 
(standardized β −0.136, p=0.005 for NPDR, standardized β 
−0.146, p=0.003 for PDR).
Conclusions This study provides evidence that PDR is 
significantly associated with sarcopenia, and the existence 
of DR increases the risk for low muscle quality in patients 
with type 2 diabetes.

IntroductIon
Diabetic retinopathy (DR) is one of the 
common microvascular complications in 
patients with diabetes and a leading cause of 
the visual impairment and blindness.1–3 DR 

is associated with an increased risk for albu-
minuria, cardiovascular events, and all-cause 
mortality in patients with diabetes.4 5

Sarcopenia is defined as the loss of skeletal 
muscle mass and strength with aging and 
contributes to both physical disability and 
mobility limitations.6 7 In addition to aging, 
many chronic diseases are also associated 
with sarcopenia.8 Of the chronic disease, 
diabetes has been reported to be one of the 
significant contributors to the exacerba-
tion of sarcopenia.9 The Health, Aging, and 
Body Composition (ABC) Study revealed 
that diabetes is associated with the rapid 
loss of skeletal muscle strength and mass.10 
Interestingly, this study also demonstrated 
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significance of the study

What is already known about this subject?
 ► Several recent studies have reported that diabetes 
contributes to the burden of sarcopenia and diabetic 
microvascular complications are associated with 
sarcopenia. However, the association between 
diabetic retinopathy and sarcopenia remains largely 
unknown.

What are the new findings?
 ► In this study, the prevalence of sarcopenia 
significantly was increased along with the 
progression of diabetic retinopathy in patients 
with type 2 diabetes. In the multivariate models, 
proliferative diabetic retinopathy was significantly 
associated with sarcopenia, and the existence of 
diabetic retinopathy was significantly associated 
with the low muscle quality.

How might these results change the focus of 
research or clinical practice?

 ► Patients with diabetic retinopathy may be regarded 
as a high-risk group for sarcopenia and low muscle 
quality.

http://drc.bmj.com/
http://crossmark.crossref.org
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that muscle quality, defined as muscle strength stan-
dardized for muscle mass, declined more rapidly in 
patients with diabetes than in subjects without diabetes. 
Similarly, Volpato et al reported in a cross-sectional anal-
ysis of 835 participants that patients with diabetes have 
a lower muscle strength in lower extremities, despite 
having a larger muscle mass, and diabetes might cause 
mobility limitations via impaired muscle quality.11 In 
addition, either longer duration of diabetes or poor 
glycemic control were reported to be associated with the 
low muscle quality.12 Given these findings, sarcopenia 
and low muscle quality may be considered as one of the 
chronic complications related to diabetes.

Several recent studies have reported that the associa-
tion was between diabetic microvascular complications 
and sarcopenia. Andersen et al demonstrated that both 
diabetic neuropathy (DN) and DR are significantly asso-
ciated with muscle weakness of lower extremities (ankle 
and knee) in the univariate models and the statistical 
significance of DN but not DR remained unchanged in 
the multivariate models.13 Andreassen et al reported that 
DN could be involved in the accelerated muscle atrophy 
of lower extremities, but no difference was observed for 
the muscle quality between neuropathic and non-neu-
ropathic patients.14 These findings suggest that DN may 
have an adverse effect on mobility through sarcopenia in 
patients with diabetes. Also, DR may be a cause for mobility 
limitations, and the association between visual impair-
ment and sarcopenia has been reported.15 However, it 
remains unknown the association between the severity 
of DR and sarcopenia in patients with diabetes. In addi-
tion, no study has investigated the association of DR with 
muscle quality so far. We therefore examined whether the 
existence and the severity of DR could be associated with 
the prevalent sarcopenia and muscle quality in patients 
with type 2 diabetes.

