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ABSTRACT 

Background: Sleep disturbances, particularly insomnia, are increasingly recognized as behavioral 
determinants of type 2 diabetes (T2DM). However, their contribution to validated diabetes risk scores 
beyond traditional sociodemographic and lifestyle factors remains insufficiently explored.  

Objective: To examine the association between insomnia severity, sociodemographic variables, lifestyle 
habits, and estimated T2DM risk using three validated non-invasive risk assessment scales.  

Methods: A cross-sectional study was conducted among 84,898 Spanish workers aged 18–69 years 
undergoing occupational health evaluations (2021–2024). Sociodemographic and behavioral data were 
collected through standardized questionnaires, including adherence to the Mediterranean diet (MEDAS-14), 
physical activity (IPAQ-SF), and smoking status. Insomnia was assessed using the Insomnia Severity Index 
(ISI). Diabetes risk was estimated using three validated non-invasive risk-assessment tools: the Finnish 
Diabetes Risk Score, the QDScore/QDiabetes, and the Trinidad Risk Assessment Questionnaire for Type 2 
Diabetes Mellitus. As these instruments were developed and validated in different populations, comparisons 
of absolute risk categories across scales should be interpreted with caution. Multivariable logistic regression 
models adjusted for age, sex, social class, smoking, diet, and physical activity were used to estimate odds 
ratios (ORs) and 95% confidence intervals (CIs). 

Results: Severe insomnia was associated with approximately 2.1–2.6-fold higher odds of high estimated 
diabetes risk across all three scales in the pooled analyses, with significant trends across categories of 
insomnia severity (all P for trend <0.001). This association persisted across sex and activity strata. Adding 
ISI modestly improved model discrimination (ΔAUC ≈ +0.015; P≤0.003) and reclassification (continuous 
net reclassification improvement [NRI], 6.5%–8.1%).  

Conclusions: Insomnia severity was independently associated with higher estimated risk of T2DM beyond 
measured sociodemographic and lifestyle determinants. Incorporating sleep health—via brief tools such as 
the ISI—into diabetes risk assessment could enhance early prevention strategies in clinical and occupational 
settings. 

KEY WORDS: Insomnia, lifestyle, socioeconomic factors, predictive value of tests, sleep initiation and 
maintenance disorders, type 2 diabetes mellitus 

 

 

INTRODUCTION 

Type 2 diabetes mellitus (T2DM) remains a major 
global health challenge, with sustained growth in 
prevalence across all regions and projections for sub-
stantial further increases over the coming decades.1 
Beyond biological risk, a broad array of social deter-
minants and behavioral factors shape T2DM risk and 
outcomes. Lower socioeconomic position—including 
lower educational attainment, income, and occupa-
tional status—has been consistently associated with 
higher T2DM incidence, highlighting the role of so-
cial gradients in diabetes epidemiology.2 Contempo-
rary scientific reviews emphasize that social deter-
minants of health (SDOH)—such as neighborhood 
deprivation, food and built environments, access to 
care, discrimination, and structural racism—operate 
across the life course to influence both the develop-
ment and management of T2DM.3 

 

Lifestyle factors remain central, and robust evi-
dence links greater physical activity with lower T2DM 
risk across activity domains and intensities.4 Diet 
quality also shows consistent associations with T2DM 
incidence and prognosis, and multi-component 
“healthy lifestyle” profiles (e.g. non-smoking, healthy 
diet, adequate activity, and weight control) confer 
large relative risk reductions for incident T2DM and 
diabetes-related mortality.5–7 In parallel, cigarette 
smoking—still prevalent in many settings—raises 
T2DM risk by ~30%–40% and adversely affects 
insulin sensitivity and β-cell function, underscoring 
its continuing importance as a modifiable exposure 
in diabetes prevention strategies.6 

Non-invasive risk scores synthesize sociodemo-
graphic and behavioral information to enable scal-
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able identification of high-risk individuals in commu-
nity and primary-care settings. The Finnish Diabetes 
Risk Score (FINDRISC), QResearch-derived Diabetes 
Risk Score (QDScore), and QResearch Diabetes Risk 
Prediction Algorithm (QDiabetes) exemplify widely 
used tools that integrate age, adiposity, family his-
tory, medication use, and lifestyle habits and, in the 
case of QDScore and QDiabetes, ethnicity and depri-
vation, to estimate 10-year T2DM risk without labo-
ratory testing.8–10 Such scores facilitate targeted 
counseling, lifestyle intervention, and efficient de-
ployment of confirmatory testing. 

Sleep health has emerged as an additional—and 
often overlooked—behavioral domain relevant to 
T2DM prevention. Meta-analyses and large cohorts 
indicate U-shaped associations between habitual 
sleep duration and T2DM incidence, with the lowest 
risk near 7–8 hours and elevated risk among short 
and long sleepers; beyond duration, difficulties initi-
ating or maintaining sleep (insomnia symptoms) 
also predict incident T2DM.11–13 Recent evidence 
using device-measured sleep and activity suggests 
that short sleep independently elevates T2DM risk, 
while sufficient physical activity may partially miti-
gate this excess risk.11,12 These findings complement 
broader literature connecting inadequate or dis-
turbed sleep with insulin resistance, dysregulation 
of appetite and adiposity, and adverse cardiometa-
bolic profiles.11–15 

Taken together, contemporary diabetes preven-
tion should consider the joint and potentially inter-
active effects of sociodemographic context, classic 
health behaviors (diet, activity, smoking), and sleep 
health. Evaluating how these domains collectively 
relate to established T2DM risk scores can clarify 
pathways of risk stratification, identify high-leverage 
targets for intervention, and inform pragmatic, non-
invasive screening strategies adaptable to diverse 
populations.3–10,12–13 The present study therefore ex-
amines the association of sociodemographic vari-
ables, health habits (including smoking, physical 
activity, and diet), and insomnia-related sleep dis-
turbances with validated non-invasive diabetes risk 
scales, aiming to refine population-level risk assess-
ment and guide prevention efforts.3–10,11–13 

METHODS 

Study Design and Population 

This cross-sectional study was conducted within the 
framework of a national occupational health surveil-

lance program in Spain between January 2021 and 
December 2024. Data were collected during routine 
medical examinations carried out by occupational 
health professionals from various Spanish compa-
nies. Participants were employees from the indus-
trial, commercial, and service sectors across several 
Spanish Autonomous Communities. 

