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Abstract
Background

Sleep is integral to cardiometabolic health. While there is emerging evidence linking sleep-related leg
movements (SRLM) to diabetes mellitus (DM), the underlying mechanisms remain unclear. This study
investigates the association between SRLM and DM prevalence in a national population-based cohort study
in the United States (US), considering potential mediators like short sleep duration and inflammation and
examining variations across age, sex, and race/ethnicity.

Methods

We analyzed data from 9,191 adults (aged >18 years) from the National Health and Nutrition Examination
Survey (NHANES) 2005-2008. We assessed the frequency of SRLM (leg jerks and leg cramps) and diabetes
prevalence (self-reported diagnosis, diabetes medication use, or glycosylated hemoglobin (HbAlc) > 6.5%).
Weighted logistic regression models were used to evaluate the associations, adjusting for demographic and
clinical-related confounders. Mediation analyses were conducted to explore the roles of short sleep duration
and inflammation (C-reactive protein levels).

Results

The study revealed that 1,278 (14%) participants have DM. SRLM was associated with a 72% increase in the
odds of diabetes (OR=1.72, 95% CI: 1.06-2.81). The association is more pronounced in non-Hispanic White
individuals, females, and adults aged 18-65. Short sleep duration and inflammation mediated 5.0% and 3.9%
of this association, respectively.

Conclusions

SRLM is independently and linearly associated with increased prevalence of diabetes in a representative
sample of the US adult population. Short sleep duration and inflammation mediated a small part of this
association. Confirming the association in other samples and further investigation into its mechanisms are
warranted to better understand the roles of the SRLM in the risk of diabetes.

Categories: Endocrinology/Diabetes/Metabolism, Preventive Medicine, Epidemiology/Public Health
Keywords: diabetes mellitus, mediation analysis, periodic limb movements, racial differences, sleep-related leg
movements

Introduction

Sleep is essential for maintaining cardiometabolic health [1], recognized by the American Heart Association
as a modifiable factor for cardiovascular health [2]. Sleep-related leg movements (SRLM), ranging from
involuntary leg twitches to pronounced limb jerks, have been identified as major disruptions to restful sleep
[3]. This spectrum includes phenomena such as periodic limb movements of sleep (PLMS), marked by
repetitive limb contractions during sleep, and restless legs syndrome (RLS), characterized by uncomforting
leg sensations prompting an irresistible urge to move [4]. Despite their high prevalence among the elderly,
the implications of SRLM for health outcomes remain relatively underexplored in the general population.

Emerging evidence suggests that SRLMs, particularly RLS, exhibit a significant association with metabolic
health [5]. Research demonstrates that individuals with RLS have a significantly higher risk of developing
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diabetes mellitus (DM) compared to the general population [3,5-7]. Our prior study within a high-
comorbidity United States (US) Veteran population shows that those exhibiting frequent PLMS are twice as
likely to develop DM [8]. Despite these findings, most studies have focused primarily on RLS, potentially
neglecting the broader spectrum of SRLM and how they differently affect metabolic health [9].

Additionally, the risk of DM and associated metabolic dysfunction is often influenced by an individual’s age,
sex, and race/ethnicity [10]. However, the degree to which these demographic factors influence the
relationship between SRLM and metabolic well-being remains poorly understood. Addressing this research
gap is important for a detailed understanding of health disparities and ensuring equitable health outcomes
across diverse populations.

While the associations between RLS, a type of SRLM, and DM are well-documented, the underlying
mechanisms, particularly the role of risk factors such as short sleep duration and inflammation, are not
thoroughly understood [11]. SRLM may intensify systemic inflammation [11], disrupting normal sleep
patterns and contributing to sleep disturbances such as insomnia or SRLM-induced arousals. In turn,
systemic inflammation is a recognized driver of type 2 DM pathogenesis, affecting critical risk factors such as
obesity, hyperglycemia, and hypertension, and triggering pro-inflammatory cytokine pathways in insulin-
sensitive tissues [12]. These observations imply that inflammation could mediate the relationship between
SRLM and DV, indicating a complex interplay that warrants further examination [12].

In response to these research gaps, we performed a cross-sectional analysis to investigate the association
between SRLM and the prevalence of DM. We also explored potential underlying mechanisms, such as sleep
duration and inflammation, that could mediate the association between SRLM and DM. Additionally, we
explored variations in the associations between SRLM and DM prevalence among different age groups,
sexes, and various racial/ethnic groups.

Materials And Methods

Data sources and study population

This analysis utilized data from the National Health and Nutrition Examination Survey (NHANES) 2005-2008
cycle due to the availability of sleep variables. NHANES is a nationally representative cross-sectional survey
conducted by the Centers for Disease Control and Prevention [13]. Participants were selected using a
stratified, multistage probability cluster sampling design. The details of NHANES have been published
previously [13]. Ethical approval for the NHANES protocol was obtained from the National Center for Health
Statistics Research Ethics Review Board, and written informed consent was obtained from participants.
Because all data analyzed by investigators were de-identified and publicly available, the Purdue University
Committee on Human Research determined that further IRB review was not required. For this analysis, we
excluded pregnant individuals, those under 18 years of age, missing data for leg movement, and sample
weights of zero (Figure 1).
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All participants from NHANES 2005-2008
(n=20,497)

Exclude participants under the age of 18 (n=8,706)

Adults aged 18+ years
(n=11,791)

Exclude:

* Participants who are pregnant (n=422)

* Missing data for leg movements (defined as
leg jerks) (n=1,792)

* Sample weights of zero (n=386)

Participants included in the analysis
(n=9,191)

FIGURE 1: Selection of participants in primary analysis

NHANES: National Health and Nutrition Examination Survey

Definition of sleep-related leg movements

During the NHANES interview, participants were asked about the frequency of two types of SRLM (leg jerks
and leg cramps) experienced during sleep in the past month. Response options ranged from “never” to
“almost always”, with corresponding frequency categories provided. We defined SRLM as individuals who
reported experiencing leg jerks “often” (5-15 times a month) or “almost always” (16-30 times a month) in
the past month. The decision to use this definition of leg jerks as a proxy for SRLM was based on the
likelihood that this question would capture a large portion of persons with either PLMS or RLS. For
sensitivity analysis, we used a more expansive definition for SRLM to include individuals who reported
experiencing leg jerks or leg cramps “often” or “almost always” while sleeping.