MAterIAls And Methods

subject
Patients with type 2 diabetes who regularly visited to the 
outpatient clinic at Tokyo Medical and Dental University 
Hospital participated in this study. Patients were eligible, 
if they were aged 20 years or older, and patients who had 
been taken a funduscopy, measured a grip strength, and 
undergone the whole body dual-energy X-ray absorpti-
ometry (DXA) between 1 July 2012 and 31 October 2016 
were enrolled. Patients with severe renal impairment 
(estimated glomerular filtration rate (eGFR) <15 mL/
min/1.73 m2 or undergoing renal replacement therapy), 
pregnant women, and those with infectious or malignant 
diseases were excluded. Type 2 diabetes was diagnosed 
according to the criteria of the Japan Diabetes Society 
(JDS).16 This study complies with the principles laid 
by the Declaration of Helsinki and has been approved 
by the ethical committee of Tokyo Medical and Dental 
University (M2016-220).

clinical and biochemical analysis
Standardized questionnaires were used to obtain infor-
mation on medication and medical history. HbA1c was 
measured using the latex agglutination method. HbA1c 
levels were expressed in accordance with the National 
Glycohemoglobin Standardization Programs recom-
mended by the JDS.16 The GFR was estimated using the 
following equation for the Japanese, as proposed by the 
Japanese Society of Nephrology17: GFR=194 × SCr−1.094 × 
age−0.287((if female)×0.739), where SCr stands for serum 
creatinine in mg/dL, measured by an enzymatic method. 
Urinary albumin and creatinine excretion were measured 
by the turbidimetric immunoassay and enzymatic method, 
in a spot urine collection. Urinary albumin-to-creatinine 
ratio (ACR) was used for the assessment of albuminuria. 
The body mass index (BMI) was calculated as the weight 
divided by the square of height (kg/m2). Regional fat and 
lean mass including android and gynoid were measured 
by the whole body DXA (Lunar iDXA, GE Healthcare, 
Madison, Wisconsin, USA), as described previously.18 
Patients were positioned for whole-body scans in accor-
dance with the manufacturer’s protocol. The whole-body 
fat and fat-free mass was divided into several regions, 
such as arms, legs, and the trunk. Appendicular lean 
mass was estimated as the sum of fat-free mass of the two 
upper limbs and two lower limbs. The skeletal muscle 
index (SMI) was calculated as the appendicular lean 
mass divided by the square of the height (kg/m2). The 
average of bilateral grip strength (kg) measured by a 
hand dynamometer Grip-D (TKK5401, Takei, Niigata, 
Japan) was used for the assessment of muscle strength. 
In accordance with the criteria for Asians proposed by 
consensus report of the Asian Working Group for Sarco-
penia (AWGS),7 a low muscle strength was defined as a 
hand grip strength <26.0 kg in male and <18.0 kg female, 
and a low muscle mass was defined as an SMI of <7.0 in 
male and <5.4 in female. Patients with both low muscle 
strength and low muscle mass were diagnosed as having 
a sarcopenia. The muscle quality was defined as the 
muscle strength per unit of the muscle mass. The ratio of 
grip strength to SMI (kg/kg/m2) was used to assess the 
muscle quality in this study.

Assessment of dr
The presence and severity of DR were determined by qual-
ified ophthalmologists in our hospital. The patients were 
grouped into three groups: patients without diabetic reti-
nopathy (NDR), patients with non-proliferative diabetic 
retinopathy (NPDR), and patients with proliferative 
diabetic retinopathy (PDR), according to the medical 
record. The information on retinopathy obtained at the 
nearest date to DXA examination was used.

statistical analysis
Statistical analysis was performed using SPSS V.21.0 statis-
tical package. Data were presented as either mean±SD, 
median with IQR or percentages as appropriate according 
to data distribution. Comparisons among the groups 
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were analyzed by either one-way analysis of variance 
(continuous variables) or the χ2test (categorical vari-
ables). Logistic regression analyses were carried out to 
assess the cross-sectional association of the severity of DR 
with sarcopenia. The OR with 95% CI was calculated in 
the logistic regression models. Next, both univariate and 
multivariate linear regression analyses were performed 
to determine the associations between DR and muscle 
quality. The selection of covariates in the multivariate 
logistic and linear regression analyses was done by a 
stepwise procedure. Differences were considered to be 
statistically significant at p value less than 0.05.

results
characteristics of study participants
A total of 316 Japanese patients with type 2 diabetes (mean 
age 65±12 years; 38% female) were enrolled in this study. 
As shown in table 1, 38 and 17 patients were diagnosed 
as having NPDR and PDR, respectively. Patients with PDR 
were significantly older, had a lower grip strength, longer 
duration of diabetes and higher level of logarithmic-trans-
formed ACR and were more frequently receiving insulin 
therapy and angiotensin receptor blockers (ARBs) than 
those with either NDR or NPDR. In addition, there was 
a significant difference in the frequency of receiving 
calcium channel blockers among the three groups.