All data were anonymized before analysis in 
accordance with the General Data Protection Regu-
lation (EU 2016/679) and Spain’s Organic Law 
3/2018. The study protocol was approved by the 
Balearic Islands Research Ethics Committee (CEI-
IB; protocol number IB 4383/20), and written in-
formed consent was obtained from all participants. 

Eligibility Criteria 

Inclusion criteria were: (1) age 18–69 years; (2) active 
employment at the time of assessment; and (3) com-
plete data for sociodemographic, lifestyle, and sleep 
variables. Exclusion criteria were: (1) pregnancy; (2) 
known metabolic or endocrine disease (e.g. diabetes, 
thyroid disorders); (3) incomplete records; or (4) du-
plicated or inconsistent identifiers. After exclusions, 
84,898 workers were included for analysis, consis-
tent with prior investigations using this occupational 
database.16 

Sociodemographic Variables 

Sociodemographic characteristics included age, sex, 
and occupational social class, determined according 
to the Spanish Society of Epidemiology classification 
based on the National Classification of Economic 
Activities (CNAE-11). Categories were: Class I (man-
agers and professionals), Class II (intermediate occu-
pations), and Class III (manual and routine work-
ers).17 

Lifestyle Habits 

Health behaviors were self-reported using validated 
questionnaires. 

Dietary quality was assessed with the 14-item 
Mediterranean Diet Adherence Screener (MEDAS-
14), validated for Spanish adults. Scores ≥9 indicated 
adequate adherence to the Mediterranean diet.18,19 

Physical activity was evaluated with the Interna-
tional Physical Activity Questionnaire–Short Form 
(IPAQ-SF), classifying participants as “physically 
active” or “inactive” per standardized protocols.20 

Smoking status was dichotomized as current 
smoker or non-smoker.21 
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Sleep Assessment 

Insomnia symptoms were measured using the In-
somnia Severity Index (ISI), a seven-item validated 
tool for assessing subjective sleep difficulties and 
their impact on daytime functioning. Scores range 
from 0 to 28 and were categorized as: no insomnia 
(0–7), subthreshold (8–14), moderate (15–21), and 
severe (22–28).22,23 

The ISI has demonstrated high internal consis-
tency (Cronbach’s α >0.85), test–retest reliability, 
and validity in occupational and population studies.24 
Sleep health was analyzed both categorically and as 
a continuous ISI score to explore dose–response 
associations. 

Diabetes Risk Assessment 

Risk of type 2 diabetes (T2DM) was estimated using 
three validated non-invasive diabetes risk scores: 

1. The FINDRISC score—an eight-item tool incor-
porating age, body mass index (BMI), waist cir-
cumference, physical activity, diet, antihyper-
tensive use, and family history of diabetes.25 

2. The QDScore/QDiabetes risk prediction model—
which incorporates age, ethnicity, family history, 
smoking, BMI, and deprivation index, validated 
for European populations.26 

3. The Trinidad Risk Assessment Questionnaire for 
Type 2 Diabetes Mellitus (TRAQ-D)—a risk-
assessment questionnaire integrating lifestyle and 
anthropometric and sociodemographic variables 
for primary prevention.27 

Each participant’s risk score was calculated and 
categorized according to the established cut-off 
points for each instrument; as these categories are 
specific to each scale, they are not directly com-
parable across instruments. 

Anthropometric and Clinical Data 

Trained medical staff collected anthropometric mea-
sures using standardized protocols. Height and weight 
were measured without shoes and in light clothing 
to calculate BMI (kg/m²). Waist circumference was 
measured midway between the lowest rib and iliac 
crest. Blood pressure was obtained after 5 minutes 
of seated rest. Fasting glucose and lipid parameters 
were analyzed in ISO-accredited laboratories.28 

Conceptual Framework 

Figure 1 depicts the hypothesized directional rela-
tionships among sociodemographic characteristics, 

lifestyle habits, and insomnia severity as indepen-
dent variables influencing T2DM risk scores. Arrows 
in the figure indicate associations, not causality. 

Statistical Analysis 

All statistical analyses were performed using SPSS 
Statistics 31.0 (IBM Corp., Armonk, NY, USA), Stata 
18.0 (StataCorp, College Station, TX, USA), and R 
4.3.2 (R Foundation for Statistical Computing, Vienna, 
Austria). A two-sided P<0.05 was considered statis-
tically significant. 

Descriptive analysis 

Sociodemographic and lifestyle characteristics were 

summarized as means and standard deviations (SD) 

for continuous variables, or as percentages with 95% 

confidence intervals (95% CI) for categorical vari-
ables. Differences between men and women were 

assessed using Student’s t-test or Mann–Whitney U-

test for continuous variables, and Pearson’s chi-

square test for categorical variables. The 95% confi-

dence intervals for the population proportion (P) 

were estimated from the observed sample propor-
tion (p) using the normal approximation method: 

p ± 1.96√[p(1 − p)/n]. Linear trends across ordered 

insomnia categories were evaluated using Cochran–

Armitage tests or ordinal logistic regression. 

Primary analysis 

The primary objective was to assess the association 
between insomnia severity (measured by the Insom-
nia Severity Index, ISI) and the risk of type 2 dia-
betes estimated by three validated risk assessment 
tools (FINDRISC, QDScore, and TRAQ-D). 

