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Unraveling the dual threat:
sarcopenia and insufficient
physical activity in diabetes risk
Hui Shi*

Department of Clinical Nutrition, Zibo First Hospital, Zibo, China
Purpose: This study aimed to investigate the alterations in diabetes risk

associated with sarcopenia and insufficient physical activity, as well as the

demographic shifts within the diabetic population.

Method: Utilizing pertinent data from the National Health and Nutrition

Examination Survey (NHANES) database spanning 2011 to 2018, the criteria for

sarcopenia were established by the Foundation for the National Institutes of

Health. These criteria were calculated using lean body mass data in conjunction

with body mass index data. Physical activity levels were assessed using the PAQ

questionnaire from the NHANES database. The presence of diabetes was

determined through the DIQ questionnaire and the laboratory examination

within the NHANES database. The analysis was performed using multivariable

logistic regression.

Result: The prevalence of both sarcopenia and insufficient physical activity in the

diabetic population was 188% greater than in the non-diabetic population.

Sarcopenia and insufficient physical activity were positively correlated with an

increased risk of diabetes onset, demonstrating a 1.45-fold heightened risk when

both conditions were present (OR=2.45,95%CI,1.35-4.44,P<0.05). This

combined effect was significantly greater than the risk associated with

sarcopenia alone (OR=1.84,95%CI,1.09-3.11,P<0.05) or insufficient physical

activity alone (OR=1.55,95%CI,1.11-2.15,P<0.05).

Conclusion: A synergistic relationship exists between sarcopenia and insufficient

physical activity, resulting in a markedly elevated risk of diabetes when both

conditions are present concurrently. Therefore, comprehensive diabetes

management strategies should prioritize populations exhibiting both

sarcopenia and insufficient physical activity.
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Introduction

Diabetes is a global public health problem, with an estimated

global prevalence of diabetes in people aged 20-79 years being

10.5% (536.6 million) in 2021 and rising to 12.2% (783.2 million) by

2045 (1). Global diabetes-related health expenditure was estimated

at $966 billion in 2021 and is projected to reach $1054 billion by

2045 (1). Diabetes is closely associated with many diseases, leading

to organ function damage and even failure (2–4). Despite extensive

research and efforts dedicated to understanding the pathogenesis,

developing medications, and implementing management strategies

for diabetes (5–7), it remains challenging to curtail its increasing

prevalence (8).

Sarcopenia has emerged as a condition of significant interest in

recent years, primarily characterized by a reduction in muscle mass,

strength and function (9). According to the European Working

Group on Sarcopenia in Older People, sarcopenia is defined as “a

syndrome characterized by progressive and systemic loss of skeletal

muscle mass and strength, with an increased risk of adverse

outcomes such as physical disability, poor quality of life, and

mortality (10).” It is conservatively estimated that sarcopenia

currently affects approximately 50 million individuals, with

projections suggesting this number could rise to 200 million over

the next four decades (11). Sarcopenia results in a reduction of

muscle mass, thereby compromising blood glucose regulation (12).

From this perspective, a significant association between sarcopenia

and diabetes is evident. Furthermore, research has demonstrated

that sarcopenia is independently correlated with type 2 diabetes

(13). Insufficient physical activity also constitutes a risk factor for

diabetes (14, 15). Empirical studies have indicated that insufficient

exercise adversely affects insulin sensitivity (16), which can

subsequently diminish the body’s capacity to process blood

glucose effectively and potentially precipitate the onset of diabetes.

While many studies have examined how sarcopenia and

insufficient physical activity individually affect diabetes (17, 18),

the combined impact remains unclear. This paper aims to

investigate the joint effect of sarcopenia and insufficient physical

activity on diabetes risk using population-based data.
Materials and methods

Data source

Publicly accessible data files from the National Health and

Nutrition Examination Survey (NHANES) database were utilized

in this study. NHANES is a population-based, cross-sectional

survey that encompasses interviews, physical examinations, and

laboratory assessments. The primary objective of NHANES is to

evaluate the nutritional status of the United States’ civilian, non-

institutionalized population and to explore its relationship with

health promotion and disease prevention. The data are released
Abbreviations: NHANES, National Health and Nutrition Examination Surveys;

HbA1c, glycosylated hemoglobin; ALM, appendicular lean mass; BMI, body mass

index; non-HDL, non-high density lipoprotein; VD, vitamin D.

Frontiers in Endocrinology 02
biennially and are derived from a nationally representative sample,

employing a multi-stage probability sampling design and weighting

methodology. NHANES is scheduled for an annual review by the

Ethics Review Board of the National Center for Health Statistics to

ensure adherence to ethical and scientific standards (19).
Study population

In this study, data from 39,156 samples were utilized from the

NHANES database spanning the 2011-2012, 2013-2014, 2015-2016,

and 2017-2018 cycles. The samples were screened according to the

study’s requirements, with exclusion criteria as follows: (1)

individuals aged under 18 or over 59, pregnant individuals, those

without examinations, and those lacking two days of dietary data

(N=27,171); (2) individuals without fasting test results or

glycosylated hemoglobin data (N=6,686); (3) individuals with

missing skeletal muscle data or body mass index data (N=1,044).