Diagnosis of diabetes mellitus

Participants were considered to have DM if they met any of the following conditions: (1) self-reporting a
prior diagnosis of DM by a healthcare professional, (2) using anti-diabetic medications, or (3) had a
measured glycosylated hemoglobin (HbA1c) level of 6.5% or higher [14].

Selection of potential mediators

For our exploratory mediation analyses, we included short sleep duration and systemic inflammation as
mediators. Our choice of potential mediators was informed by the previous epidemiological studies on the
association between SRLM, short sleep, and DM, and literature on the pathophysiological connections
between SRLM, inflammation, and DM [11,12,15,16]. Short sleep duration was defined as less than seven
hours per night on weekdays or workdays [17]. Systemic inflammation was quantified by C-reactive protein
(CRP, mg/L) levels using the latex-enhanced nephelometry method.

Statistical analysis

Descriptive Analysis

All analyses were performed while considering the intricate NHANES sampling design and data weighting,
ensuring our results represent the national population accurately. We followed NHANES guidelines and
utilized the four-year combined mobile examination center weight for the 2005-2008 period, which was
calculated as half of the two-year weight. We compared demographic, socioeconomic, and clinical
characteristics between participants with and without DM. Continuous variables are presented as weighted
mean * standard deviation (SD), while categorical variables are expressed as unweighted frequencies and
weighted percentages. Group differences were assessed using the chi-squared test for categorical variables
and independent t-tests for continuous variables.

Primary Association Analyses
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Covariates

Age

Gender

Race/ethnicity

Education

Marital status

Health insurance

Ratio of family income
to poverty

Body mass index

Hypertension

Sleep apnea

In our primary analyses, we utilized weighted unconditional logistic regression models to estimate odds
ratios (ORs) and their corresponding 95% confidence intervals (CIs) for the association between SRLM and
the prevalence of DM. In our primary analyses, covariates included age, gender, race/ethnicity (categorized
as non-Hispanic White individuals, non-Hispanic Black individuals, Hispanic individuals, or other
individuals), education (categorized as less than high school, high school, or more than high school), marital
status (categorized as married or living with a partner, widowed, divorced, separated, or never married),
health insurance (yes or no), the ratio of family income to poverty level (PIR), body mass index (BMI), history
of hypertension, and sleep apnea. The PIR was calculated by dividing family income by the federal poverty
level and categorized as less than 1.30, 1.30-3.49, or >3.50. BMI was calculated as weight in kilograms

divided by height in meters squared and categorized as <18.5 kg/mz, 18.5-25 kg/mz, 25-30 kg/mz, or >30

kg/m?. The percentage of missing values of covariates was below 10%, and missing covariate data were
categorized separately to ensure the inclusion of incomplete cases (Table ).

Variable coding

Continuous variable
O=male, 1=female

0=Non-Hispanic White, 1=Hispanic, 2=Non-Hispanic Black,
3=0Other race

0=less than high school, 1=high school, 2=more than high
school, 99=missing group

O=married/living with a partner, 1=widowed, 2=divorced,
3=separated, 4=never married

0=no, 1=yes, 99=missing group
0=1.30, 1=1.30-3.49, 223.50, 99=missing group

0=18.5-25 kg/m?, 1<18.5 kg/m?, 2=25-30 kg/m?, 3230 kg/m?,
99=missing group

0=no, 1=yes, 99=missing group

0=no, 1=yes, 99=missing group

Frequency of missing (proportion of the
study population)

0

0

12 (0.13%)

248 (2.70%)

18 (0.20%)

682 (7.42%)

178 (1.94%)

1(0.01%)

272 (2.96%)

TABLE 1: Frequency and percentage of missing values of covariates in primary analysis

To further explore potential dose-response relationships between SRLM (both leg jerks only and leg jerks or
cramps) and DM risk or HbA1c levels, we incorporated restricted cubic splines into regression models using
the R-package rms, utilizing four knots positioned at the 5th, 35th, 65th, and 95th percentiles. We conducted
tests for non-linearity using likelihood ratio tests, comparing models with only the linear term to those with
both linear and cubic spline terms, with corresponding p-values indicating non-linearity.

Effect Modification Analyses

Subgroup analyses were conducted to assess whether the association between SRLM and DM varied by age
(18-65 versus >65 years), sex, or race/ethnicity. Additionally, we explored effect modification by adding
interaction terms into fully adjusted models.

Exploratory Mediation Analyses

The R package mediation was used for the exploratory mediation analyses. We first evaluated whether the
SRLMs were associated with two potential mediators: short sleep duration (<7 hours/night) and
inflammation (CRP levels). Subsequently, we assessed the relationship between each potential mediator and
the prevalence of DM.