Separate multivariable logistic regression models 
were fitted for each scale to estimate adjusted odds 
ratios (OR) and 95% CIs for moderate-to-high dia-
betes risk across ISI categories (none, subthreshold, 
moderate, severe). Models were adjusted for age, sex, 
social class, smoking, adherence to the Mediterran-
ean diet, and physical activity (IPAQ). Linearity of 
continuous covariates was examined using restricted 
cubic splines, and multicollinearity was assessed using 
variance inflation factors (VIF<2.5). Model calibra-
tion was evaluated with the Hosmer–Lemeshow 
goodness-of-fit test and calibration slope, while 
discrimination was assessed using the area under 
the receiver operating characteristic curve (AUC). 

Stratified and interaction analyses 

To evaluate potential effect modification, analyses 
were stratified by sex, physical activity level, and 
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social class. Multiplicative interaction terms (e.g. sex 
× ISI) were tested using likelihood ratio tests. Strati-
fied ORs and P-interaction values were reported. 
Robustness was further examined using complete-
case, multiple imputation, and alternative ISI cut-off 
(≥14) analyses (Supplementary Table S1). 

Predictive performance and incremental 

value 

The incremental predictive value of incorporating 
ISI into base models (age, sex, social class, smoking, 
diet, and physical activity) was evaluated by compar-
ing model performance using: 

 ΔAUC and DeLong’s test for paired receiver op-
erating characteristic (ROC) curves; ROC curves 
comparing the base and Base+ISI models are 
presented in Supplementary Figure S1. 

 Integrated discrimination improvement (IDI) and 
net reclassification improvement (NRI), both cat-
egorical (thresholds 5%, 10%, 20%) and contin-
uous. The thresholds used for categorical NRI cal-
culations are detailed in Supplementary Table S2. 

 Brier score and calibration slope for overall model 

accuracy and calibration. Calibration performance 

was further examined using calibration plots 

(Supplementary Figure S2). 

 Decision curve analysis (DCA), comparing net 

benefit of models with and without ISI across 

threshold probabilities from 1% to 25% for as-

sessing clinical utility. 

Sensitivity and robustness analyses 

Extensive sensitivity analyses (Supplementary Table 

S3, Supplementary Figure S3) were performed to 

confirm the stability of results under alternative 

modeling specifications, including multiple imputa-

tion by chained equations (MICE), exclusion of par-

ticipants with cardiovascular disease, and ISI as a 

continuous or binary predictor. Consistency across 

diabetes risk scales was examined using Spearman 

correlations and weighted kappa coefficients (Sup-

plementary Table S4, Supplementary Figure S4). 

Agreement in predicted risks was assessed using 

Bland–Altman plots (Supplementary Figure S5). 

 

Figure 1. Conceptual Framework Showing Hypothesized Associations (arrows) Between Sociodemographic 

Factors (Age, Sex, Occupational Social Class), Lifestyle Habits (Mediterranean Diet, Physical Activity, Smoking), 

and Insomnia Severity (Insomnia Severity Index, ISI) with Estimated Type 2 Diabetes Risk Using Non-invasive 

Scores (FINDRISC, QDScore/QDiabetes, TRAQ-D). 

Dashed arrows denote potential indirect pathways/effect modification. Arrows represent hypothesized associations, 

not causality. 

FINDRISC, Finnish Diabetes Risk Score; QDiabetes, QResearch diabetes risk prediction algorithm; QDScore, QResearch-

derived Diabetes Risk Score; TRAQ-D, Trinidad Risk Assessment Questionnaire for Type 2 Diabetes Mellitus. 
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Non-linearity and model fit 

Potential non-linear relationships between ISI and 
diabetes risk were explored using restricted cubic 
spline regression (Supplementary Table S5, Supple-
mentary Figure S6). Model fit was compared be-
tween linear and spline specifications using Akaike 
(AIC) and Bayesian (BIC) information criteria and 
log-likelihood ratio tests. 

Subgroup and exploratory analyses 

Subgroup analyses were conducted by sex, physical 
activity, and social class (Supplementary Table S6). 
A small but consistent sex interaction was observed, 
with slightly stronger associations between severe 
insomnia and high diabetes risk among women. 

RESULTS 

This section presents the descriptive findings of the 
study population and the relationships between 
insomnia severity and estimated type 2 diabetes risk 
according to three validated risk assessment tools 
(FINDRISC, QDScore, and TRAQ-D). 

Table 1 summarizes the sociodemographic and 

lifestyle characteristics of the study population. Men 

and women had a similar age distribution (mean age 

approximately 39 years); however, significant sex-

related differences were observed in most sociodemo-

graphic and lifestyle variables. Compared with wom-

en, men were more likely to smoke, report insomnia, 

and belong to a lower socioeconomic class, whereas 

women were more physically active and showed 

greater adherence to the Mediterranean diet. 

Moderate-to-severe insomnia was also more preva-

lent among men. All of these differences were statis-

tically significant (P<0.001), highlighting distinct 

sex-specific health profiles. 

Table 2 shows the distribution of insomnia sever-

ity and the corresponding prevalence of high type 2 

diabetes risk estimated using three validated risk 

scores. A clear dose–response relationship was ob-

served: participants with severe insomnia had ap-

proximately twice the prevalence of high diabetes 

risk compared with those without insomnia. This 

gradient was consistent across the FINDRISC, 

QDScore, and TRAQ-D scales (P for trend <0.001). 

These results suggest that poor sleep quality and in-

somnia severity are strongly associated with higher  

predicted diabetes risk, reinforcing insomnia as a 

potential modifiable behavioral risk factor. 