Ultimately, 4,255 participants met the eligibility criteria for

inclusion in the study. Figure 1 illustrates the screening process.
Diagnosis of diabetes

In the DIQ questionnaire, being told by the doctor that “having

diabetes” was the main criterion, fasting blood glucose ≥126 mg/dL

or HbA1c >6.5% was the secondary criteria (20). Meeting one of

these criteria was sufficient for a diabetes diagnosis. In this study,

the type of diabetes was not distinguished.
Definition of sarcopenia

Sarcopenia was assessed by ALM/BMI, with disease thresholds

set at <0.789 for men and <0.512 for women by the National

Institutes of Health Foundation (21). ALM/BMI was calculated by

dividing the sum of the lean tissue of the limbs by the body mass

index (21). ALM can be obtained by dual-energy X-ray

absorptiometry. Pregnant women and individuals over 300

pounds (136 kg) or taller than 6 feet 5 inches (198 cm) were

excluded due to dual-energy X-ray absorptiometry limitations.
Definition of insufficient physical activity

Insufficient physical activity was defined as engaging in less than

150 minutes per week of moderate-intensity exercise and less than 75

minutes per week of vigorous-intensity exercise. This criterion aligns

with the 2008 Physical Activity Guidelines for Americans (22).
Covariate

Data on age, gender, race, education, and family monthly poverty

level were sourced from the NHANES demographic profile.

Hypertension was identified by a systolic blood pressure ≥140 mmHg
frontiersin.org
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or diastolic pressure ≥90 mmHg, average of three measurements (23).

Non-HDL cholesterol was calculated by subtracting high density

lipoprotein from total cholesterol, and the diabetic control target was

set at less than 130 mg/dL (24). The criterion for intake of dietary

cholesterol was set at less than 300 mg per day (25). The recommended

standard for dietary fiber intake is 14 grams per 1000 kilocalories (26).

Blood VD levels were categorized into severe deficiency (<10 ng/mL),

deficiency (10 to <20 ng/mL), insufficiency (20 to <30 ng/mL), and

adequacy (≥30 ng/mL) (27). The data represented the sum of 25-

hydroxyvitamin D2 and D3, with blood VD concentrations converted

to the unit of 1 ng/mL equaling 2.5 nmol/L.Glasses of daily drinking was

calculated by dividing the total glasses of annual drinking by 365.
Statistical analysis

Fasting sample weights were incorporated to account for non-

response, coverage gaps, and unequal selection probabilities across

specific population categories, thereby facilitating the generation of

national estimates for all analyses.

All independent variables and covariates included in the analysis

were transformed into categorical variables. Statistical outcomes were

reported as percentages with corresponding 95% confidence interval

(CI). Categorical variables were examined using the chi-square test to

assess statistical differences. To ensure the absence of multicollinearity,

all covariates were evaluated, with a variance inflation factor (VIF)

threshold set at less than 5. The population structures of diabetic and

non-diabetic groups were analyzed, considering sarcopenia and

insufficient physical activity as risk factors. Three models were

developed to examine the relationship between the independent and

dependent variables. Model 1 included solely the independent and

dependent variables, without the inclusion of any covariates. Model 2

was adjusted for gender, age, and ethnicity. Building upon Model 2,
Frontiers in Endocrinology 03
Model 3 incorporated additional adjustments for education, family

monthly poverty level, blood pressure, non-HDL, blood VD levels,

dietary cholesterol, dietary fiber and glasses of daily drinking. Based on

model 3, I performed two stratified analyses for non-diabetic and

diabetic group in sarcopenia and insufficient physical activity

respectively. The logistic regression outcomes from Model 3 were

employed to evaluate the odds ratio (OR) and 95% confidence interval

(CI) for variables related to the prevalence of diabetes. In this model,

co-occurrence of sarcopenia and insufficient physical activity were

analyzed for interaction with each covariate. The results of the logistic

regression and interaction analysis fromModel 3 were visualized using

the “forest plot” feature in GraphPad Prism (version 8.0).