Association of dr with sarcopenia and its components
As shown in figure 1, the prevalence of sarcopenia signifi-
cantly increased along with the progression of DR. When 
comparing the association between components of sarco-
penia and severity of DR, the prevalence of low muscle 
strength significantly increased along with the progres-
sion of DR. In contrast, no significant difference in the 
prevalence of low muscle mass was observed among the 
three groups. PDR was significantly associated with the 
prevalent sarcopenia (OR 3.58, 95% CI 1.19 to 10.72, 
p=0.023) in a univariate model (table 2). After adjust-
ment for other covariates including age, gender, BMI, 
body fat and the use of ARBs selected by a stepwise 
regression, the association between PDR and sarcopenia 
remained significant (OR 7.78, 95% CI 1.52 to 39.81, 
p=0.014). In addition to PDR, age (OR 1.12, 95% CI 1.06 
to 1.18, p<0.001) was positively associated with sarcopenia 
and BMI (OR 0.67, 95% CI 0.55 to 0.81, p<0.001) and 
the use of ARBs (OR 0.25, 95% CI 0.09 to 0.69, p=0.007) 
were negatively associated with the risk for prevalent 
sarcopenia. The similar findings were observed in the 
association of PDR with a low muscle strength; ORs of 
PDR for the prevalence of low muscle strength were 14.6 
(95% CI 3.17 to 67.21, p<0.001) in a univariate and 6.25 
(95% CI 1.15 to 33.96, p=0.034) in a multivariate model. 
Other selected covariates were age (OR 1.09, 95% CI 1.06 
to 1.13, p<0.001), the use of insulin (OR 2.14, 95% CI 
1.06 to 4.33, p=0.034), history of cardiovascular disease 
(CVD) (OR 2.22, 95% CI 0.93 to 5.29, p=0.073) and male 
sex (OR 0.28, 95% CI 0.15 to 0.55, p<0.001). In contrast, 

PDR was not significantly associated with a low muscle 
mass in both the univariate and multivariate models 
(table 2). Age (OR 1.06, 95% CI 1.02 to 1.11, p=0.004), 
male sex (OR 6.87, 95% CI 2.73 to 15.03, p<0.001) and 
body fat (OR 1.26, 95% CI 1.14 to 1.39, p<0.001) were 
positively associated with a low muscle mass and BMI (OR 
0.41, 95% CI 0.31 to 0.54, p<0.001) and the use of ARBs 
(OR 0.41, 95% CI 0.17 to 0.98, p=0.044) were negatively 
associated with a low muscle mass.

Association between dr and muscle quality
Figure 2 showed that the muscle quality was lower in 
patients with PDR than that in patients with either NDR 
or NPDR. In the univariate linear regression model 
(table 3), the existence of DR was significantly associ-
ated with a low muscle quality (standardised β −0.189, 
p=0.002 for NPDR, standardised β −0.235, p<0.001 for 
PDR). The existence of DR remained to be significantly 
associated with a low muscle quality after adjustment 
for covariates including age and gender (standardised 
β −0.141, p=0.006 for NPDR, standardised β −0.145, 
p=0.005 for PDR). Further adjustment for body fat and 
history of CVD did not attenuate the significant associ-
ation between DR and the muscle quality (standardised 
β −0.136, p=0.005 for NPDR, standardised β −0.146, 
p=0.003 for PDR).

dIscussIons
In the present study, we demonstrated for the first time 
that type 2 diabetic patients with DR, especially those 
with PDR, are at a high risk for the prevalent sarcopenia 
and the increased risk of sarcopenia in patients with DR 
could be attributable mainly to the impairment of muscle 
strength. Furthermore, we also revealed that the exis-
tence of DR is significantly associated with a low muscle 
quality in patients with type 2 diabetes.