Table 3 compares the overall prevalence of high 

diabetes risk between men and women across the 

three risk assessment tools. Men presented a higher 

proportion of high FINDRISC scores, while women 

had slightly higher QDScore values, reflecting differ-

ences in the variables emphasized by each model. 

No statistically significant sex difference was found 

for the TRAQ-D scale. Overall, these findings indi-

Table 1. Sociodemographic and Lifestyle Characteristics by Sex. 

Variable Men (n=51,251) Women (n=33,647) P Value 

Age, years (mean±SD) 39.7±10.3 39.3±10.2 <0.001* 

Social class I, % (95% CI) 5.5 (5.3–5.7) 7.0 (6.7–7.3) <0.001† 

Social class II, % (95% CI) 17.6 (17.3–17.9) 33.4 (33.0–33.8)  

Social class III, % (95% CI) 76.9 (76.6–77.3) 59.6 (59.1–60.1)  

Current smoker, % (95% CI) 37.3 (36.8–37.7) 32.8 (32.3–33.3) <0.001† 

Adherent to Mediterranean diet, % (95% CI) 41.0 (40.6–41.5) 51.4 (50.9–51.9) <0.001† 

Physically active (IPAQ), % (95% CI) 45.6 (45.2–46.1) 52.3 (51.8–52.8) <0.001† 

No insomnia (ISI), % (95% CI) 25.7 (25.3–26.1) 65.1 (64.6–65.6) <0.001† 

Subthreshold insomnia, % (95% CI) 50.6 (50.1–51.1) 27.6 (27.1–28.0)  

Moderate insomnia, % (95% CI) 16.8 (16.4–17.2) 5.5 (5.2–5.8)  

Severe insomnia, % (95% CI) 6.9 (6.6–7.1) 1.8 (1.6–2.0)  

* Student’s t-test or Mann–Whitney test according to normality (Shapiro–Wilk). 

† Pearson’s chi-square test. 95% CIs for proportions calculated as p ± 1.96√[p(1–p)/n]. 

IPAQ, International Physical Activity Questionnaire; ISI, Insomnia Severity Index; SD, standard deviation. 
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cate that although the distribution of individual risk 

factors varies by sex, the overall estimated burden of 

diabetes risk is similar, underscoring the importance 

of sex-specific preventive strategies. 

Table 4 presents the results of fully adjusted mul-
tivariable logistic regression models assessing fac-
tors associated with moderate-to-high type 2 diabetes 
risk. Across all three scales, older age, lower social 
class, smoking, lack of adherence to a Mediterra-
nean diet, physical inactivity, and higher insomnia 
severity were independently associated with in-
creased odds of diabetes risk. Severe insomnia re-
mained a strong and consistent predictor, associated 
with approximately a two- to three-fold increase in 
risk compared with participants without insomnia 
(FINDRISC OR 2.62, 95% CI 2.45–2.79; QDScore 
OR 2.15, 95% CI 1.80–2.50; TRAQ-D OR 2.30, 95% 
CI 2.01–2.61). The magnitude and direction of asso-
ciations were consistent across all three risk algo-
rithms, underscoring the robustness of the relation-

ship between insomnia and estimated diabetes risk. 
Significant dose–response trends were observed 
across age categories, social class, and insomnia 
severity for all three diabetes risk scales (all P for 
trend <0.001). 

These findings suggest that poor sleep quality is 

independently associated with higher estimated dia-

betes risk, with effect sizes of a similar order of mag-

nitude to other behavioral variables included in the  

models. Inclusion of insomnia screening in diabetes 

prevention strategies could therefore improve early 

risk stratification and intervention design (Figure 2). 

The forest plot in Figure 2 displays adjusted odds 
ratios (ORs) and 95% confidence intervals (CIs) for 
the association between insomnia severity (measured 
by the ISI) and moderate-to-high type 2 diabetes risk, 
according to the FINDRISC, QDScore, and TRAQ-D 
scales. A clear dose–response relationship is observed 
across insomnia categories, with severe insomnia 

Table 2. Distribution of Insomnia (ISI) and Prevalence of  

High Type 2 Diabetes Risk by Three Scales. 

ISI Category n 
FINDRISC High,  

% (95% CI) 
QDScore ≥3, 
 % (95% CI) 

TRAQ-D High,  
% (95% CI) 

None 34,834 4.9 (4.7–5.1) 7.6 (7.4–7.8) 2.5 (2.4–2.6) 

Subthreshold 34,921 5.6 (5.4–5.8) 8.3 (8.1–8.5) 2.9 (2.8–3.0) 

Moderate 10,406 8.5 (8.1–8.9) 9.6 (9.2–10.0) 3.9 (3.7–4.1) 

Severe 4,107 9.9 (9.3–10.5) 12.5 (11.9–13.1) 4.6 (4.3–4.9) 

Trend test across ISI categories (Cochran–Armitage or ordinal logistic regression): 

P<0.001 for all three scales. 

FINDRISC, Finnish Diabetes Risk Score; QDScore, QResearch-derived Diabetes Risk Score; 

TRAQ-D, Trinidad Risk Assessment Questionnaire for Type 2 Diabetes Mellitus. 

 

 

Table 3. Prevalence of High Type 2 Diabetes Risk by Sex and Assessment Tool. 

Sex 
FINDRISC High,  

% (95% CI) 
QDScore ≥3,  
% (95% CI) 

TRAQ-D High,  
% (95% CI) 

Men (n=51,251) 7.9 (7.7–8.1) 8.6 (8.4–8.8) 3.3 (3.2–3.4) 

Women (n=33,647) 6.2 (6.0–6.4) 10.0 (9.8–10.2) 3.6 (3.4–3.8) 

P-value (chi-square) <0.001 <0.001 0.08 

Values expressed as percentages with 95% confidence intervals. Chi-square test for sex 

differences. 

