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[bookmark: _Toc237126019]Supplementary Methods

[bookmark: _Toc237126020]Study Design and Analytic Population
This cross-sectional study used pooled 2022–2023 National Survey of Children’s Health (NSCH) data. The analytic population included children aged 6 to 17 years with complete information on attention-deficit/hyperactivity disorder (ADHD), sleep duration, bedtime regularity, family resilience, and prespecified covariates. Observations with missing values for variables included in the corresponding analysis were excluded using a complete-case approach. All analyses accounted for the NSCH complex survey design, including sampling weights, strata, and household-level sampling identifiers, to produce nationally representative estimates and design-consistent standard errors. Details can be found in eFigure 1.
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[bookmark: _Toc237126022]Variable Derivation and Statistical Formulation
[bookmark: _Toc237126023]ADHD Outcome
ADHD was defined using the parent- or caregiver-reported NSCH item asking whether a doctor or other health care provider had ever told them that the child had attention deficit disorder or attention-deficit/hyperactivity disorder.
For child i, ADHD status was defined as:
Yᵢ = 1, if clinician-diagnosed ADHD was reported
Yᵢ = 0, if no clinician-diagnosed ADHD was reported
The binary ADHD outcome was assumed to follow a Bernoulli distribution: Yᵢ ∼ Bernoulli(pᵢ), where, pᵢ = P(Yᵢ = 1), represents the probability of parent- or caregiver-reported clinician-diagnosed ADHD for child i. For the survey-weighted logistic regression models, the probability of ADHD was modeled using the logit link:
logit(pᵢ) = log[pᵢ/(1 − pᵢ)] = ηᵢ
where ηᵢ represents the linear predictor containing the Sleep Rhythm Profile (SRP), family resilience, their interaction where applicable, and prespecified covariates.
[bookmark: _Toc237126024]Derivation of Age Sleep Sufficiency
Weeknight sleep duration was assessed using the NSCH question, “During the past week, how many hours of sleep did this child get on most weeknights?” The response categories were coded as follows: 1, less than 6 hours; 2, 6 hours; 3, 7 hours; 4, 8 hours; 5, 9 hours; 6, 10 hours; and 7, 11 or more hours. Sleep sufficiency was derived according to the child’s age. Let Sᵢ denote sleep sufficiency for child i, where Sᵢ = 1 indicates sufficient sleep and Sᵢ = 0 indicates insufficient sleep.
[bookmark: _Toc237126025]Children Aged 6 to 12 Years
For children aged 6 to 12 years, sleep duration of 9 or more hours per night was classified as sufficient, whereas less than 9 hours was classified as insufficient.
Sᵢ = 1, if age 6–12 years and sleep duration ≥9 hours
Sᵢ = 0, if age 6–12 years and sleep duration <9 hours
Equivalently, using the original NSCH sleep-duration response codes:
Sᵢ = 1 for Dᵢ ∈ {5, 6, 7}
Sᵢ = 0 for Dᵢ ∈ {1, 2, 3, 4}
where Dᵢ represents the original NSCH sleep-duration response code.
[bookmark: _Toc237126026]Children Aged 13 to 17 Years
For children aged 13 to 17 years, 8 to 10 hours of sleep per night was classified as sufficient, whereas less than 8 hours was classified as insufficient. Reports of 11 or more hours were not assigned to either category or were excluded from the sleep-sufficiency classification.
Sᵢ = 1, if age 13–17 years and sleep duration = 8–10 hours
Sᵢ = 0, if age 13–17 years and sleep duration <8 hours
Sᵢ = missing, if age 13–17 years and sleep duration ≥11 hours
Using the original NSCH response codes:
Sᵢ = 1 for Dᵢ ∈ {4, 5, 6}
Sᵢ = 0 for Dᵢ ∈ {1, 2, 3}
Sᵢ = missing for Dᵢ = 7
Thus, the complete age-specific classification can be expressed as:
Sᵢ = 1: age 6–12 years with ≥9 hours, or age 13–17 years with 8–10 hours
Sᵢ = 0: age 6–12 years with <9 hours, or age 13–17 years with <8 hours
Sᵢ = missing: age 13–17 years with ≥11 hours
This age-specific binary measure was subsequently combined with bedtime regularity to derive the Sleep Rhythm Profiles (SRPs).
[bookmark: _Toc237126027]Derivation of Bedtime Regularity
Bedtime consistency was assessed using the NSCH question, “How often does this child go to bed at about the same time on weeknights?” Response categories were always, usually, sometimes, rarely, and never. A binary bedtime regularity indicator was derived by classifying children whose caregivers reported always or usually going to bed at approximately the same time on weeknights as having a regular bedtime. Children reported as sometimes, rarely, or never going to bed at approximately the same time were classified as having an irregular bedtime.
Let Bᵢ denote bedtime regularity for child i. The variable was defined as:
Bᵢ = 1, if bedtime consistency was Always or Usually
Bᵢ = 0, if bedtime consistency was Sometimes, Rarely, or Never
where Bᵢ = 1 indicates a regular weeknight bedtime and Bᵢ = 0 indicates an irregular weeknight bedtime.
Using the original NSCH response codes, where 1 = Always, 2 = Usually, 3 = Sometimes, 4 = Rarely, and 5 = Never:
Bᵢ = 1 for Cᵢ ∈ {1, 2}
Bᵢ = 0 for Cᵢ ∈ {3, 4, 5}
where Cᵢ represents the original NSCH bedtime-consistency response code for child i. This binary bedtime regularity measure was subsequently combined with age-specific sleep sufficiency to derive the Sleep Rhythm Profiles (SRPs).
[bookmark: _Toc237126028]Derivation of Sleep Rhythm Profiles (SSPs)
Sleep Rhythm Profiles (SRPs) were derived by jointly classifying 2 sleep dimensions: age-specific sleep sufficiency and weeknight bedtime regularity. This approach was designed to capture both the adequacy of sleep duration relative to developmental age and the consistency of bedtime routines. Age-specific sleep sufficiency was first derived from reported weeknight sleep duration. Among children aged 6 to 12 years, sleep duration of at least 9 hours per night was classified as sufficient, corresponding to NSCH sleep-duration response codes 5, 6, or 7. Sleep duration of less than 9 hours was classified as insufficient, corresponding to response codes 1 through 4.