Although sarcopenia is diagnosed with both low muscle 
mass and strength,6 7 several studies have documented 
that a low muscle strength is more strongly associated 
with both physical disability and mobility limitations than 
a low muscle mass.19 20 Regarding the muscle strength, 
it is well established that the muscle weakness of lower 
extremities is associated with mobility limitations21 22 
and a low handgrip strength is also associated with the 
muscle weakness of lower extremities, muscle strength, 
and mobility limitations.23 Moreover, recent communi-
ty-based studies revealed that a low handgrip strength was 
a significant predictor of CVD and mortality.24 25 In our 
data, PDR was significantly associated with a low muscle 
strength in the multivariate logistic regression analyses 
(table 2), suggesting that the association of PDR with inci-
dent CVD and mortality in patients with diabetes might 
be partly explained by the coexistence of sarcopenia.

The reduction of muscle strength with aging can be 
partly explained by the parallel decline in muscle mass.26 
However, the reduction of muscle strength with aging 
occurred more rapidly than that is expected by the 
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Table 1 Clinical characteristics and medications according to the stages of retinopathy

NDR (n=261) NPDR (n=38) PDR (n=17)  p Value

Age (years) 63±12 66±12 71±12 <0.001

Gender (%male) 63 61 54 0.236

Body mass index (kg/m2) 24.8±4.4 25.6±4.1 24.3±3.3 0.534

Grip strength (kg) 27.8±9.7 22.9±9.7 17.7±5.7 <0.001

Fat free mass

  Upper extremities (kg) 4.5±1.3 4.3±1.3 3.6±1.3 0.025

  Lower extremities (kg) 13.4±3.4 13.7±3.9 11.9±3.6 0.217

Skeletal muscle index 6.7±1.2 6.8±1.3 6.3±1.2 0.412

Andoroid (kg) 2.1±1.1 2.3±1.3 2.2±1.0 0.423

Gynoid (kg) 3.0±1.2 3.4±1.7 2.9±0.8 0.225

A/G ratio 0.68±0.20 0.67±0.20 0.73±0.24 0.587

Body fat (%) 33.6±8.0 34.4±8.8 36.6±5.7 0.361

Duration of diabetes 
(years)