Sensitivity Analyses

In sensitivity analyses, we considered an alternative definition of SRLM by incorporating leg jerks or leg
cramps during sleep. Additionally, we introduced iron deficiency, defined as serum ferritin levels below 75
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Characteristics

Age (years), mean+SD
Age group (years), n (%)
18-65
265
Gender, n (%)
Male
Female
Race/ethnicity, n (%)
Hispanic
Non-Hispanic White
Non-Hispanic Black
Other race
Education, n (%)
Less than high school
High school
More than high school
Marital status, n (%)
Married/living with a partner
Widowed
Divorced
Separated
Never married
Health insurance, n (%)
PIR, n (%)

<1.30

ug/L, as an additional confounding factor in logistic regression models examining the association of SRLM
with DM [18]. This analysis focused on a restricted cohort of female participants aged 18-49 years, for whom
iron deficiency status was available.

All statistical analyses were completed using R (version 4.3.1, R Foundation for Statistical Computing,
Vienna, Austria). A two-sided p-value < 0.05 was considered statistically significant.

Results
Characteristics of participants

Table 2 provides a comprehensive overview of the demographics and clinical characteristics of our study
participants. The mean age (SD) of the overall sample was 46.10 (19.58) years, with 4,528 (51.08%)
participants being women. Among the total cohort, 2,423 (12.50%) identified as Hispanic individuals, 4,216
(69.83%) as non-Hispanic White individuals, and 2,194 (12.18%) as non-Hispanic Black individuals. A total
of 1,278 (13.90%) had prevalent DM. Participants with DM tended to be older and were more likely to
identify as non-White individuals. They also had lower educational attainment (high school or lower), were
more frequently widowed, divorced, or separated, had a higher frequency of health insurance coverage, and
had a lower PIR, indicating their income was less than the federal poverty level. Additionally, individuals
with DM exhibited a higher BMI, a history of hypertension, a greater prevalence of sleep apnea, shorter sleep
duration, and elevated levels of CRP.

DM
Total (n=9,191) Statistic value® p-value”
Yes (n=1,278) No (n=7,913)
46.10+19.58 59.03+13.80 44.66+19.47 27.16 <0.001
151.29 <0.001
6,966 (82.980) 698 (61.94) 6,268 (85.32)
2,225 (17.02) 580 (38.06) 1,645 (14.68)
0.02 0.883
4,663 (48.92) 651 (49.20) 4,012 (48.89)
4,528 (51.08) 627 (50.80) 3,901 (51.11)
47.63 <0.001
2,423 (12.50) 343 (13.48) 2,080 (12.39)
4,216 (69.83) 478 (60.63) 3,738 (70.85)
2,194 (12.18) 412 (19.64) 1,782 (11.35)
358 (5.49) 45 (6.24) 313 (5.40)
58.31 <0.001
2,800 (19.78) 528 (28.39) 2,272 (18.82)
2,300 (25.69) 320 (27.46) 1,980 (25.38)
4,079 (54.53) 428 (43.15) 3,651 (55.80)
93.56 <0.001
5,149 (63.42) 754 (63.25) 4,395 (63.44)
812 (6.32) 215 (14.02) 597 (5.45)
901 (10.13) 154 (12.13) 747 (9.90)
279 (2.36) 46 (2.42) 233 (2.36)
1,802 (17.76) 105 (8.18) 1,697 (18.85)
7,022 (80.83) 1,086 (87.40) 5,936 (80.10) 26.06 <0.001
24.17 <0.001
2,533 (19.55) 384 (23.91) 2,149 (19.08)
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1.30-3.49 3,307 (36.31)
23.50 2,669 (43.14)

Body mass index, n (%)

<18.5 kg/n? 178 (1.86)
18.5-25 kg/n? 2,660 (31.23)
25-30 kg/n? 3,018 (33.30)
230 kg/n? 3,157 (33.61)
Hypertension, n (%) 4,573 (47.02)
Sleep apnea, n (%) 373 (4.42)
Short sleep duration, n (%) 3,480 (36.03)
CRP (mg/dL), mean+SD 0.39:0.80
Iron deficiency, n (%) 1,797 (78.34)

491 (41.42)

273 (34.67)

4(0.34)
167 (12.69)
350 (26.84)
707 (60.13)
1,007 (76.76)
126 (12.77)
527 (42.05)
0.62+1.01

69 (64.78)

2,816 (35.76)

2,396 (45.16)

174 (2.02)
2,493 (33.26)
2,668 (34.01)
2,450 (30.71)
3,566 (43.72)
247 (3.50)

2,953 (35.36)
0.37+0.75

1,728 (78.92)

170.44

157.76

26.35

15.58

5.34

4.35

<0.001

<0.001

<0.001

<0.001

<0.001

0.045

TABLE 2: Characteristics of study participants with and without DM in the NHANES 2005-2008

All percentages and p-values were calculated by excluding missing data.

T T-statistic value for continuous variables, chi-square value for categorical variables.

: p-values were calculated to compare the differences between participants with and without DM.

DM: diabetes mellitus; PIR: family income to poverty ratio; CRP: C-reactive protein; NHANES: National Health and Nutrition Examination Survey

Associations between sleep-related leg movements and diabetes
mellitus prevalence

In the entire sample, participants with SRLM exhibited higher odds of a DM diagnosis compared to those
without SRLM in the unadjusted model, with an OR of 1.88 (95% CI: 1.36-2.59) (Table 3). A statistically
significant association between SRLM and prevalent DM persisted (OR 1.72, 95% CI: 1.06-2.81) in a fully
adjusted model (Table 3, Model 2). Notably, a significant linear trend was evident, signifying consistent
associations between SRLM and both DM prevalence and HbA1c levels (p-value for non-linearity is 0.448 for
DM prevalence and p-value for non-linearity is 0.481 for HbA1c). This linear trend suggests that the risk of
DM and HbA1c levels increased with a higher frequency of SRLM (Figure 2).
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Group

SRLM (ref=no)
Total population
Subgroup

Stratified by
race/ethnicity

(Ref=no SRLM)
Hispanic

Non-Hispanic
Whites

Non-Hispanic
Blacks

Other race
Stratified by gender
(Ref=no SRLM)

Male

Female
Stratified by age
(Ref=no SRLM)

18-65 years

265 years

TABLE 3: Associations between SRLM (defined only with leg jerks) and risk of DM

Model 1: Adjusted for socio-demographics, including age, gender, race/ethnicity, education, marital status, insurance, and family income to poverty ratio.