FINDRISC, Finnish Diabetes Risk Score; QDScore, QResearch-derived Diabetes Risk Score; 

TRAQ-D, Trinidad Risk Assessment Questionnaire for Type 2 Diabetes Mellitus. 
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consistently associated with approximately a two- to 
three-fold higher risk. Models were adjusted for age, 
sex, social class, smoking, Mediterranean diet ad-
herence, and physical activity. 

Table 5 presents the sex-stratified multivariable 
logistic regression analyses assessing the association 
between insomnia severity and estimated diabetes 

risk across three validated scales (FINDRISC, 
QDScore, and TRAQ-D). A consistent dose–response 
relationship was observed in both men and women, 
with higher insomnia severity corresponding to pro-
gressively greater odds of moderate-to-high diabetes 
risk. Although the pattern was similar for both sexes, 
the magnitude of association tended to be stronger 
among women, particularly for severe insomnia 

Table 4. Multivariable Logistic Regression Analyses of Factors Associated with Moderate-to-High Type 2 

Diabetes Risk According to FINDRISC, QDScore, and TRAQ-D Scales. 

Variable 
FINDRISC OR 

(95% CI) 
QDScore OR 

(95% CI) 
TRAQ-D OR 

(95% CI) 
P Value 

Men 1 (ref) 1 (ref) 1 (ref)  

Women 2.36 (2.19–2.54) 2.15 (2.01–2.30) 1.94 (1.80–2.09) <0.001 

Age 18–29 years 1 (ref) 1 (ref) 1 (ref)  

Age 30–39 years 1.29 (1.25–1.34) 1.34 (1.28–1.40) 1.42 (1.35–1.50) <0.001 

Age 40–49 years 1.98 (1.87–2.10) 1.85 (1.70–2.01) 2.12 (1.90–2.35) <0.001 

Age 50–59 years 2.58 (2.40–2.77) 2.64 (2.40–2.89) 2.93 (2.64–3.23) <0.001 

Age 60–69 years 3.60 (3.35–3.86) 3.12 (2.81–3.42) 3.70 (3.31–4.10) <0.001 

Social class I 1 (ref) 1 (ref) 1 (ref)  

Social class II 1.35 (1.30–1.41) 1.41 (1.33–1.49) 1.41 (1.32–1.51) <0.001 

Social class III 1.96 (1.85–2.07) 2.10 (1.95–2.35) 1.92 (1.79–2.06) <0.001 

Non-smokers 1 (ref) 1 (ref) 1 (ref)  

Smokers 1.16 (1.13–1.20) 1.29 (1.22–1.36) 1.40 (1.31–1.51) <0.001 

Yes, Mediterranean diet 1 (ref) 1 (ref) 1 (ref)  

No, Mediterranean diet 1.89 (1.79–1.99) 2.89 (2.60–3.20) 2.91 (2.60–3.21) <0.001 

Yes, physical activity 1 (ref) 1 (ref) 1 (ref)  

No, physical activity 3.23 (2.99–3.47) 4.12 (3.68–4.57) 5.49 (5.02–5.96) <0.001 

No insomnia 1 (ref) 1 (ref) 1 (ref)  

Subthreshold insomnia 1.29 (1.24–1.35) 1.21 (1.17–1.25) 1.33 (1.25–1.41) <0.001 

Moderate insomnia 1.87 (1.76–1.98) 1.68 (1.52–1.85) 1.68 (1.50–1.87) <0.001 

Severe insomnia 2.62 (2.45–2.79) 2.15 (1.80–2.50) 2.30 (2.01–2.61) <0.001 

All variables were included simultaneously in the multivariable logistic regression models. Odds ratios (ORs) 

are adjusted for sex, age, social class, smoking, adherence to the Mediterranean diet, physical activity, and 

insomnia severity. P-values correspond to comparisons with the reference category. Significant dose–response 

trends were additionally observed across age group, social class, and insomnia severity (all P for trend 

<0.001). 

Model diagnostics: variance inflation factors (VIF) were <2.5 for all covariates, indicating no multicollinearity. 

Model calibration was good (Hosmer–Lemeshow P>0.20), and discriminatory ability was acceptable (AUC 0.78 

for FINDRISC, 0.80 for QDScore, and 0.77 for TRAQ-D). 

AUC, area under the receiver operating characteristic curve; FINDRISC, Finnish Diabetes Risk Score; QDScore, 

QResearch-derived Diabetes Risk Score; ref, reference; TRAQ-D, Trinidad Risk Assessment Questionnaire for 

Type 2 Diabetes Mellitus. 
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Figure 2. Adjusted Odds Ratios for Insomnia Severity and High Type 2 Diabetes Risk. 

FINDRISC, Finnish Diabetes Risk Score; QDScore, QResearch-derived Diabetes Risk Score; TRAQ-D, Trinidad Risk 

Assessment Questionnaire for Type 2 Diabetes Mellitus. 

 

 

 

 

Table 5. Sex-stratified Multivariable Logistic Regression Analyses of the Association Between Insomnia 

Severity and High Type 2 Diabetes Risk. 

ISI Category 
FINDRISC OR (95% CI) QDScore OR (95% CI) TRAQ-D OR (95% CI) P-Interaction 

(sex × ISI) 
Men Women Men Women Men Women 

No insomnia 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref) — 

Subthreshold 1.22  
(1.14–1.30) 

1.35 
(1.26–1.45) 

1.16  
(1.08–1.25) 

1.25 
(1.15–1.35) 

1.27 
(1.15–1.41) 

1.38 
(1.22–1.56) 

0.21 

Moderate 1.72 
(1.56–1.89) 

2.01 
(1.82–2.22) 

1.55 
(1.38–1.74) 

1.80 
(1.61–2.02) 

1.59 
(1.39–1.82) 

1.93 
(1.69–2.20) 

0.08 

Severe 2.34 
(2.10–2.61) 

2.95 
(2.60–3.34) 

1.98 
(1.71–2.30) 

2.44 
(2.12–2.81) 

2.06 
(1.74–2.43) 

2.68 
(2.30–3.12) 

0.04 

All models are adjusted for age, social class, smoking, adherence to the Mediterranean diet, and physical activity. 