All statistical analyses were conducted using EmpowerStats

(version 2.0) and STATA (version 17.0) software, while figures

were generated with GraphPad Prism (version 8.0). P-value<0.05

was considered statistically significant.
Result

Participant characteristics

All results showed significant statistical differences except for

gender, dietary fiber intake and glasses of daily drinking. Diabetes

prevalence was strongly linked to age (P<0.001), with 68.4%(95%

CI,62.6%-73.7%) of the sample being middle-aged (45-59 years) in

the diabetic group, significantly higher than the 34.2% (95%

CI,32.1%-36.3%) in the non-diabetic group. Ethnic differences

significantly correlate with diabetes susceptibility: Mexican

American (14.7%,95%CI,11.7%-18.3% vs 9.6%,95% CI,8.8%-

10.5%)、Other Hispanic (9.7%,95%CI,7.4%-12.7% vs 6.9%,95%

CI,6.2%-7.7%) and Non-Hispanic Black (16.0%,95% CI,13.0%-

19.5% vs 11.4%,95%CI,10.5%-12.3%) are more prone, while Non-

Hispanic White (50.0%,95%CI,43.9%-56.2% vs 62.8%,95%

CI,61.0%-64.6%) are less prone. Diabetes risk was greater in

individuals with lower education (47.3%,95% CI,41.2%-53.5% vs

31.3%,95%CI,29.5%-33.2%) compared to those with higher

education (52.5%,95%CI,46.3%-58.6% vs 63.5%,95%CI,61.5%-

65.5%). The percentage of diabetes group with a family poverty

level of 1.30 (32.8%,95%CI,27.8%-38.3%) was higher than that of

non-diabetic group (26.5%,95%CI,24.9%-28.2%).BMI had the

strongest impact on diabetes prevalence (P<0.001). 66.1% (95%

CI,60.2%-71.5%) of diabetics with a BMI ≥30kg/m2 compared to

32.7% (95%CI,30.%8-34.7%) of non-diabetes group. Hypertension

was more common in diabetics (19.6%,95%CI,14.9%-25.4% vs

7.7%,95%CI,6.7%-8.9%), and non-HDL levels were more often

elevated (65.5%,95%CI,59.6%-70.9% vs 51.5%,95%CI,49.4%-

53.6%). VD deficiency leads to an increase in the prevalence of

diabetes (35.6%,95%CI,29.9%-41.8% vs 22.6%,95%CI,21.1%-

24.2%). More importantly, in diabetes group, the prevalence of

sarcopenia (19.0%,95%CI,14.7%-24.1% vs 6.1%,95%CI,5.3%-7.0%)

and insufficient physical activity (43.2%,95%CI,37.3%-49.4% vs

27.4%,95%CI,25.6%-29.3%) were significantly higher than those

in non-diabetes group (P<0.001). The clinical demographic
FIGURE 1

Flowchart for choosing target population.
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characteristics of all the 4255 participants included in the study are

shown in Table 1.
Change in population structure

The study compared the prevalence of sarcopenia and

insufficient physical activity between non-diabetic and diabetic

populations. Data show a significant shift in the diabetic

population’s structure (P<0.001), with a notably higher

proportion having sarcopenia and/or insufficient physical activity,

particularly when both are present, resulting in a 288% change rate.

Refer to Table 2 and Figure 2 for details.
Frontiers in Endocrinology 04
Association between sarcopenia,
insufficient physical activity and diabetes

Among the three models, both sarcopenia and insufficient

physical activity were significant risk factors (P<0.05). In the fully

adjusted model, having both risk factors increased diabetes risk by

1.45 times compared to having neither (OR=2.45,95% CI,1.35-4.44,

P<0.05). This risk was higher than having only sarcopenia

(OR=1.84,95%CI,1.09-3.11,P<0.05) or only insufficient physical

activity (OR=1.55,95%CI,1.11-2.15,P<0.05) (Table 3).

The stratified analysis of Model 3, which focused on sarcopenia,

indicated that younger age served as a protective factor within the

nondiabetic cohort. This is attributed to the increased susceptibility
TABLE 1 Characteristics of NHANES participants between 2011-2018 according to the presence of diabetes (n=4255).

Characteristics
Total

(n=4255)

Diabetes
P-value

No (n=3791) Yes (n=464)

Gender 0.080

Male 48.4 (46.4,50.4) 48.0 (45.9,50.1) 52.9 (46.7,59.0)

Female 51.6 (49.6,53.6) 52.0 (49.9,54.1) 47.1 (41.0,53.3)

Age <0.001

18-44 63.0 (61.0,64.9) 65.8 (63.7,67.9) 31.6 (26.3,37.4)

45-59 37.0 (35.1,39.0) 34.2 (32.1,36.3) 68.4 (62.6,73.7)

Race <0.001

Mexican American 10.0 (9.2,10.9) 9.6 (8.8,10.5) 14.7 (11.7,18.3)

Other Hispanic 7.2 (6.5,7.9) 6.9 (6.2,7.7) 9.7 (7.4,12.7)

Non-Hispanic White 61.7 (60.0,63.5) 62.8 (61.0,64.6) 50.0 (43.9,56.2)

Non-Hispanic Black 11.8 (11.0,12.7) 11.4 (10.5,12.3) 16.0 (13.0,19.5)

Non-Hispanic Asian 5.6 (5.1,6.1) 5.5 (5.0,6.1) 5.6 (4.1,7.5)

Other Race 3.7 (3.1,4.5) 3.7 (3.0,4.6) 4.0 (2.4,6.5)

Education <0.001

≤High school 32.7 (30.9,34.5) 31.3 (29.5,33.2) 47.3 (41.2,53.5)

>High school 62.6 (60.7,64.5) 63.5 (61.5,65.5) 52.5 (46.3,58.6)

Not recorded 4.7 (4.1,5.5) 5.1 (4.4,6.0) 0.2 (0,0.8)

Family monthly poverty level 0.020

≤1.30 27.1 (25.5,28.7) 26.5 (24.9,28.2) 32.8 (27.8,38.3)

>1.3 to ≤1.85 12.0 (10.9,13.2) 12.2 (11.0,13.5) 9.6 (7.3,12.5)

>1.85 56.9 (55.0,58.8) 57.1 (55.1,59.1) 55.3 (49.4,61.2)

Not recorded 4.0 (3.4,4.8) 4.2 (3.5,5.0) 2.2 (1.1,4.5)

Body mass index (kg/m2) <0.001

<18.5 1.9 (1.4,2.5) 2.0 (1.5,2.6) 0.4 (0.1,1.8)

≥18.5 to <25 30.8 (28.9,32.7) 32.8 (30.8,34.8) 8.9 (6.0,12.9)