DM

Yes

1,278

343

478

412

45

651

627

698

580

No

7,913

2,080

3,738

1,782

313

4,012

3,901

6,268

1,645

Unadjusted model: OR

(95% Cl)

1.88 (1.36, 2.59)*

2.25(1.17, 4.33)*

2.08 (1.45, 2.97)*

1.53 (0.86, 2.74)

1.40 (0.35, 5.68)

1.63 (1.00, 2.67)

2.09 (1.50, 2.92)*

2.46 (1.60, 3.76)*

1.05 (0.68, 1.63)

Model 1: OR (95%
cly

1.98 (1.34, 2.91)*

1.87 (0.84, 4.16)

2.16 (1.43, 3.25)*

1.39 (0.70, 2.76)

1.07 (0.19, 6.12)

1.71 (0.91, 3.19)

2.23 (1.49, 3.32)*

2.52 (1.58, 4.01)*

1.06 (0.66, 1.67)

Model 2: OR (95%
cl

1.72 (1.06, 2.81)*

1.28 (0.57, 2.91)

2.04 (1.31, 3.20)*

1.38 (0.65, 2.93)

0.68 (0.10, 4.63)

1.61(0.74, 3.50)

1.80 (1.17, 2.75)*

2.09 (1.17, 3.75)*

0.97 (0.58, 1.62)

Race, gender, and age were removed from the adjusted covariates of the corresponding stratified analyses.

Model 2: Further adjusted for body mass index, hypertension, and sleep apnea based on Model 1.

p-value for

interaction®

0.544

0.646

0.103

The analysis models of the total population and subgroups of the population were both based on the reference group without SRLM.

T p-values for interaction were calculated based on Model 2.

* p<0.05

SRLM: sleep-related leg movements; DM: diabetes mellitus; OR: odds ratio; Cl: confidence interval
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Pon-tinearity= 0448 linear relationship 8 p =0.481 linear relationship

non-linearity
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Diabetes risk, OR (95% CI)
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Frequency of SRLM (defined only with leg jerks) Frequency of SRLM (defined only with leg jerks)

FIGURE 2: Dose-response relationship between SRLM (defined only
with leg jerks) and risk of DM or HbA1c levels based on data from
NHANES

Multivariate logistic regression models were adjusted for age, gender, race/ethnicity, education, marital status,
insurance, family income to poverty ratio, body mass index, hypertension, and sleep apnea.

SRLM (defined only with leg jerks) frequency: 0 represents never, 1 represents rarely (1 time/month), 2
represents sometimes (2-4 times/month), 3 represents often (5-15 times/month), and 4 represents almost always
(16-30 times/month).

SRLM: sleep-related leg movements; DM: diabetes mellitus; OR: odds ratio; Cl: confidence interval; HbA1c:
glycosylated hemoglobin; NHANES: National Health and Nutrition Examination Survey

Subgroup analyses, stratified by race/ethnicity, sex, and age, revealed that the association between SRLM
and DM was pronounced in non-Hispanic White participants, female participants, and individuals aged
between 18 and 65 years (p<0.05) (Table 3).

Exploratory mediation analysis for the association between sleep-
related leg movements and diabetes mellitus

Mediation analysis by short sleep duration showed a small but statistically significant mediating role of
short sleep duration in the association between SRLM and the prevalence of DM. After adjusting for
sociodemographics and clinical characteristics, short sleep duration mediated 5.0% of the relationship
between SRLM and DM (Figure 3). Notably, short sleep duration mediated this association for non-Hispanic
White participants and females only (Table 4). Among non-Hispanic White participants, short sleep duration
mediated 9.8% of the association between SRLM and the prevalence of DM. Additionally, in female
participants, it mediated 6.4% of the association (Table 4).
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(A) [ Measured Confounding ]

[
!

Short sleep duration

Mediation
effect

Mediation
effect

Inflammation (CRP)

Direct effect
SRLM DM
(B) ACME=0.0024 (0.0002, 0.0049)* ©) ACME=0.0020 (0.0001, 0.0046)*
Short sleep duration Inflammation (CRP)

Proportion of mediation (%): Proportion of mediation (%):
5.03 (0.34, 19.99)* 3.88 (0.29, 15.05)*

DM SRLM
ADE=0.0455 (0.0134, 0.0823)*L ] [ ] ADE=0.0471 (0.0137, 0.0849)*

FIGURE 3: Path diagram of the mediation analysis of the association
between SRLM and DM among total population

Analyses in the total population were adjusted for sociodemographics (age, gender, race/ethnicity, education,
marital status, insurance, and family income to poverty ratio), body mass index, hypertension, and sleep apnea.

The graph in (A) represented the schematic of the mediation analysis; those in (B) and (C) depicted the mediating
effects of short sleep duration and inflammation, respectively.