Among children aged 13 to 17 years, sleep duration of 8 to 10 hours per night was classified as sufficient, corresponding to response codes 4, 5, or 6. Sleep duration of less than 8 hours was classified as insufficient, corresponding to response codes 1, 2, or 3. Adolescents reporting 11 or more hours of sleep, corresponding to response code 7, were not classified as either sufficient or insufficient and were coded as missing for analyses requiring the binary sleep-sufficiency measure.
Let Sᵢ denote age-specific sleep sufficiency for child i:
Sᵢ = 1 for sufficient age-specific sleep
Sᵢ = 0 for insufficient age-specific sleep
Sᵢ = missing when the sleep-sufficiency classification was not assigned.
Bedtime regularity was derived from the frequency with which the child went to bed at approximately the same time on weeknights. Responses of Always or Usually were classified as regular bedtime, whereas Sometimes, Rarely, or Never were classified as irregular bedtime.
Let Bᵢ denote bedtime regularity for child i:
Bᵢ = 1 for regular bedtime
Bᵢ = 0 for irregular bedtime
The SRP variable was then constructed by jointly combining Sᵢ and Bᵢ into 4 mutually exclusive categories:
SRPᵢ = 0, if Sᵢ = 1 and Bᵢ = 1 → Adequate-Regular
SRPᵢ = 1, if Sᵢ = 1 and Bᵢ = 0 → Adequate-Irregular
SRPᵢ = 2, if Sᵢ = 0 and Bᵢ = 1 → Insufficient-Regular
SRPᵢ = 3, if Sᵢ = 0 and Bᵢ = 0 → Insufficient-Irregular
Thus, the 4 SRPs were defined as follows:
· Adequate-Regular: age-appropriate sleep duration with a regular bedtime
· Adequate-Irregular: age-appropriate sleep duration with an irregular bedtime
· Insufficient-Regular: insufficient sleep duration with a regular bedtime
· Insufficient-Irregular: insufficient sleep duration with an irregular bedtime
Children with missing values for either age-specific sleep sufficiency or bedtime regularity were not assigned an SRP category. For regression analyses, SRP was treated as a categorical exposure with the following ordered factor levels:
Adequate-Regular → Adequate-Irregular → Insufficient-Regular → Insufficient-Irregular
The Adequate-Regular SRP served as the reference category in all primary regression models. This joint classification allowed sleep duration and bedtime regularity to be evaluated simultaneously while preserving their distinct combinations. It therefore enabled estimation of whether ADHD associations differed when insufficient sleep, irregular bedtime, or both sleep characteristics were present together.
[bookmark: _Toc237126029]Derivation of Cumulative Sleep Risk
As a complementary measure of sleep pattern burden, a cumulative sleep risk (CSR) indicator was derived from the 2 adverse sleep components comprising the SRPs: insufficient age-specific sleep duration and irregular bedtime. Each adverse component contributed 1 point to the cumulative measure. Let Sᵢ denote age-specific sleep sufficiency, where Sᵢ = 1 indicates sufficient sleep and Sᵢ = 0 indicates insufficient sleep. The insufficient-sleep risk indicator was defined as:
Rₛᵢ = 1 − Sᵢ
Thus, Rₛᵢ = 1 indicated insufficient sleep and Rₛᵢ = 0 indicated sufficient sleep. Similarly, let Bᵢ denote bedtime regularity, where Bᵢ = 1 indicates a regular bedtime and Bᵢ = 0 indicates an irregular bedtime. The irregular-bedtime risk indicator was defined as:
Rᵦᵢ = 1 − Bᵢ
Thus, Rᵦᵢ = 1 indicated an irregular bedtime and Rᵦᵢ = 0 indicated a regular bedtime.
The cumulative sleep risk measure was calculated as the sum of the 2 adverse sleep indicators:
CSRᵢ = Rₛᵢ + Rᵦᵢ
Accordingly, CSRᵢ ∈ {0, 1, 2}with the following interpretation:
CSRᵢ = 0: sufficient sleep and regular bedtime (no adverse sleep components)
CSRᵢ = 1: either insufficient sleep or irregular bedtime (1 adverse sleep component)
CSRᵢ = 2: insufficient sleep and irregular bedtime (2 adverse sleep components)
The CSR measure was evaluated as a complementary sensitivity analysis to assess whether increasing numbers of adverse sleep components demonstrated a graded association with ADHD. CSR was treated as an analytic cumulative sleep-risk indicator rather than a validated clinical score or diagnostic measure.
[bookmark: _Toc237126030]Family Resilience
Family resilience was assessed using the NSCH measure indicating whether the child lived in a family that demonstrated resilient behaviors when facing problems or difficult situations. The original measure summarized 4 family resilience items and classified families according to whether resilient behaviors occurred all or most of the time for 0 to 1 items, 2 to 3 items, or all 4 items.
Let Fᵢ* denote the original 3-category family resilience measure for child i, defined as:
Fᵢ = 1:* resilient behaviors reported for 0–1 items
Fᵢ = 2:* resilient behaviors reported for 2–3 items
Fᵢ = 3:* resilient behaviors reported for all 4 items
For the primary analyses, family resilience was dichotomized to distinguish families demonstrating resilience across all assessed domains from those demonstrating resilience across fewer domains. Let Fᵢ denote the binary family resilience indicator:
Fᵢ = 1, if Fᵢ = 3 → High resilience*
Fᵢ = 0, if Fᵢ ∈ {1, 2} → Lower resilience*
Thus, high family resilience represented families reporting resilient behaviors all or most of the time across all 4 resilience items, whereas lower family resilience represented families reporting these behaviors across 0 to 3 items. In regression analyses, high family resilience served as the reference category. Family resilience was evaluated both as an independent correlate of ADHD and as a potential effect modifier of the association between Sleep Rhythm Profiles (SRPs) and ADHD through an SRP × family resilience interaction term.
[bookmark: _Toc237126031]Statistical Analysis
[bookmark: _Toc237126032]Survey-Weighted Descriptive Analysis
All descriptive analyses incorporated the NSCH complex survey design, including sampling weights, strata, and household-level sampling identifiers. Let wᵢ denote the sampling weight for child i. For a characteristic Xᵢ, the survey-weighted estimate was calculated as: X̄w = Σ(wᵢXᵢ) / Σwᵢ. For binary variables, this expression represents the survey-weighted proportion when Xᵢ = 1 indicates the presence of the characteristic. Survey-weighted frequencies and percentages were reported for categorical variables, and weighted means and SDs were reported for continuous variables. Differences across the 4 Sleep Rhythm Profiles (SRPs) were assessed using survey-adjusted Pearson χ² tests with the Rao-Scott correction for categorical variables and design-based Kruskal-Wallis tests for continuous variables. Variance estimates and statistical tests accounted for the complex survey design.