≥25 to <30 31.9 (30.0,33.8) 32.5 (30.6,34.5) 24.6 (19.8,30.1)

≥30 35.5 (33.6,37.4) 32.7 (30.8,34.7) 66.1 (60.2,71.5)

(Continued)
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to sarcopenia observed in the older age group (OR=1.70,95%

CI,1.17-2.48,P=0.005). However, this protective effect was not

evident in the diabetic cohort. Furthermore, the protective

influences of race, education, and family monthly poverty level

were also diminished in the presence of diabetes. The association

between hypertension and sarcopenia was found to be significant in

both groups, with a stronger correlation observed in the diabetic

group (OR=2.58,95%CI,1.22-5.47,P=0.013) compared to the non-
Frontiers in Endocrinology 05
diabetic group (OR=1.64,95%CI,1.02-2.63,P=0.041). Regarding

blood vitamin D levels, subgroups with insufficient (20 to <30ng/

mL) and sufficient (≥30ng/mL) levels demonstrated a protective

effect against sarcopenia in the non-diabetic group (OR=0.45,

P=0.010 & OR=0.39,P=0.006, respectively). However, this

protective effect was not observed in the diabetic group (Table 4).

A stratified analysis of Model 3 based on insufficient physical

activity revealed that female in the non-diabetic cohort exhibited a
TABLE 1 Continued

Characteristics
Total

(n=4255)

Diabetes
P-value

No (n=3791) Yes (n=464)

Blood pressure (mmHg) <0.001

<140/90 88.5 (87.2,89.7) 89.7 (88.4,90.8) 76.0 (69.9,81.2)

≥140/90 8.7 (7.7,9.9) 7.7 (6.7,8.9) 19.6 (14.9,25.4)

Not recorded 2.8 (2.2,3.5) 2.6 (2.1,3.3) 4.4 (2.3,8.3)

non-HDL (mg/dL) <0.001

<130 46.7 (44.7,48.7) 47.8 (45.8,50.0) 33.8 (28.4,39.7)

≥130 52.7 (50.7,54.6) 51.5 (49.4,53.6) 65.5 (59.6,70.9)

Not recorded 0.7 (0.4,1.1) 0.7 (0.4,1.2) 0.7 (0.3,1.9)

Blood VD (ng/mL) <0.001

<10 3.0 (2.5,3.5) 3.0 (2.5,3.6) 2.8 (1.7,4.6)

≥10 to <20 23.7 (22.2,25.3) 22.6 (21.1,24.2) 35.6 (29.9,41.8)

≥20 to <30 40.1 (38.1,42.0) 40.6 (38.6,42.7) 33.8 (28.3,39.8)

≥30 32.9 (31.0,34.9) 33.4 (31.4,35.6) 27.3 (22.1,33.2)

Not recorded 0.3 (0.1,0.8) 0.3 (0.1,0.8) 0.4 (0.1,1.4)

Dietary fiber (g/1000kcal) 0.224

<14 92.2 (91.1,93.2) 92.1 (90.9,93.1) 93.9 (90.9,95.9)

≥14 7.8 (6.8,8.9) 7.9 (6.9,9.1) 6.1 (4.1,9.1)

Dietary cholesterol (mg/d) <0.001

<300 62.2 (60.2,64.1) 63.1 (61.1,65.1) 51.4 (45.2,57.6)

≥300 37.8 (35.9,39.8) 36.9 (34.9,38.9) 48.6 (42.4,54.8)

Drink (glass/d) 0.066

<1 72.8 (71.0,74.5) 72.4 (70.5,74.2) 76.7 (70.8,81.6)

≥1 to <2 7.3 (6.3,8.4) 7.5 (6.5,8.8) 4.7 (2.7,7.9)

≥2 6.3 (5.3,7.5) 6.5 (5.4,7.7) 4.3 (2.3,7.6)

Not recorded 13.7 (12.5,15.0) 13.6 (12.4,14.9) 14.4 (10.3,19.7)

Sarcopenia <0.001

No 92.8 (91.9,93.7) 93.9 (93.0,94.7) 81.0 (75.9,85.3)

Yes 7.2 (6.3,8.1) 6.1 (5.3,7.0) 19.0 (14.7,24.1)

Physical activity <0.001

Enough 71.3 (69.5,73.0) 72.6 (70.7,74.4) 56.8 (50.6,62.7)

Not enough 28.7 (27.0,30.5) 27.4 (25.6,29.3) 43.2 (37.3,49.4)
Categorical variables were expressed as a weighted percentage (95% confidence interval). Non-HDL, non-high density lipoprotein; VD, vitamin D.
Statistically significant P-values are highlighted in bold type.
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higher likelihood of insufficient physical activity (OR=2.10,95%

CI,1.71-2.58,P<0.001), as did the elderly population aged 45-59

years (OR=1.69,95%CI,1.37-2.10,P<0.001). However, no such

association was observed in the diabetic group. Within the non-

diabetic group, elevated non-HDL cholesterol levels (≥130 mg/dL)

were significantly correlated with insufficient physical activity

(OR=1.44,95%CI,1.17-1.76,P<0.001). But no such association was

found in the diabetes group. For blood vitamin D levels, similar to

Table 4, the insufficient (20 to <30ng/mL) and sufficient (≥30ng/

mL) subgroups showed a protective effect in the non-diabetic group

(OR=0.55,P=0.011 & OR=0.37,P<0.001,respectively). Again, this

effect was still absent in the diabetic group (Table 5).