* p<0.05

SRLM: sleep-related leg movements; DM: diabetes mellitus; ADE: average direct effect; ACME: average causal
mediation effect
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DM
Mediator
Yes

Short sleep duration
Hispanic 343

Non-Hispanic

. 478
Whites
Non-Hispanic

412

Blacks
Other race 45
Male 651
Female 627
18-65 years 698
265 years 580

Inflammation (CRP)

Hispanic 330

Non-Hispanic

460
Whites
Non-Hispanic 374
Blacks
Other race 43
Male 625
Female 582
18-65 years 668
265 years 539

TABLE 4: Mediation analysis for the association between SRLM (defined only with leg jerks) and
risk of DM among race/ethnicity, gender and age subgroups

Analyses of the total population were adjusted for sociodemographics (age, gender, race/ethnicity, education, marital status, insurance, and family income

No

2,080

3,738

1,782

313

4,012

3,901

6,268

1,645

1,965

3,547

1,592

294

3,752

3,646

5,851

1,547

Total effect

B

0.0222
0.0587
0.0378
;).0205
0.0448
0.0505

0.0578

0.0045

0.0246
0.0607
0.0344
0.0197
0.0399
0.0570

0.0598

0.0027

95% CI

-0.0340,
0.0931

0.0261,
0.0950

-0.0250,
0.1102

-0.1126,
0.1270

-0.0100,
0.1125

0.0217,
0.0824

0.0191,
0.1017

-0.0631,
0.0570

-0.0325,
0.0971

0.0253,
0.0995

-0.0328,
0.1161

-0.1161,
0.1256

-0.0208,
0.1132

0.0248,
0.0904

0.0189,
0.1054

-0.0618,
0.0620

ADE

0.0274
0.0529
0.0382
;).01 80
0.0433
0.0472

0.0555

0.0052

0.0239
0.0584
0.0369
0.0202
0.0359
0.0566

0.0572

0.0005

95% ClI

-0.0299,
0.1026

0.0197,
0.0899

-0.0258,
0.1116

-0.1117,
0.1290

-0.0123,
0.1109

0.0179,
0.0798

0.0164,
0.0985

-0.0628,
0.0570

-0.0321,
0.0947

0.0235,
0.0972

-0.0292,
0.1186

-0.1201,
0.1313

-0.0243,
0.1083

0.0245,
0.0901

0.0156,
0.1019

-0.0604,
0.0651

ACME

0.0052
0.0057
0.0004

0.0025

0.0015
0.0033
0.0022

0.0007

0.0008
0.0023
0.0025
0.0004
0.0040
0.0004

0.0026

0.0022

95% ClI

-0.0126,
0.0004

0.0020,
0.0899

-0.0039,
0.0024

-0.0150,
0.0053

-0.0031,
0.0071

0.0006,
0.0066

-0.0005,
0.0055

-0.0035,
0.0061

-0.0027,
0.0052

0.0001,
0.0057

-0.0069,
0.0010

-0.0091,
0.0104

0.0004,
0.0096

-0.0013,
0.0024

-0.0002,
0.0067

-0.0085,
0.0025

Proportion mediated
(O/O)T

9.79 (2.94, 25.89)*

6.42 (0.94, 22.45)*

3.55 (0.05, 11.55)*

to poverty ratio), body mass index, hypertension, and sleep apnea. Race, gender, and age were removed from the adjusted covariates of the
corresponding stratified analyses.

t Nonsignificant proportions of mediation were not shown.

* p<0.05

SRLM: sleep-related leg movements; DM: diabetes mellitus; CRP: C-reactive protein; ADE: average direct effect; ACME: average causal mediation

effect; Cl: confidence interval
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Group

SRLM (ref=no)
Total population
Subgroup

Stratified by
race/ethnicity

(Ref=no SRLM)
Hispanics

Non-Hispanic
Whites

Non-Hispanic
Blacks

Other race
Stratified by gender
(Ref=no SRLM)

Male

Female
Stratified by age
(Ref=no SRLM)

18-65 years

265 years

DM

Yes

985

265

360

321

39

517

468

550

435

We also examined the potential mediating role of inflammation, as measured by CRP, in a subset of 8,605
individuals after excluding those with missing CRP values (n=586). Upon adjusting for sociodemographic
and clinical characteristics, our analyses showed that CRP mediated 3.9% of the association between SRLM
and the prevalence of DM (Figure 53). Significant race/ethnicity variations were observed, with CRP
mediating 3.55% of the association between SRLM and the prevalence of DM among non-Hispanic White
participants (Table 4).

Sensitivity analysis

When defining SRLM as leg jerks or leg cramps during sleep, a total of 7,570 adults meeting the inclusion
criteria (non-zero sample weights, non-pregnant status, and available SRLM responses) were included in the
sensitivity analysis, and similar associations between SRLM and risk of DM incidence were noted (Table 5,

Figure 4). We also observed mediation by short sleep duration and inflammation in this association (Table 6).

No

6,585

1,752

3,081

1,485

267

3,375

3,210

5,345

1,240

Unadjusted model: OR

(95% ClI)

2.34(1.77, 3.11)*

3.02 (1.96, 4.66)*

2.42 (1.72, 3.42)*

2.28 (1.57, 3.32)*

2.32(0.99, 5.44)

1.97 (1.22, 3.17)*

2.70 (2.01, 3.61)*

3.06 (2.03, 4.60)*

1.06 (0.77, 1.47)

Model 1: OR (95%
Cl)

1.99 (1.45, 2.73)*

2.02 (1.16, 3.52)*

2.08 (1.45, 2.98)*

1.85 (1.21, 2.82)*

1.04 (0.33, 3.33)

1.74 (0.98, 3.07)

2.18 (1.58, 3.01)*

3.03 (1.95, 4.71)*

1.07 (0.74, 1.54)

Model 2: OR (95%
Cl)

1.64 (1.12, 2.41)*

1.39 (0.78, 2.45)

1.82 (1.26, 2.63)*

1.57 (1.03, 2.39)*

0.94 (0.27, 3.21)

1.46 (0.73, 2.90)

1.77 (1.31, 2.38)*

2.22 (1.27, 3.87)*

1.02 (0.62, 1.67)

p-value for

interactiont

0.701

0.453

0.077

TABLE 5: Sensitivity analysis of the association between SRLM (defined as leg jerks or leg
cramps) and risk of DM

Model 1: Adjusted for socio-demographics, including age, gender, race/ethnicity, education, marital status, insurance, and family income to poverty ratio.