[bookmark: _Toc237126033]Modeling 
[bookmark: _Toc237126034]Primary Survey-Weighted Logistic Regression
Survey-weighted logistic regression was used to estimate the association between SRPs, family resilience, and ADHD while accounting for the NSCH complex sampling design. For child i, let pᵢ = P(Yᵢ = 1) denote the probability of reported clinician-diagnosed ADHD. The logistic link was defined as:
logit(pᵢ) = ln[pᵢ / (1 − pᵢ)]
SRP was modeled as a 4-level categorical exposure with Adequate-Regular as the reference category. Indicator variables represented the remaining 3 profiles: Adequate-Irregular, Insufficient-Regular, and Insufficient-Irregular. High family resilience served as the reference category.
[bookmark: _Toc237126035]Model 1: Crude SRP-Family Resilience Model
The initial model estimated the unadjusted associations of SRP and family resilience with ADHD and included their multiplicative interaction:
logit(pᵢ) = β₀ + ΣβⱼSRPⱼᵢ + βFRFRᵢ + Σγⱼ(SRPⱼᵢ × FRᵢ), for j = 1, 2, 3, corresponding to Adequate-Irregular, Insufficient-Regular, and Insufficient-Irregular SRPs.
Here, βⱼ represents the SRP-specific association with ADHD in the reference family-resilience group, βFR represents the association of family resilience within the reference SRP, and γⱼ represents the SRP × family resilience interaction.
[bookmark: _Toc237126036]Model 2: Demographic-Adjusted Model
The second model additionally adjusted for child age, sex, and race:
logit(pᵢ) = β₀ + ΣβⱼSRPⱼᵢ + βFRFRᵢ + Σγⱼ(SRPⱼᵢ × FRᵢ) + β₄Ageᵢ + β₅Sexᵢ + β₆Raceᵢ
This model evaluated whether the SRP associations persisted after accounting for key demographic characteristics.
[bookmark: _Toc237126037]Model 3: Fully Adjusted Model
The final model additionally incorporated socioeconomic, family, household, and neighborhood covariates:
logit(pᵢ) = β₀ + ΣβⱼSRPⱼᵢ + βFRFRᵢ + Σγⱼ(SRPⱼᵢ × FRᵢ) + δᵀXᵢ where Xᵢ represents the complete covariate vector:
Xᵢ = {age, sex, race, poverty, parental education, family structure, maternal mental health, paternal mental health, parental coping, emotional support, food security, housing instability, neighborhood support}.
The fully adjusted model was considered the primary inferential model. Regression coefficients were exponentiated to obtain odds ratios:
ORₖ = exp(βₖ), and 95% CIs were estimated as: 95% CI = exp[βₖ ± 1.96 × SE(βₖ)]
For the fully adjusted model, exponentiated coefficients were interpreted as adjusted odds ratios (AORs). An AOR greater than 1 indicated higher odds of ADHD relative to the corresponding reference category, whereas an AOR less than 1 indicated lower odds.
[bookmark: _Toc237126038]Assessment of Interaction
Potential effect modification by family resilience was evaluated using the SRP × family resilience interaction terms:
γⱼ(SRPⱼᵢ × FRᵢ)
The null hypothesis for each interaction was: H₀: γⱼ = 0 or equivalently, exp(γⱼ) = 1, indicating no multiplicative modification of the SRP-ADHD association by family resilience. Formal interaction estimates, rather than differences in statistical significance between stratified models, were used to determine evidence of effect modification.
[bookmark: _Toc237126039]Model Comparison
Model fit was evaluated across the sequential models using the quasi-Akaike information criterion (QAIC) and McFadden pseudo-R². Lower QAIC values and higher McFadden pseudo-R² values were interpreted as indicating improved comparative model fit. All models incorporated NSCH survey weights, strata, and household-level sampling identifiers.
[bookmark: _Toc237126040]Adjusted Odds Ratios and Confidence Intervals
Regression coefficients from the fully adjusted survey-weighted logistic regression model were exponentiated to obtain adjusted odds ratios (AORs): AORₖ = exp(βₖ)
For each regression coefficient βₖ, the corresponding 95% confidence interval (CI) for the AOR was calculated as:
95% CI = [exp(βₖ − 1.96 × SE(βₖ)), exp(βₖ + 1.96 × SE(βₖ))], where SE(βₖ) denotes the design-based standard error of the estimated regression coefficient.
An AOR > 1 indicated higher adjusted odds of ADHD relative to the corresponding reference category, whereas an AOR < 1 indicated lower adjusted odds. An AOR of 1 indicated no difference in odds relative to the reference category.
[bookmark: _Toc237126041]Interaction Between Sleep Health Pattern and Family Resilience
Potential effect modification by family resilience was evaluated by including multiplicative interaction terms between SRPs, and family resilience in the survey-weighted logistic regression models.
For each nonreference SRP category j, the interaction term was defined as: Interactionⱼ = γⱼ(SRPⱼᵢ × FRᵢ), where γⱼ represents the interaction coefficient comparing the association for SRP category j across family-resilience groups. The corresponding interaction odds ratio was: ORInteraction,ⱼ = exp(γⱼ).
The null hypothesis of no multiplicative interaction was: H₀: γⱼ = 0 equivalently, H₀: ORInteraction,ⱼ = 1.
The SRP × family resilience interaction terms were used as the primary statistical basis for evaluating whether the association between SRPs and ADHD differed according to family resilience. Evidence of differing associations or statistical significance across family-resilience–stratified models alone was not interpreted as evidence of effect modification in the absence of a corresponding interaction effect.
[bookmark: _Toc237126042]Family Resilience-Stratified Models
To further characterize associations between SRPs and ADHD across levels of family resilience, fully adjusted survey-weighted logistic regression models were fitted separately among children with high and lower family resilience. The Adequate-Regular SRP served as the reference category within each stratum. For children with high family resilience:
logit(pᵢ | FRᵢ = 1) = α₀H + Σⱼ₌₁³ αⱼH SRPⱼᵢ + θHᵀXᵢ
For children with lower family resilience:
logit(pᵢ | FRᵢ = 0) = α₀L + Σⱼ₌₁³ αⱼL SRPⱼᵢ + θLᵀXᵢ, where SRPⱼᵢ represents indicator variables for the Adequate-Irregular, Insufficient-Regular, and Insufficient-Irregular profiles, and Xᵢ represents the prespecified covariate vector included in the fully adjusted model.
Stratum-specific adjusted odds ratios were obtained by exponentiating the corresponding regression coefficients:
AORⱼ,H = exp(αⱼH)
AORⱼ,L = exp(αⱼL)
where AORⱼ,H and AORⱼ,L represent the adjusted associations between SSP category j and ADHD within the high- and lower-resilience groups, respectively. These stratified models were used to characterize the magnitude, direction, and consistency of SSP-ADHD associations within each family-resilience stratum. Differences in stratum-specific AORs or their statistical significance were not considered independent evidence of effect modification; formal effect modification was assessed using the SSP × family resilience interaction terms in the primary models.
[bookmark: _Toc237126043]Adjusted ADHD Probabilities
Adjusted probabilities of ADHD were estimated from the fully adjusted survey-weighted logistic regression model to provide an absolute and clinically interpretable measure of ADHD burden across SRPs and family-resilience strata.
Step 1: Estimate the Linear Predictor. For child i, SRP category j, and family-resilience stratum f, the fully adjusted model generated an estimated linear predictor:
η̂ᵢⱼf = β̂₀ + β̂ⱼ(SSPⱼᵢ) + β̂F(FRᵢ) + γ̂ⱼ(SRPⱼᵢ × FRᵢ) + δ̂ᵀXᵢ, where β̂₀ is the estimated intercept, β̂ⱼ represents the SRP coefficient, β̂F represents the family-resilience coefficient, γ̂ⱼ represents the SRP × family resilience interaction coefficient, and Xᵢ denotes the vector of prespecified covariates.
Step 2: Convert the Linear Predictor to an Individual Predicted Probability. Because the regression model used a logit link, the estimated linear predictor was transformed to the probability scale using the inverse-logit function:
p̂ᵢⱼf = exp(η̂ᵢⱼf) / [1 + exp(η̂ᵢⱼf)]
Thus, p̂ᵢⱼf represents the model-predicted probability of ADHD for child i under SSP category j and family-resilience stratum f, conditional on that child’s observed covariate values.
Step 3: Standardize Across the Observed Covariate Distribution. To obtain an adjusted population-level probability for each SRP and family-resilience combination, predicted probabilities were averaged across the observed covariate distribution:
P̂ⱼf = (1/N) Σᵢ₌₁ᴺ p̂ᵢⱼf, where N represents the number of children contributing to the standardization.
This approach estimates the average predicted probability of ADHD that would be expected if the study population were assigned to SRP category j and family-resilience stratum f, while retaining the observed distribution of the remaining covariates.
For survey-weighted standardization, the corresponding weighted probability can be expressed as:
P̂ⱼf,w = Σᵢ₌₁ᴺ wᵢp̂ᵢⱼf / Σᵢ₌₁ᴺ wᵢ, where wᵢ denotes the NSCH sampling weight for child i.
Step 4: Express the Adjusted Probability as a Percentage. Adjusted ADHD probabilities were reported as percentages:
Adjusted ADHD Probabilityⱼ (%) = 100 × P̂ⱼ
Accordingly, the reported values represent survey-adjusted, covariate-standardized probabilities of ADHD for each combination of SRP and family-resilience category.
Step 5: Estimate 95% Confidence Intervals. Uncertainty around each adjusted probability was summarized using 95% confidence intervals derived from the fitted survey-weighted regression model and its design-based variance estimates.
These adjusted probabilities complemented the AORs by expressing the SRP-ADHD associations on an absolute probability scale, thereby facilitating comparison of ADHD burden across SRP and family-resilience groups.
[bookmark: _Toc237126044]Absolute Differences in Adjusted ADHD Probability
To quantify differences in ADHD prevalence on an absolute scale, contrasts in adjusted ADHD probabilities were estimated within each family-resilience stratum. The Adequate-Regular SRP served as the reference profile within both the high- and lower-resilience groups.
Step 1: Define the Reference Probability. For family-resilience stratum f, let P̂₀f denote the survey-weighted, covariate-standardized probability of ADHD among children with the Adequate-Regular SRP:
P̂₀f = adjusted ADHD probability for Adequate-Regular SRP in stratum f
Let P̂ⱼf denote the corresponding adjusted probability for SRP category j within the same family-resilience stratum.
Step 2: Calculate the Absolute Probability Difference. For each SRP category j, the absolute difference relative to the Adequate-Regular reference profile was calculated as:
ADⱼf = 100 × (P̂ⱼf − P̂₀f), where ADⱼf represents the absolute difference in adjusted ADHD probability, expressed in percentage points (pp). For example, if the adjusted ADHD probability was 10.4% for the Adequate-Regular SRP and 14.8% for the Insufficient-Irregular SRP, the absolute difference was:
AD = 14.8% − 10.4% = 4.4 percentage points
Step 3: Interpret the Absolute Difference. A positive value of AD indicated a higher adjusted ADHD probability for SRP category j relative to the Adequate-Regular profile within the same family-resilience stratum. A negative value indicated a lower adjusted ADHD probability, and a value of 0 indicated no absolute difference. The corresponding 95% CIs were estimated from model-based contrasts using the design-based variance-covariance structure of the survey-weighted model.
Because the NSCH data were cross-sectional, these contrasts were interpreted as absolute differences in adjusted ADHD probability, rather than prospective risk differences or causal effects. These estimates complemented the AORs by quantifying the magnitude of between-profile differences on an absolute probability scale.
[bookmark: _Toc237126045]Separate Sleep-Component Analysis
As a complementary analysis, age-specific sleep sufficiency and bedtime regularity were modeled simultaneously as separate predictors to evaluate their independent associations with ADHD. The fully adjusted survey-weighted logistic regression model was specified as: logit(pᵢ) = β₀ + βₛSᵢ + βᵦBᵢ + δᵀXᵢ, where Sᵢ represents sleep sufficiency, Bᵢ represents bedtime regularity, and Xᵢ denotes the prespecified covariate vector. The adjusted odds ratios for sleep sufficiency and bedtime regularity were obtained as:
AORₛ = exp(βₛ)
AORᵦ = exp(βᵦ)
Thus, each AOR estimated the association of one sleep dimension with ADHD while adjusting for the other sleep dimension and all prespecified covariates. This analysis was conducted as a sensitivity analysis to assess the robustness of the primary SRP findings.
[bookmark: _Toc237126046]Cumulative Sleep Risk Analysis
Cumulative sleep risk (CSR) was evaluated as a complementary sensitivity analysis to determine whether increasing numbers of adverse sleep components were associated with progressively greater odds of ADHD.
Step 1: Categorical Cumulative Sleep Risk Model. CSR was first modeled as a 3-level categorical variable:
CSRᵢ = 0: no adverse sleep components
CSRᵢ = 1: 1 adverse sleep component
CSRᵢ = 2: 2 adverse sleep components
Children with CSRᵢ = 0 served as the reference group.
The fully adjusted survey-weighted logistic regression model was specified as:
logit(pᵢ) = β₀ + β₁I(CSRᵢ = 1) + β₂I(CSRᵢ = 2) + δᵀXᵢ, where I(·) denotes an indicator function and Xᵢ represents the prespecified covariate vector.
The corresponding adjusted odds ratios were:
AOR₁ risk = exp(β₁)
AOR₂ risks = exp(β₂)
These estimates compared children with 1 or 2 adverse sleep components with children who had no adverse sleep components.
Step 2: Test for Linear Trend. To evaluate whether ADHD odds increased progressively with accumulating sleep risk, CSR was additionally modeled as an ordinal variable ranging from 0 to 2:
logit(pᵢ) = β₀ + βTCSRᵢ + δᵀXᵢ
The null hypothesis for no linear trend was H₀: βT = 0. The exponentiated trend coefficient,
AORtrend = exp(βT), represented the multiplicative change in the adjusted odds of ADHD associated with each 1-unit increase in cumulative sleep risk. A positive trend coefficient indicated progressively greater ADHD odds as the number of adverse sleep components increased. This analysis was used to assess whether the primary SRP findings were supported by a graded cumulative sleep-risk pattern.
[bookmark: _Toc237126047]Age- and Sex-Stratified Analyses
Subgroup analyses were conducted to evaluate the consistency of associations between Sleep Rhythm Profiles (SRPs) and ADHD across developmental age and sex strata. All stratified analyses used fully adjusted survey-weighted logistic regression models.
[bookmark: _Toc237126048]Age-Stratified Analysis
Children were classified into 2 developmental age groups:
Aᵢ = 0, for children aged 6–11 years
Aᵢ = 1, for children aged 12–17 years
Within each age stratum a, the fully adjusted model was specified as:
logit(pᵢ | Aᵢ = a) = β₀ₐ + Σⱼ₌₁³ βⱼₐSRPⱼᵢ + δₐᵀXᵢ
where SRPⱼᵢ represents indicator variables for the Adequate-Irregular, Insufficient-Regular, and Insufficient-Irregular profiles, with Adequate-Regular as the reference category. Xᵢ represents the prespecified covariate vector. Continuous age was retained in each age-stratified model to account for residual age variation within the 6- to 11-year and 12- to 17-year strata.
[bookmark: _Toc237126049]Sex-Stratified Analysis
Separate fully adjusted models were estimated for females and males. Within sex stratum s, the model was specified as:
logit(pᵢ | Sexᵢ = s) = β₀ₛ + Σⱼ₌₁³ βⱼₛSRPⱼᵢ + δₛᵀXᵢ
where the SRP coefficients represent adjusted associations with ADHD within each sex stratum. Sex was excluded from the sex-specific covariate vector because it was constant within each stratum. These subgroup analyses were used to assess the magnitude and consistency of SRP-ADHD associations across age and sex groups and were not interpreted as formal evidence of effect modification in the absence of corresponding interaction tests.
[bookmark: _Toc237126050]Other inferential steps
[bookmark: _Toc237126051]Model Fit
Model fit across the sequential survey-weighted logistic regression models was evaluated using McFadden pseudo-R² and the quasi-Akaike information criterion (QAIC), where applicable.
McFadden pseudo-R² was defined as:
R²McFadden = 1 − (ℓfull / ℓnull), where ℓfull denotes the log-likelihood or corresponding likelihood analogue for the fitted model and ℓnull denotes that of the intercept-only model. Higher McFadden pseudo-R² values were interpreted as indicating greater improvement in model fit relative to the null model. QAIC was used to compare the relative fit of models estimated for the same outcome and analytic sample. Lower QAIC values indicated comparatively better model fit. These measures were used for comparative assessment across sequential models rather than as absolute measures of model performance.
[bookmark: _Toc237126052]Missing Data
A complete-case approach was used for all primary, secondary, sensitivity, and subgroup analyses. Observations with missing values for the ADHD outcome, Sleep Rhythm Profile components, family resilience, or covariates required for the corresponding analysis were excluded. No statistical imputation was performed, and analyses were restricted to participants with complete data for all variables included in each model.
[bookmark: _Toc237126053]Statistical Inference
All statistical analyses incorporated the NSCH complex survey design, including sampling weights, strata, and household-level sampling identifiers. Associations with ADHD were estimated using survey-weighted logistic regression and reported as odds ratios (ORs) or adjusted odds ratios (AORs) with 95% CIs. Statistical tests were 2-sided, and P < .05 was considered statistically significant. Interaction terms were used to evaluate potential effect modification by family resilience, while stratified analyses were used to assess the consistency and magnitude of associations across prespecified subgroups. Adjusted probabilities and absolute probability differences were estimated from the fully adjusted models with corresponding 95% CIs. Sensitivity analyses evaluated the robustness of the primary findings using alternative specifications of the sleep measures. All analyses were conducted using R, version 4.5.2 (R Foundation for Statistical Computing), with the survey package used to account for the complex sampling design.
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[bookmark: _Toc237126055]eTable 1. Definitions and Coding of Study Variables.