A more detailed stratified analysis of Model 3 revealed that the

elevated risk of diabetes was more pronounced in individuals

exhibiting both sarcopenia and insufficient physical activity. The

increased risk of diabetes was observed in 13 subgroups among
Frontiers in Endocrinology 06
individuals exhibiting both sarcopenia and insufficient physical

activity, compared to 11 subgroups among those with insufficient

physical activity only, and 6 subgroups among those with

sarcopenia only. When sarcopenia and insufficient physical

activity co-occur, compared to no risk factors, the details are as

follows. Among the uncontrollable factors, race had the most

obvious effect on diabetes, Other Hispanic and Non-Hispanic

White were more susceptible, with OR of 5.03 (95% CI,1.65-

15.33,P=0.005) and 4.02 (95%CI,1.41-11.43,P=0.009), respectively.

Next by gender, male’s OR was 3.90 (95% CI,1.56-9.71,P=0.004).

Age also showed a clear difference, with an OR of people aged 45-59

years old of 2.28 (95% CI,1.08-4.85,P=0.032).Among the

controllable factors, the blood pressure ≥140/90 mmHg was the

most significant, with an OR of 6.67 (95%CI,1.78-24.92,P=0.005).

This was followed by Blood VD ≥30 ng/mL with an OR of 5.10

(95%CI,1.65-15.71,P=0.005). Education also showed a clear effect,
TABLE 2 Table of population proportions characterized by sarcopenia and insufficient physical activity.

Characteristics
Total

(n=4255)
Without Diabetes

(n=3791)
With Diabetes

(n=464)
P-value

Risk factor <0.001

No risk 67.2 (65.4,69.0) 69.0 (67.1,70.9) 47.6 (41.4,53.8)

Only sarcopenia 4.1 (3.4,4.8) 3.6 (3.0,4.3) 9.2 (6.4,13.0)

Only insufficient physical activity 25.6 (23.9,27.3) 24.9 (23.1,26.7) 33.5 (28.0,39.4)

Sarcopenia & insufficient physical activity 3.1 (2.5,3.8) 2.5 (2.0,3.2) 9.7 (6.6,14.1)
All values were expressed as a weighted percentage (95% confidence interval).
FIGURE 2

Histogram of population proportions characterized by sarcopenia and insufficient physical activity.
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TABLE 4 Stratified analysis of sarcopenia in non-diabetes group and diabetes group under model 3.

Characteristics

Without diabetes
(n=3791)

With diabetes
(n=464)

OR (95% CI) P-value OR (95% CI) P-value

Gender

Male Reference Reference

Female 0.92 (0.65,1.29) 0.613 0.55 (0.28,1.09) 0.089

Age

18-44 Reference Reference

45-59 1.70 (1.17,2.48) 0.005 0.92 (0.45,1.89) 0.828

Race

Mexican American Reference Reference

Other Hispanic 0.63 (0.41,0.98) 0.040 0.75 (0.31,1.84) 0.529

Non-Hispanic White 0.35 (0.24,0.53) <0.001 0.41 (0.19,0.88) 0.023

Non-Hispanic Black 0.08 (0.05,0.15) <0.001 0.08 (0.03,0.24) <0.001

Non-Hispanic Asian 0.48 (0.30,0.77) 0.002 0.34 (0.11,1.02) 0.055

Other Race 0.27 (0.10,0.71) 0.008 0.21 (0.05,0.94) 0.041

Education

≤High school Reference Reference

>High school 0.68 (0.47,0.99) 0.042 1.08 (0.57,2.05) 0.803

Family monthly poverty level

≤1.30 Reference Reference

>1.3 to ≤1.85 0.88 (0.54,1.42) 0.590 0.80 (0.31,2.09) 0.649

>1.85 0.65 (0.43,0.98) 0.039 0.90 (0.48,1.71) 0.750

Blood pressure (mmHg)

<140/90 Reference Reference

≥140/90 1.64 (1.02,2.63) 0.041 2.58 (1.22,5.47) 0.013

non-HDL (mg/dL)

<130 Reference Reference

≥130 1.60 (1.12,2.30) 0.011 1.03 (0.49,2.15) 0.944

(Continued)
F
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TABLE 3 Correlation between sarcopenia, insufficient physical activity and diabetes.

Characteristics
Model 1 Model 2 Model 3

OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value

No risk Reference Reference Reference

Only sarcopenia 3.72 (2.36,5.88) <0.05 3.13 (1.87,5.24) <0.05 1.84 (1.09,3.11) <0.05

Only insufficient
physical activity

1.95 (1.45,2.62) <0.05 1.73 (1.26,2.38) <0.05 1.55 (1.11,2.15) <0.05

Sarcopenia &insufficient physical activity 5.66 (3.43,9.34) <0.05 4.02 (2.34,6.92) <0.05 2.45 (1.35,4.44) <0.05
fr
Model 1: No adjusted.
Model 2: Adjust for gender, age, and race.
Model 3: Adjusted for gender, age, race, education, family monthly poverty level, blood pressure, non-HDL, blood VD, dietary cholesterol, dietary fiber and glasses of daily drinking.
OR, odds ratio; 95% CI, 95% confidence interval.
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TABLE 4 Continued