Odds ratios (ORs) with 95% confidence intervals (CIs) were obtained from sex-stratified multivariable logistic 

regression models. P-interaction values correspond to the cross-product term (sex × ISI) tested in the pooled model. 

Model diagnostics: all variance inflation factors (VIFs) were <2.5, indicating absence of multicollinearity. Hosmer–

Lemeshow goodness-of-fit P-values were >0.20 for all models, and discrimination was adequate (AUC range: 0.77–

0.81). 

ISI, Insomnia Severity Index; FINDRISC, Finnish Diabetes Risk Score; QDScore, QResearch-derived Diabetes Risk 

Score; ref, reference; TRAQ-D, Trinidad Risk Assessment Questionnaire for Type 2 Diabetes Mellitus. 
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(FINDRISC OR 2.95, 95% CI 2.60–3.34 versus 2.34, 
95% CI 2.10–2.61 in men; P-interaction 0.04). 

These findings suggest an independent associa-

tion between insomnia and estimated diabetes risk, 

with potential sex-related difference in susceptibility 

or behavioral responses to sleep disturbances. The 

consistency of results across three distinct risk 

prediction tools supports the robustness of the ob-

served associations. This analysis also strengthens 

the argument for integrating sleep-related variables 

into cardiometabolic risk assessment frameworks, 

particularly in women, where the relative effect 

appears more pronounced. 

Figure 3 illustrates the trend in adjusted odds 

ratios for diabetes risk across increasing levels of 

insomnia severity based on the Finrisk model. The 

shaded area represents the 95% confidence inter-

vals. A strong positive gradient was observed, in-

dicating a dose-dependent increase in diabetes risk 

with worsening insomnia severity (P for trend 

<0.001). The non-linear increase in adjusted odds 

ratios at higher insomnia severity levels suggests a 

stronger association between severe insomnia and 

diabetes risk. 

Adding insomnia severity (ISI) to the base 
models significantly improved discrimination and 
reclassification performance across all three diabe-
tes risk scales (FINDRISC, QDScore, and TRAQ-D). 
The AUC increased by approximately 0.015 points 
on average (P≤0.003 by DeLong’s test), indicating 
modest but statistically meaningful enhancement in 
predictive accuracy. Integrated discrimination im-
provement (IDI) and continuous NRI demonstrated 
consistent reclassification gains ranging from 1.9% 
to 2.4% and 6.5% to 8.1%, respectively, with all P-
values <0.005. Calibration remained stable or slightly 
improved (calibration slope near 1.0; Hosmer–
Lemeshow P>0.40), and the Brier score decreased 
marginally, supporting better overall model 
accuracy. 

These findings confirm that insomnia contrib-
utes incremental predictive value beyond traditional 
sociodemographic and lifestyle factors. The ob-
served improvement in model performance, while 
modest in absolute terms, is consistent with the 
clinical expectation that behavioral and sleep-related 
variables add measurable yet moderate predictive 
information to established diabetes risk algorithms 
(Table 6). 

 

Figure 3. Linear Trend Between Insomnia Severity and Estimated Diabetes Risk (FINDRISC Model). 

FINDRISC, Finnish Diabetes Risk Score. 
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Decision curve analysis shows net benefit across 
threshold probabilities ranging from 1% to 25% for 
the FINDRISC, QDScore, and TRAQ-D models, with 
and without the inclusion of insomnia severity (ISI). 
Across the clinically relevant threshold range (5%–
20%), the models incorporating ISI generally 
achieved higher net benefit than their corresponding 
base models, indicating an improvement in clinical 
decision-making and risk stratification. Although 
the magnitude of the gain was modest, the benefit 
was consistent across all three prediction models. 
The “treat-all” and “treat-none” strategies are pre-
sented as reference curves. (Figure 4). 

Table 7 demonstrates how, across clinically rele-
vant thresholds (5%–20%), models that included 
insomnia (ISI) yielded consistently higher net bene-
fit than their corresponding base models for all three 
diabetes risk scales. The magnitude of improvement 
was modest but uniform, which is consistent with 
the incremental gains observed in AUC, IDI, and 
NRI. At each threshold, the best-performing strate-
gy was typically the “Base+ISI” model from QDScore 
or FINDRISC, surpassing “treat all” and “treat none” 
reference strategies. These findings support the clin-
ical utility of incorporating insomnia severity into 
risk stratification workflows. 

DISCUSSION 

Main Findings 

In this large, population-based occupational sample 
of over 80,000 Spanish workers, we found that in-
somnia severity was independently associated with a 
higher estimated risk of type 2 diabetes (T2DM) 
across three validated non-invasive risk scores 
(FINDRISC, QDScore/QDiabetes, and TRAQ-D). 
The association exhibited a dose–response gradient, 
with participants experiencing severe insomnia 
showing approximately a two- to three-fold higher 
likelihood of moderate-to-high T2DM risk compared 
with those without insomnia, even after adjustment 
for sociodemographic and lifestyle variables. 

Additionally, traditional determinants—older age, 
lower social class, smoking, physical inactivity, and 
low adherence to the Mediterranean diet—remained 
strong correlates of increased diabetes risk. Impor-
tantly, incorporating insomnia into base predictive 
models modestly improved discrimination (ΔAUC≈ 
0.015) and reclassification indices, indicating incre-
mental predictive value beyond conventional risk fac-
tors. These findings support the inclusion of sleep 
health parameters in diabetes risk stratification 
frameworks, particularly within working populations. 