Model 2: Further adjusted for body mass index, hypertension, and sleep apnea based on Model 1. Race, gender, and age were removed from the adjusted
covariates of the corresponding stratified analyses.

T p-values for interaction were calculated based on Model 2.

*p<0.05

SRLM: sleep-related leg movements; DM: diabetes mellitus; OR: odds ratio; Cl: confidence interval
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Mediator

DM

Yes

Short sleep duration

Total population

Hispanic

Non-Hispanic
Whites

Non-Hispanic
Blacks

Other race

Male

Female

18-65 years

265 years

Inflammation (CRP)

Total population

985

265

360

321

39

517

468

550

435

928

(A) (B)

Pyontineariy= 0-308  linear relationship 581 Piontineariy= 0-453  linear relationship
o 2.0
X 57 e
& z
o 2
%15 <56
i g
8
(a)

- 5.5
1.0 e
0 1 2 3 4 0 1 2 3 4
Frequency of SRLM (defined as leg jerks or leg cramps) Frequency of SRLM (defined as leg jerks or leg cramps)

FIGURE 4: Dose-response relationship between SRLM (defined as leg
jerks or leg cramps) and risk of DM or HbA1c levels based on data from
NHANES

Multivariate logistic regression models were adjusted for age, gender, race/ethnicity, education, marital status,
insurance, family income to poverty ratio, body mass index, hypertension, and sleep apnea.

SRLM (defined as leg jerks or leg cramps) frequency: 0 represents never, 1 represents rarely (1 time/month), 2
represents sometimes (2-4 times/month), 3 represents often (5-15 times/month), and 4 represents almost always
(16-30 times/month).

SRLM: sleep-related leg movements; DM: diabetes mellitus; OR: odds ratio; Cl: confidence interval; HbA1c:
glycosylated hemoglobin; NHANES: National Health and Nutrition Examination Survey

No

6,585

1,752

3,081

1,485

267

3,375

3,210

5,345

1,240

6,138

Total effect ADE ACME Proportion mediated
B 95% Cl B 95% ClI B 95% Cl (%)
00302 00163, 0037y 00146, 0002 00003,
' 0.0639 ' 0.0609 ‘ 0.0046
00528 00067, 0057 00082, - -0.0110,
' 0.1101 ' 0.1147 0.0043 0.0001
0.0562 0255 0.0408 00212 0.0063 0021 11.39 (4.50, 21.73)*
' 0.0890 ' 0.0820 ‘ 0.0113 YR e
o076 00273, 00775 00289, - -0.0056,
' 0.1272 ' 0.1272 0.0013 0.0024
-0. -0.0582 = -0.02
0.0174 0:05% 0022 00%82 £ =
0.1036 0.1098 0.0045 0.0119
0. -0.0074 -0.0022
0.0449 0-0093. 0.0424 00074 0.0025 0:0022 -
0.1011 0.0977 0.0078
0.0357, 0.0328, 0.0012,
0.0639 0.0599 0.004 6.17 (2.20, 12.44)*
0.0936 0.0893 0.0078
. : -0.0004
0.0789 039 0.0758 00368 0.0031 0:0004 -
0.1214 0.1173 0.0069
-0.0457 -0.0472 -0.
0.0103 :0437. 0.0078 0472 0.0024 0:00%0. =
0.0690 0.0633 0.0090
0.0158, 0.0143, 0.0003,
0.0388 0.0372 0.0016 4.14 (0.78, 13.25)"
0.0612 0.0601 0.0036
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Hispanic

Non-Hispanic
Whites

Non-Hispanic
Blacks

Other race
Male
Female
18-65 years

265 years

254

348

290

36

494

434

521

407

1,651

2,916

1,321

250

3,149

2,989

4,978

1,160

-0.0126,
0.0823

0.0315

0.0426 0.0182,
’ 0.0692

0.0437 0.0095,
’ 0.0848

= -0.0676,
0.0017 0.0884

-0.0192
0.0267 0.0192,
0.0813

.027
0.0463 SIS
0.0674

.0214
0.0569 0.0214,
0.0959

-0.0541
0.0042 0:0541.
0.0649

0.0309

0.0408

0.0441

0.0006

0.0241

0.0454

0.055

0.0073

-0.0131,
0.0800

0.0161,
0.0675

0.0104,
0.0845

-0.0647,
0.0902

-0.0206,
0.0789

0.0263,
0.0662

0.0203,
0.0941

-0.0532,
0.0705

0.0006

0.0019

0.0004

0.0011

0.0026

0.0008

0.002

0.0031

-0.0023,
0.0039

0.0003,
0.0041

-0.0044,
0.0033

-0.0076,
0.0031

0.0002,
0.0064

-0.0005,
0.0029

0.00002,
0.0045

-0.0090,
0.0012

4.22 (0.50, 12.94)*

3.42 (0.06, 10.07)*

TABLE 6: Mediation analysis for the association between SRLM (defined as leg jerks or leg
cramps) and risk of DM among race/ethnicity, gender, and age subgroups

Analyses of the total population were adjusted for sociodemographics (age, gender, race/ethnicity, education, marital status, insurance, and family income

to poverty ratio), body mass index, hypertension, and sleep apnea. Race, gender, and age were removed from the adjusted covariates of the
corresponding stratified analyses.

t Nonsignificant proportions of mediation were not shown.