Characteristics

Without diabetes
(n=3791)

With diabetes
(n=464)

OR (95% CI) P-value OR (95% CI) P-value

Blood VD (ng/mL)

<10 Reference Reference

≥10 to <20 0.72 (0.39,1.33) 0.294 1.56 (0.29,8.38) 0.603

≥20 to <30 0.45 (0.24,0.83) 0.010 1.49 (0.28,7.89) 0.642

≥30 0.39 (0.20,0.77) 0.006 1.73 (0.3,10.04) 0.542

Dietary fiber (g/1000kcal)

<14 Reference Reference

≥14 0.81 (0.49,1.33) 0.395 0.35 (0.11,1.11) 0.074

Dietary cholesterol (mg/d)

<300 Reference Reference

≥300 0.82 (0.57,1.16) 0.258 0.43 (0.20,0.90) 0.026s
F
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Non-HDL, non-high density lipoprotein; VD, vitamin D; OR, odds ratio; 95% CI, 95% confidence interval.
Statistically significant data are highlighted in bold type.
TABLE 5 Stratified analysis of insufficient physical activity in non-diabetes group and diabetes group under model 3.

Characteristics

Without diabetes
(n=3791)

With diabetes
(n=464)

OR(95% CI) P-value OR(95% CI) P-value

Gender

Male Reference Reference

Female 2.10 (1.71,2.58) <0.001 1.69 (0.95,3.00) 0.074

Age

18-44 Reference Reference

45-59 1.69 (1.37,2.10) <0.001 1.28 (0.72,2.28) 0.408

Race

Mexican American Reference Reference

Other Hispanic 0.95 (0.70,1.31) 0.775 1.44 (0.69,3.02) 0.331

Non-Hispanic White 0.89 (0.68,1.17) 0.415 1.08 (0.55,2.11) 0.827

Non-Hispanic Black 0.76 (0.57,1.00) 0.052 0.98 (0.49,1.94) 0.950

Non-Hispanic Asian 1.25 (0.92,1.70) 0.147 1.74 (0.78,3.88) 0.174

Other Race 0.62 (0.37,1.04) 0.071 2.72 (0.90,8.18) 0.075

Education

≤High school Reference Reference

>High school 0.86 (0.69,1.07) 0.165 0.81 (0.45,1.45) 0.476

Family monthly poverty level

≤1.30 Reference Reference

>1.3 to ≤1.85 1.11 (0.84,1.48) 0.462 1.14 (0.59,2.20) 0.696

>1.85 1.02 (0.82,1.27) 0.887 1.06 (0.59,1.92) 0.836

(Continued)
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with the OR for those educated ≥High school being 3.88 (95%

CI,1.66-9.06,P=0.002). Details are given in Table 6.

Figure 3 displays the interaction analysis results of co-

occurrence of sarcopenia and insufficient physical activity with

each covariate , specifical ly blood VD (P=0.016) and

education (P=0.047).
Discussion

The global prevalence of diabetes is on the rise (1). Research

indicates that sarcopenia and insufficient physical activity are

significant risk factors for the development of diabetes (28). The

reduction in skeletal muscle mass and strength associated with

sarcopenia can adversely affect bodily function, a condition that

becomes increasingly evident with advancing age (29).

Furthermore, there exists a bidirectional relationship between

diabetes and sarcopenia, as they share numerous common risk

factors, including chronic inflammation and insulin resistance (29).

Insufficient physical activity not only hastens the onset of

sarcopenia (30) but also adversely impacts the management of

diabetes. Empirical evidence indicates that appropriate exercise

regimens, particularly those involving resistance training and

aerobic activities, enhance muscle mass and strength in

individuals with diabetes, thereby mitigating the risk associated
Frontiers in Endocrinology 09
with the condition (31). Furthermore, physical exercise contributes

to blood glucose regulation by enhancing insulin sensitivity and

reducing inflammatory markers (17). Consequently, interventions

targeting individuals with diabetes ought to incorporate strategies

aimed at enhancing muscle mass and encouraging physical activity,

thereby mitigating the risk of sarcopenia and enhancing overall

health outcomes (28, 29).

In this study, a significant synergistic effect was observed

between sarcopenia and insufficient physical activity, resulting in

a markedly higher risk of diabetes compared to the presence of

either sarcopenia or insufficient physical activity alone (Table 3).

This effect is particularly evident in the changes observed in the

population structure. The population was categorized into four

distinct groups: no risk, sarcopenia only, insufficient physical

activity only, and both sarcopenia and insufficient physical

activity. An analysis of the population structure of individuals

with diabetes compared to those without reveals a significant

disparity. Specifically, the prevalence of both sarcopenia and

insufficient physical activity is notably higher among the diabetic

population, with a prevalence rate that is 2.88 times greater than

that of the non-diabetic population. Simultaneously, it is imperative

to note that the prevalence of sarcopenia alone in diabetic group is

2.56 times greater than that observed in non-diabetic group, which

is close to the prevalence of both sarcopenia and insufficient

physical activity. In the stratified analysis (Table 6), six subgroups
TABLE 5 Continued

Characteristics

Without diabetes
(n=3791)

With diabetes
(n=464)

OR(95% CI) P-value OR(95% CI) P-value

Blood pressure (mmHg)