	Variable
	NSCH Measure/Construct
	Analytical Definition

	ADHD
	Current attention-deficit/hyperactivity disorder
	No; Yes

	Sleep sufficiency
	Age-specific usual sleep duration
	Adequate; Insufficient

	Bedtime regularity
	Frequency of going to bed at approximately the same time on weeknights
	Regular; Irregular

	Sleep Rhythm Profiles (SRPs)
	Combined sleep sufficiency and bedtime regularity
	Adequate-Regular; Adequate-Irregular; Insufficient-Regular; Insufficient-Irregular

	Cumulative sleep risk
	Number of adverse sleep components
	0 risks = adequate + regular; 1 risk = insufficient or irregular; 2 risks = insufficient + irregular

	Family resilience
	Family resilience measure
	High resilience; Lower resilience

	Age
	Child age
	Continuous, 6–17 years

	Age group
	Child age
	6–11 years; 12–17 years, for stratified analyses

	Sex
	Child sex
	Female; Male

	Race
	Child race
	Non-White; White

	Poverty
	Household income relative to federal poverty level
	≥400% FPL; 200%–399% FPL; <200% FPL

	Parent education
	Highest educational attainment among parent(s)/caregiver(s)
	College degree or higher; Less than college degree

	Family structure
	Household family structure
	Two-parent household; Other family structure

	Maternal mental health
	Reported mental or emotional health of mother
	Excellent/very good; Good/fair/poor

	Paternal mental health
	Reported mental or emotional health of father
	Excellent/very good; Good/fair/poor

	Parent coping
	How well parent/caregiver is coping with day-to-day demands of raising children
	Coping very well; Coping less well

	Emotional support
	Availability of someone to provide emotional support with parenting
	Has emotional support; No emotional support

	Food security
	Household food sufficiency/security measure
	Food secure; Food insecure

	Housing instability
	Difficulty maintaining stable housing or housing-related instability
	No housing instability; Housing instability

	Neighborhood support
	Perceived neighborhood social support
	Supportive neighborhood; Less supportive neighborhood




[bookmark: _Toc237126056]eTable 2. Adjusted associations between sleep rhythm profiles (SRPs) and ADHD stratified by family resilience among US children aged 6 to 17 years.

	Characteristic
	High Family Resilience
	Low Family Resilience

	
	OR
	95% CI
	p-value
	OR
	95% CI
	p-value

	Synergistic Sleep Patterns (SSP)
	
	
	
	
	
	

	    Adequate-Regular
	—
	—
	
	—
	—
	

	    Adequate-Irregular
	1.12
	0.87, 1.44
	0.4
	1.42
	0.88, 2.27
	.15

	    Insufficient-Regular
	1.13
	1.01, 1.29
	0.045
	0.93
	0.68, 1.26
	.60

	    Insufficient-Irregular
	1.49
	1.20, 1.85
	<0.001
	1.53
	1.04, 2.25
	.031

	Age
	1.07
	1.05, 1.09
	<0.001
	1.10
	1.06, 1.15
	<.001

	Sex
	
	
	
	
	
	

	    Female
	—
	—
	
	—
	—
	

	    Male
	2.07
	1.85, 2.32
	<0.001
	2.47
	1.91, 3.18
	<.001

	Race
	
	
	
	
	
	

	    Non-White
	—
	—
	
	—
	—
	

	    White
	1.39
	1.20, 1.62
	<0.001
	1.27
	0.95, 1.70
	.10

	Poverty
	
	
	
	
	
	

	    ≥400% FPL
	—
	—
	
	—
	—
	

	    200–399% FPL
	0.87
	0.77, 1.00
	0.049
	0.68
	0.51, 0.91
	.009

	    <200% FPL
	0.93
	0.80, 1.09
	0.4
	0.65
	0.45, 0.94
	.021

	Parent Education
	
	
	
	
	
	

	    College degree or higher
	—
	—
	
	—
	—
	

	    Less than college degree
	0.84
	0.73, 0.96
	0.011
	0.89
	0.66, 1.20
	.40

	Family Structure
	
	
	
	
	
	

	    Two-parent household
	—
	—
	
	—
	—
	

	    Other family structure
	1.41
	1.12, 1.77
	0.003
	0.79
	0.53, 1.18
	.20

	Mother Mental Health
	
	
	
	
	
	

	    Excellent/very good
	—
	—
	
	—
	—
	

	    Good/fair/poor
	1.69
	1.48, 1.93
	<0.001
	1.82
	1.28, 2.58
	<.001

	Father Mental Health
	
	
	
	
	
	

	    Excellent/very good
	—
	—
	
	—
	—
	

	    Good/fair/poor
	1.05
	0.92, 1.20
	0.5
	1.00
	0.72, 1.39
	.9

	Parent Coping
	
	
	
	
	
	

	    Coping very well
	—
	—
	
	—
	—
	

	    Coping less well
	1.36
	1.21, 1.52
	<0.001
	1.41
	0.98, 2.03
	.066

	Emotional Support
	
	
	
	
	
	

	    Has emotional support
	—
	—
	
	—
	—
	

	    No emotional support
	0.76
	0.65, 0.90
	<0.001
	0.69
	0.52, 0.91
	.008

	Food Security
	
	
	
	
	
	

	    Food secure
	—
	—
	
	—
	—
	

	    Food insecure
	1.15
	0.98, 1.34
	0.080
	1.66
	1.24, 2.22
	<.001

	Housing Instability
	
	
	
	
	
	

	    No housing instability
	—
	—
	
	—
	—
	

	    Housing instability
	1.53
	1.26, 1.86
	<0.001
	1.30
	0.90, 1.86
	.2

	Neighborhood Support
	
	
	
	
	
	

	    Supportive neighborhood
	—
	—
	
	—
	—
	

	    Less supportive neighborhood
	0.96
	0.85, 1.09
	0.6
	1.02
	0.78, 1.33
	.9

	Abbreviations: CI = Confidence Interval, OR = Odds Ratio



Note: Estimates were obtained from survey-weighted multivariable logistic regression models stratified by family resilience and adjusted for age, sex, race, poverty, parental education, family structure, maternal and paternal mental health, parental coping, emotional support, food security, housing instability, and neighborhood support. Adequate-Regular sleep served as the reference category within each resilience stratum. ORs from adjusted models represent adjusted odds ratios. CI indicates confidence interval; ADHD, attention-deficit/hyperactivity disorder; FPL, federal poverty level.