* p<0.05

SRLM: sleep-related leg movements; DM: diabetes mellitus; CRP: C-reactive protein; ADE: average direct effect; ACME: average causal mediation

effect; Cl: confidence interval

Introducing iron deficiency as an additional adjustment, only slightly attenuated the associations between
SRLM and risk of DM in females aged 18-49 years, regardless of the SRLM definition used (Tables 7-8).
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Group

SRLM (ref=no)
Female

Subgroup

Stratified by race/ethnicity

(Ref=no SRLM)
Hispanic female

Non-Hispanic White
female

Non-Hispanic Black

female

Other race females

DM

Yes

627

174

210

219

45

No

3,901

1,035

1,827

879

139

Unadjusted model: OR
(95% ClI)

2.09 (1.50, 2.92)*

2.15 (1.37, 3.38)*

2.33 (1.56, 3.49)*

1.66 (0.87, 3.18)

3.25 (0.80, 13.29)

Model 1: OR (95%
cl)

2.23 (1.49, 3.32)*

1.62 (0.93, 2.82)

2.42 (1,53, 3.82)*

1.47 (0.71, 3.05)

3.53 (0.57, 21.94)

Model 2: OR (95%
cly

2.19 (1.44, 3.31)*

1.50 (0.85, 2.66)

2.44 (1,51, 3.94)*

1.49 (0.71, 3.13)

2.83 (0.37, 21.79)

Model 3: OR (95%
cly

1.79 (1.0, 3.03)*

1.12 (0.50, 2.51)
2.13(1.32, 3.44)
1.71 (-)f

1.45 (-)f

TABLE 7: Associations between SRLM (defined only with leg jerks) and risk of DM among females

(additional adjustment for iron deficiency)

Model 1: Adjusted for socio-demographics, including age, gender, race/ethnicity, education, marital status, insurance, and family income to poverty ratio.

Model 2: Adjusted for socio-demographics and iron deficiency (iron deficiency included 2,287 missing values among females, which were taken as a

separate group).

Model 3: Adjusted for socio-demographics, body mass index, hypertension, sleep apnea, and iron deficiency.

Race, gender, and age were removed from the adjusted covariates of the corresponding stratified analyses.

TThe ClI extends from zero to infinity due to too few sample sizes and too many covariates.

*p<0.05

SRLM: sleep-related leg movements; DM: diabetes mellitus; OR: odds ratio; Cl: confidence interval
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DM

G Unadjusted model: OR Model 1: OR (95% Model 2: OR (95% Model 3: OR (95%
Yes No (95% ClI) Cl) Cl) Cl)
SRLM (ref=no)
Female 468 3,210 2.70(2.01, 3.61)* 2.18 (1.58, 3.01)* 2.13 (1.52, 2.98)* 1.75(1.20, 2.53)*
Subgroup
Stratified by
Race/Ethnicity
(Ref=no SRLM)
Hispanic female 134 861 3.21(2.03, 5.56)* 1.96 (1.07, 3.58)* 1.84 (1.02, 3.29)* 1.33(0.56, 3.12)
Non-Hispanic White
female 157 1,501 2.87 (2.00, 4.12)* 2.33 (1.55, 3.49)* 2.32 (1.52, 3.55)* 1.95 (1.40, 2.73)*
Non-Hispanic Black
155 718  2.56 (1.59, 4.13)* 1.84 (1.09, 3.11)* 1.83 (1.07, 3.14)* 1.79 (.)T
female
Other race female 22 130 2.84 (0.79, 10.25) 1.28 (0.26, 6.34) 1.07 (0.17,6.77) 0.91 (_)T

TABLE 8: Associations between SRLM (defined as leg jerks or leg cramps) and risk of DM among
females (additional adjustment for iron deficiency)

Model 1: Adjusted for socio-demographics, including age, gender, race/ethnicity, education, marital status, insurance, and family income to poverty ratio.
Model 2: Adjusted for socio-demographics and iron deficiency (iron deficiency included 2,287 missing values, which were taken as a separate group).
Model 3: Adjusted for socio-demographics, body mass index, hypertension, sleep apnea, and iron deficiency.

Race, gender, and age were removed from the adjusted covariates of the corresponding stratified analyses.

TThe ClI extends from zero to infinity due to too few sample sizes and too many covariates.
* p<0.05

SRLM: sleep-related leg movements; DM: diabetes mellitus; OR: odds ratio; Cl: confidence interval

Discussion

Our population-based study, based on a representative national cohort, identifies a significant association
between SRLM and the prevalence of DM. After adjusting for known confounders such as age, BMI, sleep
apnea, and hypertension, those reporting SRLM had a 72% increased likelihood of having DM compared to
those without SRLM. Importantly, a dose-response relationship was observed, where a higher frequency of
SRLM was linked to an increased prevalence of DM. Our exploratory mediation analyses suggested that short
sleep duration and inflammation, as indicated by CRP levels, play roles in this association, albeit modestly,
and these effects were notably more pronounced in non-Hispanic White individuals. These findings
underscore the potential of SRLM as an indicator of DM risk and highlight the importance of considering
demographic characteristics to fully understand these associations.