6 (5–7) 11 (8–14) 23 (16–30) <0.001

History of CVD (%) 10.3 13.5 6.7 0.739

SBP (mm Hg) 127±15 128±12 140±15 0.001

DBP (mm Hg) 75±13 73±11 77±18 0.499

Log ACR (mg/g) 1.47±0.55 1.63±0.64 2.30±0.74 <0.001

eGFR (mL/min/1.73 m2) 74.2±19.4 70.1±29.7 64.6±30.3 0.151

HbA1c (%) 7.2±1.4 7.4±1.7 7.7±1.0 0.266

HbA1c (mmol/mol) 55±8 57±12 60±5

Triglycerides (mmol/L) 1.70 (1.56–1.85) 1.70 (1.18–2.22) 1.69 (1.19–2.20) 0.999

HDL cholesterol (mmol/L) 1.54±0.47 1.46±0.40 1.47±0.34 0.563

LDL cholesterol (mmol/L) 2.94±0.38 2.84±0.69 2.89±0.95 0.889

UA (μmol/L) 320±80 314±73 332±68 0.752

Insulin (%) 24 32 100 <0.001

Sulfonylureas (%) 28 27 14 0.741

Metoformins (%) 48 46 47 0.947

Alpha-GIs (%) 9 12 14 0.865

Glinides (%) 8 6 0 0.733

TZDs (%) 10 9 0 0.687

DPP4 inhibitors (%) 58 73 43 0.195

SGLT2 inhibitors (%) 3 0 0 0.543

GLP1-RAs (%) 2 4 0 0.464

ARBs (%) 30 58 71 <0.001

CCBs (%) 30 26 88 <0.001

Diuretics (%) 8 5 18 0.339

Statins (%) 30 40 53 0.076

UA lowering agents (%) 3 7 5 0.415

Antiplatelet agents (%) 13 13 18 0.837

ACR, albumin-to-creatinine ratio; A/G, android-to-gynoid; ARBs, angiotensin receptor blockers; CCBs, calcium channel blockers; CVD, 
cardiovascular disease; DBP, diastolic blood pressure; DPP4, dipeptidyl peptidase 4; eGFR, estimated glomerular filtration ratio; GIs, 
glycosidase inhibitors; GLP1-RA, glucagon-like peptide-1 receptors agonist; HDL, high-density lipoprotein; LDL, low-density lipoprotein; 
NDR, no diabetic retinopathy; NPDR, non-proliferative diabetic retinopathy; PDR proliferative diabetic retinopathy; SBP, systolic blood 
pressure; SGLT2, sodium-glucose cotransporter 2; TZDs, thiazolidinediones; UA, uric acid.
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decline in muscle mass, and the contradiction between 
muscle mass and strength was thought to be caused by 
a decline in muscle quality.20 In a 12-year longitudinal 
study of a community-dwelling population in Japan, 
the age-related decrease in muscle mass was relatively 
small, but the muscle quality significantly decreased 
with aging.27 Other than aging, the Health ABC study 
reported that the decline in muscle quality was acceler-
ated by the presence of diabetes.10 Another recent study 
demonstrated that diabetic patients with a poor glycemic 
control (HbA1c≥8.5%) were at a significantly increased 
risk for the decline in muscle quality and the impaired 

functional ability (assessed using Short Physical Perfor-
mance Battery) compared with either patients with a 
HbA1c of <8.5% or subjects without diabetes.28 Those 
studies implied that a muscle quality plays a key role in 
the relationship between diabetes and mobility limita-
tions. We revealed for the first time in this study that DR 
is strongly associated with a low muscle quality (table 3), 
presumably suggesting that the screening of DR would be 
useful to estimate the risks for the low muscle quality in 
patients with diabetes.

Among diabetic patients, some investigators have 
recently focused on the association of diabetic 

Figure 1 Difference in the prevalence of sarcopenia and its components (low muscle strength and low muscle mass) 
between NDR, NPDR and PDR. NDR, no diabetic retinopathy; NPDR, non-proliferative diabetic retinopathy; PDR, proliferative 
diabetic retinopathy.

Table 2 ORs of sarcopenia, low muscle strength and low muscle mass in patients with type 2 diabetes

Sarcopenia low muscle 
strength+low muscle mass

Low muscle strength
Grip strength<26 kg in male
Grip strength<18 kg in female

Low muscle mass
SMI <7.0 in male
SMI <5.4 in female

OR (95% CI) p Value OR (95% CI)  p Value OR (95% CI)  p Value

Univariate model

  NPDR 1.50 (0.60 to 3.76) 0.385 1.78 (0.77 to 3.81) 0.184 0.74 (0.34 to 1.62) 0.452

  PDR 3.58 (1.19 to 10.72) 0.023 14.60 (3.17 to 67.21) <0.001 0.94 (0.38 to 2.75) 0.915

Multivariate model

  NPDR 3.79 (1.14 to 12.65) 0.030 1.08 (0.43 to 2.71) 0.878 2.49 (0.76 to 8.10) 0.130

  PDR 7.78 (1.52 to 39.81) 0.014 6.25 (1.15 to 33.96) 0.034 2.34 (0.35 to 15.71) 0.383

  Age (years) 1.12 (1.06 to 1.18) <0.001 1.09 (1.06 to 1.13) <0.001 1.06 (1.02 to 1.11) 0.004

  Gender (male vs 
female)

7.26 (2.11 to 24.97) 0.002 0.28 (0.15 to 0.55) <0.001 6.87 (2.73 to 15.03) <0.001

  BMI (kg/m2) 0.67 (0.55 to 0.81) <0.001 NA 0.41 (0.31 to 0.54) <0.001

  Body fat (%) 1.16 (1.07 to 1.27) 0.001 NA 1.26 (1.14 to 1.39) <0.001

  ARBs 0.25 (0.09 to 0.69) 0.007 NA 0.41 (0.17 to 0.98) 0.044

  Insulin NA 2.14 (1.06 to 4.33) 0.034 NA

  History of CVD NA 2.22 (0.93 to 5.29) 0.073 NA

ARBs, angiotensin receptor blockers; BMI, body mass index; CVD, cardiovascular disease; NPDR, non-proliferative diabetic retinopathy; 
PDR, proliferative diabetic retinopathy; SMI, skeletal muscle index.
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microvascular complications with a muscle mass, strength, 
and quality. In a cross-sectional study comprising 36 
patients with type 2 diabetes and 36 control subjects, 
Andersen et al reported that the existence of both DN 
and DR was associated with a muscle weakness of lower 
extremities in a univariate analysis.13 In a multivariate 
analysis, there was a significant association between DN 
and a muscle weakness of lower extremities, whereas the 