[bookmark: _Toc237126057]eTable 3. Adjusted associations between sleep rhythm profiles (SRPs) and ADHD stratified by age and sex among US children aged 6 to 17 years.

	Characteristic
	Age 6-11 years
	Age 12-17 years
	Female
	Male

	
	OR
	95% CI
	p-value
	OR
	95% CI
	p-value
	OR
	95% CI
	p-value
	OR
	95% CI
	p-value

	Sleep Rhythm Profiles
	
	
	
	
	
	
	
	
	
	
	
	

	    Adequate-Regular
	—
	—
	
	—
	—
	
	—
	—
	
	—
	—
	

	    Adequate-Irregular
	1.29
	0.79, 2.13
	0.3
	1.30
	1.01, 1.68
	0.045
	0.80
	0.58, 1.11
	0.2
	1.71
	1.28, 2.29
	<.001

	    Insufficient-Regular
	1.14
	0.95, 1.36
	0.2
	1.08
	0.92, 1.27
	0.4
	1.15
	0.95, 1.40
	0.15
	1.09
	0.93, 1.26
	.3

	    Insufficient-Irregular
	1.49
	1.04, 2.14
	0.031
	1.68
	1.34, 2.09
	<0.001
	1.66
	1.26, 2.18
	<0.001
	1.61
	1.25, 2.07
	<.001

	Age Group
	
	
	
	
	
	
	
	
	
	
	
	

	    6-11 years
	
	
	
	
	
	
	—
	—
	
	—
	—
	

	    12-17 years
	
	
	
	
	
	
	1.54
	1.30, 1.82
	<0.001
	1.36
	1.19, 1.56
	<.001

	Sex
	
	
	
	
	
	
	
	
	
	
	
	

	    Female
	—
	—
	
	—
	—
	
	
	
	
	
	
	

	    Male
	2.21
	1.88, 2.61
	<0.001
	2.07
	1.81, 2.36
	<0.001
	
	
	
	
	
	

	Race
	
	
	
	
	
	
	
	
	
	
	
	

	    Non-White
	—
	—
	
	—
	—
	
	—
	—
	
	—
	—
	

	    White
	1.32
	1.08, 1.60
	0.006
	1.42
	1.18, 1.70
	<0.001
	1.34
	1.09, 1.65
	0.005
	1.38
	1.16, 1.65
	<.001

	Poverty
	
	
	
	
	
	
	
	
	
	
	
	

	    ≥400% FPL
	—
	—
	
	—
	—
	
	—
	—
	
	—
	—
	

	    200–399% FPL
	0.85
	0.70, 1.03
	0.11
	0.81
	0.70, 0.95
	0.009
	0.98
	0.80, 1.20
	0.9
	0.76
	0.65, 0.88
	<.001

	    <200% FPL
	0.85
	0.67, 1.07
	0.2
	0.90
	0.74, 1.09
	0.3
	0.82
	0.64, 1.04
	0.10
	0.91
	0.76, 1.10
	.3

	Parent Education
	
	
	
	
	
	
	
	
	
	
	
	

	    College degree or higher
	—
	—
	
	—
	—
	
	—
	—
	
	—
	—
	

	    Less than college degree
	0.88
	0.72, 1.07
	0.2
	0.84
	0.72, 0.98
	0.032
	0.81
	0.67, 0.99
	0.041
	0.89
	0.76, 1.05
	.2

	Family Structure
	
	
	
	
	
	
	
	
	
	
	
	

	    Two-parent household
	—
	—
	
	—
	—
	
	—
	—
	
	—
	—
	

	    Other family structure
	1.37
	1.03, 1.83
	0.031
	1.09
	0.82, 1.43
	0.6
	1.05
	0.76, 1.44
	0.8
	1.32
	1.02, 1.70
	.034

	Mother Mental Health
	
	
	
	
	
	
	
	
	
	
	
	

	    Excellent/very good
	—
	—
	
	—
	—
	
	—
	—
	
	—
	—
	

	    Good/fair/poor
	1.68
	1.41, 2.00
	<0.001
	1.74
	1.43, 2.12
	<0.001
	1.69
	1.40, 2.04
	<0.001
	1.72
	1.44, 2.07
	<.001

	Father Mental Health
	
	
	
	
	
	
	
	
	
	
	
	

	    Excellent/very good
	—
	—
	
	—
	—
	
	—
	—
	
	—
	—
	

	    Good/fair/poor
	1.07
	0.90, 1.28
	0.4
	1.03
	0.85, 1.25
	0.7
	1.08
	0.90, 1.31
	0.4
	1.04
	0.87, 1.24
	.7

	Parent Coping
	
	
	
	
	
	
	
	
	
	
	
	

	    Coping very well
	—
	—
	
	—
	—
	
	—
	—
	
	—
	—
	

	    Coping less well
	1.27
	1.07, 1.51
	0.006
	1.45
	1.26, 1.68
	<0.001
	1.38
	1.16, 1.64
	<0.001
	1.36
	1.18, 1.57
	<.001

	Emotional Support
	
	
	
	
	
	
	
	
	
	
	
	

	    Has emotional support
	—
	—
	
	—
	—
	
	—
	—
	
	—
	—
	

	    No emotional support
	0.79
	0.64, 0.98
	0.033
	0.73
	0.61, 0.87
	<0.001
	0.66
	0.53, 0.83
	<0.001
	0.81
	0.68, 0.97
	.019