<140/90 Reference Reference

≥140/90 1.00 (0.71,1.41) 0.990 1.49 (0.73,3.05) 0.271

non-HDL (mg/dL)

<130 Reference Reference

≥130 1.44 (1.17,1.76) <0.001 0.91 (0.53,1.56) 0.726

Blood VD (ng/mL)

<10 Reference Reference

≥10 to <20 0.74 (0.47,1.16) 0.189 0.50 (0.17,1.44) 0.198

≥20 to <30 0.55 (0.35,0.87) 0.011 0.71 (0.24,2.08) 0.530

≥30 0.37 (0.23,0.61) <0.001 0.71 (0.23,2.23) 0.561

Dietary fiber (g/1000kcal)

<14 Reference Reference

≥14 0.59 (0.41,0.85) 0.004 0.69 (0.30,1.59) 0.385

Dietary cholesterol (mg/d)

<300 Reference Reference

≥300 0.85 (0.69,1.04) 0.111 0.90 (0.52,1.57) 0.718
Non-HDL, non-high density lipoprotein; VD, vitamin D; OR, odds ratio; 95% CI, 95% confidence interval.
Statistically significant data are highlighted in bold type.
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TABLE 6 Stratified analysis of the correlation between sarcopenia, insufficient physical activity and diabetes under model 3.

Characteristics
No risk
(n=2744)

Only Sarcopenia
(n=210)

Only insufficient physical
activity
(n=1142)

Sarcopenia & insufficient
physical activity

(n=159)

OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value

Gender

Male Reference 2.80 (1.48,5.30) 0.002 1.89 (1.15,3.12) 0.012 3.90 (1.56,9.71) 0.004

Female Reference 1.07 (0.42,2.74) 0.887 1.24 (0.80,1.92) 0.336 1.70 (0.71,4.07) 0.235

Age

18-44 Reference 3.14 (1.42,6.91) 0.005 1.89 (1.13,3.14) 0.015 2.55 (0.96,6.78) 0.060

45-59 Reference 1.26 (0.67,2.37) 0.468 1.43 (0.94,2.18) 0.096 2.28 (1.08,4.85) 0.032

Race

Mexican American Reference 1.41 (0.62,3.25) 0.414 1.59 (0.80,3.17) 0.188 0.98 (0.38,2.57) 0.971

Other Hispanic Reference 2.80 (0.72,10.89) 0.137 2.59 (1.16,5.78) 0.020 5.03 (1.65,15.33) 0.005

Non-Hispanic White Reference 2.40 (0.96,5.99) 0.060 1.35 (0.73,2.49) 0.341 4.02 (1.41,11.43) 0.009

Non-Hispanic Black Reference 2.00 (0.68,5.91) 0.211 1.27 (0.77,2.09) 0.353 0.69 (0.15,3.11) 0.624

Non-Hispanic Asian Reference 1.34 (0.34,5.30) 0.672 2.18 (0.96,4.94) 0.064 1.74 (0.50,6.11) 0.387

Other Race Reference Not recorded Not recorded Not recorded

Education

≤High school Reference 1.89 (1.00,3.59) 0.051 1.92 (1.18,3.12) 0.008 1.53 (0.77,3.02) 0.222

>High school Reference 1.78 (0.73,4.35) 0.208 1.22 (0.77,1.92) 0.395 3.88 (1.66,9.06) 0.002

Family monthly poverty level

≤1.30 Reference 1.52 (0.73,3.15) 0.263 1.79 (1.12,2.85) 0.014 2.36 (0.93,5.95) 0.069

>1.3 to ≤1.85 Reference 1.67 (0.52,5.29) 0.387 2.64 (1.14,6.11) 0.023 0.91 (0.13,6.51) 0.922

>1.85 Reference 2.28 (0.96,5.41) 0.062 1.28 (0.76,2.17) 0.352 3.03 (1.20,7.67) 0.019

Blood pressure (mmHg)

<140/90 Reference 1.93 (1.06,3.52) 0.032 1.59 (1.10,2.29) 0.013 2.01 (1.01,4.00) 0.048

≥140/90 Reference 2.24 (0.65,7.72) 0.203 1.63 (0.77,3.42) 0.199 6.67 (1.78,24.92) 0.005

non-HDL (mg/dL)

<130 Reference 3.03 (1.29,7.09) 0.011 2.36 (1.35,4.13) 0.003 3.53 (0.89,14.01) 0.073

≥130 Reference 1.51 (0.79,2.87) 0.214 1.24 (0.81,1.90) 0.325 2.31 (1.15,4.66) 0.019

Blood VD (ng/mL)

<10 Reference 8.02 (0.55,118.01) 0.129 2.06 (0.33,12.69) 0.437 0.87 (0.10,7.86) 0.903

≥10 to <20 Reference 1.87 (0.88,3.96) 0.102 1.32 (0.76,2.30) 0.317 0.75 (0.29,1.92) 0.552

≥20 to <30 Reference 1.11 (0.45,2.71) 0.827 1.38 (0.78,2.44) 0.272 3.68 (1.43,9.51) 0.007

≥30 Reference 1.89 (0.54,6.66) 0.322 1.97 (1.02,3.80) 0.043 5.10 (1.65,15.71) 0.005

Dietary fiber (g/1000kcal)