statistical significance of DR disappeared. It is assumed 
that the impact of DN on the muscle strength of lower 
extremities may be stronger than that of DR; however, 
no information was available regarding the association 
between muscle mass and the severity of DR. In addi-
tion, the sample size of the study was small; therefore, 
concluding insufficient evidence for whether DR could 
be associated with a sarcopenia defined as both low 
muscle mass and strength. In this regard, we believe that 
our data in this study is the first to show evidence for the 
clinical relevance of DR with both sarcopenia and muscle 
quality in patients with type 2 diabetes.

As shown in table 2, we revealed apparent differences 
in the impact of gender on a low muscle strength and 
low muscle mass (male were protective against the 
decline of grip strength as were female against the low 
muscle mass). Both low muscle strength and low muscle 
mass were defined by the criteria for Asians, proposed 
by consensus report of the AWGS.7 However, the cut-off 
values were established on the basis of the data obtained 
mainly from subjects without diabetes, and it has still 
been unclear whether the criteria could be applied for 
patients with diabetes. Further studies may be needed to 
identify cut-off values for the diagnosis of sarcopenia in 
patients with diabetes.

We also found a significant association of ARBs with 
sarcopenia in patients with diabetes (table 2). Previous 
reports showed the potential of renin angiotensin aldo-
sterone system inhibitors to protect against the decline 
of muscle strength.29 30 Onder et al reported that ACE 
inhibitors can prevent the decline in muscle strength 
in elderly women with hypertension in a 5-year longitu-
dinal observational study.29 In the cross-sectional survey 
of 2431 participants from the Health ABC Study, the 
use of ACE inhibitors was significantly associated with a 
larger muscle mass in lower extremities.30 Our data are 
consistent with the results of these previous studies29 30 
and suggest the possibility that ARBs may prevent the 
progression of sarcopenia in patients with diabetes.

This study has several limitations. First, it is impossible 
to infer causality because of its cross-sectional design, 
although we revealed the significant association between 
DR and sarcopenia in patients with type 2 diabetes. 
Second, the characteristics of subjects in this study 
were homogenous; therefore, the generalization of our 
findings might be limited. Third, information on diet, 
exercise and visual acuity that could affect both muscle 
mass and strength was unavailable. Visual impairment 
may lead to lack of exercise, resulting in the progression 
of sarcopenia or the decline in muscle quality. Finally, 
we were unable to obtain information on DN. DN was 
recently reported to be strongly associated with a low 
muscle strength, low muscle mass and decline in muscle 
quality.13 14 31 Therefore, further studies are needed in 
order to reveal the association of both DR and DN with 
sarcopenia and/or muscle quality.

In conclusion, this is the first study to investigate the 
association of DR, especially PDR with sarcopenia, which 

Figure 2 Muscle quality (mean±SE, %) of the patients 
with NDR, NPDR and PDR. NDR, no diabetic retinopathy; 
NPDR, non-proliferative diabetic retinopathy; PDR, 
proliferative diabetic retinopathy.

Table 3 Association between diabetic retinopathy and 
muscle quality in patients with type 2 diabetes

Standardised β p Values

Univariate model (adjusted 
R2=0.08)

  NPDR −0.189 0.002

  PDR −0.235 <0.001

Age-adjusted and gender-
adjusted model (adjusted 
R2=0.37)

  NPDR −0.141 0.006

  PDR −0.145 0.005

  Age −0.210 <0.001

  Gender 0.496 <0.001

Multivariate model (adjusted 
R2=0.46)

  NPDR −0.136 0.005

  PDR −0.146 0.003

  Age −0.238 <0001

  Gender 0.363 <0.001

  Body fat −0.315 <0.001

  History of CVD −0.141 0.004

Muscle quality was defined as grip strength divided by skeletal 
muscle index.
CVD, cardiovascular disease; NPDR, non-proliferative diabetic 
retinopathy; PDR, proliferative diabetic retinopathy.
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is defined as both low muscle mass and strength. Our 
data further suggest that type 2 diabetic patients with 
either NPDR or PDR are at a high risk for the low muscle 
quality compared with patients with NDR.
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