	Food Security
	
	
	
	
	
	
	
	
	
	
	
	

	    Food secure
	—
	—
	
	—
	—
	
	—
	—
	
	—
	—
	

	    Food insecure
	1.16
	0.93, 1.43
	0.2
	1.30
	1.08, 1.55
	0.005
	1.01
	0.81, 1.27
	>0.9
	1.36
	1.14, 1.61
	<.001

	Housing Instability
	
	
	
	
	
	
	
	
	
	
	
	

	    No housing instability
	—
	—
	
	—
	—
	
	—
	—
	
	—
	—
	

	    Housing instability
	1.62
	1.23, 2.14
	<0.001
	1.33
	1.06, 1.65
	0.012
	1.69
	1.31, 2.19
	<0.001
	1.34
	1.07, 1.70
	.012

	Neighborhood Support
	
	
	
	
	
	
	
	
	
	
	
	

	    Supportive neighborhood
	—
	—
	
	—
	—
	
	—
	—
	
	—
	—
	

	    Less supportive neighborhood
	1.06
	0.89, 1.26
	0.5
	0.92
	0.80, 1.07
	0.3
	1.00
	0.84, 1.19
	>0.9
	0.98
	0.85, 1.13
	.8

	Abbreviations: CI = Confidence Interval, OR = Odds Ratio































[bookmark: _Toc237126058]eTable 4. Association between cumulative sleep risk and attention-deficit/hyperactivity disorder among US children aged 6 to 17 years.

	Characteristic
	OR
	95% CI
	p-value

	Cumulative Sleep Risk
	
	
	

	    0 risks
	—
	—
	

	    1 risk
	1.12
	1.01, 1.25
	.045

	    2 risks
	1.53
	1.26, 1.84
	<.001

	Age
	1.08
	1.06, 1.09
	<.001

	Sex
	
	
	

	    Female
	—
	—
	

	    Male
	2.13
	1.92, 2.37
	<.001

	Race
	
	
	

	    Non-White
	—
	—
	

	    White
	1.36
	1.19, 1.56
	<.001

	Poverty
	
	
	

	    ≥400% FPL
	—
	—
	

	    200–399% FPL
	0.84
	0.74, 0.95
	.005

	    <200% FPL
	0.89
	0.77, 1.03
	.13

	Parent Education
	
	
	

	    College degree or higher
	—
	—
	

	    Less than college degree
	0.85
	0.75, 0.96
	.01

	Family Structure
	
	
	

	    Two-parent household
	—
	—
	

	    Other family structure
	1.24
	1.01, 1.52
	.036

	Mother Mental Health
	
	
	

	    Excellent/very good
	—
	—
	

	    Good/fair/poor
	1.73
	1.52, 1.98
	<.001

	Father Mental Health
	
	
	

	    Excellent/very good
	—
	—
	

	    Good/fair/poor
	1.04
	0.91, 1.19
	.5

	Parent Coping
	
	
	

	    Coping very well
	—
	—
	

	    Coping less well
	1.38
	1.23, 1.54
	<.001

	Emotional Support
	
	
	

	    Has emotional support
	—
	—
	

	    No emotional support
	0.75
	0.65, 0.86
	<.001

	Food Security
	
	
	

	    Food secure
	—
	—
	

	    Food insecure
	1.24
	1.08, 1.42
	.003

	Housing Instability
	
	
	

	    No housing instability
	—
	—
	

	    Housing instability
	1.47
	1.23, 1.75
	<.001

	Neighborhood Support
	
	
	

	    Supportive neighborhood
	—
	—
	

	    Less supportive neighborhood
	0.98
	0.88, 1.10
	.8

	Abbreviations: CI = Confidence Interval, OR = Odds Ratio





[bookmark: _Toc237126059]eTable 5. Separate and mutually adjusted associations of sleep sufficiency and bedtime regularity with attention-deficit/ hyperactivity disorder among US children aged 6 to 17 years.

	Characteristic
	OR
	95% CI
	p-value

	Sleep Sufficient
	
	
	

	    No
	—
	—
	

	    Yes
	0.89
	0.80, 0.99
	.039

	Bedtime Regular
	
	
	

	    No
	—
	—
	

	    Yes
	0.76
	0.66, 0.89
	<.001

	Age
	1.08
	1.06, 1.09
	<.001

	Sex
	
	
	

	    Female
	—
	—
	

	    Male
	2.14
	1.93, 2.37
	<.001

	Race
	
	
	

	    Non-White
	—
	—
	

	    White
	1.37
	1.19, 1.56
	<.001

	Poverty
	
	
	

	    ≥400% FPL
	—
	—
	

	    200–399% FPL
	0.84
	0.74, 0.95
	.005

	    <200% FPL
	0.89
	0.77, 1.03
	.12

	Parent Education
	
	
	

	    College degree or higher
	—
	—
	

	    Less than college degree
	0.85
	0.75, 0.96
	.008

	Family Structure
	
	
	

	    Two-parent household
	—
	—
	

	    Other family structure
	1.24
	1.01, 1.52
	.038

	Mother Mental Health
	
	
	

	    Excellent/very good
	—
	—
	

	    Good/fair/poor
	1.73
	1.51, 1.98
	<.001

	Father Mental Health
	
	
	

	    Excellent/very good
	—
	—
	

	    Good/fair/poor
	1.04
	0.91, 1.19
	.50

	Parent Coping
	
	
	

	    Coping very well
	—
	—
	

	    Coping less well
	1.38
	1.23, 1.54
	<.001

	Emotional Support
	
	
	

	    Has emotional support
	—
	—
	

	    No emotional support
	0.75
	0.65, 0.86
	<.001

	Food Security
	
	
	

	    Food secure
	—
	—
	

	    Food insecure
	1.23
	1.08, 1.42
	.003

	Housing Instability
	
	
	

	    No housing instability
	—
	—
	

	    Housing instability
	1.47
	1.23, 1.75
	<.001

	Neighborhood Support
	
	
	

	    Supportive neighborhood
	—
	—
	

	    Less supportive neighborhood
	0.98
	0.88, 1.10
	.8

	Abbreviations: CI = Confidence Interval, OR = Odds Ratio
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