<14 Reference 1.99 (1.16,3.41) 0.013 1.56 (1.10,2.21) 0.013 2.67 (1.45,4.95) 0.002

≥14 Reference 0.56 (0.06,5.35) 0.616 1.46 (0.50,4.26) 0.490 0.68 (0.12,3.70) 0.654

Dietary cholesterol (mg/d)

<300 Reference 2.07 (1.02,4.20) 0.043 1.44 (0.93,2.23) 0.099 3.05 (1.43,6.51) 0.004

≥300 Reference 1.72 (0.81,3.64) 0.155 1.80 (1.08,3.01) 0.025 1.83 (0.71,4.70) 0.207
F
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Non-HDL, non-high density lipoprotein; VD, vitamin D; OR, odds ratio; 95% CI, 95% confidence interval.
Statistically significant data are highlighted in bold type.
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exhibited an increased risk when considering sarcopenia alone,

which significantly overlapped with the presence of both sarcopenia

and insufficient physical activity. Eleven subgroups exhibited an

increased risk of onset when characterized solely by insufficient

physical activity; however, only five subgroups overlapped with the

concurrent presence of both sarcopenia and insufficient physical

activity. Analyses of population structure and stratified results

indicated that both sarcopenia and insufficient physical activity

contribute to the onset of diabetes, albeit through distinct

mechanisms (12, 16). Figuratively, if one were to visualize these

factors as a three-dimensional construct, the impact of sarcopenia

could be likened to depth, while insufficient physical activity would

represent breadth. In conclusion, the simultaneous presence of both

conditions further exacerbates the risk of developing diabetes.

Previous research has established individual associations

between sarcopenia, insufficient physical activity and diabetes.

However, the combined impact of the two factors on the risk of

developing diabetes has not been thoroughly examined. Building

upon prior studies, this investigation explores the concurrent

presence of sarcopenia and insufficient physical activity. The

findings align with the majority of existing literature, indicating a

significant increase in diabetes risk when both risk factors are

present. Nonetheless, two key aspects require further clarification.

One aspect under investigation is the impact of blood VD levels on

the onset of diabetes. While previous research has identified VD

deficiency as a potential risk factor for diabetes (32), this study
Frontiers in Endocrinology 11
presents contrasting findings. Specifically, the study found no

increased risk of diabetes onset associated with VD deficiency (10

to <20 ng/mL) or severe deficiency (<10 ng/mL). Conversely, the

risk was significantly elevated when VD levels were insufficient (20

to <30 ng/mL) or even sufficient (≥30 ng/mL), with OR of 3.68

(P=0.007) and 5.10 (P=0.005), respectively. My understanding is

that in the study of diabetes onset risk, previous studies did not

include sarcopenia and insufficient physical activity in the analysis,

but only analyzed the association between blood VD and diabetes

(33). This suggests that existing studies may overlook other

important factors affecting diabetes risk, such as muscle mass and

physical activity level. The relationship between sarcopenia and

diabetes has not been fully explored, and insufficient physical

activity is considered as an important factor leading to sarcopenia

and metabolic disorders (34). Blood VD serves as a protective factor

against diabetes; however, its protective efficacy is subject to a

threshold (35). When sarcopenia and insufficient physical activity

co-occur and reach a critical intensity, the protective effect of VD

diminishes, resulting in an elevated risk of diabetes. This interaction

effect among the three factors has been statistically validated (P-

interaction=0.016).Another factor to consider is the influence of

education on the onset of diabetes. Specifically, in relation to

diabetes onset risk, higher levels of education, in conjunction with

sarcopenia and insufficient physical activity, exhibit a synergistic effect

that elevates the risk of developing diabetes (P-interaction=0.047).

Individuals with higher educational attainment are statistically more
FIGURE 3

Forest plot for subgruop of sarcopenia & insufficient physical activity.
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likely to develop diabetes (OR=3.88,P=0.002). This increased risk may

be attributed to their propensity to engage in sedentary occupations,

which are associated with prolonged periods of inactivity. Such

lifestyle patterns can lead to the development of sarcopenia and

insufficient physical activity, thereby contributing to an elevated risk

of diabetes (36).
Strengths of this study

This study investigates the combined impact of sarcopenia and

insufficient physical activity on the onset of diabetes, thereby

supplementing existing research. Through an analysis of

population structure, the study elucidates the influence of

sarcopenia and insufficient physical activity by examining changes

in population proportions.
Limitations of this study

The NHANES database does not include data on body

composition for pregnant women and individuals aged ≥60 years,

rendering it inadequate for studying these populations.

Additionally, as a cross-sectional survey, the NHANES database is

limited in its ability to establish causal inferences. Consequently, it

is imperative to develop specific methodologies for assessing body

composition in pregnant women and individuals aged 60 years,

coupled with long-term follow-up studies, to facilitate more

comprehensive research. Self-report bias is unavoidable in

physical activity assessments using questionnaires. Additionally,

the participant data lacked precise timing for lab tests, preventing

the elimination of seasonal effects on blood vitamin D levels.
Conclusion

The simultaneous occurrence of sarcopenia and insufficient

physical activity markedly elevates the risk of developing diabetes,

demonstrating a synergistic interaction between these two factors.

Therefore, it is imperative to conduct concurrent screening for

sarcopenia and evaluation of physical activity levels as a

preventative measure against diabetes.
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