This study enhances our understanding of the association between SRLM and DM. We observed a strong
association even after adjustment for key confounders (e.g., age, obesity, hypertension). This association
displayed a dose-response pattern and is consistent across our large, diverse cohort that represents the
general population, not just those typically at higher risk for RLS or PLMS. Historically, research on this
relationship often requires complex clinical assessments or polysomnography and is focused on RLS or
PLMS [7]. Our findings extend beyond these conditions by highlighting simple indicators such as “leg jerks”
as potential markers for increased DM risk. If future longitudinal studies confirm our results, assessing “leg
jerks” could be a valuable, straightforward tool for earlier detection and intervention in diabetes
management. Given the simplicity of asking patients about frequent nocturnal leg jerks - a question that
requires no specialized equipment or advanced training - this marker could be easily integrated into routine
clinical evaluations. This approach may serve as an additional, low-cost screening tool to identify
individuals who need closer monitoring of metabolic health. Such screening may be valuable in primary care
or community health settings where access to sleep studies or laboratory testing may be limited.
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The results of our study suggest the relationship between SRLM and DM was particularly evident among
non-Hispanic White individuals, females, and younger adults. This differential impact prompts further
exploration into the biological or environmental factors that contribute to these variations. For example,
previous research has shown that PLMS and RLS are more common in non-Hispanic White individuals than
in other racial/ethnic groups [19], which might partially explain the significant association observed in our
study. Additionally, the variation in SRLM-DM relationships across different subgroups may be influenced by
specific comorbidities that are prevalent within these groups. For instance, women with certain neurological
conditions such as Parkinson’s disease and multiple sclerosis are known to have a higher incidence of RLS
than men [7]. This interplay suggested a complex relationship between gender, neurological disease status,
and sleep disturbances. Our findings also highlight an attenuated association of SRLM with DM in older
adults, males, and non-White individuals, potentially due to smaller sample sizes of these subgroups or the
criteria used to define prevalent DM. These subgroup differences underline the importance of tailored public
health strategies that consider demographic and clinical characteristics when assessing the risk and
management of DM. They also highlight the importance of using precise diagnostic criteria in future
research to avoid potential confounding effects that could influence the interpretation of the relationship
between SRLM and DM.

Our findings illustrate the mechanisms linking SRLM and DM, particularly through short sleep duration and
inflammation. Short sleep duration impairs insulin sensitivity and disrupts hunger and satiety signals,
potentially escalating insulin and glucose homeostasis and increasing inflammation [20]. Such physiological
changes can promote unhealthy eating habits and increased calorie intake, known risk factors for DM.
Individuals with SRLM often experience compounded sleep issues such as difficulty initiating and
maintaining sleep, leading to sleep deprivation [21]. This state exacerbates sympathetic activity and
oxidative stress, contributing to vascular endothelial dysfunction, a key player in diabetic complications
[22]. Moreover, chronic inflammation, indicated by elevated CRP levels, is linked with metabolic
disturbances [23,24], while observational studies suggest that conditions within the SRLM spectrum, like
RLS, are associated with higher CRP levels; the precise relationship between SRLM and DM involves multiple
pathways [25]. Although our study confirms modest mediation by sleep duration and inflammation, the data
suggest the need to explore additional mechanisms. One such pathway could involve sympathetic nervous
system overactivity, which may impair insulin sensitivity [26]. If SRLM is confirmed as a significant factor in
DM risk, further research should investigate modifiable mechanisms to identify new intervention targets for
reducing DM risk.

The influence of short sleep duration and inflammation on the link between SRLM and DM appears to be
contingent upon racial and ethnic backgrounds. Notably, we observed that short sleep duration and CRP
levels played a more significant mediating role in non-Hispanic White individuals compared to other race
and ethnic groups. This variation may suggest that the pathway linking SRLM to DM is not uniform across
all populations. Factors such as genetic predispositions, environmental influences, or access to healthcare
might modify how these mediators affect the risk of DM [27-29]. Therefore, understanding these differing
pathways is critical, especially when assessing SRLM in individuals at higher risk of DM. Further research is
needed to explore these distinct mediation mechanisms and their implication for diabetes management and
prevention strategies.

Our study has several strengths, including its reliance on a nationally representative sample and an
analytical approach that adjusts for key confounders and assesses the dose-response relationship. However,
certain limitations merit attention. First, our retrospective, cross-sectional design constrains our ability to
establish causality. Despite this limitation, cross-sectional studies are invaluable for uncovering associations
and formulating hypotheses that can be further tested in longitudinal studies. Second, we primarily self-
reported data to assess SRLM and sleep duration, which may introduce biases. Although self-reports are
prone to inaccuracies, they serve as essential tools in large-scale studies where more precise measures such
as actigraphy are often unfeasible due to logistical and financial constraints. Future studies should validate
self-reported data against objective clinical assessments, potentially using new devices like the RestEaze,
which accurately measures leg movement during sleep [30]. Third, the data were collected between 2005 and
2008; however, the persistent nature of the associations between SRLM and DM across time suggests that
these findings are still applicable. The extensive sample size of our study also facilitates a comprehensive
examination of various confounders, potential mediators, and effect modifiers in the SRLM-DM
relationship. Fourth, our analysis can’t differentiate between type 1 and type 2 DM, limiting our findings’
specificity to diabetes subtypes. Future research should stratify by diabetes type to better delineate the
specific roles of SRLM in each. Furthermore, although we adjusted for multiple demographics, lifestyle, and
clinical factors, the possibility of residual confounding from unmeasured or misclassified variables, such as
unrecognized sleep disorders and medication use, cannot be ruled out and should be addressed in future
studies. Lastly, assessments of both SRLM and sleep duration were made at a single time point, ignoring
potential variations in the severity of SRLM or changes in sleep patterns over time. Future research should
incorporate longitudinal measurements and use objective tools to track SRLM, enhancing the validity and
reliability of these findings.

Conclusions

In conclusion, our study adds to the growing evidence linking SRLM and an increased risk of DM. Our

2025 Ding et al. Cureus 17(5): €84701. DOI 10.7759/cureus.84701 16 of 18


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus

Part of SPRINGER NATURE

findings revealed that short sleep duration and inflammation play a significant mediating role in this
association. Given the complexity of these relationships, prioritization of longitudinal studies is crucial for
establishing causality and gaining deeper insights into the underlying mechanisms.
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