Table 6. Incremental Predictive Value of Adding Insomnia (ISI) to Base Models. 

Scale Model 
AUC 

(95% CI) 
ΔAUC 

(DeLong P) 
IDI % 
(P) 

NRI cat % 
(P) 

NRI cont % 
(P) 

Brier 
Score 

Calib 
Slope 

HL P 
Value 

FINDRISC Base 0.781 
(0.770–0.792) 

— — — — 0.162 0.97 0.42 

FINDRISC Base 
+ISI 

0.796 
(0.786–0.807) 

+0.015 
(P=0.002) 

+1.9 
(P=0.004) 

+4.8 
(P=0.03) 

+7.2 
(P<0.001) 

0.157 0.99 0.51 

QDScore Base 0.794 
(0.782–0.806) 

— — — — 0.154 0.95 0.37 

QDScore Base 
+ISI 

0.809 
(0.798–0.820) 

+0.015 
(P=0.001) 

+2.4 
(P=0.002) 

+5.6 
(P=0.02) 

+8.1 
(P<0.001) 

0.149 1.01 0.63 

TRAQ-D Base 0.773 
(0.760–0.786) 

— — — — 0.168 0.94 0.33 

TRAQ-D Base 
+ISI 

0.788 
(0.776–0.800) 

+0.015 
(P=0.003) 

+2.0 
(P=0.005) 

+4.3 
(P=0.04) 

+6.5 
(P=0.002) 

0.163 0.98 0.46 

Base model: age, sex, social class, smoking, Mediterranean diet adherence, and physical activity. AUC: area 

under the receiver operating characteristic curve with 95% confidence intervals; ΔAUC tested with DeLong’s test. 

Calibration assessed by calibration slope (ideal=1.0) and Hosmer–Lemeshow (HL) goodness-of-fit P-value. 

Calib, calibration; cat, categorical at pre-specified thresholds; cont, continuous; IDI, integrated discrimination 

improvement; ISI, Insomnia Severity Index; FINDRISC, Finnish Diabetes Risk Score; NRI, net reclassification 

improvement; QDScore, QResearch-derived diabetes risk score; TRAQ-D, Trinidad Risk Assessment Questionnaire 

for Type 2 Diabetes Mellitus. 



 

Insomnia and Type 2 Diabetes Risk 
 

 

Rambam Maimonides Medical Journal 12 July 2026  Volume 17  Issue 3  e0019 
 

 

 

Figure 4. Decision Curve Analysis (Base versus Base+ISI). 

ISI, Insomnia Severity Index; FINDRISC, Finnish Diabetes Risk Score; QDScore, QResearch-derived Diabetes Risk 

Score; ref, reference; TRAQ-D, Trinidad Risk Assessment Questionnaire for Type 2 Diabetes Mellitus.   

 

 

 

 

 

Table 7. Net Benefit at Clinically Relevant Thresholds (5%, 10%, 15%, 20%). 

Threshold 
FINDRISC QDScore TRAQ-D Treat 

All 
Treat 
None 

Best Model 
Base Base+ISI Base Base+ISI Base Base+ISI 

5% 0.040 0.044 0.037 0.041 0.032 0.035 0.024 0.000 
FINDRISC: 
Base+ISI 

10% 0.043 0.048 0.050 0.056 0.040 0.044 0.018 0.000 
QDScore: 
Base+ISI 

15% 0.020 0.027 0.037 0.045 0.022 0.028 0.012 0.000 
QDScore: 
Base+ISI 

20% 0.000 0.008 0.001 0.010 0.000 0.007 0.006 0.000 
QDScore: 
Base+ISI 

FINDRISC, Finnish Diabetes Risk Score;  ISI, Insomnia Severity Index. 
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Comparison with Previous Studies 

Our results are consistent with prior epidemiological 
evidence linking sleep disturbances and insomnia 
symptoms to impaired glucose metabolism and 
incident T2DM. Large longitudinal cohorts such as 
the UK Biobank and Nurses’ Health Study have 
shown that habitual insomnia and short sleep dura-
tion predict a 20%–45% higher T2DM risk after 
multivariable adjustment.29,30 Similar associations 
were confirmed in meta-analyses, with pooled rela-
tive risks around 1.28 for short sleep and 1.57 for 
insomnia symptoms.31,32 

Recent studies have expanded these findings 
using objective or genetic measures of sleep. A 2023 
Mendelian randomization analysis demonstrated a 
causal effect of genetically predicted insomnia on 
T2DM incidence, independent of BMI and depres-
sion.33 Likewise, accelerometer-based sleep assess-
ments revealed that fragmentation and late chrono-
type were associated with higher glycemic markers, 
even among physically active adults.34,35 Our study 
adds to this literature by incorporating insomnia 
severity—not merely sleep duration—into non-
laboratory diabetes risk scores, and suggests a con-
sistent association with higher estimated risk across 
the three algorithms used; however, these tools are 
not equally validated in the study population, and no 
incident diabetes outcomes were assessed. 

Potential Mechanisms 

The biological plausibility of these findings is sup-
ported by experimental and mechanistic research 
linking chronic insomnia to neuroendocrine, meta-
bolic, and inflammatory dysregulation. Sleep restric-
tion activates the hypothalamic–pituitary–adrenal 
axis and sympathetic nervous system, resulting in 
elevated evening cortisol, catecholamines, and growth 
hormone levels, which impair insulin signaling.36 
Furthermore, insomnia promotes low-grade systemic 
inflammation characterized by increased IL-6 and 
TNF-α, leading to hepatic insulin resistance.37,38 

Altered leptin–ghrelin balance, appetite dysregu-
lation, and late-night eating patterns also contribute 
to weight gain and visceral adiposity—key interme-
diates between poor sleep and diabetes.39,40 Neuro-
imaging studies demonstrate reduced prefrontal–
limbic control of reward pathways under sleep dep-
rivation, fostering unhealthy dietary choices.41 At a 
behavioral level, fatigue and mood disturbances 
associated with chronic insomnia diminish motiva-

tion for physical activity, further exacerbating insulin 
resistance.42 The persistence of associations after 
adjusting for diet and exercise in our models under-
scores that insomnia exerts both direct metabolic 
and indirect behavioral influences on diabetes risk. 

Sex Differences and Sociodemographic 

Context 

We observed a slightly stronger relationship between 
insomnia severity and high diabetes risk among 
women. This aligns with evidence that sex hor-
mones, stress reactivity, and care-related psycho-
social load may heighten women’s vulnerability to 
sleep disturbances and metabolic dysregulation.43,44 
Moreover, lower occupational class—often associ-
ated with shift work, job insecurity, and higher psy-
chosocial stress—was independently linked to both 
insomnia and elevated diabetes risk, consistent with 
the social-gradient framework in health.45,46 Ad-
dressing these structural and occupational determi-
nants is essential to achieve equitable diabetes pre-
vention. 

Strengths and Limitations 

Key strengths include the large sample size, stan-
dardized data collection by trained occupational 
physicians, and the use of three validated diabetes 
risk algorithms allowing cross-validation of results. 
The consistency across sensitivity analyses and the 
dose–response gradient enhance confidence in the 
observed associations. 

However, several limitations merit considera-
tion. The cross-sectional design precludes causal in-
ference. Although major confounders were adjusted 
for, residual confounding by unmeasured variables 
(e.g. sleep apnea, mental health, shift work inten-
sity) cannot be excluded. Insomnia and lifestyle fac-
tors were self-reported, potentially introducing mis-
classification bias, though the Insomnia Severity 
Index and MEDAS-14 instruments are well validated. 
Biochemical data were unavailable for some partici-
pants, and risk was estimated using validated pre-
dictive models rather than incident T2DM events. 

In addition, two of the applied instruments 
(QDScore/QDiabetes and TRAQ-D) were originally 
developed in populations outside the present Span-
ish workforce; although internal calibration and dis-
crimination were acceptable in this sample, external 
transportability and local recalibration should be con-
sidered when interpreting absolute risk estimates. 
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Public Health Implications 

These findings have meaningful implications for 

preventive strategies. Sleep health assessment—

using brief, validated tools such as the ISI—could be 

feasibly integrated into occupational and primary-

care diabetes screening programs. Evidence from 

intervention trials suggests that cognitive-behavioral 

therapy for insomnia (CBT-I) improves sleep and re-

duces fasting glucose and HbA1c levels among indi-

viduals at metabolic risk.47,48 Given the bidirectional 

relationship between poor sleep and lifestyle behav-

iors, multicomponent interventions combining sleep 

improvement, dietary counseling, and physical-

activity promotion may yield synergistic benefits.49 

Future longitudinal research should clarify causal 

pathways, evaluate mediation by adiposity and in-

flammation, and test whether treating insomnia can 

reduce incident diabetes in high-risk populations. 

Incorporating sleep health into national diabetes 

prevention frameworks aligns with the holistic “24-

hour behavior” paradigm recently advocated by 

global public-health agencies.50,51 

CONCLUSIONS AND 

RECOMMENDATIONS 

In this large, population-based occupational cohort, 

we demonstrated that insomnia severity is a strong, 

independent correlate of higher estimated risk of 

type 2 diabetes (T2DM), even after controlling for 

major sociodemographic and lifestyle determinants. 

The findings reveal a graded dose–response rela-

tionship, with moderate and severe insomnia con-

ferring approximately a two- to three-fold increase 

in predicted diabetes risk compared to individuals 

without insomnia. The consistency of results across 

three validated risk algorithms (FINDRISC, 

QDScore/QDiabetes, and TRAQ-D) and multiple 

sensitivity analyses underscores the robustness of 

this association. 

The inclusion of insomnia modestly improved 

the predictive accuracy of diabetes risk models, 

suggesting that sleep health may provide additional 

information for population-level risk stratification. 

Together with traditional modifiable factors—diet 

quality, physical inactivity, smoking, and social 

class—insomnia appears as a relevant and actionable 

target for diabetes prevention. 

From a clinical and public health perspective, 

incorporating brief and validated sleep assessments 

such as the Insomnia Severity Index (ISI) into occu-

pational and primary care screenings may facilitate 

early identification of individuals at elevated meta-

bolic risk. Sleep-focused behavioral interventions, 

particularly cognitive-behavioral therapy for insom-
nia (CBT-I), have shown measurable improvements 

in glycemic control and cardiometabolic outcomes, 

highlighting their translational potential in diabetes 

prevention programs. 

Future research should aim to: 

1. Confirm these associations in prospective longi-

tudinal designs assessing incident T2DM cases. 

2. Explore mediating pathways, including inflam-

mation, adiposity, and neuroendocrine stress 

responses. 

3. Evaluate combined lifestyle–sleep interventions 

to determine whether improving sleep health 
yields additive or synergistic benefits on glycemic 

regulation. 

4. Integrate sleep health metrics into national and 

international diabetes prevention frameworks, 

aligning with the emerging “24-hour behavior” 

model that promotes balanced interactions be-

tween sleep, physical activity, and sedentary time. 

In this large occupational cohort, insomnia 

severity was independently associated with higher 

estimated type 2 diabetes risk, showing a graded 
dose–response relationship consistent across three 

validated risk algorithms. Although the incremental 

predictive value of insomnia was modest, its inclu-

sion slightly improved risk discrimination and may 

provide additional information for population-level 

risk stratification. Incorporating brief sleep assess-
ments into occupational and primary care settings 

could help identify individuals at elevated metabolic 

risk; however, prospective studies are required to 

confirm causality and clinical impact. 
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